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T e s t i m o n y  t o  S e n a t e  H e a l t h  a n d  S o c i a l  S e r v i c e s  C o m m i t t e e
A p r i l  1, 2 0 0 5

M y n a m e  is Bill P arker. I a m  a  fo rm er  m e m b e r  o f  t h e  A la s k a  H o u s e  o f  
R e p r e s e n t a t iv e s ,  a n d  I retired from  s t a t e  s e r v i c e  a s  D e p u ty  
C o m m is s io n e r  o f  C orrection s .V T od ay  I s p e a k  for A la s k a n s  for 
M arijuana R e g u la t io n  a n d  Control.

S .B .7 4  a t t e m p ts  to  recr im in a lize  m a r iju a n a  for a d u lt s  in A la sk a ,  in 
v io la tion  o f  th e  A la s k a  C on stitu tion .

In 1 9 7 5 ,  in a  la n d m a rk  c a s e  k n o w n  a s  R a v in ,  t h e  A la s k a  S u p r e m e  
C ou rt ru led  t h e  p r ivacy  c l a u s e  o f  t h e  A la s k a  C o n st itu t io n  p r o te c ts  
p o s s e s s i o n  o f  a  sm a ll  a m o u n t  o f  m a riju an a  by a d u lt  A la s k a n s  in their  
o w n  h o m e s  for their  o w n  u s e .  In 1 9 7 5 ,  t h e  A la s k a  L e g is la tu re  
c h a n g e d  th e  s t a t u t e s  to  d e c r im in a l iz e  m a r iju a n a  in A la sk a .

V a r io u s  a t te m p ts  h a v e  b e e n  m a d e  in t h e  3 0  y e a r s  s i n c e  to  a ttack  th is  
d e-cr im in a liza t io n ,  b oth  leg a lly  a n d  politically.

A n  initiative in 1 9 9 0  a t te m p te d  to r e -c r im in a liz e  m a riju an a  in A la sk a ,  
but in it ia tives  c h a n g e  s ta tu te s ,  not th e  C o n st itu t io n , a n d  th e  initiative  
h a d  n o  e f fe c t .

M an y  le g a l  a t t e m p ts  h a v e  b e e n  m a d e  to  t e s t  t h e  con st itu t ion a lity  in 
t h e  co u r ts ,  all u n s u c c e s s f u l .  T h e  la te s t  w a s  la s t  fall w h e n  th e  A la sk a  
S u p r e m e  C ourt d e c l in e d  to  ta k e  up th e  A p p e l la t e  C o u rt’s  la te s t  ruling 
u p h o ld in g  R av in .

S . B . 7 4  is  a n o th e r  a t te m p t  to  a ttack  t h e  c o n s t i tu t io n a l  i s s u e  in a  leg a l  
a n d  political m a n n e r .

If S . B . 7 4  p a s s e s  with t h e s e  f in d in g s , th e y  will b e  a d m is s ib le  in court, 
a n d  th e  a d m in is tra tion  will h a v e  n e w  a r g u m e n t s  th at m arijua .ia  is 
m u c h  m o r e  p o te n t  a n d  d a n g e r o u s  th a n  in 1 9 7 5 ,  s o  m u c h  s o  that it is 
a lm o s t  a d ifferent s u b s t a n c e .



T h a t  is w h y  t h e  f in d in g s  s e c t i o n  o f  th is  bill is  im portant. T h e  f in d in g s  
a r e  f la w e d .  E x p ert  w i t n e s s e s  from  A la s k a  a n d  O u t s id e  a r e  g o in g  to  
ex p la in  t h o s e  f la w s  to d a y .

T h e y  will d i s c u s s  t h e  c o m p l e x  m e d ic a l  a n d  s o c io lo g ic a l  i s s u e s  th at  
o th er  g o v e r n m e n t  p a n e l s  h a v e  s tu d ie d  at len g th .

•  T h e  S h a f e r  C o m m i s s i o n ' s  report to  P r e s id e n t  N ixon  in 
1 9 7 2 ,  “M arijuana: S ig n a l  o f  M is u n d e r s ta n d in g .”

•  T h e  N a tio n a l R e s e a r c h  C o u n c i l ’s  1 9 8 2  report, "An 
A n a ly s i s  o f  M arijuana Policy."

•  T h e  Institute  o f  M e d ic in e ’s  1 9 9 9  report, “M arijuana a n d  
M ed ic in e :  A s s e s s i n g  th e  S c ie n t i f ic  B a se ."

•  T h e  2 0 0 2  report o f  t h e  British A d v iso r y  C o u n c i l  o n  th e  
m i s u s e  o f  d r u g s ,  “T h e  C la s s i f ic a t io n  o f  C a n n a b i s .”

•  T h e  H o u s e  o f  C o m m o n s  H o m e  A ffairs C o m m it t e e  2 0 0 2  
s tu d y ,  "The G o v e r n m e n t ’s  D rug Policy: Is It W o r k in g ? ”

•  J a m a i c a ’s  2 0 0 1  N a t io n a l C o m m is s io n  o n  G a n ja  c a m e  to  
th e  s a m e  c o n c lu s io n ;

M arijuana is n ot s o  harm ful that t h e  p e n a l t i e s  for 
p o s s e s s i o n  n e e d  to  b e  in c r e a s e d .

S . B .7 4  w o u ld  t a k e  A la s k a  in t h e  o p p o s i t e  a n d  w r o n g  d irection .

T h e  S t a t e ’s  w i t n e s s e s  c o u ld  n o t  b e  c a l le d  o b je c t iv e  o b s e r v e r s .  T h o s e  
directly  in v o lv e d  in im p le m e n t in g  an  a d m in is tr a t io n ’s  p o l ic ie s  c a n n o t  
e v a lu a t e  t h o s e  p o l ic ie s  im partially . E v a lu a to r s  s h o u ld  b e  in d e p e n d e n t  
a c a d e m i c s .

T h e  t e s t im o n y  to d a y  wili s h o w  th at t h e  t im e  s c h e d u l e  a l o n e  for S .B .7 4  
is  in a d e q u a t e  to  e v a lu a t e  m a r iju a n a  in A la s k a .  W e  h a v e  su b m itte d ,  in 
writing, t h e  f in d in g s  o f  e x p e r t s  in their f ie ld s  w h o  d e t e r m in e  m ariju an a  
to  b e  re la tive ly  h a r m le s s  c o m p a r e d  to  a lc o h o l .  E a c h  fin d ing  m u s t  b e  
e x a m in e d  individually  a s  th e  o th e r  c o m m i s s i o n s  a n d  c o m m it t e e s  
h a v e  d o n e  with s c ie n t if ic  integrity.

H ere  is a  qu ick  r e v ie w  o f  th e  e v i d e n c e  y o u  will h e a r  to d a y:



E x p e r ts  will point o u t  th e  d i f f e r e n c e s  b e t w e e n  sc ie n t if ic  r e s e a r c h  a n d  
p s e u d o - s c i e n c e ,  t h e  c o n f u s io n  b e t w e e n  co rre la t io n  a n d  c a u s a t io n .

T h e  a d m in is tr a t io n ’s  a s s e r t i o n s  a b o u t  i n c r e a s e d  p o t e n c y  o f  m ariju an a  
a r e  in a c c u r a te  a n d  m is le a d in g  in s e v e r a l  r e s p e c t s :

•  T h e r e  a r e  s e r io u s  q u e s t i o n s  a b o u t  th e  a c tu a l  p o t e n c y  o f  
m a riju an a  t o d a y  a n d  y e s t e r d a y .  T h e r e  is  n o  re liab le  w a y  
to m e a s u r e  p o te n c y .

•  T h e r e  is  n o  p ro o f  that m a r iju a n a  is  m o r e  a d d ic t iv e  or 
d a n g e r o u s  th a n  p rev io u s ly .

•  In fact ,  m o r e  p o te n t  m a r iju a n a  w o u ld  re su lt  in p e o p le  
u s in g  l e s s ,  b e c a u s e  o f  t h e  e f f e c t  o f  autotitration.

T h e  a d m in is tr a t io n ’s  t r e a tm e n t  o f s ta t i s t i c s  is m is le a d in g  b e c a u s e  
m o s t  o f  their  c o n c l u s i o n s  a r e  c o u r t-o r d e r e d ,  n o t  a c lin ica l d ia g n o s i s  o f  
m a riju an a  a d d ic t io n  or e v e n  a se lf-re ferra l.  M o st  h a d  to  c h o o s e  
b e t w e e n  tr e a tm e n t  or in ca r cera t io n . M o st  c h o s e  tr e a tm en t .

T h e  ra te  o f  m ariju an a  u s e  a m o n g  m in o r s  in A la s k a  is  n o  h ig h er  to d a y  
th an  it w a s  in 1 9 7 5 .  In fa ct ,  a c c o r d in g  to  t h e  g o v e r n m e n t ’s  ow n  
s ta t is t ic s ,  overa ll u s e  in g r a d e s  6  th r o u g h  12  in A la s k a  s c h o o l s  is 
lo w er  n o w  after 3 0  y e a r s  o f  d ecr im in a liz a t io n .

M arijuana u s e  by  m in o rs  h a s  not b e e n  s h o w n  to  c a u s e  p s y c h o s i s  
later in life.

M arijuana u s e  d o e s  not in d u c e  v io le n t  b e h a v io r ,  ra p e , or child a b u s e .

T h e  e m e r g e n c y  r o o m  d a ta  u s e d  to s h o w  th a t  m a riju an a  is m o re  
d a n g e r o u s  to d a y  is not c o n c lu s iv e .  T h e  re lation  to  m ariju an a  in 
p a t ie n ts  is  s o  w id e ly  c o n s t r u e d  a s  to  b e  m e a n i n g l e s s .  A nd th e  
a d m in is tra tio n  h a s  o v e r s t a t e d  a n d  m is in te r p r e te d  t h e  e v i d e n c e  of  
m a r iju a n a ’s  link to  lung c a n c e r ,  ju v e n i le  cr im e , a n d  t h e  p oss ib i l ity  o f  
a d d ic t io n  a n d  d e p e n d e n c e .

T h e  w e ig h t  o f  s c ie n t if ic  e v i d e n c e  a v a i la b le  to d a y  d is c r e d i t s  th e  old  
‘g a t e w a y  d r u g ’ th eo r y .



T h e r e  a r e  la w s  a lr e a d y  in p l a c e  to  prohibit driving w h ile  im p a ired  by  
a lc o h o l  or  m ariju an a. T h e s e  la w s  will r e m a in  in e f fe c t .

S . B . 7 4  w o u ld  h a v e  a b a d  e f f e c t  o n  m e d ic a l  m a r iju a n a  p a t ie n ts  by 
j e o p a r d iz in g  th eir  ability to  p o s s e s s  m a riju an a  if ad u lt  u s e  o f  
m a riju a n a  in t h e  h o m e  is cr im in a lized .

If th e  a d m in is tr a t io n ’s  a im  is to  p r o m o te  th e  p u b lic  h ea lth  a n d  w e lfa re ,  
re -cr im in a liz in g  p e r s o n a l ,  ad u lt  u s e  o f  m a riju an a  in th e  h o m e  w o n ’t d o  
it. R e -c r im in a liza t io n  will on ly  f e e d  th e  b lack  m a r k e t  a n d  i n c r e a s e  th e  
s o c ia l  c o s t s  th a t  f low  from  it.

S c i e n c e  s h o w s  m a riju an a  c a u s e s  far l e s s  h arm  to  t h e  pub lic  hea lth  
a n d  w e l fa r e  th a n  a lc o h o l  or t o b a c c o .  A nd  th a t ’s  a s  tru e  to d a y  a s  it 
w a s  in 1 9 7 5 .



Shafer Commission, 1972
(National Commission on Marihuana and Drug Abuse), 

Commissioned by President Richard M. Nixon
• Commission members included 4 MD’s, 2 PhD’s,

1 theologian, and 5 elected officials
• 26 staff professionals, including additional MD’s and 

PhD’s, assisted the commission
• 49 support staff, analysts, and researchers were 

involved
• More than 1 year was spent in its investigations and 

preparation of its report



National Research Council 
of the National Academy of Science, 1982

“An Analysis of Marijuana Policy”
• 4 years of effort
• Included a review of the 1972 National Commission 

on Marijuana and Drug Abuse report
• Conclusion: “On balance, we believe that a policy of 

partial prohibition is clearly preferable to a policy of 
complete prohibition.”



Institute of Medicine, 1999
“Marijuana and Medicine: Assessing the 

_____________Science Base”___________
•  D i v i s i o n  o f  N e u r o s c i e n c e  a n d  B e h a v i o r a l  H e a l t h ,  I O M

•  T o o k  t e s t i m o n y  f r o m  h u n d r e d s  o f  d o c t o r s ,  s c i e n t i s t s ,

t r e a t m e n t  p r o f e s s i o n a l s ,  a n d  m a n y  o t h e r s

•  W o r k e d  f r o m  1 9 9 7  t o  1 9 9 9

•  C o n c l u s i o n s  i n c l u d e d :

“Compared to most other drugs...dependence among marijuana 
users is relatively rare.”

“There is no conclusive evidence that marijuana causes cancer in 
humans, including cancers usually related to tobacco use”

“It does not appear to be a gateway drug”
“Earlier studies purporting to show structural changes in the 

brains of heavy marijuana users have not been replicated with 
more sophisticated techniques.”



SMS'S

Report of the National Commission on 
Ganja, Jamaica, 2001

• “nine months of consultation and reflection,
• “visits to every parish and hearings amounting to 

3776 pages of transcriptions”
• “The Commission is persuaded that the 

criminalisation of thousands of people for simple 
possession for consumption does more harm to the 
society than could be done by the use of ganja 
itself.”

EK9



Advisory Council on the Misuse of Drugs, 
Great Britain, 2002

“The Classification of Cannabis under the Misuse of
Drugs Act 1971”

• “...based on a detailed scrutiny of the relevant 
scientific literature, including four reviews 
commissioned by the Department of Health in 
1998, as well as an update commissioned by the 
Home Office and completed in November 2001”

• “The Council... recommends the reclassification 
of all cannabis preparations to Class C [least 
harmful].”



House of Commons Home Affairs 
Committee, 2002

“The government’s drugs policy: Is it working?”
• “We have taken oral evidence from 45 witnesses 

over a total of 11 evidence sessions.”
• “...more than 200 people and 

organisations...provided written submissions...”
• “We support, therefore, the Home Secretary's 

proposal to reclassify cannabis from Class B to 
Class C.”



Report of the Canadian Senate Special 
Committee on Illegal Drugs, 2002

“Cannabis: Position for Canadian Public Policy”
•  “ p r o d u c t  o f  a  t e a m  e f f o r t  o v e r  a  p e r i o d  o f  2  y e a r s ”

•  T h e  P a r l i a m e n t a r y  R e s e a r c h  B r a n c h  s y n t h e s i z e d  a n d  a n a l y z e d  

l i t e r a t u r e  o n  l e g a l  s t u d i e s  a n d  s o c i o - c r i m i n o l o g i c a l  s t u d i e s .  I n  

a l l ,  t h e  C o m m i t t e e  r e c e i v e d  2 3  r e p o r t s .

•  H e a r d  t e s t i m o n y  f r o m  e x p e r t  s o c i o l o g i s t s  a n d  l a w y e r s ,  

p s y c h o l o g i s t s  a n d  p h y s i c i a n s ,  p o l i c e  o f f i c e r s  a n d  c r i m i n o l o g i s t s

•  T h e  C o m m i t t e e  h e l d  m o r e  t h a n  4 0  d a y s  o f  p u b l i c  

h e a r i n g s . . . m o r e  t h a n  1 0 0  p e r s o n s  f r o m  a l l  b a c k g r o u n d s .



Even the most recent commission reports echo the 
findings of many earlier commissions, including the 
LaGuardia Commission in 1944, and going back to 
the British Indian Hemp Drugs Commission in 1894.

The independent reports have been astonishingly 
consistent for well over a century:

“...continued criminalization of cannabis 
remains unjustified based on scientific data 
on the danger it poses.”

- - F i n a l  R e p o r t  o f  t h e  C a n a d i a n  S e n a t e  S p e c i a l  C o m m i t t e e ,  2 0 0 2



A l a s k a  C i v i l  L i b e r t i e s  U n i o n
A n  A f f i l i a t e  o f  t h e  A m e r i c a n  C i v i l  L i b e r t i e s  U n i o n  
P. O. Box 201844, Anchorage, AK 99520-1844 
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Testimony of Michael W. Macleod-Ball, Executive Director, Alaska Civil Liberties Union 
Senate Health, Education and Social Services Committee 

Friday, April 1,2005

RE: SB 74 - A n  A c t  m a k i n g  f i n d i n g s  r e l a t i n g  t o  m a r i j u a n a  u s e  a n d  p o s s e s s i o n . . .

C h a irm a n  D y so n , m e m b e rs  o f  the  c o m m itte e :

T h a n k  y o u  fo r p ro v id in g  us th is  o p p o rtu n ity  to  p re se n t e v id en c e  co u n te rin g  th e  a d m in is tra t io n ’s 
m is le a d in g  c h a ra c te r iz a tio n  o f  m a riju an a  a s  a  su b s ta n c e  th a t h as g ro w n  d a n g e ro u s  o v e r  th e  last 
30  years,

A s  th e  a d m in is tra tio n  h a s  a c k n o w led g ed , b o th  b e fo re  th is  c o m m itte e  and  in p u b lic  s ta te m e n ts , 
th e  p u rp o se  o f  th is  b ill is  to  p ro v id e  a  fram ew o rk  fo r  o v e r tu rn in g  the  A laska  S u p re m e  C o u r t’s 
d e c is io n  th a t o u r  c o n s titu tio n a l righ t to  p riv a c y  in c lu d e s  th e  rig h t to  p o ssess  and  use sm all 
a m o u n ts  o f  m a riju a n a  in  the h o m e  fo r p u re ly  p e rso n a l p u rp o ses . T h e  b ill a lso  s ig n if ic a n tly  s tep s 
up  th e  p e n a ltie s  in  a  m a n n e r  to  b ring  th e  b ill d ire c tly  in to  c o n llic t  w ith  e x is tin g  case  law . T h e  
a d m in is tra tio n  h o p e s  th a t a leg is la tiv e  fin d in g  c o n c e rn in g  m a riju a n a ’s r isk s  w ill be su ff ic ie n t for 
th e  c o u rt to  rev e rse  i ts e lf  i f  an d  w hen  th is  b ill is e n a c te d  a n d  th e n  ch a llen g ed  in  cou rt. B ecau se  
th is  le g is la tio n  d ire c tly  im p a c ts  a fu n d am en ta l rig h t -  th e  r ig h t to  p riv acy  -  th e  A C L U  b e liev es  
th a t any  le g is la tiv e  f in d in g  n o t re flec tiv e  o f  th e  w e ig h t o f  e v id e n c e  av a ilab le  fo r  rev iew  w ill be 
se t a s id e  b y  the  c o u rts . A lte rn a tiv e ly , i f  th is  c o m m itte e  ta k e s  on  th e  h eav y  b u rd en  o f  w e ig h in g  
th e  a v a ila b le  sc ie n c e  fu lly  and  co m p le te ly , a n d  p ro d u c e s  f in d in g s  tha t a re  re flec tiv e  o f  the  w e ig h t 
o f  th e  e v id e n c e , w e  b e liev e  the  cou rt w o u ld  c o n s id e r  such  b a lan c ed  fin d in g s an  in su ffic ie n t basis 
fo r ju s t i fy in g  a  re s tr ic tio n  on th e  c o n s titu tio n a l r ig h t to p riv acy . T h e  A C L U  b e lie v e s  th a t d ru g  
p o lic y  b ased  on  im p o s in g  c rim in a l se n te n c e s  on  m e re  u se rs  is c o u n te rp ro d u c tiv e  -  a n d  th is  b ill 
trie s  to  do  tha t. B u t o u r d isag re em en t w ith  th is  bill o n  a p o licy  leve l w o n ’t d e fe a t the  leg is la tio n  
-  th a t w ill be  a c c o m p lish e d  by th e  very  n a tu re  o f  th is  p ro p o sa l -  e n a c tm e n t o f  a  re s tr ic tio n  o n  a 
fu n d am en ta l c o n s titu tio n a l r ig h t based  on in c o m p le te  h e a rin g s  an d  b iased  o r in a d e q u a te  fin d in g s.

It c an n o t se r io u s ly  be a rg u ed  th a t in o rd e r  fo r th is c o m m itte e  to p ro p e rly  e v a lu a te  the  risk s  o f  
m a riju a n a  u se  a n d  p o sse ss io n  in the p riv a cy  o f  the  h o m e , it m ust c o n s id e r  far m o re  e v id e n c e  than  
it h a s  b een  a b le  to  tak e  in o v e r th e  c o u rse  o f  th ree  o n e  o r tw o  h o u r  sessio n s. W e b e lie v e  the  
w e ig h t o f  th e  e v id e n c e  c learly  sh o w s tha t m a riju a n a  is no t s ig n if ica n tly  m o re  d a n g e ro u s  th a n  it 
w as in  the  1970s, w h en  A lask a  law  leg a lized  use and  p o sse ss io n  in the hom e. H o w e v er, w e  
a c k n o w le d g e  the  a v a ila b ility  o f  d o ze n s , p e rh a p s  h u n d re d s , o f  s tu d ie s  and  p ap e rs  on  the  su b je c t 
and  th a t all o f  th o se  p ap e rs  p resen t d e ta iled , sc ie n tif ic  a n a ly s is  a n d  c o n c lu s io n s. T h is  five p erso n  
c o m m itte e , w ith  a ll o f  y o u r v a rio u s  b ac k g ro u n d s  a n d  e x p e rie n c e s , and  even  su p p o rte d  as you  are 
by  an  in s ig h tfu l a n d  d ed ica te d  sta ff, can n o t p o ss ib ly  c o m e  to  a  w e ll-ro u n d e d  d ec is io n  b ased  o n  a 
fa ir e v a lu a tio n  o f  th e  a v a ila b le  e v id en c e  on su ch  an a b b re v ia te d  sch ed u le . N a tio n a l and  
in te rn a tio n a l p a n e ls  h av e  tack led  th is su b jec t o v er th e  y ea rs  -  and  they  ty p ica lly  tak e  m o n th s , i f
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not years, to do a thorough evaluation o f  all the evidence and opinions. Uniformly, those panels 
conclude that marijuana is significantly less dangerous than alcohol and uniformly, the findings 
of those panels cannot be read to show any substantial increase in the risks associated with 
marijuana over the last 30 years. The administration’s proposed bill offers you a pre-set list o f  
findings -  obviously and not unexpectedly slanted far in fâ  or of  the proposition that marijuana 
is dangerous. We understand that the administration would want you to believe those proposed 
findings -  but if you examine all the information to be presented to you today, together with all 
the evidence presented to you by the administration, you should be unable in good conscience to 
vote in support of a bill including those findings. The findings associated with this bill are 
clearly one-sided, ignore the weight o f  evidence on the subject, and in some cases are simply 
wrong.

W e b e liev e  th e  a d m in is tra tio n  is o ffe r in g  m is lea d in g  in fo rm a tio n  to  you. O th e rs  w ith  m o re  
sc ie n tif ic  e x p e rtise  m ay  sp e ak  to th is , bu t I w ill o ffe r  o n e  sm a ll e x a m p le . 1 m ig h t o ffe r  m o re , b u t 
the  c o m m itte e  d ec lin ed  to  p ro v id e  us w ith  a c o p y  o f  th e  s tu d ie s  su b m itte d  by  th e  g o v e rn m en t. I 
w as  lim ited  to  a rev iew  o f  no  m o re  than  liv e  o r  ten  m in u te s  o f  o n e  c o p y  o f  the  p ack ag e . In th a t 
sh o rt a m o u n t o f  tim e , I h ap p e n ed  a c ro ss  o n e  o f  the  a d m in is tra t io n ’s a sse rtio n s  -  th a t 15%  o f  ra p e  
su sp e c ts  w ere  u n d er the  in flu en c e  o f  m a riju an a . T h is  a s se rtio n  p re su m a b ly  su p p o rts  f in d in g  # 5  -  
that a h igh  p e rc e n ta g e  o f  d o m e s tic  v io le n c e  a rre s tee s  a re  u n d e r  th e  in flu en c e  o f  m a riju a n a  -  a n d  
f in d in g  #12  -  tha t a  large  p e rc en tag e  o f  v io len t o ffe n d e rs  h av e  m a riju a n a  in  th e ir  sy s te m s  u p o n  
a r r e s t . I f  yo u  e x a m in e  th e  rep o rt in q u es tio n , you  w ill see th a t 70  %  - 7 0 %  - o f  th e  su sp e c ts  
w ere  u n d e r th e  in flu en ce  o f  a lc o h o l. Y o u  w ill a lso  se e  tha t th e re  is n o  in fo rm a tio n  a b o u t w h e th e r  
the  m a riju a n a  u sers  had  a lso  used  a lcoh o l Y ou w o u ld  a lso  se e  tha t th e  a u th o rs  o f  the  repo rt 
w ere  so  co n c e rn e d  ab o u t th e  c o rre la tio n  b e tw een  a lc o h o l and  v io le n c e  tha t they  p a rsed  o u t the  
a lc o h o l su b jec t for fu rth e r d e ta il. Y ou w o u ld  a lso  see  tha t th e  a u th o rs  d ee m e d  th e  m a riju an a  
c o rre la tio n  too  slig h t to  w arran t fu rth e r e v a lu a tio n . B u t the  a d m in is tra tio n  d id n 't  tell yo u  th a t in  
th e ir  b u lle t p o in ted  h ig h lig h ts  -  th e y  s im p ly  sa id  tha t 15%  o f  rap e  su sp e c t had  m a riju a n a  in th e ir  
sy s te m s  -  h o p in g  tha t no o n e  w o u ld  tak e  a tten tio n  to  th e  n a rra tiv e  o f  the  rep o rt. A n d  th e  
f in d in g s  p ro p o sed  in th is b ill a re  -  each  and  every  o n e  o f  them  -  as th e  e x p e r ts  to  fo llo w  w ill te ll 
you  -  m is le a d in g  a sse rtio n s  b ased  on  s im ila r  k in d s  o f  h a l f  tru th s  an d  o m iss io n s . W e b e liev e  
s tro n g ly  tha t f in d in g s  such  a s  th ese , i f  le ft to  s tan d , w ill be th e  d o w n fa ll o f  th is  b ill in co u rt.

In m o s t case s , leg is la tiv e  fin d in g s  rea lly  w o u ld n ’t m a tte r  all th a t m u c h , b ec au se  th e  c o u rts  
g en e ra lly  d e fe r  to  th e  L e g is la tu re ’s f in d in g s  on a su b jec t. H o w e v er, w hen  a  bill re s tr ic ts  a 
su sp e c t c la ss  or, as in  th is case , a  fu n d am en ta l r ig h t, a d iffe re n t s tan d a rd  ap p lie s . In su ch  case s , 
the  c o u rt w ill e x a m in e  the L e g is la tu re ’s c o n s id e ra tio n  o f  the  fac ts  -  o r  w ill c o n d u c t its o w n  fac t- 
f in d in g . T h e  c o u rts  w ill n o t b lin d ly  accep t leg is la tiv e  f in d in g s  w h en  a law  h as  d is tin c tio n s  b ased  
o n  re lig io n  o r  e th n ic ity , w h e n  a law  res tr ic ts  free  sp e e c h  -  e sp e c ia lly  p o litic a l sp eech , re s tr ic ts  
freed o m  o f  w o rsh ip , o r  -  as here  -  re s tr ic ts  an in d iv id u a l’s r ig h t o f  p rivacy .

P riv ac y  is a  fu n d am en ta l rig h t in A lask a  -  s tro n g e r th a n  the  p riv a cy  rig h t in fe rred  to  e x is t u n d e r 
th e  U S C o n stitu tio n . L eg is la to rs , ac tin g  o n  a 2 /3  v o te  in the  1 9 7 0 ’s a n d  b ack ed  by  re fe ren d u m  o f  
the  v o te rs , a m en d e d  th e  A lask a  C o n s titu tio n  to w rite  in  an e x p re ss  r ig h t o f  p riv acy . B ecau se  th e  
rig h t is e x p re ss , not m ere ly  in fe rred  as th e  federal r ig h t is, it is g e n e ra lly  c o n s id e re d  to be 
s tro n g e r  than  the  fed era l rig h t. B ut the  C o n s titu tio n  d o e s n ’t sa y  h o w  far th e  righ t o f  p riv acy



extends -  and so the courts have been asked to do the job o f  defining the meaning of our right o f  
privacy.

Shortly after the amendment adding the privacy right, the Ravin case came along. At its core, 
Ravin has less to do with marijuana possession than with attempting to define the scope o f  the 
privacy right. Ravin stands for the proposition that activities in the home are entitled to a higher 
degree of privacy protection than other kinds o f  activities. Also, activities that are purely 
personal and don’t pose a significant risk to others are entitled to some degree o f  privacy 
protection. The court was rather eloquent in describing its reasoning:

“ . . . t h e  a u th o rity  o f  the  s ta te  to  e x e rt con tro l o v e r  the  in d iv id u a l e x te n d s  o n ly  to 
a c tiv itie s  o f  the  in d iv id u a l w h ich  a ffec t o th e rs  o r  the  p u b lic  a t la rg e  as it re la te s  to  
m a tte rs  o f  p u b lic  h e a lth  o r  sa fe ty , o r to  p ro v id e  fo r th e  gen era l w e lfa re . W e 
b e liev e  th is  to  be a ten e t o f  a  free  so c ie ty . T h e  sta te  c an n o t im p o se  its  o w n  
n o tio n s  o f  m o ra lity , p ro p rie ty , o r  fash io n  on  in d iv id u a ls  w h en  the  p u b lic  h as  no 
le g itim a te  in te re s t in th e  a ffa irs  o f  th o se  in d iv id u a ls .”

H a v in g  com e  to  th e se  c o n c lu s io n s  abo u t the  sco p e  o f  th e  p riv a cy  r ig h t, the  co u rt had  to 
d e te rm in e  w h e th e r  m a riju a n a  u se  and  p o sse ss io n  fell w ith in  its  p ro te c tiv e  am b it.

In o rd e r  to do  so , th e  cou rt c o n s id e red  v o lu m in o u s  m a te r ia ls  an d  h ea rd  fro m  n u m e ro u s  ex p e rts . 
T h e  S u p re m e  C o u rt c o n c u rred  w ith  lo w er cou rt ru lin g s  that m a riju a n a  w'as no t w ith o u t risk . 
H o w e v er, it sa id  the  h ea lth  e ffe c ts  w ere  no t so  sev ere  a s  to  w arran t a  g o v e rn m e n t in tru s io n  on  a 
b as ic  h u m an  rig h t. So , th e  a d m in is tra t io n 's  a rg u m en t in  su p p o rt o f  th is  b ill w ill n o w  s tan d  o r fall 
o n  w h e th e r it c an  d e m o n s tra te  th a t m a riju an a  is so  m u ch  m o re  d a n g e ro u s  n o w  than  in th e  19 7 0 ’s, 
w h e n  R av in  w a s  d ec id ed , th a t ju s tif ic a tio n  n o w  e x is ts  to  res tr ic t ind iv id u a l p riv acy  r ig h ts  w h ere  
n o n e  e x is ted  b efo re . Be c le a r  on  th is  p o in t: it’s not e n o u g h  to  find th a t m a riju an a  h as r isk s  -  the  
c o u rt a lrea d y  d e c id e d  in th e  19 7 0 's  that the re  w as so m e  risk  in the u se  o f  m a riju a n a  -  a lb e it  far 
less  th a n  in th e  use o f  a lc o h o l. T h e  cou rt heard  e v id en c e  fro m  so m e tha t m a riju an a  w as 
d an g e ro u s , o ffse t by  o th e rs  w h o  sa id  that it had  so m e  risk s , b u t not m an y . T he co u rt d ec id e d  tha t 
b a lan c e  o f  e v id e n c e  w as in su ffic ie n t to ju s tify  a re s tr ic tio n  o n  p riv a cy  rig h ts . In o rd e r  to  m ak e  
th is  leg is la tio n  fly , y o u  n eed  to d e te rm in e  tha t m a riju an a  is fa r  m o re  d a n g e ro u s  th a n  it w a s  in 
1975. U n fo rtu n a te ly , the  e v id e n c e  w o n ’t te ll y o u  that m a riju a n a  sp u rs  v io len ce . It w o n ’t tell you  
th e re  h as  been  a s ig n if ica n t in c rea se  in y o u n g  users. It w o n ’t te ll y ou  the re  is  any  s ig n if ica n t 
in c rea se  in p o te n cy  th a t i s n 't  o ffse t by d ec reased  d o ses  and  red u ced  h ea lth  im p ac ts . W e d o n 't  
th in k  th e  case  c an  be  m ad e  th a t th e re  is a n y  inc reased  d a n g e r in m a riju an a  u se  tod ay  an d , i f  you 
c o n s id e r  all e v id e n c e  a v a ila b le  to  you . w e  are  c e rta in  y o u ’ll h a v e  to agree .

W hy  sh o u ld  y o u  be c o n c e rn e d  ab o u t the a v a ila b le  e v id en c e , m ak in g  su re  y o u 'v e  fu lly  e v a lu a te d  
e v e ry th in g , a n d  m ad e  a cc u ra te  fin d in g s?  B ecau se  the  le g is la tio n  w ill s tan d  o r  fall on  w h e th e r 
y o u  do  th e  jo b  fu lly  a n d  fa irly . A s  no ted  b efo re , co u rts  w ill g en e ra lly  d e fe r  to  fa c t-f in d in g  don e  
b y  the  le g is la tu re  -  but no t i f  a  fu n d am en ta l righ t is res tric ted . In tha t case , th e  c o u rt w ill look  
fo r  a su b s ta n tia l re la tio n sh ip  b e tw e en  the  p ro p o sed  re s tric tio n  and  a c o m p e llin g  s ta te  in te rest.
A n d  it w ill be fa r  less  like ly  to  d e fe r  to the  le g is la tu re ’s f in d in g s .. . . fo r  lack  o f  a b e tte r  te rm , the  
c o u rt w ill tak e  a  “ h ard  lo o k ” at w h a t the leg is la tu re  d id  in a d o p tin g  th e  leg is la tio n .



There isn’t a lot o f  Alaska precedent on this issue, but there is plenty on the federal level -  and 
it’s likely the reasoning would be the same among the Alaska judiciary. Even when fundamental 
rights are not implicated, the courts will not just blindly accept legislative reasoning. As Justice 
Clarence Thomas said, when he was an appellate justice, with respect to federal legislation, if 
Congress “could make a statute constitutional simply by ‘finding’ that black is white or freedom, 
slavery, judicial review would be an elaborate farce.” Lambrecht v. FCC, 958 F.2d 382, 392 n. 2 
(D.C. Cir. 1992). When a fundamental right is restricted, though, the court will not merely look 
at the legislative record, it can go beyond that to find facts relevant to the nature of the law. So, 
for example, in a 1994 case, Turner Broadcasting v. FCC, the US Supreme Court said that when 
First Amendment rights are implicated, deference afforded to legislative findings does not 
foreclose a court’s independent judgment o f  the facts bearing on an issue of constitutional law.
It sh o u ld  b e  n o te d  tha t in sev era l c a se s , th e  co u rts  h av e  lo o k ed  d isp a ra g in g ly  o n  fin d in g s  th a t 
w e re  the  resu lt o f  p re -o rd a in e d  d ec is io n s , in su ffic ie n t h ea rin g s , o r  h a s ty  d e lib e ra tio n s . E v e n  in 
A lask a , th e  few  p re c e d e n ts  su g g e s t th a t th e  o rd in a ry  d efe ren c e  to  leg is la tiv e  a c tio n  d is a p p e a rs  
w h e n  c o n s titu tio n a lly  p ro te c te d  r ig h ts  are  a t issue .

E x a m in in g  all p re c e d e n ts  on  th is  issu e , i f  th e  co u rt is a t a ll lik e ly  in c lin e d  to d e fe r  to  the 
le g is la tu re  in th is  c o n te x t, it w ill o n ly  be i f  th e  leg is la tu re  h as c o m p re h e n s iv e ly  re v ie w e d  th e  
a v a ila b le  e v id e n c e  and  a rr iv e s  a t c o n c lu s io n s  -  “ f in d in g s” , i f  yo u  w ill -  tha t a c c u ra te ly  re f lec t 
th a t e v id en c e . T h e  c o u rts  w ill no t to le ra te  p ro c e e d in g s  th a t are m e re ly  a  sh o w  to  m a k e  it se e m  as 
i f  th e  leg is la tu re  h as  ta k e n  a c o m p re h e n s iv e  look  a t the  a v a ila b le  ev id en c e . T h e y  w ill no t s tan d  
fo r  a  p a p e r  reco rd  o f  se v e ra l h u n d re d  p ag es i f  the  re su lt is d ire c tly  c o n tra ry  to  th e  e v id en c e  
su b m itte d . B ased  on  o u r  e x p e rie n c e  b e fo re  th is  c o m m itte e , it is  o u r view ' tha t the  a tte n tio n  g iv en  
to th e  issu e s  fa lls  far sh o rt o f  w h a t th e  co u rt w 'ould ex p ec t.

1 d o  no t m e an  to  b e little  the  e ffo rt th is  c o m m itte e  h as  m ad e . F ar from  it. W e h av e  b een  tre a te d  
c o rd ia lly  a n d  h av e  b een  h e lp ed  at e v e ry  tu rn  by  c o m m itte e  m e m b e rs  a n d  staff. W e h av e  
p ro v id e d  d o c u m e n ta ry  e v id e n c e , w h ic h  has b een  a c c e p te d  w illin g ly . B u t to u n d e rs ta n d  the  
c o m p le x ity  o f  th e  issue  in v o lv ed  h e re  re q u ire s  c o m m itm e n t o f  fa r  m o re  tim e  a n d  e x p e r tise . By 
rig h ts , th is  p ane l sh o u ld  c o n v e n e  so m e th in g  ak in  to  a B lu e  R ib b o n  C o m m iss io n  -  as has b een  
d o n e  e lse w h ere  -  to  a d v ise  a n d  in fo rm  the c o m m itte e  o n  th is  issue . B u t the re  se e m s  to  be  no  
in te re s t in c o n d u c tin g  su ch  a th o ro u g h  rev iew  o f  th e  issu es. I t’s u n d e rs ta n d a b le  -  th is  c o m m itte e  
and  th is b o d y  ha.: m an y  im p o rta n t issu e s  to  a d d re ss  and  th e re  is a n a tu ra l u rge  to  p u sh  th in g s 
a lo n g  -  g et th in g s  d o n e . B ut \  h e n  a re s tr ic tio n  on a fu n d am en ta l righ t is in v o lv ed , y o u  n eed  to 
do  m o re .

E v e n  in th e  a b se n c e  o f  su c h  an  o b lig a tio n , o th e r  p an e ls  h a v e  d o n e  m o re  -  m u c h , m u ch  m o re . 
S ta rtin g  w ith  the  c o m m iss io n  th a t e x a m in e d  the  m a riju a n a  issue  in the  1970’s and  c o n tin u in g  
th ro u g h  re c e n t p an e ls  in C a n a d a  and e lse w h e re , e x p e rts  h av e  te s tif ied  fo r day s and  d e lib e ra tio n s  
h av e  c o n tin u e d  fo r m o n th s . T h is  is v e ry  c o m p lic a te d  in fo rm a tio n  and  n o  one  c an  be  e x p e c te d  to 
fu lly  com p reh e n d  all o f  th e  f in d in g s  in  a  sh o rt rev iew  la s tin g  a fe w  h o u rs . A n d  w e b e lie v e  
s tro n g ly  th a t the  co u rt w ill no t let s tan d  the  re s tr ic tio n s  y o u  are c o n te m p la tin g  a d o p tin g  b ased  
m e re ly  on  th e  rec o rd  tha t w ill be  b e fo re  you a s  o f  th e  d a y ’s end.

1 w ill let o th e rs  sp e ak  to  the  f in d in g s  re la tin g  to  sc ie n tif ic  issu es, bu t 1 w o u ld  lik e  to a d d re ss  tw o  
fin d in g s  in  p articu la r.



Finding #19 purports to “reconfirm that it is illegal to possess any amount o f  marijuana 
anywhere in this state....” In fact, by adopting such a finding, the Legislature wholly discounts 
the judiciary’s role in our three-branch system of government. Pursuant to judicial decision, it in 
fact has NOT been illegal to possess small amounts of marijuana in the home for personal use. 
To adopt a finding that Reconfirms illegality, this body asserts, in effect, that the judiciary has no 
role in determining the constitutionality o f  legislative enactments.

F in d in g  # 1 8  a sse rts  th a t th e  h o ld in g  in  C ro c k e r  v. S ta te  im p o se s  “ u n n ec essa ry  and  u n re a so n a b le  
re q u ire m e n ts  fo r  se a rc h  w a rra n ts  to  in v e s tig a te  m a riju an a  g ro w in g .. . th a t  in h ib it law  e n fo rc em en t 
e ffo r ts  to  red u c e  the  a m o u n t o f  m a riju a n a  illeg a lly  g ro w n  in d o o rs  and  illeg a lly  so ld  o r  e x p o rte d ."  
T h is  is s im p ly  in a cc u ra te . C ro c k e r  m e re ly  held  th a t “a  ju d ic ia l  o ff ic e r  sh o u ld  no t issu e  a  w arran t 
to  sea rch  a  p e rs o n ’s h o m e  fo r e v id e n c e  o f  m a riju a n a  p o sse ss io n  u n le ss  th e  S ta te ’s w a rra n t 
a p p lic a tio n  e s ta b lish e s  p ro b a b le  c a u se  to  b e lie v e  th a t the  p e rs o n ’s p o sse ss io n  o f  m a riju an a  
e x c e e d s  th e  sc o p e  o f  th e  p o sse ss io n  th a t is c o n s titu tio n a lly  p ro tec ted  u n d e r R a v in .. . .  B efo re  a 
se a rc h  w a rra n t can  law fu lly  issu e , th e  g o v e rn m e n t m u st e s ta b lish  p ro b ab ly  c a u se  to  b e lie v e  that 
th e  e v id en c e  b e in g  so u g h t is c o n n e c te d  to  a  c rim e . T h is  sam e  ru le  g o v e rn s  se a rc h  w a rra n ts  for 
a ll c o n tro lle d  su b s ta n c e s , n o t ju s t  m a riju a n a .”  T h is  is n e ith e r  u n n ec essa ry  n o r  u n re a so n a b le  -  it’s 
th e  law . P io b a b le  cau se  m e a n s  p ro b a b le  c au se  to  su sp e c t a  v io la tio n  o f  the  law , not p ro b ab le  
c a u se  to su sp e c t the  o c c u rre n c e  of c o n s titu tio n a lly  p ro tec ted  ac tiv ity . C o u ld  y o u  get a w arran t to 
e n te r  a h o m e  i f  you  su sp e c te d  so m e o n e  w as e x e rc is in g  h is  o r h e r  righ t to  freed o m  o f  sp e e c h ?  I t’s 
a  s illy  p o in t -  b u t y ou  u n d e rs ta n d  m y  p o in t. T h e  fin d in g  in  q u es tio n  is b la ta n tly  s la n te d  and  
th e re  is n o  n eed  fo r it.

I 'd  a lso  lik e  to  p o in t ou t tha t m u c h  o f  the  a d m in is tra t io n 's  c la im s  and  a sse rtio n s  are  irre le v an t to 
th e  c o n s id e ra tio n  o f  th is  bill, f o r  e x a m p le , you  h ea rd  ab o u t m a riju an a  b e in g  a h u g e  cash  c ro p  in 
A la sk a  -  ab o u t h uge  d is c o v e rie s  o f  m a riju a n a  in th e  sta te . Y ou hav e  h ea rd  a b o u t c rim e  and  
d riv in g  issu es. Y o u r a b ility  to  leg is la te  w'ith re sp ec t to th o se  issu e s  is n o w  a n d  has a lw a y s  been  
u n h in d e red . T h o se  th in g s  a re  illega l n o w  a n d  th is  bill d o es  n o th in g  to c h a n g e  tho se  law s -  
th e re fo re , tho se  c o m m e n ts  a re  s im p ly  irre le v an t -  aga in , d es ig n e d  to  ap p ea l to  y ou r g u t in s tin c ts  
to  leg is la te  a g a in s t th is  su b s ta n c e . T h e  c o u rt has s im p ly  sa id  th a t the  r ig h t to  p riv a cy  is 
fu n d am en ta l -  and  the re fo re  th e re  m u s t be a  d ire c t c o n n e c tio n  b e tw e en  so m e  c o m p e llin g  s ta te  
in te re s t a n d  th e  inv asio n  o f  p riv a cy  th a t g o es  w ith  re s tr ic tin g  u se  and  p o sse ss io n  o f  sm all 
a m o u n ts  in the  hom e.

W e w 'ould s tro n g ly  u rg e  th is  c o m m itte e  to  rem o v e  o r  d ra s tica lly  a lte r th e  fin d in g s in th is  b ill. A s 
th e y  s tan d , th ey  do  not re flec t the  s ta te  o f  the  sc ie n ce  on  th e  su b jec t. T h ey  w ill se rv e  as the  basis 
fo r a  c h a lle n g e  to  th is  bill. W e s tro n g ly  u rge  th is  c o m m itte e  u n d e rtak e  a  far m o re  c o m p re h e n s iv e  
lo o k  at th e  sc ie n c e  -  o r  w ork  fo r the  c re a tio n  o f  a tru ly  in d ep en d en t p an e l to  e x a m in e  the  sc ien ce . 
T h e  A lask a  C iv il L ib ertie s  U n io n  w o u ld  be  p lease  to  h e lp  e s ta b lish  a n d /o r  in fo rm  su ch  a p an e l.
W e b e liev e  tha t is the  o n ly  w ay  th is  L e g is la tu re  c an  su c ce ssfu lly  ado p t a  re s tr ic tio n  to  the  basic  
r ig h t o f  p riv a c y  w ith o u t su b je c tin g  i ts e lf  to  c h a lle n g e . W e a lso  b e liev e  the  a d o p tio n  o f  f in d in g s  
m o re  fairiy  le f le c tiv e  o f  the  sc ie n c e  w ill lead  to a ju d ic ia l  c o n c lu s io n  th a t th e  risk s  a s so c ia te d  
w ith  m a riju a n a  u se  and  p o sse ss io n  d o  no t ju s t i fy  a  re s tr ic tio n  o n  the  r ig h t o f  p riv acy .



W e  u n d e rs ta n d  th e  b as ic  re f lex  to  c r im in a liz e  m a riju a n a  p o sse ss io n  is  b ased  o n  a fea r th a t o u r  
k id s  a re  b e in g  h arm ed . B u t th e re  a re  b e tte r  w ay s to d ea l w ith  th is  th a n  to  m a k e  m a riju a n a  u se rs  
c r im in a ls . T h e re  h av e  b een  su c c e ss  s to rie s  -  w ith  to b a c c o  and  w ith  o th e r  d ru g s  at o th e r  t im e s  
a n d  p la ce s . P r iso n  is  n o t th e  b es t p la c e  to  p u t so m e o n e  w h o  n e e d s  to  s to p  u s in g  m a r i ju a n a ... .and 
in v a d in g  s o m e o n e ’s p riv a cy  is n o t th e  b es t m e a n s  to  f in d  the  p e o p le  w h o  n ee d  to  s to p  u s in g  
m a riju a n a . A n d  a n o th e r  ju d ic ia l  c h a lle n g e  to  a n o th e r  le g is la tiv e  e n a c tm e n t w ill d o  n o th in g  to 
a d v a n c e  e ith e r  th e  c a iu e  o f  p e rso n a l p r iv a c y  o r  th e  g o a l o f  red u c in g  d ru g  u se . W e u rg e  yo u  
p le a s e  n o t to  p a s s  S en ate  B ill 74.
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T h a n k  y o u  M r. C h a irm a n :

M y  n a m e  is  D r. L e s te r  G r in s p o o n . I b e lie v e  th a t y ou  h a v e  co p ie s  o f m y 
cu rr icu lu m  v ita e  a n d  tw o  o f m y  b o o k s : M a rih u a n a  R e c o n s id e r e d  (H a rv a rd  
U n iv e rs ity  p re s s , 1 9 7 1 ,1 9 7 7  a n d  M a rih u a n a , th e  F o rb id d e n  M e d ic in e  (Y a le  
U n iv e rs ity  p r e s s 1 9 9 3 ,1 9 9 7 ).

To be very brief, I am an associate professor of psychiatry, emeritus at the 
Harvard Medical School. Shortly after graduating from the Harvard Medical 
School in 1955 ,1 joined the faculty and over the ensuing 45 years combined 
research and teaching with some clinical practice. In 1987 ,1 had finished writing 
my part of a book on our seven-year study of schizophrenia. As the senior 
author I had to wait to finally put it together for what two junior co-authors 
estimated would be two to three months before they completed their parts. 
Because I was at that time very rr i concerned about the great danger young 
people were exposing themselves m as they recklessly ignored government 
warnings about its dangers, I decided to devote this unanticipated free time to 
studying marihuana in the Countway library with the object of producing a 
scientifically sound paper on the subject, one which I hoped to publish In a 
journal or periodical accessible to college-age people. Perhaps some would pay 
more attention to such a review than they apparently were to the material 
produced by the US Public Health Service. (A shortened version of the paper 
was published in Scientific American). As I delved into the medical, scientific and 
other literature I soon discovered, to my great surprise and consternation, that, 
despite my training in medicine and science, I had been brainwashed like most 
other American citizens about the dangers o f this drug. After I finished the book 
on schizophrenia, I began work on Marihuana Reconsidered which was 
published by Harvard University press in 1971, a second edition in 1977 and 
republished as a classic in 1997. Briefly, after documenting that most of what we 
believe about the dangers of cannabis were mythical, I concluded that marihuana 
was far less harmful than either alcohol or tobacco and that its greatest 
harmfulness arose from the way we as a society were dealing with it. (At that 
time we were arresting about 300,000 mostly young people on marihuana 
charges: today the figure is about 750,000.).

Let me say at the outset that marihuana is no more harmful today than it was in 
1975 when I testified in the Ravin case. Street marihuana is arguably more 
potent than it was at that time but this does not mean increased risk because 
both medicinal and recreational users very quickly learn how to titrate the dose to 
achieve the desired effect. A user who smokes (or vaporizes) marihuana has to 
inhale less of a more potent sample and, conversely, more of one that is less 
potent. It follows that to the extent that inhaling the smoke is considered a risk 
factor for pulmonary disease, the more potent sample provides a healthier 
choice. However, I should hasten to add that the pulmonary risk from smoking 
marihuana has been greatly exaggerated. There is not a single case of lung ” 
cancer or emphysema attributable to smoking marihuana to be found in the
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m e d ica l lite ra tu re . I b e lie v e  th a t th e  lu n g s  o f m a r ih u a n a  s m o k e rs  a re  a t g re a te r 
risk  fro m  th e  a ir  o f c it ie s  like  L o s  A n g e le s  o r H o u s to n  (o r  a n y  o th e r c ity  w ith  p o o r 
a ir q u a lity ). H o w e v e r, fo r th o s e , p a rticu la rly  in to d a y ’s  a n ti-s m o k in g  a tm o sp h e re , 
w h o  w ish  to  a v o id  s m o k e  fo r a n y  re a so n , th e re  is  n o w  a v a ila b le  a  d e v ice  ca lle d  a 
v a p o riz e r w h ich  h o ld s  th e  te m p e ra tu re  o f th e  m a rih u a n a  to  b e  co n s u m e d  in a 
te m p e ra tu re  w in d o w  w h ich  v a p o riz e s  th e  ca n n a b in o id s  at a  te m p e ra tu re  w h ich  is 
b e lo w  th e  ig n itio n  p o in t; th u s  n o  sm o k e .

I wish I had time to address the other 18 "Findings" because so many are 
erroneous and none is supported by documentation. Let me briefly consider 
another "Finding", the one that states... "marihuana use by children is associated 
with an increased risk of attempting suicide." I believe that the intention here is 
to suggest that because there is an association cannabis must be causal in this 
increment of risk. Psychiatry is becoming increasingly aware that children suffer 
from depression and some of them commit suicide. Like other children, some of 
the depressed children will use marihuana. In fact, because marihuana is an 
effective antidepressant, some of them may have discovered it as a self- 
medication. However, there is no credible evidence that I know of that 
establishes marihuana as a causal.

I am struck by the fact that so many of these "Findings" are the same claims of 
marihuana toxicity that have been made and discredited more than once in the 
history of this substance. For example, schizophrenics and patients suffering 
from other psychoses were thought to comprise a significant number of the 
patients admitted to Indian Insane Asylums in the second half of the 19th-century 
and the use of ganja was thought to be causative. It was for this reason that the 
British organized the Indian Hemp Drug Commission Study which was published 
in 1894. The commission examined 800 doctors, superintendents of insane 
asylums, and so forth. In a 3000 page, seven volume report the commission 
concluded that 'There is no evidence of any weight regarding mental and moral 
Injuries from the moderate use of these drugs." This report put to rest the belief 
that cannabis led to schizophrenia and other psychoses for a while, but it has 
recurred periodically most recently during the last year are so. For example, a 
report from New Zealand with a study group of only 759 subjects, claims to have 
established that those who smoked marijuana three or more times by the age of 
15 had a 10% higher chance of developing schizophrenia. Similarly, other 
studies from Great Britain and the Netherlands would predict greater numbers of 
schizophrenic patients. If these predictions were correct, given the number of 
young people who are or who have used cannabis, we would expect an 
increment in the incidence of schizophrenia. However, no such increment exists.

In "Finding" number two the assertion is made th a t"... [marihuana] has addictive 
properties similar to heroin and other similar illegal controlled substances .." Most 
of those who are sophisticated about cannabis would question whether the word 
addiction is even appropriate to this drug, and all would agree that the withdrawal 
syndrome seen with "heroin and other illegal controlled substances" are not
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o b se rv e d  u p o n  ce s s a tio n  o f m a rih u a n a  u s e . T h e  a s s e rtio n  m a d e  in  "F in d in g "  
n u m b e r fo u r, th a t m a rih u a n a  u s e " ... m a k e s  it m o re  like ly  th a t th e  p e rs o n  w ill g o  
o n  to  u s e  m o re  p o te n t ille g a l co n tro lle d  s u b s ta n ce s ..."  is  s im p ly  a re s ta te m e n t o f 
w h a t w a s  k n o w n  a s  th e  " ste p p in g  s to n e  h y p o th e s is" ; a  b e lie f w h ich  h a s  lo n g  
s in ce  b e e n  th o ro u g h ly  d is cre d ite d .

As I participate in these hearings, I am reminded of those which preceded the 
passage o f the Federal Marihuana Tax Act of 1937 the first o f the draconian 
legislation aimed at marihuana. A reading of the hearings before the House 
Ways and Means Committee that preceded the passage of the legislation 
demonstrates quite clearly how little empirical data was found to support the Act. 
Indeed, the enactment reflected far more the mass hysteria surrounding the 
subject than any concrete evidence of the drug's harmfulness. The hearings 
were characterized by brevity and lack of information. Little expert medical, 
sociological, or o f the scientific evidence was produced or listened to. I would 
urge this committee to acquaint itself with some o f the excellent comprehensive 
special reports and commission reports which have been developed over the 
past half-century. They would include:

The La Guardia Report (1944)
The Wooten Report (1968)
The Shafer Report (1972)
The Le Dain Commission (1973)
The Canadian Senate Special Committee on Illegal Drugs Report (2002)

I think that if this legislative body is as meticulous and comprehensive in 
collecting and assessing the data as these Commissions were, it will have a 
better chance of arriving at a sound judgment about whether the "harmfulness'' of 
marihuana is sufficient to enact such a restrictive bill.

In conclusion, I must tell you that I have much more to say on this topic than I will 
be able to now, bui given the extremely short time allotted for these hearings, 
there is no way I can thoroughly respond to the erroneous findings proposed in 
this bill. It would take days, if not weeks, to carefully review each of the studies 
and reports submitted by the government in order to fully explain to you the 
fallacies and inaccuracies. In short, this committee cannot possibly hope to 
seriously consider in the amount of time allocated the relevant evidence 
necessary to reach conclusions about the public health effects o f marijuana. I 
would urge the committee to postpone action on this legislation until such time as 
a full and fair review of all the evidence has occurred. If the legislature does 
adopt “findings" I would urge you to fully annotate those findings with specific 
references to specific evidence in the legislative record,
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League

A d v is o r y  B oard, C i v i l  L i b e r t i e s  U nion o f  
M assach u setts /A C L U

Board o f  D i r e c t o r s ,  C e n te r  f o r  P s y c h o l o g i c a l  S t u d i e s  
in  t h e  N u c le a r  Age

A d v is o r y  Board, P h y s i c i a n s  f o r  Human R ig h t s

Board o f  D i r e c t o r s ,  Drug P o l i c y  F o u n d a tio n

Board o f  D i r e c t o r s ,  C i v i l  L i b e r t i e s  Union o f  
M a s s a c h u s e t t s

F a c u l t y  Member, Z in b erg  C e n te r  f o r  A d d ic t io n  S t u d i e s ,  
C am bridge, M a s s a c h u s e t t s

C h a ir p e r s o n ,  Board o f  D i r e c t o r s ,  N a t io n a l  
O r g a n iz a t io n  f o r  th e  Reform o f  M arihuana Laws
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1 9 9 5 - A d v is o r y  Board, The Drug R e se a r c h  Group

1997- Board o f  S c i e n t i f i c  and P o l i c y  A d v i s o r s  o f  th e  
A m erican C o u n c i l  on S c i e n c e  and H e a lth

1997-

1997-

1999

2C ,0 -

H onorary Member, A r b e i t s g e m e i n s c h a f t  C an nabis  a l s  
M ed iz in  ( A l l i a n c e  f o r  C an n a b is  a s  M e d i c i n e ) , Germany

I n t e r n a t i o n a l  A d v is o r y  C om m ittee , P h y s i c i a n s  f o r  
Human R ig h t s

R ev iew er  o f  t h e  d r a r t  r e p o r t  on t h e  u s e f u l n e s s  o f  
m a riju a n a  as  a m e d ic in e  by t h e  I n s t i t u t e  o f  M e d ic in e ,  
s u b s e q u e n t ly  p u o l i s h e d  (M ariju an a  and M ed ic in e :  
A s s e s s i n g  th e  S c i e n c e  B ase l by N a t i o n a l  Academy 
P r e s s ,  W ash in gton , D .C . , 1999

N a t io n a l  A d v is o r y  C o u n c i l ,  C e n te r  f o r  C annabis  
R e se a r c h ,  U r i v e r s i t y  o f  C a l i f o r n i a

EDITORIAL BOARDS:

1 9 8 2 -1 9 8 4  E d i t o r ,  P s y c h i a t r y  U pdate: The A m erican  P s y c h i a t r i c
A s s o c i a t i o n  Annual R eview ; Volumes I - I I I

1 9 8 2 -1 9 9 3  J o u r n a l  o f  P s y c h i a t r i c  R esea rch

1 9 8 4 -2 0 0 0  E d i t o r ,  The H arvard M ental H e a l th  L e t t e r

1 9 8 5 -  J o u r n a l  o f  S o c i a l  P h arm acology

1 9 8 5 -  The Harvard H e a lth  L e t t e r

1 9 9 1 -  A d d ic t io n  R esea rch

1 9 9 8 -  J o u r n a l  o f  C o g n i t i v e  L ib e r t y  and E t h i c s

2001 J o u r n a l  o f  C an nabis  T h e r a p e u t i c s

OTHER PROFESSIONAL ACTIVITIES:

T e s t i f i e d  b e f o r e  l e g i s l a t i v e  c o m m it te e s  i n  th e  s t a t e s  o f  
M a s s a c h u s e t t s ,  C o lo ra d o , New J e r s e y ,  W a sh in g to n , Vermont, and New 
York. A l s o  t e s t i f i e d  b e f o r e  th e  N a t i o n a l  M ariju a n a  Commission  
( 1 9 7 2 ) ,  t h e  House Armed S e r v i c e s  C om m ittee ( 1 9 6 2 ) ,  t h e  Monopoly  
S u b com m ittee  o f  th e  S e n a te  Sm all B u s i n e s s  C om m ittee (1 9 7 6 ) ,  th e  
House S e l e c t  Com m ittee on N a r c o t i c s  (1 9 7 7 ,  19 7 9 , 1 9 8 9 ) ,  th e  
C o n t r o l l e d  S u b s ta n c e s  A d v iso r y  C om m ittee , t h e  Drug Abuse R esea rcn  
A d v is o r y  Com m ittee (1 9 7 8 ) ,  and th e  S e n a te  J u d i c i a r y  Committee  
( 1 9 8 0 ) ,  e t c .
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HONORARY S O C IE T IE S :

0 9 / 8 0

P h i B eta  Kappa 
A lpha Omega Alpha
B o y la t o n  S o c i e t y ,  H arvard M e d ic a l  S c h o o l  
C olum bia U n i v e r s i t y  Sem inar A s s o c i a t e

PROFESSIONAL ORGANIZATIONS:

M a s s a c h u s e t t s  M ed ica l  S o c i e t y
A m erican  P s y c h i a t r i c  A s s o c i a t i o n  (F e l lo w )
A m erican  A s s o c i a t i o n  f o r  t h e  Advancem ent o f  S c i e n c e  (F e l lo w )  
Group f o r  t h e  Advancem ent o f  P s y c h i a t r y  
S o c i e t y  o f  B i o l o g i c a l  P s y c h i a t r y  
World F e d e r a t io n  o f  M ental H e a lth

MEDICAL LICENSING AND CERTIFICATION:

D ip lo m a te ,  N a t io n a l  Board o f  M ed ica l  E xam iners  
L ic e n s e d ,  S t a t e  o f  M a s s a c h u s e t t s  
D ip lc m a te ,  Am erican Board o f  P s y c h i a t r y

PSYCHOANALYTIC TRAINING:

G ra d u a te ,  B o sto n  P s y c h o a n a l y t i c  I n s t i t u t e ,  B o s to n ,  
M a s s a c h u s e t t s ,  A p r i l  1967

Member, B o s to n  P s y c h o a n a l y t i c  S o c i e t y ,  B o s to n ,  M a s s a c h u s e t t s ,  
1 9 6 7 -1 9 8 5

AWARDS:

Mencken Award: H on ora b le  M ention  W inner f o r  c o n t r i b u t i o n  t o
D e a l in g  w i t h  D ru g s , 1988

A l f r e d  R. L in d e sm ith  Award f o r  A ch iev em en t  in  th e  F i e l d  o f  
S c h o l a r s h i p ,  a $ 1 0 ,0 0 0  award o f  th e  Drug P o l i c y  F o u n d a t io n ,  
W a sh in g to n , D .C .,  1990*

Norman E. Z in b erg  Award f o r  M arihuana R e s e a r c h ,  an award o f  The 
N a t io n a l  O r g a n iz a t io n  f o r  t h e  Reform o f  M arijuana  Laws, 
W a sh in g to n , D .C . ,  1990

N a t io n a l  O r g a n iz a t io n  f o r  t h e  Reform o f  M ariju an a  Laws, F i r s t  
Annual L e s t e r  G rin sp oon  Award For O u ts ta n d in g  A ch ievem en t i n  
M ariju a n a  Law Reform: In  g r a t e f u l  r e c o g n i t i o n  o f  a l i f e t i m e  
d e d i c a t e d  t o  r e fo r m in g  u n j u s t  m a r iju a n a  la w s ,  s e l f l e s s  d e v o t io n  
t o  h e a l i n g  th e  s i c k  w ith  m e d ic a l  m a r i ju a n a ,  and w i l l i n g n e s s  t o  
cham pion an u n p op u lar  c a u s e ,  r e g a r d l e s s  o f  p r o f e s s i o n a l  
c o n s e q u e n c e s ,  November 14 ,  1998
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A l l i a n c e  o f  Reform O r g a n iz a t io n s ,  The ARO L i f e t i m e  A ch ie v e m e n t  
Award f o r  D i s t i n g u i s h e d  S e r v i c e  in  Drug P o l i c y  Reform , 1998

* s e e  c i t a t i o n ,  p age 25

PUBLICATIONS:

1 .  G r in sp o o n , L . ,  S a g i l d ,  U . ,  Blum, H .P . ,  and M a rb le ,  A . :
Changes i n  c i r c u l a t i n g  e o s i n o p h i l s  i n  j u v e n i l e  d i a b e t i c s
i n  r e s p o n s e  t o  e p i n e p h r in e ,  ACTH, and h y p o g ly c e m ia .
J o u r n a l o f  C l i n i c a l  E n d o c r in o lo g y  and M e ta b o l ism ,  
1 3 : 7 5 3 - 7 6 6 ,  ""1953.

2 .  A le x a n d e r ,  B . ,  M eyers, L . ,  Kenny, J . ,  G o l d s t e i n ,  R . ,
G urew ich, V . ,  and G r in sp o o n , L . :  B lo o d  c o a g u l a t i o n  in
p reg n a n cy :  P r o c o n v e r t in  and p r o th r o m b in ,  and th e
h y p e r c o a g u la b le  s t a t e .  New E n g lan d  J o u r n a l  o f  M e d i c in e , 
2 5 4 : 3 5 8 - 3 6 3 ,  1 9 5 6 .

3 .  G r in sp o o n , L. and Dunn, J . E . :  A s t u d y  o f  t h e  f r e q u e n c y
o f  a c h lo r h y d r ia  among J a p a n e se  in  Los A n g e l e s .  J o u r n a l  o f  
che N a t io n a l  C ancer I n s t i t u t e , 2 2 : 6 1 7 - 6 3 1 ,  1 9 5 9 .

4 .  E w a lt ,  J . R . ,  A le x a n d e r ,  G .L . ,  and G r in sp o o n ,  L . :  C hanging
p r a c t i c e s :  A p l e a  and some p r e d i c t i o n s .  M enta l  
H o s p i t a l s , 11 ( 6 ) :9 —13, June 19 6 0 .

5 .  G r in sp o o n , L . ,  C o u r tn ey , P .H . ,  and B erg e n , H .M .: The
u s e f u l n e s s  o f  a s t r u c t u r e d  p a r e n t s '  grou p  in  
r e h a b i l i t a t i o n .  In  M enta l P a t i e n t s  in  T r a n s i t i o n , 
G r e e n b l a t t ,  M., L e v in s o n ,  D . J . ,  and K lerm an, G .L. ( e d s . ) .  
S p r i n g f i e l d ,  I l l i n o i s :  C h a r le s  C. Thomas, P u b l i s h e r s ,
1 9 61 , pp. 2 2 9 - 2 6 0 .

6 . G r in sp o o n , L. and L ieberm an, E . J . :  E sca p e  from  t h e  bomb:
A n x ie ty ,  a n g e r ,  and th e  " en em y .” The New R e p u b l i c , 
Septem ber 4 , 1 9 6 1 ,  pp . 1 0 - 1 5 .

7 .  G r in sp o o n , L. and L ieberm an, E . J . :  Our p s y c h o l o g i c a l
r e t r e a t  from th e  bomb. S c i e n c e  D i g e s t , 5 0 : 1 - 6 ,  1 9 6 1 .

8 . G r in sp oon , L. and Cohen, R .E . :  The i n t r o d u c t i o n  o f  a
p a r t - t i m e  h o s p i t a l i z a t i o n  program  i n t o  an a c u t e  
p s y c h i a t r i c  t r e a tm e n t  s e r v i c e .  New E ngland  J o u r n a l  o f  
M e d ic in e , 2 6 7 : 7 5 2 - 7 5 6 ,  1 9 6 2 .

9 . G r in sp o o n , L . :  The p s y c h o l o g i c a l  p ro b lem s o f  l i f e  i n  a
f a l l - o u t  s h e l t e r .  In  No P la c e  t o  H id e , Melman, S . ( e d . ) . 
New York: Grove P r e s s ,  1 9 6 2 .
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1 0 .  Cohen, R .E . and G r in sp o o n , L . :  L im it  s e t t i n g  aa a
c o r r e c t i v e  e g o  e x p e r i e n c e .  A r c h iv e s  o f  G en era l  
P s y c h i a t r y . 8 : 7 4 - 7 9 ,  1 9 6 3 .

1 1 .  G rin sp oon , L . ,  H eath , L .M ., B arron , M.W., J o n e s ,  M .R .,
and F u rta d o , L .P . :  A day c a r e  program  on an i n p a t i e n t
s e r v i c e .  M enta l H o s p i t a l s . 1 ( 5 ) : 2 5 9 —2 6 4 , May 1 9 6 3 .

1 2 .  G r in sp oon , L . :  F a l l o u t  s h e l t e r s  and m e n ta l  h e a l t h .
R e s id e n t  P h y s i c i a n , 9 : 7 6 - 8 1 ,  May 1 9 6 3 . A l s o  in  Me d i c a l  
f i m e s , 9 1 (6 )  : 5 l 7 - 5 2 0 ,  June 19 63 .

1 3 .  G r in sp o o n , L. and G r e e n b l a t t ,  M .: P h arm acoth erapy
combined w ith  o t h e r  t r e a tm e n t  m e th o d s .  P r e s e n t e d  a t  th e  
T hird  World C o n g r e s s  o f  P s y c h ia t r y ,  M o n tr e a l ,  June 4 -1 0 ,  
19 6 1 . P u b l i s h e d  in  C om prehensive  P s y c h i a t r y ,  4 : 2 5 6 - 2 6 2 ,  
19 6 3 .

1 4 .  G rin sp oon , L. and Cohen, R .E .:  A new ap p roach  t o  th e
h o s p i t a l i z a t i o n  o f  t h e  m e n t a l ly  i l l .  C l i n i c a l  M e d ic in e , 
7 0 :1 9 8 3 - 1 9 9 5 ,  19 63 .

1 5 .  G r in sp oon , L . : D e c i s io n - m a k e r ' s  d ilem m a. Harvard M ed ica l
Alumni B u l l e t i n , 38 (5) :3 7 —41 , Summer 1 9 6 4 .

1 6 .  G r in sp oon , L .:  F a l l o u t  s h e l t e r s  and th e  u n a c c e p t a b i l i t y
o f  d i s q u i e t i n g  f a c t s .  In The T h re a t  o f  Im pending  
D i s a s t e r :  C o n t r ib u t io n  t o  th e  P s y c h o lo g y  o f  S t r e s s , 
G r o s se r ,  G .# W e c h s le r ,  H. and G r e e n b l a t t ,  M. ( e d s . ) .  
Cambridge, M a s s a c h u s e t t s :  MIT P r e s s ,  1 9 6 4 , pp. 1 1 7 -
130.

1 7 .  G rin sp oon , L .:  I n t e r p e r s o n a l  c o n s t r a i n t s  and t h e
d e c i s io n - m a k e r .  In  I n t e r n a t i o n a l  C o n f l i c t  and B e h a v io r a l  
S c ie n c e :  The C r a i g v i l l e  P a p e r s , F i s h e r ,  R"! ( e d . ) . New 
York: B a s i c  B ooks, 1964 , pp. 2 3 8 - 2 4 7 .

1 8 .  G r in sp oon , L .:  The t r u t h  i s  n ot en ou gh . In I n t e r n a t i o n a l
C o n f l i c t  and B e h a v io r a l  S c i e n c e :  The C r a i g v i l l e  P a p e r s ,
F isher^  Hi ( e d . ) .  New York: B a s i c  B ooks, 1964 , pp.
2 7 2 -2 8 1 .

1 9 .  Grinspoon, L . ,  Shader, R . I . ,  Chatterjee, S . ,  and Cohler,
J . :  S id e  e f f e c t s  and d o u b l e - b l i n d  s t u d i e s  —  I :  a
c l i n i c a l  co m p a r iso n  b etw een  t h i o r i d a z i n e  h y d r o c h lo r id e  and 
a c o m b in a t io n  o f  p h e n o b a r b i t a l  and a t r o p i n e  s u l f a t e .  
J o u r n a l o f  P s y c h i a t r i c  R e s e a r c h , 2 : 2 4 7 - 2 5 6 ,  19 6 4 .

2 0 .  P o s t ,  J .M .,  Swanson, J . F . ,  and G r in sp o o n , L . :  C y c l i c
s t a f f  r e s p o n s e s  t o  c h r o n ic  s c h i z o p h r e n i c  p a t i e n t s .  
P e r s p e c t i v e s  in  P s y c h i a t r i c  C a re , 2 ( 3 ) : 1 3 —2 3 , 19 6 4 .

2 1 .  Shader , R . I . ,  C o h le r ,  J . ,  E l a s h o f f ,  R . ,  and G r in sp o o n , L .:
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P h e n o b a r .o ita l  and a t r o p i n e  in  c o m b in a t io n :  An a c t i v e
c o n t r o l  s u b s t a n c e  f o r  p h e n o t h i a z i n e  r e s e a r c h .  J o u r n a l  o f  
P s y c h i a t r i c  R e s e a r c h / 2 : 1 6 9 - 1 8 3 ,  1 9 6 4 .

2 2 .  C r id e r ,  A . ,  G r in sp o o n ,  L . ,  and M a h ler ,  B . : A utonom ic and
p sy c h o r .o to r  c o r r e l a t e s  o f  p rem orb id  a d ju s tm e n t  in  
s c h i z o p h r e n i a .  P s y c h o s o m a t ic  M e d i c in e , 2 7 : 2 0 1 - 2 0 6 ,  19 6 5 .

2 3 .  C o h le r ,  J . ,  G r in sp o o n ,  L . ,  and F l e i s s ,  J . : An ex trem e
s i t u a t i o n  on a c h r o n ic  s c h i z o p h r e n i c  t r e a t m e n t  ward.  
J o u r n a l  f o r  t h e  S tu d y  o f  I n t e r p e r s o n a l  P r o c e s s e s , 2 8 : 3 5 9 -  
3 6 7 , l$65 .

2 4 .  C r id e r ,  A . ,  Maher, B . ,  and G r in sp o o n ,  L .:  The e f f e c t  o f
s e n s  ry  in p u t  on t h e  r e a c t i o n  t im e  o f  s c h i z o p h r e n i c
p a t i e n t s  o f  good and p o o r  p rem orb id  h i s t o r y .
P s y c h o s o m a t ic  S c i e n c e , 2 : 4 7 - 4 8 ,  1 9 6 5 .

2 5 .  C o h le r ,  J . ,  G r in sp o o n , L . ,  S h a d er ,  R . I . ,  and C h a t t e r j e e ,  
S . .  B e h a v io r a l  c o r r e l a t e s  o f  t h e  g u e s s i n g  game. A r c h iv e s  
o f  G en e ra l  P s y c h i a t r y , 1 5 : 2 7 9 - 2 8 7 ,  1 9 6 6 .

2 6 .  G r in sp o o n , L. and M enn in ger , R.W.: I n t r o d u c t i o n  t o  th e
range  o f  human c o n f l i c t :  A sym posium . B u l l e t i n  o f  th e
F en r .in ger  C l i n i c , 3 0 : 2 6 5 - 2 6 6 ,  1 9 6 6 .

2 7 .  L e v in e ,  F . ,  S h a d er ,  R . I . ,  W h itn ey , N . ,  and G r in sp o o n ,  L . :
The o b s e r v e r s  and t h e  o b s e r v e d :  The e f f e c t  o f  d o in g
r a t i n g s  on s t a f f - p a t i e n t  c o n t a c t  p a t t e r n s .  J o u r n a l  o f  
Consu. inq  P s y c h o l o g y , 3 0 : 4 5 6 - 4 5 7 ,  1 9 6 6 .

2 8 .  A le x a n d e r ,  S . ,  S h a d er ,  R . ,  and G r in sp o o n ,  L . :
E l e c t r o c a r d i o g r a p h i c  e f f e c t s  o f  t h i o r i d a z i n e  h y d r o c h lo r id e  
( M e l l a r i l  R ) . Lahey C l i n i c  F o u n d a t io n  B u l l e t i n , 6 ( 2 ) :2 0 7 — 
2 1 5 , 1 9 6 7 .

2 9 .  G r in sp o o n , L . ,  E w a lt ,  J . ,  and S h a d er ,  R . I . :  L on g-term
tr e a tm e n t  o f  c h r o n ic  s c h i z o p h r e n i a :  A p r e l im in a r y  r e p o r t .
I n t e r n a t i o n a l  J o u r n a l  o f  P s y c h i a t r y , 4 ( 2 ) :  1 1 6 -1 4 1 ,  A ugust  
1967"! R e p r in t e d  in  A n th o lo g y  o f  S e l e c t e d  R e f e r e n c e s  from  
t h e  B a la n ce d  S e r v i c e  S y s te m , S t a t e  o f  New York D epartm ent  
o f  M ental H y g ie n e ,  D i v i s i o n  o f  M enta l H e a l t h ,  J u ly  1974 ,  
pp. 8 0 - 9 5 .

3 0 .  S h a d er ,  R . I .  and G r in sp o o n ,  L . :  S c h iz o p h r e n ia ,
o l i g o s p e r m i a ,  and t h e  p h e n o t h i a z i n e s . D i s e a s e s  o f  t h e  
N ervous S y s te m , 2 8 : 2 4 0 - 2 4 4 ,  1967.

3 1 .  B erg e n , H . ,  G r in sp o o n ,  L . ,  and E l i a s h o f ,  B . :  C o n f l i c t i n g
s t a f f  and f a m i ly  demands on s c h i z o p h r e n i c  p a t i e n t s .
Hospital and Community Psychiatry, 19(3):84-87, March
T W !
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3 2 .  B erg e n , J . R . ,  Frohman, C .E . ,  M i t t a g ,  T .W ., A r th u r ,  R .E . ,
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M ed ic in a  d e l l e  T o s s i c o d ip e n d e n z e ,  I t a l i a n  J o u r n a l o f  th e  
A d d ic t io n s  pp . 4 - 9 ,  S eptem ber 19 9 4 .

G r in sp o o n , L . : S h o u ld  m a r iju a n a  be l e g a l i z e d  a s  a 
m e d ic in e ?  Y es , i t ’ s  a b e n e f i c i a l  d ru g . The World & I :  A 
C h r o n ic le  o f  our C hanging Era C u rren t I s s u e s ,  Commentary 
pp. 92, 9 4 - 9 7 ,  June 1 9 9 4 . R e p r in te d  i n :  D rugs, S o c i e t y ,  
and B e h a v io r ,  Annual E d i t i o n s ,  A r t i c l e  4 7 , p p . 2 3 1 - 2 3 ,  
1 9 9 5 /1 9 9 6 “
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1 4 1 .  G r in sp o o n , L. and B a k a la r ,  J . B . :  M arihuana a s  m e d ic in e :  A 
p l e a  f c r  r e c o n s i d e r a t i o n .  J o u r n a l  o f  t h e  A m erican  M e d ic a l  
A s s o c i a t i o n ,  Comme. t a r y ,  2 7 3 : 2 3 : l f e 7 5 - 1 8 7 6 ,  June 2 1 ,  1 9 9 5 .

1 4 2 .  G r in sp o o n ,  L . ,  B akal. , J . B . ,  and D o b l in ,  R . : M a r iju a n a ,  
th e  AIDS w a s t in g  syndrom e, and t h e  U .S .  g o v e r n m e n t .  New 
Enqland Journ? o f  M e d ic in e , L e t t e r  t o  t h e  E d i t o r  
3 3 5 :1 0 :6 7 0 -6 * 7 1 , S ep tem b er  7 , 1 9 9 5 .

1 4 3 .  G r in sp o o n , L. and B a k a la r ,  J . B . :  M arih u an a, t h e  fo r b id d e n
m e d ic in e .  U n i v e r s i t y  o f  West Los A n g e le s  Law R ev iew  2 7 : 2 9 -  
7 2 , 1 9 9 6 .

1 4 4 .  G r in sp o o n , L . :  M arihuana a s  m e d ic in e .  Hempworld ( F a l l
1 9 9 6 ) ,  p p . 3 2 - 3 6 .

1 4 5 .  G r in sp o o n , L: M arihuana: An o l d  m e d ic in e  f o r  a new 
m il le n n iu m .  In The P i o n e e r s  o f  Reform : R e f l e c t i o n s  and 
V i s i o n s . P o l i c y  P a p e rs  p r e p a r e d  f o r  t h e  1 0 th  I n t e r n a t i o n a l  
C o n fe r e n c e  on Drug P o l i c y  Reform , A rn o ld  S . T reb a ch ,
W hitney A. T a y lo r ,  Rob S te w a r t ,  and S c o t t  E h le r s  ( e d s ) . 
W ash in gto n , D .C .:  The Drug P o l i c y  F o u n d a t io n  P r e s s ,
pp . 1 3 9 -1 4 3 ,  1996 .

1 4 6 . G r in sp o o n , L . : C a n n a b is :  Wonder drug o f  t h e  ' 9 0 s .  In
C an nabis  S c i e n c e :  From P r o h i b i t i o n  t o  Human R i g h t . Lorenz
B o l l i n g e r  ( e d . ) .  F r a n k fu r t  am Main: D ie  D e u tsc h e  
B i b l i o t h e k  -  CIP -  E in h e i t s a u fn a h m e ,  p p . 1 3 9 - 1 4 6 ,  1 9 9 7 .

1 4 7 . G r in sp o o n , L. and B a k a la r ,  J . B . :  Smoke s c r e e n .  P la y b o y
Forum, pp . 4 9 - 5 3 ,  June 19 9 7 .

1 4 8 .  G r in sp o o n , L. and B a k a la r ,  J . B . :  M arih u an a. In S u b s ta n c e
A buse: A C om p reh en sive  T e x tb o o k , T h ird  E d i t i o n .  J o y c e  H. 
L ow inson , Pedro R u iz ,  R ob ert B. M illm an , and John G.
Langrod ( e d s . ) .  B a l t im o r e :  W il l ia m s  & W i lk in s ,  1 9 9 7 .

1 4 9 .  G r in sp o o n , L. and B a k a la r ,  J . B . :  M a r iju a n a  a d d i c t i o n .
L e t t e r  t o  S c i e n c e , 177: 7 4 9 , A ugust 8 , 1 9 9 7 .

1 5 0 .  G r in sp o o n , L. and B a k a la r ,  J . B . :  N o n n a r ^ o t ic  drug u se
and a b u s e .  E n c y c lo p e d ia  o f  Human B i o l o g y , S econ d  E d i t i o n ,  
Volume 6 . R en ato  D u lb e c c o  ( e d . ) .  A cadem ic P r e s s :  19 9 7 .

1 5 1 .  G r in sp o o n , L. and B a k a la r ,  J . B . :  M isse d  O p p o r t u n i t i e s ?
B e n e f i c i a l  U ses  o f  I l l i c i t  D rugs. In : The C o n tr o l  o f  Drugs
and Drug U s e r s . R oss  Coomber ( e d . ) .  U n it e d  Kingdom: Harwooci 
A cadem ic P u b l i s h e r s ,  19 97 .

1 5 2 .  G r in sp o o n , L. and B a k a la r ,  J . E . :  The Use o f  C an n a b is  a s  a
Mood S t a b i l i z e r  i n  B ip o la r  D is o r d e r :  A n e c d o t a l  E v id e n c e
and th e  Need f o r  C l i n i c a l  R e s e a r c h .  J o u r n a l  o f
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IS '1. G r in sp o o n , L .:  P r e s c r i b i n g  t h e  F o rb id d en  M e d ic in e .
P la y b o y  Forum, pp. 4 1 - 4 3 ,  A ugust 19 9 8 .

1 5 4 .  G r in sp o o n , L .:  M arihuana: An Old M e d ic in e  f o r  a New
M il le n n iu m . In :  How t o  L e g a l i z e  D r u g s . J e f f e r s o n  M. F ish
( e d . ) .  N o r t h v a le ,  New J e r s e y :  Ja so n  A ro n so n , I n c . ,

p p . 4 2 1 -4 2 9 ,  1 9 9 8 .

1 5 5 .  G r in sp o o n , L . :  M ed ica l  M arihuana i n  a Time o f  
P r o h i b i t i o n .  I n t e r n a t i o n a l  J o u r n a l  o f  Druq P o l i c y ,  10: 
1 4 5 -1 5 6 ,  A p r i l  1999 .

1 5 6 .  G r in sp o o n , L .:  C a n n a b is ,  The Wonder Drug. In :  The Drug 
L e g a l i z a t i o n  D e b a te , s e c o n d  e d i t i o n .  James A. I 
I n c i a r d i ( e d . ) .  Thousand Oaks, C a l i f o r n i a :  Sage  
P u b l i c a t i o n s ,  I n c . ,  pp . 1 0 1 -1 0 9 ,  19 99 .

1 5 7 . G r in sp o o n , L .:  The F u tu re  o f  M e d ica l  M a r iju a n a .  R esea rch  
in  Complem entary M e d ic in e ; C annabis und C a n n a b in o id e  i n  der  
M e d iz in , 6  ( su p p l  3 ) :  4 0 - 4 3 ,  O cto b er  1 9 9 9 .

1 5 8 . G r in sp o o n , L . :  R eview  o f  Marihuana and M ed ic in e  (G a b r ie l
G. N ahas, e t .  a l .  ( e d s ) .  Based on a sym posium  h e ld  a t  New 
York U n i v e r s i t y  S c h o o l  o f  M e d ic in e ,  2 0 -2 1  March 19 9 8 . The 
Q u a r te r ly  R eview  o f  B i o l o g y , New B i o l o g i c a l  B ooks, 7 4 ( 4 ) :
5 0 December 19 $9 .

1 5 9 .  G r in sp o o n , L . :  M ed ica l  C an n a b is :  The P a t i e n t ' s  and th e  
D o c t o r ' s  D ilem m as. A d d ic t io n  R e s e a r c h , E d i t o r i a l ,  8 ( 1 ) :  1 -  
4, 20 0 0 .

1 6 0 . G r in sp o o n , L . :  W hither M ed ica l M arijuana?  C ontem porary Drug 
P rob lem s, 2 7 ; 3 - 1 5 ,  S p r in g  2 0 0 0 .

1 6 1 .  G r in sp o o n , L .:  L iv in g  w ith  our Drug P o l i c y .  Fordham Urban 
Law J o u r n a l , 2 8 ( 1 ) : 1 1 0 - 1 1 7 ,  O cto b er  2 0 0 0 .

1 6 2 . G r in sp o o n ,  L. and D o b l in , R . :  P s y c h e d e l i c s  as  C a t a l y s t s  o f  
I n s i g h t - O r i e n t e d  P s y c h o th e r a p y .  3 o c i a i  R e s e a r c h ,  V o l . 6 8 ,
No. 3 : 6 7 7 - 6 9 5  ( F a l l  2001)

1 6 3 . G r in sp o o n , L . : The H arm fu ln ess  Tax. S o c i a l  R e s e a r c h , V o l .
6 8 , No. 3 : 8 8 0 -8 8 4  ( F a l l  2001)

1 6 4 . G r in sp o o n , L . :  On th e  P h a r m a c e u t i c a l i z a t i o n  o f  M ar iju a n a .  
I n t e r n a t i o n a l  J o u r n a l  o f  Druq P o l i c y .  12 ( 2 0 0 1 ) 3 7 7 - 3 8 3 .

1 6 5 .  G r in sp o o n , L .:  A C an nabis  O d y sse y .  J o u r n a l  o f  C o g n i t i v e  
L i b e r t i e s ,  V o l . I l l ,  No. 1 : 7 - 2 8 ,  20 02 .

20
20

P s y c h o a c t iv e  D ru gs, 3 0 ( 2 ) ;  1 7 1 -1 7 7 ,  A p r i l - J u n e  19 98 .
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1 6 6 .  G r in sp o o n ,  L . : W hither M e d ic a l  M ariju a n a ?  In  
P o ln t /C o \  n t e r p o i n t : O pposing P e r s p e c t i v e s  on I s s u e s  o f  Drug 
P o l i c y . C  a r l e s  F. L e v m t h a l  ( e d . ) . H o f s t r a  U n i v e r s i t y  P r e s s ,  New 
York, 2 0 0 2 .

1 6 7 .  G r in sp o o n ,  L .:  W hither M e d ic a l  M a r iju a n a .  In  B u sted :  S to n e  
Cowboys, N a rco -L o rd s  and W a s h in g to n 's  War on D rugs. T h u n d e r '9 
Mouth P r e s s / N a t i o n  B ooks, New York, 2 0 0 2 .

1 6 8 .  G r in sp o o n ,  L . :  R e e fe r  S a n i t y .  In  P r i o r i t i e s  f o r  H e a l t h , 
V o l .  13 , No. 2 ,  A p r i l ,  2 0 0 2 .

1 6 9 .  G r in sp o o n ,  L . :  The M ed ic a l  M ariju a n a  P rob lem . J o u r n a l  o f  
C o g n i t i v e  L i b e r t i e s , V o l .  4 , N o .2 , 2 0 0 3 .

1 7 0 .  G r in sp o o n , L . ,  B a k a la r ,  J .B .  and R u sso ,  E . :  In S u b sta n c e  
A buse: A C om p rehen sive  T e x tb o o k , F o u rth  E d i t i o n .  Jo yce
H .L ow in son  (ed) M rr iju a n a :  C l i n i c a l  A s p e c t s  (C hapter  I S ) ,  
B a l t im o r e  : W il l ia m s  and W i lk in s ,  2 0 0 4 .

ON-LINE PUBLICATIONS:

1 . G r in sp o o n ,  L .:  M arihuana, M e d ic in e ,  and P o l i t i c s .  Fam ily  
M ed ica l  P r a c t i c e  O n-L ine
1 9 9 6 ; w w w .p r io r y .c o m / j o u r n a l s / f a m / g r i n s p .h t m .

ABSTRACTS:

A l .  S h a d er ,  R . I . ,  Taymor, M., and G r in sp o o n ,  L .:
S c h i z o p h r e n ia ,  o l i g o s p e r m i a ,  and t h e  p h e n o t h i a z i n e s  - -  I I :  
s t u d i e s  on f o l l i c l e  s t i m u l a t i n g  horm one. In P r o c e e d in g s  
o f  t h e  Fourth  World C o n g r e s s  o f  P s y c h i a t r y , Madrid^ S p a in ,  
Septem b er 4 - 1 1 ,  19 6 6 .

A2. G r in sp o o n ,  L . ,  E w a lt ,  J . R . ,  and S h a d er ,  R . I . :  A s tu d y  o f
lo n g - t e r m  tr e a tm e n t  o f  c h r o n ic  s c h i z o p h r e n i a .  In 
P r o c e e d in g s  o f  th e  Fourth  World C o n g r e s s  o f  P s y c h i a t r y , 
M adrid , S p a in ,  S eptem ber 4 - 1 1 ,  1 9 6 6 .

MONOGRAPHS:

Ml. G r in sp o o n , L. and B a k a la r ,  J . B . :  The Harvard M ed ica l
S c h o o l  M ental H e a lth  R ev iew , Druq Abuse and D ep en d en ce . 
B o s to n ,  1 9 9 0 .

M2. G r in sp o o n , L. and B a k a la r ,  J . B . :  The H arvard M ed ica l
S c h o o l  M ental H e a lth  R ev iew , A lc o h o l  Abuse and 
D ep e n d en ce . B o s to n ,  1 9 9 0 .
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M3. G r in sp o o n ,  L. and B a k a la r ,  J . B . :  The H arvard M ed ica l
S c h o o l  M enta l H e a lth  R ev iew , S c h i z o p h r e n i a . B o s to n ,  1 9 9 0 .

M4. G rjn sp o o n , L. and B a k a la r ,  J . B . :  The H arvard M ed ic a l
S c h o o l  M ental H e a l th  R ev iew , D e p r e s s io n  and O ther  Mood 
D: s o r d e r s . B o s to n ,  1 9 9 1 .

M5. G r in sp o o n ,  L. and B a k a la r ,  J . B . :  The H arvard M ed ica l
^ ch oo l M enta l H e a l th  R ev iew , Drug Abuse and A d d i c t i o n , 
B o s to n ,  1 9 9 3 .

B O O K S:

B l .  G r in sp o o n , L .:  M arihuana R e c o n s i d e r e d . C am bridge, M a ss .:
H arvard U n i v e r s i t y  P r e s s ,  1 9 7 1 .  B e h a v io r a l  S c i e n c e  Book 
S e r v i c e  E d i t i o n ,  19 7 1 . Bantam Book E d i t i o n ,  19 71 .

G r in sp o o n ,  L .:  M arihuana R e c o n s i d e r e d , Second  E d i t i o n .
C am bridge, M a ss .!  Harvard U n i v e r s i t y  P r e s s ,  1 9 7 7 .

G r in sp o o n , L . : M arihuana R e c o n s i d e r e d , C l a s s i c  
R e p r in t  E d i t i o n !  San F r a n c i s c o :  Q uick  A m erican
A r c h iv e  P r e s s ,  A p r i l  19 94 .

G r in sp o o n ,  L . : M a r iju a n a . E d iz i o n e  I t a l i a n a .  M ila n o ,
I t a l y :  I r r a -A p o g e o  s r l ,  1 9 9 6 .

B 2 . G r in sp o o n , L . ,  E w a lt ,  J . R . ,  and S h a d er ,  R . I . :
S c h iz o p h r e n ia :  P h arm acoth era p y  and P s y c h o t h e r a p y .
R a l t i m o r e : W il l ia m s  and W i lk in s  C o . ,  1 9 7 2 .

G r in sp o o n , L . ,  E w a lt ,  J . R . ,  and S h a d er ,  R . I . :
E s q u i z o f r e n i a : F a rm a c o te r a p ia  y P s i c o t e r a p i a .
Buenos A i r e s :  E d ic io n e s  T r o q u e l ,  1 9 7 7 .

B 3 . G r in sp o o n , L. and Hedblom, P . :  The Speed  C u ltu r e :
Ait.~>h e ta m in e  Use and Abuse i n  A m e r ic a . C am bridge, M a ss .:  
H arvard U n i v e r s i t y  P r e s s ,  1 9 7 5 .

B 4 . G ri. sp oo n , L. and B a k a la r ,  J . B . :  C o c a in e :  A Drug and I t s
S o c i a l  E v o l u t i o n . New York: B a s i c  B ook s, 1 9 7 6 .

G r in sp o o n ,  L. end B a k a la r ,  J . B . :  C o c a in e :  Une d rogu e e t
so n  e v o l u t i o n  s o c i a l e .  M o n tr e a l:  E d i t i o n s  1'ETINCELLE,
1 9 7 8 .

G r in sp o o n , L. and B a k a la r ,  J . B . :  C o c a in e :  A Drug and I t s
S o c i a l  E v o l u t i o n , R e v is e d  E d i t i o n .  New York: B a s ic
B ook s, 1 9 8 5 .

B5. G r in sp o o n ,  L. and B a k a la r ,  J . B . :  P s y c h e d e l i c  Drugs
R e c o n s id e r e d .  New York: B a s i c  B ook s, 1 9 7 9 .
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G r in sp o o n , L. and B a k a la r ,  J . B . :  P s y c h e d e l i c  Drugs
R e c o n s id e r e d , Second  E d i t i o n  w i t h  A n n o ta te d  B ib l i o g r a p h y .  
New York: B a s i c  B ooks, 1 9 8 1 .

G r in sp o o n , L. and B a k a la r ,  J . B . :  P sych  . e l i c  Drugs
R e c o n s id e r e d , A Drug P o l i c y  C l a s s i c  R e p r in t .  New York:
The L in d e sm ith  C e n te r ,  1 9 9 7 .

G r in sp o o n , L. and B a k a la r ,  J .B .  ( e d s . ) :  P s y c h e d e l i c
R e f l e c t i o n s . New York: Human S c i e n c e s  P r e s s ,  1 9 6 3 .

G r in sp o o n , L. ( e d . ) :  P s y c h i a t r y  19 82: The Am erican
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Grinspoon., L. ( e d . ) :  P s y c h i a t r y  U p d ate :  The Am erican
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B a k a la r ,  J .B .  and G r in sp o o n , L . :  Drug C o n tr o l  In  a Free
S o c i e t y . New York: Cambridge U n i v e r s i t y  P r e s s ,  i 9 6 ? .

G r in sp o o n , L. ( e d . ) :  The Long D a rk n ess:  P s y c h o l o g i c a l
and Moral P e r s p e c t i v e s  on N u c le a r  W in t e r . New Haven:
Y ale  U n i v e r s i t y  P r e s s ,  19 86 .

G r in sp o o n , L. and B a k a la r ,  J .B .  
F orb id d en  M e d ic in e .  New Haven: 
19 9 3 .

M ar iju a n a , The 
Y ale  U n i v e r s i t y  P r e s s ,

G r in sp o o n , L. and B a k a la r ,  J . B . :  M arihuana, d i e  V e rb o ten e
M e d iz in . F r a n k fu r t ,  Germany: Z w e i t a u s e n d e in s ,  1954.

G r in sp o o n , L. and B a k a la r ,  J . B . :  C an n a b is :  l a  m ed ec in e
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p r o i b i t a . Padova, I t a l y :  F ran co  M uzzio E d i t o r e ,  19 95 .

G r in sp o o n , L, and B a k a la r ,  J . B . :  M arihuana, de verb od en
m e d i c i j n . U t r e c h t ,  The N e t h e r la n d s :  U i t g e v e r i j  Het
Spectrum  B. V. ,  1996 .

G r in sp o o n , L. and B a k a la r ,  J . B . :  M arihuana, ‘.h e  F orb idd en
M e d ic in e .  J a p a n e se  t r a n s l a t i o n .  T okyo, Japan: Motovun
Co. ,  1996 .

G r in sp o o n , L. and B a k a la r ,  J . B . :  M arihuana, th e  F orb idd en
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G rin sp o o n ,  L. and B a k a la r ,  J . B . :  Mar ih u a n a ,  l a  m e d ic in a
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r o h i b i d a .  B a r c e lo n a ,  S p a in :  E d i c l o n e s  PaidOs I b f i r i c a ,
.A., 1557.

G rin sp o o n , 1 .  And B a k a la r ,  J . B . :  M arihuana, th e  Forbidden.
M e d ic in e . Z agreb , C r o a t ia ,  1 9 9 7 .

B 13 . G r in sp o o n , L. and B a k a la r ,  J . B . :  M arihuana, The
F o rb id d en  M e d ic in e , R e v is e d  and Expanded E d i t i o n .  New 
Haven: Y a le  U n i v e r s i t y  P r e s s ,  1 9 9 7 .
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25 25

C i t a t i o n  f o r  
The A l f r e d  R. L in d e s m ith  Award f o r  A ch iev em en t  

i n  t h e  F i e l d  o f  S c h o l a r s h i p

P r e s e n t e d  t o  Dr. L e s t e r  G r in sp o o n  
1990

Dr. L e s t e r  G r in sp o o n  o f  H arvard M ed ic a l  S c h o o l  i s  t h e  c o m p le te  
m e d ic a l  s c h o l a r .  H is  r e s e a r c h  and w r i t i n g  h ave  c o v e r e d  a b road  
sp ec tru m  b u t  p e r h a p s  h i s  m o st  im p o r ta n t  work h a s  b een  h i s  p u r s u i t  
o f  t r u t h  ab ou t t h e  n a tu r e  o f  c e r t a i n  i l l e g a l  d r u g s .  In t h e  c o u r s e  
o f  t h a t  work, l i k e  A l f r e d  R. L in d e s m ith ,  he u p s e t  many p o w e r fu l  
p e o p le ,  i n c l u d i n g  some i n  t h e  m e d ic a l  e s t a b l i s h m e n t ,  who v iew e d  
i m p a r t i a l  r e s e a r c h  on f e a r e d  d ru g s  as  ta n ta m o u n t  t o  h e r e s y .  Y e t ,  
i n  th e  f a c e  o f  t h a t  c r i t i c i s m ,  Dr. G r in sp o o n  h as  p e r s i s t e d  in  h i s  
h e r e t i c a l  p u r s u i t  o f  t r u t h .

A lth o u g h  h i s  e a r l i e r  m e d ic a l  e d u c a t io n  had c o n v in c e d  him  
t h a t  th e  drug was d a n g e r o u s ,  upon r e v i e w in g  a l l  o f  th e  a v a i l a b l e  
s c i e n t i f i c  and c l i n i c a l  e v i d e n c e ,  he found m a r iju a n a  t o  be 
r e l a t i v e l y  bc.* ign  and t o  have s e v e r a l  h e l p f u l  a p p l i c a t i o n s  f o r  
human b e i n g s .

Dr. G r in sp o o n  was one o f  th e  m ost im p o r ta n t  w i t n e s s e s  in  
th e  s u i t  w hich  won a r u l i n g  from th e  c h i e f  a d m i n i s t r a t i v e  law  
ju d g e  o f  th e  DEA t h a t  m a r iju a n a  was one o f  t h e  s a f e s t  
t h e r a p e u t i c a l l y  a c t i v e  d ru g s  known t o  th e  human r a c e .

L e s t e r  G rin sp o o n  r e p r e s e n t s  a l l  t h o s e  s c h o l a r s  who r e p o r t  
th e  r e s u l t s  o f  t h e i r  r e s e a r c h  t r u t h f u l l y ,  d e s p i t e  th e  p o l i t i c a l  
c o n s e q u e n c e s  o f  t h i s  unwelcomed h o n e s t y .
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MITCH EARLEYWINE, PH.D., Associate Professor o f  Psychology, University of  

Southern California; author, U n d e r s t a n d i n g  M a r i j u a n a  (Oxford University Press. 2002)

Like the language in S.B. 74 and H.B. 96, many media reports suggest that 

cannabis (marijuana) has increased in potency quite dramatically in recent years. These 

reports have generated considerable debate, and in fact the magnitude o f  the increase is 

difficult to document and is most likely greatly exaggerated. In addition, the assur ption 

-- clearly implied in the bills' findings -- that increased marijuana potency translates into 

greater danger from the drug is untrue.

Reports o f a stronger drug actually began over 30 years ago. By the middle o f  the 

1980s, some authors suggested that marijuana's potency had increased by a factor of 100 

(MacDonald, 1984). These claims clearly suffered from exaggeration or misinformation. 

Other arguments about increased potency arose from the University of Mississippi’s 

Potency Monitoring Project, a program that reports the average THC content of cannabis 

taken in drug arrests. Estimates were extremely low in the 1970s, sometimes below 1%. 

But these figures are inherently suspect, because cannabis with this little THC has no 

impact on subjective experience -- that is, it does not produce a "high." The idea that a 

dmg with no effects would increase dramatically in popularity over the years, as 

marijuana clearly did during the 1960s and 1970s. makes little sense. Thus, these 

estimates from the 1970s were probably inaccurate reflections o f the amount o f  THC in 

marijuana available at the time.

ST A T E M E N T  R EG A R D IN G  S.B, 74 A N D  H.B. 96



Investigators hypothesize that the data from the Potency Monitoring Project 

underestimate the true amount o f  THC in marijuana frtm the 1970s. First, the estimates 

were based on very few samples o f  seized cannabis. In some years there were no more 

than 50 samples to analyze (PMP, 1974-1996). In addition, police may have stored the 

marijuana in hot lockers that allowed the THC to degrade rapidly (Mikuriya & Aldrich, 

1988). Despite the small samples am poor storage, the average THC content in 1976 was 

2% (ElSohly, Holley, & Turner, 1984).

An alternative source of  potency information, an independent laboratory in 

California, analyzed many more samples than the Potency Monitoring Project. This 

laboratory found a large range in THC concentration. In 1973 this laboratory tested over 

100 samples and found that marijuana had an average o f  THC content o f  1.6 %

(RatclifTe, 1974). Later analyses ranged up to almost 8% THC (Perry, 1977). Thus, the 

idea that all, or even most, cannabis o f the 1970s had less than 1% THC seems unlikely. 

Ratcliffe's (1974) estimate of  an average potency level o f  1.6% may be conservative but 

credible; the 1976 estimate o f  2% may be closer to the truth. And clear'*1 marijuana 

much stronger than 2% was available in the mid-1970s

Potency data from the 1980s through the middle o f  the 1990s suggest that THC 

content continued to vary dramatically from strain to strain and sample to sample. With 

improved storage techniques and much larger samples, the Potency Monitoring Project 

found THC concentrations varied from 2% to almost 4%. Average concentrations 

approached 4% THC in 1984, 1988, 1990, and 1991 (PMP, 1974-1994). Trends in the 

rest o f  the 1990s showed comparable THC content, with a peak around 4.5% THC in 

1997. Other cannabinoids like cannabinol and cannabidiol have not increased in



concentration over the years (ElSohly, et al., 2000). Thus, claims o f  1000% (Cohen, 

1986) or 10,000% (MacDonald, 1984) increases in marijuana potency are clearly 

inaccurate. A threefold elevation from approximately 1.5% in the early 1970s to 4.5% in 

the late 1990s may be closer to the truth. A simple doubling from an average o f  2% to an 

average of  4% also seems the most plausible.

Although many media reports warn that increased potency translates into greater 

danger, scientific data suggest otherwise. Recent alarms about increased me''ions o f  

marijuana in emergency rooms have received a great deal o f  attention, with many authors 

positing that stronger cannabis has created more emergency room visits. In fact, the data 

that allegedly support these allegations are extremely questionable. Emergency rooms 

have no estimates o f  the strength of  the cannabis used by those who appear for treatment. 

The purported increase in reports o f  cannabis use in emergency rooms likely stem from 

improved assessments by emergency room personnel or a gradual decrease in the stigma 

associated with use o f  the plant, not from ill-effects caused by marijuana use. Previous 

work suggests that emergency room assessments of drug use were wildly inaccurate 

(Roberts. 1996). Because marijuana appears incapable o f  causing fatal overdoses, it is 

implausible that ihe reported increase in ER "mentions" of  marijuana is due to life- or 

health-threatening reactions caused by cannabis.

Mari juana with greater amounts of  THC is probably less hazardous than w'eaker 

cannabis. First of all, acute administration of the drug is essentially non-toxic. No one has 

ever died from THC poisoning. Smoking enough cannabis to ingest a lethal amount of  

THC may be physically impossible. Estimates of a fatal dose o f  any drug arise from some 

rather gruesome animal research. Different groups of animals receive large amounts o f a



drug until a particular dosage kills 50% of them. Researchers refer to the dose that is 

lethal for 50% o f  the animals as the LD 50. Investigators then extrapolate from these data 

to estimate a lethal dose for humans. The LD 50 for THC is approximately 125 

milligrams for every kilogram o f  body weight (Nahas, 1986). Thus, a 160 pound 

(approximately 73 kilogram) person would need 9,125 milligrams of  THC to have a 50% 

chance of dying. A typical marijuana cigarette weighs one gram and contains roughly 20 

milligrams of THC, suggesting that a lethal overdose would require smoking roughly 450 

joints in a brief period . Furthermore, at least 50% of the THC is destroyed in the burning 

process or lost to sidestream smoke. Given this loss, 900 joints would be a more 

appropriate estimate o f  a fatal amount (Doweiko, 1999). The 900 joints would weigh 

roughly 2 pounds. Although experienced users tell many exaggerated tales about smoking 

large amounts o f  cannabis, this dosage exceeds 100 times the quantity typically 

consumed by the heaviest users.

iMarijuana with larger percentages o f THC actually has benefits. Stronger 

cannabis leads to smoking smaller amounts. Smoking smaller quantities could provide 

some protection against the health problems normally associated with inhaling smoke. 

Smokers may take smaller, shorter puffs when using more potent marijuana (Heishman, 

Stitzer, & Yingling, 1989). Smoking less may decrease the amount of  tars and noxious 

gases inhaled, limiting the risk for mouth, throat, and lung damage (Matthias, et al.,

1997). Obviously, avoiding smoke completely would eliminate these problems. Thus, 

eating or vaporizing cannabis products may have fewer negative consequences than 

smoking them.



For the reasons outlined above, I believe it is inappropriate to base penalties for 

marijuana-related offenses on purported dangers related to an increase in cannabis 

potency.
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STATE OF ALASKA, SENATE BILL No 74 "An Act making findings relating to 
marijuana use and possession;"

09/SI?

EXPERT WITNESS STATEMENT:

Kelly L. Drew, PhD.
Associate Professor
Department of Chemistry and Biochemistry 
Institute of Arctic Biology 
Box 757000
University of Alaska Fairbanks 
Fairbanks, AK 99775-7000 
ffkld@uaf.edu

Statement:

it is an honor and privilege to address the Alaskan State Senate about an issue that affects 
a large number of Alaskans and their families. Our purpose is to assess risks of  
marijuana use and ask if increased penalties are warranted based on these risks. First, I 
would like to introduce myself and testify to my expertise in the area of drug abuse and 
marijuana. I am a life-long Alaskan. I moved to Alaska with my family in 1976. 1 am 
an alumni of West Valley High School and UAF. I left Alaska in 1981 for graduate and 
post-doctoral training. 1 returned to Alaska in 1990 and have since been employed at 
UAF where 1 am currently an Associate Professor in the Department of Chemistry and 
Biochemistry. I have devoted ray life to the study of the brain and how drugs and 
naturally occurring drug-like chemicals affect the brain. Alter receiving a bachelors of  
science degree in psychology at UAF, I did graduate work at Mount Sinai School of  
Medicine in New York, NY; and at Albany Medical College in Albany, New York. My 
Ph.D. training and research was in neuropharmacology. Pharmacology is the study of the 
theory and principles of drug action. Neuropharmacology is the study of the theory and 
principles of drug action on the brain. 1 was trained by Dr. Stanley Glick, an established 
neuropharmacologist who has studied drug addiction and abuse and pharmacotherapies 
for drug addiction for more than 4 decades. My Ph.D. thesis showed how learning is 
involved in drug addiction. Learned, drug seeking behavior, is now recognized as a 
primary target for treatment of addictions. I received 3 years of post-doctoral training at 
the Karolinska Institute in Stockholm, Sweden in the laboratory of Dr. Urban Ungerstedt, 
another preeminent neuropharmacologist who pioneered our understanding ot dopamine, 
a neurotransmitter now known to lie at the heart of addiction, motivation and reward. I 
have published 33 peer reviewed papers and 5 book chapters regarding addiction and 
aspects of drugs and the brain. 1 was a leader in establishing a neuroscience program at 
UAF funded in 2000 by a $7.5 million grant from the National Institutes of  Health. Most 
recently I am recognized as an expert on neuroprotection and neuroplasticity in 
hibernation, a phenomenon my laboratory studies as a model of tolerance to stroke and 
neurodegeneralive disease such as Alzheimer’s and Parkinson’s disease. Here I comment 
on findings purported by the legislature to suggest that marijuana poses a threat to the
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public health that justifies prohibiting its use and possession in the state of Alaska, even 
by adults in private.
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FINDINGS.
The legislature finds that
(1) marijuana has been for many years and continues to be the most commonly used 
illegal controlled substance in the 1 rnited States;

Estimates of the number of Alaskans who use marijuana emphasizes the numbers of 
Alaskans who will be affected by this legislation. In addition to users of marijuana, their 
families are affected by legal and health related consequences of marijuana use and 
highlights the importance of rational and informed discussion of these risks. As a wife, 
mother, and long-time Alaskan, I have witnessed devastating consequences of federal 
marijuana use and trafficking laws on families in the Fairbanks area. In my professional 
opinion as a ncuropharmacologist, the health and social risks o f  marijuana do not in any 
way, justify the severity of consequences imposed by federal law. Indeed, legal risks far 
outweigh health and social risks associated with marijuana use.

(2) marijuana has many adverse health and social effects, and there is evidence that it has 
addictive properties similar to heroin and other similar illegal controlled substances;

Addiction, (operationally defined as drug seeking behavior), is a combined effect of drug 
reward and drug withdrawal. Reward, as well as desire to reduce unpleasant symptoms of  
withdrawal, increases frequency of drug seeking behavior. Human epidemiological data 
(i.e., statistical analysis of patterns of use) as well as animal data rank addictive 
properties o f  marijuana below tobacco, alcohol, cocaine and heroin. Regarding human 
use, evidence suggests that as few as 10% of individuals who experiment with marijuana 
become daily users (cf. McRae et al., 2003), and others (Anthony et al., 1994) report that 
dependence among users is highest for tobacco, followed by heroin, alcohol, cocaine and 
finally cannabis.

D r u g

D e p e n d e n c e ’ 
a m o n g  u s e r s

( % )

Male Female
Tobacco 33 31
Heroin 22 25
Alcohol 21 9
Cocaine 18 15
Cannabis 12 5

• Dependence is defined by DSM-III critena, evaluated via a modified Composite 
International Diagnostic Interview Adapted from Anthony et al., (1994).

Laboratory animal data is consistent with low addictive potential of cannabis 
where positive-reinforcing and dependence-producing actions of THC, the active 
ingredient in marijuana, have been difficult to demonstrate (reviewed by Tanda and
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Goldberg, 2003). Three standard techniques known as, conditioned place preference, 
intracranial self-stimulation and self-administration are used to assess addictive potential. 
All three of these techniques have failed to show consistent, positive reinforcing effects 
of THC. While . mda and Goldberg (2003) argue that 3 decades of negative findings 
regarding abuse potential of marijuana are due to suboptimal conditions of drug 
preparation and rates of intravenous administration, other drugs of abuse have not been 
difficult to optimize for animal studies.

The low addictive potential of cannabis may be due, in part, to the fact that 
abstinence seldom produces pronounced signs of withdrawal (Anthony et al., 1994;
Tanda and Goldberg, 2003). THC is stored in fat tissue, due to its high fat solubility and 
then slowly released. This slow release likely prevents development of a pronounced 
withdrawal syndrome when cannabis use is abruptly stopped (Grotcnbermen, 2003). 
Overall, given the difficulty in training animals to self-administer THC and the absence 
o f  pronounced withdrawal symptoms, the suggestion that marijuana has addictive 
properties similar to heroin and other illegal substances is not warranted.

Anthony et al, 1994, Experimental and Clinical Psychopharmacology, 2(3), 244-268. 
Grotcnhermen, 2003, Drug Disposition, 42(4), 327-360.
McRae et al., 2003, Journal o f Substance Abuse Treatment, 24, 369-376.
Tanda and Goldberg, 2003, Psychopharmacology, 169(2),115-34.

(3) in addition to concerns about marijuana use generally, the legislature is particularly 
concerned with the rates of use of marijuana by young people and Alaska Natives, which 
exceed national averages; and,
(4) early exposure of children to marijuana increases the likelihood of lifelong health and 
social problems, and makes it much more likely that the person will go on to use more 
potent illegal controlled substances;

A model known as the “gate way theory” of adolescent drug use was first proposed in 
1975 (Kandel, 1975). The gateway theory suggests that adolescents typically use tobacco 
or alcohol before progressing to illicit substances including marijuana. Later studies 
showed that cigarette or alcohol use predicts subsequent illicit drug use for females while 
alcohol use predicts progression to illicit drug use in males (reviewed in Helstrom et al., 
2004). Afler cigarette and alcohol use, progression may continue to marijuana, however, 
the cause of this progrc. :ion is unknown. The simplest explanation for the observed 
progression is that early access to and use of cannabis may reduce perceived barriers 
against the use of other illegal drugs and provide access through the illicit market to more 
addictive drugs of abuse such as heroin, cocaine and methamphetamine (Lynskey et al., 
2003).

Kandel. 1975, Science, 190,912-914
Lynskey et al., 2003, JAMA. 2003;289:427-433
Helstrom et al., 2004, Prevention Science, Vol 5(4), 267-277
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As a mother I want my 14 year old daughter to know the difference between risks 
associate  ̂with marijuana and “harder” more addictive and life-threatening drugs such as 
cocaine, heroin, methamphetamine and the broad, poorly defined class of inhalants.

(5) a high percentage of adults arrested in this state for domestic violence test positive 
for marijuana at the time of arrest;

Marijuana intoxication reduces incidence of violence (Hoaken and Stewart, 2003) so a 
causal relationship is unlikely. Marijuana persists in fatty tissues and consequently 
plasma where the half-life for elimination varies between 20 to 57 hours (Grotenhermen, 
2003). To interpret the relationship between positive tests for marijuana and arrests for 
domestic violence one would need to know, first, what analytical tests were used to detect 
THC or its metabolites and second, if these individuals also tested positive for alcohol.

Grotenhermen, 2003, Drug Disposition, 42(4), 327-360.
Hoekcn and Stewart, 2003, Addictive Behaviors, 28,1533-1554.

(7) marijuana consists o f  over four hundred different chemicals and can affect almost 
every organ and system in the body, including the lymph system, the heart, and the 
lungs; marijuana can disrupt memory, attention, judgment, and other cognitive functions 
and can impair motor coordination, time perception, and balance, especially in children;

Marijuana contains a large number o f  chemicals because it consists of the leaf and 
flowers o f  plants. Plants are complex mixtures of chemicals. Tobacco, for example is 
equally as complex, however, nicotine is the primary active ingredient in tobacco. 
Similarly, delta-9-telrahydrocannabinol (THC) is the primary active ingredient in 
marijuana. THC is a chemical that affects the body by interacting with receptors. 
Receptors arc specialized docking sites on cells and drugs bind to these receptors. 
Receptors that recognize THC are called cannabinoid receptors. There are two types of 
cannabinoid receptors, CB1 and CB2. Marijuana or THC will have effects where ever 
these receptors are located. Distribution of these receptors in the brain explains why 
marijuana intoxication is associated with effects on memory and motor function.
Recently, it was found that activation of cannabinoid receptors on immune cells 
(microglia) in the brain prevents Alzheimer’s disease pathology (Ramirez et al., 2005). 
Activation of CB1 rece^fors is also known to have therapeutic potential in Parkinson’s 
disease and stroke.

Two other chemicals found in marijuana are cannabinol and cannabidiol. These 
compounds have some properties similar to THC, but cause less psychoactive effects. 
These chemicals do, however have beneficial effects because they, like THC, are 
antioxidants (Hampson et al., 2000). We consume complex mixtures of chemicals in the 
foods we eat everyday, and sometimes, worry that they may cause cancer or other 
adverse effects. Most evidence on marijuana, however, is pointing to positive effects.
Like the complex mixture of chemicals in blueberries, red wine and chocolate, the 
mixture of chemicals in marijuana may have beneficial effects on health. Research is
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focused on identifying the key beneficial components so that these rusv be isolated and 
developed as drugs. Most evidence suggests that THC, the ingredient that causes tbe 
high also causes positive effects elsewhere in the body through activation of CB1 
receptors.

Ramirez et bl„ 2005, J. Neuroscience, 25(8), 1904-1913 
Hampson et al., 2000, Ann N Y Acad Sci. 2000;899:274-82.

(8) marijuana smoke contains more carcinogenic hydrocarbons than tobacco smoke and 
a person who smokes several marijuana cigarettes a week may be taking in as many 
cancer-causing chemicals as someone who smokes a full pack of tobacco cigarettes every
day;

The real health risks associated with chronic marijuana use may include chionic 
bronchitis, impaired lung function and increased risks o f  some types of cancers of the 
respiratory tract (Moore et al., 2005). Prohibition may be the greatest barrier in 
identifying these real health risks because prohibition interferes with accurate reporting 
of marijuana use.

Moore et al., 2005, J Gen Iniem Med.,20(l), 33-7

(9) the potency of marijuana in the 1960s and 1970s was very low compared to the 
potency in 2005; the average amount of delta-9-tetrahydrocannabinol (THC), the main 
psychoactive ingredient, nationwide, was less than one percent in the 1960s and 1970s, 
but has increased steadily in the 1980s and especially the 1990s, and by 2003 was more 
than six times that level, at 6.4 percent; iii addition, marijuana grown in this state is often 
more potent than national averages, and has been tested with THC levels of over 20 
percent; marijuana of the potency generally available in 2005 is a strong hallucinogenic 
drug that can command hundreds of dollars per ounce on the illegal market; the 
increasing potency of marijuana corresponds to an increase in the number of  persons 
seeking emergency medical care for marijuana-related incidents.

Inci ssed potency does not mean that increased amounts are consumed. People (and 
animals) typically take less drug if the drug is more concentrated. This means that more 
potent marijuana will likely cause people to smoke less and this will decrease risk of 
respiratory complications. When research animals arc enticed to self-administer THC 
(Justinova et al., 2003) the number of self-administered injections decreases as 
concentration is increased until animals stop taking the drug at all, presumably because 
the high concentrations produce unpleasant side-effects.

Justinova et al., 2003, Psychopharmacology, 169(2): 135-40.

(11) Alaska consistently ranks in the top 10 states, and occasionally in the top five states, 
nationwide, in the amount of marijuana illegally grown indoors, and large amounts of 
marijuana grown in this state are sold throughout the state and exported to other parts of 
the
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United States; tbe price of high-quality marijuana is hundreds of dollars per ounce and 
thousands of dollars per pound; testimony received by the legislature in 1999 and 
confirmed in 2005, shows that marijuana often sells for $500 or more per ounce,

The cost of marijuana seems irrelevant to the public health risks unless high costs are 
driving users to crime to pay for marijuana. In contrast to heroin, cocaine and 
methamphetamine abusers, no evidence exists to suggest that a significant proportion of 
marijuana users resort to crime to pay for the drug. This is consistent with a low 
addictive potential o f  marijuana.

(12) a large percentage of persons arrested in this state, including adults and juveniles 
who commit violent offenses, have marijuana in their system at the time of arrest;

Marijuana intoxication is known to decrease violent behaviors (Hoeken and Stewart, 
2003) suggesting that other drugs, like alcohol, are involved (Parker, 2004)

Hoeken and Stewart, 2003, Addictive Behaviors, 28,1533-1554.
Parker, 2004, J Psychoactive Drugs, Suppl 2,157-63.

(13) marijuana use by a parent has been, and will continue to be, a major contributing 
factor to children having easy access to and using marijuana;

Research shows that legal and financial hardship incurred on parents as a result of 
penalties for possessing marijuana may have as many detrimental consequences on 
families as increased risk of marijuana use by children (Robertson et al., 1996).

Roberson et al., 1996, Br J Gen Pract., 46(412), 671-4.
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In summary, evidence does not support the assertion that marijuana poses a threat to 
public health that justifies prohibiting its use and possession in this state, especially by 
adults in private. Issues regarding access to children warrant farther investigation into 
the impact of access through illicit channels. As a mother, I want my daughter to know 
the difference between drugs such as methamphetamine and marijuana.

Final note: Given the growing presence of methamphetamine in Alaska, my personal and 
professional opinion is that it would be irresponsible to put time and money into 
persecuting marijuana users when resources arc inadequate to respond to the growing 
threat o f  methamphetamine in our community. I hope you as legislatures can look 
beyond moral judgment of marijuana users and address real health risks associated with 
far more dangerous drugs.

Summary and Conclusions:
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21. 2003

5 2 5 . Drew  K .L. Novel therapeutics from hibernating brain? Neuralstem  Inc. Gaithersburg. M D . A ugust 
23, 2003.

5 2 6 . Drew K .L . Hypoxia To le ra n ce  in M am m alian Heterotherm s Journal of Experim ental Biology 
D iscu ssio n  M eeting, D e fen ses A gainst Brain  Hypoxia: M o lecule  to O rganism , O rganised by R .G . 
Bou tilie ra nd  P .L . Lutz, Septem ber 1 3 th -S e p te m b e r  17th 2003, C ica lino , Italy

5 2 7 . Drew K .L. Living w ithout in H ibernation. W inter C on fe ren ce  on Brain Rese arch . C op p er M ountain, 
Colorado, Ja n  20, 2004.

S 2 8  Drew K  L. Neurop< otection in H ibernation Life in the C c k l V an co uv e r, C an a da  lo Sew ard, A laska, 
July 31. 2004.

5 2 9 . Kelly Drew  and R og e r Edberg  'V isua lizing  Chem istry : To o ls  for the A R S C  D iscovery Lab", Fairbanks, 
Alaska, D e c  7 .2 0 0 4

5 3 0 . Drew K .L. Cellu lar stress and M A P K  m odulation in H ibernation. W orkshop  on com parative aspects 
of oxidative stress La  Paz, M exico, February 15-19, 2005. Se ss io n  Cha ir

P u b lica tio n s :

Full-length Papers:
P 1 . K .L., Lyon, M ., Tietler, M . and G lick , S .D ., 1986 Asym m etry in D -2  binding in fem ale rat striata.

Brain R e s  363 :192-195
P 2 . Drew, K L . and G lick , S .D . 1987. C la ss ica l conditioning of am phetam ine-induced lateralized and

nonlateralized activity in rats. Psychopharm acology. 92:52-57
P 3 . G lick , S .D ., Shap iro . R .M ., Drew, K .L ., H inds, P  A  and  Carlson , J .N . 1986. D ifferences in

spontaneous and am phetam ine-induced  rotational behavior, and in sensitization to am phetam ine, 
am ong Sprague-D aw ley  derived rats obtained from different sou rce s. Physiol. Behav. 38:67-70

P4. Drew, K .L. and G lick , S .D . 1988 Characterization  o f the associa tive  nature o f sensitization to
am phetam ine-induced  circling  behavior and of the environm ent dependent placebo-like response. 
Psychopharm acology. 95:482-487.

P5. Drew, K L  and G lick , S .D . 1988. Environm ent dependent sensitization to am phetam ine-induce*
circling  behavior. Pharm aco logy  Biochem istry  and Behavior 31:705-708.

P6 . O 'Connor, W .T ., Drew , K L  and Ungerstedt, U. 1989 D ifferences in dopam ine release and
m etabolism  in rat striatal subregions following a cu te  clozap ine  using in vivo m icrodialysis. N eurosci 
Lett. 98:211-216.

P7 . Drew, K L  , O 'Connor, W .T ., Kehr, J. and Ungerstedt, U . 1989. Characterization of y-am inobutyric
acid and dopam ine overflow  following a cu te  im plantation o f a m icrodialysis probe. Life S c i. 
4 5 (1 4 ):1 3 0 7 -1317.

P8. Drew, K L . and G lick , S .D  , 1990 R o le  of D-1 and D -2  receptor stim ulation in sensitization to
am phetam ine-induced  circling  behavior and in expression and extinction o f the Pavlovian conditioned 
response Psychopharm acology  101 465-471.

P 9 . Drew, K .L , O 'Co n no r, W .T ., Kehr, J. and Ungerstedt, U. 1990. Reg iona l spe cific effects of
clozapine and haloperidol on G A B A  and dopam ine release in rat basal ganglia. Eur. J . Priarm  
187(3 ). 385-397.

P 1 0 . O sborne, P  G ., O 'Connor, W .T ., Drew , K L . and Ungerstedt, U . 1990. A n  in vivo m icrodialysis
characterization of extracellular dopam ine and G A B A  in dorsolateral striatum  of aw ake freely m oving 
and halothane anesthetized rats. J. N eurosci M ethods. 34:99-105.

P 1 1 . Drew, K .L. and Ungerstedt, U . 1991. Pergolide presynaptically inhibits ca lcium -stim ulated release of 
Y-am inobutyric acid  from  rat dorsolateral striatum . J . N eurochem . 57:1927-1930.
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P 1 2 . O 'Connor, W  T „  Drew , K L . and U n g a n te d t, U  , 1695, D ifferential ch o line rg ic regulation o f oopam ine 
release in the dorsal and ventral neostriatum  of the rat. A n  in vtvo m lcrodlatysis study. J . N eurosci.. 
15 (12 ):8353-8361.

P 13 . Drew, K L ,  Fltka T . and H u, Y . and Ungerstedt, U . 1997, N on-exocy to tic y-am lnobutyric a d d  afflux in 
rat striatum  Inhibits gnaw ing. Life S c ie n ce s . 61(16 ):1593 -1601

P 14 . Clapp-Lilly  K L ., Roberts R .C ., Duffy L .K , Irons K P .. H u  Y ., Drew K L .. 1999, A n  Ultrastructurel 
analysis o f tissue surrounding a m icrodialysis probe. J . N eurosci. M ethods, 9 0 (2 ), 129-142.

P 1 5 . Drew, K L ., O sborne, P  G „  Frertchs, K .U ., H u , Y ., K oren, R .E . H a llenbeck  J.M . in d  R ice , M .E ., 1999, 
A scorbate  and glutathione regulation in hibernating ground squirrels. Brain  R e se a rch , 8 51 (1 -2 ), 1-8.

P 1 6 . O sborne, P .G ., Hu, Y ., Covey D .N  , Bam es, B .M ., Katz, Z ., and Drew , K L .,  1999, Determ ination o f 
striata; extracellular y-am lnobutyric a cid  in non-hibernating and  hibernating arctic ground squirrels 
using quantitative m icrodialysis. Brain R ese arch , 8 3 9 ,1 -8 .

P 17 . Tow n, 0 ., Drew  K L . C ha o , M .L ., and R ice  M .E ., 2 001 , A sco rba te  dynam ics and oxygen consum ption  
durinq arousal from hibernation in A rctic ground squirrels. A m erican  Journa l of Physiology, 281, 
R 5 7 2 -R 5 8 3

P 1 8  Zhou , F „  Z hu  X , Caste llanl R .J  , Stim m elm ayr R  . Perry G ., Sm ith  M .A . and  Drew K L ,  2001, 
H ibernation, a M odel of Neuroprotection. A m erican  Journa l o f Pathology, 1 58 ,2145 -2151 .

P 19 . Sm ith  M A, Drew K L, Nunom ura A , Takeda  A, Hirai K, Z hu  X , A tw ood C S , Ram a A K , Rottkam p C A . 
Sayre LM , Friedland R P , Perry G  Am yloid-p, tau alterations and m itochondria l dysfunction in 
A lzheim er disease: the ch ick en s or the e gg s?  N eurochem  Int. 2 0 0 2 ,4 0 (6 ), 527-531.

P20 . Drew, K .L ., R ice , M .E ., Kuhn T .B . and Sm ith  M .A ., 2001, Neuroprotective  adaptations in hibernation 
therapeutic im plications for ischem ia-reperfusion, traum atic brain injury and neurodegenerative 
diseases. Free  R ad ica l Biology and M edicine. 3 1 (5 ), 5P3 -57?

P 21 . Drew K  L, Ta ie n  0 .. Rivera P . M . Sm ith  M . A . , Perry G . and  R ice  M  E ., 2002, R o le  of the
Antioxidant A scorbate  in H ibernation and W arm ing from  H ibernation. Com parative  Physiology and 
B iochem istry, 1 33 (4 )4 8 3 -9 2 .

P 22 . Zhou  F , Braddock  J F , H u  Y . Zhu  X , Castellam  R J , Sm i!h  M A  and  Drew  K L.. 2002, M icrobial O ngm  
of G lutam ate, Hibernation and T issu e  Trau m a - An in vivo M icrod ia lysis S tud y  .J. N e uro scie nce  
M ethods, 119 (2 ), 121-128

P 23  Perry G , Tad d eo  M , Nunom ura A , Z hu  X , Zen teno -Sav in  T . Drew K L, Sh im oh a m a  S , Avila J . 
Castellani R J , Sm ith  M A., 2002, Com parative Biology A nd  Patho logy  O f O xidative S tre ss  In 
Alzheim er A nd  O ther Neurodegenerative D iseases: Beyond  D am age  A nd R e sp o n se . Com parative 
Physiology and Biochem istry, 133 (4 ):507-13

P 24 . R ice  M E , Form an R E , Che n  B T , A vshalum ov M V , and Drew  K L, 2002, Brain  antioxidant regulation 
in m am m als and anoxia-tolerant reptiles: balanced for neuroprotection and  neurom odulation. 
Com parative Physiology and Biochem istry, 13 3 (4 ):5 1 5-25.

P25 . C lapp-Lilly  K L, Sm ith  M A, Perry G . Harris P L , Zhu X , Drew  K L, Duffy L K . 2002, M elatonin exhibits 
antioxidant properties in a m ouse orain slice  m odel o f excitotoxicity Int J  C ircu m p ola r Health 
61 (1 ):32 -40 .

P26 . Stim m elm ayr R , Drew  KL, W hite  R G , 2002, Th e  e ffect o f ch ro n ic insulin  treatm ent on  body m ass , 
body com position, daily food intake and m eal patterns in reindeer fed a concen tra te  diet during early 
winter. C om p  B iochem  Physiol B  B iochem  M ol Biol 133 (2 ) 201

P27. Caste llani R , Hirai K, Aliev G , Drew  K L, Nunom ura A , Tak e da  A, C a s h  A D , O brenovich  M E . Perry G , 
Sm ith M A, 2 002 .Ro le  of m itochondrial dysfunction ir  A lzheim er's d isease. J  N eurosci R es. 7 0 (3 ):3 5 7 - 
60.

P 28  Zhao H, B u cc i D , W eltzm  M , Drew K L ., 2004, E ffe cts  o f aversive stim uli on  learning and m em ory in 
wild caught A rctic ground Squirrels. Behav. Brain R e s ., 151 (1 -2 ) 219-224

P 29 . Ma Y L , R ice  M E , C h a o  M L, Rivera P M , Zha o  H W , R o s s  A P , Zhu  X . Sm ith  M A. Drew  KL, 2004, 
A scorbate D istribution during Hibernation is Independent o f A sco rba te  R ed o x  S ta te  Free  R ad ica l 
Biology and M edicine. 3 7 (4 ):5 1 1-20.

P 30 . Drew KL, Pehek  EA , Rasley B T , M a Y L, G reen  T K  (2 0 0 4 ) Sam pling  G lutam ate and G A B A  with 
M icrodialysis: Suggestions on how to get the Dialysis M em brane C lo se r to the Synapse , J, 
N e uro scie nce  M ethods, 140 (1 -2 ): 127-131.

P31 Drew KL, H arns M B , LaM anna J C , Sm ith  M A, Zhu  X W , M a Y L , 2004, Hypoxia to lerance in 
m am m alian heterotherm s. J . Exp  Biol., 207 :3155-62 .
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P32 . M cG ill, C M , Sw earingen K E . Drew , KL, Resley B T , G reen  T K  R ea ctio n  o f N apthatone-2,3- 
d laktohydt with Cyanide ; A  Unique Oxidative Condensation  P rod u ct Journal o f H eterocyclic 
Chem istry 2005 (h i press).

P 33  Zhu  X , Sm ith  M A . Perry G , W ang Y , R o s s  A P , Zha o  H W . LaM anna  J C , Drew  K L (2005 ) The
M A P K s  A re  Differentially M odulated in A G S  during Hibernation. J . N e u ro scie n ce  Research , In press.

P apers Subm itted or in Preparation:
P 1 . M a Y L , Z hu  X , R ivera P M , To le n  0 , Barnes BM , LaM anna  J C , Sm ith  M A, Drew  K L Cellular and 

physiological stress in hibernation and arousal, In preparation for A m . J. Physiol.,
P 2  W eltzin  M M . Zhao  H W , B u cc i D, Drew  K L. A rousal from hibernation: s  natural m odel of adult cognitive 

enhancem ent, in preparation for J . N tu ro sci.
P 3 . Drew KL, W a rlick  B P . C h i B C , Taylor B E , Harris M B . G re e n  TK , Centra l N ervous System  Control of 

H ibernation, invited review for J. N eurochem .
P4. R o ss . A P , Christian , S L , and KL Drew, Intrinsic T issu e  To le ra n ce  in A rctic G round  Squirrel 

H ippocam pal S lice s , in preparation for subm ission for J  Jeurosci 
P5 . Zhao H, Castillo  M R , Christian S L , Bult-lto A , Drew KL. D istnbutlon of N M D A  R ecep tors in the A rctic 

G round Squ irre l In preparation for J. Com parative Neurobiology 
P6 . Zha o  H, R o s s  A P , Christian  S L , B uch h o lz  JN , Drew K L N M D A  R e ce p to r Fun ctio n  in Hibernating A rctic 

Ground Squirrels. In preparation.

B oo k  Chaoters/BQOK Review s/Letters.to Editor:
C 1 . Shapiro, R .M  , Drew. K L . and G lick , S .D . 1988, Brain  asym m etry, anim al. In. Ency clo pe d ia  of 

N euroscience . B irkhauser Boston, In c., Cam bridge , M ass.
C 2 . O 'Connor, W  T ,  Drew , K .L , Carlsson, H. and Ungerstedt, U ., 1992, Neostigm ine enhances 

haloperidol-induced in creases in acety lcholine release from rat striata! subregions: An in vivo 
m icrodialysis study Current Separations 1 0 (3 )1 1 5 -1 1 6 ,

C 3 . Bell M . Drew, K L ., Sm ith M A  and H allenbeck, J.M ., 2002, Ische m ic to lerance in the Brain -  M odels 
and M echan ism s. In C e ll and M olecular R e sp o n se s to S tre ss  K B  Storey and JM  Storey (E d s .). 
Elsevier P ress, 2002, pp 1-12.

C 4  Drew  KL, Z ho u  F , Z hu  X , Caste llani R J , Sm ith  M A  (2 0 0 4 ) Protection  from traum atic brain injury during 
hibernation. Life in the co ld , BM  Bam es (E d ).

C 5 . H erm es-Lim a M, R a m o s-V a sco n ce lo s  G R , C ard o so  LA , O rr A L, Rivera P M . Drew  KL (2004 ), Anim al 
adaptability to oxidative stress -  gastropod estivation and m am m alian hibernation. Life in the Co ld , BM  
Barnes (E d ).

Book  Chapters Subm itted or in Preparation 
C 1 . R o ss  A . and Drew, K  L., C lin ica l profiles of hibernating and eutherm ic arctic ground squirrels. In 

preparation

A bstra cts
A 1 . Drew, K .L ., Lyon, R A ,  Tietler, M. and G lick , S .D . Right> left asym m etry in D -2  binding in fem ale rat 

striatum . N eurosci. Abstr. 1985. 11:870 
A 2 . Drew, K L . and G lick , S .D . C la ss ica l conditioning of am phetam ine-induced  rotation in uniesioned rats.

N eurosci. Abstr. 1986. 12:1535.
A 3  Drew, K L . and G lick , S .D . Environm ent dependent sensitization to am phetam ine-induced circling

behavior in uniesioned fem ale rats. N eurosci. Abstr. 1987.
A 4 . Baird, J  L ., G lick , S .D ., Carlson , J .N . and Drew. K L . Ep in e ph n ne  in rat corpus striatum : In vivo

m icrodialysis and H P L C  analysis. N eurosci. Abstr. 1987.
A 5. G lick , S .D  Carlson , J .N .. Baird, J .L . and Drew. K L . Asym m etry in striatal dopam ine release and 

m etabolisi.i: Bilateral in vivo dialysis in norm al rats. N eurosci. A bstr. 1987.
A 6  Drew, K .L ., O 'Co n no r W .T ., Kehr, J . and Ungerstedt, U . G A B A  overflow  in rat globus pallidus

following neuroleptic and apom orphine adm inistration m easured by in vivo m icrodialysis. Neurosci. 
A bstr 1988
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A 7 . O 'Co n no r. W .T ., O sb o m e . P .O .. Drew , K .L  and Ungerstedt, U . A n  in vivo m icrodiafyHs 
characterization o f extracellular dopam ine  and G A B A  in dorsolateral striatum  of haiothane 
anaesthetized and co n scio u s  rats. T h e  fourth m eeting on  e lectro ch em ica l detection, H P L C  and In 
vivo m onitoring In the b ioeciences. Nottingham , U .K . 1989.

A 8 . O  Connor, W .T ., O sb o m e , P .G  , Drew , K .L .. Re id , M .S ., Tan gane lli, S ., Fuxe, K. and Ungerstedt. U. 
D opam ine and neurotensin m odulation o f G A B A  release in the striatum  Th e  fourth N ord ic 
neu ro scien ce  m e e tin g ,, Sw eden . 1989.

A 9 . Drew , K .L , O 'Connor, W .T ., Kehr, J . and Ungerstedt, U . R eg io na l sp e cific e ffects of clozapine  and 
haloperidol on G A B A  release in rat basal ganglia. N eurosci. Abstr. 109.15. 1990

A 10 . O 'Co n no r, W .T ., Drew , K .L . and Ungerstedt, U. N eostigm ine  enh a nce s the in crease  in acetylcholine 
release following haloperidol in rat striatal subregions. International sym posium  on m icrodialysis and 
allied analytical te chn iques, Indianapolis, Indiana. 1991.

A 1 1 . Drew, K .L  and Ungerstedt. U . D2 receptor stim ulation presynaptically inhibits ca lciu m  stim ulated 
release of y-am inobutync a cid  from  rat dorsolateral striatum . M onitoring m olecu les in neuroscience . 
P roceed ings of the 5th International C on fe ren ce  on In V ivo  M ethods. Noordw ijkerhout, Th e  
N etherlands. 1991. pg 102

A 12 . O 'Connor, W T „  Herrera-M arschrtz. M , Linderfors, N ., O sborne, P .G ., Drew , K .L .. Reid , M . and 
U ngerstedt, U. D o p a m in e -G A B A  Interactions In the neostriatum  M onitoring m olecu les In 
neuroscience . P roce e d in g s of the 5th International C on fe ren ce  on  In V iv o  M ethods 
Noordw ijkerhout, T h e  N etherlands 1991. pg 93.

A 1 3 . Drew , K .L  and Ungerstedt, U. 1992 S K F  89976A  in creases extracellular G A B A  in rat dorsolateral 
striatum  in vivo N eurosci. A bstr., 421.3 .

A 1 4  Drew, K  L  . Fitka, T . and H u , Y  1994. Behavioral e ffects o f m icroin jections of 3-m ercaptopropionic 
a cid  in rat striatum  using in vivo m icrodialysis to sam ple y-am inobutyric A cid  (G A B A ). Socie ty  for 
N eurosci. Abstr., 379 .9 .

A 15 . H u, Y ., Irons, K. and Drew, K .L. 1995. Electron  m icroscopy  of brain tissue  surrounding a
m icrodialysis probe in rat striatum . A m erican  A ssocia tio n  for the A dvancem ent o f S c ie n ce  48th A rctic 
D ivision S c ie n ce  Con fe ren ce , Fa irbanks. A laska.

A 1 6 . Ja ckso n , D ., Hu, Y „  and Drew , K .L ., 1990, G A B A  release from inferior co llicu lu s  in aw ake freely 
m oving rats. So cie ty  (or N eurosci. A bstr., 350.5.

A 1 7 . Drew. K .L ., Hu, Y ., Koren. R .E ., and  R ice , M  E ., 1997, S troke  therapies from  hibernating squirrels. 
Socie ty  for N eurosci. A b s tr , 743.7.

A 1 8 . O sborne P .G . and Drew K .L ., 1997, A rctic ground squirrels - from parkas to post stroke therapy; a 
m edica l resource  co m e s to light. A A A S , 48th A rctic D ivision S c ie n ce  C o n fe re n ce , Va lde 2 , AK

A 1 9 . Drew  K .L .. O sborne  P .G ., H u  Y ., Covey  D .N ., Katz, 2 . Duffy. L.K . and Barnes B .M ., 1998,
Determ ination of extracellular y-am inobutyric acid  during homeotl" my and  hibernation in striatum  of 
a rctic ground s q u irre l using quantitative m icrodialysis. A m erican  socie ty  for Neurochem istry, M arch  
1998.

A 2 0 . C la p p  K .L ., Roberts R .C ., Duffy L .K ., H u  Y ., Irons K. and Drew  K .L ., 1998, U ltrastructural analysis of 
m icrodia lysis-induced traum a in rat brain. A m encan  So cie ty  for Neurochem istry, M arch 1998

A 21. H u  Y ., O sbo m e  P .G ., Stim m elm ayr R . and Drew K .L ., 1998, H ibernation: A  m odel of to lerance to 
brain traum a. So cie ty  for Neurosi. A bstr., 676.13.

A 2 2 . C la p p  K .L  , Roberts R .C ., H u  Y ., C rosb y  K .M ., Duffy L .K  and Drew  K .L ., 1998, D isruption of 
ultrastructure in rat striatum  follow ing m icrodialysis. So cie ty  for N eurosi. A bstr., 674.1.

A 23. Drew K .L , R ice  M  E ,  Frerichs K .U . and H a llenbeck  J  M ., 1999, Stroke therapies from hibernating 
squirrels, W inter C o n fe re n ce  on Brain  R e se a rch , Snow m ass, C O , Ja n  23-30.

A 2 4 . Drew  K .L .. C lapp-Lilly  K .L , Roberts R .C ., Duffy L .K ., Irons K .P ., and Hu Y ., 1999, An U ltrastructural 
A nalysis o f T issu e  Surrounding a M icrodialysis Probe. 8th International C on fe ren ce  on In Vivo 
M ethods "Monitoring M olecu les in N euroscience ."  Stony  Brook, N Y , Ju n e  19-23.

A 25 . Drew K .L .. O sbom e  P .G ., H u  Y ., Stim m elm ayr R ., Barnes B .M ., 1999. H ibernation: a natural m odel of 
to lerance to brain traum a. H ibernation and A daptations to the C o ld , Este s  Park, C O , M ay 20-22.

A 2 6  Drew  K .L ., O sborne  P .G ,, H u  Y .. Stim m elm ayr R .. B a m e s B .M ., 1999, H ibernation and To le ra n ce  to 
Brain Traum a, 50th A rctic S c ie n ce  Con ference , S c ie n ce  in the North: 50 Yea rs o f C h a n g e  D enali 
National Park and Preserve, A laska, Sep t. 19-22.

A 2 7  Te ie n , 0 . R ice , M .E . Barnes, B  M . and Drew , K .L  1999, P lasm a ascorbate  and oxygen consum ption 
during rewarm ing from hibernation in a rctic ground squirrels. So cie ty  for N eurosi. A bstr., 736.21
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A 2 8. R icha rd son , C .F ., Drew K L ., and Kuhn, T .B ., 1999, R e d u ce d  C a 1* ch a n g e s  in response  lo
depolaiizing stimuli in neurons during hibernation in a rctic ground squirrels. So cie ty  for N eurosi. 
Abstr., 841 .7

A 29 . Zhou, F . H u , Y ., B raddock , J .F . and Drew , K L ., 2000, M icrobia l origin o f glutam ate in m icrodialysis 
studies o f hibernating ground squirrels So cie ty  for N eurosi A bstr., 188.2 

A 3 0 . K L  Drew, F . Zhou, Y . H u. J .F . B raddock , X . Zhu, R . Caste llani, M A  Sm ith , M icrodialysis, tissue 
traum a and glutam ate in hibernating brains. 9th A nnua l M eeting O n  In V iv o  M ethods F o r M onitoring 
M olecules In N euroscience . D ublin, Ju n e  2001.

A 3 1 . Drew  K .L ., F . Zhou, X . Zhu , R . Caste llani, M .A  Sm ith , H ibernation, a  m odel of neuroprotection.
W inter C on ference  on Brain  R e se a rch . Steam boat Springs, Colorado . Ja n . 2001.

A 32 . Zhou  F „  X . Zhu. R .J . Caste llani, R .S . Stim m elm ayr, G .Perry , M .A . Sm ith  and K L . Drew, H ibernation.
a m odel o f neuroprotection. C e ll D eath and A ging, M iam i B e a ch , Florida. Feb . 2001.

A 33. Drew  K L .. Rivera, P .M . R o s s  A  P . C orrick  R . M  , Te ie n  0 . Z hu  X . C h a o  M .L . Sm ith  M A . R ice  M .E ., 
Antioxidant effects of ascorbate  during rewarm ing from hibernation in a rctic ground squirrels. So cie ty  
for Neurosi. Abstr. Sa n  D iego, C A , Nov. 2001 

A 3 4  K .L.Drew , F  Zhou, Y . Hu, J .F . B raddock , X  Zhu, R . Caste llani, M  A  Sm ith , M icrodialysis, tissue
traum a and glutam ate in hibernating brains. A laskan Sum m e r N e u ro scie n ce  C on fe ren ce , Fairbanks, 
A K  July 29 , 2001

A 35 . Drew K I , M a Y, Rivera P , C o za d  K. To ie n  O , Arterial B lood  G a se s  During H ibernation in the A rctic 
G round Squirrel, Stroke - M olecular, Cellu lar, Pharm aco log ica l and D evelopm ent o f New  
Therapeu tics, M arch  9 - M arch  14, 2002, Ta o s, N ew  M exico.

A 3 6 . R o ss  A  and Drew K L, Neuroprotection during Hypoxia in the A rctic G round  Squ irre l M olecular,
Cellular, Pharm acologica l and D evelopm ent of N ew  The ra pe u tics, M arch  9 - M arch  14, 2002, Ta o s , 
New  M exico.

A 37. R icha rd son  C . Drew KL, Kuhn T B , D e crea se d  R is e  in Free  Intracellular C a J>in Synaptosom es and 
S lice s  from  Hibernating A rctic G round  Squirre ls. 2nd A nnual C on fe ren ce  o f Spe cia lized  Program s In 
N e uro scie nce , M ay 15-17, 2002, S a n  A ntonio, Te x a s 

A 3 8  C ozad  K  M a Y, R ivera P M , Zha o  H . Drew  KL, M e ch an ism s of Hypoxia To le ra n ce  Com pared  with
H ibernation 2nd Annual C o n fe re n ce  o f Sp e cia lize d  Program s in N e uro scie nce , M ay 15-17, 2002, San  
Antonio, Te x a s

A 3 9 , Drew KL, M a  Y, Rivera P M , C o za d  K, To ie n  O, Z h u  X . Sm ith  M A  Ex it from  Torpor: A  Natural M odel 
of To le ra nce  to Reperfusion 2nd A nnua l C o n fe re n ce  of Spe cia lized  Program s in N e uro scie nce , M ay 
15-17, 2002, San  A ntonio, Tex a s 

A 4 0 . Rivera P M , Zhu X , Sm ith  M A , R ice  M E , Drew  K L. Study  o f Oxidative S tre ss  in C A -1  Reg ion  of 
H ippocam pus during Eutherm ia, To rp o r and  A rousal from Torpor in A rctic  G round Squ irre ls (Spermophilus perryii) 2nd A nnual C o n fe re n ce  o f Spe cia lized  Program s in N e uro scie nce , May 15-17, 
2002, S a n  Antonio, Tex a s

A41 R o ss  A, Drew  KL N M D A  To le ra n ce  in O rg a n o ty p c H ippocam pal S lice s  : A  Hibernating V ersu s  N on  -
H ibernating Spe cie s  2nd A nnual C o n fe re n ce  of Sp e cia lize d  Program s in N e uro scie nce , M ay 15-17, 
2002, Sa n  Antonio, Texas

A 42. Zhao  H. W eltzin M , Drew K L, E ffe cts  of H ibernation on Retention of an A ctive  A voidance  Task  2nd 
Annual Conference  of Spe cia lized  Program s in N e uro scie nce , M ay 15-17, 2002, S a n  Antonio , Tex a s 

A 43 . C oza d  K, M a Y , Rivera P M , Zha o  H , Drew  KL, M e ch an ism s of Hypoxia To le ra n ce  Com pared  with 
H ibernation. A laskan Sum m er N e u ro scie n ce  C on fe ren ce , July 14-15, 2002, Fairbanks, A K  

A 44. Drew K L, M a  Y, R ivera P M , C o za d  K, To ie n  O , Z hu  X , Sm ith  M A. H ibernation: A  Natural M odel o f 
To le ra nce  to Reperfusion A laskan  Sum m e r N e uro scie nce  Conference , Ju ly  14-15, 2002, Fairbanks, 
A K

A 45. Rivera P M , Zhu X , Sm ith  M A , R ice  M E , Drew K L  Study  o f Oxidative Stress in C A 1  R eg ion  of 
H ippocam pus in A rctic G round  Squ irre ls (Spermophilus perryii). A laskan  Sum m er N e uro scie nce  
Con ference , July 14-15, 2002, Fairbanks, A K  

A 4 6  R o ss  A, Drew  KL N M D A  To le ra n ce  in O rganotypic H ippocam pal S lice s . A laskan  Sum m e r
N e uroscience  Conference , July 14-15, 2002, Fa irbanks, A K  

A 47. Zhao  H, W eltzin M . Drew K L, E ffe cts  o f H ibernation on Retention of an A ctive A voidance  Task.
A laskan Sum m er N e uro scie nce  C on fe ren ce , Ju ly  14-15, 2002. Fa irbanks, A K  

A 4 8 . M a Y , R ivera P, Kelliher A , Sm ith  M A . Z hu  X , R ice  M E , Drew  K L. Fate  o f A scorba te  During
Hibernation in A rctic G round  Squirre ls. So cie ty  for N e uro scie nce , N ovem ber 2-7, 2002, O rlando, 
Flonda.

Kelly L Drew, Ph.D. March 30, 2005
C u rh o u tu m  V ita *
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A 49. Zhao  H , W eltzin  M , B u cc i D , Draw  K L. E ffe cts  of H ibernation on Retention o f an  A ctive  A voidance  
Task . Socie ty  for N e uro scie nce . Novem ber 2-7, 2002, O rlando. Florida.

A 50. Drew  K L, M a Y , Rivera P , C oza d  K. To ie n  O , Z hu  X . LaM anna J , Sm ith  M A . A rousa l from
Hibernation: A  Natural m odel o f To le ra nce  to Reperfusion. So cie ty  for N e uro scie nce , N ovem ber 2-7, 
2002, O rlando, Florida.

A 51. Rivera P .M . M a Y .L . Z hu  X . R o ss  A . Caste llani R , Sm ith  M A , R ice  M E  and Drew  K L (2 0 0 3 ) Study  of 
oxidative stress In CA 1  neurons and liver during eutherm ia, torpor and arousal from torpor in a rctic 
ground squirrels (sperm ophilus parryii) 3rd A nnual C on fe ren ce  of Spe cia lized  Program s in 
N e uro scie nce , M ay 2 8 -3 0 ,2 0 0 2 , H onolulu, Hawaii 

A 52  G reen T K , M cG ill C G , Sw earingen K E , Rasley  B T , Drew  K L, Characterization of S id e  P roducts from 
N D A /N a C N  on-co lum n derivatization o f am ino acid  neurotransm itters. P roceed ings o f the 10th 
International C on fe ren ce  on In V ivo  M ethods, J . Kehr, K  Fuxe, U . Ungerstedt, T . Sv e n sscn , eds 
Karolinska Institute, 2003, p  478.

A 53. Rasley  B T , Drew  K L, D ick  E , Sw earingen K E , G reen TK , In V ivo  M onitoring o f G lutam ate in 
H ibernating G round  Squirre ls: Construction  of an O n-line  M icrodialsysls/Capillary 
E lectm phoresis/Laser-induced  F luo re scen ce  Instrum ent. P roceed ings o f the 10th International 
C on fe ren ce  on In Vivo M ethods, J. Kehr, K. Fuxe. U . Ungerstedt, T . Sve n sso n , eds. Karolinska 
Institute Stockho lm  2003, p 4 8 1 ,

A54. Drew  K L, Pehek EA , R asle y  B T , M a Y , G reen  TK , Sam pling  G lutam ate and G A B A  with 
M icrodialysis: How  to get the M em brane C lose r to the Sy n a pse ? P roce e d in g s o f the 10th 
International C on fe ren ce  on In V ivo M ethods, J . Kehr, K. Fuxe, U . Ungerstedt, T . Sve n sso n , eds. 
Karolinska Institute Stockholm  2003,

A 55. Zhao, H . Castillo  M R . Bult-lto, A , Drew K L, Distribution o f N M D A  receptors in A rctic ground squirrels.
Socie ty  for N e uro scie nce , Novem ber 7-13, 2003, New  O rleans. LA  

A 56. M a Y L , R ivera P . W u  S F , Drew  KL, En h a n ce d  plasm a ascorbate  stability in hibernation. Socie ty  for 
N euroscience , Novem ber 7 -1 3 .2 0 0 3 , New  O rleans, LA  

A 57. W eltzin  M M , B u cc i D J, Zhao  H , Drew K L  (2003 ) H ibernation, Learning and M em ory, C e ll B iology of 
the Neuron, Novem ber 7 ,2 0 0 3 , New  O rleans, LA.

A 58. Zhao  H W , R o ss  A P , B uch h o lz  JN , Drew  KL, Intracellular (Ca2+ ] in Cultured H ippocam pal S lice s  of 
Hibernating A rctic G round Squirrel A m erican  Socie ty  for Neurochem istry, New  York , N Y , A ugust 
2004

A 59, R o ss, A P , Christian, S L , Zhao, H W , and K L Drew, Excito tox ic To le ra nce  in H ippocam pal S lice s  from 
a Hibernating Sp e cie s , So cie ty  For N e uro scie nce  34tn A nnual M eeting, S a n  D iego, C A , O ct.2 3 -2 7 , 
2004

A 60. M a Y L , C o za d  KD , Rivera PM , Zhao, H W , Drew K L  (2 00 4 ) D ifferences in hypoxia to lerance betw een 
A G S  and rats. Socie ty  for N eurosci 

A 61. Dave K R , Prado R , Rava l A P , Drew K L, Perez-Pinzon M A  (2 00 4 ) Rem arkable  isch em ic to lerance by 
the A rctic ground squirrel against ca rd ia c arrest during eutherm ia. Socie ty  for N eurosci.

A 62 . R o ss  A P , Drew K L (2 00 4 ) Neuroprotection from excitotoxic innult in h ippocam pal s lices from  a 
hibernating species, a rctic ground squirrel. 10th International i>ymposium on Pharm acology  of 
Cerebral Ischem ia M arburg, Germ any, July 25-28, 2004 

A 63. Zha o  H, R o ss  A P , B uch h o lz  JN , Drew  K L. (2004 ) Intracellular [Ca2+] in Cultured H ippocam pal S lice s  
o f Hibernating A rctic G round  Squinre.l Socie ty  For N e uro scie nce  34th A nnual M eeting, O ct. 22-26, 
2004, S a n  Diego. C A .

Patents:
M a Y  and Drew K L, Adapter betw een m icrodialysis guide cannu la  and m icrosensors. Provisional Patent, 

United Sta te s Patent O ffice , filed A ug. 16, 2002 -  Not pursued

Service:
C o m m itte e  A p p o in tm e n ts  a n d  S e rv ice :

University:

1995-1996 Appointed m em ber, R e se a rch  Advisory Com m ittee
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2001-2002 A ppointed  m am  bar, Institutional Review  Board
2001 -2003  Appointed duty, C an ter for N a no se nso r Technotogy , Sem ina r Coordinator
2001-2003  Volunteer, A laska  B a s ic  N e uro scie nce  Program  Sum m e r Sem inar Series

Coordinator
2002-presont A ppointed, R ese arch  Advisory Com m ittee , Institute o f A rctic Biology
2003-present Appointed. B IC S -C e n tra l Anim al Facility  P ro je ct Com m ittee
2004-present Appointed, Institutional A nim al C a re  and U 6e Com m ittee
2005-present A ppointed . Em ergency  Serv ice s Program  Review  C o m  m i le e
2005-present Appointed, Interdisciplinary Stud ie s Program  (IN D S ) Steering  Com m ittee

D epartm ental:
1999-2000 Appointed m em ber. S e a rch  Com m ittee  (A ssist. Professor, O rg an ic C he m ist)
2000-2001 A ppointed  m em ber, S e a rch  Com m ittee  (Laboratory  Coord ina tor)
2000-2001 A ppointed m em ber, Se a rch  Com m ittee  (V e te rin a  y T e ch n ic ia n )
2001-2002 A ppointed  m em ber, S e a rch  Com m ittee  (D ire cto r, A laskan  B a s ic  N euroscienoe

Program )
2001-2002 A ppointed m em ber, S e a rch  Com m ittees (A ssistan t Professor, Cell/M olecular

N euroscientist)
2001-2002 Appointed m em ber, S e a rch  Com m ittee  (A ssistan t Professor. Analytical Chem ists)
2003 Appointed Cha ir, Se a rch  Com m ittee  (A ssistan t Professor, M olecular Physiologist)

Regional/National/lntem ational:

(i) C on fe ren ce s:
O rganizer, Stroke  therapies from hibernating squirrels, W inter C o n fe re n ce  on Brain R ese arch , 
Snow m ass, C O , Ja n ., 1998.

International O rganizing Com m ittee, M onitoring M o le cu les in N e u ro scie n ce , Conw ay Institute of 
B iom olecu lar and B iom edica l R ese arch , June  16-19 2001, University C o lle g e  Dublin, Ireland

O rganizer, A laskan Sum m er N e uro scie nce  C on fe ren ce , Fa irbanks, A laska, Ju ly  29, 2001, Fairbanks, 
A laska

O rganizer, Hypoxia tolerance; the less you want, the m ore you have, W inte r C on fe ren ce  on Brain 
R e se a rch , Snow m ass, C O , Ja n ., 2002

International O rganizing Com m ittee, M onitoring M o le cu les in N e u ro scie n ce , Ju n e  2003, Karolinska 
Institute, Stockholm , Sw eden.

O rganizer, A laskan Sum m e r N e uro scie nce  C on fe ren ce , Fa irbanks, A laska, Ju ly  1 4 -1 5 ,20 0 2 , 
Fairbanks, A laska

O rganizing Com m ittee, Living in the C o ld , July  2004, V an co uv e r, B C

O rganizer, Living w ithout in H ibernation. W inter C o n fe re n ce  on Brain  R e se a rch . Copper M ountain. 
Colorado , Ja n  29, 2004.

(H) Societies/A aencies.
A m erican  Heart A ssociation , A laska Affiliate, R e se a rch  Com m ittee, A ncho ra ge , A laska, 1995- 1993 
A m erican  Heart A ssocia tion , Northw est Affiliate, R e se a rch  Com m ittee, Seattle , W ashington, 1998 — 

present
A m erican  Heart A ssociation , Northw est Affiliate, Sum m e r S c ie n ce  Fellow ship  T a sk  Force , 1999 -  

present
American Heart A ssociation, National, P eer Review  Steering  Com m ittee, 2000-present 
National Institute of D eafn ess and Communication Disorders, Partnership Program Committee, 1994  

-p r e s e n t
N ational S cien ce  Foundation, A d -h o c reviewer, JunB, 2002
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National Institute* o f Health, Neurological S cie n ce s  and D isorders B  S tud y  Se ctio n . Ad Hoc M em ber, 
Ju n e , 2002

(iii) Grant:
P a id -Consu ltan t, N IH  G rant (1 P 5 0  N S3 4 1 1 5 ), A scorba te  and g lutathione in C N S  injury, (Chester, M ., 

P I; R ice  M .E ., leader project 3 ), 1997-1996.

(tv) Corporations.
P a id -Consu ltan t, Sa n ta  Fe  S c ie n ce  & Technology , In c., Sa n ta  Fe , New  M exico, 2000- present. 

Com m unity Serv ice :

K*Hy L. Drew, Ph.D. March 30. 2005
Curriculum Vitae

1990-present Expert W itness, neuropharm acology of d m g s of a buse  (R ita lin , a lcohoi, co ca ine ,
am phetam ine, benzodiazepines e tc.)

1997-present S c ie n ce  Potpouri, College  of S cie n ce , Eng ineering  and M athem atics, U A F
1999-present S c ie n ce  Education , W o o d  R iver Elem entary S ch o o l, 'D r. Science"
2003 Ch illed  Brains, Lathrop High S ch o o l
2004 Pharm acology of drugs o f abuse, Fairbanks North S ta r S ch o o l D istrict 1 day in- 

service
2004 Pharm aco logy  of dm gs o f abuse, North Pole  A lternative H igh S ch o o l
2004 Jo b  Shadow  for A na  Davis, high sch oo l student
2004 C ha n ne l 11 interview concern ing  questions or, Ballot M easure 2
2005 Invited testim ony for public hearing on A laska S B  74 and  H B  96
2005 Chilled  Brains, U A F  M useum  Lecture  Series

So cie ty  M em berships:

1985-present S o r  sty for N e uroscience
2001 -2002 President, local chapter So cie ty  for N e u ro scie n ce
1995-present A m erican  A ssocia tion  for the A dvancem ent o f S c ie n ce
1998-present A m erican  C hem ica l Socie ty
1998-present A m erican  Socie ty  for Neurochem sitry
2000-present International Socie ty  for Neurochem istry
2000-present O xygen Socie ty
2000-present A m encan  Heart A ssociation  Stroke C o u n cil
2000-present International So cie ty  o f Cerebral B lood Flow  and M etabolism

G ranting A gencies:

A m erican  H eart A ssocia tion , External Review er, 1997 
Baker Fund Aw ards Com m ittee, External Review er, 2002 
N IH , N eurological S c ie n ce s  and D isorders-B , 2002 
D O D  (A R O ), External Review er, 2004
M aryland Industrial Partnerships, University of M aryland, External Review er, 2004 
N IH , B io log ica l Rhythm s and S lee p  [B R S ], 2005

A d  H o c Journal Review er:
Journal of N e uro scie nce , Journa l of Neurochem istry. Brain R e se a rch , Journa l o t N e uro scie nce  M ethods, Life 
S cie n ce s , Psychopharm acology, Redox Report, Cellu lar and M olecular B iology, Journal ot Experim ental 
Biology, A m erican  Journa l o f Physiology, H ippocam pus, Journal o f Cerebral B lood  Flow  and M etabolism , 
Neurobiology o f A ging, Journa l of Physiology

Textbook R£vi6w or
Horton et al„ Princip les o f Biochem istry, 4m edition, Chapters 11-14. P ren tice  Hall, U pper Sadd le  River, N J
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Reference*:
Margaret £ Rice, PhD
Associate Professor
Dept Physiology A Neuroscience
New York University School of Medicine
550 First Ave
New York, NY 10016
Pbooe: 212-263-5438
Fax:212-689-0334
nwatret.ricetffin vu.edu

John M Hallenbeck, MD 
Chief; Stroke Branch 
NINDS, NIH 
36 Convent Dr 
Bldg 36/Rm 4A03 
Bethesda, MD 20892-4128 
Phone: 301-496-6231 
Fax: 30MC2-2769 
hallenbj@ninds.nih.gov

Stanley D Glick, MD, PhD 
Professor and Chair 
Dept Pharmacology and Neuroscience 
RmA-136
Albany Medical College 
47 New Scotland Ave 
Albany, NY 12208 
Phone: 518-262-5303 
Fax:518-262-5799 
GlickS(g)jnail.amc.edu

Joseph Bryan, Ph.D.
Professor
Department of Molecular and Cellular Biology
Baylor College of Medicine-
Cullen Bldg. 112C
One Baylor Plaza
Houston, TX 77030-3498
(713) 798-4007
Fax: (713)790-0545
E-mail: jbryan@bcm.tmc.edu
jbryan@bcm.tmc.edu

Mark A. Smith, Ph.D.
Associate Professor
Institute of Pathology
Case Western Reserve University
2085 Adelbert Road
Cleveland, Ohio 44106
Tel: 216-2.3-3670
Fax:216-368-8964
mas21@po.cwru.edu
hrtD://w ww.cwnj.edu/med/Datholouv

-

Urban Ungerstedt, MD, PhD 
Professor
Institute for Physiology and Pharmacology
Karolinska Institute
Stockholm, Sweden
Tel: 08-728-79-23
Fax: 08-32-49-69
Urban .U ngerstedt@fyfa.ki. se
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FAX NO. : 9076962668 Mar. 30 2005 07:50PM P I

My name is Jim Welch and for all of you except Fred Dyson I am a faceless name. Fred Dyson knows me and I hope because of that, he at least will listen to me. For almost 20 years now I have had MS. VIS is a disease which short- circuits nerve pathways. So it can affect anything that depends upon nerve messages getting through, whether it be the functioning of a limb or an organ, or sensation, be it numbness or pain. There is no cure for it, so as things deteriorate doctors try to treat symptoms. One of the problems with this however, is that many of the drugs have side effects as least as prominent as the effects.
Over the years I've tried many prescription drugs for many different reasons, usually with very limited success and often j with unpleasant side effects. In 1998 I was active in the campaign to pass the initiative legalizing medical marijuana.I found that for two or three years marijuana was the only thing that allowed me to get through most nights without racking muscle spasms or headaches that would not allow me to sleep and still allrv me to function the next day.
I appiaud what the Legislature has tried to do with crystal meth. That's a drug which I think everyone can agree has no redeeming qualities. But further demonizing marijuana is engaging in the wrong battle. Comparing marijuana to heroin is like comparing aspirin to morphine. Saying that the marijuana today is stronger than it was in the 70s and therefore dangerous is like saying Alleve is stronger than Tylenol, that you only have to take one pill instead of two.
To me that seems a good thing because it means you have to put less smoke into your lungs. I've never smoked tobacco and if I never had to put any more smoke in my lungs or take another drug in my life it would be fine with me.
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This is not the 40s era of "Reefer Madness" or even the Nancy Reagan 80s of "just say no." This is the 21st century and in the last election 44% of Alaskans voted to legalize marijuana. You may have the power of the majority to make criminal penalties more severe, but it is a slap in the face to a very large portion of the Alaskan populace who believe that marijuana is okay and who just a few years before voted by a substantial majority to legalize the use of medical marijuana.
I don't know why the Governor has chosen to make marijuana the bad boy of his drug campaign. It doesn't make any sense to me. I know it’s not addictive. I smoked marijuana several times a week for three years. When it was no longer effective I stopped. I experienced no withdrawal, no craving, no side effects, no problem.
Unlike tobacco or alcohol no one has ever died from marijuana. I would argue that at worst it's innocuous and at best it has some significant medicai benefits.
As for its connection to violent criminals, anyone who has ever used marijuana knows the effects last only a few hours, whereas it can be detected as having been used up to 30 days ago. That's like blaming a DWI on a beer someone drank a month before.
In the last World Cup soccer matches in Portugal, Security checked the persons and all bags being brought into the stadium. Any alcohol was immediately seized, but any marijuana that fans were bringing into the game was not even confiscated. That tells you what kind of behavior the people in charge of security thought resulted from people using marijuana. They worried about the notoriously rowdy soccer fans, but not the ones using marijuana.



r
FROM :

i

FAX NO. : 9076962668 Mar. 30 2005 07:59PM P3

I have no illusion or intention to make you proponents of legalizing marijuana. That's not even the issue before you. I do ask you however, to recognize the folly of harsher criminalization penalties. It means putting more nonviolent offenders in jail, devoting more time and money resources of our police to what amounts to a low-priority use of their time.I ask you to put your anti-drug energies against something like crystal meth. Fighting marijuana is the wrong battle in any war on drugs. You have bigger issues to deal with.

!
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S u m m a ry  o f  W ritten  T e s t im o n y

1. T e a s in g  A p a r t . . . .
“T h e  r e la t io n s h ip  b e tw e e n  freq u en t m a riju a n a  u se  and v io le n c e  (a n d  v ic e  v e r sa )  

w a s  sp u r io u s; it w a s  n o  lo n g e r  s ig n if ic a n t  w h e n  c o m m o n  risk  fa c to is  su c h  a s  
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A
 substantial body oflileralure has addressed the link between substance 
use and violence. The substance use-violence relationship has been 
addressed by (wo angles of research: Acute or pharmacological effects have 
been examined in survey and laboratory studies, and longer term, develop­

mental effects have been addressed by longitudinal survey studies. These 
studies have shown differences in the effects of alcohol and marijuana on vio­
lent behavior. Several key issues remain, such as developmental trends 
between substance use and violence throughout the adolescent period, and 
concurrent and predictive associations, especially when appropriate 
statistical controls arc introduced.

Numerous studies have shown an association between alcohol use and vio­
lence (see reviews by Boles & Miotto, 2003; Chermack & Giancola, 1997; 
Miczck ct al., 1994; White, 1997a). However, the evidence concerning the 
association between marijuana use and violence is much more ambiguous 
and controversial. Federal documentation on the Internet (Center for Sub­
stance Abuse and Prevention, 2003) cites as one o f te n  good reasons to focus 
on marijuana use" that “violence and other crime have been attributed 
directly lo marijuana use." In the year 2000, marijuana was the most popular 
drug used by juvenile male detainees; across nine sites nationwide, 42% to 
55% of detainees tested positive for marijuana (U.S. Department o f Justice, 
2003).

Acute an d  Concurrent Associa tions

There is a consensus that most users of alcohol do not commit violence but 
that heavy or frequent alcohol use lowers the threshold for the manifestation 
of violence, especially among aggressive individuals. This consensus is sup­
ported by experimental laboratory studies, longitudinal survey studies, and 
reviews of the literature (Chermack & Giancola, 1997; Ito, Miller, & Pollock, 
1996; Parker & Auerhahn, 1998; White, 1997a).

On the other hand, most studies do not support an acute or direct associa­
tion between marijuana use and violence (Boles & Miotto, 2003; Dcmbo 
etal., 1991; Friedman, 1998; Miczek etal., 1994; Reiss & Roth, 1993; While, 
1997a). Laboratory research has demonstrated that alcohol and marijuana 
have opposite psychopharmacological associations vis-5-vis aggression 
(Miczck ct al.. 1994). Survey data also fail to find that marijuana use 
psychopharmacologically induces violence (Boles & Miotto, 2003; Gold­
stein, 1985). According to Reiss and Roth (1993), "In general, scientific 
reviews have concluded that violent behavior is either decreased or unaf­
fected by marijuana use" (pp. 1165-1167).

Most studies have examined the acute effects of substance use on violence 
among adults. In one survey study of adolescent males from the Pittsburgh
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Youlh Study (PYS). White, Tice. Loebcr. and Slouthamer-Locber (2002) 
found that offenses against persons were committed more often than general 
theft while under the influence o f  alcohol. In addition, aggressive acts were 
more often related to self-reported acute alcohol use than to marijuana use. 
Offenses committed under the influence were more prevalent among heavier 
alcohol and drug users, more serious offenders, more impulsive youth, and 
youlh with more deviant peers. White and Hansell (1998) also found that 
acute use of alcohol compared to marijuana was more strongly associated 
with fighting, especially in late adolescence and early adulthood.

Most research on substance use and violence among adolescents has 
focused on the developmental associations rather than acute associations. 
Whereas studies of acute effects clarify the association between doses of sub­
stance use and immediate aggressive behavior, developmental studies help to 
clarify the temporal associations and todelineate longer term effects (Huang. 
White, Kostcrman, Catalano. & Hawkins, 2(X)0, p. 80). Rather than assuming 
a pharmacological association, much of the developmental research is based 
on the assumption that substance use and aggression arc problem behaviors 
that co-occur during adolescence and that both types o f problem behaviors 
arc dependent on a similar set o f common risk factors (White & Labouvic, 
1994).

There are several plausible ways by which alcohol, and possibly marijuana 
use. can be developmental^ implicated in violence. For example, (a) sub­
stance use may lead to violence; (b) violence may lead to substance use; (c) 
causation may be reciprocal (i.e., one causes the other and vice versa); (d) 
violence and substance use may be seen as aspects o f general dispositions to 
deviance (i.e., they may be alternative manifestations of the same concept); 
and (e) substance use and violence may be seen as independent forms of devi­
ance that share common precursors, resulting in a spurious relationship 
(Kaplan & Damphousse, 1995, pp. 189-191; see also White, 1997a, 1997b).

Developm enta l A ssoc ia tions  
and  D irec t ion  o f  E ffects

Studies examining developmental relationships in adolescence have gen­
erally found that early aggressive behavior predicts later substance use and 
that increases in substance use arc related to increases in violent offending 
(Elliott. Huizinga, & Menard, 1989; White, 1997a, 1997b). T ie  linkage 
between frequent alcohol use and violence has also been confirmed in longi­
tudinal studies (e.g.. Elliott el al., 1989; White, Loeber, Stoulhamcr-Locbcr,
& Farrington, 1999). Frequent alcohol use has been shown to predict vio­
lence. even when controlling for marijuana use and for other shared risk 
factors (White ct al.. 1999).
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Using a sample o f predominantly While, middle- and working-class ado- 
le»-»nt males, While, Brick, and Hanscll (1993) found that while controlling 

.oncurrent associations and stability of behaviors over time, aggression 
in early adolescence (age 12) predicted increases in later alcohol use (age 
15). but alcohol use did not predict increases in aggression. White and 
Hansell (1998) repeated these analyses after following their sample into 
young adulthood (ages 25-31) and did not find an association between early 
aggression and later substance use nor between early alcohol use and later 
aggression. They did find that marijuana use in adolescence (ages 12-18) was 
negatively related to later aggressive behavior (ages 15-21) and that mari­
juana use in later adolescence (ages 18-24) was positively related to aggres­
sion in young adulthood (ages 25-31). Cross-sectional correlations were 
much stronger between alcohol and aggression than between marijuana and 
aggression. In this latter study, aggression was measured by a single indicator 
of minor aggressive behavior.

In a study of a high-risk Seattle sample, Huang and colleagues (2000) 
found that the concurrent associations between alcohol use and aggression 
decreased with age from niidadolesccnce (age 14) into late adolescence (age 
18). In terms of cross-lagged associations, aggressive behavior al age 15 pre­
dicted increases in alcohol use at age 16, and alcohol use at age 16 predicted 
increases in aggressive behavior at age 18. However, when common risk fac­
tors were controlled for, only the association between alcohol use and later 
aggressive behavior remained significant. This study focused on aggression 
as measured by throwing objects, picking fights, and hitting to hurt, as 
opposed to more serious criminal acts of violence.

Similarly, White et al. ( 1999) also examined the cross-lagged associations 
between substance use and violence using data from the oldest cohort in the 
PYS from ages 13 to 18. The authors found reciprocal associations between 
alcohol and violence. These associations held even after risk factors that have 
been associated with both sets of behaviors were controlled for, thus ruling 
out a purely spurious relationship. White and colleagues found that the con­
current associations were stronger for marijuana and violence than for alco­
hol and violence, but the longitudinal associations were opposite. Neverthe­
less, marijuana use in early adolescence (at age 13) was a strong predictor of 
later violent behavior. However, although changes in marijuana use predicted 
changes in violence, the association was no longer significant once the 
effects o f prior alcohol use and violence were partialled out. This finding is 
important, because frequent marijuana users also consume alcohol, and the 
pure effect ol each substance on violence can best be investigated by means 
o f partial correlations in which the effect o f one substance on violence is 
examined while holding constant the effect of the other substance.
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In summary, the relationship between substance use and violence appears 
to be a complicated one. Findings have not been consistent across studies and 
'end to differ depending on the substance that is examined and the sample 
that is used. Use of different age ranges and outcome measures (minor 
aggression versus violence) also contributes to the inconsistency in findings. 
In addition, previous studies have pointed to the importance of investigating 
developmental associations between substance and violence while 
partiailing out the effects of co-occurring substance use.

These issues arc addressed in this study, which is a replication and exten­
sion o f  prior developmental research in the Pittsburgh Youth Study on sub­
stance use and violence in the oldest sample from ages 13 to 18 (White ct al., 
1999). In this article, we use the youngest sample of the PYS to examine the 
concurrent and longitudinal associations between alcohol and marijuana use 
and violence over a 10-ycar period from ages II to 20 years. This study 
addresses the following questions:

1. What are the developmental trends of substance use and violence throughout 
adolescence in terms of the prevalence and frequency of each behav ior?

2. What are the concurrent and longitudinal associations between frequent sub­
stance use and violence?

3. What is the direction of effect between substance use and violence when con­
trolling for shared risk factors?

It is important to replicate findings across different samples. This study 
extends the earlier study with the older sample (White ct al., 1999) in several 
ways. First, the earlier study was based on a shorter window of time (from 
ages 13 to 18 compared with 11 to 20). Second, those findings were for a 
sample that reached adolescence during the peak o f the violence epidemic in 
Pittsburgh (Fabio. Loebcr, & Farrington, 2003), whereas this sample is less 
violent but more involved in illegal drug use (White. Stoulhamcr-Loeber, 
Loebcr. & Farrington, 2001). Finally, in this study wc control for two impor­
tant demographic factors that arc related to violence and substance use (i.e., 
neighborhood context and race/ethnicity), which were not included in the 
earlier study.

Nevertheless, we anticipate replicating earlier associations between alco­
hol and violence. Second, wc hypothesize that frequent marijuana use will 
predict violence and that violence will predict frequent marijuana use. How­
ever, wc also predict that once statistical controls for confounding factors arc 
taken into account, the association between frequent marijuana use and vio­
lence will appear to be spurious, whereas the association between frequent 
alcohol use and violence will remain.
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METHOD

Data were collected as part of the PYS, a longitudinal study of the develop­
ment o f  delinquency, substance use, and mental health problems among 
inner-city adolescent males (Loebcr, Farrington, Stouthamcr-Loebcr, & Van 
Kammen, 1998). In 1987, three samples o f boys were randomly drawn from 
the first, fourth, and seventh grades of public schools. Of the 3,436 randomly 
selected, 85% o f the boys and their caretakers (93% of whom were biological 
mothers) consented to participate in a screening assessment. From each sam­
ple, the top 30% (about 250 from each grade) of boys with the highest rates o f  
antisocial behavior were selected, along with an equal number randomly 
selected from the remaining 70%. This resulted in three samples of about 500 
boys each. The present analyses focus on the youngest coho'* (N  = 503), 
those who were in the first grade when the study began.

At the first assessment, participants in the youngest sample were an aver­
age of 7 years old. Slightly more than half (56.3%) o f the sample was African 
American, and almost half (41.4%) was Caucasian, reflecting the racial com­
position of Pittsburgh public schools when the study began. The population 
of otherethnic/racial minority groups in Pittsburgh is very low. Abou: 40% of  
the boys lived with a single parent, and about 40% o f the caretakers received 
public assistance. Further details about the study design and participants can 
be found in Loebcr ct al. (1998).

The first 8 assessments were conducted semiannually and the next 10 were 
conducted annually. Information was collected from the boys and their care­
takers and teachers until age 17 and then from interviews with the boys only. 
These analyses use data from ages 11 to 20. Data from the semiannual assess­
ments were combined to reflect behaviors occurring in the past year. Data 
from ages 7 through 10 were not used, because few boys were using sub­
stances at these ages, and measures at the younger ages (ages '  -10) used cate­
gorical rather than continuous scales. At the last data collect.on phase (age 
20). the participation rate was 82%, and the overall average follow-up rate 
was 92%, reflecting very low attrition.

Violence M easures

Violence was measured annually by the Self-Reported Delinquency scale 
(Locberct al., 1998) and included the past year frequency (number o f times) 
of gang fighting, strong-arming, attacking someone . th a weapon or intent 
to seriously hurt or kill, and rape or forced sex.
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Substance Use Measures

Self-reported frequency (number of limes in the pasl year) of alcohol, mar­
ijuana, and hard drug use was assessed annually by the Substance Use Scale 
(Loebcr et al., 1998). Hard drugs included hallucinogens, cocaine, crack, 
heroin, PCP, and nonmedical use o f  tranquilizers, barbiturates, codeine, 
amphetamines, and other prescription medications. The lifetime prevalence 
of hard drug use from ages 11 to 20 was too low (n = 73) to include hard drug 
use as an outcome measure. Therefore, the analysis focuses on the relation­
ship of alcohol and marijuana use with violence. Hard drug use is controlled 
for in some of the analyses.

The frequency of alcohol consumption was the sum o f the number of times 
participants drank beer, wine, or hard liquor and did not count trying a few 
sips or drinking with the permission of adults during special occasions/reli­
gious services.

Conunon R isk  Factors

Based on findings of previous studies examining substance use and vio­
lence (Huang el al., 2000; White et al., 1999), several risk factors common to 
both ubstance use and violence were selected as covariates. Because many 
dislrioutions were skewed, and to ease inlerprctability, risk factors were 
dichotomized at the top 2591. These risk factors included the life tim e f r e ­

quency o f  h a rd  drug use, assessed annually by self-report, and the frequency  
o f  se lf-reported  property crim e  (theft, fraud, and vandalism), assessed at age 
11. Other child factors were low  academ ic achievement, assessed by the pri­
mary caretaker and teacher when the boy was age 7, and depressed m ood  and 
hyperactiv ity/im pulsiv ity/inattention prob lem s  (from the Child Behavior 
Checklist; Achenbach & Edclbrock, 1979, 1983; Edclbrock & Achcnbach, 
1984), assessed by caretaker and teacher when the boy was age 7. Family risk 
factors were based on reports by caretakers and participants and included 
p o o r  com m unication w ith caretaker, measured at age 11, and p o o r  superv i­
sion , measured at age 7. In addition, we controlled for caretaker perception  
o f  b ad  neighborhood, assessed by the primary caretaker at the first interview 
(when the boy was age 7). This variable measured caretakers’ perceptions of 
factors such as crime, unemployment, racial conflict, vandalism, and so on in 
their neighborhood. Wc also controlled for African American ethnicity 
because the prevalence of violence is much higher among African Americans 
(Reiss & Roth. 1993). However, wc do not assert that race or ethnicity perse 
is a risk factor. Rather, we treat African American race/ethnicity as a m arker
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of environmental, socioeconomic, or psychosocial risk, fr- which wc wish to 
control in invesligating the substance use-violence relationship.

Analyses

Prevalence and frequency of substance use and violence over time were 
used to examine trends in the behaviors. For all analyses, frequent substance 
use was a dichotomous variable defined as being in the highest 25% of fre­
quency. Concurrent associations between substance use and violence were 
tested with 2 x 2  contingency tables, and odds ratios are reported.

In examining longitudinal associations of frequent alcohol use and later 
violence, prior violence and frequent marijuana use were controlled for. Sim­
ilarly, analysis of the relationship between frequent marijuana use and later 
violence controlled for prior violence as well as prior frequent alcohol use. 
Reverse associations were also tested (i.e., the relationship between violence 
in one year and frequent alcohol or marijuana use in the next, controlling for 
prior frequent alcohol and marijuana use). Logistic regression analyses were 
conducted and adjusted odds ratios are reported.

Longitudinal associations were examined first by cross-lagged (year-to- 
year) associations from ages 11 to 20. Then, several waves o f data were 
aggregated into two time periods covering ages 11 to 14 and 15 to 20. Based 
on a cutoff point of the top 25% of alcohol use frequency, frequent users dur­
ing the first time period drank a total o f  four or more times between ages 11 
and 14, and frequent users during the second time period drank a total of 181 
or more times between ages 15 and 20. Any use of marijuana between ages 
11 and 14 classified participants as frequent users in the first time period, and 
for the second time period, the cutoff point was using a total of 300 or more 
times over ages 15 to 20. In terms of violence, participants who ever engaged 
in any  violence were considered, and this applied to both time periods. To 
reduce false negative classification, participants who were not classified in 
the top 25% in terms o f frequency an d  who missed three or more of the 10 
assessments were excluded. Logistic regression analyses were repeated as 
described above.

Finally, to determine whether longitudinal associations between substance 
use and violence are spurious, common risk factors were added to the logistic 
regression models. First, univariate associations between the selected risk 
factors with frequent alcohol use, frequent marijuana use, and violence were 
tested, and tests for multicollinearity were conducted. Risk factors that were 
associated at thep < . 10 level with both frequent alcohol use and violence, or 
with both frequent marijuana use and violence (or all three outcomes), and
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Figure 1 Mean Frequencies of Substance Use and Violence by Age Among 
Active Users/Offenders

were not highly collincar were selected as covariates. Predictors were 
entered simultaneously into logistic regression models.

RESULTS

In the youngest sample o f the PYS, the lifetime prevalence of alcohol use 
by age 20 was 8h . The percentage o f participants who had ever used mar­
ijuana by age 20 was 61.8%. Slightly more than a third (35.4%) had ever 
engaged in violence by age 20.

Figure I shows the mean frequency of alcohol consumption, marijuana 
use, and violence among active users/offenders by age. Among those who 
used alcohol, the frequency o f consumption increased sharply between ages 
13 and 15 and again after age 18. From age 12 on, marijuana use was more 
frequent among marijuana smokers than the frequency of alcohol use among 
drinkers, and the difference increased with age through age 19. Starting at 
age 15, marijuana users reported an average frequency reflecting use as often 
as once per week or more (i.e., frequencies > 52 times in past year), peaking 
at age 19. The frequency of violent behavior followed a typical agc-crimc 
curve, peaking at around age 16 (at about one time per month) and then 
declining (Farrington, 1986). Frequencies of substance use were substan­
tially higher than frequencies o f violence at all age levels.
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TABLE I
Associations Between Use and Frequent Use o f  Alcohol and Marijuana anti Vio­
lence (ayes 11-20)

N %

Ever used alcohol: 417 84.8
Also engaged in violence 162 38.8
Ever used alcohol frequently: 329 37.1
Also engaged in violence 154 46.8
Ever used manjuana: 417 61.8
Also engaged in violence 162 487
Ever used marijuana frequently: 329 51.4
Also engaged in violence 154 54.0
Ever engaged in violence: 174 35.4
Also ever used alcohol 162 93.1
Also ever used alcohol frequently 154 88.5
Also ever used marijuana 162 85.1
Also ever used manjuana frequently 154 78.2

Next, wc examined ihe overall associations between Ihe prevalence of sub­
stance use and violence. Table 1 shows the overall associations between any  
substance use and violence and between frequent substance use and violence. 
Of the 84.8% of participants who had ever used alcohol between ages 11 and 
20, 38.8% had engaged in violence. Turning to frequent users, o f the 67.1 % 
of participants who had ever consumed alcohol frequently (had ever been in 
the top 25% frequency), 46.8% had engaged in violence.

Of the 61.8% of participants who had ever used marijuana, less than half 
(48.7%) had engaged in violence. Of the 51.4% of participants who had ever 
used marijuana frequently (had ever been in the top 25% frequency), slightly 
more than half (54.0%) had engaged ir. violence between ages 11 and 20. In 
contrast, o f the 35.4% of participants who had ever engaged in violence. 
93.1 % had ever used alcohol, 88.5% had ever used alcohol frequently, 85.1% 
had ever smoked marijuana, and 78.2% had ever smoked marijuana fre­
quently. Thus, throughout the adolescent period, the proportion of substance 
users who engaged in violence was lower than the proportion of violent 
individuals who used substances.

Table 2 shows the percentages and odds ratios of the concurrent associa­
tions of frequent alcohol and marijuana use with any violence for each age 
from 11 to 20. At every age, the percentage of violent individuals who used 
alcohol frequently was greater than the percentage of frequent drinkers who 
engaged in violence. This was also true for marijuana use starting at age 14; 
the percentage of violent individuals who used marijuana frequently 
exceeded the percentage of frequent marijuana smokers who engaged in vio­
lence. All associations were in the positive direction (i.e.. all odds ratios were
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TABLE 2
Concurrent Associations Between Frequent Alcohol ami Marijuana Use and Vio­
lence by Age

Age Total N

Frequent Alcohol 
Use A Violence

Frequent Marijuana 
Use & Violence

n

96 Vf olence 
With 

Alcohol

% Alcohol 
With Odds 

Violence Batin n

% Violence 
Wilh 

Marijuana

% Marijuana 
With 

Violence
Odds
Ratio

It 464 II 26.19 18.97 2.83** 0 .00 .00
12 475 22 45.83 29.33 5.97*** 5 10.42 83.33 —
13 469 17 44.74 16.50 3.25*** hi 2632 34.48 7.74** •
14 464 37 71.15 27.41 793*** 26 50.00 39.39 9.30** *
13 452 34 62.96 27.42 5.84*** 31 57.41 31.00 6.43* **
16 445 26 61.90 22.03 5.49* *• 26 61.90 22.61 5.73***
17 436 18 54.55 16 07 3.95*** 21 63.64 19.27 6.26* •*
18 434 12 57.14 11.01 4.34** 16 76 19 14.68 11.01***
19 419 10 58.82 9.52 462** II 6471 1048 6.01 •**
20 414 6 50 00 5.50 2.90 9 75.00 8.65 9.70***
NOTE: — = 1+ cell with n < 5.
• •p <.01. *«*p<.00l.

greater than one). For example, at age 18, frequent marijuana users were 11 
times more likely than nonfrequcnt users to also engage in violence (OR =  
11.01), whereas frequent drinkers were 4 times as likely as nonfrcquent 
drinkers to also engage in violence (OR = 4.34).

Table 3 summarizes the longitudinal associations between frequent alco­
hol and marijuana use and violence. Cross-lagged associations arc presented 
first to address whether substance use in one year was associated with vio­
lence in the next year. For example, at age 11, frequent alcohol use was asso­
ciated with violence at age 12, while controlling for violence and marijuana 
use at age 11 (OR^ = 2.68). However, after age 11. there was no significant 
association between frequent alcohol use in one year and violence in the fol­
lowing year. Frequent use of marijuana was associated with violence in the 
following year (controlling for prior year violence and alcohol use) for five o f  
the eight annual comparisons (OR,,,, = 2.67-3.83).

We also addressed whether violence increased substance use in the follow­
ing year. In terms of violence predicting frequent drinking in the following 
year, those who were violent at age 14 were more than twice as likely as those 
who were not violent to be frequent drinkers at age 15 (OR,,,, = 2.38). How­
ever, violence during late adolescence, at age 19, was significantly associated 
with a tower likelihood of frequent drinking at age 20 (OR*,, = .22). Violence 
was significantly associated with frequent marijuana use in two o f the nine 
comparisons (OR,,,, = 4.96 from ages 13 to 14 and OR,,,, = 5.50 from ages 17
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TABLE 3
Longitudinal Associations P-rween Frequent Alcohol and Marijuana Use and Vio­
lence

Prediction From 
Age to Age

Adjusted Odds Ratios
Alcohol -» 
Violence'

Marijuana —* 
Valence*

Violence -* 
Alcoholc

Violence —* 
Marijuanad

II -* 12(AT = 461) 2.68* n/a 1.36 2.23
12-v 13 (/V = 465) 1.07 00 1.69 2.22
13 -* 14 (N = 456) 1.31 3.11* 1.83 4.96***
14 —* 15 W  = 443) 1.79 3.07** 2.38* 1.71
15 —» I6(N  = 432) .79 3.36** 1.56 1.03
16-> 17 (/V = 426) .93 2.67* 1.67 1.31
17 —♦ 18 (Af = 413) 1.41 258 1.35 5 50***
IK -* 19 (N = 407) 1.44 3.83* .42 .65
l9-*20(/V  = 394) .61 1.31 22* .89

Ages 11-14—* 15-20 (A/ = 417)
No risk factors 1.79 2.34* 1 36 1.90*
Risk factors included' 1.97* 1.91 1.70 1.67
a. Controlling for prior year violence and marijuana.
b. Controlling for pnor year violence and alcohol.
c. Controlling for prior year alcohol and marijuana.
d. Controlling for prior year marijuana and alcohol.
e. Common risk factors = hard drug use, property cnme (theft, fraud, and vandalism), low aca­
demic achievement, poor communication with caretaker, caretaker perception of bad neighbor­
hood. and African American ethnicity.
• / > < .  0 5 .  • • / >  <  . 0 1 .  • • * p <  0 0 1 .

lo 18). Thus, frequent marijuana use appears to predict violent behavior over 
time, especially during midadolescence, whereas frequent alcohol use only 
predicts later violence at the youngest age. In addition, violence docs not 
appear to be a consistent predictor of frequent alcohol or marijuana use.

Next, data were aggregated into two time periods (ages 11-14 and 15-20) 
and the total frequency of each behavior was dichotomized to isolate the top 
25%. The results are shown on the second to last line of Table 3. For these 
analyses, we only included boys for whom we also had complete data on risk 
factors so wc eould compare, for the same individuals, this model to the final 
model that includes the risk factors (N  = 417). If we had not restricted the 
sample to participants for whom we had complete data on risk factors, the 
sample on the first model would have been 4 3 1. The results for this model 
(Af =  417) were the same as for the sample o f 431. Males who drank fre­
quently were not significantly more likely to be violent later. However, those 
who used marijuana frequently between ages 11 and 14 were significantly 
more likely than nonusers and nonfrcquent users in engage in violence later
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(OR*,, = 2.34, p  = .012), and this was independent of prior violence or fre­
quent use of alcohol. As frequent drinking did not increase the likelihood of 
violence, carl;- violent behavior was not associated with later frequent drink­
ing. when controlling for prior frequent alcohol or marijuana use. In terms of 
marijuana-violence relationships, a reciprocal association was found; early 
violence was significantly associated with later frequent use o f marijuana, 
when controlling for prior frequent marijuana or alcohol use (OR^j = 1.90,
p  = .028).

To determine whether the above relationships were spurious, common risk 
factors were added to the model. Following a univariate screening, the fol­
lowing risk factors were controlled for: lifetime hard drug use, frequency of 
self-reported property crime (theft, fraud, and vandalism), low academic 
achievement, poor communication with caretaker, caretaker perception of 
bad neighborhood, and African American race/ethnicity. The last line of 
Table 3 shows the results o f the logistic regression analyses while controlling 
for common risk factors ( N -  4 17). The prediction of alcohol to violence was 
not statistically significant until common risk factors were taken into 
account, indicating a suppressor effect (OR*,, = 1.97, p  = .033; without the 
risk factors, it was OR*,, = 1.79, p  = .052). Post-hoc analyses indicated that a 
disproportionate lower prevalence of frequent drinking and higher preva­
lence of violence among African Americans suppressed the effect o f alcohol 
on violence. In converse, when common risk factors were considered, the 
prediction of marijuana use to violence was no longer statistically significant 
(OR*,, = 1 .9 l,p  = .068); this finding suggests that the association was spuri­
ous. Turning to the reverse associations, violence was still not associated 
with later frequent alcohol use. The prediction from early violence to later 
marijuana use was no longer statistically s' jnificant when common risk fac­
tors were included (OR*,, = 1.67,p  = .107), again suggesting that the associa­
tion was spurious. Common risk factors that predicted both violence and fre­
quent marijuana use in the multivariate models were African American 
ethnicity (OR*,, = 1.98, p  = .043 for violence; OR*,, = 2 0 4 ,p  = .029 for mari­
juana) and lifetime hard drug use (OR*,, = 2.28, p  = .034 for violence; OR*,, = 
5.25, p  < .001 for marijuana).

D IS C U S S IO N

From ages 11 to 20. substance use was more prevalent and frequent than 
violence. Substance use continued to increase throughout late adolescence, 
whereas violence followed a typical agc-crimc curve, increasing to around 
age 16 and then decreasing. Frequent alcohol and marijuana use were both 
concurrently associated wilh violence. Overall, odds ratios showed that the 
longitudinal relationship with violence was stronger for marijuana use than
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alcohol use, and (he relationship between marijuana use and violence was 
bidirectional; earlier violence was also related to later marijuana use but not 
alcohol use. However, the association between marijuana use and later vio­
lence was spurious; it was mediated by common risk factors. Participants 
who were African American or hard drug users were more likely to engage in 
violence and also were more likely to become frequent marijuana users.

With regard to the associations between early frequent marijuana use and 
later violence, our conclusions are similar to those o f  White et al. (1999), in 
that what we are seeing is a selection effect. In other words, marijuana use is 
more atypical during early adolescence and becomes more normative with 
age, and the subset of males who Ircgin marijuana use at younger ages arc at 
elevated risk for several serious outcomes, including poly dmg use, violence, 
and property offending. It is likely that this subgroup o f males is inherently 
more deviant, engaging in multiple problem behaviors at earlier ages, choos­
ing deviant peers, and being more likely to manifest their individual propen­
sity for aggression and antisocial behavior later on. Our findings reinforce 
the benefits of primary prevention efforts that address multiple risk factors 
early on. as well as early intervention with high risk or aggressive males.

Because the proportion of violent individuals who used marijuana fre­
quently was larger than the proportion of frequent marijuana users engaging 
in violence, and because the prediction of violence from earlier frequent mar­
ijuana use was mediated by common risk factors, our results do not indicate 
that early frequent marijuana use cause.' ter violence. Rather, we conclude 
that frequent marijuana use and violence co-occur because they share com ­
mon risk factors (e.g., race/ethnicity, hard dmg use). It is important to keep in 
mind that marijuana has been used for centuries and is the most widely used 
illicit dmg today and that the majority of marijuana users do not engage in 
violence (Boles & Miotto, 2003) Our findings indicate that intervention 
with young violent offenders to prevent or treat substance use problems 
may be more practical than targeting marijuana users for violence preven­
tion.

Selection effects may also explain why wc did not find a longitudinal asso­
ciation between frequent drinking and violence. Alcohol is a legal dmg, and 
drinking is more commonly accepted by society than marijuana use, which is 
illicit. Thus, alcohol is seen as noimalivc, whereas marijuana use and vio­
lence are not normative and are more likely to cluster in individuals wilh 
more deviant tendencies. Obviously, these findings apply to an inner-city 
adolescent sample and do not necessarily apply to frequent or heavy drinking 
anil violence among adults.

Our findings differed somewhat from those for the older sample in terms of 
alcohol and violence relationships (White ct al., 1999). In that study. White 
and colleagues found that the longitudinal associations between alcohol and
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violence were slightly stronger than those between marijuana use and vio­
lence except in very early adolescence. The longitudinal associations 
between alcohol and violence remained significant when marijuana use as 
well as other risk factors were controlled. One reason that the findings from 
this study differed from the previous study may relate to cohort or period 
effects. The older sample experienced more violence and was in middle to 
late adolescence in 1993 during the peak of the violence epidemic in Pitts­
burgh, whereas the youngest sample was just entering adolescence (Fabio ct 
al., 2003). The oldest sample came of age during the lowest rates o f drug use 
in the early 1990s. In contrast to the oldest sample, the youngest sample is 
more involved in substance use and less involved in violence (White ct al., 
2001).

Differing results may also be due lo the different age ranges used in the lon­
gitudinal analyses. The previous study examined behaviors at age 13 predict­
ing behaviors at ages 14 to 18. This study examined behaviors at ages II to 14 
predicting behaviors at ages 15 to 20. It is likely that developmental pro­
cesses and temporal windows that fluctuate throughout adolescence shape 
the substance use-violence nexus. In the earlier study, race/ethnicity and 
hard dmg use were not controlled for. In this study, both these factors were 
strongly related to violence and frequent marijuana use. Being African 
American was significantly related to engaging in violence as well as fre­
quent marijuana use. Wc surmise that contextual effects may drive cultural 
differences in the associations between substance use and violence. We know 
that inner-city neighborhoods with a high minority concentration are plagued 
by violence. At the same time, a subculture of young African American 
males is using marijuana as their “drug o f choice" instead of alcohol (Golub 
& Johnson, 2001). Thus, at the individual level, it may be hard dmg rather 
than marijuana use that is the important predictor o f violence.

Some limitations of the study should be considered. This study focused on 
a group of adolescents from one city. Therefore, the findings may not be 
generali/able lo other areas of the country. Furthermore, we only included 
males in the study. Future research should also examine females. Our mea­
sure of violence can also be seen as a limitation. Because we focused on those 
who ever engaged in violence, those who may have committed violence only 
once are included with those who committed multiple acts o f violence. It may 
be that associations between substance use and violence differ according to 
the degree or frequency of violent behavior, possibly in a dose-response 
fashion.

The strengths of this study stem from it being a community-based, longitu­
dinal study with high lollow-up rates and regular assessments with no gaps. 
Substance use and violence were measured prospcclively, minimizing recall 
bias. The data are highly complete and collected at multiple waves, and infor-
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inalion about risk factors was gathered from multiple infomiants. Recent 
analyses o f this dataset do not indicate selective attrition: Follow-up rates did 
not significantly differ according to initial high-risk status, race/ethnicity, 
socioeconomic status (SES), or baseline levels o f alcohol, marijuana, or hard 
drug use. Further, substance use was based on frequency counts (rather than 
use/no use) and focused on the most frequent users.

The developmental relationships between substance use and violence arc 
quite complex and are moderated by a host of individual (biological and 
psychosocial) and environmental factors. The nature of the substance usc- 
violence relationship changes over the life course, and it is likely that the 
range and influence o f risk factors also vary over lime. It is also important to 
consider differences between bingeing, or acute episodic substance use, as 
opposed to patterns o f chronic use. The developmental relationships between 
substance use and violence arc further complicated by the fact that the preva­
lence and influence o f risk factors also vary throughout development. In this 
study and the previous study, risk factors were measured al one point in time. 
It is possible that studies using time-varying covariates (e.g., changing levels 
of parental supervision or neighborhood quality) or more proximal risk fac­
tors (e.g., weapon carrying) would offer different findings as well.

Future research should explore the notion of alcohol consumption being 
more normative among Caucasian participants, in comparison to marijuana 
use being more normative among African American participants. Differen­
tial expectancies of the effects of alcohol or marijuana on violent behavior 
should also be considered. It is likely that different subcultures may adopt 
varying expectancies o f the effects of substance use intoxication on aggres­
sive behavior. Research on criminal careers can benefit from research about 
the persistence of violence, in terms of how substance use patterns are associ­
ated wilh chronic offending, desistance. and recidivism. Separate analysis by 
race/ethnicity can aid Ihe development o f culturally specific prevention and 
intervention programs for multiproblcm youth. Finally -cscarch should con­
tinue to identify factors that mediate or moderate the tssociaiions between 
substance use and violence.
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MATTHIAS, P.. D P. TASHKIN, J. A. MARQUES-MAGALLANES, J. N WILKINS AND M. S. SIMMONS. Effects 
o f varying marijuana potency on deposition o f  tar m d  \ 9-THC in the limn during smoking. PHARM ACOL BIOCHEM BEHAV 
58(4) 1145-1150, 1997.—To determine whether smoking more, compared to less, potent marijuana (M J) cigarettes to a d e ­
sired level of intoxication ( “high") reduces pulmonary exposure to noxious smoke components, in 10 habitual smokers of MJ, 
we measured respiratory delivery and deposition of ta r and ^ ’-tetrahydrocannabinol (TH C), carboxyhemoglobin (CO H b) 
boost, smoking topography, including cumulative puff volume (CPV) and breathholding time, change in heart rate (AHR) 
and "high" during ad lib smoking of 0, 1.77, and 3.95% MJ cigarettes on 3 separate days. At each session, subjects had access 
lo only a single MJ cigarette. On average, smoking topography and COHb boost did not differ across the different strengths 
of MJ, while T H C  delivery, as well as HR, were significantly greater (p  <  0.01) and tar deposition significantly less (p  <  0.03) 
for 3.95% than 1 77% MJ. Although individual adaptations in smoking topography for 3.95% com pared to 1.77% MJ were 
highly variable, three subjects with the lowest 3.95% MJ:I.77% MJ ra,.o» for CPV also displayed the lowest 3.95% MJ:1.77%
MJ ratios for ta r deposition. In vitro studies using a standardized smoking technique revealed a mean 25% lower tar yield 
from 3.95% than 1.77% MJ (/> <  0.05), but no difference between 1.77% and 0%  marijuana. Under the conditions of this 
study, we conclude that ta r delivery is reduced relative to THC content in a minority o f subjects, and this reduction appears to 
be due lo a reduced intake of smoke (decreased CPV) and/or a reduced tar yield from the stronger MJ preparation. © 1997 
Elsevier Science Inc.

Marijuana A’-tetrahydrocannabinol (TH C) Smoking topography Tar yield T ar deposition Lung 
Carboxyhemoglobin boost “High"

WE have previously shown (hat compared to tobacco smok­
ing, marijuana smoking results in an approximately fourfold 
greater deposition of lar in the lung and a four- to fivefold 
larger boost of carboxyhemoglobin (COHb) in the blood 
when equivalent quantities of the two substances are smoked 
(12,16). These differential effects appeared to be mainly due 
to less filtration of marijuana than tobacco cigarettes, result 
ing in a relatively greater tat yield from marijuana (13), and 
the longer breathholding time following inhalation of the 
smoke of marijuana than that of tobacco, resulting in a 
greater fractional retention in the lung of the inhaled tar and a 
greater absorption of carbon monoxide (13,16). These find­

ings suggest that, at least for equivalent weights of plant mate­
rial smoked, marijuana joints might have a greater potential 
than tobacco cigarettes for adverse health effects related to 
the carcinogenicity and respiratory irritant effects of compo­
nents in tar (6) and the reduced myocardial oxygen delivery 
(1) and reduced maternal and fetal tissue oxygenation caused 
(8) hy an elevated COHb.

It has been hypothesized that the health hazards from toxic 
components in marijuana smoke could be reduced if habitual 
marijuana users smoked higher potency marijuana (4). This 
hypothesis assumes the following: I) that smokers arc able to 
“titrate" the amount of THC absorbed during marijuana sntok-

Requests lor reprints should be addressed lo Donald P. Tashkin, M.D., Departm ent o f of M edicine, UCLA School of Medicine, Los Angeles, 
CA 90095-1690.
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ing in a manner that will result in decreasing their cumulative 
puff volume of inhaled smoke when smoking a more potent 
compared to a less potent preparation, to achieve a given de­
sired level of intoxication; and 2 ) that the yield of tar relative 
to A’-tctrahydrocannabinol (TIIC) from manjuana prepara­
tions of different potency always decreases as the THC con­
centration of the preparation increases. To test this hypothe­
sis and these assumptions, wc evaluated the effects of varying 
THC concentrations in marijuana cigarettes (0, 1.77, and 
3.95%) on the deposition of tar in the lung, carboxyhemoglo­
bin boost, and subjective and physiological measures reflect­
ing the bioavailability of THC in ten habitual smokers of mar­
ijuana.

METHODS

Subjects

Wc studied 10 male habitual marijuana smokers [mean age 
(±  SD), 23.2 ± 2.3 years], who smoked an average of 12.7 ± 
11.5 joints/week and reported a cumulative lifetime smoking 
history of 27.2 ± 46.5 joint-years (number of marijuana joints 
per day times the number of years of marijuana smoking). All 
were in good general health and had normal values for routine 
pulmonary function tests. None reported intravenous drug 
abuse or smoking illicit substances other than marijuana. Three 
were current tobacco cigarette smokers (14.0 ± 13.9 cigarettes/ 
day) and four were ever-smokcrs of tobacco with a cumula­
tive lifetime smoking history of 3.6 ± 1.1 pack-ycars (number 
of packs of cigarettes per day times the number of years of to­
bacco smoking). The study was approved by the UCLA I Iu 
man Subject Protection Committee and the California Research 
Advisory Panel. All subjects signed an approved informed 
consent form prior to their participation in the study.

Study Protoco l and  Procedures

Each subject was studied on 3 separate days approximately 
1 week apart after refraining from smoking tobacco for 2*1 h 
and marijuana for 2*6 h. During each study session, subjects 
smoked a marijuana cigarette (85 mm length x 25 mm circum­
ference) containing either 0.000 ± 0.002% THC (mean weight 
833 mg; range 808-864 mg), 1.77 ± 0.01% THC (mean 
weight 832 mg; range 789-924 mg) or 3,95% THC (mean weight 
734 mg. range 687-774 mg), according to a crossover design. 
The order of assignment of the three different strengths of mai- 
ijuana to each subject was randomized and subjects were 
m.vsked :o the assignment. All marijuana cigarettes were pre- 
pi.red from Mississippi-grown Mexican marijuana and were 
supplied by the National Institute on Drug Abuse; the 0% 
THC preparation was prepared by ethanol extraction. Mari­
juana cigarettes were stored at 4°C to minimize chemical degra­
dation and were maintained in a humidifier at 60% humidity 
and 2TC for 24 h before the study to reduce harshness.

Subjects were asked to smoke each marijuana cigarette ad 
lib but were specifically instructed to stop smoking once they 
had achieved their desired level of intoxication ("high"). Pe­
ripheral venous blood was withdrawn anaerobically immedi­
ately before and 2  min after each cigarette was smoked for 
measurement of the percentage of COHb saturation using a 
CO-oximeter (Model 282, Instrument Laboratory, Lexington,
M A). Immediately prior to smoking at 2.5,15,30, and 45 min 
after smoking, heart rale was measured electrocardiogrnphi- 
cally and subjects were asked to rate their level of intoxication 
on a scale of 0  to 10 , with 10 representing the greatest "high" 
they had ever achieved.

Smoking topographic measures were determined, ns previ­
ously described (16). Briefly, the volume and number of puffs 
and the interpuff interval were measured using a 00  Fleisch 
pneumotachygraph (resistance 0.0068 cm H20 ; linear from 5 to 
100  ml/s) connected through a differential pressure transducer 
(Model 282 MP54-3, Validync, Northridge, CA) (range ± 
2 cm HjO) to a 12-channcl oscilloscopic recorder with a dif­
ferential inlegrator-computer and a rapid infrared writer at­
tachment (Honeywell Simultracc Recorder, Model VR-12, 
White Plains, NY), The pneumotachygraph was connected 
through 1-cm diameter Tygon tubing (length 70 cm) to the 
distal end of a glass cylinder (diameter 5 cm; length 12 cm) 
that rontained two 1-cm diameter ventilation ports and was 
sealed at its proximal end by a rubber stopper. The marijuana 
cigarette was held in a small plastic holder inserted through 
the rubber stopper. During a puff, the ventilation ports were 
occluded by rubber stoppers so that the entire volume of air 
drawn through the cigarette could be measured by the pneu­
motachygraph. Between puffs, the ventilation ports were un­
covered to prevent extinction of the cigarette or accumulation 
of carbon monoxide. The volume of smoke and air inhaled 
into the lungs (“inhaled volume") in association with each 
puff was measured using inductive plethysmography (Rcspi- 
tracc-Plus, Nonlnvasivc Monitoring Systems, Miami Beach, 
FL). During calibration maneuvers, inhaled volumes ealeu 
lated from inductive plethysmography agreed with measure­
ments obtained by spirometry within ±10%. Tlic amount of 
time the inhaled smoke was retained in the lungs ("breath­
holding time") was calculated as the interval between the 
times corresponding lo one-third of the maximum inhaled 
volume and two-thirds of the maximum volume exhaled fol­
lowing breathholding.

The amount of inhaled insoluble smoke particulates (tar) 
was measured by a previously described proportional smoke- 
trapping device ( 10) that was connected to the plastic ciga­
rette holder at the proximal end of the puff-volume measuring 
apparatus (1). From the plastic cigarette holder, mainstream 
smoke was diverted into two parallel pathways, one contain­
ing one capillary lube and a Cambridge filter pad (“high-resis­
tance" pathway) and the other containing seven parallel capil 
lary tubes ("low-rcsistance" pathway). The filter pad trapped 
the smoke that passed through the high-resistance pathway. 
The tar (including THC) trapped by Ihe filter was extracted 
with methanol. The tar content (total insoluble particulate 
matter) was analyzed by means of a spectrophotometer (wave­
length 400 run). THC concentrations were determined by in­
jecting dilutions of the methanol wash into a Waters high per­
formance liquid-chromalograph outfitted with a diode array 
detector according to modifications of ElSohly et al. (2). Ion 
pair technology was employed using a Beckman ultraspnere 
CIS column, a walcr:acetonitrilc mobile phase of 15:85, and 
isocralic (low of 2 ml/min. Ultraviolet detection was performed 
at 220 nm with standards obtained from Alltech, Inc. (San 
Jose, CA). Because a constant fraction of the tar (approximately 
12.5%) was retained in the filter over a wide range of puff vol­
umes and flow rates, the actual quantity of inhaled tar, as well 
as inhaled THC, could be calculated by multiplying the amount 
of particulates and THC trapped in the Cambridge filler pad in 
the high-resistance pathway by the term ([I -s- 0.125] 1), or 7
(10). At the end of the period of breathholding after each puff, 
subjects exhaled the smoke into a megaphone device, the distal 
end of which (4.5-cm diameter) was fitted with another Cam­
bridge filter pad attached to a vacuum system (5,16) to trap 
the exhaled particulates. Following methanol extraction, the 
latter were also quantitated by spectrophotometry and the ex-
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haled THC by HPLC (3) as detailed earlier. The amount of 
tar or THC retained (deposited) in the lung was calculated by 
subtracting the amount of exhaled from the amount of in­
haled tar or THC.

Tlic amount of tar delivered to the lung from different 
strengths of marijuana cigarettes is dependent not only on 
smoking technique but also on the actual tar yield of the ciga 
rcttcs, which could vary with the potency of the preparation. 
We, therefore, measured the amount of tar in mainstream 
smoke generated from five 0%, five 1,77%, and five 3.95% 
narijuana cigarettes under standardized smoking conditions 
using a syringe with a 50-ml puff volume, 2-second duration 
and 30-s interpuff interval to uniform butt lengths of 25 mm. 
All the tar in the mainstream smoke was captured in a Cam­
bridge filter interposed between the syringe and the cigarette 
and measured spcctrophotomctrically after methanol elution, 
as described above.

DATA ANALYSIS

For each subject, topographic measurements (puff volume, 
interpuff interval, inhaled volume, breathholding time) were 
averaged for each cigarette smoked. These mean values, as 
well as the number of puffs, cumulative puff volume (the 
product of the mean puff volume and the number of puffs for 
each cigarette), butt length, and the amounts of inhaled and 
retained tar and THC were averaged for all 10 subjects for 
each potency of marijuana smoked COHb "boost," peak 
changes in heart rate from baseline and peak subjective rat­
ings of degree of intoxication after smoking each strength of 
marijuana were also averaged for all subjects. In addition, for 
each subject, each measurement variable was expressed as a 
ratio of that variable determined in relation to smoking 3.95% 
marijuana to that determined for 1.77% marijuana; these ra­
tios served as indicators of the relative pattern for each sub­
ject of smoking active marijuana of two different strengths. 
The Hotelling's T2 test, a multivariate test for within-subject 
differences in repeated measures models, was used to deter­
mine the significance of differences in smoking patterns, de­
livery, and dcp "ition of particulates and THC, and the "boost" 
in COHb and change in heart rate among the different strengths 
of marijuana cigarettes (9). Multiple comparisons were then 
performed using paired r-tests, where appropriate. Because 
the subject’s levels of "high" were based on an ordinal scale, 
these data were analyzed for differences between the THC 
concentrations using Friedman’s nonparamctric two-way anal­
ysis of variance (7). Differences for all tests were considered 
significant for p  values <0.05. Statistical analyses were per­
formed using SAS ( 11) and BMDP (2) software.

RKSULTS

Smoking topography, pulmonary deposition of tar and THC, 
COHb boost, and psychophysiologic responses to smoking all 
showed similarly wide variability across subjects for each 
strength of marijuana. The extent of this variability is illus­
trated for cumulative puff volume, breathholding lime, tar 
deposition, and THC retention in Fig. I, which shows the indi­
vidual values for these variables for each type of marijuana 
preparation smoked.

Mean values (±SE ) for cumulative pulf volume (CPV). in­
haled volume (Vol,), breathholding time, butt length, amount 
of tar and THC retained in the lung, COHb boost, peak 
change in heart rate, and peak level of intoxication for each 
potency of marijuana smoked are shown in Table I. As i i-

pccted, both “active” manjuana preparations (1.77% and 3.95% 
THC) delivered significantly more THC, F{2, 8) = 51.7, p  <  
0.001; Hotelling’s T*. to the lung and resulted in a significantly 
greater change (increase) in heart rate. F(2, 8) = 24.0, p  <  
0,001; Hotelling’s T1, than the "inactive" (0% THC) prepara 
tion, although neither active preparation elicited a signifi­
cantly greater “high" than "inactive" marijuana (p = 0.12; 
Freedman nonparamctric two-way ANOVA). No differences 
in any of the measured smoking topographic variables [cumu­
lative puff volume; average puff volume, number of puffs, or 
intcrpuff interval (data not shown); inhaled volume; breath­
holding time; butt length], nor in COHb boost, were noted 
across the different potencies of marijuana. On the other 
hand, despite the lack of any mean difference in smoking pat­
tern for the different strengths of marijuana, the average 
amount of tar delivered to and retained in the lung from the 
most potent preparation (3.95% THC) was significantly lower 
than that from both the 0% THC and 1.72% THC prepara­
tions (p <  0.03). Moreover, the THC delivered to and rc- 
taircd in the lung from 3.95% marijuana was significantly 
greater than that deposited in the lung from 1.77% marijuana 
(p  <  0.001); this difference is reflected in the significantly 
greater heart rate increase (p <  0.01) following the more po­
tent "active" preparation.

P  .. itan percent of inhaled (delivered) tar that was not 
cxh. 'ei and was thus deposited in the respiratory tract was 
comparable acrnv, the different strengths of marijuana (80.7 ± 
2.1%. 86.9 i  3.2%, and 83.6 t  2.4% for the 0,1.77, and 3.95% 
preparations, respectively). Likewise, the average percent of 
inhaled (delivered) THC that was retained in the lung was 
s„: ilar for the 0,1.77, and3.95% potencies (74.1 ± 5.0%,83,6 t  
3.8%, and 76.5 ± 4.5%, respectively). Consequently, the dif­
ferences between the amounts of tar (or THC) delivered to 
the lung between any two strengths of marijuana were similar 
to the differences between the amounts of tar (or THC) de-
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FIG. I Individual values (or cumulative puff volume (ml) and 
breathholding time (s) and for am ount of tar [optical density (O.D.) 
units] and amount of T H C  (mg) deposited in the respiratory tract for 
0.0, 1.77, and 3.95% manjuana. Horizontal lines represent mean values. 
*p < 0.03 (compared with 1.77% and 0% THC); tp  <  0.01 (compared 
with 1.77% and 0% THC); tp  <  0.001 (compared with 0% THC).



TABLE 1
MEAN VALUES (tS E ) FOR SMOKING TOPOGRAPHY. TAR. AND THC DEPOSITION 
IN THE LUNG. BLOOD CARBOXYHEMOGLOBIN BOOST. AND PSYCHOPHYSIOLOGIC 
RESPONSES TO THC DETERMINED DURING AND AFTER SMOKING MARIJUANA 

CIGARETTES OF DIFFERENT THC CONCENTRATION
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TAR
OD

THC
mg

BHT
sec

CPV
ml

Vol,
liters

Butt
length
mm

COHb
%

High
(0-10)

AHR
m in'1

0% THC 18.9 0.1 7.5 534 2.52 16.7 2.6 3.0 6.2
(2.1) (0.0) (0.6) (87) (0.28) (4.3) (0.5) (0.7) (1.6)

1.77% THC 19.9 13.4* 7.0 447 2.17 19.3 2.0 4.3 30.2*
(2 6) (2.0) (0.6) (5.9) (033) (4.7) (0.4) (0.7) (3.8)

3.95% TH C 13.6" 21.0** 7.5 479 2.11 19.0 2.0 6.0 39.0*'
(1.5) (2.8) (0.7) (57) (0.20) (7.2' (0.3) (0.6) (43)

Definition of abbrcvi ons: Tar = respiralory lar deposition; u .D . =  optical density units; 
TH C  = respiratory retention of A''-tetrahydrocannabinol; BHT = breathholding time; CPV = 
cumulative puff volume; Vol, = inhaled volume of stnokc and air; COH b = carboxyhemoglobin 
saturation; AHR =  change in heart rate from pre-smoking baseline.

’ Significantly different from 0%  TH C ;/) <  0.001.
'Significantly different from 0% T H C ;p < 0.02.
'Significantly different from 1.77% T H C ;// <  0.01.
'Significantly different from 1.77% TH C ;/) <  0.03.

posited (retained) in the lung between the same two potencies 
of marijuana.

The ratio of values for the variables shown in Table 1 for 
3.95% marijuana to those for 1.77% marijuana were calcu­
lated for each subject and averaged across all subjects. The 
distributions of the individual values for most of these ratios 
across the 10 subjects arc illustrated in Fig. 2. Deviations of 
these ratios from 1.0 would imply a difference between the 
more and less potent “active'' marijuana preparation with re­
spect to smoking technique, delivery of smoke contents to the 
lung or the physiological effects of such delivery. The broad 
range of these ratios, which straddled 1.0 for all variables ex­
cept the amount of THC delivered to and retained in the lung.

reflects the large degree of variability across subjects in differ­
ential smoking technique and in subjective and physiological 
responses to THC between the two strengths of marijuana 
(Fig. 2). On average, ratios of values tor smoking pattern, in­
cluding cumulative puff volume, breathholding time, and in­
haled volume, were close to 1.0. On the other hand, ratios for 
THC deposition, change in heart rate and “high" were always 
or mostly above 1.0, while ratios for tar deposition were 
mostly less than 1.0.

The individual tar yields determined using a standardized, 
syringe-simulated smoking technique for each of the five ciga­
rettes of each strength that were tested are shown in Fig. 3.
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FIG. 2. Individual ratios of values for cumulative puff volume 
(CPV), breathholding lime (BHT), respiratory tar deposition (TAR), 
respiratory retention of THC (TH C), heart rate increase over 
presmoking baseline (H R ), level of intoxication (H IG H ) and 
carboxyhemoglobin boost (COHb) determined for 3.95% marijuana 
to those determined for 1.77% marijuana (3.95% MJ: 1.77% MJ).

FIG. 3. Individual values for amount of tar (O .D.) in mainstream 
smoke generated from five 0.0%, five 1.77% and five 3.95% 
marijuana cigarettes using a syringe with a 50-ml puff volume, 2-s 
duration and 30-s interpuff interval to butt lengths of 25 mm. 
Horizontal lines represent mean values. */) <  0.05 (compared with 
1.77% and 0% T H C ).
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The average tar yield from the 3.95% marijuana cigarette was 
19.3 ±  1.6 (SEM) optical density (O.D.) units, which was sig­
nificantly lower (p <  0.05) than the tar yields from both the 
1.77% preparation (25.2 t  1.4 O.D.) and the 0% preparation 
( Z U  ± 1.6 O.D ).

DISCUSSION

The major findings from this study are that, in a small 
number of healthy, habitual marijuana smokers asked to 
smoke different strengths of marijuana to a desired level of in­
toxication, the amount of tar delivered to and deposited in (he 
lung from the most potent marijuana preparation tested was 
significantly reduced compared to that of less potent prepara­
tions, despite the lack of demonstrable overall differences in 
smoking topography, including cumulative puff volume, across 
the different strengths of marijuana (Table 1). In contrast, no 
difference in COHb boost was observed between more and 
less potent marijuana cigarettes, while THC delivery and lung 
retention were significantly greater for 3.95% than 1.77% 
marijuana, as reflected in a significantly greater heart rate in­
crease (p <  0.01) following the 3.95% than the 1.77% prepa 
ration (Table 1).

Differences in THC delivery and the related physiological 
responses to smoking marijuana of different strengths were 
found despite instructions to the subjects to smoke only to 
their desired level of intoxication. Possible reasons for the ob 
served differences in THC delivery arc I) that subjects were 
generally unable to "titrate" THC delivery to achieve a uni­
form “high" from the 1.77 and 3.95% marijuana cigarettes; or 
2) that (heir desired level of intoxication was greater than that 
which could be achieved with the weaker of the two active 
marijuana preparations under the conditions of the cxperi 
ment, in which they were constrained to smoking only a single 
marijuana cigarette. In favor of the former possibility is that 
maximum levels of intoxication were not attained in the ma­
jority of subjects (7 of 10) until at least 5 min, and in some 
subjects (4 of 10) as long as 15 min, after completion of smok­
ing, thus compromising their ability to self-titratc intake of 
smoke (and thus THC) based on levels of "high” perceived 
during active smoking. On the other hand, it is still possible 
that adjustments could be made during smoking wilh the ex­
pectation of delayed jseak “highs" based on previous experi­
ence. The alternative possibility, namely that the single 1.77% 
preparation was insufficient, even if consumed lo the maxi­
mum extent tolerable, to produce the desired level of intoxi­
cation, appears inconsistent with the finding that mean butt 
lengths of the smoked 1.77% and 3.95% marijuana cigarettes 
were nearly identical (19.3 mm and 19.0 mm, respectively). 
On the other hand, in 3 of Ihe 10 subjects, butt lengths of the 
1.77% marijuana cigarette were substantially shorter than 
those of the 3.95% preparation and. in 2 additional subjects, 
both preparations were nearly completely consumed (butt 
lengths 2-4 mm). Therefore, the possibility remains that in 
this subset of subjects the weaker of the two active prepara­
tions was insufficient to yield the desired level of intoxication, 
even when smoked to a relatively short butt length, in the ab­
sence of access to more than one marijuana cigarette.

The observation that the amount of tar deposited in the 
lung tended to be reduced for 3.95% marijuana compared to 
1.77% marijuana (Table I and Pig. I) is difficult to explain 
solely on the basis of differences in smoking topography, be­
cause smoking topography, including Ihe variables that have 
been found to correlate best with the amount of tar delivered 
to and retained in the lung (cumulative puff volume and breath

holding time) (13) were, on average, nearly identical for both 
the higher and lower strengths of active marijuana. Smoking 
marijuana down to a longer butt length would be expected to 
decrease tar delivery partly due to the increased filtration 
through the longer shaft of the cigarette (14); because average 
butt lengths were similar for the two uctivc strengths of mari­
juana that were studied, however, this factor could not have 
accounted for the generally lower tar delivery from the more 
potent cigarette. On the other hand, considerable intcrindi- 
vidual variability was observed in the 3.75:1.77% marijuana 
ratios both for tar delivery and deposition and for cumulative 
puff volume and breathholding time (Fig. 2). For the most 
part, those subjects who exhibited lower cumulative puff vol­
umes when they smoked 3.95% marijuana than 1.77% mari­
juana also deposited lower amounts of tar in their lungs when 
they smoked the more potent preparation. A similar relation­
ship between breathholding time and respiratory tar delivery 
for the two active strengths of marijuana was not observed. 
These observations suggest that, at least in some subjects, the 
reduced tar delivery to the lung from the higher potency mar­
ijuana preparation might be accounted for. at least in part, by 
adjustments in smoking technique that result in a lower cumu­
lative puff volume.

Reduced tar delivery from more potent marijuana ciga­
rettes could also occur if the actual tar yield from stronger 
preparations were reduced relative to that from the same 
quantity of weaker preparations, when smoking technique 
was standardized. To evaluate this possibility, we measured 
the amount of tar in mainstream smoke generated from the 
different strengths of marijuana cigarettes using a standard­
ized in vitro smoking technique. As shown in Fig. 3, the aver­
age tar yield from the 3.95% marijuana cigarette was signifi­
cantly lower (/> <  0.05) than the tar yields from both the 
1.77% and the 0% preparations. Consequently, a reduced tar 
yield from stronger preparations of marijuana might contrib­
ute, at least partly, to less delivery of tar to the lung. On (he 
other hand, no difference was noted between the tar yields of 
the 0 and 1.77% preparations, so that a linear relationship be­
tween the potency of a marijuana cigarette and its tar yield 
was not apparent over the entire range of potencies (0.00- 
3.95% THC) of the preparations that wc tested. Data from a 
recent preliminary Australian study on the relative yields of 
condensed particulate matter (tar) and THC from different 
samples of seized marijuana ranging in potency from 0.57 to 
13.0 % (mean 3.42%; median 1.8%) (Hall, W., National Drug 
and Alcohol Research Centre, Kensington, Australia; Per 
sonal Communication) show a weak relationship between 
THC content and tar yield for preparations with THC conccn 
trations *;2.5% and inconsistently lower tar yields for the few 
preparations tested with THC concentrations >5%. Conse­
quently, had we been able to evaluate the influence of smok­
ing marijuana cigarettes with THC concentrations >5%, wc 
might have found greater reductions in respiratory tar deliv­
ery than we demonstrated in the present study for 3.95% 
compared to 1.77% marijuana.

Mainstream smoke from marijuana or tobacco is a highly 
concentrated aerosol of liquid particles that is formed by com 
plex chemical reactions, including hydrogenation, pyrolysis, 
oxidation, decarboxylation, dehydration, chemical condensa­
tion. distillation, and sublimation (15). Tlic smoke aerosol is 
composed of a large variety of organic and inorganic chemi­
cals dispersed in a gaseous medium of nitrogen, oxygen, hy­
drogen, carbon dioxide, carbon monoxide, and a number of 
volatile and semivolatilc organic chemicals. The tar phase con­
sists of total particulate matter minus water and contains a
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number of constituents, including tumor initiators, carcino­
gens, and cocarcinogcns that contribute to the health hazards 
of smoking. Several factors influence the tar yields of tobacco 
cigarettes (15) that might also be relevant to marijuana. These 
include plant genetics and growth conditions that affect chem­
ical composition and physical properties of the leaf, moisture 
content, the curing and fermentation process, burning tem­
perature, the quality of the cigarette paper (e.g.. porosity), 
and the presence or absence of a filter. Which of these factors 
may be responsible for the apparently lower tar yield from 
more potent preparations of marijuana is unclear.

The mean percentage of inhaled tar deposited in the lung 
in the present study from manjuana cigarettes of different po­
tency (80.7-86.9%) is similar :o that previously reported from 
our laboratory from 0.00 and 1.24% marijuana cigarettes 
(84.4-86.1%) and higher than that deposited from tobacco 
cigarettes (64.0%) (16). The greater percentage deposition of 
inhaled tar from marijuana than tobacco cigarettes is attribut­
able to the longer breathholding time characteristic of mari­
juana smoking compared to tobacco smoking (13,16). The simi­
larity in mean breathholding times observed in the present 
study during the smoking of marijuana cigarettes of different 
strengths (Table 1) is consistent with the comparability in 
mean percentage of delivered tar that was deposited in the 
lung across the different potencies of marijuana.

In summary, in a small number of habitual marijuana users 
studied during the smoking of single marijuana cigarettes of 
varying potency up lo a maximum THC concentration of 3.95%, 
adjustments of smoking topography lo the different strengths 
of marijuana were highly variable between subjects. Under 
the conditions of the experiment (limited maximum potency

of marijuana and a limit of * single cigarette), smokers gener­
ally appeared unable to titrate THC delivery to achieve a uni­
form "high,” so that the level of intoxication and heart rate 
were often more increased after smoking cigarettes of higher 
than lower potency. Tar delivery from 3.95% marijuana was 
reduced relative to that from 1.77% marijuana in 3 of 10 sub­
jects, and the reduction in tar delivery appeared to be related 
to reduced intake of smoke (lower cumulative puff volume) in 
these few subjects, as well as to the reduced tar yield during 
combustion of the stronger marijuana preparation. COHb boost 
was not affected by the potency of the marijuana smoked. We 
conclude that, compared to lower potency marijuana ciga­
rettes, stronger preparations appear to lead to a modest re­
duction in exposure of the lung to tar in some smokers but not 
to carbon monoxide. Wc did not assess the influence of vary­
ing THC content on the respiratory delivery of volatile con­
stituents other than carbon monoxide in the gas phase of mar­
ijuana smoke, some of which are known to be biologically 
hazardous. Although it is possible that relatively reduced ex­
posure to carcinogenic components in the tar phase of mari­
juana from smoking cigarettes with a higher THC content 
might rcducc the carcinogenic risk of marijuana smoking, the 
(rue health implications of these findings arc as yet unclear.
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The Limited Relevance of Drug Policy: 
Cannabis in Amsterdam and in San Francisco
| Craig Reinarman, PhD, Peter D. A. Cohen, PhD. and Hendrien L Kaal, PhD

O bjectives. W e te s te d  th e  p re m ise  th a t  p u n is h m e n t  fo r c a n n a b is  u se  d e te rs  
u s e  a n d  th e re b y  b e n e fits  p u b lic  h ea lth .

M ethods. W e c o m p a re d  re p re se n ta tiv e  s a m p le s  o f e x p e r ie n c e d  c a n n a b is  u se rs  
in s im ila r  c itie s  w ith  o p p o s in g  c a n n a b is  p o l ic ie s -  A m s te rd a m , th e  N e th e rlan d s  
(d ecrim in a liza tio n ), a n d  S an  F ran cisco , Calif (c rim in aliza tio n ). W e c o m p a re d  ag e  
a t o n s e t ,  re g u la r  a n d  m a x im u m  u se , f re q u e n c y  a n d  q u a n tity  o f u se  o v e r tim e, 
in te n s ity  a n d  d u ra tio n  o f in to x ica tio n , c a re e r  u s e  p a t te rn s , a n d  o th e r  d ru g  u se.

R esu lts. W ith  th e  e x c e p tio n  of h ig h e r  d ru g  u s e  in S a n  F ra n c isc o , w e  fo u n d  
s tro n g  s im ila ritie s  a c ro s s  b o th  cities. W e fo u n d  n o  e v id e n c e  to  s u p p o rt  c la im s 
th a t c rim in a liza tio n  re d u c e s  u se  o r th a t d ec rim in a liza tio n  in c re a s e s  use.

C onclusions. D rug p o lic ies m ay  h av e  le s s  im p a c t o n  c a n n a b is  u s e  th a n  is c u r­
ren tly  th o u g h t. {Am  J  Public Health. 2 004;94:836-842)

There is a trend am ong W estern d em o o n  
cies toward liberalization of cannabis laws. 
(Cannabis includes both m anjuana and  
hashish ) In 1976, d ie N etherlands adopted  
de facto decriminalization. Under Dutch Inw. 
possession rem ains a  crune, but the national 
|xslicy o f  the Ministry o f Justice is to not en ­
force dial law. A lter 1980, a system of “cof­
fee shops" evolved in which d ie  purchase of 
small quantities o f cannabis by adults was in 
formally tolerated and  was then formally 
perm itted in shops d ial were licensed.I_J 
D unng the 1990s, Switzerland, Gennany. 
Spain, Belgium, and Italy shifted d ieir drug 
policies in d ie Dutch direction. Portugal de­
criminalized cannabis in 2001 , and England 
similarly reclassified cannabis in 2 0 0 4  Can­
ada and New Zealand arc currendy consid- 
ering cannabis decriminalization. Ihese 
shifts constitute d ie first steps away from die 
dom inant drug policy paradigm  advocated 
by the United States, which is punishment- 
based prohibition.* *

Moving in the opposite direction, die 
United States has stiffened criminal penalties 
for d rug offenses and has increased arrests 
for cannabis offenses Since 1996, voters in 
8  states and die District of Columbia have 
passed medical-marijunna initiatives, bul die 
federal governm ent hns resisted im plem enta­
tion In 2001 , 7 2 3 6 2 7  people were a r­
rested for m arijuana o ffenses7 In 2 0 0 2 , the 
Drug Enforcem ent Adm inistration began 
raiding m edical-m arijuana organizations,8 
and the W hite I louse Office of National 
D rug Control Policy launched  u campaign 
against m anjuana 1 1 

Such policies are designed to deter use.
Ih e  core empirical claim m ade by criminal­

ization proponents is dial, absent die threat of 
punishment, die jirevalence, frequency, and 
quantity of ram mbis use will increase and will 
direaten public health." '**’ Ih e  question of 
w hether deterring use enhances public health 
was beyond die scope of our study, but we

did exam ine die proposition dial drug policies 
affect user behavior and deter use. It ls possi­
ble dial die causal arrow points die odicr 
w ay-tha t user behavior affects laws and poli­
cies. which lias been die case widi alcohol 
jxilirics in some countries.17 However, die 
Marijuana lax Act of 1937, which first m m i 
nalized cannabis, predated widespread canna­
bis use ui die United Stales and had d e a r  po­
litical origins.18"21 In die Netherlands, de facto 
decriminalization o f  cannabis was first forged 
m die late 1960s, when use was spreading 
among the youth counterculture. But Dutch 
policymakers decided that cannabis use was 
unlikely to  lead to deeper deviance and that 
criininolizafion could lead to greater harm lo 
users dian the dm g itself.1 In neither country, 
then, was user behavior th effective cause of 
laws or policies.

Die presum ed effects o f cannabis policies 
have been explored by those who are critical 
of criminalization in the United Slates2"’ and 
by dtosc who are skeptical o f Dutch decrimi­
nalization.21 However, until now there have 
been no rigorously comparative studies o f 
user behavior designed lo assess whether 
criminalization constrains use or w hether de­
criminalization increases it. O ur study com­
pared the career use patterns of representa- 
Uve samples of experienced cannabis users in 
2 cities with many similarities but with differ­

ent drug-control regimes -A m sterdam , die 
Netherlands (decriminalization), and San 
Francisco, Calif (criminalizaUon).

San Francisco was selected os the US com­
parison city not because it is representative of 
die United Suites bul because it is die US city 
most comparable to Amsteniom. Both cities 
are large, highly urbanized port cities with di­
verse populations of slighUy more dion 
7 0 0 0 0 0  They are  financial and entertain­
ment hubs for larger regional conurbations, 
and they have long been perceived widiin 
dicir hom e countries as cosmopolitan, politi­
cally liberal, and culturally tolerant.

Low enforcem ent officials in San Fran­
cisco are not as zealous about enforcing 
m arijuana laws as Inw enforcem ent officials 
are in most od ier US cities. Nonedieless, San 
Francisco is em bedded in d ie  dm g policy 
context o f crim inalization, whicli is a mark­
edly different d m g  policy context than dial 
of Am sterdam. Buying and selling cannabis 
are perm itted in A m sterdam  in 2 8 8  licensed 
"coffee shops,"2'* and public use is permitted, 
w hereas in San Francisco, buying, selling, 
ond public use o f m arijuana remain criminal 
offenses. In Am sterdam, there is neither 
proactive n or reactive policing of use or low- 
level sales, although police do enforce regu­
lations against coffee shops' advertising, sell­
ing lo minors, and creating public nuisances.
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In San Francisco, there is strong proactive 
and reactive policing of sales, and there is 
moderate reactive policing of use.

These differences in drug polity  context 
ore palpable to users. San F ranrijco  s tu ­
d en ts  are  suspended from schools m d are 
placed in treatm ent for -lan ju an a  use. San 
F n n d s c o  users risk citations, fines, an d  a r­
rests if they are  detected  buying, po vscss 
ing, o r  using m arijuana. In Am sterdam, 
users face none of these risks. Die use and 
sale o f o th er illicit drugs som etim es used by 
cannabis users is proactively policed in San 
Francisco In Am sterdam, police occasion­
ally engage in reactive policing of com 
plaints about open use or sale o f o th er 
drugs, but they do  not proactively potiol in 
search  of these offenses.

METHODS

We required not merely a random sample 
o f cannabis users but a random sample of 
users who had enough experience (defined as 
a t least 25  episodes of use during their life­
times) to answer questions about career use 
patterns. In Amsterdam, recruitment of users 
began as part of a drug-use prevalence survey 
o f  the general population. This survey was ad­
ministered to a random sample that was ob­
tained from Amsterdam's Municipal Hopulntion 
Registry. The overall response rate was 5 0 2 %  
which yielded a sample or 4 3 6 4  " ' (The re­
sponse rate was slightly M o w  tile 55%  re­
sponse rate of u 1990 iteration of tile survey 
Sampling details and an extensive resjxinse/ 
nonresponse study ran  he found in Sandwijk 
et a).21 or at http://www.cedro-uva.otg/lih.) 
Comparisons of responders wilh nonrespon­
ders and wilh known city demographic data 
indicated no need for weighting All rcspon 
dents who nqxirted having used cannabis at 
least 2 5  limes (n =  535; 12.3%) were asked lo 
participate in an in-deplh interview about their 
cannabis use. Of these 5 35  experienced users, 
216 (40.5%) were interviewed in 1996.Jf’

Hus modest response rate necessitated a 
check o f representativeness. VVe compared lire 
216 users who responded with die 319 who 
did nol on 12 demographic and drug-use 
prevalence variables Respondents had stighily 
higher levels o f formal education and slightly 
higher past-yenr prevalence of cannabis

use.2"'”  bul otherwise, they showed no differ 
enccs compared with nonrespondents and 
thus were reasonably representative of experi­
enced ciuinabts users in the general popula­
tion Homeless and institutionalized persons 
were not interviewed for either survey 

Beginning in 1997, the Am sterdam su r­
vey of experienced runnobis users was repli­
cated in San Francisco, w here there is no 
population registry To rem ain consistent 
wilh Am sterdam, we first drew  an area p rob­
ability sample by randomly selecting census 
tracts, blocks, buildings, ouseholds, and 
adults within households. VVe adm inistered a 
brief prevalence survey containing dem o­
graphic and drug-use prevalence questions 
Unlike die Am sterdam prevalence survey, 
which was an extensive study in its own 
right, the brief prevalence survey in San 
Francisco was principally designed to gener­
ate a random  representative sample o f expe­
rienced cannabis users 

T he overall response rate o f die San Fran­
cisco prevalence survey was 5 2 .7 %  which 
yielded a sample ol 891.28 Of these respon­
dents, 3 4 9  reported that diey had used can­
nabis 25  or more Umes (39.2%  of die popu­
lation sample and 3 times die prevalence 
found in the Amsterdam sample) and were 
asked lo participate in the in-depth interview; 
2 6 6  (76 2%) respondents were ultimately in 
tcrviewed in-depth about dieir career use pat 
terns As a  check on dieir representativeness, 
icspondents were compared widi nonrcspon- 
dents on 10 demographic and dm g use prev­
alence variables. No statistically significant 
differences were found.

The Dutch questionnaire was translated for 
use in Sail Francisco. Non English sjieakmg 
Asian Americans were excluded because of 
die prohibitive costs o f  translating instruments 
and training interviewers in the many Chinese 
and other Asian languages found in Sun Fran 
risco. Tilts exclusion was not consequential, 
because national prevalence studies show that 
illicit drug use among Asian Americans is die 
lowest of any edinic group.2" Also, non -English 
speakers arc mosdy elderly and are thus least 
likely lo be cannabis users. However, die in­
struments were translated into Spanish, and 
bilingual interviewers conducted interviews 
when necessary. Homeless and institutional­
ized persons were not interviewed.

A ge a t  O n se t, F irs t R eg u la r U se , a n d  
M ax im um  U se

I h e  mean age at onset o f  cannabis use was 
nearly identical in bodi alies: 16.95 years in 
Am steidam  and 16.43 years in San Fran 
cisco. T he mean age at which respondents 
comm enced regular use (2 once p er month) 
also w r 9 m arly  identical 19 11 years in Am­
sterdam  and 18.81 years in San Francisco.
The m ean ngc al which respondents in bodi 
cities began dieir periods of maximum use 
was about 2 years after they began regular 
use; 2 1.46  yeurs in Amsterdam and 21 9 8  
years in Son Francisco. Clear majoridcs in 
both cities reported pcnods of maximum use 
of 3 years o r less.

C a n n a b is  U se  P a t te rn s  Over Time
VVe asked about die frequency and die 

quantity o f use and the intensity and the du ­
ration of intoxication To assess how these di­
mensions of use may have d ianged over time, 
we asked about each for 4 periods: first year 
o f regular use (2 once per mondi), maximum 
use period, past y ear (12 m onths before die 
interview), and past 3 m onths (3 months be­
fore the interview)

Frequency o f use. ligu re 1 shows die fre­
quency of reported marijuana use for these -1 
periods; the overall pattern is similar across 
bodi cities. During first year o f regular use, 
strong majorities reported use o f cannabis 
once per week o r less, whereas small percent­
ages reported dully use. Frequency increased 
during the p--riod o f maximum use but de­
clined sharply diercufier. Amsterdam respon­
dents reported more frequent use than did 
Sun Francisco respondents during their first 
year of regular use (1=4.019; df= 479 ; / '=
.000) and dunng dieir jieriod of maximum 
use (1=2.979; <(/= 479 ; 1 = 0 0 3 ). W hen die 
maximum-use period was compared widi die 
past year, daily use declined from 4 9 %  to 
10% in Am sterdam and from 3 9%  to 7%  in 
San Francisco. This decline was even greulut 
for die past 3 months.

The basic trajectory of frequency of use 
across careers was parallel in nodi cities Most 
users reported a maxm mnvuse period of 2 to 
3 years, after which die vast majonly sharply 
reduced dieir fro juency of use or slopped al

RESULTS
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FIGURE 1-Frequency of cannabis use for 4 periods, by city (%).'
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FIGURE 2-Average quantity of cannabis used per month (%).*

together. Roughly three fourths of die respon­
dents in each city reported that they had used 
cannabis less than once per week o r not at all 
in the year before the interview

Quantity o f  use. figu re 2 shows dial in die 
first y ear of regular use. few respondents in 
e ither city consumed large quantities o f can­

nabis. Only 3 %  in Amsterdam and 5%  in San 
Francisco used 28  grams (approximately I 
ounce) during an average mondi. Amsterdam 
respondents used significantly smaller quanti- 
des dian did San Francisco respondents during 
diis period. W hen the 2 smallest categories 
were combined, two diirds in Amsterdam

(66%) and slightly less m San Francisco 
(59% ) were found to have consumed 4 or 
fewer grams per month during their first year 
of regular use. More than one third used less 
than 2 grams per month during their fust 
year of regular use—38% in Amsterdam and 
35% in San Francisco.

Quantities consumed during maximum-use 
periods were larger and very similar across 
the cities. About two thirds of respondents 
consumed an average o f 14 o r fewer grams 
per n io n d i-eO ^ i in Amsterdam and 6 4 %  in 
San Francisco. Less than 1 in 5 respondents 
in each city (18%) consumed oil average of 
28  grams per mondi o r more during their 
mnximum-usc periods.

D unng the y ear before the inierview, 
consum ption am ong diosc who still used 
cannabis declined sharply. Clear n iajondes 
used 4 o r fewer grams per month, although 
diis proportion was sm aller in Amsterdam 
(63% ) than in Son Francisco (72% ) (/=  
2 .2 07 ; df=  2 9 7 ; / J= .028). About I in 3 re­
spondents in each city reported  no use. 
Overall, the patterns were parallel in both 
cities; quantities used increased from first 
regular use through maximum use but then 
quantities used declined steadily o r use 
ceased altogether over d ie course of die re­
spondents' careers 

Intensity o f mtuxu-ahon Respondents were 
asked to estimate "how high or how stoned 
you generally got" when they consumed can 
nahis. Some recalled this occurence widi 
greater consistency than did others, but all of 
diem were able to make basic ordinal distinc­
tions between more- and less-intense highs.
To increase reliability of respondents' esti­
mates, we displayed a G-point scale ranging 
from “light buzz* ( I ) to "vciy high" (6) and 
asked them lo select the num ber that best 
summarized dieir highs during each period.

Figure 3  shows that respondents in bodi 
a ties generally increased die intensity of dieir 
highs dunng penods o f maximum use but 
m oderated dieir highs diereafler (past-year 
and past-month figures exclude those who 
had quit). Amsterdam respondents were sig­
nificantly more likely dian San Francisco re­
spondents lo report milder intoxication dunng 
die first year of regular use and during maxi- 
mum-u.se periods; mean scores for die first 
year were 3.5 in Amsterdam and 3.9 in San
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Note. fY • first rear ot regular use (2 once per month), MP • manimum use period; PY- past year P3M • pas? 3 months 
‘Respondents who stilt used at time of sunrcy, lot past year and past 3 months

FIGURE 3—Intensity of Intoxication during typical occasion of cannabis use (%).*

Francisco (/= ~ 3 .18 0; d f - 476 ; 7*= .002), and 
these scores rose for maximum-use periods lo 
3 .9  und 4.4, respectively ( f= -4  932, df= 
413; P=.000)

ITie same pattern was found for the more 
recen t periods, although the mean scores d e­
clined The projiortion of respondents who 
chose 6 (very high) rem ained small and was

between 3 %  arm 7%  in both cities. For 
highs experienced during the pas! year, Am­
sterdam  respondents were again more likely 
to report milder intoxication ( /= -2 .2 3 3 ;  
d /= 3 1 0 ; 7’= .0 2b). For the pasl-3-m onlh 
periods, majorities in both cities reported 
milder highs of 1 to 3 on the 6-point scale. 
In short, respondents in both cities reported
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Note. FY - First year ol regular use (>once per mouth); MP-tr jnmum use period; PY-past year; P3M-past 3 months 
‘Respondents who still used at time ot suivey, lor past year and past 3 months

FIGURE 4-Duratlon of high during a typical occasion of cannabis use (%).*

less intoxication with use over the course of 
their careers 

Duration o f  intoxication We also asked 
‘about how long" respondents were high 
during a typical occasion o f cannabis use. 
Reported durations w ere correlated with fre­
quency and with quantity  but were not a 
function of frequency and quantity alone. 
Here, (oo. we found a tendency tow ard m od­
eration over the course o f users’ careers in 
both cities. Figure 4 shows that Amsterdam 
respondents reported highs o f somewhat 
longer duration than reported by respon­
dents in Sun Francisco during Ihe first year 
of regular use (f«*2 .3 2 9 ; d f - 476 ; P=.020). 
(One review er noted a divergence between 
San Francisco respondents, who reported 
more intense highs during 3 of ihe 4 periods, 
and A m sterdam  respondents, who reported 
higlis o f  longer duration  during 1 period Be­
cause we found no reason to suspect that et- 
iher sam ple played up or played down their 
responses to any o f the questions, this diver­
gence m ay indicate culture-specific con­
sum ption styles o r  cultural gram m ars of in­
toxication. lu ” ) I lowcver, during the o ther 3 
time periods there  were no significant differ­
ences: in each city, a  clear majority of users 
regulated their ingestion so that higlis lasU.il 
2 to 3 hours o r less. Substantial minorities in 
each city reported being high for 4 o r more 
hours during  maximum-use periods, but 
these proportions dropped sharply after 
those periods. O f those who used cannabis 
during the 3 m onths before the interview,
8 9 %  in A m sterdam  and 9 3 %  in San Fran­
cisco reported  being high for 2 to 3  hours 
o r less.

Overall C a re e r  U so  P a tto rn s
We also asked respondents to characterize 

their overall career use patterns We pre­
sented a typology of trajectories u  and asked 
them  to  identify tire 1 that "best describes” 
their cannabis use over time f  Fable 1).

Two career use patterns were dominant in 
both cities. FVittem 4 —gradual increased use 
followed by sustained decline—was tlic most 
common (49 .4%  o f die combined sample).
ITie second most common was Pattern (5- 
wide variation over time (24 4%  of the com­
bined sample). Patterns 1, 2, 3, and 5 wen- 
each selected by only 6%  lo 8 %  of die cont-
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TABLE 1-Trajactoftei of Overall Career 
Use

Putin
Amsterdam. 

No OU
San fnnertco. 

No 0U
1: drdmmg IT {7-9) 18 (6.8)
7. ecifiUng 13(6 0) 17(64)
3: stable 24(11.1) 5(13)
4: increase/ 104 (481) 133(50 4)

decline
5: intermittent 7(32) 25(9.51
6: variable 51 (236) 66(25 0)

Total 216(100 0) 264(100.0)

Note x'*24.047;dr*5;P» 000 Partem names 
listed as shown to respondents

bmcd sample. I’attem  3—stable use from the 
beginning onwand-was selected significantly 
more often by Amsterdam respondents 
(11.1%) than by San Francisco respondents 
(1.9%), whereas Pattern 5 -u iterm itten l use 
(many starts and slops over time)—was se­
lected significantly more often by San Fran 
cisco respondents (9.5%) than by Amsterdam 
respondents (3,2%).

These findings nre consistent with findings 
on frequency and  quanUty of use and  inten­
sity and diinmon of intoxication, and they 
have important public health implications 
Claims that cannabis produces addicuon or 
d e p e n d e n c e ° 'w lead one to expect that 
many experienced users would report Pat­
tern 2 -escalation  o f use over time. But this 
pattern was reported by only 6%  in both 
cities, which means that 9 4 %  of respondents 
had ovrrall career use patterns that d id  not 
entail escalation across careers

O th er Illicit Drug U se
Another important question about the ef­

fects o f drug policies concerns the use of 
oilier illicit drugs ITie ‘separation o f  m ar­
kets," in which lawfullv regulated cannabis 
distnbuluin reduces ihe likelihood that people 
seeking cannabis will be drawn into deviant 
subcultures where "hard drugs" also are  sold 
is one public health objective of Dutch d e­
criminalization The reduction o f cannabis 
use and thereby tne reduction or the extent to 
which it serves as a "gateway” to "harder" 
drugs is one public health objective o f  US 
criminalization.1112111<’

TABLE 2-Prevalence cf Other Illicit Drug Use, Lifetime ind During the Past 3 Months

Amsterdam («- 216) San Francisco (m•264) Significance *2
LTP P3MP UP P3MP LIP P3MP

Corame 48.1 9.3 732 73 NS
Crack 17 0.5 18.1 14 • •
Amphetamine 373 19 604 43 NS
Ecstasy 25.5 93 400 64 • NS
Opiate 218 0.5 35.5 2.7 • 1

Note UP* lifetime penod, P3MP- past 3 months; NS • not sipulicant 
‘Too lew cases in celts to compute statistical test.
•P<001

Users who had ingested cannabis 25  times 
or m ore dunng tfieir lifetimes were far more 
prevalent in Son Francisco than in Amster­
dam. and the same was true for users of o ther 
illicit drugs Table 2 shows a significantly 
lower lifetime prevalence of o ther illicit dm g 
rest* ui Amsterdam than in San Francisco 
Dunng the 3 months before the interview, 
prevalence of crock and opiate use also were 
significantly higher in San Francisco, hut co­
caine. amphetamine, and ecstasy use were 
not significantly different Thus, rates of dis- 
contrnuation-the decline from lifetime preva­
lence lo jirevalcnce during the post 3 
m onths-w cre somewhat higher in Sail Fran­
cisco for cocaine, amphetamine, and ecstasy; 
however, rates o f discontinuauon were high 
(6 4 % -9 8 % ) for all dmgs in both cities.

D ISC U SSIO N

I’rojxments of criminalization attribute to 
their preferred dnig-control regime a special 
power to affect user behavior O ur findings 
cast doubt on such attributions. Despite 
widespread lawful availability of cannabis in 
Amsterdam, there were no differences be­
tween tlie 2 cities in age at onset o f use, age 
at first regular use, o r age at the start of max­
imum use. Either availability in San Fran­
cisco is equivalent lo that in Amsterdam de­
spite policy differences, o r availability per se 
does not strongly influence onsel o r oilier ca­
reer phases

Wc also found consistent similarities in pat­
terns o f career use across the different policy 
contexts. Although a few significant differ­
ences were found in some dimensions of use

during some career phases, the basic trajec­
tory was the sam e in both cities on ail dim en­
sions o l use; increasing use until a limited pe­
riod of maximum use, followed by a sustained 
decrease in use over time or by cessation. It is 
significant, from a public health perspective, 
tha t clear majorities o f experienced users in 
both cities never used daily or used large 
am ounts even during their peak periods, and 
that use declined after those peak periods. 
Furthermore, both samples rejxirted similar 
steady declines in degree and duration of in­
toxication Only 6%  in each a ty  rejiorted es­
calation of use over time.

Wc expected differences in dm g jjolicies to 
affect the duration of cannabLs-usc careers 
and tlie rales of cessation Criminalization is 
designed lo decrease availability, discourage 
use, and jirovide incentives to q u it Decrimi­
nalization Ls said to increase availability, en ­
courage use, and provide disincentives to 
q u i t  'ITius. we expected longer careers and 
fewer quitters in Amsterdam, but our find­
ings did not support these expectations. Can­
nabis careers ranged from 1 to 3 8  years, and 
9 5 %  of respondents in both cities reported 
careers o f 3 years or longer. ITie mean ca­
ree r length was slightly greater in Son Fran­
cisco (15 years) than in Amsterdam (12 years), 
but this finding was mostly because of tlie 
som ew hat higher mean age in the San Fran 
cisco sam ple (34  years vs 31 years). Simi­
larly. nearly identical proportions of respon­
dents in each city had quit by die time they 
were interview ed—3 3 .8 %  in Am sterdam 
and 3 4 .3 %  in San Francisco.

If dm g |w liries are a fHitenl influence on 
user behavior, there should nol be such
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strong similarities across such different drug 
control regimes. Our findings do not support 
claims that criminalization reduces cannabis 
use and that decriminalization increases can­
nabis use. Moreover, Dutch decriminalization 
does not apjiear to be associated with greater 
use o f o ther illicit drugs relative to dm g use 
in San Francisco, nor does criminalization in 
San Francisco appear to be associated with 
less use of o ther illicit dm gs relative lo their 
use in Amsterdam. Indeed, lo judge from the 
lifetime prevalence of o ther illicit d m g  use. 
the reverse may be the case.

O ur study has limitations and should be 
replicated in o ther a ties  over longer periods 
W hile our findings share the limitations of all 
self-report studies (e g., vague or selective 
memory, over- o r understatem ents of fact), 
we attem pted to minimize these limitations by 
m eans of carefully worded questions, exten­
sive pretesting, and use o f multiple measures. 
T he questionnaire is available under question­
naire a t h u p ://www.ccdro-uvn.org/lib/cohen 
canasd.html. Our comparable samples and 
m easures helped isolate the effects o f dm g 
policies, but "all else" is not necessarily 
"equal." Cultural and social conditions in Ihe 
United States arc different from in the 
Netherlands; therefore, cannabis use might in ­
crease if tlie United States were to adopt a 
Dutch approach. Further studies that examine 
prevalence before and alter policy shifts 
would be illuminating, although previous 
studies of Ihe impact of m anjuana decriminal­
ization among II US suites during ihe 1970s 
found no increases.3338

O ne hypothesis for future research is that 
with a widely used dm g like cannabis, the in­
formal social controls that users develop as 
part of dieir culture3031 37011 have m ore pow­
erful regulatory effects on their behavior than 
do fonnal social controls such as dm g poli­
cies. This possibility em erged from responses 
to questions about die circumstances respon­
dents found appropriate for cannabis use. In 
bodi cities, relaxation was die most common 
purpose of use, and majorities from both 
cities rejjorted dial diey typically used canna­
bis widi friends and at social gadierings. Ma­
jorities in bodi cities most often mentioned 
work o r study as situations in which use was 
inappropriate. In both cities. 6 9%  reported 
negative emotional states as unsuitable for

cannabis use. and 8 0 %  reported having ad ­
vised novices about d ie virtues of moderauoit

CONCLUSIONS

Ihese data suggest diat most experienced 
users organize their use according to dieir 
own subcultural etiquette— norm s and rules 
about when, where, why. with whom, and 
how to u se -an d  less to laws o r  policies 
W hen ex|icnenced users abide by such eti­
quette, diey appear to regulate their cnmiabis 
use so as to minimize die risk dial it will in­
terfere with normal social funedoning. This 
pattern suggests that if formal d m g  policies 
are based on the folk (informal) d m g  policies 
users dtemselves already practice, dm g poli­
cies may achieve greater relevance. ■
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Long-term effects of exposure to cannabis
Leslie Iversen

The long-term  u se  of cann ab is , particularly at high intake levels, 
is asso c ia ted  with severa l ad v e rse  p sycho so cia l fea tu res , 
including low er educational ach iev em en t and, In so m e  
ins tances, psychiatric Illness. T here is little ev idence , 
tiowever, tha t long-term  ca n n ab is  u se  c a u s e s  p erm anen t 
cognitive im pairm ent, nor is there  is an y  clear c a u s e  an d  effect 
relationship to  explain th e  p sy c h o so c  al asso c ia tio n s . There 
a re  so m e physical health  risks, particularly th e  possibility of 
d am a g e  to  th e  airw ays in ca n n ab is  sm ok ers. Overall, by 
co m parison  with o th er d rugs u se d  mainly for 'recrea tio n al' 
p u rp o ses , can n ab is  cou ld  b e  ra ted  to  b e  a  relatively sa fe  drug.
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In tr o d u c t io n
Cannabis is the most commonly used illicit drug- In many 
countries, more than 50% of young people have used it at 
least once and it is widely perceived as relatively safe. 
Many people believe that there arc genuine medical uses 
for cannabis-based medicines and it secnis likely that 
such products will gain official approval in several 
Western countries. Concurrently, there is a move towards 
relaxation of the criminal penalties associated with the 
recreational use o f cannabis —  ranging from the down­
grading of criminal penalties in the UK to the possibility 
of full legalization in Canada and Switzerland. In light of 
these changes in attitude, it is timely to consider again the 
adverse effects associated with long-term cannabis use 
over a period of years, as no drug can ever be considered 
completely safe.

E f fe c t s  o n  c o g n it io n
Several studies have addressed the question of whether 
severe deficits in cognitive function develop in chronic

www.sciencedirect.com

heavy users of cannabis, or in animals treated for prolonged 
periods with the drug. Most reports have shown that there 
arc deficits in the performance of complex cognitive 
tasks in long-term cannabis users, although there is little 
evidence that these arc qualitatively or quantitatively 
more severe than those seen after acute drug use [IJ.

More controversial is the question of whether long-term 
cannabis use can cause irreversible deficits in higher brain 
function that persist after drug use stops. Human studies 
arc fraught with difficulties, as described in detail by 
Earleywine | l |  Indeed, many studies have suffered from 
poor design. One confounding factor in human studies is 
that comparisons have to be made between groups of drug 
users versus non-users; however, it is usually impossible 
to compare the baseline performance o f these groups 
before cannabis use to sec if they arc properly matched. 
Pope d  at. [2|, for example, tested 69 carly-onsct heavy 
cannabis users (who began smoking before the age of 17) 
in a battery of neuropsychological tests after a two-week 
period o f abstinence. T he group performed significantly 
worse than late-onset users or controls, but also displayed 
a lower verbal IQ. When the data were adjusted for this, 
all differences between carly-onsct users and others 
ceased to be significant.

It is not sufficient to identify a group of cannabis users and 
simply to test them after stopping cannabis use. One 
study, for example, recruited 63 current heavy users who 
had smoked cannabis at least 5000 times in their lives and 
72 control subjects (3). I he subjects underwent a 28-day 
washout from cannabis use, monitored by urine assays. At 
days 0, I and 7, the heavy users scored significantly below 
control subjects on a battery of neuropsychological tests, 
particularly in recall o f word lists. However, by day 28, 
there were no differences between the groups in any of  
the test results, and no significant association between 
cumulative lifetime cannabis use and test scores. T he fact 
that drug-induced effects on cognitive performance can 
persist for up to a week after stopping the drug (perhaps 
because nf the persistence of A'-tetrahydrocannabinol 
(THC) in the body, or because o f a subtle withdrawal 
syndrome) means that many earlier studies that did not 
allow a sufficiently long washout period might he invalid.

One way of assessing cognitive function is to measure IQ. 
Fried t t  til. (9) tested the effects o f  cannabis use in a group 
of 70 young people by subtracting each person’s IQ score 
at nine years of age (before drug use) from their score at 
age 17-20 years. Current cannabis use was found to be 
significantly correlated in a dose-dependent manner with 
a decline in IQ scores. However, no such decline was seen
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in subjects who had formerly been heavy cannabis users 
and had stopped taking the drug. T he authors concluded 
that cannabis docs not have a long-term effect on global 
intelligence.

This general conclusion was also supported by a review of 
the 40 published studies that met adequate criteria, which 
failed to detect any consistent evidence of persisting 
neuropsychological deficits in cannabis users — although 
some studies reported subtle impairments in the ability to 
learn and remember new information |5J.

C a n n a b is  a n d  p s y c h ia t r ic  illn e s s
There has been a long-standing concern that cannabis use 
might precipitate mental illness in some users. It is clear 
thar an acute schizophrcnia-likc psychosis can occur in 
response to a high dose o f cannabis (6*1, but whether 
cannabis use can cause persistent psychiatric illness in 
people who had not previously shown psychotic symp­
toms remains contentious. A recent re-analysis o f the 
results o f a large scale study o f >50 000 Swedish men 
(age 18-20 years) conscripted into the Swedish army 
between 1969 and 1970 suggested that those who had 
used cannabis >50 times before the age of 18 years had a 
6.7-fold increased risk of developing schizophrenia in 
later life |7j. A review of this and four other longitudinal 
cohort studies also concluded that early cannabis use 
might he a causal factor for schizophrcnia-likc illness 
in later life [8**|. However, the interpretation of such 
studies is fraught with many difficulties, as reviewed by 
Maclcod et a l. [9**|. T hese authors highlighted that proof 
of a causal relationship is subject to many confounding 
factors. When known confounding factors were applied to 
the Swedish army data, for example, the odds ratio was 
reduced from 6.7 to .5.1 (7]. This, in turn, suggests that 
other residual unidentified confounding factors arc also 
likely to exist. T he published studies show that the 
existence of ‘prodromal’ symptoms of psychosis clearly 
increased the risk of subsequent psychiatric illness in 
cannabis users |8**|. This factor was adequately con­
trolled for in only one of the five published longitudinal 
studies (1()|, In this N ew  Zealand cohort, even when 
those exhibiting prodromal symptoms of psychosis were 
eliminated, those who started cannabis use by age 15 
years (but not those who started later) showed a fourfold 
increase in the risk of developing schizophrcnia-likc ill­
ness by age 26 years. However, the number o f subjects 
involved was small (there were 26 15-year old cannabis 
users, of whom three developed mental illness) so the 
statistical power of this study was limited. Degenhardt 
eta l. | l l )  sought to test the hypothesis of a causal relation­
ship between cannabis use and schizophrenia by a care­
ful examination of the incidence of schizophrenia in 
Australia during the past 30 years. Although the preva­
lence of cannabis use hail increased markedly during this 
period, there was no evidence of a significant increase in 
the incidence o f schizophrenia. T he question of whether

cannabis use can precipitate psychiatric illness in a vul­
nerable minority o f previously well people remains unan­
swered. One could equally argue that a tendency to 
psychotic illness might increase the likelihood o f early 
cannabis use (9**]. It is possible that cannabis may pre­
cipitate schizophrenic illness earlier in vulnerable people 
who exhibit ’schizophreniform’ tendencies. Such a con­
clusion is supported by the results o f a study of 122 newly 
admitted schizophrenia patients in the Netherlands, 
which showed a strong association between cannabis 
use and the age o f onset of the first psychotic episode 
in nten, with users experiencing their first psychotic 
episode 6.9 years earlier than non-users (12).

Other studies have explored the association between  
cannabis use and depression. One longitudinal study in 
Australia reported that daily use of cannabis by teenage 
girls (but not boys) led to an approximately twofold 
increased risk for depression/anxiety in later life (13). A 
review o f other studies o f this type suggested that heavy 
cannabis use may increase depressive symptoms in some 
users, but whether this represents a causal relationship is 
again unclear (14).

P s y c h o s o c ia l s e q u e la e  o f  c a n n a b is  u se
Apart from the potential risk of mental illness, there has 
been a long standing concern that adolescent use >f 
cum . Sis could lead to reduced educational achievement 
and reduced motivation — sometimes referred to as an 
‘amotivational syndrome’ |1|.

Chcrck et a l. 115) attempted to assess this experimentally 
in a study in which human participants earned money by 
responding on a complex lever-pressing schedule. 'There 
was a significant reduction in the number o f responses, 
time spent and money earned when the subjects were re­
tested while smoking cannabis, indicating a drug-induced 
reduction in motivation.

Various longitudinal studies have sought to establish the 
relationship between cannabis use and subsequent edu­
cational achievement. A study o f 1265 N ew  Zealand 
children (16) showed that cannabis use was dosc-dcpcn- 
dently related to an increased risk of leaving school 
without qualifications failure to enter university and 
failure to obtain a university degree. A similar conclusion 
was reached in reviews of other published studies of this 
type [9**, 17). T he review by Maclcod et a l. |9**| was 
particularly comprehensive; the authors studied 48 pub­
lished longitudinal studies on the use o f cannabis, of 
which 16 were considered to provide the most robust 
evidence. Their conclusions for cannabis use were, firstly, 
a consistent association with reduced educational 
achievement; secondly, a consistent association with 
use of other drugs; thirdly, an inconsistent association 
with psychological problems of various types; and finally, 
an inconsistent association with antisocial or other
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problematic behaviours. T hey concluded that "Available 
evidence does not support an important causal relation 
between cannabis use and psychosocial harm, but cannot 
exclude the possibility that such a relation exists".

V''iatcvci the nature of the association, it seem s clear that 
long-term heavy cannabis use carries a variety o f negative 
attributes. A case control study compared 108 heavy use 
long-term cannabis users, who had on average smoked 
18 0(H) times, with 72 agc-maiehcd controls who had 
smoked cannabis < 50 times [I8*’j. T he heavy-usc can­
nabis smokers reported significantly lower educational 
attainment and lower income than did controls. When 
asked to rate the subjective effects of cannabis on cogni­
tion, memory, career, social life, physical and mcntul 
health and various quality-of-lifc measures, a large major­
ity of heavy-usc cannabis smokers reported negative 
effects of theii drug use.

C a n n a b is  a n d  s u b s ta n c e  d e p e n d e n c e
Although it was previously thought that cannabis was not 
n drug o f addiction, it is now' recognized that cannabis use 
can lead ro substance dependence in perhaps as many as 
10% o f regular users, according to the internationally 
accepted DSMIV definition of ‘substance dependence’ 
|6 ‘ ). In both animals and humans, a clear withdrawal 
syndrome can be identified [6*]. In rodents, chronic 
administration of T H C  or synthetic cannabinoids leads 
to downrcgulation and desensitization of cannabinoid 
CBj receptors in the brain [ 19). This might partly explain 
the tolerance that develops in both animals and humans 
on repeated use o f the d ug. In regular cannabis users, 
abstinence leads to a withdrawal syndrome characterized 
hy negative mood (irritability, anxiety, misery), muscle 
pain, chilis, sleep disturbance and decreased appetite. A 
placcbo-controllcd study s towed that these symptoms 
were significantly reduced by oral administration of T l 1C, 
suggesting that the withdr al syndrome and underlying 
substance dependence wei related to effects o f T H C  on 
the cannabinoid CB| receptor, rather than to any other 
component o f herbal cannabis |20|.

O th e r  p o te n tia lly  to x ic  e f fe c ts  o f lo n g -te rm  
c a n n a b is  u s e
Some of the most serious adverse effects of smoked 
cannabis arc on the respiratory system Although little 
progress has been made recently in quantifying such 
risks, warnings continue to be issued about the potential 
for long-term damage or even malignancy in the airways
(21). It is known that lung macrophages isolated from 
cannabis smokers exhibit impaired anti-bacterial activity, 
and one experimental study showed that this might be 
caused, in part, by reduced expression of inducible nitric 
oxide synthase and decreased production of nitric oxide
[22). A review of the evidence for immunosuppressant 
effects o f  cannabis concluded that, with the exception of  
the effects o f cannabis smoking on broncho-alveolar intmu-
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nity, there is no evidence that cannabis causes any other 
serious immunosuprcssion in users [23). T he authors sug­
gested that the effects on lung macrophages might be 
related to the ability o f  canr. ois in animal studies to cause 
a shift from T h l to Th2 cytokine production.

With increasing use o f  cannabis, there remains a concern 
that cannabis use during pregnancy might impair foetal 
development. Reviews of data from humans, however, 
suggest that such effects arc minimal for cannabis users 
when compared with the well-documented adverse 
effects o f tobacco or alcohol use [24,25*]. Nevertheless, 
treatment o f pregnant rats with high doses o f T H C  did 
lead to significant reductions in expression >f neural 
adhesion molecule LI in the foetal brain —  a l„ y  protein 
for brain development (26).

C o n c lu s io n s
A review of the literature suggests that the m.qority of 
cannabis users, who use the drug occasionally rather than 
on a daily basis, will not suffer any lasting physical ot 
mental harm, Conversely, as with other ’recreational’ 
drugs, there will lie some who suffer adverse conse­
quences from their use of cannabis. Some individuals 
who have psychotic thought tendencies might risk pre­
cipitating psychotic illness. 'Those who consume large 
doses o f the drug on a regular basis are likely to have lower 
educational achievement and lower income, and may 
suffer physical damage to the airways. T hey also run a 
significant risk o f becoming dependent upon continuing 
use o f the drug. There is little evidence, however, that 
these adverse effects persist after drug use stops or that 
any direct cause and effect relationships are involved.

In contrast, cannabis might have beneficial effects in 
some medical indications There is considerable litera­
ture obtained from animal studies to suggest that cannabis 
has analgesic effects [27). Until recently, however, there 
has been a dearth of contr olled clinical studies to validate 
such effects in patients. T his has now changed, with the 
publication in the past two years o f a number of double- 
blind placebo-controlled trials showing the effectiveness 
of cannabinoids in relieving "hronic neuropathic pain 
(28,29) or pain associated with multiple sclerosis [30**,
31 J. T he largest of these trials involved 630 multiple 
sclerosis patients and showed significant pain relief after 
15 weeks of treatment with either pure T H C  or cannabis 
extract [30]. It seems likely that medicinal cannabis will 
re-enter the Pharmacopoeia.
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A bstract

This review analyses the therapeutic usefulness o f A'’-tetrahydrocannabinol and its potential to induce adverse reactions ori 
hum ans During the last 30 years an enorm ous amount n f research was carried nut resulting in the disclosure o f the cannabinoid 
system in Central Nervous System , w ith its CB | and C B j receptors, and the agonist anandam ide. Under the clinical point o f  view. 
A -TH C produces som e therapeutic benefits which are beyond reasonable doubt. Thus, the effects on nausca/cm csis due to cancer 
chem otherapy, as appetite prom oter, on some painful conditions and on symptom s o f m ultiple sclerosis are clearly demonstrated.

A9-THC is not devoid o f ill effects. On the cognitive dom ain it impairs tlie human capacity to discrim inate time intervals and 
space distances, vigilance, mem ory and the perform ance for mental work On the psychic area A9-THC m ay induce unplcasunt 
reactions such as disconnected thoughts, panic reactions, disturbing changes in perception, delusions and hallucinatory 
experiences H ow ever, the long term effects on the psyche and cognition arc not known as there are no reports o f  prolonged use o f 
A9-THC. Actually, it has been proposed by W HO that A9-THC should _• rescheduled lo schedule IV o f  the United Nations 
Convention on Psychotropic Drugs, as it does not constitute a substantial risk to public health and its abuse is rare if at all.
© 2004 Published by Elsevier Ltd.
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In an interesting review  article on Ihe history o f  cannabis use 
as a medicine— The F o rg o tte n  M ed ic ine— by Aitken and 
M ikuriya (1080), two quotations deserve attention; "in 1890 
Dr J. Russel Reynolds, Physician in Ordinary to Queen 
Victoria wrote: Indian hem p, when pure and administered 
carefully, is one o f  the most valuable m edicines we 
possess;" and "quote from the Egyptian G overnm ent’s 
Annual Report on N arcotics. 1944: C annabis is a  thoroughly 

cious drug, deserving the odium o f civilized people"
Very few drugs, if any, have such a tangled history as a 

medicine. In fact, prejudice, superstition, em otionalism  and 
even ideology have m anaged to lead cannabis lo ups

* T e l +55-11 5539 0155; fax: +55-11-5084 2793.
Email address: ca r lin i 9  psicob io .cpm  br
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and downs concerning both its m edicinal properties and 
its tox ico logical and d ep en d en ce-in du c in g  effects. 
However, several breakthroughs occurred during the last 
50 years and, consequently, the situation is now settled, al 
least partially, in that cannabis and its main active principle 
A9-THC may actually be valuable m edicines and Ihe plant 
cannabis is not a 'thoroughly vicious d rug '.

D clta-9-tctrahydrocannabinol, or 6a, 7, 8. I()a-tctraliy- 
d ro -6 I6 ,9-trim elhyl-3-pcntyl-6//-d ihcnzo |/),< /)-pyran-l-o l, 
is a substance possessing several stereochem ical variants. 
One o f them  is ( -  )-rr<rn.r-dclta-9-tetra-hidrocannabinol. 
also called dronabinol or A9-THC.

It was isolated, identified and synthesized in the 1960s 
(G aoni and M cchoulam , 1964). The identification o f several 
o ther cannabinoid  com pounds w ere a lso  achieved  in
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the following year*. Among them  the isomer A '-T H C  
which I*, however. Ir * potent than A9-THC (K arm ol and 
Carlini, 1973).

Alm ost thre< tie ties later, cannabinoid receptors in the 
brain were d<sc : cd (for review s see Howlett, 1995; 
C hilders and lire ogel, 1998; Pertw ee. 1997, 1999), their 
cloning were achieved (R inaldi-C arm ona et al., 1996) and 
anandam ide, Pie endogenous cannabinoid. was isolated and 
identified (D evr c et al.. 1992; M echoulam  ct al., 1998a; 
M artin et a) , *999). Several analogs o f  anandam ide 
were synthes re . and structure activity relationships were 
established (Mi :houtam  ct ul., 1998b).

All accom plishm ents concern ing  the chem istry  of 
m arihuana ci u stitu cn ts  and  the d escrip tion  o f  an 
endogenous innabinoid system  were accom panied by a 
great deal ol research on cannabinoid pharmacology and 
opened up o | -< tu n itie s  to resum e clinical research with 
these substan. s mainly A9-THC

I. Beneficial effects (therapeutic effects) o f A*-T11C

Much o f the res' irch carried out m ore recently in several 
countries dealt w ith old therapeutic folk uses o f  marihuana 
(Consroe ct al.. 1975; M cchoulam  and Carlini, 1978; 
M cchoulam  et al.. 198-4), such as the possible anti-epileptic 
and hypnotic p roperties o f A9-TH C  and cannabidiol, 
the la tter a n on -h a llu c ino g en ic  cannab is constituen t 
(C unha ct a l.. 1980; C arlin i and C unha. 1981) 
O ther therapeutic ind ications such  as an ti-cn telic, as 
antispasm odic, as analgesic, in glaucom a, as hypnotic, in 
asthm a, in epilepsy, as appetite stim ulant, as anxiolytic, and 
in Tourette syndrom e, de.- crved ulso prc-clinical and clinical 
studies (Nakano ct al , 19? <; Maria ct al , 1981; Musty, 198-1; 
Sethi ct al., 1986: Ashton, '099; A shton, 2001; W illiamson 
and Evans, 2000 ' Sbderpalm  et al.. 2001: Robson. 2001; 
M uller-Vahl el al.. 2002)

For a few therapeutic indications A* THC produce 
beneficial clinical results that are beyond reasonable doubt 
(for review articles see Fonnukong et al,. 1989; M echoulam 
ct al.. 1998a; W illiam son and Evans, 2000; Robson, 2001; 
G rotenherm en and Russo, 2002; Iversen, 2003). In the 
present review article four of them  will be approached, 
nam ely, the (A9-TH C) effects on nausea/vom iting, on 
appetite, on pain and on sym ptom s o f  multiple sclerosis.

One such clinical indication refers to the anti-em etic 
effect in cases o f chem otherapy-associated nausea and 
cmcsis. The first random ized, double-blind placebo-con- 
trolled trial was that o f Sallan ct al (1975) showing that 
A9-THC was m ore effective than placebo in controlling 
nausea/vom iting o f cancer patients receiving chem otherapy 
The control o f em esis afforded by A9-THC far exceeds that 
provided by prochlorperazine (Orr et al., 1980); it abolishes 
totally or partially the nausea and vom iting refractory to

standard anti em etic agents in 72% o f patients (Lucas and 
Laszlo. 1980)

Poster et al. (1981) review ed seven w ell-controlled 
studies on the subject; in six o f them  AV-THC w as a superior 
am i-em etic com pared to control agents. These authors also 
concluded that toxic effects were m anageable and  suggested 
that TH C use represents a m ajor advance in anti-em etic 
therapy. In a  more recent review  (Tram cr et al.. 2001) on the 
anti-em etic effect o f  cannabis com pounds, involving 1366 
cancer patients participating in 30 random ized studies, it 
was show n that cannabinoids act slightly belter than 
alizapridr. ch loroprom azinc. haloperidol, dom pcridonc, 
m ctoclopram ide, prochlorperazine and thiethylpcrazine in 
crossover trials. These patients selected cannabinoids for 
future chem otherapy (Tram cr et al., 2001). Very successful 
treatm ent for nausea and vom iting was also reported by 
Musty and Rossi (2001). These authors exam ined the reports 
obtained from  six A m erican States, which conducted 
clin ica l tria ls  on 748 can c e r p a tien ts  w h o  sm oked  
m anhuana, and 345 patients who used o ral AV-THC. 
Both treatm ents prom oted, respectively, 7 0 -1 0 0 %  and 
7 6 -8 8 %  relief from nausea and vomiting.

The beneficial effects o f A9-THC on nausea/vom iting arc 
partially counterbalanced by the adverse reactions reported 
by the patients such as drow siness, apprehension and 
anxiety, dry mouth, etc. It is possible that such undesirable 
side e ffects  m ay be m in im ized  by s im u ltan eo u s 
adm inistration A -TH C and cannabidiol, as observed in 
healthy subjects (Karniol et al,, 1974; Zuardi el al., 1982).

Another clinical indication thut is well established refers 
to the appetite prom oter effect o f m arihuana and of 
cannabinoids (H ollister. 1971; M cchoulam and Carlini. 
1978; M attes cl a l„  1994). It is a clinical fact that HIV 
patients arc prone lo severe w eight loss due to anorexia 
(Clcbowski et al.. 1989); A9-THC improved appetite in 
these patients, and consequently brought also a betterm ent 
o f their nutritional status and o f other sym ptom s such as 
improving m ood and decreasing nausea (Struwc ct al.. 1993; 
Beal el al.. 1995. 1997). The anorexia-cachexia associated 
with cancer m ay also be counteracted by A9-TH C  (Ekcrt 
et al., 1979; G orier, 1991; Plassc ct al., 1991). In fact, 
lire prom otion o f appetite in m arihuana sm okers is a 
well-known fact (Foltin ct al , 1988); therefore it is not 
su rp rising  that A 9-TH C  has been consid e red  as an 
effective ap pe tite  stim ulan t drug in cance r p a tien ts 
(Rcgclson ct al.. 1976).

An interesting corollary o f these findings is the recent 
dem onstration o f the potent anorectic effect in obese 
anim als o f the substance SR 1-11716, a r  antagonist o f 
the cannabinoid receptor C B , (Colom bo al., 1998; 
M cchoulam  and Fride, 2001; C ota ct al., 21H, Vickers 
el al.. 2003).

It has also been shown in rats that cannabinoid antagonists 
may prevent the relapse o f cocaine use (De Vries c t al.. 2001; 
P iom elli, 2001) and the se lf-ad m in is tra tio n  o f  
metham phetam ine (Vinklcrova c t al,, 2002)
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According to G roicnbcnncn (2002a) the effects of 

cannabinoids on painful conditions of several acthiologies 
are relatively well confirmed. In fact, several recent review 
articles analysed anednctul reports and controlled clinical 
trials on the analgesic  efTcci o f A’ -THC and o ther 
cannabinoids in painful conditions such as cancer, dam aged 
nerves, m igraine, post operative pain, spinal cord injury, 
dental pain, phantom  lim b pai etc. (Noyes ct al.. 1975; 
Formukong ct al,, 1989; Ashton. 1999; W illiamson and 
Evans. 2000; Robson, 2001; hoidccrofl, 2002; Vaughan and 
C hristie. 2002). T he  very ancient use o f m arihuana 
smoking as a headache and inigxame medicament, reviewed 
by Russo (1998, 2001), adds support to the contention that 
A’-THC and other cannabinoids arc indeed active in 
alleviating pain

In general, all the reports and trials analysed in Ihe above 
mentioned review s acknow ledge that A’-THC does indeed 
have analgesic properties which, according to some authois, 
approxim ately m atches that o f  codeine. However, side 
effects such as sedation, d im n e ss , ataxia, blurred vision, 
tachycardia, psychological disturbances as anxiety and fear 
near panic states, may limit its use Nevertheless, it also 
should be taken into consideration that these side effects are 
not life threatening as those from opiates, which also 
produce an array o f adverse reactions

R ecently , C am pbell cl al. (2001) rev iew ed 20 
random ized control led trials, nine from those being 
analyzed; a total o f 222 patients participated in five trials 
on cancer pain, two on postoperative pain and two on 
chronic non-m alignant pain. They concluded that the 
analgesic effects o f  cannabinoids were as effective as 
5 0 - 120 mg o f codeine

The effects o f C annab is  sa liv a  L. on muscle spasticity, 
tremors, and neuropathic pain arc known since at least the 
19th century ; in fact, fam ous physicians o f that tim e, such as 
W. O 'Shaughncssy in India and J R Reynolds in England 
(the  personal physic ian  o f Q ueen V ictoria), w ere 
enthusiastic  prescribers o f Indian Hemp (A itkcn and 
M ikuriya, 1980; Robson, 2001; Grinspoon and Kakalar, 
1993). flear 150 years later, Consroe ct al. (1997), through 
interview s w ith  112 m ultiple sclerosis (MS) patients, 
confirmed the strik ing im provem ent (according to the 
patient's reports) afforded hy cannabis smoking on MS 
sym ptom s such as the relief o f chronic pain, night-time 
spastic ity , trem o r, im paired  balance and trigem inal 
neuralgia associated with the disease.

Results obtained w ilh clinical trials employing A’ -THC 
in MS patien ts  arc co nsis ten t w ith the c la im s o f 
the C o n sro e 's  re sp o n d en ts  (1997) T hus. Retro and 
Ellcnhergcr (1981); Clifford (1983); Ungcilcider ct al 
(1987); M einck et a l. (1989); M aurer ct al (1990); 
B rcnnciscn c t al. (1996), reported that MS patients 
receiving A’ -TH C  presented im provem ents in tremor, 
ataxia, spasticity, nocturia and in well-being; adverse 
reactions as disphoria, headache, dry mouth, a 'h igh ' 
sensation were also described.

On the o ther hand, at least two studies did not confirm 
these beneficial effects. In one o f  them (K illenstcin et al., 
2002) A*-THC not only was unable to reduce spasticity, 
but also worsened the MS patients global impression; 
G rcem berg ef al. (1994), on the other hand, found that 
m arihuana sm oking  further im paired the posture and 
balance in MS patients.

However, any possible doubts that m ight exist on 
w hether or not A’ -THC is an useful m edicine for MS 
sym ptom s, were rem oved by the results obtained in four 
very recent random ized, double-blind, placebo-controlled 
trials (A nonym ous, 2002a, b), In these studies, 344 patients 
suffering from MS and neuropathic pain received a cannabis 
extract containing A’ -THC and cannabidiol (CBD ) as its 
principal com ponents; the m edicine was delivered by mean 
o f  a spray into tlie mouth. The four studies evaluated the 
effects o f the A’ -TH C/CBD  m ixture on, respectively; 
neuropathic pain (66 patients), chronic refractory pain due 
to MS (70 patients), general sym ptom s o f MS (160 palicnts), 
and pain due to brachial plexus injury (48 patients). In all the 
four studies a statistically significant im provem ent in the 
sym ptom ato logy and an excellent safety profile were 
obtained which could in part be due lo the self-titration o f 
the dose by the patients (A nonym ous, 2002b). A first 
detailed study on this striking beneficial effect o f A’ -THC/ 
C B D  m ixture on the m ultiple sclerosis sym ptom atology has 
been published very recently (W ade el al , 2003): 24 palicnts 
obtained great relief from pain; bladder control, muscle 
spasm s and spasticity were also  improved. Side effects were 
predictable and well tolerated

This lack o f  side effects could also be due to fact that 
cannabidiol is able to block anxiety and o ther ill effects of 
A’ -THC (Karniol el al., 1974). In conclusion it can be said 
that the statem ent by Drs Hare and Chryslic (1892) more 
than 100 years ago ('C annabis is very valuable for the 
release o f pain, particularly  that depending on nerve 
disturbances; it produce: sleep, it gives great relief in 
paralysis and tends lo quiet tre m o rs ...’) was finally proved 
to be correct.

2. A dverse effects of A’-T H C

Cannab is  s a liv a  L  was and is the most used drug hy 
human beings for hedonistic purposes (UN OD C, 2003). 
And even so, until the recent past, it was not considered as a 
potent inducer, if  at all. of dependence in humans, tins being 
due to the way dependence was defined in the past (Swift 
and Hall, 2002). However, with the adoption o f  the DSM-III 
and other sim ilar criteria to define dependence, there have 
been recent reports stating that a certain proportion of 
chronic m arihuana users may becom e dependent (Anthony 
c‘ al., 1994; Budncy ct a l , 2001; Swift cl al , 2001a, b) 
A no ther point deserv ing  a tten tio n  is the very low 
incidence o f ill effects under chronic use. For exam ple,
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Russo el al. (2002) described four palicnts who participated 
in a C om passionate Investigational N ew Drug (IND ) 
Program o f  the American FDA. sm oking standardized, 
heat-sterilized  quality-controlled  low grade m arihuana 
cigarettes, for 11 - 2 7  years, A side from mild changes in 
pulmonary function observed in two patients, no other 
physiological and neurological disturbances were found.

When the subject comes to A’ -THC, the dependence 
issue becom es clearer. Due to the enorm ous progress in 
ch em is try , p harm acology, tox ico logy  and c lin ica l 
pharm acology o f A’ -THC, leading to its d im  ' usefulness, 
the United Nations in 1991 changed the status o f A’ -THC, 
by rem oving it from  Schedule I (use only for research 
purposes) and placing it in Schedule II (medical use allowed 
under strict control o f production, trade and stocks) o f the 
1971 C onvention  on Psychotropic D rugs. A bstinence 
sym ptom s, after being exposed to rather large doses of 
A’ -THC (8 0 -2 1 0  m g/day) w ere observed  in hum ans 
participating in clin ical laboratory experim ents (Jones 
ct al„ 1981; Haney ct al„ 1999) However, according to 
the W HO Expert Com m ittee on Drug Dependence, abuse of 
A’ -THC is rare (W HO, 2003); thus, from 103 countries 
responding a W HO questionnaire, only two indicated some 
abuse o f A’ -THC: Denm ark and USA. A ctually, the 
United S tates inform ed that only three cases o f A’ -THC 
abuse during the 1992-1994 period were reported by the 
American Association o f Poison Control Centers. In this 
context it is rather interesting that anandam ide has little if 
any capacity to induce abstinence sym ptom s and physical 
dependence in rats (A ccto ct al., 1998).

Based on these facts, the W HO  Expert Com m ittee on 
Drug Dependence further considered that the abuse liability 
o f  A’ -THC does not constitute a substantial risk to public 
health and proposed that A’ -THC should be rescheduled to 
schedule IV o f  the United N ations 1971 Convention on 
Psychotropic Substances (W HO. 2003).

A’ -THC docs not cause prom inent physical changes in 
users; some degree o f dry mouth, blurred vision and ataxia 
m ay be reported, and objectively, an increase in heart rate 
occurs (Carlini ct al., 1974).

A’ -THC may adversely alfect the psyche, cognition and 
the psychom otor perform ance of humans. Examples of 
acute effects on cognitive functions are: impairment and 
even loss o f  the capacity to discrim inate or to produce lime 
and  d is tance  in te rv a ls  (K arn iol and C arlin i, 1973; 
Carlini ct al., 1974; for review see Grotenherm en, 2002b). 
Thus, volunteers receiving 5 - 2 0  mg o f A* or A’ -THC 
delivered through inhalation perpetrated gross errors w hen 
producing a tim e interval o f 6 0 s ;  this unwanted effect 
was present up to at least for 20 mm after the cannabinoids 
aspiration (Karniol and Carlini, 1973). O ther ill effects arc a 
decrease o f vigilance, o f  the ability to inhibit responses and 
to perform arithm etic tasks (for reviews sec Lcwcke, 2002; 
Iversen, 2003)

Among the psychic effects o f acute administration o f 
A’ -TH C  arc fee ling s o f w ell being , re laxation

and unxiolysis; users may also suffer unpleasant reactions, 
such as d isconnected thoughts, panic reactions, feelings o f 
d ep e rso n a liza tio n , d is tu rb in g  chang es in p e rcep tion , 
delusions and hallucinatory experiences (for review s see 
C am pbell et al., 2001; Lcwcke, 2002).

The long-term  effects o f A’ -TH C on the psyche, 
cognition and hrair, structures o f  human beings are ,iOt 
yet. know n, as there arc not reports o f prolonged use o f 
A’ -THC. Thus, there is no m ention in the scientific 
literature o f  an 'm otivational syndrom e' caused by the 
cannabinoid ; furtherm ore it is w orth m entioning that 
even for chronic m arihuana use there is no conclusive 
evidence for the occurrence o f this syndrom e (Hall and 
Solowij, 1997; Hollister, 1998; Solowij and Grenyer, 2002; 
Iversen. 2003).

S im ilarly , there are no data in scientific literature 
reporting  ncuropatho log ical changes in the brain  o f 
A’ -TH C users; actually, such changes have not been 
convincingly dem onstrated in the brain o f m anhuana users 
(for review  see Iversen, 2003).
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Term

Acute effects 

AIDS

Allogenic lymphocytes 

AMA

Amotivational syndrome

Analgesic

Anandamide

Anorexia

Antagonist

Anti-emetic

ARGT

Asphyxiation

BMA

Burden of disease

Cachexia

Cannabinoids

Cannabis 

Carcinogen 

Cardiac arrhythmias 

Cardiomyopathy 

CBI and CB2 

CBD

CD&SA

D e f in i t i o n

The immediate, short-term effects of using a drug

Acquired Immune Deficiency Syndrome

Cell types that induce distinct immune responses from 
an organism

Australian Medical Association

A pattern of behaviour characterised by a lack of 
motivation, energy and initiative

A drug which reduces pain

A natural cannabinoid found in the brain

Significant loss of weight, which can affect HIV 
patients

A substance that blocks the positive effects of a drug 

A drug that reduces nausea and vomiting 

Australian Register of Therapeutic Goods 

Choking, suffocation 

British Medical Association

The effect that a disorder has upon society measured by 
the years of life lost and amount of disability it causes

Significant loss of lean body mass such as skeletal 
muscle, which can affect cancer and HIV patients

Chemicals that act upon the same receptor sites in the 
brain as THC

All forms of the product of the cannabis sativa plant

A substance that causes cancer

Irregular heart rhythms that can be fatal

General term for diseases of the heart muscle

Two types of receptors found in the cannabinoid system

Cannabidiol, a cannabinoid without the psychoactive 
effects of THC

The Canadian Controlled Drug and Substances Act

Glossary



Cerebrovascular disease

Chronic effects 

Cisplatin 

Cohort 

Cohort study

COPD

Coronary atherosclerosis

Cross-over study design

Cross-sectional study

DAWN

DEA

Dependence (drug)

DHHS 

Dopamine 

Double blind study

Dronabinol

Dysphoria

Emesis

Emetogenic

Atherosclerosis of the arteries in the brain that can lead 
to stroke: damage caused in the brain by blood clot or 
other obstruction interrupting the flow of Mood and 
hence o f oxygen to the brain

The longer-term effects of drug use that may occur if 
drug use is continued over months or years

Drug used to treat prostate bladder, ovary, head and 
neck cancers

Any designated group of persons who have been 
exposed to some event (e.g. use o f cannabis)

A study design in which people who have and have not 
been exposed (e.g. to cannabis) are followed up to see 
how many develop a disease

Chronic obstructive pulmonary disease

A disease in which deposits of cholesterol and fats form 
block the arteries that supply the heart muscle. It may 
lead to a ‘heart attack’

Study in which participants received two or more 
treatments without their knowledge to see whether they 
respond differently to them

A study design in which the health status anu risk 
factors of a sample are assessed at one point in time 
e.g. a survey

The US Drug Abuse Warning Network

The US Drug Enforcement Administration

A disorder in which persons experience loss of control 
over drug use, and continue to use the drug despite the 
problems it causes them (sec pp 75-76 for criteria)

The US Department of Health and Human Services

A chemical that acts as a neurotransmitter in the brain

A study in which neither the patient nor the treating 
physician know whether the patient is receiving an 
active or placebo drug

Synthetic THC, which is taken orally in a capsule with 
sesame oil

Unhappy mood (as opposed to euphoria)

Nausea and vomiting 

Causing vomiting and nausea
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Endogenous cannabinoids 

Epidemiological research 

Epilepsy

Experimental study

F&DA

FAS

FDA

Cannabinoids that naturally occur in the brain, such as 
anandamide

Research that studies the occurrence of disease or risk 
factors for disease in the general population

A disorder in which abnormal o.rain electrical activity 
causes seizures

A study design in which exposure to a key factor is 
under the researcher’s control, e.g. when two groups of 
people are randomly assigned to receive a drug or a 
placebo

The Canadian Food and Drugs Act

Foetal alcohol syndrome

The US Food and Drug Administration

Foetal alcohol syndrome (FAS) Condition that results from a foetus being exposed to
alcohol; it is marked by decreased alertness, 
hyperactivity, intellectual disability, motor problems, 
heart defects and facial abnormalities

Glaucoma

Histopathologica!

HIV

Humoral

Huntington’s disease

Hypertension

Hypomania

Illicit drugs 

Immunosuppressive

INCB

IND

IOM

A disease caused by raised intra-ocular pressure that, if 
untreated, can cause blindness

Abnormality of the structure of bodily tissues

The Human Immunodeficiency Virus which causes 
AIDS

Pertaining to the blood or the fluids of the body

A movement disorder caused by a dominant gene, 
producing pathological brain changes, including in 
areas controlling movement

High blood pressure

A condition in which people are energetic and have 
elevated mood

Drugs which adults are prohibited from using by law

Anything (e.g. a drug, radiation, viral infection) that 
suppresses the functioning of the body’s immune 
system

The United Nations' International Narcotics Control 
Board

A program of the FDA that allows patients with serious 
or life-threatening diseases to use experimental drugs

Institute of Medicine. US
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IOP

Longitudinal study 

Lower brainstem

Marijuana

Ma.inol

Metabolites

Mitogens

MS

mutagen

Nabilone

Narcotic

NCR

NDA

Negative symptom 

NIDA

n-of-1 clinical trial

NORML 

Odds ratio

ONDCP

Organic symptoms

Pancreatitis 

Parkinson’s disease

Intra-ocular pressure; pressure within the eyeball

A synonym for a cohort study

Areas of the brain including the cerebellum that control 
movement and respiration

Leaves and flowering tops of the cannabis saliva plant

The trade name for dronabinol

Chemical products of a drug that are produced when it 
is processed in the body

Substances that induce cell transformations

multiple sclerosis

an agent or substance that induces genetic mutation in 
cells

A synthetic drug that has similar effects to THC

A legal term for drugs prohibited by international drug 
treaties that includes opioids, cocaine and cannabis

The Canadian Narcotic Control Regulations

An investigational New Drug Application, one step in 
the process in the US for approving drugs for medical 
use

In schizophrenia, absence of a behaviour ordinarily 
seen in ’normal’ people, such as initiative

The US National Institute on Drug Abuse

Trial in which a single patient receives a drug and a 
placeb and their behaviour is measured under double 
blind conditions

The US National Organization for Reform of Marijuana 
Legislation

A ratio of the odds of disease in persons who are and 
are not exposed to some factor. It measures the strength 
of ihe association between the factor and the disease

The US Office of National Drug Control Policy

Symptoms that are ascribed to physical (organic) 
causes

Acute or chronic inflammation of the pancreas

A movement disorder that results from damage to area 
of the brain involved in movement control
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Pharmacopeia

Placebo

PLWHA

Positive symptoms

Premorbid

Prevalence

Prodromal

Prospective study 

Psychoactive drug 

Psychomotor 

Psychostimulants

Psychotomimetic drugs

R&D

RACP

Randomised controlled trial 

RCT

Relative risk

Resorption 

Retrospective study

SAP

A book containing a list of products used in medicine, 
with descriptions, tests for purity and identity, and 
dosages

An inactive drug that is indistinguishable in uppearnnce 
from the active drug with which it is being compared

Association for People Living With HIV/AIDS

In schizophrenia, presence of a behaviour not seen in 
'normal' people, such as hallucinations and delusions

A person’s behaviour or personality prior to the onset 
of an illness

The number o f cases of an illness or disease that are 
present in the total population in a specified period of 
time e.g. a year

In schizophrenia, symptoms that precede the onset of 
the illness

A synonym for a cohort study

A dmg that affects feeling, memory and thinking

Having to do with voluntary movement

Drugs that have stimulating effects and increase 
psychomotor activity

Dmgs that produce symptoms of psychosis, such as 
visual hallucinations, delusions and distorted 
perception

Research and development

Royal Australian College of Physicians

A clinical trial to evaluate a treatment in which 
participants are randomly assigned to receive an active 
dmg or a placebo

Randomised controlled trial

A ratio of the rate of disease among persons exposed to 
a factor (e.g. cannabis use) and the rate among those 
who are not exposed

To absorb again (from the Latin meaning ‘to suck 
back’)

A study design in which exposure to a risk factor (e.g. 
dmg use in adolescence) is determined retrospectively 
(e.g. by asking an adult about their dmg use in early 
adolescence)

The Canadian Special Access Program
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SCOST

Stress-diathesis model

Temporal lobe

Teratogen

TGA

THC

Titrate

Tourette’s syndrome 

Toxic psychotic disorder

TPP

Viscous

House of Lords Select Committee on Science and 
Technology

A model of schizophrenia in the disorder is precipitated 
among vulnerable individuals (those with the diathesis) 
by life stressors

An area on either side of the brain that is involved in 
memory and emotion

A substance that produces abnormalities in a foetus 
during its development in the uterus

The Australian Therapeutic Goods Administration

Delta-9-tetrahydrocannabinol, the principal 
psychoactivc ingredient of cannabis

To measure the dose of a drug against its effects

A movement disorder that results from damage to area 
of the brain involved in movement control

A psychosis caused by high doses of a drug or other 
substance

The Canadian Therapeutic Products Programme 

A substance that is sticky or glutinous

The health and psychological effects of cannabis use



XV

Executive summary

''hi* review of the health and psychological effects of cannabis updates an earlier review 
(coipn\ssioncd by the National Task Force on Cannabis in 1992) in the light of recent 
research and reviews by the World Health Organization (1997) and the US Institute of 
Medicine (1999).

Assessing the health effects of cannabis
There are a number of reasons why it is difficult to evaluate the health risks of using 
cannabis or any drug. First, it is difficult to decide whether use of a dmg causes an 
adverse effect on human health when there is a long interval between its use and the 
appearance of the adverse effect. It takes time for such adverse effects lo develop and for 
research to identify them.

Second, there is a trade off between the rigour and relevance of different types of 
evidence when making causal inferences. The most rigorous evidence is provided by 
laboratory investigations using animals or cell preparations in a test tube in which known 
drug doses can be related to measured biological outcomes. Tlie relevance of this 
evidence to human disease is uncertain. Epidemiological studies of relationships 
between drug use and human disease are of greater relevance but the increased relevance 
is obtained at the cost of reduced rigour. Doses of illicit drugs used over periods of years 
are difficult to quantify because of the varied dosages of blackmarket dmgs and stigma 
in admitting to illicit drug use. Interpretation is complicated by ihe fact (hat regular 
cannabis users often also use alcohol, tobacco and other illicit dmgs.

The criteria for causal inference that we use arc the standard ones: (1) evidence that there 
is a relationship between cannabis use and a health outcome provided by one of the 
accepted types of research design (namely, case-control, cross-sectional, cohort, or 
experiment): (2) evidence provided by a statistical test or confidence interval that Ihe 
relationship is unlikely to be due to chance; (3) good evidence that drug use precedes the 
adverse effect (e.g. from a cohort study); and (4) evidence either from experiment, or 
observational studies wilh statistical or other form of control, that it is unlikely that the 
relationship is due to some other variable which is related to both cannabis use and the 
adverse health effect.

In the trade-off between relevance and rigour, we give more weight to human clinical 
and epidemiological evidence. In the absence of human evidence, animal experiments 
raise a suspicion that cannabis use has an adverse effect on human health. The degree of 
suspicion is in proportion to: the number of studies; the consistency of results across 
different species; and ihe degree of expert consensus on the extent to which findings in 
animals predict adverse effects in humans considering current patterns of cannabis use.
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Cannabis is the name for preparations from the plant Cannabis sativa. Laboratory 
research on animals and humans has demonstrated that the prm ary psychoactive 
coastitucnt in cannabis is dclta-9-tetrahydrocannabinol. abbreviated as THC. THC is 
found in a sticky resin that covers the flowering tops and upper leaves in the female 
plant.

T h e  c a n n a b in o id  r e c e p to r
Cannabis acts upon spcciiic receptors or molecules in the brain and immune system. 
These receptors are found in areas of the brain that underlie the psychoactive and other 
effects of cannabis use. Two ‘endogenc us’ or naturally occurring molecules have been 
discovered in the brain and body which bind to the cannabinoid receptor and mimic the 
action of THC. These discoveries promise to improve our understanding of the role 
played by the cannabinoid system in the brain and explain the mechanism of action i f 
cannabis.

F o rm s  o f  c a n n a b is
The concentration of THC varies between the three forms o f cannabis: marijuana, 
hashish and hash oil. Marijuana is prepared from the dried flowering lops and leaves of 
the plant. Its potency depends upon the growing conditions, the genetic characteristics of 
the plant and the proportions of leaves and ‘heads'. The flowering tops have the highest 
THC concentration, wilh potency decreasing through the upper leaves, lower leaves, 
stems and seeds. The concentration of THC in marijuana containing mostly leaves and 
stems may range from 0.5 to 5%, while heads of the ‘sinsemilla’ variety may have THC 
concentrations of 7 to 14%. The THC content of cannabis seized in the USA in Ihe past 
two decades has increased although not to the extent sometimes claimed in the media.

Hashish or hash consists of dried cannabis resin and compressed flowers. The 
concentration of THC in hashish generally ranges from 2% to 8%. Hash oil is a highly 
potent and viscous substance obtained by extracting THC from hashish (or marijuana) 
with an organic solvent. The concentration of the THC in hash oil is generally between 
15 and 50%.

R o u te s  o f  a d m in is t ra t io n
Cannabis is often smoked in a hand-rolled 'joint', like a cigarette. Tobacco is often 
added to assist burning Hashish may also be mixed with tobacco and smoked as a joint, 
but it is probably more frequently smoked in a pipe. A water pipe known as a ‘bong’ is a 
popular way of smoking all cannabis preparations because the water cools the hot smoke 
before it is inhaled and less of Ihe drug is lost through sidestream smoke. A few drops of 
hash oil may be applied to a cigarette or a joint, to the mixture in the pipe, or the oil may 
be heated and the vapours inhaled. Cannabis smokers often inhale deeply and hold their 
breath for several seconds to ensure maximum absorption of THC by the lungs.

Hashish may also be eaten in cooked or baked foods. When swallowed the onset of the 
psychoactive effects of THC is delayed by about an hour and the ‘high’ is of lesser 
intensity although it may last several hours longer. It is easier to achieve the desired level 
of intoxication by smoking than swallowing cannabis since the effects are more 
immediate. THC is insoluble in water, so it is rarely injected.

C annabis the drug
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D o sa g e
A typical joint contains between 0.5 and 1.0 g of cannabis plant matter and between 5 
and 150 mg of THC. Between 20% and 70% of the THC is found in the smoke that 
reaches the lungs; the rest is burnt and lost in sidcslreain smoke. Only 5% to 24% of 
THC in the joint reaches th bloodstream when cannabis is smoked.

Only a small amount of cannabis (delivering 2 to 3 mg of THC) will produce a brief high 
in an occasional user, and a single joint may be enough for two or three such individuals. 
A heavy cannabis smoker may use five or more joints per day. while heavy users in 
Jamaica, for exumple. may consume up to 420 mg THC per day.

M e ta b o lism  o f  c a n n a b in o id s
Different methods of using cannabis lead to differing absorption, metabolism and 
excretion of THC. When smoked, THC is absorbed from the lungs into the bloodstream 
within minutes. It is first metabolised in the lungs, and then in the liver where it is 
transformed lo a number of metabolites. The first of these, 9-carboxy-THC, is detected 
in blood within minutes of smoking. When swallowed, THC takes 1 to 3 hours to enter 
the bloodstream, delaying the onset of psychoactive effects. Another major metabolite,
11-hydroxy-THC, which is 20% more potent than THC and penetrates the brain more 
rapidly than THC, is found in high concentrations after being swallowed.

THC and its metabolites account for most of the subjective effects of cannabis. Peak 
blood levels of THC are usually reached within 10 minutes of smoking, and decline to 
about 5-10% of their initial level within an hour. This rapid decline reflects the rapid 
conversion of THC to its metabolites and the distribution of THC to fatty tissues, 
including the brain.

THC and its metabolites are highly fat soluble, so they may remain in the fatty tissues of 
the body for long periods o f time THC and its metabolites accumulate in the body 
because of their slow rale of clearance They may be detected in the blood for several 
days and traces may persist for several weeks. THC may be stored in body fat for more 
than 28 days.

D e te c tio n  o f c a n n a b in o id s  in  b o d y  f lu id s
Cannabinoid levels in the blood vary between individuals and depend on the dose 
received and the individual’s history of cannabis use. Blood levels of THC may range 
between 0 to 500 ng/ml, depending on the potency of the cannabis and the time since 
smoking. The detection of THC in blood above 10 to 15 ng/ml is evidence o f recent use, 
although it is difficult to be precise about how recent. A more precise estimate of time 
since last use is provided by the ratio of THC to 9-carboxy-THC. Similar blood 
concentrations of THC and this metabolite indicate that cannabis has been used in the 
past 20-40 minutes and so suggest a high probability of intoxication, although this is less 
clear in regular users.

Cannabis intoxication impairs skills required to drive a motor vehicle, so it would be 
desirable to have a measure of cannabis intoxication similar lo the breath test for alcohol 
intoxication. The major obstacle is the lack of a simple relationship between blood levels 
of THC (and its metabolites) and degree of psychoinotor impairment.
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S to ra g e  o f  THC
With repeated frequent dosing of cannabis THC accumulates in fatty tissues in the 
human body where it may remain for considerable period' of time. The health 
significance of this storage is unclear. The storage of cannabinoids would be serious 
cause for concern if THC were a highly toxic substance that remained physiologically 
active while stored in body fat. THC is not a highly toxic substance and it is inactive 
while stored in fat. Stored cannabinoids could conceivably be released into blood 
producing a ‘flashback’, although this is likely to occur very rarely, if at all.

I n c re a s in g  p o te n c y  o f c a n n a b i s ?
It has been claimed that the medical literature underestimates the adverse health effects 
of cannabis because it is based on research conducted on less potent forms of cannabis 
than have become available in the past decade. The evidence suggests that the average 
potency of cannabis has increased bul not to the extent often claimed. Changes in 
patterns of cannabis use, with earlier age of first use and more regular use of more potent 
forms of cannabis, have probably been more important in increasing average dose of 
THC than any increase in the THC content of cannabis plants.

Patterns of cannabis use
In Australia in 1998,40% of adults reported that they had used cannabis at some time in 
their lives. Cannabis is usually smoked in Australia in a water pipe or joint. Survey data 
from European countries generally shows lower rates of use than in Australia, Canada 
and the USA. The highest rales of use in Europe are in the United Kingdom, Denmark 
and France.

In Australia most young people have tried cannabis at some lime in their lives. Regular 
cannabis use is much less common, with most cannabis users using intermittently and 
discontinuing their use. Males are more likely th;. females to have ever used cannabis 
and to have used in the past year or past month. Rates of use are highest in young adults 
in their early 20s. The natural history of cannabis use, documented in longitudinal 
studies conducted in the USA, is for use to begin in the mid to late teens, to reach a 
maximum in the early 20s and to decline in the mid to late 20s. A minority of cannabis 
users continue to use the drug into their 30s. Cannabis use substantially decreases after 
marriage and parenthood.

Only a small proportion of cannabis users use the drug for several years or more. The 
daily or near daily use pattern over a period of years is the pattern with the greatest risk 
of experiencing adverse health and psychological consequences. Daily cannabis users 
are more likely lo be male and less well educated; they arc also more likely to regularly 
use alcohol and to have experimented with a variety of other illicit drugs including 
amphetamine and other psychostimulants, hallucinogens, sedatives and opioids.
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Acute psychological and health effects
The main reason people use cannabis is to get ‘high’ that is. to experience euphoria, 
relaxation, and perceptual alterations, and the intensification of ordinary sensory 
experiences, such as eating, watching films, and listening to music. The 'h igh ' may be 
accompanied by infectious laughter and talkativeness. Cognitive effects include impaired 
short-term memory and a loosening of associations. Motor skills and reaction time are 
also impaired.

The most common unpleasant effects of cannubis are anxiety, panic reactions, and 
depressive feelings. These arc most common among users who are unfamiliar with the 
drug's effects, and by patients who have been given THC for therapeutic purposes. 
Experienced users may occasionally report these effects after swallowing cannabis, as 
the desired dose is harder to estimate, with the result that the effects may be more 
pronounced and last longer than those experienced after smoking cannabis. These effects 
can be managed by reassurance and support. Psychotic symptoms such as delusions and 
hallucinations may be experienced but only rarely and following very high doses.

A few minutes to a quarter of an hour after cannabis is smoked or swallowed, THC 
increases heart rate by 20% to 50%. This may last for up to three hours. Blood pressure 
is increased while the person is sitting and decreases on standing. In healthy young users 
these cardiovascular effects arc unlikely to be of any clinical significance because 
tolerance develops to the effects of THC, and young, healthy hearts will only be mildly 
stressed. These effects may pose more of a risk to patients with heart disease.

The acute toxicity of cannabis, and cannabinoids generally, is very low. There are no 
cases of fatal cannabis poisoning in the human medical literature. Animal studies 
indicate that the dose of THC required to produce 50% mortality in rodents is extremely 
high by comparison with other pharmaceutical and recreational drugs. The lethal dose 
also increases as one moves up the phylogenetic tree, suggesting that the lethal dose in 
humans could not be achieved by smoking or swallowing cannabis.

P s y c h o m o to r  e f f e c ts  a n d  d riv in g
Cannabis intoxication impairs a wide range of cognitive and behavioural functions that 
arc involved in driving an automobile or operating machinery. The effects are generally 
larger, more consistent and more persistent in tasks that require sustained attention. 
Recreational doses of THC produce similar performance impairments in laboratory tests 
and standardised driving courses to Blood Alcohol Concentrations of between 0.07% and 
0.10%.

It is difficult to estimate how these impairments affect the risk of being involved in 
motor vehicle accidents. Studies of the effect of cannabis on driving performance on the 
road have found only modest impairments because cannabis intoxicated drivers drive 
more slowly, and take fewer risks, ban alcohol intoxicated drinkers Cannabis users 
seem to be more aware of their psychomotor impairment than alcohol users.

There is currently no controlled epidemiological evidence that cannabis users are more 
likely than non-users to be involved in motor vehicle or other accidents. This contrasts
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wilh alcohol use where case-control studies show that persons intoxicated by alcohol are 
over-represented among accident victims.

Cannabinoids are found in between 4% and 37% of blood samples of motor vehicle 
accident victims but these findings are difficult to evaluate for the following reasons. 
First, we do not know whether persons with cannabinoids are over-represented among 
accident victims because we do not know how often cannabinoids are found in the blood 
of persons who are not involved in accidents. Second, cannabinoids in blood indicate 
recent use but they do not necessarily mean that the driver was intoxicated at the time of 
the accident. Third, 75% of drivers with cannabinoids in their blood also have high blood 
alcohol levels, making it difficult to separate the effects of cannabis on accident risk 
from those of alcohol.

Household survey data suggest that cannabis users are 2 to 4 times more likely to be 
represented among accident victims than non-cannabis users. Cannabis users who also 
use alcohol are even more highly over-represented among the victims of motor vehicle 
accidents. The separate effects of alcohol and cannabis on psychomotor impairment and 
driving performance are approximately additive.

The effects of chronic cannabis use 
C e llu la r  e f f e c ts  a n d  c a n c e r s
There is weak evidence that THC can alter cell metabolism and DNA synthesis in the 
lest tube. There is stronger evidence that cannabis smoke produces mutations in cells in 
the test lube and in live animals, and hence is a potential cause of cancer. Cannabis 
smoke contains many of the same carcinogenic substances as cigarette smoke. If 
cannabis smoking causes cancer it is most likely to be cancers of the lung and upper 
aerodigeslive tract that are maximally exposed to cannabis smoke.

Aerodigestivc tract cancers have been reported among young adults who have been daily 
cannabis users and a case-control study has found an association between cannabis 
smoking and head and neck cancer. A prospective cohort study of 64,000 adults did not 
find an increased incidence of head and neck or respiratory cancers but it found 
increased rates of prostate cancer. The relative youth of the participants, and their low 
rates of regular cannabis use, may have reduced the ability of this research to detect an 
increase in respiratory cancers. Further studies are needed to clarify the issue.

There is much weaker evidence for an increased risk of cancers among children bom to 
women who smoked cannabis during pregnancy. Three studies of very different types of 
cancer have reported an association with maternal cannabis use. None of these was a 
planned study of the role of cannabis use in these cancers so a replication of their results 
is required. There have not been any increases in the rates of these cancers that parallel 
increased rates of cannabis use over the past three decades.

Im m u n o lo g ic a l e f f e c ts
Cannabinoids impair cell-mediated and humoral immunity in rodents and reduce 
resistance to infection by bacteria and viruses in animals. Cannabinoid receptors are

I The health and psychological effects of cannabis use



expressed in cells of the immune system in animals and humans although the 
significance of this for immune function is unclear. Cannabis smoke also impairs the 
functioning of alveolar macrophages, the first line of the body’s immune defence system 
in the lungs. The clinical relevance of these findings is uncertain because the doses 
required to produce these effects have been very high, and extrapolation to the doses 
used by humans is complicated by the fact that tolerance may develop to these effects.

The limited experimental and clinical evidence in humans suggests that the adverse 
effects seen in animals are not replicated in humans. There is no conclusive evidence that 
cannabinoids impair immune system function in humans, as measured by T- 
lymphocytes, B-lymphocytes or macrophages, or immunoglobulin levels. There is 
suggestive evidence that THC impairs T-lymphocyte responses to mitogens and 
allogenic lymphocytes.

Hie clinical and biological significance of these possible effects in chronic cannabis 
users is uncertain. There is no epidemiological evidence of increased rates of disease 
among chronic heavy cannabis users, and several large prospective studies of HIV- 
pos:*i e homosexual men have found that cannabis use does not increase the risk of 
progression to AIDS.

R e p ro d u c t iv e  e f f e c ts
Chronic administration of THC disrupts male and female reproductive systems in 
animals, reducing testosterone secretion, and sperm production, motility, ar.d viability in 
males, and disrupting the ovulatory cycle in females. It is uncertain whether cannabis use 
has these effects in humans because of the inconsistency in the limited literature on 
human males, and the lack of research in the case of human femules. There is uncertainty 
about the clinical significance of these effects in normal healthy young adults.

It is likely that cannabis use during pregnancy impairs foetal development, leading to 
smaller birthweight, perhaps as a consequence of shorter gestation, and probably by the 
same mechanism as cigarette smoking. There is no clear evidence that cannabis use 
during pregnancy increases the risk of birth defects as a result of exposure of the foetus 
to cannabis in the uterus.

There is some evidence that infants exposed lo cannabis in the uterus may show transient 
behavioural and developmental effects during the first few months after birth. P 'e se  
effects are small by comparison with those caused by tobacco use during pregnancy, and 
have not been observed in all studies.

T h e  c a r d io v a s c u la r  s y s te m
The changes that cannabis causes in heart rate and biood pressure arc unlikely to harm 
healthy young adults, but they may be less benign in patients with hypertension, 
cerebrovascular disease and coronary atherosclerosis, in whom cannabis smoking may 
pose a threat because it increases the work of the heart. Tiie seriousness of these effects 
will be determined as the cohort of chronic cannabis users of the late 1960s enters the 
age of maximum risk for atherosclerosis in the heart, brain and peripheral blood vessels. 
These effects could be life threatening in patients with heart disease.
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T h e  re s p ir a to ry  s y s te m
Regular cannabis smoking impairs the functioning of the large airways and causes 
symptoms of chronic bronchitis such as coughing, sputum, and wheezing. Given that 
tobacco and cannabis smoke contain similar carcinogenic substances, and that tobacco 
smoke has adverse effects on the respiratory system, it is likely that chronic cannabis use 
also increases the risks of respiratory cancer. There is evidence that chronic cannabis 
smoking produces histopathological changes in lung tissues of the type that precede the 
development of lung cancer. Concern about the possibility of cancers caused by chronic 
cannabis smoking has been raised by case reports of cancers of the aerodigestive tract in 
young adults wilh a history of heavy cannabis use. A recent case-control study lias 
provided the first evidence of an increased risk of aerodigestive tract cancers among 
cannabis smokers.

G a s t ro in te s t in a l  s y s te m
There is no human or animal evidence that cannabinoids adversely affect liver function. 
Animal studies show that cannabinoids affect intestinal motility and delay gastric 
emptying but this is of little significance. The most interesting gastrointestinal effect of 
cannabis is its potential therapeutic use to reduce nausea and stimulate appetite in cancer 
and AIDS patients.

Psychological effects of chronic cannabis use 
M o tiv a tio n a l e f f e c ts
The evidence that ch.onic heavy cannabis use produces an amotivational syndrome 
consists largely of case studies. Controlled field and laboratory studies have not found 
evidence for such a syndrome, although their value is limited by the small sample sizes 
and limited sociodemographic characteristics of participants of the field studies, the short 
periods of drug use, and the youth, good health and minimal demands made of the 
volunteers in the laboratory studies. If there is such a syndrome, it is a relatively rare 
occurrence, even among heavy, chronic cannabis users. The phenomenon may be better 
explained as the result of chronic intoxication in dependent cannabis users.

A d e p e n d e n c e  s y n d ro m e
There is good evidence that a cannabis dependence syndrome (as defined in DSM-IV) 
can occur in heavy chronic users of cannabis. Regular cannabis use produces tolerance to 
the effects of THC and some users report withdrawal symptoms 011 cessation of use.
There is clinical and epidemiological evidence that some heavy cannabis users 
experience problems controlling their cannabis use, and continue to use despite adverse 
personal consequences of use.

Surveys in the USA and Australia show that cannabis dependence is the most common 
form of drug dependence after alcohol and tobacco. The tisk of developing dependence 
is about: one in ten among those who ever use the drug: between one in five and one in 
three among those who use cannabis more than a few times; and around one in two 
among those who become daily users. The prevalence of drug-related problems may be 
low by comparison with those of alcohol dependence and there is likely to be a high rate 
of remission of cannabis dependence without formal treatment. Treatment should
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probably be based on the same principles as treatment for other forms o f dependence, 
although this issue is also in need of research.

C o g n itiv e  e f f e c ts
The weight of evidence suggests that long term heavy use of cannabis does not produce 
severe impairment of cognitive function like that observed in heavy alcohol users. There 
is evidence that it may produce more subtle cognitive impairment in the higher cognitive 
functions of memory, attention and organisation and integration of complex information. 
This evidence suggests that the longer cannabis is used, the more pronounced will be the 
cognitive impairment. It remains to be seen whether the impairment can be reversed after 
an extended period of abstinence.

P s y c h o t ic  d is o r d e r s
There is suggestive evidence that heavy cannabis use can produce an acute toxic 
psychosis during intoxication with symptoms of confusion, amnesia, delusions, 
hallucinations, anxiety, agitation and hypomania. The evidence comes from laboratory 
studies of the effects of THC on normal volunteers and clinical observations of psychotic 
symptoms in heavy cannabis users which seem to resemble those of other toxic 
psychoses and which remit rapidly following abstinence.

There is less support for the hypothesis that cannabis use can cause a psychosis which 
persists beyond the period of intoxication. There is suggestive evidence that chronic 
cannabis use may precipitate a psychosis in vulnerable individuals. This is only 
suggestive because in the best study conducted to date, the use of cannabis was not 
documented at the time of diagnosis, cannabis use may have been confounded by 
amphetamine use, and there were doubts about whether the study could distinguish 
between schizophrenia and acute drug-induced psychoses. The relationship is unlikely to 
be causal, because the incidence of schizophrenia has either remained stable, and 
possibly declined, while cannabis use has increased among young adults.

E ffe c ts  o n  a d o le s c e n t  d e v e lo p m e n t
Cross-sectional and longitudinal studies of adolescents in the 1970s and 1980s indicate 
that chronic heavy cannabis use may adversely affect adolescent development in a 
number of ways. Interpretation of this evidence is complicated by the fact that many of 
the indicators of adverse development which have been attributed to cannabis use 
precede its use, and make it more likely that a young person will use cannabis. These 
include minor delinquency, poor educational performance, nonconformity, and poor 
adjustment.

T h e  g a te w a y  h y p o th e s is
Among American adolescents in the 1970s and 1980s the typical sequence of initiation 
into drug use was that the use of alcohol and tobacco preceded the use of cannabis, 
which in turn, preceded the use of hallucinogens, amphetamine, and the later use of 
heroin and cocaine. Generally, the earlier the age of first use, and the greater the 
involvement wilh any drug in the sequence, the more likely a young person was to use 
the next drug in the sequence.
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The explanation of cannabis’ role in (his sequence remains controversial. The evidence 
for the hypothesis that cannabis use has a pharmacological effect that increases the risk 
of using later drugs in the sequence is not strong. More plausible hypotheses are that it 
reflects a combination of: th :arly recruitment into cannabis use of nonconforming and 
deviant adolescents who are tucely to use alcohol, tobacco and illicit drugs; a genetic 
vulnerability to become dependent on a range of substances; and socialisation of 
cannabis users within an illicit drug using subculture which increases the exposure, 
opportunity, and encouragement to use other illicit drugs.

A d o le s c e n t  p s y c h o s o c ia l  o u tc o m e s
In cross-sectional surveys of young people, cannabis use is related to failing to complete 
a high school education and job instability in young adulthood. The complication is that 
those who are most likely to use cannabis have lower academic aspirations and poorer 
school performance before using cannabis than those who do not. When these 
differences are taken into account, the relationship between cannabis use and educational 
and occupational performance is much more modest. Even so, the adverse effects of 
cannabis and other drug use upon educational performance are important because they 
further impair poor performance, and level of education affects choice of occupation, 
level of income, choice of mate, and quality of life.

There is also suggestive evidence that heavy cannabis use has adverse effects upon 
family formation, mental health, and involvement in drug-related (but not other types of) 
crime. In the case of each of these outcomes the apparently strong associations revealed 
in cross-sectional data are much more ntodes. in longitudinal studies which statistically 
control for associations between cannabis use and other variab! which predict these 
adverse outcomes.

Therapeutic Effects of Cannabinoids
There is reasonable evidence that TH c .a an effective, anti-emetic agent for patients 
undergoing cancer chemotherapy. It was as effective as the drugs widely used in the late 
1970s and early 1980s when most of the research was conducted but THC does not 
appear to be as effective as newer anti-emetic drugs.

There is reasonable evidence that THC and cannabis are effective in treating AIDS- 
related wasting. There is suggestive evidence that cannabinoids are useful as anti- 
spasmodic, and anti-convulsant agents that warrants further clinical research. There are 
other potential therapeutic uses which require more pharmacological and experimental 
investigation, such as, the use of cannabinoids as analgesics or antispasmodics in 
disorders such as multiple sclerosis.

THC and other cannabinoids have not been widely used therapeutically or investigated 
in clinical trials. This is because in the United States where most cannabis research has 
been conducted, clinical research on cannabinoids has been discouraged by regulation 
and the fact that THC, the most therapeutically effective cannabinoid, is the one that 
produces the psychoactive effects sought by recreational users. THC is also a naturally 
occurring substance that cannot be patented, which means that companies are unlikely to

The health and psychological effects of cannaois use



conduct research into its medical i  ses. The discovery of a cannabinoid receptor and the 
cannabinoid-like substance anandamide may encourage more basic research into the 
therapeutic uses of natural and synthetic cannabinoids.

Overall evaluation of the health and psychological 
risks of cannabis use
A c u te  e f f e c ts
The major acute adverse psychological and health effects of cannabis intoxication are:

• anxiety, dysphoria, panic and paranoia, especially in naive users; 
cognitive impairment, especially of attention and memory;

• psychomotor impairment, and possibly an increased risk of accident if an 
intoxicated person attempts lo drive a motor vehicle;

• an increased risk of experiencing psychotic symptoms among those who are 
vulnerable because of personal or family history of psychosis; and

• an increased risk of low birth weight babies if cannabis is used during pregnancy. 

C h ro n ic  e f f e c ts
The most probable health and psychological effects of chronic heavy cannabis use 
appear to be:

respiratory diseases associated with smoking as the method of administration, such 
as chronic bronchitis, and the occurrence of histopathological changes that may be 
precursors to the development of malignancy;

• an increased risk of cancers of the aerodigestive tract, i.e. oral cavity, phary nx, and 
oesophagus; and

• development of a cannabis dependence syndrome, characterised by an inability to
abstain from or to control cannabis use.

The following possible adverse effects of chronic, heavy cannabis use remain to be
confirmed by further research:

a decline in occupational performance marked by underachievemenl in adults in 
occupations requiring high level cognitive skills, and impaired educational 
attainment in adolescents; and

• subtle forms of cognitive impairment, most particularly of attention and memory, 
which persist while the user remains chronically intoxicated, and may or may not be 
reversed by prolonged abstinence from cannabis.

H ig h  r is k  g r o u p s

A number of groups can be identified as being al increased risk of experiencing some of 
these adverse effects.
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A d o le s c e n ts
Adolescents with a history of poor school performance whose educational 
achievement may be reduced by chronic intoxication with cannabis; and

• Adolescents who initiate ca..nabis use in the early teens who are at higher risk of 
progressing to regular cann.bis use, to developing dependence on cannabis, and to 
using other illicit drugs.

W o m en  o f  c h i ld b e a r in g  a g e
• The babies of women who continue to smoke cannabis during pregnancy may have 

lower birth weight.

P e r s o n s  w ith  p re -e x is t in g  c o n d i t io n s
Persons with a number of pre-existing diseases who smoke cannabis are probably at an 
increased risk of exacerbating symptoms of their diseases. These include:

• Individuals with cardiovascular diseases, such as coronary artery disease, 
cerebrovascular disease and hypertension;

• Individuals with respiratory diseases, such as asthma, bronchitis, and emphysema; 

Individuals with schizophrenia; and

• Individuals who are dependent on alcohol and other drugs who are probably at an 
increased risk of developing dependence on cannabis.

Comparing the health risks of alcohol, tobacco and 
cannabis use
Comparing the adverse health effects of cannabis with those of alcohol and tobacco, 
reminds us of the health risks of two widely used psychoactive drugs. Cannabis shares a 
route of administration with tobacco smoking, and its effects resemble those of alcohol, 
which is also used for its intoxicating and euphoric effects.

A c u te  e f fe c ts
Alcohol: The major risks of acute cannabis use are similar to the acute risks of alcohol 
intoxication in a number of ways. First, both drugs produce psychomotor and cognitive 
impairment. The impairment produced by alcohol increases risks of various kinds of 
accidents, and the likelihood of engaging in risky behaviour, such as dangerous driving 
and unsafe sexual practices. It remains to be determined whether cannabis intoxication 
produces similar increases in accidental injury and death.

Second, there is good evidence that substantial doses of alcohol taken during the first 
trimester of pregnancy can produce a foetal alcohol syndrome. There is weak but 
inconclusive evidence that cannabis used during pregnancy may have similar adverse 
effects.

Third, there is a major health risk of acute alcohol use that is not shared with cannabis.
In large doses alcohol can cause death by asphyxiation, alcohol poisoning, 
cardiomyopathy and cardiac infarct. There are no recorded cases of overdose fatalities 
attributable to cannabis.
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Tobacco: The major acute health risks that cannabis share with tobacco are the irritant 
effects of smoke upon the respiratory system, the adverse effects of carbon monoxide 
and other components of smoke on the cardiovascular system and the stimulating effects 
of both THC and nicotine on the cardiovascular system, which can be detrimental to 
persons with cardiovascular disease.

C h ro n ic  e f f e c ts
Alcohol: A number of the risks of chronic alcohol use may be shared by chronic 
cannabis use. First, heavy users of both drugs may develop a dependence syndrome in 
which they experience difficulty in stopping or controlling their use. There is strong 
evidence of such a syndrome in the case of alcohol and reasonable evidence ir the case 
of cannabis. A major difference between the two is that it is uncertain whether a 
withdrawal syndrome reliably occurs after dependent cannabis users abruptly stop their 
cannabis use whereas the abrupt cessation of alcohol use in severely dependent d inkers 
produces a well-defined withdrawal syndrome which can in rare cases be fatal if 
untreated.

Second, there is reasonable clinical evidence that the chronic heavy use of alcohol can 
produce psychotic symptoms and exacerbate psychoses in some individuals. There is 
suggestive evidence that chronic heavy cannabis use may produce a toxic psychosis and 
precipitate psychotic illnesses in predisposed individuals. There is better evidence that it 
can exacerbate psychotic symptoms in individuals with schizophrenia.

Third, there is good evidence that chronic heavy alcohol use can indirectly cause brain 
injury—the Wernicke-Korsakov syndrome—with symptoms of severe memory defect 
and an impaired ability to plan and organise. With continued heavy drinking, and in the 
absence of vitamin supplementation, the drinker may develop severe irreversible 
cognitive impairment. Chronic cannabis use does not produce cognitive impairment of 
comparable severity. It may produce more subtle deficits in cognitive functioning that 
may or may not be reversible after abstinence.

Fourth, there is reasonable evidence that chronic heavy alcohol use impairs occupational 
performance in adults and educational achievements in adolescents. There is suggestive 
evidence that chronic heavy cannabis use produces similar, albeit more subtle 
impairments in occupational and educational performance of adults and adolescents.

Fifth, there is good evidence that chronic, heavy alcohol use increases the risk of 
premature mortality from accidents, suicide and violence. There is no comparable 
evidence for chronic cannabis use, although dependent cannabis users who frequently 
drive while intoxicated with cannabis possibly increase their risk of accidental injury or 
death.

Sixth, alcohol use has been accepted as a contributory cause of cancer o f the mouth, 
tongue and throat in men and women. There is some evidence that chronic cannabis 
smoking may also be a contributory cause of cancers of the mouth, tongue, throat, 
oesophagus, and lungs.
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Tobacco: The major adverse health effects shared by chronic cannabis and tobacco 
smokers are chronic respiratory diseases, such as chronic bronchitis, and probably, 
cancers of the aerodigestive tract. The increased risk of cancer in the respiratory tract is a 
consequence of the shared route of administration by smoking. Chronic cannabis 
smoking may also share the cardiotoxic properties of tobacco smoking, although this 
possibility remains to be investigated.

•

Public health impact
Studies of deaths, u. use, economic costs and disease burden attributable to alcohol, 
tobacco and illicit drugs differ in the way that they rank the impact of alcohol, depending 
upon whether they include the mortality benefit of moderate alcohol use or not. They all 
agree, however, that on current patterns of use, alcohol and tobacco are much more 
damaging to public health in developed societies than cannabis, which makes no known 
contribution to deaths and a minor contribution to morbidity.

These estimates cannot be used to predict what would happen if there was a major 
change in the prevalence of cannabis use, as may happen if cannabis were to become as 
freely available and as heavily promoted as alcohol and tobacco. All that can be said 
with confidence is that if the rate of cannabis use increased to the levels of cigarette 
smoking and alcohol use, its adverse impact on public health would increase. It is 
impossible to say precisely by how much.
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Introduction

This monograph updates a review of the health and psychological effects of cannabis 
that was undertaken in 1993 at the request of a National Task Force on Cannabis. The 
Task Force commissioned this review because there had not been an international review 
of the health and psychological effecU of cannabis since one was published in 1983 by 
the Addiction Research Foundation and World Health Organization (1). Since our review 
was published (2) the World Health Organization (3) and the US Institute of Medicine 
(4) have published reviews of the research that has been undertaken on the health effects 
of cannabis use. This review updates tlie earlier review in the light of recent research and 
authoritative reviews with the aim of providing as accurate and objective an analysis of 
the health risks of cannabis as the evidence allows. It also makes clear which issues 
remain uncertain.

1.1 Making causal inferences
We have used standard criteria in making causal inferences (5) about the health effects of 
cannabis. These require that the following conditions are met: that there is an association 
between cannabis use and an adverse health outcome; that chance is an unlikely 
explanation of the association; that cannabis use preceded the health outcome; and that 
plausible alternative causal explanations of the association can be excluded.

Evidence of an association between cannabis use and a health outcome is provided by a 
relationship between cannabis use and the health outcome observed in a case-control, 
cross-sectional, cohort, or experimental study. These study designs differ in the ease and 
expense with which they can be conducted and in the strength of the inference that they 
warrant about the association between cannabis use and the health outcome under study.

Evidence is required that chance is an unlikely explanation of any relationship observed 
between cannabis use and a health outcome. ‘Unlikely to arise by chance ‘ is 
conventionally taken to mean that it is an event that would occur less than once in twenty 
trials (5% of the time). In the biomedical sciences, statistical tests and confidence 
intervals are used to evaluate the plausibility of this hypothesis.

If cannabis use is a cause of an adverse health effect then cannabis use should precede 
the health effect. Cross-sectional and case-control studies which assess cannabis use and 
health status at the same time often do not enable us to decide which came first, the 
cannabis use or the health outcome. This is a problem when age at which a health 
outcome first appears (e.g. school failure, schizophrenia) is around the age at which 
cannabis use begins, namely, late adolescence and early ad j'thood. The strongest 
evidence that cannabis use precedes Ihe health effects would be provided by a cohort 
study or an experiment. In the former the researcher observes that cannabis use precedes 
the health effect while in the latter the experimenter would ensure by design that it 
did so.
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The alternative explanation of an association between cannabis use and a health outcome 
that is the most difficult to exclude is that the association reflects an unmeasured variable 
that is the cause of both cannabis use and the health outcome. In cross-sectional surveys 
of high school-aged adolescents, for example, cannabis users perform more poorly at 
school than non-cannabis users (6). An 'obvious'explanation of this association is that 
cannabis use is a cause of poor school performance. An equally plausible hypothesis is 
that low intellectual ability or learning difficulties are causes of both poor school 
performance and cannabis use (7, 8).

Experiments in which persons were randomly assigned to use cannabis or not would 
provide the best way of ruling out such 'common causes'. Random assignment would 
ensure that adolescent cannabis users did not differ prior to using cannabis use from 
adolescents who did not. Hence, any later differences in educational performance could 
be attributed to cannabis use rather than to pre-existing differences in ability. For 
obvious reasons this option is not available. It is impossible for ethical and practical 
reasons to randomly assign individuals to cannabis use except when studying acute and 
innocuous health effects of use. It would be unethical to force some adolescents to use 
cannabis, and impractical, even if ethical, lo prevent those who were assigned not to use 
cannabis from doing so.

Experiments using laboratory animals are the next best option to human experiments on 
some of the health effects of chronic cannabis use. In such studies, mice, rats, or 
monkeys are randomly assigned to receive either high doses of cannabis or placebo for 
substantial parts of their lives. The rates of various heakh outcomes (e.g. cancers, 
immunological changes, reproductive effects) are then compared between the 
experimental and control animals. This strategy has limited application in studying the 
psychological effects of chronic cannabis use because there are no animal models for 
mental illness, poor school performance, and personal adjustment. Even when animal 
models are available there are problems in extrapolating results across species which are 
compounded by the fact that humans and animals use different routes of administration 
(e.g. oral and injected in animals versus smoked in humans), different forms of cannabis 
(pure THC in many animal studies versus smoked cannabis plant in human use), and 
very different doses of THC (high doses in animals vs. long-term, low dosing of crude 
THC in cannabis products that are smoked by human:.).

When a suitable animal model does not exist, and when randomisation of human 
subjects is impractical or unethical, epidemiological methods are used to rule out 
common causes in human studies. These use statistical methods to estimate the effect 
that cannabis use has on a health outcome, after adjusting for the effects of any 
differences between cannabis users and non-users that may affect the outcome (e.g. 
personal characteristics and life experiences before using cannabis). If the relationship 
persists after statistical adjustment, then confidence is increased that it is not attributable 
to the variables for which statistical adjustment has been made. This approach has been 
used, for example, in longitudinal studies of the effects of adolescent cannabis use on 
psychosocial outcomes (7-9).
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1.2 An o v e ra l l  e va lu a t io n  o f c a u s a l  h yp o th e s e s
A single research study, no matter how well done, does not permit us to decide whether 
cannabis use is a cause of an adverse health outcome. Causal hypotheses are evaluated in 
the light of a body of research using criteria of the sort outlined by Hill (10). These 
criteria are not sufficient for establishing that an association indicates a causal 
relationship since it is possible to be mistaken about a causal inference when the criteria 
have been met. But generally, the more of the criteria that are met, the more likely the 
association is to be causal.

Strength o f association: the stronger a relationship is the better our ability to predict that 
cannabis use and a health effect co-occur. Stronger relationships are generally more 
deserving of trust than weaker ones that the relationship is less easily explained as 
artefacts of measurement or sampling.

Consistency: relationships which are consistently observed by different investigators, in 
different populations, using varied measures and research designs, are more credible 
than relationships which are not. Tlie persistence of a relationship despite differences in 
sampling and research methods makes it unlikely that it can be explained by these 
factors.

Specificity exists when cannabis use is strongly associated with the outcome, and the 
health outcome is rare in non-cannabis users. This is a desirable but not a necessary 
condition. If there is specificity we can be more confident that there is a causal 
relationship but its absence does not exclude the possibility of a causal relationship.

Biological gradient refers to the existence of a dose-response relationship between 
frequency and duration of cannabis use and the likelihood of the health outcome. 
Satisfaction of this criterion is desirable but not necessary because there may be other 
patterns of relationship between cannabis use and the outcome, e.g. a threshold effect, an 
'all or none’, or a curvilinear relationship.

Biological plausibility: If there is no known mechanism that would explain a 
relationship, then we have grounds for scepticism. But if we have good evidence of 
association from well controlled studies, biological implausibility is not a compelling 
reason for rejecting a causal relationship: it may mean that existing theories are wrong, 
or that we need new theories to explain previously unknown phenomena.

Coherence means that the relationship is consistent wilh the natural history and biology 
of the condition. This too is desirable but not necessary: it is desirable if we have 
independent information that we can trust but its absence is not fatal since the other 
knowledge with which it is inconsistent may be in error.
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1.3 A cu te  hea lth  e f fe c t s
It is easier to make causal inferences about the acute effects of any drug (e.g. its effects 
on mood or thinking) than it is to make inferences about the health effects of its chronic 
use. It is clear in these cases that. Jrug use precedes the effect; dmg use and the effect 
typically occur closely together in time; and if the effects are not dangerous, they can be 
reliably reproduced in a substantial proportion of people by administering the dmg under 
controlled conditions. All these conditions apply to the acute psychoactive effects of 
cannabis that arc sought by recreational cannabis users (such as euphoria and relaxation). 
They also apply to the more common unpleasant or dysphoric effects, such as anxiety, 
panic and depression.

It can be more difficult to decide whether relatively rare acute experiences (such as 
flashbacks and psychotic symptoms) are caused by cannabis use. It may be uncertain 
whether these are: rare events that occur coincidentally with cannabis use; unusual 
effects of cannabis use that occur at much higher than usual recreational doses or that 
require some form of personal vulnerability; caused by other dmgs which may have 
been taken with cannabis; or the result of interactions between (he cannabis and other 
drug use.

1.4 Chron ic  e f fe c t s
Causal inferences about the effects of chronic cannabis use become more difficult the 
longer the interval between starting to use it and the occurrence of the adverse health 
effects. If it takes a long time for adverse effects to develop, it may take longer for a 
suspicion to be raised about the relationship between cannabis use and the adverse 
outcome. In the case of tobacco, for example, it took three hundred years to discover that 
it caused cancer and heart disease and new health hazards of tobacco smoking continue 
to be discovered ( ll) . The longer the time interval between cannabis use and the health 
consequence, the more alternative explanations of the association that there are to be 
excluded.

In mukir." causal inferences about the chronic health effects of cannabis use we have a 
trade off between rigour and relevance in the available evidence. The most rigorous 
evide.-.ce is provided by laboratory investigations using experimental animals or 
preparations of animal cells and micro-organisms in which very large drug doses are 
administered over a substantial period of the organisms’ lives. Tlie relevance of such 
research to human disease, however, is often problematic.

Epidemiological studies of relationships between cannabis use and human disease are 
the most relevant in evaluating the human health effects of cannabis but this relevance is 
obtained at the expense of reduced rigour. Assessing exposure to cannabis and excluding 
alternative explanations of associations between cannabis use and health outcomes can 
be difficult in such studies. Uncertainty about the interpretation of human 
epidemiological studies affects interpretations of both ‘positive’ studies that find 
relationships between cannabis use and health outcomes and ‘negative’ studies which 
fail to find relationships.
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A major problem in interpreting 'positive’ epidemiological studies is that cannabis users 
are more likely to use alcohol and tobacco that arc known to adversely affect health. 
Generally, the heavier the cannabis use, the more likely it is that the person uses alcohol 
and tobacco, as well as illicit drugs like amphetamine, hallucinogens, cocaine, and 
heroin (7, 12, 13). This makes it difficult to be confident that adverse health effects 
found in cannabis users are caused by their cannabis use (14).

A differci.i problem arises when interpreting studies that fail to find any adverse health 
effects of chronic cannabis use. In the case of immunological effects, for example, the 
limited epidemiological evidence suggests that there are no adverse immunological 
effects of chronic heavy cannabis use in humans (2). Does this mean that THC has few, 
if any, immunological effects in humans or have the studies lacked the sensitivity to 
detect any such effects in humans? The answers to this question depends upon the likely 
magnitude of any such effects, their relationship lo cannabis dose, frequency and 
duration of use, and the ability of studies with small sample sizes to detect them (15).

1.5 C om par in g  hea lth  e f fe c t s  o f d i f fe ren t d r u g s
Comparisons are often made between the public health impact of cannabis use and that 
of alcohol and tobacco. This impact is assessed by examining the number of individuals 
whose health is adversely affected by each type of drug and the severity of the health 
consequences for these individuals.

The major obstacle to making such comparisons is the paucity of information on the 
health effects of long-term cannabis use. It is nonetheless still useful to make 
comparisons of the adverse health effects of cannabis with those of alcohol and tobacco. 
These comparisons simply indicate whether or not cannabis shares the known adverse 
health effects of alcohol and tobacco. The reason for selecting these drugs are that they 
are widely used psychoactive drugs with which cannabis shares a route of administration 
in the case of tobacco, and which, in the case of alcohol, is also used for its intoxicating 
and euphoric effects. They therefore provide a useful standard of comparison when 
appraising the health risks of cannabis use.

1.6 An ou t l in e  o f the  m onog raph
The remainder of this monograph reviews the literature on the health and psychological 
effects of cannabis in the following way. Chapter 2 describes ‘cannabis as a drug’. It 
deals wilh the main preparations of cannabis that are used, the way in which they are 
typically used and the pharmacology of its major psychoactive ingredient, 
tetrahydrocannabinol or THC.

Chapter 3 describes the patterns of cannabis use in Australia and other developed 
societies, including the USA, Canada, and countries of the European Union. It describes 
sex and age differences in patterns of use and the natural history of cannabis use from 
adolescence into adulthood.
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Chapter 4 describes the acute effects of cannabis. These include the positive 
psychological effects sought by recreational users as well as the adverse psychological 
effects some users experience. It also reviews evidence on the possible contribution that 
cannabis intoxication makes to motor vehicle accidents.

Chapters 5, 6 and 7 discuss the evidence on the adverse health effects of chronic 
cannabis use. Chapter 5 considers evidence on the effects of cannabis use on cellular 
functioning and the risks of users developing cancers. It also reviews evidence on the 
effects of cannabis use on immunological functioning in users. Chapter 6 discusses the 
possible reproductive effects of cannabis use. Chapter 7 considers the possible adverse 
effects that cannabis smoking may have on the respiratory, cardiovascular and 
gastrointestinal systems.

Chapters 8, 9 and 10 review research on adverse psychological effects that have been 
attributed to chronic cannabis use. These include the effects of cannabis use on 
motivation and the risk of developing dependence on the drug (chapter 8). Chapter 9 
considers the possibility that people who use cannabis regularly over a period of years 
may develop cognitive impairment. Chapter 10 discusses evidence on the contribution 
that cannabis use may make to the precipitation and exacerbation of schizophrenia and 
other psychoses.

Chapters 11 and 12 consider the possible consequences of adolescent cannabis use.
These chapters deal with evidence on societal concerns about the impact that adolescent 
cannabis use may have on the likelihood o f using other illicit drugs (chapter 11) and on 
psychosocial outcomes, such as school performance, delinquency and mental health 
(chapter 12).

Chapter 13 considers the evidence on the therapeutic benefits of cannabis and 
cannabinoids. Chapter 14 concludes by comparing the adverse health effects of cannabis 
with those of alcohol and tobacco.
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2 Cannabis the drug

2.1 The c a n n a b is  p lan t
Cannabis preparations arc obtained from the plant Cannabis saliva, which occurs in 
male and female forms. The cannabis plant contains more than 60 cannabinoids, that is, 
substances that are unique to the plant. The one that is primarily responsible for the 
psychoactive effects that are sought by cannabis users is dclta-9-tetrahydrocannabinol or 
THC (1-3), which is found in a resin that covers the flowering tops and upper leaves of 
the female plant. Most of the other cannabinoids are either inactive or only weakly 
active, although they may interact with THC (2, 4).

The most common cannabis preparations are marijuana, hashish and hash oil. Marijuana 
is prepared from the dried flowering tops and leaves of the plant. Its potency depends 
upon the growing conditions, the genetic characteristics of the plant, the ratio of THC to 
other cannabinoids, and the oart of the plant that is used (5). The flowering tops have the 
highest THC concentration with much lower concentrations in the leaves, stems and 
seeds. Varieties of cannabis cultivated for hemp fibre usually contain very low levels of 
THC. Cannabis plants may be grown to maximise their THC production by the 
‘sinsemilla’ method in which only female plants are grown together (5).

The concentration of THC in marijuana may range from 0.5% lo 5% while the 
‘sinsemilla’ variety may contain 7% to 14% THC (6). The potency of marijuana 
preparations being sold in the USA has probably increased during the past several 
decades (6) although it has not increased 30 fold, as has been claimed in the popular 
media (7).

Hashish or hash consists of dried cannabis resin. It may be light brown to almost black 
?od contain between 2% to 8% of THC. Hash oil is obtained by extracting THC from 
hashish (or marijuana) in oil. Its colour may range from clear to pale yellow/green, 
through brown lo black. The concentration of THC in hash oil typically varies between 
15% and 20% (8).

2.2 R o u te s  o f  adm in is tra t ion
Cannabis is typically smoked as marijuana in a hand-rolled cigarette or ‘joint’ which 
may include tobacco to assist ourning. A water pipe or ‘bong’ is an increasingly popular 
way of using all cannabis preparations in Australia (7). Hashish may be mixed with 
tobacco and smoked as a joint or smoked in a pipe, with or without tobacco. Because 
hash oil is extremely potent a few drops may be applied to a cigarette or a joint, to the 
mixture in a pipe, or the oil may be healed and Ihe vapours inhaled. Whatever 
preparation or method of smoking is used, smokers typically inhale deeply and hold their 
breath to ensure maximum absorption of THC by the lungs.
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The oral route of administration may also be used. Hashish may be cooked in foods and 
eaten. In experimental research, THC dissolved in sesame oil is swallowed in gelatine 
capsules. In India, cannabis may be consumed in the form o f ‘bhang’, a tea brewed from 
the leaves and stems of the plant.

Cannabis does not lend itself to injection because THC does not dissolve in water 
(Iversen, (3). Crude solutions of cannabis can be injected intravenously but they contain 
very little THC. They are more likely to include undissolved particles and substances 
that can cause severe pain and inflammation at the site of injection. Iversen has 
suggested that the inability to inject cannabis preparations was one of the reasons why its 
therapeutic use declined at the end o f the nineteenth century.

Survey data on patterns of cannabis use in Australia indicates that all but a handful of 
cannabis users smoke cannabis (7). This is for a good reason because, as Martin and 
Cone have argued, the chemistry and pharmacology o f cannabis dictate that it be smoked 
(2). Given the preponderance of smoking as the route of administration, the reader 
should assume that unless otherwise stated the method of ingesting cannabis is smoking.

2.3 D o sa g e
A ‘typical’ cannabis joint consists of between 0.5 and 1.0 g of cannabis that contains 
between 5 and 150 mg of THC (i.e. between 0.5% and 5% THC). The amount of THC 
delivered to the lungs in the smoke varies between 20% and 70% (2, 9); the rest is burnt 
or lost in sidestream smoke. The fraction of THC in the joint that reaches the user’s 
bloodstream varies between 5% and 24% (mean 18.6%) (10). For all these reasons, it is 
difficult to estimate the typical dose o f THC that is received when cannabis is smoked.

An occasional user only requires a small amount of smoked cannabis (e.g. 2 to 3 mg of 
absorbed THC) to experience a brief, pleasurable high, but a heavy cannabis smoker 
may consume five or more joints per day. Heavy cannabis users in Jamaica may 
consume up to 420 mg THC per day (II). In human laboratory research on the effects of 
cannabis, THC doses of 10, 20 and 25 mg have been defined as low, medium and high 
doses (12, 13).

2.4 M e ta bo l ism  o f  c a n n a b in o id s
The way that cannabis is used affects the absorption, metabolism and excretion of THC. 
When cannabis is smoked, THC is absorbed within minutes into the bloodstream from 
the lungs. Orally administered THC is absorbed much more slowly, taking 1 lo 3 hours 
to enter the bloodstream and produce its psychoactue effects (2).

After smoking, THC is metabolised first in the lungs and then in the liver where it is 
transformed into a number of metabolites (2). Tl metabolite 9-carboxy-THC is 
detectable in blood within minutes of smoking cannabis. It is not psychoactive. Another 
major metabolite is 11 -hydroxy-THC. It is marginally more potent than THC and crosses
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the blood-brain barrier more rapidly. It is found in very low concentrations in the blood 
after smoking and at higher concentrations after oral use (9). THC and its metabolites 
account for most o f the psychoactive effects of cannabis (2).

Peak blood levels of THC occur within 10 minutes of smoking and decline to 5% o f 10% 
of their initial level within an hour (2). The decline in THC reflects the conversion of 
THC to its metabolites. THC and its metabolites are highly fat soluble and concentrate in 
lipid-rich tissues, including the brain (14, 15). They may remain in the fatty tissues of the 
body for considerable periods of time, being slowly released into the bloodstream. This 
slows the elimination of THC from the body (2).

Research using sensitive detection techniques suggests that the half-life of THC in 
chronic users is 4 days on average (16, 17). Because of the slow clearance, THC and its 
metabolites accumulate in the body with repeated administration. Its slow release from 
fatty tissues into the bloodstream means that THC and its metabolites may be detectable 
in blood for several days. Traces of THC may persist for several weeks.

2.5 D e tec t ion  o f c a n n a b in o id s  in b o d y  f lu id s
Plasma levels of THC in cannabis users vary between 0 and 500 ng/ml, depending on the 
THC content of the cannabis and the time since its use. Blood levels of THC may 
decline to 2 ng/ml an hour after smoking a low potency cannabis cigarette but it may 
take 9 hours to reach the satne leve1 after smoking a high potency cannabis cigarette.
Such levels may persist for several ^ys in chronic users because of the slow release of 
accumulated THC.

The detection of THC in blood above 10-15 ng/ml generally indicates ‘recent’ use of 
cannabis but it is no! possible to estimate precisely how recent. A more precise estimate 
of the lime of consumption is provided by the ratio of THC to 9-carboxy-THC. When the 
levels of 9-carboxy-THC arc substantially higher than those of THC, cannabis was 
smoked more than half an hour ago, if the smoker was a naive user (9, 13). Background 
levels of cannabinoids (particularly 9-carboxy-THC) in regular users make it difficult to 
estimate time since use.

Cannabinoid levels in urine arc a weak indicator of recent cannabis use (18). In general, 
the more cannabinoid metabolites in urine, the more recent the use but it is impossible to 
be precise about how ‘recent’ (9). Only minute traces of THC are found in urine because 
most of the THC is excreted as metabolites in faeces and urine (19). 9-carboxy-THC can 
be detected in urine within 30 minutes of smoking. This and other metabolites may be 
detected for several days in first time or irregular cannabis users but regular users may 
continue to excrete metabolites for weeks and possibly months (20, 21).

Studies of cannabinoids in saliva have founil that THC can be stor cl for at least 28 days 
(22). Measurement o f cannabinoids in saliva may reduce the time frame for ‘recent’ use 
from days and weeks to hours because they reflect the presence of residual THC in the 
mouth aftec smoking (9, 23, 24). Salivary THC levels are correlated with subjective 
intoxication and heart rate (25).
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Unlike alcohol where psychomolor impairment is correlated with blood alcohol level, 
there is no simple relationship between levels of THC (or its metabolites^ in blood and 
impairment (18, 26). This is for two reasons: the delay between experiencing the 
subjective high and the appearance of THC in the blood; and large variations between 
different people in the level of intoxication experienced at the same blood level of THC. 
A consensus conference of forensic toxicologists concluded that there was no* sufficient 
evidence for blood concentrations of THC to define a legal basis for driving a motor 
vehicle while under the influence of cannabis (27).

2.6 Two sp e c ia l  c o n c e rn s
2.6.1 S to r a g e  o f  THC
There is good evidence that with repeated dosing of cannabis at frequent intervals, THC 
can accumulate in fatty tissues in the human body where it may remain for considerable 
periods of time (Ashton (18) and see above). The storage of cannabinoids would be 
serious cause for concern if THC were a highly toxic substance which remained 
physiologically active while stored. THC is not a highly toxic substance and it is 
unlikely to have active effects while stored in body fat because it acts in receptors that 
are not present in body fat. One potential health implication of THC storage is that the 
release of stored cannabinoids into blood may produce unexpected symptoms of 
cannabis intoxication. The release of stored THC has been suggested as an explanation 
of ‘flashback experiences' (e.g. Negrete (28); Thomas (29)). Such experiences have been 
rarely reported by cannabis users (e.g. Lidwards (30)), and their significance is 
complicated by the fact that those who have reported these experiences have often used 
other hallucinogenic drugs.

2 .6 .2  I n c r e a s e s  in th e  p o te n c y  o f  c a n n a b is
Cohen (31) claimed that research underestimates the adverse health effects of cannabis 
because it was largely based upon studies conducted when cannabis users used less 
potent forms of cannabis (0.5% to 1.0% THC) than later became available in the USA in 
the 1980s (3.5% THC in 1985-1986). This claim has been repeated often in the popular 
and scientific media (18, 32), usually asserted rather than shown and often supported by 
anecdotal reports of samples of cannabis containing high percentages of THC. An 
alleged ‘thirty-fold’ increase in potency has contributed to recent concerns about the 
health effects of cannabis in Australia (7).

There are two different interpretations of this claim: (i) that the average THC content of 
cannabis plants has increased: and (ii) that the average THC content of cannabis 
products consumed by users has increased by 10-30 times (7).

The USA is the only country that has regularly collected data on the THC content of 
cannabis plants over the past several decades. Claims that this data indicated that the 
THC content of cannabis in the USA had increased between three to seven-fold from the 
early 1970s to the mid 1980s have been challenged by data from independent 
laboratories, and because such claims relied on the assumption that the samples from the 
middle 1970s were representative of cannabis consumed at that time. More recent data 
have failed to show a 10-30 fold increase in the THC content of seizures between 1984
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and 1998. At most this scries shows a small increase in THC content from 3.3% in 1980 
to 4.4% in 1998 (6, 33). Recent data published on the THC content of cannabis seized 
in New Zealand over the past 20 years has not shown any increase in average THC 
content (34).

2.7 C ann ab in o id  b io lo g y
Research during the 1990s has clarified the ways in which cannabinoids act in the human 
body and brain (35, 36). This research has identified 'cannabinoid receptors’ and 
'endogenous cannabinoids’. Cannabinoid receptors are the molecular sites in the brain 
and body at which the active components of cannabis, such as THC, act (36).
Endogenous cannabinoids are substances that naturally occur in the human brain and 
body that, like THC, act on cannabin rid receptors in the brain. These include 
anandamide (37) and 2-arachidonyl-glycerol (2AG) (38, 39).

Two types of cannabinoid receptors, CB, and CB2 have been identified. The CB! 
receptor that is found primarily in the brain is responsible for the psychological effects of 
THC (40). The CB2 receptor is found in the immune system but its precise role remains 
unclear. CB! and CB, receptors belong to a large group of receptors found in the 
membranes of nerve cells that are involved in chemical signalling between nerve cells. 
Cannabinoid receptors have been found in the nervous system of lower vertebrates, 
including chickens, turtles and trout (41). This suggests that these receptors were present 
early in evolution, and their conservation implies that they serve an important biological 
function in many species including mammals (2).

The distribution of CB, and CB, receptors in the brain, immune and reproductive tissues 
is consistent with many of their therapeutic and recreational effects (38, 39). CB, 
cannabinoid receptors in the brain are most concentrated in brain systems that are 
involved in controlling mood, motor function, memory formation, food intake, pain 
modulation, immune, and reproductive functions >).

Cannabis disrupts short-term memory in humans (see Chapter 4). This effect is 
consistent with an abundance of CB, receptors in the hippocampus, the brain region 
most closely associated with memory (3, 39). A high density of CB, receptors in the 
basal ganglia and cerebellum is consistent with the observation thut cannabinoids 
interfere with coordinated movement (2). Cannabis has very little acute effect on 
respiratory function in humans (42, 43). which is consistent with the observation that 
the lower brainstem area has lew cannabinoid receptors. The absence of cannabinoid 
receptors in the lower brainstem also explains why high doses of THC are rarely 
lethal (3).

2.8 S um m a ry
Cannabis is derived from the cannabis saliva plant. THC is the constituent of cannabis 
that produces the psychoactive effects sought by recreational users. Different forms of 
cannabis (marijuana, heads, hash and hash oil) vary in their potency. Cannabis is
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predominantly smoked in a joint or in a water pipe because this L (he most efficient way 
to deliver THC quickly to the bloodstream and brain. THC and its metabolites can be 
detected in blood and urine bul there is no simple relationship between these levels in 
blood or urine and the degree of intoxication or psychomotor impairment. THC acts on 
brain receptors ( ‘cannabinoid receptors’) that are also acted upon by substances that 
occur naturally in the brain ( ’endogenous cannabinoids'). Cannabinoid receptors are 
found in brain regions involved in control of mood, memory, and motor performance, all 
of which are affected by cannabis.
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3 Patterns of cannabis use

3.1 Measuring cannabis use
Most information about cannabis use is collected by surveying the general population 
and high school and university students. These surveys typically ask each person 
whether he or she has used cannabis: at any time in their lives (lifetime use), in the past 
year (past year use), and in the past month. Rates of weekly and daily cannabis use are 
low in most populations, so surveys typically only report whether the person has used 
cannabis in his or her lifetime or in the past year.

There is good evidence that carefully designed surveys provide valid information on 
self-reported cannabis use. O ’Malley, Bachman, and Johnston (1), for example, showed 
that self-reported drug use in three waves of interviews of high school seniors was as 
reliable as self-reports of other behaviour. They have also shown that although some 
older adults later under-report drug use in adolescence and early adult life, under­
reporting of cannabis use is quite low (2, 3). Most importantly, any small biases in self- 
reported cannabis use are fairly constant over time, meaning that wc can be reasonably 
confident about trends in drug use from surveys (4, 5).

3.2 Cannabis use in Australia
Cannabis is the most widely used illicit drug in Australia. In 1998 39% of adults aged 15 
and older reported that they had used cannabis at some time in their lives (6). Men were 
more likely to have used cannabis than women at all ages (44% of males vs. 35% of 
females) (7). Rates of cannabis use were highest among young adults: 45% of 14-19 
year olds and 64% of 20 to 24 years olds reported lifetime cannabis use. Rates declined 
steadily with age (see Figure 1). The low rates of lifetime cannabis use among adults 
over the age of 50 years reflects the beginning of widespread cannabis use among young 
Australian adults in the early 1970s (7).

Most cannabis use is not regular. In the 1998 survey, three quarters of women and two 
thirds of men who had ever used cannabis either had not used in the past year or had 
used less than weekly (6). The proportion of users who became weekly users was 7% of 
women and 15% of men. Weekly cannabis use was most common among those aged 20 
to 24 years, declining steeply thereafter (8).
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The rate of cannabis use in the past 12 months was 18% in the 1998 NDS. This was an 
i crease on rates of use in previous household surveys, which found rates of 12 to 13% 
(9). Current use of cannabis was more common among males (21%) than females (15%) 
(Figure 2) but there was no difference in the youngest age group. The prevalence of 
current cannabis use was highest among 14-19 year olds (35% ' ind 20-29 year olds 
(37%). This is consistent with previous NDS surveys (8).

Figure 2: Prevalence o f 12-month cannabis use by age and gender, 1998 NDS survey

14-19 20-29 30-39 40-49
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The 1996 Australian School Student’s Alcohol and Drugs Survey found that 36% of 
students aged 12-17 had used cannabis (10). Earlier studies of drug use among school 
aged youth in various Australian states conducted in the early 1990's reported rates of 
cannabis use between 25 to 30% (8). The 1996 school survey results suggest that there 
was an increase in the use of cannabis among youth during the 1990s, a finding (hat is 
supported by the NDS household surveys. The most recent national school survey found 
a small decline in rates of recent cannabis use among school students between 1996 and 
1999(11).

Australian cannabis users were more often males, who were under 35 years of age and 
more likely to be unemployed than non-users. While persons with higher education 
levels are more likely to have tried cannabis at some time in their lives, persons with 
lower levels of education are more likely to be regular users (9). Current cigarette 
smokers are more likely to smoke cannabis than non-smokers, and regular drinkers are 
more likely than occasional or non-drinkers, to be regular users of cannabis (12). 
Cannabis in Australia is most typically smoked, and the types of cannabis most 
commonly used are heads and leaf (9). The preferred mode of administration among 
younger users is a bong and to a lesser extent, a pipe; older users are more likely to 
smoke joints (13).

Surveys of drug use in the general population were not conducted in Australia until the 
mid 1980s. However, throughout the 1970s some market research companies included 
questions on cannabis use in other surveys (14). These show an increase in cannabis use 
in all age groups between 1973 and 1984. Among 20 to 29 year olds, for example, 23% 
reported having used cannabis in 1973 while the figure increased to 39% in 1984. The 
sharp increase in the rates of cannabis use between the 1984 market research survey and 
the 1985 national household survey may reflect greater anonymity given to respondents 
in the 1985 survey, and the different settings in which these questions were asked (in an 
‘omnibus’ survey of consumer attitudes in 1984 and a special purpose survey about drug 
use and drug-related issues in 1985). There has been an increase in the percentage of 
Australians who report having ever tried cannabis in the NDS household surveys from 
28% in 1985 to 39% in 1998.

3.2.1 C h a n g in g  p a t te r n s  o f c a n n a b is  u s e
Younger cannabis users now use more potent forms of cannabis at an earlier age. The 
1998 NDS data show a decline in the age of initiation among younger cannabis users.
One in five cannabis users (21%) bom between 1940 and 1949 had initiated cannabis use 
by age 18, compared to 43% of those bom in 1950-59, 66% of those born 1960-69 and 
78% of those born in 1970-79 (15).

Earlier initiation of cannabis use increases the chances that these users will become daily 
or nearly daily cannabis users (16, 17). This, in turn, increases the risks of becoming 
dependent on cannabis and experiencing problems as a result of their use (16, 18).
Levels of consumption among some adolescent cannabis users can be very high. For 
example, 40% of a sample of NSW juvenile offenders reported smoking 40 or more 
‘cones' o f cannabis a week (19).
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The greater expense of cannabis heads also encourages regular users to smoke them in 
waterpipes or ‘bongs’ in the belief that this maximises the delivery of THC. In the 1998 
NDS Survey just over half of all persons who had used cannabis in the last year smoked 
'heads’ (57%) using bongs (56%). Younger users were more likely than older users to 
prefer bongs or pipes »o joints (Figure 3) and heads to leaf, with the opposite trend in 
older users (Figure 4).

Figure 3: Prevalence ofpreference for different methods o f using cannabis by age group
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70

14-19 40+20-29 30-39

Age group
S o u rce : N ationa l D rug S tra tegy H o u se h o ld  Survey, 1998; S o c ia l S c ie n c e  D a ta  A rch ive s

Figure 4: Prevalence ofpreference of use o f cannabis products according lo age group
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All these changes in patterns of use—earlier initiation of cannabis use, greater use of 
more potent cannabis products such as heads, and the use of waterpipes— have probably 
increased the amount of THC consumed by regular cannabis users, while the 
concentration of THC in cannabis products has increased only marginally.

3 Cannabis use in the United States
In the United States two major surveys o f illicit drug use have been undertaken since the 
early 1970s. The National Household Survey on Drug Abuse (sponsored by the National 
Institute on Drug Abuse) has surveyed household samples of adults throughout the U.S. 
since 1972. Since 1975, the ‘Monitoring The Future’ project has surveyed nation-wide 
samples of high school seniors, college students and young adults each year (2, 3).

3.3.1 NIDA H o u s e h o ld  S u rv e y
NIDA has surveyed approximately 90(X) persons aged 12 years and older in randomly 
selected households throughout the U.S. every two to three years since 1972. Since 
1991, the survey has been conducted annually with a sample of over 30,000 participants 
(20).

In 1999, one third (35%) of the national sample reported that they had tried cannabis, 9% 
had used in the past year, and 5% reported that they were current users (Table 1) (21). 
Lifetime use increased from 11% among those aged 12 to 17 years to 59% among those 
aged 26 to 34 years before declining to 25% among those over the age of 35 years. Rates 
of discontinuation of use were high: more than two thirds of men and three quarters of 
women who had use cannabis at some time in their lives had not used it in the last year. 
Monthly cannabis use was uncommon. It was more common among men (9%) than 
women (6%) and most common among those aged 12 to 17 years (11%).

The NIDA Household survey series from 1974 to 1990 showed that rates o f cannabis use 
increased throughout the 1970s, peaked in 1979, declined steadily throughout the 1980s 
to reach their lowest level in 1990, before increasing again in 1992.

Table I: Prevalence o f cannabis use (US National Household Survey on 
Drug Abuse, 1999)

Lifetim e P a s t 12 m onths Past m onth

1 2 -1 7  ye a rs 18.7 14.4 7 .7

1 8 -2 5  ye a rs 46.8 24.8 14.8

26  + ye ars 34.7 5.4 3 .0

Total 34.6 8.9 5.1
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T a ble  2 : T re n d s  in  p a s t  m o n th  c a n n a b is  u s e  ( U S  N a t io n a l  H o u s e h o ld  S u r v e y  on
Drug Abuse 1974-1999)

A ge 1974 1976 1977 1979 1985 1988 1990 1992 1995 1996 1999

1 2 -1 7 12.0 12.3 16.6 16.3 13.2 8.1 7.1 5.3 10.9 9.0 7 .7

1 8 -2 5 25 .2 25.0 27.4 38.0 25.3 17.9 15.0 13.1 14.2 15.6 14.8

26+ 2.0 3 * 3.3 3 .0

2 6 -3 4 20.8 23.1 14.7 10.9 11.4 8.3 8.4

35+ 2.8 3 .9 2.3 3.1 2.5 2.8 2 .9

3.3 .2  T h e  M o n ito rin g  T h e  F u tu re  p ro je c t
In this series o f surveys, the prevalence of cannabis use has been estimated among 
secondary school students, college students and young adults. Since 1975 approximately 
15,000 high school seniors have been surveyed. The college students and young adults 
who are surveyed each year represent a sample of those who were originally surveyed as 
high school seniors (about 14%) and have been followed up every two years. Since 1991 
national samples of 8th and 10th grade studenls have also been annually surveyed.

In ihe 1999 survey, lifetime cannabis use increased with each higher age group but use in 
the past year reached a plateau in the 18 (last year of high school) to 28 year age group 
(Table 3). Daily use peaked at age 18, with 6% of high school seniors and 4.4% of 19 to 
28 year olds reporting daily cannabis use. This is much lower than the 11 % of high 
school seniors in the peak year of 1978 who used cannabis.

Lifetim e

u se

12 m onth  

u s e

P a s t m onth  

u se

P a s t m onth  

da ily  u se

8th g ra d e  (14 y e a rs ) 22.0 16.5 9.7 1.4

10,h g ra d e  (16 y e a rs ) 40.9 32.1 19.4 3.8

12“’ g ra d e  (18 y e a rs ) 49 .7 37.8 23.1 6.0

C o l le g e 50.8 35.2 20.7 4.0

19-28  y e a rs 54.6 27 .6 15.6 4.4

Because of high rates of daily cannabis use in the late 1970s, in 1982 more questions 
were asked about the duration of daily use. In 1982, 21% of the 12th graders reported 
that they had smoked cannabis daily for a month a more. This fell to 8% by 1992. Daily 
use has been consistently higher among males than females, and among those not 
planning to attend college. More than half of those who were daily users by age 18 
began this pattern of heavy use by age 16. In 1993, 3% of all American i2lh graders 
surveyed reported that they had smoked cannabis daily for two years or more on a 
continuous basis.

There have been rises and falls in cannabis use among American adolescents since 1975. 
Among 18 year olds, lifetime prevalence peaked at 65% in 1980, then fell by nearly half 
by ihe early 1990s. Use in the past year peaked at 51% in 1979 and fell to 22% by 1992. 
The rate of discontinuing use increased among those who had ever used cannabis (Table 
4, third column), with less change in rates of discontinuation among those who had used
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it 10 or more times. Most of those who ceased cannabis use had not had a great deal of 
experience with cannabis. The time trends in cannabis use were different from those of 
other drugs, suggesting that the changes in cannabis use reflected factors specific to that 
drug. Although most users of other illicit drugs also had used cannabis, trends in the use 
of other illicit drugs were independent of the cannabis-use trends.

Table 4: Trends in cannabis use among those in Year 12 (US Monitoring the Future
Study, 1999)

Lifetim e u se 12 m onth u se D iscon tin u ation  rate am ong  th o se  

w h o  had  u s e d  can n a b is  

E v e r 10 tim es +

1975 4 7 40 15 4

1980 60 49 19 5

1985 54 41 25 8
1990 41 27 34 12

1992 33 22 33 11

1993 45 36 20 8
1995 42 35 17 5

After more than a decade of declining rates of cannabis use among American secondary 
students, the 1992 and 1993 surveys reported that cannabis use rose sharply among 8 '\ 
I0(h and 12"1 graders, and to a lesser extent among college students and young adults. 
There was an increasing initiation rate and a higher rate of continued use.

Johnston and colleagues have argued that changes in beliefs about the risks of cannabis 
use were responsible for the reduction in use between 1979 and 1991 and for the rise 
in use since 1992. They reported a strong negative correlation over time between the 
rates of cannabis use and the perceived risk of using cannabis and peer disapproval 
of use (e.g. (2, 3. 22). Between 1992 and 1996, a decrease in perceived risk, and a 
smaller decrease in personal disapproval of cannabis use. preceded an increase in rates 
of use (23).

3 .3 .3  T he n a tu ra l  h is to ry  o f c a n n a b is  u s e
Bachman et al (24) have examined patterns of cannabis use from adolescence into 
adulthood in the Monitoring the Future data. They analysed data from 14 successive 
cohorts o f high school seniors and college students who were followed from age 18 to 35 
to assess the effect of major life transitions (; uch as entering college, entering full time 
employment, marrying and having children) on rates of use of cannabis in the past 30 
days.

They found a steady decline in cannabis use from the early and mid 20s to the early 30s. 
The pattern for cannabis was similar to that for alcohol; it differed from tobacco use 
which was much more persistent. Major role transitions explained a substantial part of 
these changes. Use increased among those entering college but their use only caught up
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with that of students who did not enter college (who used cannabis more often in high 
school than those who went on to college). Bigger decreases in use were seen in males 
and females on marriage and during pregnancy. Entering the military had a large impact 
on cannabis use, probably reflecting drug-testing before entry to service I).

These findings have been confirmed in a detailed study o f a single cohort of high school 
students that was followed from early adolescence into the middle adulthood (25, 26). 
This study also found that cannabis use peaked in the early 20s and declined steadily 
through the 20s and into the 30s. The decline was explained by the increasing societal 
responsibilities of marriage, children and employment. Use persisted in those who: did 
not enter conventional marriage (e.g. remained single or cohabited); did not enter 
college; and who were unemployed (see Chapter 8 below).

3.4 Cannabis use in Canada
A national telephone survey was conducted in Canada in 1994 by Health and Welfare 
Canada on 12,155 persons aged 15 years and older (27). Overall, 28% of the sample 
reported that they had used cannabis at some time in their lives, with males more likely 
to have used cannabis than females in all age groups. Rates of use in the past year 
declined with age from a high of 26% among those aged 15 to 17 years to 1.4% among 
those aged 45 to 54 years and 1% among those aged 55 to 64 years. Most users 
discontinued their use

There have been school surveys conducted in a number of Canadian provinces since the 
early 1970s. Adlaf and Smart (28) reviewed survey results in six of the ten provinces 
where surveys had been conducted between the early 1970s and the late 1980s. The most 
consistent trend was an increase in the prevalence of cannabis use during the 1970s 
followed by a sharp decline during the 1980s.

Since 1977 Ontario has conducted a series of surveys of students in grades 7, 9, 11 and 
13 (corresponding to ages 10 through 19 years old) with sample sizes of between three 
and five thousand. The prevalence of cannabis use during the previous 12 months 
declined from 32% in 1979 to 14% in 1989. Declines were also reported for nine other 
drug types including tobacco and alcohol. Rates o f illicit drug use were lower in Ontario 
than in the neighbouring United States. The size of the decline in rates of annual 
cannabis use was greater than for other substances (28). The Ontario surveys also found, 
like the U.S. surveys, that the perceived health risks of cannabis use increased as rates of 
use declined (28). Since the beginning of the 1990s there has been an increase in rates of 
cannabis use in Ihe past year among Ontario high school students, from 12% in 1991 to 
29% in 1999 (29). Comparison of trends in cannabis "se in Canada has found the same 
pattern as reported in the USA, namely, a decline throughout the 1980s, followed by an 
increase in the early 1990s (30).

Patterns of cannabis use



3 .5  C a n n a b i s  u s e  i n  E u r o p e

Few European countries have undertaken regular community or high school surveys o f  
cannabis and other illicit drug use. Those that have done so (e.g. Denmark, France, the 
Netherlands, Switzerland, and the United Kingdom) all reported increases in rates o f  
cannabis use in the early 1990s (31). In all cases, the prevalence o f  current use was 
substantially less than lifetime use, indicating that most users stopped their use. Rates of 
current use were highest among those aged 15 to 24 years.

The Pompidou Group (32) examined illicit drug use among high school students in 
Belgium, France, Greece, Italy, Netherlands, Portugal, and Sweden (using a sample from 
the USA as the comparison). The study found that the rates o f use o f almost all illicit 
drugs were two or more times higher in the US sample. In the European samples, 
cannabis had been used at least once by between 10% and 36% o f the older student 
population, and had been used in the past 30 days by between 3% and 14% o f the 
European students as against 19% o f the US students. Cannabis was used on a near daily 
basis by 1% or less o f European samples compared with 3% in the US.

In 1992 in the Netherlands, a large national survey o f  drug use was undertaken involving 
over 10,000 students aged 10-18 years (33). About one third o f males and one fifth o f  
females had used cannabis at some time in their lives. Data from three national school 
surveys in 1984, 1988 and 1992 showed large increases in use between 1988 and 1992, 
particularly among males.

In 1997 the European Monitoring Centre on Drugs and Drug Addiction (EM CDDA) 
icported rates o f lifetime cannabis use among adults and adolescents in household 
surveys in 9 countries and among high school students in 14 countries (34). Rates o f  
lifetime use among adults varied from a high of 31.3% in Denmark to a low of 3.6% in a 
German mail survey. Rates among young adults varied between a high o f 43% in 
Denmark to a low o f 6% in Germany. Rates o f  use in the past year were available in 
fewer countries because o f the low prevalence o f this pattern o f use, with rates varying 
between 1% in Sweden (for all illicit drugs combined) to a high o f 21% in the United 
Kingdom (34). Tlie school surveys showed higher rates o f  lifetime use, with a range 
between 41% in the United Kingdom and a low of 3% in Spain (34).

Smart and Ogborne (35) have recently analysed survey data on illicit drug use among 
students in 36 countries circa 1995. Most o f these countries were European and 
developed industrialised societies. The highest rates o f  lifetime use o f cannabis were in 
Britain. The rate was 53% in Scotland, followed by 41% in the United Kingdom and 
33% in Wales. Then followed the USA (32%), Australia (31%) and the Netherlands 
(22%). Table 5 shows estimates produced by the EMCDDA in 2000.
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Table 5: Prevalence o f  cannabis use in recent surveys in European countries

Lifetime use 
(young adults)

12-month use 
(young adults)

Lifetime use 
(all adults)

12-month use 
(all adults)

Belgium 9.2 3.6 5.8 1.5
Denmark 43.0 6.0 31.3 3.3
Finland 17.5 6.3 9.7 2.5
France 25.7 8.9 16.0 4.7
E Germany 7.8 4.5 4.2 2.3
V.' Germany 20.1 7.8 13.4 4.5
Greece 19.7 8.8 13.1 4.4
Ireland - - 6.4 -
Netherlands 27.3 9.8 18.1 5.2
Spain 31.8 14.2 22.2 7.6
Sweden 16.0 2.0 13.0 1.0
United Kingdom 42.0 23.0 25.0 9.0
Taken from EMCDDA (2000)

These data suggest that, with the exception o f  the United Kingdom and Denmark, rates 
o f cannabis use by young people in Europe is probably mur ;> »ower than that in the USA  
This has been confirmed in the recent European School Suivey Project on Alcohol and 
Drugs (EPSAD) (36) which used the Monitoring the Future instrument to survey drug 
use in 95,000 year 10 school students in 30 participating countries It found that the 
average rate o f  lifetime cannabis use in Europe was much lower (17%) than in the USA  
(41%). Rates in individual countries ranged between 1% in Romania and 35% in the 
Czech Republic, France and the United Kingdom (36).

3.6 Cannabis use in other regions
There is limited survey data on rates o f  cannabis use in other parts of the world (37). 
Surveys have been reported from different coun.ries but their results have often been 
reported in ways that make it difficult to compare rates. In many cases these data provide 
only crude rates o f cannabis use, survey methods are poorly reported, and it is sometimes 
unclear whether rates are lifetime or recent cannabis use (37). The limited data from 
developing countries in Africa, the Caribbean, Asia and South America suggest that rates 
o f  cannabis use are much lower in these countries than in Europe and English-speaking 
countries (37).

3.7 Correlates of cannabis use
A g e :  First use o f  cannabis typically begins in the teens and the heaviest rates o f use 
occur in the early 20s. Rates o f  cannabis use remain relatively high during the early 20s 
but declines thereafter. Chen and Kandel (26) found that the majority o f  young adults 
who experimented with cannabis had done so by age 18 and Bachman et al (24) have 
found that rates o f  use decline steadily from the mid 20s into the early 30s.
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G e n d e r:  Rates o f  cannabis use in the lifetime, the past year and the past week are 
consistently higher among males than females (2, 3, 8, 28). Daily use and long-term  
daily use are much more common among males (2, 3).

In co m e :  A positive relationship has been found between income in adolescence and 
early adult life and cannabis use (9), with those earning more money more likely to 
report cannabis use. In the United States, Johnston (22) also reported that daily cannabis 
use correlated positively with income and hours worked on a paid job.

S o c io e c o n o m ic  S ta tu s :  The relationship between cannabis use and socioeconom ic status 
(SES) is weak. Higher rates o f cannabis use are sometimes found among lower SES 
individuals bul in the past two decades there has been no relationship between parent's 
education and cannabis use among 12th grade udents in the United States, with me 
exception that the group with lowest parental education had slightly lower cannabis use 
than the others (2, 3). That difference may be better explained by differences in income 
during adolescence rather than by social class.

E th n ic ity .  Information on the relationship between ethnicity and cannabis use is limited. 
Ethnic differences in one country may not generalise to others and small sample sizes 
often make ethnic comparisons unreliable. Even in the very large Monitoring the Future 
survey, samples from several years have to be combined to make reliable comparisons 
between the three largest ethnic groups (2, 3, 38). These show that African-American 
studenls have lower rates o f  use in all grades than White or Hispanic students. Hispanics, 
on the other hand, tend to have the highest rates o f use in the early grades, before the 
rates o f  school drop-out increase.

A v a ila b il it y .  In general, and all other things being equal, the more freeiy available a drug 
is, the higner its use in the population. This hypothesis has been broadly supported in the 
case o f alcohol consumption, where the larger the number o f  licensed outlets and the 
longer the hours o f trading, the higher the levels of community alcohol consumption and 
alcohol-related problems (39 ,40 ). There is very little evidence to rigorously test this 
hypothesis in the case o f  cannabis use. Self-reports from surveys on how easy it is to 
obtain cannabis (2, 3) have shown very little change over long periods o f  time for 
cannabis in the USA.

3.8 Summary
Patterns o f cannabis use have been most extensively studied in developed societies such 
as the USA, Canada, Australia and some European countries. The limited data in Europe 
shows lower rates o f  use than in Australia, Canada and the USA. The highest rates are in 
the U.iitrd Kingdom, Denmark and France. The limited data from developing countries 
suggest that Africa, the Caribbean, Asia and South America have much lower rates o f  
cannabis use than Europe and English-speaking countries.

The USA, which has systematically collected survey data on cannabis and other drug use 
since 1975, has documented long waves o f  cannabis consumption among young people. 
Rates o f  cannabis use increased through the 1970s in the USA, peaked in 1979 and
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declined throughout the 1980s until 1991. Rates o l use increased sharply in 1992 and 
have continued to increase throughout the 1990s with a leveling out in the late 1990s. A 
rising trend in cannabis use during the early 1990s has been reported in Australia, 
Canada, the Netherlands, Norway and Sweden. The ‘natural history’ o f  cannabis use in 
studies conducted in the USA is for use to start in the mid to late teens, reach its 
maximum in the early 20s and decline in the mid to late 20s. A minority o f cannabis 
users continue to use into their 30s. Marrying and having children substantially reduce 
rates o f cannabis use.

A substantial minority o f young people in Europe, North America and Australia (and 
during some periods in the USA and Australia, the majority) have tried cannabis at least 
once in their lives. Rates o f regular cannabis use are much lower. Most cannabis users 
discontinue their use. Lifetime and recent cannabis use are higher among males than 
females, and highest among young adults in their early 20s.
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4  T h e  a c u t e  e f f e c t s  o f  c a n n a b i s

4.1 Psychological effects
The effects o f  cannabis depend upon the dose received, the mode o f administration, the 
user’s prior experience with cannabis, any concurrent drug use, and the ‘set and 
setting'— the user’s expectations, attitudes towards the effects o f  cannabis, their mood 
state, and the social setting in which it is used (I). Tlie main reason why most young 
people use cannabis is to experience a 'high': mild euphoria, relaxation and perceptual 
alterations, including time distortion, and the intensificat'on o f  ordinary experiences, 
such as eating, watching films, listening to music, and engaging in sex (1. 2). When used 
in a social setting, the ‘high’ may be accompanied by infectious laughter, talkativeness, 
and increased sociability.

Cognitive changes include impaired short-term memory and attention. These make it 
easy for the user to become lost in pleasant reverie and difficult to sustain goal-directed 
mental activity (3 ,4 ). Motor skills, reaction time, motor coordination and many forms o f  
skilled psychomotor activity are impaired while the user is intoxicated (1 ,4 ).

Some users report unpleasan' experiences after using cannabis. These include anxiety, 
panic, a fear o f  going mad, and depression (5 -7 )  These are often reported by users who 
are unfamiliar with the effects o f  cannabis (7), and by some patients given THC for 
therapeutic reasons (8). More experienced users may report these effects after 
swallowing cannabis because its effects may be more pronounced and o f longer duration 
than they usually experience after smoking. These effects can be prevented by 
preparation o f  users about the effects they may experience and they can be managed by 
reassurance and support (5, 7). Psychotic symptoms, such as delusions and 
hallucinations, are very rare experiences that may occur at very high doses o f  THC, and 
perhaps in susceptible individuals at lower doses (5 -7 ) (see Chapter 10 below).

4.2 Physical effects
Tlie most immediate effect o f smoking cannabis is to increase the heart rate by 20% to 
50% within a few minutes to a quarter o f  an hour o f smoking cannabis (9-11). Changes 
in blood pressure also occur. These depend upon posture: blood pressure is increased 
while the person is sitting, and decreases while they are standing. A sudden change from 
lying down to standing up may produce postural hypotension and a feeling o f ‘light­
headedness’ and faintness that is often the earliest indication o f  intoxication in naive 
users (12). In healthy young users these cardiovascular effects are unlikely to be o f any 
clinical significance (11). They may amplify anxiety if the cannabis-induced palpitations 
and feeling faint are misinterpreted as symptoms o f serious misadventure.
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4.2.1 Toxic dose levels
THC is the component o f  cannabis that has the highest toxicity in animals. The cause of 
death is cessation o f  breathing or the heart, if breathing is assisted (13). Because 
tolerance develops to its effects, the toxic dose o f THC depends upon the amount by 
which a dose exceeds the customary dose (14). Laboratory studies in humans o f  daily 
dosing o f high levels o f  THC over weeks have demonstrated tolerance to mood effects, 
heart rate changes, decrease in skin temperature, increased body temperature, and 
impaired performance on psychomotor tests (15).

There are no reported cases o f human deaths attributed to cannabis toxicity (16, 17). 
With many drugs the toxic dose gets smaller as one moves from mice, rats, monkeys and 
dogs to humans. With THC, by contrast, humans are probably much le ss  susceptible to 
the acute toxicity of THC than animals. For example, the dose o f  THC which kills 50% 
o f animals when administered intravenously is 40 mg/kg in the rat but it is 130 m gAg in 
the dog and monkey (13). Extrapolation from the animal evidence suggests that the 
lethal human dose o f THC is al least as high as, and probably higher than, that observed 
in the monkey. This means that the estimated toxic dose o f  THC in humans is so large, 
e.g. 4000 mg (18), that it is unlikely to be easily achieved by recreational users.

4.3 Psychomoior effects
A major societal concern about cannabis intoxication is that it may impair the 
psychomotor performance o f  automobile drivers, increasing the risk o f  accidents in 
cannabis users who drive a car while intoxicated. Individuals who drive while 
intoxicated with alcohol are dangerous to others in proportion to how intoxicated they 
are (19). It has been more difficult to decide whether cannabis intoxication impairs 
psychomotor performance in a similar way to alcohol.

4.3.1 Effects of cannabis on psychomotor tasks
Simple reaction time is not reliably affected by cannabis (20, 21). In choice reaction lime 
tasks, in which the response is conditional upon the occurrence o f a stimulus in the 
presence o f  another discriminant stimulus (such as the pitch o f a tone), reaction time is 
usually slower a f tc  using cannabis (22, 23).

The performance o f  concurrent tasks is almost always adversely affected by cannabis, 
although the effects on the component tasks are not always consistent (24-28). In studies 
o f concurrent tasks subjects are asked to do one task which requires continuous attention, 
typically tracking, while discriminating between significant stimuli that occur 
sporadically and non-significant stimuli that occur more frequently.

4.3.2 Effects of cannabis on simulated driving and flying
In simulated driving tasks subjects use skills similar lo those involved in driving a car 
under laboratory conditions which have been designed to emulate the performance 
characteristics o f a car. These simulations have two major advantages (29): cannabis 
users can be tested after taking large doses o f  cannabis, and they can be placed in 
simulated emergency situations which test their level of impairment. It would be 
unethical to do either of these things on the road. The difficulty with simulator studies 
lies in achieving fidelity to the conditions o f  on-road driving.
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Sm iley (29, 30) who critically reviewed research on the effects o f  cannabis on simulated 
driving has argued that the early studies which sh oi ed fewer effects than later studies 
suffered because o f  their unrealistic car dynamics. Later studies that used more realistic 
driving simulators have shown impairments o f  lane control after cannabis use. Some of 
the studies have also shown reductions in risk-taking as manifested in slower speeds, and 
maintenance o f  a larger distance from the car in front in following tasks (30).

A smaller number o f  simulator studies have been done on the effects o f  cannabis on 
flying skills. Janowsky et al (31) found substantial increases in errors in keeping the 
plane at the proper altitude and heading during a simulated flight after pilots had taken 
cannabis. Yesavagc et al (32) originally reported that a simulated flying task was 
impaired up to 24 hours after smoking cannabis but this study did not include a control 
group. A later study with a control group (33) failed to replicate this result and only 
found an effect I to 4 hours after smoking. A third study that also included a control 
group (34) failed to show impairments in performance up to 24 hours after smoking 
cannabis. Although much has been made o f the original findings (despite the failure to 
replicate them), the effects were very small and o f  uncertain significance for flying 
safety. Jones (35) has argued that the use of cannabis by pilots 24 hours before flying 
may be more an indicator o f  poor judgement than a risk because o f  residual psychomotor 
effects o f cannabis.

4.3.3 Effects of cannabis on driving on road courses
A number o f  studies have been done on the effects o f  cannabis on driving cars around off 
road courses. These studies have found that cannabis has modest effects by comparison 
with alcohol. An early study by Hansleen et al (36) showed that a moderate dose o f  
alcohol (approximately 0.07 BAC) or THC (5.9 mg) impaired driving on a traffic-free 
course, with driving speed decreased after using cannabis but not alcohol. Smiley et al 
(37). using a different type o f  course, found that reaction time to signal stimuli was 
increased by a combination o f  cannabis and alcohol Klonoff (38) studied driving on a 
closed course, and in city traffic, after a placebo and two doses of smoked cannabis (4.9  
and 8.4 mg THC). Driving on the closed course was impaired by both doses. Driving in 
traffic, however, was not significantly affected. Sutton (39) also found that cannabis had 
little effect on actual driving performance.

Peck el al (40) recorded performance on a range o f driving tasks on a closed circuit on 
four occasions after the administration of placebo, up to 19 mg o f smoked THC,
0.84 g/kg o f alcohol, and the combination o f both drugs. On most individual and derived 
composite measures, cannabis impaired performance. The effects o f cannabis on driving 
performance were less than those of alcohol.

A recent series o f  on road studies by Robbe and colleagues (41, 42) found modest 
impairment o f  driving skills after cannabis on actual driving on either a driving course 
without traffic, on a highway or in urban traffic. They found that drivers were aware o f  
their intoxication after using cannabis and took steps to minimise its impact on their 
driving by slowing down (41).

The effects o f  cannabis use on on-road driving have been smaller than the effects o f  
intoxicating doses o f alcohol (29, 30). Cannabis use has consistently made drivers slow  
down (30). This contrasts wilh the typical increase in speed when drivers are intoxicated
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by alcohol. The compensatory behaviour o f cannabis users may explain the 
comparatively small effects o f cannabis intoxication in on road driving studies. For 
ethical reasons on road studies have not been able to test the response o f cannabis- 
intoxicated drivers to emergency situations in which there is less opportunity to 
compensate for impairment. The few studies which have simulated this situation (e.g. by 
measuring reaction to other tasks while driving) have shown that cannabis use impairs 
emergency decision-making (29, 30).

4.3.4 Studies of cannabis use and accident risk
It is unclear whether cannabis use increases the risk o f  being involved in motor vehicle 
accidents. Surveys (42, 43) have found that the majority o f  cannabis users have driven 
after using cannabis, despite being aware o f impairment (38 ,44 ). But epidemiological 
studies o f  accident fatalities and injuries have not definitively shown that cannabis users 
arc more likely lo be involved in motor vehicle or other accidents. This contrasts with 
the role o f  alcohol intoxication in accidents where case-control studies have shown that 
persons with blood alcohol levels indicating intoxication are over-represented among 
accident victims by comparison to drivers who are not involved in accidents (45). The 
lack o f the evidence in the case o f cannabis reflects major difficulties in obtaining the 
necessary evidence to assess its role (19).

There are a substantial number o f studies o f  the prevalence o f cannabinoids in the blood 
o f drivers who have been involved in motor vehicle accidents (see Chesher (19) and 
McBay (46) for reviews). Studies o f  accident fatalities tested post-mortem have found 
that 4% to 37% o f blood samples contained cannabinoids, most often in combination 
with blood alcohol levels (BAC) indicative o f  intoxication (e.g. (47 -49). An Australian 
study o f  1045 fatalities (50, 51) found cannabinoids in the blood o f 11% o f drivers, 35% 
of whom also had BACs indicative of intoxicating doses o f  alcohol. Similar findings 
have been reported in studies of Californian motorists tested on suspicion o f  impairment 
by the Highway patrol (52) and in a prospective study o f  trauma patients (53).

These findings are difficult to evaluate for a number o f reasons. First, it is not clear that 
drivers with cannabinoids are over-represented among accident victims because we do 
not know how many drivers who have not been involved in accidents have cannabinoids 
in their blood (54). Finding a rate o f 35% o f accident victims with cannabinoids in their 
blood may seem high but so is the rale o f  cannabis use among young males, the group 
who are most likely to be involved in motor vehicle accidents (53). Second, the presence 
o f cannabinoids in blood levels does not necessarily mean that a driver was intoxicated 
by cannabis at the time o f an accident (55) (see Chapter 2 above). Third, it is difficult lo 
attribute an accident to cannabis when drivers wilh cannabinoids in their blood also have 
high blood alcohol levels (19, 46).

‘Culpability analysis' has been developed lo address these issues (54). In these analyses, 
a researcher decides which driver was 'culpable' for an accident using information about 
the circumstances o f  the fatal crash but excluding information on their alcohol and drug 
use. Drivers with no alcohol or other drugs in their blood are used as the control group to 
see whether cannabis and other drugs increase driver culpability. A common problem 
with these analyses is that the culpability o f  drug-free drivers is often high. This makes it 
difficult to detect an increase in culpability among drivers with alcohol, cannabis and 
other drugs in their blood.
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Most culpability analyses have shown increased culpability among drivers with 
intoxicating levels o f  alcohol in their blood (19, 56). Drivers who have only had 
cannabis present have been in the minority because most also have intoxicating doses o f  
alcohol (19, 56). There has been no evidence o f an additive effect o f  alcohol and 
cannabis in these analyses despite the fact that laboratory studies suggest that the 
impairments produced by alcohol and cannabis are additive (19). These findings have 
been replicated in two Australian studies that used culpability analysis to examine the 
role o f cannabis in fatal (51) and non-fatal motor accidents (50, 57, 58). There was a 
strong relationship between alcohol level and culpability in each study but neither study 
found any relationship between THC and culpability.

A different approach has been used by Gieringer (59), who estimated the proportion o f  
drivers who might be expected to have blood and urine samples positive for 
cannabinoids from US household surveys. He estimated that cannabis users were 2 to 
4 times more likely to be accident victims than non-cannabis users. Cannabis users who 
also used alcohol were even more likely to be over-represented among the victims of  
motor vehicle accidents.

4.3.5 Other epidemiological data on accidental injury
There is other suggestive evidence that cannabis use may increase the risk o f  accidents. 
Two surveys o f self-reported accidents among adolescent drug users found a relationship 
between self-reported cannabis use and involvement in accidents. Cannabis smokers 
were approximately twice as likely to report being involved in accidents than non­
cannabis smokers (60. 61).

Two studies o f deaths among cannabis users provide suggestive evidence o f  an 
association between cannabis use and accidents (62, 63). Andreasson and Allebcck  
reported mortality over 15 years among 50,465 Swedish military conscripts. They found 
that men who had smoked cannabis 50 or more times by the age o f  18 had an increased 
risk of premature death (Relative Risk (RR) = 4.6). Motor vehicle accidents accounted 
for 26% o f these deaths and 7% were other accidents (e.g. drownings and falls). The 
increased risk was no longer statistically significant after statistical adjustment for 
antisocial behaviour and alcohol and other dmg use in adolescence (62).

Polen et al (63) compared health service use by 450 people who did not use cannabis, 
and 450 persons who were daily smokers o f cannabis only, who were screened by Kaiser 
Permanente Medical Centers between July, 1979 and December, 1985. They found an 
increased use o f medical care by cannabis-only smokers for accidental injury over one to 
two years of follow-up, with cannabis users who were the heaviest alcohol users 
showing the highest rates o f use. Sidney et al (64) reported death rates after 10-years 
among 65,171 members o f Ihe Kaiser Permanente Medical Care Program aged between 
15 and 49. The sample comprised 38% who had never used cannabis, 20% who had used 
less than six times, 20% who were former users, and 22% who were current users.
Regular cannabis users had a slightly increased rate o f premature death (RR = 1.33) but 
this was explained by increased deaths caused by AIDS in men, probably because 
cannabis use was more common among male homosexuals than male heterosexuals.
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The major adverse acute effects o f  cannabis use are anxiety and dysphoric experiences in 
a substantial minority o f  cannabis users. The risks o f fatal overdose are very small, with 
no deaths reported in the medical literature.

Cannabis adversely affects the performance o f a number o f psychomotor tasks in a way 
that is related to dose and the difficulty o f  the task. The acute effects on psychomotor 
performance o f  cannabis in doses used recreationally are similar to but smaller than 
those o f  intoxicating doses o f  alcohol. Alcohol and cannabis also differ in their effects on 
user’s willingness to take risks when driving. Persons intoxicated by cannabis engage in 
less risky behaviour than persons intoxicated by alcohol because they seem to be more 
aware o f  their impairment.

ll has been difficult for technical and ethical reasons to decide whether the impairment 
produced by cannabis intoxication increases the risk o f  motor vehicle accidents. There 
is reasonable evidence from studies o f cannabinoid levels in accident victims, and the 
few  epidemiological studies, lo suggest that driving after using cannabis probably 
increases the risk of motor vehicle accidents. The increased risk may be o f  the order o f  
2 to 4 times but it is difficult to rule out the possibility that it is the result o f the 
combined use o f  cannabis and alcohol.
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5 C e l l u l a r  a n d  i m m u n o l o g i c a l  e f f e c t s  o f  
c a n n a b i s  u s e

5.1 Is cannabis a potential cause of cancer?
Cannabis could be a cause o f  cancer if the cannabinoids it contains (or substances 
produced when it is burnt) produce genetic mutations in the user’s somatic cells (such as 
those in the lung) (1). There is only weak evidence that THC is ‘mutagenic’ in this sense 
THC can produce changes in cellular processes in animal cells in the test tube (2) but 
these changes probably delay or stop cell division rather than produce cellular changes 
that may lead to cancer (1).

There is no evidence that THC and other cannabinoids produce mutations in microbial 
tests o f  mutagenicity, such as the Ames test (1 ,3 ). There is inconsistent evidence on 
whether cannabinoids produce breaks in chromosomes (3) but if they do, these changes 
are unlikely to cause cancers (1) because chromosomal abnormalities are more likely to 
kill the affected cell than to produce malignant transformation and proliferation (1). A 
recent study in rats and mice found no evidence that THC caused cancer (4).

Cannabis sm o k e  is mutagenic in the test tube, and hence is potentially a cause o f cancer 
(i.e. carcinogenic) (1, 3, 5). Cannabis smoke produces chromosomal aberrations, is 
mutagenic in the Ames test (6) and causes cancers in the mouse skin test (1). Tlie fact 
that it is cannabis sm oke  that is carcinogenic (6) suggests that any cancers caused by 
cannabis smoking are most likely to occur in organs that receive long term exposure to 
cannabis smoke and Ihe tars it contains, such as the lung, the upper ae odigestive tract 
(mouth, tongue, oesophagus) and the bladder ( I)

5.2 Is cannabis smoking a cause of aerodigestive 
tract cancers?

There are good reasons for suspecting that cannabis may cause cancers of the lung and 
the aerodigestive tract (the oropharynx, nasal and sinus epithelium, and the larynx). First, 
tobacco is a cause o f respiratory cancer (7) and cannabis smoke contains many o f the 
same cancer-causing substances as tobacco smoke (8). Second, chronic canr bis 
sm okeij show many of the pathological changes in lung cells that precede Ihe 
development o f cancer in tobacco smokers (9, 10).

Third, cancers o f the upper aerodigestive tract have been reponed in young adults who 
have been chronic cannabis smokers (11-15). In many cases these were also cigarette 
smokers md alcohol consumers but Caplan and Brigham reported two cases o f  cancer of 
the tongue in men aged 37 and 52 years (12), neither o f  whom smoked tobacco or 
consumed alcohol. A history o f long-term daily cannabis use was their only shared risk 
factor. These reports raise a suspicion bul provide limited support for the hypothesis that
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canna! '$ use is a cause o f  upper respiratory tract cancers. They do not compare rates o f  
cannabis use in cases and controls, cannabis exposure has been assessed retrospectively 
and in the knowledge that the user has cancer; and they do not control for confounding 
factors such as alcohol and tobacco use.

Two recent controlled studies have produced inconsistent rcsjlts. Sidney et al (16) 
studied cancer incidence during an 8.6 year follow up o f 64,855 members o f  the Kaiser 
Permancntc Medical Care Program (KPMCP). Study participants were asked about 
cannabis use during medical screening between 1979 and 1985. Their average age al 
entry was 33 years and they were followed until; death, a diagnosis o f incer or HIV/ 
AIDS, exit from the KPMCP or 31 December 1993 (a mean of 8.6 year . At study entry 
38% had never used cannabis, 20%> had used it less than 6 times, 20% were former users, 
and 22% were current cannabis users. Data were collected from a cancer registry and the 
California mortality data system.

There were no more cases o f cancer among those who had ever used cannabis or who 
were current cannabis users than among those who had not used cannabis at study entry. 
There were more tobacco-related cancers among tobacco smokers (regardless o f  
cannabis use) but no more among cannabis smokers. Males who had ever smoked 
cannabis had an increased risk o f prostate cancer (RR = 3.1) and so did males who were 
current cannabis smokers (RR = 4.7) (16).

Zhang ct al (17) compared rates of cannabis use among 173 persons with primary 
squamous cell carcinoma of the head and neck and 176 controls who were blood 
donors matched on age and sex from the same hospital. Cases were more likely lo 
have used cannabis than controls (14% and 10% respectively), with an odds ratio for 
cannabis smoking o f  2.6 after adjusting for cigarette smoking, alcohol use and other 
known risk factors. The cases with cancer smoked cannabis more often and for longer 
than the controls. The relationship between cannabis smoking and these cancers was 
stronger among adults under the age o f  55 years (Odds Ratio (OR) = 3 .1). There was a 
suggestion that cancer cases were more likely to smoke both tobacco and cannabis than 
controls (17).

How do we reconcile the negative findings o f  the Sidney et al study with that o f  Zhang 
el al? The persons studied by Sidney et al were too young (average age o f  43 at follow  
up) to see many excess cases o f  cancer attributable to cannabis smoking. The chance of 
Sidney et al finding cancers was further reduced because only 22% were canna! is users 
at study entry.

There is as yet no evidence that regular cannabis smoking causes cancers o f the lungs 
and lower respiratory tract o f the type caused by cigarette smoking (10). Studies o f  
respiratory cancers would be timely since cannabis users in the post-War birth cohorts 
are reaching the age o f 60 years when the incidence o f all cancers steeply increases. A 
longer follow-up o f Ihe Sidney et al cohort may reveal whether cannabis smoking causes 
respiratory cancers.
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5.3 The public health impact of cancers caused by 
cannabis smoking

On cu rren t p a tte rn s  o f  use, cannabis smoking will cause very few respiratory cancers, 
even if the risks o f  d a ily  cannabis smoking arc comparable to those o f  daily tobacco 
smoking (18). This is because in Western societies there arc many more daily tobacco 
(25-30% ) than daily cannabis smokers (1-3% ) (19), most cannabis smokers stop in their 
mid to late twenties (20), and the 1% or less who smoke cannabis daily over decades 
typically smoke I to 3 cannabis cigarettes per day rather than 10 to 30 tobacco cigarettes 
a day (21). Among this minority o f  users, prolonged use o f cannabis into the fourth and 
later decades may increase the risk o f  respiratory cancer, especially among tobacco 
smokers who also smoke cannabis.

5.4 Is cannabis smoking during pregnancy a cause of 
childhood cancers?

Cannabis smoking has also been linked to cancers in children born to mothers who used 
cannabis during their pregnancy. Three case control studies have examined cannabis use 
as a risk factor for childhood cancers, along with a range o f other risk factors. There was 
no prior reason lo expect cannabis use to be related lo these cancers, as there was with 
respiratory cancers.

Maternal cannabis use and childhood cancer were associated in a case-control study of 
Acute Nonlymphoblastic Leukemia (ANLL), a rare form o f childhood cancer (22, 23). 
The study was designed to assess the relationship between this childhood cancer and 
maternal and paternal environmental exposures to petrochemicals, pesticides and 
radiation Maternal cannabis use was assessed before and during pregnancy as one o f  
many variables to be statistically controlled when analyzing the relationship between 
ANLL and maternal and paternal environmental exposures.

A strong association was found between maternal cannabis use and ANLL. Tlie mothers 
of cases w ere 11 times more likely to have used cannabis before and during their 
pregnancy than mothers o f  controls. The relationship persisted after statistical 
adjustment for other risk factors. An alternative explanation is t l r ' ' -cause reports of 
cannabis use were obtained after the diagnosis o f Ihe ANLL, mothers o f c.nldrcn with 
ANLL may have been more likely to report cannabis use than were mothers o f  controls. 
The authors did find that the rate o f cannabis use among the controls in this study was 
much lower than among controls in other studies. When the rate o f  cannabis use among 
controls was adjusted upwards there was a reduced but still significant three fold 
increase in risk.

Two other case-control studies have reported an increased risk o f  rhabdomyosarcoma 
(24) and astrocytomas (25) in children born lo women who reported using cannabis 
during their pregnancies. Neither planned to study the association between childhood 
cancer and maternal cannabis use. In each case, cannabis use was one o f a large number 
o f variables that were to be controlled for in statistical analyses o f  Ihe relationship 
between the exposure of principal interest and the childhood cancer.
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Trends in the rate $ o f  these cancers suggest that these studies may have produced chance 
results. Tire re wa> no increase in the rate o f any o f  these cancers between 1979 and 1995 
(26). The rate o f  YNLL, for example, remained steady during this period (27). The >ame 
was true o f sof’ tissue sarcomas (which include rhabdomyosarcomas) (28). Cancers of 
the brain (ab ou  52% o f which are astrocytomas) did increase in incidence between 1979 
and 1995 <l')) out in a way that is more likely to reflect improved diagnosis than 
maternal car .abis use. The rate o f these cancers increased abruptly in 1985, after 
Magnetic P sonancc Imaging became widely available in the USA, and remained stable 
thereafter 29).

5.5 Immunological effects
Tobacco smoking suppresses humoral and cell-mediated immunity so it is reasonable, 
given ib> similarities between cigarette and cannabis smoke (30), to expect that cannabis 
smoke suppresses immunity (2). Cannabinoid receptors are also expressed in some 
immui cells (Kamminski, 1998) so THC may influence the immune system. If 
cannabmoids have immunosuppressive effects then their therapeutic use may be limited 
in patit u with impaired immune systems. This could preclude their use as anti-emetic 
agents in cancer chemotherapy and as uppctitc stimulants and mood enhancers in 
patients with AIDS.

There an difficulties in deciding whether cannabis impairs the immune system in 
humans. Fir ;t, most studies have beer conducted on whole animals and in animal and 
human c e l l« ultures that have been exposed to cannabis smoke or cannabinoids. Tlie 
relevance ot :hese studies to humans is limited by the fact that they used very high oral 
doses o f  THC (31). Second, there have been very few epidemiological studies of 
immune system functioning and disease susceptibility in heavy chronic cannabis 
users (31).

5.5.1 Effects of cannabinoids on humoral immunity
The effect o f  cannabinoids on humoral immunity has been assessed by measuring their 
effect on animal ind human B-cell responses to sheep red blood cells. Cannabinoids do 
not consistently a ter B cell functioning (32). While cannabinoids consistently impair the 
B-cell responses in mice, no such effects have been observed in humans, and the few  
positive studies have produced results that are within the normal range (32).

Antibodies have been formed toT I'C  in animals (31) and there are clinical reports in 
humans that cannabinoids exacerbate allergies and that allergy to cannabinoids can 
develop in humans (31). Hollister (33). however, has argued that although a few persons 
may becom e truly allergic to cannabinoids it is more likely that these are rare allergic 
reactions that are due to contaminants (e.g. bacteria, fungi, moulds, parasites, worms, 
chemical) found in cannabis.

5.5.2 Effects of cannabinoids on cell-mediated immunity
Studies o f  the effects o f  cannabinoids on T-cells and macrophage numbers have been 
mixed, with some showing reductions (2) while others have not (34). The evidence is 
also mixed on the effect o f cannabinoids on T-cell functioning. A number o f the earliest
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studies suggested (hat T-cclls from chronic cannabis users were less rr msive but later 
laboratory studies o f chronic heavy dosing in humans (35) have failed jplicule these
results. Studies exposing human T-cells lo cannabinoids have also produced mixed 
results while animal studies have showed a decreased T-cell response (32).
In a review o f the literature published in this field in the 1990s, Klein (31) concluded 
that THC affected the function of immune cells including lymphocytes, maciophagcs, 
and polynuclear cells in the test tube but relatively high drug concentrations were 
required, the effects were not related to psychoactivity, and they were reversible.

5.5.3 Effects of cannabinoids on host resistance
Studies in m ici and guinea pigs have suggested that high doses (200 mg/kg) o f  THC 
reduce resistance to infection (36-39). A consistent finding in humans has been that 
exposure to cannabis s m o k e  adversely affects alveolar macrophages, the immune cells in 
the respiratory system that comprise the firs* line o f  defence against micro-organisms 
which enter the body through the lungs (5). Studies o f  these cells in cannabis smokers 
have shown abnormalities (40). and exposure o f alveolar macrophages to cannabis 
smoke impairs their ability to inactivate bacteria (5, 32), and a fungus (41). It is the 
noncannabinoid components o f cannabis smoke that produce these effects (5).

5.5.4 The human significance of the im m unological effects of 
cannabinoids

The animal evidence is reasonably consistent that cannabinoids impair cell-mediated and 
humoral immunity and several animal studies have found decreased resistance to a 
bacteria and virus. However, the doses required to produce these immunological effects 
in animals are much higher than the doses used by humans (1). Human users rnay also 
develop tolerance to any immunological effects o f cannabinoids, which may reduce the 
small effects projected from animal studies. Given the large number o f  cannabinoid 
effects to which tolerance has been shown to develop it would not be surprising if this 
were also true o f  its immunological effects.

The limited human evidence is mixed. A small number o f studies that suggest that 
cannabis use impairs immunity have not been replicated by others. Munson and Fchr 
(32) concluded that there was ‘no conclusive evidence’ that cannabinoids impaired 
functioning o f T-lymphocytes, B-lymphocytes or macrophages, or reduced 
immunoglobulin levels in humans. There was ‘suggestive evidence’ o f  impaired 
T-lympliocyte functioning reflected in an impaired reaction to m itogens and allogenic 
lymphocytes (32). More recently, Wallace et al (42, 43) failed to find impairment of 
lymphocyte function in alveolar macrophages in cannabis smokers although they did 
find it in tobacco smokers.

The significance o f these immunological impairments in chronic cannabis users is 
uncertain. There have been sporadic reports o f  ill health among chronic heavy cannabis 
users in Asia and Africa (32) but these reports are dilficult to evaluate because o f  the 
confounding effects of poor living conditions and nutritional status (32). Three field 
studies o f the effects o f chronic cannabis use in Costa Rica (44), Greece (45', and 
Jamaica (46), failed to find any evidence of increased susceptibility to infectious 
diseases among chronic cannabis users. But less than 100 users were studied, a number 
which is too small to detect a small increase in the incidence o f  common infectious and 
bacterial diseases.
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A recent study by Polcn et al (47) compared health service utilisation by non-smokers 
and daily cannabis-only smokers enrolled in a health maintenance organisation. Their 
results provided suggestive evidence of an increased rate o f treatment for respiratory 
conditions among cannabis-only smokers, although its significance is uncertain because 
infectious and non-infcctious respiratory conditions were not separated. Further studies 
o f this type may better assess how serious a risk chronic heavy cannabis smoking poses 
to the immune and respiratory systems (31).

5.6 Effects of cannabis on immunity in 
immunocompromised persons

Cannabis has been used by young dults in Western societies for over 30 years so the 
absence o f  epidemic infectious disease among these users makes it unlikely that cannabis 
smoking produces m a jo r  impairments in the immune systems o f  users. The absence o f  
such epidemics does not rule out the possibility that heavy cannabis use may impair 
immunity in ways that produce small increases in rates o f  common bacterial and viral 
illnesses (32). This could have escaped Ihe notice o f  clinical observers.

Studies o f  the effects o f cannabis use on patients with immune systems compromised by 
AIDS provide one way o f delecting immunological effects o f cannabis. If there were no 
effects in patients with compromised immune systems, it would be a reasonable to infer 
that there was little risk of immunological effects in recreational users.

A number o f  epidemiological studies o f HIV positive homosexual men have examined 
the effects o f  cannabis and other drug use on progression to AIDS Kaslow et al (48) 
studied progression to AIDS among 4,954 homosexual and bisexual men and found that 
HIV-positive cannabis users were no t  more likely to progress to AIDS and cannabis use 
was not related to immunological functioning. There was no relationship between 
cannabis use and progression to AIDS over six years in 4 5 1 HIV-positive men in the San 
Francisco Men's Health Study (49). The only study which found an association between 
cannabis and progression to AIDS was the Sydney AIDS Project in which 386 gay men 
were followed up over 12 months (50). This result may be at odds with the others 
because the study had a short follow up and many o f the HIV positive cases may already 
have had AIDS (30).

A study o f  deaths in 64,855 HMO patients in California (51) did find an association 
between cannabis use and premature death from AIDS. Unmarried men had much higher 
rates o f  cannabis use than married men but in this study cannabis use was probably a 
marker for high-risk sexual behaviour rather than an independent risk factor.
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Cannabis sm oke  is mutagenic (capable o f  inducing genetic mutation) and carcinogenic in 
animal tests and it contains many o f the same carcinogens as tobacco smoke. It is 
therefore a potential cause o f  cancer in body cells that are chronically exposed to it. such 
as those o f the aerodigestive and respiratory tracts.

There are case reports o f  aerodigestive tract cancers among relatively young adults who 
have been daily cannabis users. A case control study found an association between 
cannabis smoking and head and neck cancer but a large prospective study did not. The 
youth o f the participants and the low rate o f rcgulur cannabis use in this prospective 
study reduced its ability to detect an increase in these cancers, further follow-up and 
case control studies are needed lo clarify the issue.

There is weaker evidence for an increased risk o f cancers among children bom to women 
who smoked cannabis during pregnancy. Three studies o f  very different types o f cancer 
have reported an assi iation with maternal cannabis use bul none o f  these was a planned 
study o f tf role o f cannabis use in these cancers so replication o f  their results is 
required There is no evidence that the rate of any o f  these cancers has increased over the 
past few decades.

In animals THC in high doses can impair cell-mediated and humoral immunity and 
reduce resistance to infection by bacteria and viruses. The relevance o f  these findings to 
human health is uncertain because the doses that produce these effects in animals arc 
very high, and tolerance probably develops to the effects on the immune system in 
human users. Tlie limited evidence on the immune effects o f cannabis in humans is 
conflicting, the small number o f  studies that have produced adverse effects have not 
been replicated. The studies that have produced evidence o f adverse effects have 
reported small changes that are within the normal range.

There has not been any increase in rates o f  infectious disease among chi ^iiic heavy 
cannabis users. Given the duration of large-scale cannabis use by young adults in 
Western societies, the absence o f  such epidemics makes it unlikely that cannabis 
smoking produces m a jo r  impairments in the immune system. It is more difficult to 
exclude the possibility that chronic heavy cannabis use produces minor impairments in 
immunity.

There are three prospective studies of HIV-positive homosexual men two o f which 
indicated that continued cannabis use did n o t  increase rates of progression to AIDS and 
one of which suggested that it did. A recent epidemiological study which compared 
health service utilisation by nonsmokers and daily cannabis smokers provided suggestive 
evidence o f an increased rate o f  medical care use for respiratory conditions among 
cannabis smokers. The most sensitive test o f  any small immunological effects o f  
cannabis may com e from studies o f  Ihe therapeutic usefulness o f  cannabinoids in 
immunologically compromised patients, such as those undergoing cancer chemotherapy, 
or those with AIDS.
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T h e  r e p r o d u c t i v e  e f f e c t s  o f  c a n n a b i s  u s e

Studies conducted in the m id-1970s showed that animals given large doses o f  cannabis 
or THC during pregnancy had lower levels o f  the gonadal hormones (testosterone and 
oestrogen) that control reproduction (1 -5 ). There were also case reports o f  breast 
development in young men who had a history o f  heavy cannabis use (6). A study by 
Kolodny et al (7) found that chronic male cannabis users had lower levels o f  
testosterone, a lower sperm count and motility, and more abnormal sperm than controls. 
These observations raised concerns that the use o f  cannabis by young adults during the 
1970s and 1980s would impair fertility in men and adversely affect pregnancy outcomes 
in women. Cannabinoid receptors arc expressed by cells in the hypothalamus and 
pituitary that regulate sex hormone production (8) so it is possible that THC can affect 
the functioning o f the reproductive system.

6.1 Effects on the male reproductive system
Male animals given large doses o f cannabis, crude cannabis extracts, THC and other 
cannabinoids showed lowered testosterone levels, retarded sperm maturation, reduced 
sperm count and sperm motility, and increased rates o f  abnormal sperm ( l ,  5, 9, 10). 
Although the mechanisms for these effects were uncertain, it was likely that they were a 
direct effect o f THC on the testis, and an indirect effect on the hypothalamic hormones 
that stimulate the testis to produce testosterone (5).

Human studies o f  the effects o f cannabis on male reproductive function produced mixed 
results (9). The study by Kolodny et al (7), which reported reduced testosterone, spemi 
production, and sperm motility and increased abnormalities in sperm, was not replicated 
in a larger, better controlled study o f  chronic cannabis users. This study failed to find any 
difference in testosterone level at study entry, or after three weeks o f  daily cannabis use 
(11). The significance o f  the animal findings for human cannabis users are uncertain (2) 
because testosterone levels in human cannabis users have generally been within the 
normal range (12).

6.2 Effects on the female reproductive system
In animal studies cannabis and THC interfere with the hormones controlled by the 
hypothalamic-pituitary-gonadal axis in non-pregnant female animals (1), delaying 
oestrous and ovulation (9). There have been very few human studies o f  the effects o f  
cannabis on the female reproductive system because o f  fears that cannabis use may 
produce birth effects in women o f  childbearing age (13). An unpublished study by 
Bauman (1980 cited by Nahas (3)) compared the menstrual cycles o f 26 cannabis 
smokers with those o f  17 controls and found a higher rate o f anovulatory cycles among 
the cannabis users. Mendelson and M ello (14) failed to find that cannabis use affected 
the female sex hormones, or the duration o f  the cycle. Mueller, Daling, Weiss and 
Moore (15) reported a modest association (OR = 1.7) between cannabis use and
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infertility in a case-control study o f 150 women with primary anovulatory infertility and 
150 controls, Tlie relationship was strongest in women who had used cannabis le ss  

frequently. In the absence o f  any other human evidence, Bloch (1). the Institute o f  
Medicine (2) and Murphy (9) have argued that the animal evidence suggests that 
cannabis use probably inhibits human female reproductive function but it is uncertain 
how large these effects arc.

6.3 Foetal development and birth defects
The possibility that cannabis use during pregnancy may adversely affect pregnancy 
outcomes is raised by evidence that THC crosses the placenta in animals (1) and humans 
(16). This makes it possible that THC, and other cannabinoids, may interfere with the 
development o f  the foetus, that is, may act as teratogens.

In m ;cc, rats, rabbits, and hamsters large doses o f  cannabis or THC can pr >ducc foetal 
resorption, growth retardation, and malformations ( I). Growth resorption and growth 
retardation have been more consistently reported than birth malformations (17) and the 
doses that produce malformations have been very high (17). Birth malformations have 
been observed more often after the administration o f crude cannabis extract rather than 
pure THC, suggesting that other cannabinoids may produce any teratogenic effects. It is 
also unclear whether these teratogenic effects can be attributed to THC or to reduced 
food intake caused by the large doses o f cannabis that have been used ( 1, 17) Bloch ( I) 
concluded that THC was unlikely to be teratogenic in humans and was, at most, ‘weakly 
teratogenic’ in rodents and rats.

6.3.1 Human studies
Epidemiological studies o f the effects of cannabis use on human reproduction have 
produced mixed results for a number o f reasons. First, adverse reproductive outcomes 
and heavy cannabis use during pregnancy are relatively rare. This means that unless 
cannabis use produces a large increase in the risk o f abnormalities, very large sample 
sizes will be required to detect adverse effects o f  cannabis use on foetal development. 
Many o f the studies that have been conducted lo date have been too small to detect 
effects o f this size (18-20).

Second, societal disapproval of illicit drug use during pregnancy may discourage honest 
reporting when women are asked about dmg use during their pregnancy (21). If a 
substantial proportion of cannabis users are misclassified as non-users, any relationship 
between cannabis use and adverse outcomes will be attenuated, requiring even larger 
samples to detect it (22).

Third, women who use cannabis during their pregnancies differ from those who do 
not in a variety of ways that may affect the outcome o f their pregnancies. Cannabis 
users are, for example, more likely to smoke tobacco and use alcohol and illicit drugs 
during their pregnancy. They are also likely to have lower income, poorer education 
levels and poorer nutrition, all o f which predict an increased risk o f  poorer pregnancy 
outcomes (10, 20, 23). These make it difficult to confidently attribute any poor birth 
outcomes to cannabis use rather than to other drug use, or to poor maternal nutrition and 
prenatal care.
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Given these difficulties, there is reasonable consistency (although not unanimity) in the 
finding that cannabis use in pregnancy is associated with slightly reduced birth weight 
(24 -26 ), and length at birth (23). This relationship has been found in the best-controlled 
studies, and it has persisted after statistically controlling for potential confounding 
variables (24, 25). A recent meta-analysis of these studies found that regular cannabis 
smoking during pregnancy possibly reduced birth weight but results varied considerably 
between studies (27). The mean weight reduction o f 48 g  (for any cannabis use vs no 
cannabis use during pregnancy) was much smaller than that associated with tobacco 
smoking during pregnancy, namely, 200 g (27).

The relationship between cannabis use and birth abnormalities is less certain. Milman 
(28) reported several cases o f  children with features similar lo the Foetal Alcohol 
Syndrome (FAS) born to women who smoked cannabis during pregnancy but did not use 
alcohol. Epidemiological studies have largely not reported an increased rate of 
congenital abnormalities among children born to women who used cannabis during 
pregnancy (23, 25. 26, 29).

One study reported a five-fold increase in the rate o f  children with FAS-like features 
bom to women who reported using cannabis (29). This finding was puzzling because 
there was n o  relationship between self-repoited alcohol use and the ‘foetal alcohol 
syndrom e’. An additional study reported an increase in the crude rate o f birth 
abnormalities among children bom to women who reported using cannabis but this result 
was no longer statistically significant after adjustment for confounders (30). Tlie study 
by Zuckerman et al is the most convincing study that failed to find an effect. A large 
sample o f  women was studied, among which a substantial proportion reported cannabis 
use that was verified by urinalysis. There was a low rate o f  birth abnormalities among 
the cannabis users, and no suggestion that their rate was higher than that in the controls.

6.4 Post-natal development
The most extensive research on the effects o f  cannabis use during pregnancy on the post­
natal development o f the child comes from the Ontario Prospective Prenatal Study 
(OPPS). This study assessed developmental and behavioural abnormalities in children 
bom to women who reported using cannabis during pregnancy (31-39). A sample o f  
698 mothers were asked about their drug use during pregnancy and their children were 
measured on the Brazelton scales after birth and neurologically assessed at one month. In 
subsequent studies, these children were assessed using standardised scales at six and 
twelve months and throughout their childhood and into their adolescence (31).

The initial OPPS studies reported a developmental delay shortly after birth in the infants’ 
visual system, and an increased rate o f tremors and startle among the children born to 
cannabis users (31). The effects found at birth faded by one month, and there were no 
differences in performance on standardised tests o f anility at six and twelve months.
Small effects were again reported at 36 and 48 month follow ups (40) but these were not 
found at 60  and 72 months (41). These results are suggestive of a transient 
developmental impairment occurring among children who had experienced a shorter 
gestation and prematurity. It seems unlikely that the tests used in later follow-ups were
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insensitive to the effects o f  prenatal cannabis exposure because they showed adverse 
effects o f  tobacco smoking during pregnancy on behavioural development at 60 and 
72 months (40. 41).

The results of studies that ha attempted to replicate the OPPS findings have been 
mixed. Tennes et al (23) conoucted a prospective study o f the relationship between 
cannabis use during pregnancy and postnatal development in 756 women, a third o f  
whom reported using cannabis during their pregnancy. The children were assessed 
shortly after birth using the same measures as Fried (20) and a subset were assessed at 
one year o f  age. There were no differences in behavioural development after birth 
between the children o f  women who did and did not use cannabis and there were no 
differences at one year. More recently, Day et al (42), have followed up children at age 
three bom to 655 women who were asked about their substance use during pregnancy. 
They found a relationship between the mothers' cannabis use during pregnancy and the 
children's performances on memory and verbal scales o f the Stanford-Binct Intelligence 
Scale al age three. A later follow up a: age six did replicate the OPPS findings of 
increased impulsivity and impaired attention among children whose mothers had smoked 
cannabis during their pregnancy (43).

Fried and Smith (31) concluded after reviewing the literature that the effects o f  'prenatal 
exposure to marihuana are subtle’ and 'considerably moderated by other risk factors'. 
There were 'limited (if any) effects upon foetal growth and central nervous system  
functioning’ and little evidence o f effects on growth and behaviour during the toddler 
stage. They argued that there was suggestive evidence for subtle effects after the age of 
three in impulsivity, attention and problem solving, the significance o f  which needed to 
be clarified by further research.

A more sceptical view was expressed in a recent meta-analytic review o f the effects on 
foetal development o f maternal use o f cocaine, a dmg with a much greater reputation for 
foetal toxicity than cannabis (44). Frank et al concluded that, after controlling for 
exposure to tobacco and alcohol, there were no effects o f prenatal cocaine use on 
physical o f  behavioural development to age six.

6,5 Summary
High doses o f  THC use disrupt the male and female reproductive system s in animals.
THC interferes with hormones controlling reproduction, reducing testosterone secretion, 
sperm production, motility, and viability in males, and interfering with the ovulatory 
cycle in females. It is uncertain whether these effects occur in humans, given the high 
doses used in animal studies, the inconsistency o f findings in studies o f  human males, 
and the fact that the effects observed in the positive human studies are still within the 
normal range.

Cannabis use during pregnancy probably leads lo lower birthweight, although the 
decrease is much smaller than that produced by tobacco use. Cannabis use during 
pregnancy is unlikely to be a m a jo r  cause o f  birth defects but it is possible that cannabis 
use during pregnancy produces a small increase in the risk o f  birth defects as a result o f
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exposure of the foetus in utero. Then: is suggestive evidence that infants whose mothers 
smoke cannabis during their pregnancy may experience behavioural and developmental 
effects during the first few months after birth and possibly in the longer term. These 
effects, if they exist, are likely to be smaller than comparable effects o f  alcohol use and 
tobacco smoking during pregnancy.
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7 C a r d i o v a s c u l a r ,  r e s p i r a t o r y  a n d  
g a s t r o i n t e s t i n a l  e f f e c t s

7.1 Cardiovascular effects of cannabis
One o f the most consistent effects o f  cannabis in humans and animals is to increase heart 
rate (1 -3 ). This change parallels the subjectively experienced ‘h igh’ and is related to the 
amount o f  THC in the blood (3 ,4 ). Healthy young adults are only mildly stressed by 
these cardiovuscular effects o f cannabis (5).

An increased heart rate is most obvious in occasional cannabis users because tegular 
users become tolerant to this and other effects of THC (4). Tolerance occurs within 
24 hours in laboratory studies and even large amounts o f cannabis may have little effect 
on heart rate (1, 2, 6 -9 ). Tolerance to these effects has also been observed in field studies 
o f chronic heavy cannabis users in Costa Rica (10). Greece (11). and Jamaica (12).
These studies failed to find any adverse effects o f cannabis on heart function.

7.1.1 Effects on patients with cardiovascular disease
Patients with ischaemic heart disease, hypertension, and cerebrovascular disease who use 
cannabis (13, 14) may experience cardiac arrhythmias, chest pain, and myocardial 
infarction (or heart attack). Because THC has analgesic effects it may mask chest pain, 
delaying treatment. Cannabis smoking also increases the level of carboxyhaemoglobin in 
ihe blood, decreases oxygen delivery to the heart and increases the work o f  the heart (4). 
Patients with cerebrovascular disease may experience strokes caused by changes in 
blood pressure and patients with hypertension may experience exacerbations of their 
disease for the same reason.

A number o f  laboratory studies have found that smoking cannabis cigarettes adversely 
affects patients with heart disease. Aronow and Cassidy (15) compared the effect o f 
smoking a cannabis and a placebo cigarette on heart rate and the time required to induce 
chest pain in an exercise tolerance test. Heart rate increased by 43%, and the time taken 
to produce chest pain halved after smoking a cannabis cigarette. Aronow and Cassidy 
(16) compared the effec* o f  smoking a single cannabis cigarette and a high nicotine 
cigarette in 10 men with heart disease, all o f  whom were cigarette smokers. Smoking 
cannabis produced a 42% increase in heart rate, compared with a 21% increase after 
smoking the tobacco cigarette. Exercise tolerance time was halved after smoking a 
cannabis cigarette by comparison with a tobacco cigarette. These findings have been 
confirmed by Gottschalk and colleagues (17).

7.1.2 Significance of cardiovascular effects

It seem s unlikely that healthy young adults who occasionally smoke cannabis develop 
heart disease as a result o f their cannabis smoking. Most o f these cannabis users 
discontinue their use by their late 20s (18, 19). A recent study (20) provides support for 
predictions that adverse cardiovascular effects may occur in a minority o f chronic
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cannabis users who coi.tinuc to use cannabis into their late 40s and early 50s, the age o f  
highest risk for heart dis ease (21).

Mitlleman el al reported a case-crossover study o f  the possible role that smoking 
cannabis may play in triggering an acute myocardial infarction (heart attack) (20).
They asked 3882 patients who had had a myocardial infarction in the previous 4 days 
about their use o f  marijuana in the hour before it occurred, and compared this with their 
typical frequency of use. Only 3.5% of all patients, and 12.5% o f  those unde r the age o f  
44 years, had smoked cannabis in the previous year but it increased the risk of a 
myocardial infarction 4.8 times in the hour after use. The risk dropped rapidly after the 
first hour, as expected from the effects that THC and carbon monoxide from smoking 
have on heart function. The effect o f smoking cannabis was smaller than the effect of 
cocaine use observed in earlier studies (a 24 fold increase). Mittelcman ct estimated 
that a 44-year-okl adult who used cannabis daily would increase their annual risk o f  an 
acute cardiovascular event by 1.5% to 3%. They concluded that: ‘smoking marijuana is a 
rare trigger o f acute myocardial infarction’ that ‘may pose a health risks to patients with 
coronary heart disease and perhaps to individuals with multiple coronary risk factors’
(p. 2808). The significance of this contribution may rise as the proportion o f  older adults 
who smoke cannabis increases.

7.2 Effects on the respiratory system
It is likely that regular cannabis smoking adversely affects the respiratory system (22). 
Cannabis smoke is similar to tobacco smoke, and contains a higher proportion o f  
particulate matter and more of some carcinogens (e.g. benzpyrene) than tobacco smoke 
(22, 23). Tlie inhalation o f cannabis smoke therefore deposits carcinogenic substances 
on lung surfaces. Cigarette smoking is a cause o f  bronchitis, emphysema, anu cancers of 
the lung, oral cavity, trachea, and oesophagus (24). Although tobacco smokers smoke 
many more cigarettes th.m cannabis smokers, cannabis smokers typically inhale more 
deeply, and hold their breath for longer, thereby depositing more particulate matter in the 
lung (22).

7.2.1 Chronic bronchitis and obstructive pulmonary disease
Convincing evidence that chronic cannabis use may impair lung function and cause 
symptoms of respiratory disease com es from a series of studies conducted by Tashkin 
and his colleagues since the mid 1970s (22). One o f  their early studies evaluated the 
effects o f  heavy daily cannabis smoking on respiratory function. The subjects were 
young male cannabis smokers who were studied in a closed hospital ward where they 
were allowed free access to cannabis for 47 to 59 days. There was a significant decrease 
in the function o f  large and medium-sized airways during the study and the degree o f  
impairment was related to the number of cannabis cigarettes smoked, suggesting that the 
quantity o f  inhaled irritants was the important factor.

Tashkin and his colleagues (25) subsequently studied cannabis only smokers 
(M S, n = 144>, cannabis and tobacco smokers (MTS, n = 135), tobacco only smokers 
(TS, n =  70), and non-smoking controls (NS, n -  97). These subjects were followed to 
study changes in lung function, signs and symptoms o f respiratory disease, and 
histopathological changes that precede the development o f  cancer.
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At baseline Tashkin ct al (25) found more symptoms o f  bronchitis (such as cough, 
bronchitic sputum production, wheeze and shortness . i breath) in all types o f  smokers 
(MS, MTS, TS) than non-smokers. Cannabis and tobacco smokers did not differ in the 
rates o f  these symptoms. Lung function tests showed poorer functioning and greater 
abnormalities in small airways among tobacco smokers whereas cannabis smokers had 
poorer large airways function than non-cannabis smokers.

Hollow up studies o f  this cohort have shown different effects o f  cannabis and tobacco 
smoking on lung function (26). The first follow up study two to three years after the 
baseline study retested almost half o f  these subjects, most o f  whom were in the same 
smoking categories as at baseline. At both baseline and follow up, cough, sputum, and 
wheeze were more common in smokers than among nonsrnokers. There was no 
significant change in the respiratory status o f  any of the smoking groups over time when 
those individuals who ceased smoking were excluded. The same was found when the 
subjects were followed up 3 lo 4 years after first assessment. In addition, the group that 
smoked both cannabis and tobacco showed both types o f damage found in those who 
only smoked cannabis or tobacco.

Tashkin and colleagues (27, 28) studied the histopathology o f  the lungs in a sample 
o f their cohort. Fligiel et al (27) compared the bronchial morphology o f  30 males who 
were heavy smokers o f  cannabis-only with those o f 17 cannabis and tobacco smokers 
15 tobacco only smokers and 11 nonsmoking controls. All subjects who smoked had 
more severe abnormalities than nonsmokers. Many o f  these were more common in 
cannabis smokers, and they were most marked in men who smoked cannabis and 
tobacco. These abnormalities occurred at a younger age in cannabis than tobacco 
smokers, despite the fact that the cannabis smokers smoked less than a quarter as many 
‘joints' as the tobacco smokers smoked cigarettes.

Additional research (29, 30) suggests a number o f reasons why cannabis smoking may 
be more toxic to the respiratory system than tobacco smoking. Laboratory studies show  
that cannabis smokers inhale a large, volume o f smoke than tobacco smokers (40% to 
54% more). They also inhaled more deeply and held their breath about four to five times 
longer than tobacco smokers. A s a result, they retained more particulate matter, and 
absorbed three times more carbon monoxide, than tobacco smokers (29).

Other studies have replicated some o f  the findings of Tashkin and colleagues. Bloom et 
al (31) examined the relationship between smoking ‘nontobacco’ cigarettes and 
respiratory symptoms and respiratory function in the general population. Their sample 
comprised 990 individuals aged under 40 years who were followed up in a prospective 
community study of obstructive airways disease. The proportion who said that they had 
ever smoked a ‘non-tobacco’ cigarette was 14% (the same as the rate o f  cannabis 
smoking in general population surveys at (he time), 9% were current and 5% ex-smokers 
o f ‘non-tobacco’ cigarettes. On average non-tobacco cigarettes were smoked 7 times per 
week for 9 years. Non-tobacco smokers were more likely to have smoked tobacco and 
they inhaled more deeply than tobacco only smokers.

Non-tobacco smokers reported more cough, phlegm, and wheeze, regardless of whether 
they smoked tobacco or not. They also had poorer respiratory func .in. Those who had 
never smoked had the best functioning, followed in order of decreasing function by
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current cigarette smokers, current non-tobacco smokers, and current smokers o f  tobacco 
and non-tobacco cigarettes. Non-tobacco smoking alone had a bigger effect on 
respiratory function than tobacco smoking alone, and the effects o f  both types o f  
smoking on respiratory function was additive.

Sherri I ct al (32) have reported follow up data on respiratory symptoms and respiratory 
function in this sample. Rates o f  non-tobacco use declined over time, as did the quantity 
of cannabis that was smoked per week. At each follow-up non-tobacco smokers were 
twice as likely to report chronic cough, chronic phlegm and wheeze than non-smokers. 
The rate of reported symptoms increased with the number o f  non-tobacco cigarettes 
smoked per week and with the length o f  time that non-tobacco cigarettes were smoked. 
Non-tobacco smokers showed impairment on all indices o f  respiratory function.

Taylor et al (33) studied symptoms o f respiratory disease and respiratory function in 
1037 young N ew  Zealand adults who were followed from birth until age 21. They 
compared symptoms o f  respiratory disease and respiratory function in those who were: 
cannabis dependent, cigarette smokers and non-smokers o f tobacco and cannabis. 
Tobacco smokers had a higher rate o f chronic bronchitis, wheeze and cough than non­
tobacco smokers and the rate o f  these symptoms increased with the number o f  cigarettes 
smoked per day. Cannabis dependent subjects had higher rates o f  wheezing, shortness o f  
breath, chest tightness and morning sputum production than non-smokers, after taking 
account o f tobacco use. Among cannabis dependent subjects the effects in cannabis users 
were similar to those in tobacco smok rs o f 1 -1 0  cigarettes/day. A higher proportion of 
cannabis dependent subjects had impaired respiratory function and the adverse effects o f  
tobacco and cannabis smoking on respiratory function were additive.

7.2.2 Respiratory cancers
As discussed in detail in Chapter 5, there is evidence that cannabis sm oke  is mutagenic 
and carcinogenic and a potential cause o f  cancer in body cells that are regularly exposed  
to it, such as those o f the aerodigestive and respiratory tracts. There are case reports o f  
aerodigestive tract cancers among relatively young adults who have been daily cannabis 
users. A case control study has found an association between cannabis smoking and head 
and neck cancer (34). The only prospective cohort study to dale has not found evidence 
o f increased incidence o f  head and neck or respiratory cancers, although it found 
evidence o f increased rates o f  prostate cancer. Tlie relative youth o f the participants and 
the low prevalence o f regular cannabis use in the latter study reduced its ability to detect 
an increase in respiratory cancers. There is also evidence that the lungs o f  chronic 
cannabis smokers show changes in gene expression that appear to be precursors o f  
cancer in tobacco smokers (35). Further follow ups o f the Sidney et al cohort (36), and 
additional case control studies, are needed lo clarify the issue (see Chapter 5).

7.3 Effects on the gastrointestinal system
Studies in experimental animals have not found any evidence that THC causes liver 
damage (37-39). Liver weight was reduced but this may have been caused by reduced 
food consumption because very high doses o f THC were used. There is no human 
evidence that the chronic use o f  cannabis disturbs liver function (4).
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Anecdotal evidence suggests that cannabis increases appetite ( ‘the munchics' or ‘hash 
hungries’) (40-42). Cannabinoids reduce food and water intake in animals (4) but 
experimental studies in humans provide some support for the anecdotal reports (43-45). 
THC in the synthetic form of dronabinol (Marinol) has been shown to produce weight 
gain when used to treat nausea and vomiting caused by cancer chemotherapy. A  similar 
weight gain was reported when used in patients with HIV infection. There are now  
objective data to support these anecdotal reports, and these suggest that THC has a 
potential therapeutic use as an appetite stimulant.

7.4 Summary
Smoking cannabis increases heart rate and affects blood pressure but there is ro  
evidence that these effects have a permanently deleterious effect on the normal 
cardiovascular system. These effects are less benign in patients with hypertension, 
cerebrovascular disease and coronary atherosclerosis in whom THC may increase the 
work o f the heart. The seriousness o f these effects in persons with cardiovascular disease 
will be determined as persons who i itiated cannabis use in the late 1960s enter the risk 
period for cardiovascular disease.

Cannabis smoking causes chronic bronchitis and impairs functioning o f  the large 
airways and produces pathological changes in lung tissues that may be precursors o f  
lung cancer. Case studies and a case-control study suggest that cannabis may cause 
cancers o f  the aerodigestive tract. Additional studies o f these cancers are a high priority.

There appears to be little or no human or animal evidence that cannabinoids affect liver 
function. The most interesting gastrointestinal effect o f cannabis is its therapeutic use in 
reducing nausea and stimulating appetite in cancer and AIDS patients.
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8 E f f e c t s  o n  m o t i v a t i o n  a n d  t h e  r i s k  
o f  d e p e n d e n c e

8.1 Motivational effects
Chronic daily cannabis use has been reported to impair motivation in users in Egypt and 
the Caribbean (1). Young canaabis .isers in the USA in the early 1970s who were 
apathetic, withdrawn, lethargic and unmotivated (2 ,3 )  were said to suffer from an 
‘amotivational syndrome' (3 ,4 ). it is difficult in these cases to disentangle the effects of 
chronic cannabis use from those o f  poverty, poor education and pre-existing psychiatric 
disorders (5-7).

The effects o f cannabis use on motivation were assessed in a number of field studies of 
chronic cannabis users in Costa Rica (8). Jamaica (9) and the USA (10). Rubin and 
Comilas (9), for example, found that Jamaican farmers who regularly smoked cannabis 
worked harder but less efficiently after using cannabis. A study o f  Costa Rican cannabis 
smokers produced mixed evidence on the effect o f chronic cannabis use on job  
performance. Carter ct al (8) compared 41 heavy cannabis users (10 cannabis cigarettes 
per day for ten or more years) with 41 nonusers o f  cannabis matched on age, marital 
status, education, occupation, and alcohol and tobacco use. The nonusers were more 
likely: to have a stable employment history, to have been promoted and given pay rises, 
and to be in full-time employment. Users spent more o f  their incomes on cannabis and 
were more likely to be in debt. Among users, however, those who had steady jobs or who 
were self-em ployed smoked twice as many cannabis cigarettes per day as those with 
more frequent job changes, or those who were chronically unemployed.

A follow  up study o f  long-term cannabis users in the USA suggests that the 
amotivational syndrome is rare among long-term cannabis users. Halikas et al (10) 
assessed symptoms of the amotivational syndrome in 100 regular cannabis users six to 
eight years after they were first studied. Only three individuals had ever experienced 
amotivational symptoms in the absence o f depression and their use did not differ from 
lhat of other cannabis users.

Laboratory studies o f long-term heavy cannabis use have also failed lo clearly show that 
cannabis impairs motivation (5). Early studies conducted by the LaGuardia Commission 
(11) reported deterioration in behaviour among prisoners given daily doses o f  cannabis 
over a period of some weeks but these reports were based upon uncontrolled 
observation. A study using standardised measures o f  performance failed to observe such 
effects (11). In this study 10 casual and 10 heavy cannabis smokers were observed in a 
laboratory over a 3 1 -day study period. For 21 o f these days subjects were given access to 
as many cannabis cigarettes as they earned by performing a simple task. All subjects 
earned the maximum number of points allowed per day throughout the study and their 
output was not affected by cannabis use. Providing similar access to alcohol in heavy 
drinking subjects in the same setting profoundly disrupted performance. Similar results 
were reported in a study by Campbell (12) in which young cannabis users were given
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high doses of cannabis. They showed no gross behavioural changes, no social 
deterioration, and no alterations in intellectual functioning but their productivity was 
reduced when they were given 30 mg o f THC per day, a dose that many subjects found 
unpleasant.

Schwcnk (13) has recently reviewed evidence on the relationship between cannabis 
use and job performance in laboratory studies, surveys, observational studies, 
anthropological studies and studies of drug testing. He concluded that the associations 
between cannabis use and poor job performance in laboratory studies and surveys were 
small. Schwenk argued that these results ere more consistent with the hypothesis that 
there was a relationship between the characteristics o f cannabis users and poor job 
performance rather than with the hypothesis that cannabis use was a cause o f poor job 
performance.

The amotivational syndrome remains contentious because o f  differences o f  opinion 
about the value o f  clinical observations and controlled studies. Those who accept the 
existence o f the syndrome appeal to the small number o f  cases fitting the description of  
an 'amotivational syndrome* (14). Sceptics are more impressed by the unsupportive field 
and laboratory studies. If there is an amotivational syndrome, it is a relatively 
uncommon consequence o f  prolonged heavy cannabis use. Research suggests that the 
features o f  the ‘amotivational syndrome* can be better explained as symptoms o f chronic 
cannabis intoxication in cannabis dependent users, thereby obviating the need to invent a 
new psychiatric syndrome (5).

8.2 Is there a cannabis dependence syndrome?
For much of the 1960s and 1970s cannabis was not regarded as a drug o f  dependence 
because it did not seem to produce tolerance or a withdrawal syndrome like that seen in 
alcohol and opioid dependence. Views changed in the late 1970s and early 1980s with 
the adoption of a broader conception of drug dependence (15). This new conception  
reduced the emphasis on tolerance and withdrawal and placed more emphasis on the 
compulsion to use, a narrowing o f  the drug using repertoire, rapid reinstatement o f  
dependence after abstinence, and the high salience o f drug use in the user’s life. It was 
reflected in the Third and Fourth Revised Editions o f  the Diagnostic and Statistical 
Manual (DSM-III-R and DSM -IV) o f the American Psychiatric Association (16, 17).

8.2.1 Drug dependence in DSM-IV
‘The essential feature of Substance Dependence is a cluster o f  cognitive, behavioral and 
physiologic symptoms indicating that the individual continues use o f  the substance 
despite significant substance-related problems' (p. 176) (16). A diagnosis o f  Substance 
Dependence is made if th ree  o r  m ore  o f the following criteria occur at any time in the 
same 12-month period:

' 1. tolerance, as defined by either of the following:

a. need for markedly increased amounts o f the substance to achieve intoxication 
or desired effect

b. markedly diminished effect with continued use o f  Ihe same amount o f the 
substance
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2. withdrawal, as manifested by either o f  the following:

a. the characteristic withdrawal syndrome for the substance

b. the same (or closely related) substance is taken to relieve or avoid withdrawal 
symptoms

3. the substance is often taken in larger amounts or over a longer period than was 
intended;

4. there is a persistent desire or unsuccessful efforts to cut down or control substance 
use;

5. a great deal o f time is spent in activities necessary to obtain the substance 
(e.g., visiting multiple doctors, driving long distances), use the substance 
(e.g. chain smoking), or recover from its effects;

6. important social, occupational, or recreational activities are given up or reduced 
because o f  substance use;

7. the substance use is continued despite knowledge o f  having a persistent or recurrent 
physical or psychological problem that is likely to have been caused or exacerbated 
by the substance. '(16).

8.2.1 Cannabis tolerance and withdrawal: experimental evidence
Cannabis users can develop tolerance to the effects o f THC and they can experience 
withdrawal symptoms under certain conditions. Tolerance to many of the behavioural 
and physiological effects o f THC has been demonstrated in humans and animals 
(18-23). The precise mechanisms are unknown but they probably involve changes in 
cannabinoid receptor function (20, 24).

Jones and Benowitz (25) studied the effects o f 210 mg dose o | oral THC per day given in 
a fixed dosing schedule to healthy male volunteers with extc ivc histories o f cannabis 
use. Over the 30-day study, the positive effects o f  intoxication declined and there was a 
recovery in social, cognitive and psychomotor performance. Georgotas and Zeidenberg 
(19) also reported tolerance to the subjective effects o f  cannabis in humans.

Early case reports o f cannabis withdrawal symptoms in humans have been supported by 
abstinence symptoms in laboratory studies (18, 21, 26). Studies in clinical and non- 
clinical samples o f long-term cannabis users have reported withdrawal symptoms, such 
as anxiety, insomnia, appetite disturbance and depression (27-30).

Jones and Benowitz (25) abruptly withdrew regular cannabis users after two weeks on 
high doses o f oral THC. Within six hours, they complained o f ‘inner unrest' and after 
12 hours they reported ‘irritability, insomnia, and restlessness' that were also observed 
by staff. These symptoms were correlated with THC dose and frequency o f use, and 
were reduced after using cannabis (22). Georgotas and Zeidenberg (19) reported similar 
symptoms during the first week o f  abstinence in subjects who had received 210 mg of 
smoked cannabis a day for four weeks. Recent laboratory studies by Haney et al (31, 32) 
have reported withdrawal symptoms at much lower doses o f THC given orally and by 
smoking. The most common symptoms were anxiety, depression and irritability.
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Kouri and Pope (33) reported a controlled prospective study o f  withdrawal symptoms 
among chronic cannabis users who were assessed daily on various withdrawal symptoms 
while in a hospital ward for 28 days. Their ratings o f  mood, anxiety, depression and 
irritability were compared to those o f  two control groups o f abstinent former heavy 
cannabis users and non-users o f  cannabis. During the course o f  the 28 days the chronic 
cannabis users showed decreases in mood and appetite and increases in irritability, 
anxiety, physical tension, and physical symptoms, and their scores on the Hamilton 
Depression and Anxiety scales increased. These appeared within 24 hours and were most 
marked in the first 10 days although the increase in irritability and physical tension 
persisted throughout the 28-day observation period.

Research using the cannabinoid antagonist SR 14I716A (which immediately reverses the 
effects o f THC) has shown that a withdrawal syndrome can be produced in rats, mice 
and dogs that have been maintained on THC (34, 35). Tlie antagonist produces 
compressed and accentuated symptoms that are much more dramatic than the milder and 
more prolonged symptoms that occur under usual conditions o f  human use (36). The 
relatively long half-life and complex metabolism o f cannabis may also result in a less 
intense withdrawal syndrome than drugs such as opiates (24).

8.2.2 Epidemiological studies of cannabis dependence
The Epidemiological Catchment Area (ECA) study estimated the rates o f  cannabis abuse 

and dependence in US population in the early 1980s (37). It found that 4.4% o f  the US 
population had a diagnosis o f  cannabis abuse or dependence according to DSM-III 
criteria. A third of those with lifetime cannabis abuse or dependence (38% ) reported 
problems with cannabis use in the last year. Men had a higher risk o f  cannabis 
dependence than women, with the highest risk among 18 to 29 year olds. (38).

The most common symptoms reported by those who were cunnabis dependent were: 
requiring larger amounts (21%), having psychological (21%) or social (17%) problems 
attributed to cannabis, and inability to reduce use (8%). Few reported health problems 
(5%) or withdrawal sickness (3%) (39). Surveys using similar methods to the ECA have 
produced similar estimates o f the rate o f  cannabis dependence in Canada and N ew  
Zealand (40-42).

The National Comorbidily Survey (NCS) conducted in the USA between 1990 and 1992 
(43) found that 4.2% o f adults met DSM-1II-R criteria for cannabis dependence at some 
time in their lives. The proportion of people who had ever used cannabis who met 
criteria for cannabis dependence was 9%. This compared to 32% o f nicotine, 23% o f  
heroin, 17% o f cocaine, 15% o f alcohol and 11% o f stimulant users who met criteria for 
dependence.

The Australian National Survey o f Mental Health and Well-being (44) found that 1.7% 
o f Australian adults met the International Classification o f  D iseases (1CD-10) (45) 
criteria for a diagnosis o f  cannabis dependence, and 0.1% met criteria for harmful use in 
the previous year. One in four (23%) o f those who had used cannabis more than five 
times in the last year met criteria for cannabis dependence or harmful use.
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6.2.3 Studies of long-term cannabis users
Studies o f long-term cannabis users in Egypt (46), India (47), Germany (2), Greece (48), 
Costa Rica (8) and Jamaica (9) did not study symptoms o f dependence other than 
withdrawal, which then defined dependence. Stereotyped use patterns, persistent desire 
to quit, tolerance, chronic intoxication, mild withdrawal and continued use despite 
problems were reported in the Egyptian, Indian and Jamaican studies but there were no 
withdrawal symptoms reported in the Costa Rican, Jamaican or Greek studies.

Kandel and Davies (49) described problems reported by a subset o f daily cannabis users 
(aged 28-29  years) who were recruited in a large prospective study o f  1,222 adolescents. 
The major adverse consequences o f  cannabis use reported were: cognitive deficits, 
reduced energy, depression, and, among males, problems with their spouse.

Recent Australian surveys o f  long-temi cannabis users diagnosed a substantial 
proportion as cannabis dependent. Among 243 rural cannabis users, who had used 
cannabis several times a week for 19 years, 57% qualified for lifetime DSM-III-R and 
ICD-10 cannabis dependence diagnoses (30). The most common symptoms reported 
were: frequent intoxication during daily activities (73%) and a strong urge to use 
cannabis (75%). Few reported withdrawal symptoms (5%) or using cannabis to relieve 
withdrawal symptoms (20%), although 54% reported tolerance. Only 26% believed they 
had a problem with cannabis and only 9% had sought help to cut down or stop.

Among 200 young Sydney adults who had used cannabis at least weekly for 11 years, 
92% met criteria fora DSM-III-R lifetime diagnosis o f  dependence and 40% were 
classified as severely dependent (29). Tolerance and withdrawal were reported by 78% 
and 76% respectively and use to relieve withdrawal symptoms by 39%. Most met criteria 
for cannabis dependence in Ihe past year according to DSM-III-R (77%) and IC D -10 
(72%) criteria. A foilow-up o f these users found that cannabis use and dependence 
symptoms were stable over a year (50). The majority (81%) o f  the follow-up sample met 
criteria for a dependence diagnosis during the last year on three measures ol dependence.

8.2.4 Clinical populations
Cannabis dependent persons seek help with cannabis-related problems in Australia, the 
United States and Europe. The National Census o f Clients of Australian Treatment 
Service Agencies (51, 52) found that the proportion o f cases in whom cannabis was the 
m ain  drug problem increased from 4% in 1990 to 7% in 1995. Between 1994 and 1998 
cannabis was the primary drug o f abuse for between 11% and 26% o f clients o f  
treatment agencies in the United States (53, 54). Cannabis was the primary drug problem 
for between 2% and 16% of clients attending treatment agencies in the European Union 
in 1998 (55).

A Swedish treatment program (56) reported that its clients typically complained of: 
unsuccessful attempts to slop or moderate use and frequent (often daily) intoxication, 
despite suffering adverse effects connected wilh their cannabis use. These included 
sleeplessness, depression, impaired concentration and memory, and blunting of 
emotions.
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Stephens and colleagues (57) described the symptoms repoled  by 382 persons who 
sought help to cease cannabis use. These included: an inability to stop using (93%), 
feeling bad about using cannabis (87%), procrastinating (86%), loss o f  self-confidence 
(76%), memory loss (67%) and withdrawal symptoms (51%). Similar experiences have 
been reported among users in recent US (28, 58) and Australian studies o f  interventions 
for problem cannabis use (27). In the Australian study, among 180 long-term cannabis 
users seeking help, the most common symptoms were withdrawal and use to relieve 
withdrawal

8.2.5 The risk of cannabis dependence
People who use cannabis daily over weeks to months are most likely to become 
dependent. Kandel and Davis (49) estimated tiiat one in three daily cannabis users met 
DSM-III criteria for dependence. The risk o f dependence among less frequent users o f  
cannabis is lower (59). In the ECA study, 17% o f  those who used cannabis more than 
5 times met DSM-III criteria for dependence at sometime in their lives (38). In the 
National Comorbidity Study (NCS), Anthony et al (43) estimated that the proportion of 
persons who had ever used alcohol, amphetamines, cannabis, cocaine, heroin, nicotine 
and sedatives who met DSM-III-R criteria for dependence on each drug at some time in 
their lives were: 32% for nicotine, 23% for heroin, 15% for alcohol and cocaine and 9% 
for cannabis.

These estimates suggest the following rules o f thumb about the risks o f  cannabis 
dependence. For those who have ever used cannabis the risks of developing dependence 
is probably o f the order o f  one chance in ten. Among those who use the drug more than a 
few times the risk o f developing dependence is in the range o f from one in five to one i:i 
three. As a rule, the more often cannabis has been used, and the longer it has been used, 
the higher the risk o f  dependence.

The following factors also predict a higher risk o f  regular involvement with cannabis: 
poor academic achievement, deviant behaviour in childhood and adolescence, 
nonconformity and rebelliousness, personal distress and maladjustment, poor parental 
relationships, earlier use, and a parental history o f drug and alcohol problems (49,
60-62).

8.2.6 The consequences of cannabis dependence
The large gap between the ECA estimates o f cannabis abuse and dependence in the 
community and the number o f cannabis users who seek treatment suggests that many of 
these cases remit without treatment, as is true o f  alcohol abuse and dependence (63). 
Kandel and Davies (49) found that by age 28 to 29, less than 15% o f  daily cannabis users 
were still using daily, and Bachman et al have found that most regular cannabis users 
discontinued their use during the mid to late twenties (64).

Among the minority of regular cannabis users who are sufficiently troubled to seek help 
the major complaints are: a loss o f  control over their cannabis use, cognitive and 
motivational impairments which may interfere wilh work performance, lowered se lf­
esteem and depression, and complaints by spouses and partners about their frequent
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intoxication (see above). There is no doubt that some dependent cannabis users report 
impaired performance and a reduced quality o f  everyday life but more research is 
necessary to decide how common this is, and how impaired cannabis dependent 
persons are.

8.2.7 The treatm ent of cannabis dependence
Little research has been done on the sort o f  assistance that should be given to cannabis 
users who seek help to stop using cannabis (65). Although many users may succeed in 
quitting without professional help we need to assist those who are unable to stop on their 
own. It is not clear what type o f treatment should be provided for dependent cannabis 
users who have repeatedly failed to stop using cannabis and seek help.

Roffman et al (66) reported one o f  the few randomised controlled trials comparing group 
based relapse preventioi. and social support. Subjects were 120 men and women (aged 
32 with 16 years o f cannabis use) who answered advertisements for help to stop using 
cannabis. One-month after treatment only 30% o f their patients were still abstinent and 
by the end o f a year only 17% were abstinent.

Stephens et al (67) recently reported another study o f behavioural treatment for cannabis 
dependence in 291 subjects. Subjects were randomly assigned to one o f three treatments:
(1) a 14 session group based relapse prevention intervention (RPSG) similar to their 
earlier study but with more sessions; (2) an individual; id  advice (IAI) two session  
intervention using principles o f lolivational interviewing adapted from M iller’s 
Drinker's Check-up; and (3) a delayed treatment condition (DTC) in which participants 
did not receive any treatment for four months.

At the four month follow up all three groups had reduced their cannabis use but the two 
treatment groups showed the largest reduction and did not differ from each another. In 
the treatment groups 37% were abstinent compared with only 9% in the delayed 
treatment group. The amount o f  cannabis use also declined by 70% in the treatment 
groups and by 30% in the delayed treatment groups. Abstinence rales declined over time 
but the two treatments did not differ at 7, 13 and 16 months after treatment. Twenty-two 
percent o f participants were abstinent throughout the 16 month study and their 
abstinence was corroborated by partners and family members.

Budney, Higgins, Radinovich and Novy (68) reported a controlled comparison o f  three 
treatments for 60 cannabis dependent patier.ls. They compared three treatments: 
motivational enhancement to quit (M), motivational enhancement plus behavioural 
coping skills (MBT), and MBT plus incentives to remain abstinent (MBTV). In the 
latter, vouchers for retail items were exchanged for urine samples that were negative for 
cannabinoids. The MBTV group had a longer period o f continuous abstinence than Ihe 
other two groups which did not differ from each other. By 14 weeks post-treatment 
fewer than 10% o f participants had been continuously abstinent from cannabis.

Copeland, Swift, Roffman and Stephens (69) replicated the study by Stephens el al (67) 
in an Australian sample. They randomly assigned 229 cannabis dependent adults to three 
treatments: a six session cognitive behavioural intervention; a single session cognitive
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behavioural trcalmcnt, and a delayed treatment control group who were offered 
treatment four months after the other two groups. Only 6.5% o f  all subjects (n = 11) 
were continuously abstinent during the 8-month follow  up period and all o f  these were in 
the treatment groups. There were greater reductions in cannabis related problems and in 
dependence symptoms in the two treatment groups.

So far rates o f  continuous abstinence from cannabis have been low in the treatments 
tested, although there have been substantial reductions in rates o f  use and problems 
related to use. Nonetheless, much more research is needed before sensible advice can be 
given about the best ways to achieve abstinence from cannabis. In the absence o f better 
evidence o f  treatment effectiveness, people offering tieatment for cannabis dependence 
should avoid replicating experience in the treatment o f  alcohol dependence where 
inpatient treatment has been widely adopted in the absence o f  any evidence that it is 
more effective than outpatient forms o f  treatment (70, 71).

8.3 Summary
There is no compelling evidence for an amotivational syndrome among chronic cannabis 
users. Some heavy users do complain of impaired motivation but this pattern o f  
behaviour is better explained as a symptom o f chronic intoxication among persons who 
are cannabis dependent.

There is good evidence that a cannabis dependence syndrome can develop in some 
chronic cannabis users. These users develop tolerance, experience withdrawal symptoms 
on cessation o f use, have problems controlling their cannabis use, and continue to use 
despite the experience o f  adverse personal consequences o f  use. Cannabis dependence is 
the mp't common form o f drug dependence after alcohol and tobacco in the USA and 
Australia. The risk o f developing dependence is about:: one in ten among those who ever 
use the drug; between one in five and one in three among those who use cannabis more 
than a few times; and around one in two among those who become daily users. Few  
cannabis dependent persons seek treatment, probably because many disorders remit 
without treatment. It is not clear as yet what advice should be given to the minority o f  
dependent cannabis users who seek help to stop their use.
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9 T h e  e f f e c t s  o f  c a n n a b i s  u s e  o n  c o g n i t i v e  
f u n c t i o n i n g

Cannabis acutely impairs cognitive performance, so there is an understandable concern 
that its chronic use may cause longer lasting impaument o f  cognitive functioning. This 
possibility seemed to be supported by clinical observers in the USA during the early 
1970s (e.g. Kolansky and Moore, (1 ,2 ))  who reported that young adults who had used 
cannabis weekly or more often had ‘poor attention span, poor concentration, confusion’
(2). More recently, some long-term cannabis users seeking help to stop using cannabis 
have complained that their memory and thinking is impaired (3). Tlie difficulty with 
these reports has been in ruling out alternative explanations, namely, that cognitive 
impairment preceded cannabis use or was the result o f  other drug use.

9.1 Cross-cultural studies
One research strategy has been to examine cognitive performance in heavy cannabis 
users in cultures with a tradition of heavy use. An early report by Soueif (4) illustrates 
the problems with this strategy. Soueif studied Egyptian male prisoners of whom 850 
were hashish smokers and 839 controls. The hashish users performed more poorly than 
the controls on ten o f sixteen measures o f  perceptual speed and accuracy, distance and 
time estimation, immediate memory, reaction time and visual-motor abilities (4 -7 ). The 
findings were weakened because the two groups also differed in ways that may have 
affected cognitive performance, namely, the hashish users were less well educated and 
more likely to use opiates and alcohol (8).

In the late I960s the National Institute on Drug Abuse (NIDA) commissioned three 
cross-cultural studies in Jamaica, Greece and Costa Rica to assess the effects o f  chronic 
cannabis use on cognitive functioning (among other tilings). It was assumed that any 
cognitive effects o f chronic daily cannabis use should be apparent in users with a long- 
history o f heavy cannabis use, a pattern of use that was common in these cultures.

Bowman and Pihl (9) reported two field studies o f  cannabis users in Jamaica who had 
been daily cannabis users for a minimum of 10 years (23 joints per day) while controls 
had no experience with cannabis. No differences were found between the users and 
nonusers in either study or when rural and urban samples were combined. Rubin and 
Comitas (10) reported similar findings in a study o f 30 Jamaican cannabis users who had 
used for 17.5 years and 30 nonusers.

The Greek study ( 11, 12) compared 47 daily hashish users (who used for 23 years) with 
40 controls matched for age, sex, education, demographic region, socioeconom ic status 
and alcohol consumption. Tlie groups did not differ in total IQ score on either the WAIS 
or Raven's Progressive Matrices but the controls obtained a higher verbal IQ score than 
hashish users and the users performed worse than controls on all but one o f the subtests 
o f the WAIS (13). Since subjects did not abstain from hashish before testing, it was not 
clear whether these differences were due to long-term hashish use, or the acute effects o f  
the drug at the time of testing.
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In the Costa Rican study (14), researchers compared 41 males who had used 10 cannabis 
joints per day for 17 years with matched controls on a test battery that assessed 
neuropsychological, intellectual and personality variables. The Costa Rican users did not 
differ significantly from controls on any test. Page, Fletcher and True (15) followed up 
this sample after 10 years, by which time they had used cannabis for around 30 years. No 
dilferences were detected on any o f  the original tests but there were significant 
differences on three new tests o f sustained attention and short-term memory. They 
emphasised that these differences were ‘quite subtle' and ‘subclinical', with only a small 
number o f subjects clinically impaired. It was also difficult to exclude (he possibility that 
the differences were due to recent cannabis use, since 24 hour abstinence was requested 
but not verified.

A number o f  studies o f  long term Indian cannabis users have also reported cognitive 
impairment. Agarwal et al (16) studied forty subjects who had used bhang daily for 
about 5 years. A comparison o f their scores with normative data found that 18% had 
memory impairment, 28% showed mild intellectual impairment (IQs less than 90), and 
20% showed substantial cognitive disturbances on the Bcnder-Gcstalt Visuo-M otorTest. 
Wig and Varma (17) substantially replicated these results and Mendhiratta, Wig and 
Vcrma’s (18) found that 50 heavy cannabis users reacted more slow ly and had poorer 
concentration and time estimation than 50 matched controls.

The cross-cultural studies o f  long-term heavy cannabis users provide equivocal evidence 
o f cognitive impairment among long-term cannabis users. They have either failed to find 
any differences or have found modest cognitive impairment in persons with a long 
history o f heavy cannabis use. Their negative results cannot be attributed to short 
duration or low intensity o f cannabis use because these subjects had used cannabis for 
between 17 and 23 years, and the amount o f THC consumed per day ranged from 
20 -9 0  mg in the Jamaican study to 120-200 mg in the Greek sample. Tlic differences 
that were observed are difficult to interpret because users often had higher rales of 
polydrug use, poorer nutrition, poorer medical care, and higher rates o f  illiteracy than 
controls, all factors which may have biased these studies towards finding poorer 
performance among cannabis users. Many o f these studies also failed to ensure that 
subjects were not intoxicated by cannabis at the time o f testing.

9.2 Studies of Western cannabis users
Studies o f the cognitive performance o f North American cannabis users have generally 
been on college students with much shorter histories o f  cannabis use than the chronic 
users in the cross-cultural studies (19). It is therefore unsurprising that most o f these 
studies have failed to find evidence o f cognitive impairment in cannabis users (19). One 
study to which these criticisms do not apply is that o f  Schaeffer et al (20) who studied 
cognitive impairment in 10 heavy cannabis users in the United States who used cannabis 
daily for religious reasons. All were Caucasian and all had been born and educated in the 
USA. All had smoked between 30 and 60 gms o f  cannabis a day for over 7 years and 
they had noI used alcohol or any other psychoactive substances. At the time o f  testing, 
all subjects had evidence of recent heavy cannabis use in their urine. Overall, their scores 
on ihe WAIS IQ test were in the superior to very superior range, and their scores on all 
other tests were within normal limits but with only 10 subjects the study had a limited 
capacity to detect cognitive impairment.
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9 .3  L a b o r a t o r y  s t u d i e s  o f  d a i l y  c a n n a b i s  u s e

Another strategy for investigating the cognitive effects o f  chronic cannabis use has been 
to study the cognitive performance o f  persons who use cannabis daily over periods o f  
weeks. These studies have controlled the quantity, frequency, and duration o f  cannabis 
use, as well as nutrition and other drug use, by observing subjects in a hospital ward 
while they use cannabis. All such studies have used pre- and post-drug observation 
periods. The sample sizes in these studies have been small and cannabis has been used 
from 21 to 64 days.

Dornbush et al (21) administered cannabis containing 14 mg THC to 5 regular cannabis 
users for 21 days. They were tested before a.id 60 minutes after using cannabis on 
short-term memory and digit symbol substitution. Performance on the short-term 
memory test decreased on the first day o f drug administration but gradually improved 
until by the last day o f the study it had returned to baseline. Performance on the digit 
symbol substitution test was unaffected by cannabis but improved with time as a result 
o f practice.

Mendclson, Rossi and Meyer (22) studied the effects o f 21 days o f cannabis use on 
20 healthy, young male subjects who smoked as much cannabis as they wanted to. 
Short-term memory was impaired during intoxication but there was no impairment of 
performance before or after cannabis smoking. Similar failures to detect cognitive effects 
have been reported in three other studies (23-25).

9.4 Controlled laboratory studies of chronic 
cannabis users

Research studies in the la’e 1980s and 1990s improved upon the earlier studies o f  
chronic cannabis users by using control groups, verifying abstinence from cannabis 
before testing, and quantifying ihe quantity, frequency and duration o f cannabis use 
(Solowij, 1998). More effort was also made to relate specific cognitive processes to 
quantity, frequency and Jui^lion o f  cannabis use.

A study by Block and colleagues (26) addressed the concern that cannabis users had 
poorer cognitive ability than controls be fo re  they started using cannabis. Block et al 
matched their user and nonuser samples in their scores on the Iowa Tests o f Basic Skills 
collected in the fourth grade o f  high school, ensuring that the two groups did not differ in 
intellectual abilities before they began using cannabis. Block and colleagues compared 
144 cannabis users, 64 o f  whom were light users (less than 4 times per week for
5.5 years) and 80 heavy users (5 or more times per week for 6.0 years) with 72 controls 
aged 18-42. Twenty-four hours o f  abstinence was required prior to testing. The results 
showed that heavy cannabis users perfomied more poorly on tests o f  verbal expression 
and mathematical skills on the 12th grade Iowa test.

Solowij et al (27-29) studied the effects o f  long-term cannabis user's ability to exclude 
irrelevant stimuli when concentrating their attention on a task. Solowij assessed  
attentional processes in long-term cannabis users using a combination o f  performance
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and brain cvcnl-rclutcd potential (ERP) measures os markers o f  underlying cognitive 
processes. She meusured the amplitude and latency o f  ERP components that have been 
shown to reflect various stages o f information processing.

Solowij et al (27) studied 9 cannabis users aged 19-40  who had used cannabis for 
11 years for an average o f  5 days per week. They were matched on age, sex, years o f  
education and alcohol consumption with 9 controls who had either never used or had 
used cannabis fewer than 15 times in their lives. Subjects were excluded if  they had a 
history o f  head injury, neurological or psychiatric illness, had used other drugs, or had 
high levels o f  alcohol consumption. The groups did not differ in premorbid IQ estimated 
by the NART score (30). Cannabis users were asked to abstain from cannabis and 
alcohol for 24 hours prior to testing and were urine tested to ensure that they did so.

Subjects performed an auditory selective attention task in which random sequences o f  
tones varying in location, pitch and duration were presented through headphones while 
brain electrical activity (EEG) was recorded. They were asked to attend to a particular 
pitch presented in particular ear, and to respond to long duration tones by pressing a 
button. Cannabis users performed significantly more poorly than controls, with fewer 
correct detections, more errors and longer reaction times. They were less able than 
controls to filter out irrelevant information, suggesting that long-term cannabis use 
impaired the ability to efficiently process information.

In a second study Solowij et al (28, 29) assessed relationships between degree o f  
impairment and the frequency and duration o f cannabis use. Thirty-two cannabis users 
were divided into four groups o f equal size (N = 8) defined by frequency (light: 2 or 
fewer times per week versus heavy: more than 3 times per week) and duration (short:
4 or fewer years o f  use versus long: 5 or more years o f  cannabis use). Subjects were 
matched to a group o f nonuser controls (N  = 16). The cannabis users performed worse 
than the controls and the greatest impairment was in the heavy user group. The long 
duration user group found it harder to ignore irrelevant stimuli than the short duration 
users and controls who did not differ. This impairment increased with the number of 
years o f use bul it was not related to frequency o f use. There were no differences 
between groups defined on frequency o f  use on this measure. Speed o f information 
processing was related to frequency o f cannabis use but not to duration o f use.

Solowij (31) assessed whether these ERP changes in long-term cannabis users persisted 
after extended abstinence from cannabis. She studied 32 former users who had used 
cannabis for a mean o f 9 years and who had been abstinent for a mean o f 2 years. She 
found some partial recovery o f functioning: the speed o f information processing was not 
reduced in the ex-users but their ability to ignore irrelevant stimuli remained impaired.
The degree o f impairment increased with (he length o f cannabis use and was unrelated lo 
the length o f  abstinence.

Supportive evidence was provided by a NIDA funded study by Struve and colleagues o f  
CNS changes in chronic cannabis users. This research found evidence of larger changes 
in EEG frequency, primarily in frontal-central cortex, in daily cannabis users o f up to 
30 years duration compared to short term users and nonusers (32). The results also
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suggested thut the EEG changes increased with the number o f years of daily cannabis 
use. The major limitation of this research is that changes in frequency of EEG spectra 
have not been shown to be related to cognitive functioning.

This research group also assessed cognitive functioning (33-35) in subjects screened 
for current or past psychiatric and medical disorders and CNS injury. Daily cannabis 
users who had at least 3 years o f use were compared to a group who had used daily for
6-14 years, a group who had used on a daily basis for 15 years or more, and a nonuscr 
control group. Sample sizes averaged 15 per group. They reported a dose-response 
relationship between test performance and intensity o f cannabis use, with controls 
performing best, followed by short term daily cannabis users, with the poorest 
performance in the very long-term group (33-35).

Pope and Yurgelun-Todd (36) compared the cognitive performance o f heavy and light 
cannabis using college students. The heavy users (n = 65) had used for at least 2 years, 
on 28 of the past 30 days, and had cannabinoids in their urine. The light users (n = 64) 
had used no more than 3 days in the past month and had no cannabinoids in their urine. 
The authors used this design because they argued that infrequent users would 'differ less 
from heavy users on some possible confounding variables than would control subjects 
who had never used cannabis at all, while still differing sharply from heavy users on ... 
extent o f recent cannabis use’ (p 521).

Subjects were admitted overnight to a hospital ward to ensure that they were abstinent 
from cannabis at least 19 hours before being tested. The two groups did not differ on any 
social or demographic variables, except that heavy users came from more affluent 
families and scored more poorly on Verbal IQ and self-reported Scholastic Aptitude 
Tests. These differences were statistically adjusted for when comparing the two groups 
on Ihe neuropsychological tests. The groups did not differ on tests of digit span, auditory 
sequential processing, the StroopTest or the Wechsler Memory Scale. They differed on 
tests o f attention (the Wisconsin test, the Benton VFT, and the CLVT) and these 
differences persisted when adjusted for differences in verbal IQ, self-reported SAT score 
and other drug use.

9.5 Epidemiological evidence

Lyketsos el al (37) reported a large-scale prospective epidemiological study o f the effect 
of cannabis use on cognitive funciioning. They followed up 1318 adults 11.5 years after 
they were assessed on the Mini Mental State Exam (MMSE) and assessed cognitive 
decline on the MMSE. They also inquired about use of cannabis, alcohol and tobacco. 
Their study came close to meeting the criteria for an opiimum study specified by Pope 
et al (38), namely, it was a longitudinal study using a large sample of people from the 
general population who were assessed on cognitive performance and on cannabis and 
other dm g use. Lyketsos et al found that the mean MMSE score declined by 1 .2 points 
over 11.5 years and the decline was greater among older participants. There was, 
however, no relationship between cannabis use and the decline in MMSE score, and this 
lack of relationship persisted when adjustments were made for age, sex, education, 
minority status and use of alcohol and tobacco.
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The Lyketsos el al study supports other evidence that cannabis use does not produce 
gross impairment o f cognitive function but for a number o f reasons it does not exclude 
the possibility that cannabis use causes more subtle cognitive impairment. First, only 
57% of those initially interviewed were followed up and those lost to follow up had 
poorer MMSE scores at first assessment. Second, the MMSE is a screening test for gross 
cognitive impairment; it is not sensitive to small changes in cognitive functioning (39). 
Third, more than two weeks daily use at any of the three assessments qualified as 
'heavy cannabis use’. Since cannabis use declines steeply with age (40) very few of this 
sample were likely to be daily cannabis users for any length of time.

9.6 Studies of neurotoxicity

Human studies of brain anatomy have generally failed to find signs o f gross ‘brain 
dam age' after chronic use of cannabis (19,41). The human studies o f cognitive 
functioning suggest that cannabis may produce more subtle changes in brain function 
that existing methods of brain imaging are not sufficiently sensitive to detect (19). Wert 
and Raulin (41) proposed, that on the available evidence ‘there are no gross structural or 
neurological deficits in marijuana-using subjects, although subtle neurological features 
may be present' (p.624).

9.7 Summary

The evidence suggests that long term heavy use of cannabis does not produce severe 
impairment of cognitive function like that observed in heavy alcohol users. There is 
some evidence that daily cannabis use over many years may produce more subtle 
impairment in memory, attention and the organisation and integration of complex 
information. This evidence suggests that these fomis of cognitive impairment increase 
with the duration of cannabis use. It remains to be seen whether the impairment can be 
reversed by an extended period of abstinence.

Well controlled studies using sophisticated methods of investigation have faded to 
demonstrate gross structural change in the brains o f heavy, long term cannabis users.
Ti uc .'.egative results are consistent with the evidence that any cognitive effects of 
chronic cannabis use are subtle, and hence unlikely to be manifest as gross structural 
changes in the brain
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i 0  C a n n a b i s  u s e  a n d  p s y c h o t i c  d i s o r d e r s

There is reason to suspect that cannabis use may be a cause of psychotic disorders,
i.e. mental illnesses in which sufferers experience hallucinations and delusions and 
show impaired reality testing THC produces symptoms found in some psychotic 
disorders, namely, euphoria, distorted time perception, and cognitive and memory 
impairments (1 ,2 ). In laboratory studies normal volunteers given high doses o f  THC 
have reported visual and auditory hallucinations, delusional ideas, thought disorder, and 
symptoms of hypomania (3 ,4). A ‘cannabis psychosis’ has been reported by clinical 
observers in countries with a long history of heavy cannabis use, such as India and 
Egypt (1, 5).

VVe need to distinguish two hypotheses about possible relationships between cannabis 
use and ,/sychosis (6). The strongest causal hypothesis is that heavy cannabis use can 
cause a ‘cannabis psychosis’, that is, a psychosis would not occur in the absence of 
cannabis use and in which the causal role of cannabis can be inferred from the symptoms 
and their relationship to cannabis use (being preceded by heavy cannabis use and 
remitting after abstinence).

A second hypothesis is that cannabis use can precipitate an episode of schizophrenia. 
According to this hypothesis, cannabis use one factor among many others (including 
genetic predisposition and other unknown causes) that bring about schizophrenia, a 
psychotic disorder which becomes chronic in a substantial proportion of those who 
develop it.

If cannabis use can precipitate schizophrenia it is also likely that it can exacerbate the 
symptoms of the disorder. Even if cannabis use docs not precipitate schizophrenia, its 
use r  -.y exacerbate symptoms o f schizophrenia either directly, by affecting the 
dopaminergic system in the brain, or indirectly, by reducing compliance with, or 
interfering with the effects of, the neuroleptic drugs used lo treat its symptoms.

In order to infer that cannabis use is a cause of psychosis in any o f these ways we need 
evidence: that cannabis use and psychosis are associated; that chance is an unlikely 
explanation of the association; that cannabis use preceded the psychosis; and that 
plausible alternative explanations o f the association can be excluded (7). As we will see, 
there is evidence that cannabis use and psychosis are associated, that chance is an 
unlikely explanation of the association, and that cannabis use often precedes psychoses. 
The most difficult task is excluding the hypothesis that the relationship between cannabis 
use and psychosis is due to other factors (e.g. other dmg use, or a genetic predisposition 
both lo develop schizophrenia and use cannabis).

10.1 ‘A cannabis psychosis’

Case reports of ‘cannabis psychoses’ (8- 11) describe individuals who develop psychotic 
symptoms or disorders after using cannabis. Chopra and Smith (9), for example, 
described 200 patients who were admitted to a psychiatric hospital in Calcutta between
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1963 and 1968 with psychotic symptoms following the use of cannabis. The most 
common symptoms ‘were sudden onset of confusion, generally associated with 
delusions, hallucinations (usually visual) and emotional lability ... amnesia, 
disorientation, depersonalisalion and paranoid sym ptom s' (p. 24). Most psychoses were 
preceded by the use o f large doses of cannabis. Chopra and Smith argued that heavy 
cannabis use was not a sign of pre-existing disorders because a third o f their cases had 
no prior psychiatric history, the symptoms were remarkably uniform regardless o f prior 
psychiatric history, and those who used the most potent cannabis preparations 
experienced psychoses after the shortest period o f use.

Tlie findings o f Chopra and Smith have received some support from other smaller case 
series that suggest that large doses of potent cannabis products can be followed by a 
‘toxic’ psychotic disorder with ‘organic’ features of amnesia and confusion. These 
disorders have been reported from the Caribbean (12), New Zealand (13), Scotland (1 1), 
South Africa (TO), Sweden (8 ), the United Kingdom (14) and the United States (15).

These disorders have been attributed to cannabis use for the following reasons: the onset 
o f ihe symptoms followed closely the ingestion of large quantities of cannabis: the 
affected individuals often exhibited ‘organic’ symptoms, such as confusion, 
disorientation and amnesia; some had no personal or family history of psychoses before 
using cannabis; their symptoms rapidly remitted after abstinence from cannabis use, 
usually within several days to several weeks; recovery was usually complete wilh the 
person having no residual psychotic symptoms; and the disorder only recurred if the 
individual resumed cannabis use (16).

Sceptical author (2, 17) have criticized the pooi quality o f information in these studies 
on: cannabis use; its relationship to the onset o f psychosis; the person’s premorbid 
adjustment; and their family history of psychosis. They also emphasize the variety of 
clinical pictures o f ‘cannabis psychoses’ reported by different observers. These 
weaknesses impair the value of these case series.

10.1.1 C on tro lled  s tud ies
A small number o f controlled studies have been conducted over the past 20 years 
(18-22). Some studies have either compared persons with ‘cannabis psychoses' with 
persons who have schizophrenia, or compared psychoses occurring in persons who do 
and do not have biochen..*al evidence of cannabis use prior to presenting for treatment. 
Their results have been mixed, in part because of the small sample sizes in studies that 
have failed to replicate positive findings, and because of variations in the research 
methods (16).

Several studies have examined the relationship between cannabis use and psychotic 
symptoms in the general population. Tien and Anthony (23) used data from the 
Epidemiologic Catchment Area study to examine the relationship between drug use 
and reports of one or more of 11 ‘psychotic experiences' during a twelve-month period 
(4 types of hallucinations and seven types of delusional belief). They compared 
477 cases who reported one or more psychotic symptoms with 1818 controls who did 
not. Cases and controls were matched for age and social and demographic 
characteristics. Daily cannabis use was found lo double Ihe risk of reporting a psychotic 
symptom (after statistical adjustment for alcohol use and psychiatric diagnoses at 
baseline).

Cannabis use and psychotic disorders I
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Thomas (24) reported the prevalence o f psychotic symptoms among cannabis users in u 
random sample of people in a large city in Ihe North Island of New Zealand. One in 
seven (14%) cannabis users reported ‘strange, unpleasant experiences such as hearing 
voices’ or ‘becoming convinced that someone is trying to harm you or that you are being 
persecuted' after using cannabis.

The National Survey of Mental Health and Well-Being (NSMHW B) conducted in 
Australia in 1997 included a screening questionnaire for the presence o f psychotic 
symptoms (25). Among those under 50 years o f age who screened positive for a 
psychotic disorder, 8% (n = 27) met criteria for cannabis dependence in the past 
12 months. This was 17% of all persons diagnosed with cannabis dependence (26). After 
adjusting for demographics, affective and anxiety disorders, smoking status and alcohol 
dependence, a diagnosis o f cannabis dependence doubled the odds of reporting psychotic 
symptoms (27).

10.1.2 O vera ll e va lua tion
The hypothesis that there is a ‘cannabis psychosis' is still contentious. In its favour are 
the equivocal evidence from the case scries and the small number nl positive controlled 
studies. Critics o f Ihe hypothesis emphasize the poor quality of the clinical judgments 
about aetiology, the poorly specified criteria used in diagnosing these psychoses, the 
dearth o f controlled studies, and the striking variations in the clinical features o f these 
‘cannabis psychoses'.

It is a plausible hypothesis mat high doses of cannabis can produce psychotic symptoms 
but the evidence for a ‘cannabis psychosis’ as a specific clinical syndrome is much less 
compelling because the symptoms reported by different observers have been so mixed 
(28). If cannabis-induced psychoses exist, they are either rare or they only rarely receive 
medical intervention in Western societies. The total number of cases of putative 
‘cannabis psychoses’ in the 12 case series reviewed in ' I (16) was 397 and 200 of 
these cam e from a single series collected over 6 years from a large geographic area in 
which heavy cannabis use was endemic (9).

10.2 Cannabis use and schizophrenia

10.2.1 C lin ica l s tud ie s

In case-control studies (29. 30), schizophrenic patients are more likely to have used 
psychotomimetic drugs such as amphetamines, cocaine, and hallucinogens than other 
psychiatric patients, normal controls or the general population (31). Variations in rates of 
use between studies reflect differences in the sampling of patients, with younger patients 
reporting higher rates than older persons with chronic disorders. Studies have also 
differed in the criteria for diagnosing schizophrenia and the manner in which substance 
use has been assessed (32).

Alcohol use, abuse and dependence are probably more common in the schizophrenic 
population than in the general population (33, 34) but findings on cannabis use have 
been more mixed (16). Generally, cannabis is the most commonly used drug after
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alcohol and tobacco, and it is often used with alcohol (32, 35, 36). An Australian study of 
a clinical sample of persons with schizophrenia (37) has broadly confirmed the pattern of 
substance use and abuse in American studies, finding alcohol the most commonly abused 
substance (18% abuse or dependence in Ihe past 6 months), followed by cannabis (13% 
abuse or dependence in the past 6 months).

The controlled clinical studies disagree about the correlates o f substance abuse in 
schizophrenia. Most have found that you i ’ males are over-represented among cannabis 
users (16), as they are in the general community (38). In some studies, substance users 
have been reported to have an earlier onssi o f psychotic symptoms, a better premorbid 
adjustment, more episodes of illness, anu more hallucinations (36 ,39 , 40) but other well 
controlled studies have failed to replicate some or all o f these findings (41-43).

10.2.2 P opu la tion  s tud ies
Surveys of psychiatric disorders in the community have reported higher rates of 
substance abuse disorders among persons with schizophrenia. In the ECA study (44) 
nearly half of the patients identified as schizophrenic had a diagnosis o f substance abuse 
or dependence (34% for an alcohol disorder and 28% for another drug disorder) (45). 
These rates were higher than the rates in the general population, namely, 14% for alcohol 
disorders (46) and 6% for drug abuse (44). Cuffel et al (42) reported that the most 
commonly used substances among persons with schizophrenia in the ECA study were: 
alcohol (37%) and cannabis (23%). followed by stimulants and hallucinogens (13%).
The most common combination was alcohol and cannabis (31%) These findings have 
also been replicated in a similar survey in Edmonton, Alberta (47).

In the Australian National Survey of Mental Health and Well-Being (NSMHWB), 
cannabis use and a positive screen for psychosis were associated. Among those under 50 
years of age who reported that they had received a diagnosis o f schizophrenia, 1 2 % met 
IC D -10 criteria for a cannabis use disorder in the past 12 months and 21% met criteria 
for an alcohol use disorder. After adjusting for other disorders and unemployment status, 
those who met criteria for ICD-10 cannabis dependence were 2.9 times more likely to 
report that they had been diagnosed with schizophrenia than those without cannabis 
dependence (26).

A high rate of cannabis use was also reported in the Low Prevalence Study (LPS) of 
psychoses in the Australian cities of Perth, Melbourne, Brisbane and Canberra (48). In 
this study persons with a suspected psychotic disorder were assessed by experienced 
clinicians using ICD-10 criteria, (48) including significant proportions who were not in 
domestic dwellings (which was a limitation of Ihe NSMHWB sample) (26). One in four 
(24%) were daily cannabis users, 30% met lifetime criteria for alcohol abuse or 
dependence and 25% met lifetime criteria for cannabis abuse or dependence (48).

10.3 Explaining the association

One hypothesis is that cannabis use precipitates schizophrenic disorders in vulnerable 
persons. Its supporters cite the earlier age of onset o f psychotic symptoms among 
persons with schizophrenia who use cannabis and reports that they have better premorbid 
adjustment, fewer negative symptoms, and a better treatment response (49).
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A second possibility is that the association between cannabis use and an acute onset of 
schizophrenia is spurious. It may be, Arndt ct al (39) argue, that schizophrenics with a 
better premorbid personality are more likely to be exposed to illicit drug use than 
persons with schizophrenia who are socially withdrawn. There is supportive evidence 
(50) that persons with acute onset psychoses usually have a better premorbid adjustment 
and a better prognosis. They also have g: ter opportunities to use cannabis and other 
illicit drugs than persons who are socially withdrawn.

A third possibility is that cannabis use is a consequence (rather than a cause) of 
schizophrenia. For example, cannabis and other drugs may be used to medicate the 
unpleasant symptoms of schizophrenia (51), such as depression, anxiety, lethargy, and 
anhedonia, or the unpleasant side effects of the neuroleptic drugs tha! are often used to 
treat the disorder (40).

10.3.1 P re c ip ita tion  o f sch izoph ren ia
The most convincing evidence that cannabis use may precipitate schizophrenia comes 
from a 15-year study o f cannabis use and schizophrenia in 50,465 Swedish conscripts 
(52). This study investigated the relationship between self-reported cannabis use at age 
18 and receiving a diagnosis o f schizophrenia in the next 15 years (as indicated by the 
Swedish psychiatric case register). Andreasson et al found that those who had tried 
cannabis by age 18 were 2.4 times more likely to be diagnosed with schizophrenia than 
those who had not. The more often cannabis had been used by age 18 the more likely 
they were to receive this diagnosis. The rate o f a schizophrenia diagnosis was 1.3 times 
higher among those who had used cannabis one to ten times, 3 times higher among those 
who had used cannabis between one and fifty times, and 6 times higher among those 
who had used cannabis more than fifty times.

These risks were substantially reduced after statistically adjusting for variables that were 
related to the risk of developing schizophrenia, namely, having a psychiatric diagnosis at 
conscription, and having parents who had d ivorce ' (as an indicator ol parental 
psychiatric disorder). Nevertheless, the relationship remained statistically significant.
The risk of a diagnosis o f schizophrenia was still 1.5 times greater for those who had 
smoked cannabis from one to ten times, and 2.3 times greater for those who had used ten 
or more times. Andreasson et al (52) and Allebeck (49) have argued that this indicates 
that cannabis use precipitates schizophrenia in vulnerable individuals.

A number of alternative explanations have been offered o f the Swedish finding. First, 
there was a large gap between self-reported cannabis use at age 18 and the development 
of schizophrenia over the next 15 years (53). Tlie diagnosis o f schizophrenia was based 
upon a case register so there was no data on how many individuals were using cannabis 
at the time that their schizophrenia was diagnosed. Andrcasson et al argued that cannabis 
use persisted because use at age 18 was strongly related to a diagnosis o f drug abuse.

A second possibility is that schizophrenia was misdiagnosed. On this hypothesis, the 
higher rate of ‘schizophrenia’ among the heavy cannabis users was due to cannabis- 
induced psychoses that were misdiagnosed as schizophrenia (53). Andreasson et al (54) 
tested this possibility by examining 21 cases of schizophrenia among conscripts in the 
case register (8 o f whom had used cannabis and 13 of whom had not). They found that
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80% of these cases met the DSM-IIJ requirement that the symptoms had been present for 
at least six months, thereby excluding the diagnoses o f  transient drug-induced psychotic 
symptoms.

A third hypothesis is that the relationship between cannabis use and schizophrenia is 
explained by the use o f other drugs. Studies show (see c* apler 5) that heavy cannabis 
users in late adolescence are more likely to use other illicit drugs, including 
amphetamine, which can produce an acute psychosis (55). Amphetamines were tlie most 
commonly used illicit drugs in Sweden during the late 1960s and early 1970s (56). On 
this hypothesis, amphetamine-induced psychoses would produce a spurious association 
between cannabis use and schizophrenia. The evidence that psychotic symptoms 
persisted beyond 6 months (54) also makes this an unlikely hypothesis.

A fourth hypothesis is that early cannabis use was a symptom o f  emerging 
schizophrenia. Andreasson et al (54) rejected this hypothesis, noting that the cannabis 
users who developed schizophrenia had better premorbid personalities, a  more abrupt 
onset, and more positive symptoms than the non-users o f cannabis. Moreover, there was 
still a dose-iesponsc relationship between cannabis use and schizophrenia among those 
who had no previous psychiatric history. The persuasiveness o f this evidence depends 
upon whether a failure to identify a psychiatric disorder at conscription meant that no 
disorder was present.

A fifth hypothesis depends upon under-reporting of cannabis use at conscription. 
Andrcasson et al (52) acknowledged that cannabis use was probably under-reported 
because this information was not collected anonymously. They argued, however, that 
under-reporting would wWer-estimate the relationship between cannabis use and 
schizophrenia. This is true if the schizophrenic and non-schizophrenic conscripts were 
equally likely to under-report. If, for example, pre-sch.zophrenic subjects were more 
candid about their drug use, (hen the apparent relationship between cannabis use and 
schizophrenia could be spurious (53). This seems unlikely, however, in view of the 
relationship between Ihe frequency of cannabis use by age 18 and the risk of a 
schizophrenia diagnosis among heavy users.

10.3.2 E xacerba tion  o f sch izoph ren ia
Clinical reports suggest that schizophrenic patients who continue to use cannabis 
experience more psychotic symptoms (57), respond poorly to neuroleptic drugs (58), and 
have worse clinical outcomes than those patients who do not (59). These reports have 
been supported by controlled studies.

Negrete et al (60) conducted a retrospective study o f the relationship between self- 
reported cannabis use and symptoms in the clinical records o f 137 schizophrenic patients 
who had the disorder for at least six months. They found higher rates of hallucinations 
and delusions and more hospitalisations among patients who were cannabis users. These 
relationships persisted after statistical adjustment for age and sex. Similar findings have 
been reported by Cleghom et al (61) who found that cannabis was the most heavily used 
drug, and drug abusers had higher rates o f hallucinations, delusions and positive 
symptoms than those who did not abuse drugs. DeQuardo el al (62) reported similar 
findings in a retrospective study o f 67 schizophrenic patients.
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Jablcnsky et al (63) reported a two year follow-up o f 1202 first episode schizophrenic 
patients enrolled in 10 countries as part o f a WHO Collaborative study. They found that 
the use of ‘street drugs’, including cannabis and cocaine, was associated during the 
follow up period with more psychotic symptoms and hospitalisation. Martincz-Arevalo 
ct al (64) reported in a study of 62 schizophrenic patients that those who used cannabis 
during a one-year follow up were more likely to relapse and comply poorly with drug 
treatment. Caspari (65) reported similar findings in a six year follow up study of 
39 schizophrenic patients with a history o f cannabis abuse and 39 schizophrenic patients 
without such a history.

Linszcn et al (66) reported a prospective study of 93 psychotic patients whose symptoms 
were assessed monthly over a year. Twenty-four o f these patients were cannabis abusers 
(1 1 were less than daily users and 13 were daily cannabis users). The cannabis users 
relapsed to psychosis sooner, and had more relapses in the year o f follow up, than the 
patients who had not used cannabis. Daily users relapsed earlier, and more often, than 
the less than daily users who, in turn, relapsed sooner, and more often, than the patients 
who did not use cannabis. These relationships persisted after statistically controlling for 
premorbid adjustment, and alcohol and other drug use.

Two uncertainties remain. First, it may be that schizophrenia patients who do and do not 
use cannabis differ in premorbid personality, family history, and other characteristics. 
This explanation is unlikely in the WHO schizophrenia study (63) and the Linszcn et al 
study (66), both o f which used statistical methods to adjust for these confounders. The 
second difficulty is separating the contributions that cannabis and other drugs make to 
the exacerbation of schizophrenic symptoms. Heavy alcohol use is common among 
persons with schizophrenia, and the heavier their cannabis use, the more likely the 
person is lo use psychostimulants and hallucinogens (32). Only Linszen et al statistically 
adjusted for the effects o f concurrent alcohol and drug use. Our confidence that Ihe effect 
is attributable to cannabis will increase with replications o f the Linszen et al study.

10.3.3 In te rven tion  s tud ies
If cannabis use exacerbates schizophrenia then patients who reduce their cannabis use 
should have fewer symptoms and lower relapse rates. The major difficulty with testing 
this prediction is getting persons with schizophrenia to reduce their cannabis use. 
Dependence on alcohol and other drugs is difficult to treat (67), and persons with 
schizophrenia often have characteristics that predict a poor treatment outcome, namely, 
they lack social support, they may be cognitively impaired, they are often unemployed, 
and they may comply poorly with treatment (32, 68).

There are very few controlled outcome studies of substance abuse treatment in 
schizophrenia (69). Few of these have produced large enough benefits of treatment, or 
treated a large enough number of patients, to provide an adequate chance of detecting 
any positive impacts of abstinence on the course of disorders. The few that have been 
large enough (70) have not reported results separately by diagnosis. Better designed 
intervention studies should help to clarify the relationship between cannabis use and 
schizophrenia.
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10.3.4 Se lf-m ed ica tion
The evidence for the self-medication hypothesis (that persons with schizophrenia use 
cannabis to avoid unpleasant symptoms of the illness) is not very compelling. Persons 
with schizophrenia report that they use alcohol, cannabis and other illicit drugs for 
similar reasons to persons who do not have schizophrenia, namely, to relieve boredom, 
to provide stimulation, to feel good, and lo socialize with peers (32, 37, 71, 72). The 
dm gs that are most often used by schizophrenic patients are also those that are most 
readily available in the genera! population, namely, tobacco, alcohol, and cannabis.

In favour o f the self-medication hypothesis is the evidence that some schizophrenic 
patients report using cannabis for its euphoric effects and to relieve negative symptoms 
and depression (e.g. (29 ,40. 73)). Dixon et al (40), for example, surveyed 83 patients 
with schizophrenia who reported that cannabis reduced anxiety and depression, and 
increased a sense of calm, but at the cost o f making them feel more suspicious.

Hamera el al (74) examined correlations over 84 consecutive days between self-reported 
psychotic symptoms, licit and illicit dmg use, and medication use in 17 persons with 
schizophrenia. They found relationships between nicotine and prodromal psychotic 
symptoms and between caffeine use and symptoms o f anxiety and depression but there 
were no relationships between psychotic symptoms and alcohol or cannabis use. This 
study does have limitations. The difficulty o f the self-monitoring task probably selected 
patients who were more compliant than a representative sample of schizophrenics and 
they reported low rates of dm g use. It is also possible that the time period of 84 days was 
too short to fully examine the relationship between drug use and major exacerbations o f 
the illness.

10.4 Summary

Evidence supports the hypothesis that cannabis use exacerbates the symptoms of 
schizophrenia. This evidence comes from a number of retrospective and prospective 
studies that have controlled for confounding variables. This hypothesis is also 
biologicJIy plausible: psychotic disorders involve disturbances in the dopamine 
neurotransmitter systems (75) and cannabinoids, such as THC. increase dopamine 
release (76).

It is also possible that cannabis use precipitates schizophrenia in persons who arc 
vulnerable because of a personal or family history of schizophrenia. This hypothesis is 
consistent with the stress-diathesis model o f schizophrenia (50, 77) in which 
schizophrenia is the result of stress acting upon a genetic ‘diathesis’ to develop 
schizophrenia. The only direct evidence for it comes from a study by McGuire et al (21) 
which reported that schizophrenic patients with a history of heavy cannabis use were 
10 times more likely to have a family history of schizophrenia than persons with a 
psychosis who had not used cannabis.

It remains uncertain whether cannabis use can cause schizophrenia that would not have 
occurred in its absence (78). If it can, it is unlikely to account for more than a minority of 
cases. Most o f the 274 conscripts in the Andreassen et al study who dev eloped
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schizophrenia had not u ed cannabis (54) and only 21 of those who did were heavy 
cannabis users. The treated incidence of schizophrenia has not increased during the 
1970s and 1980s (79), despite very substantial increases in cannabis use among young 
adults in Australia and North America (38). Although there are complications in 
interpreting such trends (80), the debate has been about whether the incidence of 
schizophrenia has declined or remained stationary rather than increased (81).
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11 Is cann ab is  a gatew ay  drug?

Adolescent cannabis use is an understandable concern to the community. is because 
adolescents' decisions about whether or not to use drugs are not as informed as those o f 
adults (I)  and regular cannabis use may complicate the transition from childhood lo 
adulthood by interfering with school performance, interpersonal relationships with 
parents and peers, and limiting important life choices, such as whom and when to murry, 
and what occupation to pursue (2, 3). Young people who start using cannabis in 
adolescence are more likely to become regular users and are therefore more likely to 
experience any adverse health effects caused by chronic cannabis use (e.g. (1 ,3 ). 
Adolescence is also a time of risk-taking when the use o f an intoxicant, such as alcohol 
or cannabis, while driving a car may increase the risk o f accidental injury and premature 
death ( I ).

One concern about adolescent cannabis use has dominated the cannabis policy debate. 
This is that adolescent cannabis use may increase the chance that young people will use 
other more dangerous illicit drugs, such as cocaine and heroin (4-6). This is known as 
the ‘gateway hypothesis’.

In deciding whether cannabis is a gateway drug the first question that needs to be 
answered is whether cannabis users are more likely to use other illicit drugs. If so, we 
need to ask whether the relationship is explained by other factors. One possibility is that 
individuals who use cannabis are more likely to use other illicit drugs for other reasons. 
We can test this by seeing whether rates o f illicit drug use among cannabis users change 
when we take account o f the characteristics o f young people who are the most likely to 
use cannabis.

If there is a relationship between cannabis and other illicit drug use. we have to explain 
it. The two main explanations that feature in the public debate are: (1) that cannabis 
users arc more likely to use other illicit drugs because of the pharmacological and other 
effects that cannabis has; and (2 ) that cannabis users are more likely to use other illicit 
drugs because the same black market supplies cannabis and other illicit drugs, so 
cannabis users are more likely to have access to other illicit drugs.

11.1 Is there a relationship between cannabis use and 
other drug use?

There is abundant evidence from surveys o f adolescent drug use in the United States and 
elsewhere that regular cannabis use and the use of cocaioe and heroin are associated (7). 
From the late 1970s to the 1990s in the United States, there was a strong relationship 
between regular cannabis use and the later use of heroin and cocaine. Kandel (8), for 
example, found that only 7% of American adolescents who had not used cannabis 
reported using another illicit drug. By contrast, 33% of those who reported using 
cannabis had used another illicit drug. Most (84%) daily cannabis users had done so and 
they had also used many more types of illicit drugs than their peers who had not used 
cannabis or who were not daily users of cannabis (8 ).
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The same relationship has been observed in Australian surveys o f drug use (9). In the 
1993 National Campaign Against Drug Abuse (NCADA) survey o f drug use in Australia, 
for example, even though 96% o f cannabis users had not used heroin, the odds o f using 
heroin were approximately 30 times higher among those who have used cannabis than 
those who had not (9). In the 1998 National Dmg Strategy Household Survey, there was 
an even stronger relationship: those who reported that they had ever used cannabis were 
78 times more likely to report having used heroin. Tlie association is so strong because 
so few persons who have used heroin had not used cannabis (only 4 out o f 276 in'the 
1998 survey).

Kandel and colleagues have described a typical sequence of involvement with licit and 
illicit drugs among American adolescents during the 1970s and 1980s. Almost all 
adolescents who have tried cocaine and heroin, had used alcohol, tobacco and cannabis 
in that order (10). Those who began to use alcohol and tobacco at an early age, and those 
who became regular smokers and drinkers, were the ones who were most likely to use 
cannabis. In turn, it was cannabis users who began use at an early age who were the most 
likely to become regular cannabis useis and the most likely to use hallucinogens, 
amphetamines and tranquillisers. The heaviest users of these drugs were, in turn, more 
likely to use cocaine and heroin. Kandel and her colleagues have confirmed these results 
in longitudinal studies of adolescent dmg use in this age cohort ( 1 1 ) and in later cohorts 
with high rates o f crack cocaine use (12, 13).

Generally, the earlier the age at which a young person used any drug in the sequence, 
and the more regular their use of it, the more likely they were to use the next drug in the 
sequence (14-16). This sequence of dmg involvement has largely been confirmed by 
other US researchers (7, 17). Longitudinal studies of dmg use in Australia (18), Germany 
(19), New Zealand (20-23), and Sweden (24. 25) have broadly confirmed US findings 
on sequences of drug involvement and predictors o f progression to cannabis and other 
illicit drug use.

11.2 Is the relationship between cannabis and other 
drug use spurious?

One explanation of the relationship between daily cannabis use and the use of other 
dmgs is that it is due to the type o f person who uses cannabis. According lo this 
‘selective recruitment’ hypothesis, the relationship is explained by the recruitment lo 
cannabis use of deviant and nonconformist young persons who have a predilection to use 
a range of intoxicating dmgs like alcohol, cannabis, cocaine and heroin (22). On this 
hypothesis, the order in which these drugs are tried simply reflects their availability and 
the societal disappioval of their use (7, 17). That is, alcohol and tobacco use precede 
cannabis use because alcohol and tobacco are readily available to adolescents, and 
cannabis use precedes heroin and cocaine use because cannabis is the much commonly 
used illicit drug and it is more readily available than cocaine and heroin. On this 
hypothesis, cannabis use is not a cause of the use o f other illicit dmgs. Rather, cannabis 
and other illicit dmg use are common consequences of pre-existing social deviance and 
nonconformity (26, 27).
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The selective recruitment hypothesis is supported by the substantial correlations between 
various types o f nonconforming adolescent behaviour, including high school drop out, 
early sexual experience and unplanned pregnancy, delinquency, and alcohol and illicit 
drug use (28, 29). All o f these behaviours arc correlated with nonconformist and 
rebellious attitudes and antisocial conduct in childhood (30) and early adolescence 
(27. 28).

Regular cannabis users are more likely than their peers: to have a history o f antisocial 
behaviour (23, 31); lo be nonconformist and alienated (30-32); to perfomi more poorly 
al school (33-35); and to use drugs lo deal with personal distress (30, 36). In general, the 
more of these risk factors that adolescents have, the more likely they are to use cannabis 
daily, and to use other illicit dmgs (31, 37, 38).

The selective recruitment hypothesis can be tested in iongitudinal tudies by examining 
whether cannabis use still predicts the use o f heroin and cocaine after statistically 
controlling for pre-existing differences between cannabis users and nonusers in social 
deviance and non-conformity (22). A number of studies have used this strategy to test the 
selective recruitment hypothesis.

Yamaguchi (39) tested whether the relationship between cannabis use and ‘harder’ illicit 
dmg use persisted after statistically controlling for pre-existing adolescent behaviours 
and attitudes, interpersonal factors, and the age o f initiation into drug use. They found 
that the relationship between cannabis use and the use of other iliicit dmgs was not 
explained by these factors or by friends' cannabis use. The same finding has emerged in 
several other studies (11,40, 41). Iu these studies, the relationship between cannabis and 
heroin use has been reduced but not eliminated by statistically controlling for differences 
between users and non-users of cannabis.

O ’Donnell and Clayton (40) have argued that this is strong evidence in favour of a 
causal connection between cannabis and heroin use. The strength of their argument 
depends on whether the most important characteristics of cannabis users have been 
statistically controlled for in these studies. It would be difficult to argue that this was true 
in the early studies. Kandel et al. (11), for example, were unable to measure the users’ 
attitudes and family characteristics al the time of drug initiation. In Ihe O 'Donnell and 
Clayton (40) and Robins et al. t.41) studies, deviance ‘prior’ to drug use was assessed 
retrospectively, with unknown validity. Baumrind (42) argued that ‘in the absence of 
evidence o f external validity’ of these measures it is ‘safer’ to assume that the 
relationship between cannabis use and heroin use is spurious.

Two studies b> Fergusson and Horwood (20, 22) address many of the weaknesses in the 
earlier studies. These report data from a prospective study of 990 New Zealand children 
who were followed from birth to age 21  years and assessed on a wide range of 
psychosocial variables that potentially explain the relationship between cannabis use and 
the use of other illicit drugs. These included: family background (socir-economic status, 
parental conflict and divorce, childhood sexual abuse, parental punishment and parental 
attachment); parental adjustment (parenta1 alcohol and drug problems, criminality and 
illicit drug use); individual characteristics of the young person (gender, intelligence, 
novelty seeking); early adolescent development (cigarette smoking, frequency of alcohol
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use, juvenile offending, school drop out, conduct problems and attitudes towards drug 
use); peer affiliations (peer use and problems with alcohol and other drug use); and 
personal history o f  risk taking. These factors were statistically controlled for in analyses 
of relationships between cannabis use and use of other illicit drugs.

Fergusson and Horwood (20) reported on the relationship between the use o f cannabis 
by age 16 and the use of other illicit drugs by the age of 18 years. They found a strong 
relationship between the frequency o f cannabis use by age 16 and development of a 
problem with cannabis, alcohol or other substances by age 18. Early cannabis users came 
from lower socio-economic status families with a history o f parental conflict, parental 
criminality and alcohol and drug use and low parental atta< inent. They also had a 
nersonal history of conduct problems, low self-esteem, high novelty seeking, and high 
affiliation with delinquent peers. Adjustment for these factors reduced but did not 
eliminate the relationship between early cannabis use and :hc use of other illicit dmgs.

Fergusson and Horwood (22) reported a later follow up o f the cohort. They found that 
69% of their sample reported using cannabis by age 2 1 , and 26% had used one or more 
other illicit dmgs, with 4% having used cocaine or an opiate. In 99% of cases, cannabis 
use preceded the use o f other illicit dmgs. They found a strong relationship between 
level of cannabis use at any age and the use o f another illicit dmg. Compared to those 
who had never used cannabis, the risk of using another illicit dmg was around 4 times 
higher among those who had used cannabis once or twice, 12  among those who had used 
3 to 11 times, 41 times higher among those who had used 12 to 49 times and 143 times 
gieater among those who had used 50 times or more. Tlie relationships were reduced but 
remained substantial when other psychosocial factors were controlled for statistically. 
Compared to non-users o f cannabis, the risks (after statistical adjustment) were 3 greater 
for those who had used once or twice, 8 greater for those who had used 3 to 11 times,
21 greater for those who had used 12 to 49 times and 59 greater for those who had used 
for 50 times or more.

The results ot the Fergusson and Horwood studies make it unlikely that selective 
recruitment wholly explains the relationship between cannabis use and other illicit dmg 
use. But its findings do not, as Fergusson and Horwood acknowledge, rule out other 
explanations. Among these is the possibility that there is a shared genetic vulnci ability to 
use and become dependent on cannabis and other illicit dmgs.

Studies of alcohol, tobacco and other dmg use in identical and non-identical twins 
indicate that there is a genetic vulnerability to deveh ping dependence on alcohol (43). 
cannabis (44) and tobacco (45). More importantly, a component of the genetic 
vulnerability to dependence on these three drug classes is shared or common (46). So too 
are the shared family and environmental factors that influence alcohol and cannabis 
dependence (46). The contribution of genes to dependence on other illicit drugs is less 
certain because rates of use in these twin studies have been too low to provide a 
powerful test of this hypothesis. The hypothesis of common genes for regular use of 
cannabis and other illicit drugs has not been directly tested in any of the cohort studies, 
including that of Fergusson and Horwood. The identification of specific candidate genes 
for vulnerability to drug dependence will enable this hypothesis to be tested in future 
studies.
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11.3 Explaining the association between cannabis and 
other drug use

If the association between cannabis and heroin use is not explained by pre-existing 
differences between cannabis users and nonusers, how might cannabis use ‘cause’ heroin 
and cocaine use? The two main competing explanations differ in whether they attribute 
the relationship to the pharmacological effects o f cannabis or to the social context within 
which cannabis is obtained and used.

One hypothesis is that the pharmacological effects o f cannabis use predispose regular 
cannabis users to use other intoxicating drugs (47, 48). Nahas (47) has hypothesised that 
'the biochemical changes induced by marijuana in the brain result in a drug-seeking, 
drug-taking behaviour, which in many instances will lead the user to experiment with 
other pleasurable substances’ (p xxiii).

Recent studies in animals (e.g. 49) have been interpreted as supporting a 
pharmacological explanation of the association between regular cannabis use and other 
drug use (50). These studies indicate that common biochemical pathways underlie the 
rewarding effects o f cannabis, cocaine, heroin and nicotine (51). All these drugs appear 
to act on dopaminergic neurotransmitter systems that are involved in the ‘reward centres’ 
in an area of the midbrain, the nucleus accumbens (52). However, there is as yet no 
direct evidence from animal studies that administration of THC to animals increases 
their risk of using other illicit drugs (53).

Pharmacological explanations of the relationship between cannabis and other drug use 
also have difficulty explaining a number of facts about their relationship. First, there are 
relatively low rates o f progression from cannabis use to the regular use of other illicit 
drugs; experimentation and discontinuation of cannabis use is the norm (54). Those 
heavy cannabis users who do use other illicit drugs also continue to use cannabis, as well 
as the new illicit drugs. As Donovan and Jessor (17) have noted: ‘.. harder’ dm gs do not 
serve as substitutes for 'so fter ' dmgs. Rather, a deepening of regular substance use 
appears to go along with a widening o f experience in the drug dom ain’ (p. 548-549).
This pattern of involvement is more consistent with a genetic vulnerability to drug 
dependence than the hypothesis that cannabis use is a stepping-stone to experimentation 
with other drugs.

Third, the pattern of progression in drug use among American adolescents in the 
1970s was affected by drug availability (14). Among cohorts of heroin users in the 1950s 
and 1960s, cannabis use was confined to those geographic areas o f the US in which it 
was readily available (5). Research on African-American adolescents also showed a 
variation in the sequence of dmg use. In African-American communities cocaine and 
iieroin were more readily available than hallucinogens so cocaine and heroin use often 
preceded ihe use of hallucinogens (14). Similarly, American soldiers in Vietnam used 
heroin before they used alcohol because heroin was cheaper and more freely available in 
Vietnam than was alcohol (since many of the American troops were under the legal 
drinking age o f 21) (55).
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The historical and geographical variations in sequences of drug use suggest sociological 
explanations c f  the use o f heroin among heavy cannabis users. One hypothesis is that 
regular cannabis use predicts an increased use of other illicit drugs because regular 
cannab's users have an increased contact with other drug users and drug sellers and 
hence more opportunities to use other illicit drugs than peers who do not use cannabis 
regularly. Regular cannabis use thereby increases involvement in a drug using subculture 
which, in turn, exposes cannabis users to peers who have used other illicit drugs, who 
approve of such drug use, and who provide more opportunities to use other illicit drugs 
because o f their increased availability within their social circle (5, 56).

Although plausible, there is little direct evidence on the drug subculture hypothesis. 
Goode (5) presented data from the late 1960s indicating that the number of friends who 
used heroin was a stronger predictor o f heroin use than was frequency of cannabis use, 
arguing that the ‘correlation between frequency of use and the use of dangerous drugs ... 
(is) the result of interaction and involvement with others who use’ (p. 332). These 
observations have been supported by Kandel’s (8) finding that the strongest predictor of 
continued cannabis use in early adulthood was the num ber of friends who were cannabis 
users.

Fergusson and Horwood's (22) analysis of the Christchurch Child Development Study 
was able to examine the contribution of affiliatior with drug using peers to the 
relationship between cannabis and other illicit drug use. They included self-reported peer 
use o f alcohol, cannabis and other illicit drugs in their statistical analyses. Their 
inclusion reduced but did not eliminate the relationship between cannabis and other 
illicit drug use, indicating that while peer drug use made a contribution to the 
association, it did not fully explain it.

The role of socialisation in a drug-using sulculture and involvement in drug markets has 
not been directly tested in the important cohort studies (22). It is nonetheless a plausible 
hypothesis. Regular cannabis users arc distinguished from non-users by their extensive 
social relationships with other drug users and often by buying and selling cannabis and 
other illicit drugs to finance their own drug use (5).

11.4 Summary

Research on adolescent use o f cannabis and othei illicit drug use has revealed a number 
of consistent findings about the relationship between cannabis and other illicit drug use. 
First, among American adolescents in the 1970s the use of alcohol and tobacco preceded 
use of cannabis, which in turn, preceded the use of hallucinogens and ‘p ills’, and the use 
of heroin and cocaine. Generally, the earlier the age of initiation into drug use, and the 
greater the involvement with any drug in the sequence, the more likely a young person 
was to use the next drug in sequence. Similar sequences have been observed in a variety 
o f societies, including Australia.

The explanation of the role o f cannabis in the sequence of illicit drug use remains 
controversial. The relationship does not appear to be spurious. The hypothesis that the 
sequence of drug use represents a direct pharmacological effect o f cannabis use upon the
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use of later drugs in the sequence is not compelling. It also seems unlikely that the 
association between regular cannabis use and the use of other illicit drugs is wholly the 
result of shared risk factors or common causes. Selective recruitment o f socially deviant 
adolescents to cannabis use, plays some role but it also does not explain the relationship. 
A shared genetic vulnerability to alcohol, tobacco and cannabis dependence is a 
plausible explanation that cannot be excluded on the available evidence.

If there is a causal relationship between cannabis and other illicit drug use the 
explanation is more likely to be a sociological than a pharmacological one. The fact that 
cannabis use predicts an increased chance of using other illicit drugs reflects a 
combination of: ( 1 ) the selective recruitment to heavy cannabis use of persons wilh pre­
existing personality and attitudinal traits (possibly genetic in origin) that predispose to 
the use of other intoxicants; (2) their affiliation with drug using peers; (3) socialisation 
into an illicit drug subculture in which there is an increased opportunity and 
encouragement to use other illicit drugs; (4) increased access to opportunities to 
purchase and use other illicit drugs because of involvement in illicit drug markets as 
buyers and sellers; and possibly (5) a shared genetic vulnerability to use and become 
dependent on a range of different drugs.

11.5 References
1. Kleiman, M. (1989) Marijuana: Costs o f Abuse, Costs o f Controls (New York, 

Greenwood Press).

2. Baumrind, D. & Moselle, K. (1985) A developmental perspective on adolescent 
drug abuse, Advances in Alcohol and Substance Abuse, 5, 41-67.

3. Polich, J., Ellickson, P., Reuter, P. & Kahan, J. (1984) Strategics for Controlling 
Adolescent Drug Use (Santa Monica, CA, Tlic I<AND Corporation).

4. DuPont, R. (1984) Getting Tough on Gateway Drugs (Washington, DC, American 
Psychiatric Press).

5. Goode, E. (1974) Marijuana use and the progression to dangerous drugs, in. Miller,
L. (Ed.) Marijuana: Effects on Human Behavior, pp. 303-338 (New York,
Academic Press).

6 . Kleiman, M. (1992) Against Excess: Drug Policy for Results (New York, Basic 
Books).

7. Merrill, J. C., Kleber, H. D., Shwartz. M., Liu. H. & Lewis, S. R. (1999) Cigarettes, 
alcohol, marijuana, other risk behaviors, and American youth, Drug and Alcohol 
Dependence, 56, 205-212.

8 . Kandel, D. B. (1984) Marijuana users in young adulthood, Archives o f Genera! 
Psychiatry, 41,200-209.

9. Donnelly, N. & Hall, W. (1994) Patterns o f cannabis use in Australia. NCADA 
Monograph Series No. 27, (Canberra, Australian Government Publishing Service'.

10. Kandel, D. i t  Faust, R. (1975) Sequence and stages in patterns o f adolescent drug 
use, Archives o f General Psychiatry, 32 ,923-932.

Is cannabis a gateway drug?



110

11. Kandel, D. B., Davies, M., Karus, D. & Yamaguchi, K. (1986) Tlic consequences in 
yoi ng adulthood of adolescent drug involvement. An overview, Archives o f General 
P vchiatry, 43 ,746-54 .

12. K mdel, D & Yamaguchi, K. (1993) From beer to crack: Developmental patterns of 
drug involvement, American Journal o f Public. Health, 83, 851-5.

13. K. ndel, D. B. & Davies, M. (1996) High school students who use crack and other 
c' rugs. Archives o f General Psychiatry, 53, 71-80.

14. -vandel, D. B. (1978) Convergences in prospective longtudinal surveys o f drug use 
in normal populations, in: Kandel, D. B. (Ed.) Longitudinal Research on Drug Use: 
Empirical Findings and Methodological Issues, pp. 3-38  (New York, John Wiley 
and Sons).

15. Kandel, D. B. & Logan, J. A (1984) Patterns of drug use from adolescence to 
young adulthood: I. Periods of risk for initiation, continued use and discontinuation, 
American Journal o f Public Health, 74, 660-666.

1 j . Kandel. D. (1988) Issues of sequencing of adolescent drug use and other problem 
behaviors. Drugs and Society, 3, 55-76.

17. Donovan, J. E. & Jessor, R. (1983) Problem drinking and the dimension of 
involvement with drugs: A Guttman Scalogram analysis of adolescent drug use, 
American Journal o f Public Health, 73. 543-552.

18. Coffey, C., Lynskey, M.. Wolfe, R. & Patton, G. C. (2000) Initiation and 
progression of cannabis use in a population-based Australian adolescent study.
At' ction, 95, 1679-1690.

19. Hoefler, M„ Lieb, R.. Pcrkonigg, A., Schuster, P., Sonntag, H. & Wittchen, H.-U. 
(1999) Covariates of cannabis use progression in a representative population sample 
of adolescents: A prospective examination of vulnerability and risk factors,
Addiction, 94, 1679-1694.

20. Fergusson, D. M. & Horwood, L. J. (1997) Early onset cannabis use and 
psychosocial adjustment in young adults. Addiction, 92, 279-296.

21. Fergusson, D. M. & Horwood, L. J. (1999) Prospective childhood predictors of 
deviant peer affiliations in adolescence. Journal o f Child Psychology and 
Psychiatry,33 , 1059-1075.

22. Fergusson, D. M. & Horwood, L. J. (2000) Does cannabis use encourage other 
forms of illicit drug use?, Addiction, 95, 505-520.

23. McGee, R. & Feehan, M. (1993) Cannabis use among New Zealand adolescents,
New Zealand Medical Journal, 106, 345.

24. Stcnbacka, M., Allebeck, P.. Brandt, L. & Romelsjo, A. (1992) Initiation into drug 
abuse: The pathway from being offered drugs to trying cannabis and progression to 
intravenous drug abuse, Scandinavian Journal o f Social Medicine, 20, 94-101.

25. Slenbacka, M., Allebeck, P. & Romelsjo, A. (1993) Initiation into drug abuse: The 
pathway from being offered drugs to trying cannabis and progression to intravenous 
drug abuse, Scandinavian Journal o f Social Medicine, 2 1, 31-39.

The heulth and psychological effects o f  cannabis use



111

26. Kaplan, H.. Martin, S. & Robbins, C. (1982) Pathways to adolescent drug use: Self­
derogation, peer influence, weakening o f social controls, and early substance use, 
Journal o f Health and Social Behavior, 25, 270-289.

27. Newcomb, M. D. & Bcntlcr P. ( 1988) Consequences o f adolescent drug use 
(California, Sage Publications 1.

28. Jessor, R. & Jessor, S. L. (1977) Problem Behavior and Psychosocial Development 
A Longitudinal Study o f  Youth (New York, Academic Press).

29. Osgood, D. W., Johnston, L. D.. O 'M alley, P. M. & Bachman, J. G. (1988) The 
generality of deviance in late adolescence and early adulthood. American 
Sociological Review, 53, 81-93.

30. Shedler, J. & Block, J. (1990) Adolescent drug use and psychological health: A 
longitudinal inquiry. American Psychologist, 45, 612-630.

3 1. Brook, J.. Cohen, P., Whiteman, M. & Gordon, A. (1992) Psychosocial risk factors 
in the transition from moderate to heavy use or abuse of drugs, in: Glantz, M. & 
Pickens, R. (Eds.) Vulnerability to Drug Abuse, pp. 359-388 (Washington,
American Psychological Association).

32. Jessor, R. & Jessor, S. L. (1978) Theory testing in longitudinal research on 
marihuana use, in. Kandel. D. B. (Ed.) Longitudinal Research on Drug Use: 
Empirical Findings and Methodological Issues, pp. 41-71 (New York, John Wiley 
and Sons).

33. Bailey, S. L., Flewelling, J. V. & Rachal, J. V. (1992) Predicting continued use of 
marijuana among adolescents: The relative influence of drug-specific and social 
context factors. Journal o f Health and Social Behaviour, 33, 51-66.

34. Hawkins, J D., Catalano. R. F. & Miller. J. Y. (1992) Risk and protec'ivc factors for 
alcohol and other drug problems in adolescence and early adulthood: Im plications 
for substance abuse prevention. Psychological Bulletin, 112, 64-105.

35. Kandel, D. & Davies, M. ( 1992) Progression to regular marijuana involvement: 
Phenomenology and risk factors for near daily use, in: Glantz, M. & Pickens, R.
(Eds.) Vulnerability to Drug Abuse, pp. 211-253 (Washington, DC, American 
Psychological Association).

36. Kaplan, H. B. & Johnson. R. J. (1992) Relationships between circumstances 
surrounding initial drug use and escalation ol drug use: Moderating effects o f 
gender and early adolescent experiences, in: Glantz, M. & Pickens, R. (Eds.) 
Vulnerability to Drug Abuse (Washington, American Psychological Association).

37. Newcomb, M. (1992) Understanding the multidimensional nature o f drug use and
; 'iuse: The role of consumption, risk factors and protective factors, in: Glantz, M. & 
Pickens, R. (Eds.) Vulnerability to Drug Abuse, pp. 255-296 (Washington,
American Psychological Association).

38. Scheier, L. M. & Newcombc, M. D. (1991) Psychosocial predictors o f drug use 
initiation and escalation: An expansion o f the multiple risk factors hypothesis using 
longitudinal data, Contemporary Drug Problems, 18, 31-73.

Is cannabis a gateway drug?



39. Yamaguchi, K. & Kandel, D. B. (1984) Patterns of drug use from adolescence to 
adulthood. Ill Predictors o f progression, American Journal o f Public Health, 74, 
673 -6 81.

40. O ’Donnell, J. A. & Clayton, R. R. (1982) The stepping stone hypothesis—  
marijuana, heroin and causality, Chemical Dependencies, 4, 229-241.

41. Robins, L., Darvish. H. S. & Murphy, G. E. (1970) The long-term outcome for 
adolescent drug users: A follow-up study of 76 users and 146 nonusers., in: Zubin, 
J. & Fieedman, A. M. (Eds.) The Psychopathology o f Adolescence, pp. 159-180 
(New York, Grune and Stratton).

42. Baumrind, D. (1983) Specious causal attribution in the social sciences: The 
reformulated stepping stone hypothesis as exemplur, Journal o f Personality and 
Social Psychology, 45, 1289-1298.

43. Heath, A. (1995) Genetic influences on alcoholism risk: A review o f adoption and 
twin studies, Alcohol Health and Research World, 19, 166-171.

44. Kendler, K. S. & Prescott. C. A. ( 1998> Cannabis use, abuse, and dependence in a 
population-based sample of female twins, American Journal o f Psychiatry, 155, 
1016-22.

45. Han, C., McGue, M. & lacono, W. (1999) Lifetime tobacco, alcohol and other 
substance use in adolescent Minnesota twins: Univariate and multivariate 
behavioral genetic analyses. Addiction, 94, 981-993.

46. True. W. R., Heath, A. C., Scherrer. J. F., Xian, H.. Lin, N„ Eisen, S. A., Lyons, M. 
J., Goldberg, J. & Tsuang, M. T. (1999) Interrelationship of genetic and 
environmental influences on conduct disorder and alcohol and marijuana 
dependence symptoms, American Journal o f Medical Genetics, 88, 391-397.

47. Nahas, G. (1990) Keep Of) the Grass (Middlebury, VT, Paul Eriksson).

48 Walters, E. (1993) Marijuana: An Australian crisis (M alvern, Victoria, Elaine 
W ’ters)

49. Tanda, G., Ponticri, F & Di Chiara, G. (1997) Cannabinoid and heroin activation of 
mesolimbic dopamine transmission by a common mu I opioid receptor mechanism, 
Science, 276, 2048-2050.

50. Wickelgren, I. < 1997) Marijuana: Harder than thought?, Science, 276, 1967-1968.

51. MacCoun, R. (1998) In what sense (if any) is marijuana a gateway drug?, FAS Dmg 
Policy Analysis Bulletin, 4.

52. Gardner, E. L. (1999) Cannabinoid interaction with brain reward systems, in:
Nahas, G., Sutin, K., Harvey. D. & Agurell, S. (Eds.) Marihuana and Medicine, 
pp. 187-205 (Towa. New Jersey, Humana Press).

53. Zimmer, L. & Morgan, J (1997) Marijuana myths, marijuana fa ds  (New York, The 
Lindesmith Center).

54. Chen, K. & Kandel, D. B. (1995) The natural history o f drug use from adolescence 
to the mid-thirties in a general population sample. American Journal o f Public 
Health, 85 ,41-7 .

I The health and psychological effects o f  cannabis use



113

55. Robins. L. (1993) Vietnam veterans’ rapid recovery f >m heroin addiction: A fluke 
or normal expectation?. Addiction, 88 , 1041-1054.

56. Cohen, S. (1972) Drug use: Religion and secularization, American Journal o f 
Psychiatry, 129,97.

Is cannabis a gateway drug?



114

1 2  E f f e c t s  o n  a d o l e s c e n t  p s y c h o s o c i a l  

d e v e l o p m e n t

There havc been lwo dominant concerns about the effects of adolescent cannabis use on 
psychosocial development. One is that adolescent cannabis use may adversely affect 
educational outcomes. Tlie other is that cannabis use may adversely affect other 
psychosocial outcomes, such as employment, involvement in crime, and mental health. 
The evidence relevant to these concents is discussed in this chapter.

12.1 Adolescent cannabis use and educational 
performance

It is reasonable to suspect that adolescent cannabis use may impair educational 
performance and increase the chances that a student will discontinue their education ( 1 ). 
Cannabis use acutely impairs memory and attention and, if used regularly, it could 
impair learning and school performance, thereby increasing the chance of a student 
dropping out o f school. If the adolescent’s school performance was marginal to begin 
with, as research suggests it is among regular cannabis users, then cannabis use could 
increase the risk of school failure. Since high school education is so important to 
occupational choice, this potential effect of adolescent cannabis use could flow through 
the individual's life.

A number of cross-sectional surveys have examined relationships between cannabis use 
and educational attainment among school children and youth. The measures of 
educational outcome have only rarely included school grades and examination 
performances. Instead these studies have measured truancy and early school leaving, 
perhaps because confidentiality and privacy preclude access to school grades and 
performance in external examinations.

Resnick et al (2) reported (hat a low grade point average was associated with cannabis 
use in a national sample of 12,118 adolescents in the USA. Brook ct al (3) reported that 
among 1,687 Colombian adolescents those who were dissatisfied with school were more 
likely to use cannabis. In an Australian study of 199 high school students aged 13-16 
years, Jones and Heaven found that young people who were regular cannabis users had a 
more negative altitude toward school and a poorer record of school attendance than those 
who were not (4). Lifrak et al reported a negative correlation between cannabis use and 
scholastic competence for boys (but not for girls) in a sample of 2 7 1 seventh and eight 
grade students (5). Novins & Mitchell (6) also reported a significant association between 
poor school performance and cannabis use for males (bul not females) in a sample of 
1464 Nalive American adolescents.

A number of studies have shown that rates o f cannabis and other illicit drug use are 
higher among young people who either no longer attend school or who are absent from 
school on any given day. For example, Lynskey el al (7) found that young people in Ihe
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Australian School Students'A lcohol and Drugs Survey who reported being away 
from school the day before the survey had higher rates of cannabis use than students 
who attended school on that day. Similarly, Fergusson. Lynskey and Horwood (8) 
found that truancy was more common among cannabis users in a sample o f nearly 
1,000 16 year old New Zealanders.

Mensch and Kundel (9) examined relationships between educational achievement and 
cannabis use in the US National Longitudinal Survey of Young Adults. They found that 
high school graduates reported significantly more cannabis use during adolescence than 
college graduates, even after controlling for socio-demographic factors, and differences 
in academic ability, self-esteem and delinquency. The value of this study was 
compromised by a reliance on retrospective reports of cannabis use, the reliability and 
validity o f which have been questioned ( 10).

12.2 Explaining the relationship

Four broad explanations of the relationship between cannabis use and educational 
outcome need lo be considered. The first and simplest explanation of the association is 
that early cannabis use causes poor educational outcomes. Kandel, Davies, Karus and 
Yamaguchi (11) argued that early cannabis use encourages continued use of the drug, 
and that cannabis and other illicit drug use encourages anti-conventional behaviours 
including early school leaving, delinquency, employment problems and difficulties in 
interpersonal relationships.

A second alternative explanation is that heavy cannabis use is a consequence o f poor 
educational attainment. There is some support for this hypothesis in that poor 
educational performance is a risk factor that precedes cannabis use (12-16). The 
hypotheses that cannabis use is a cause of poor school performance and that poor school 
performance is a cause of cannabis use are not mutually exclusive. Both processes could 
be at work (17) if poor school performance increased the risks o f using cannabis, which 
in turn worsened school performance.

A third possible explanation is that cannabis use and poor educational attainment arc 
reflections of a common syndrome of problem behaviour (18). A wide range of problem 
behaviours in adolescence are manifestations of a common syndrome of problem 
behaviours (19).

The final possibility is that the associations between early cannabis use and poor 
educational outcomes are not causal but the result of common factors that increase the 
likelihood of both early cannabis use and poor educational performance. There is 
evidence that the risk factors and life pathways for early cannabis use overlap 
considerably with those for poor educational performance. These risk factors (see 
reviews by ( 15, 20, 21) include: the extent lo which the norms and attitudes of the wider 
community encourage or discourage the use of drugs; social disadvantage and family 
dysfunction; individual factors including personality and an individual’s propensity to 
violate norms; and the extent to which an individual affiliates with delinquent and drug 
using peers.
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12.3 Longitudinal studies of cannabis use and 
educational outcomes

These four explanations can only be distinguished by prospective longitudinal studies in 
which a large representative group o f young people is assessed over lime on their 
cannabis use, educational attainment and other potentially confounding factors, such as 
family and social circumstances, personality characteristics and delinquency. These 
studies have the following strengths (22). First, they enable us to tell which com es first, 
cannabis use or poor educational performance. Second, they reduce the effects o f bias in 
retrospective reports o f cannabis use and behaviour. Third, they enable us to test causal 
hypotheses about cannabis use and educational outcomes by statistically adjusting for 
confounding variables. That is, they allow us to answer the question: do young people 
who use cannabis have poorer educational outcomes than those who do not, when we 
allow for the fact that cannabis users arc more likely to perform poorly in school before 
they used cannabis?

Newcomb and Bcntler (23) followed a sample of 654 high school students over 8 years 
to assess the in pact o f early substance use on educational outcomes at ages 19 to 
24 years. They used statistical methods to examine the extent to which cannabis and 
other drug use were associated with adverse outcomes in young adulthood, after taking 
account of the effects o f confounding factors. Their analyses indicated that early 
substance users were more likely to abandon a college education.

The results o f this study have been supported by Fergusson, Lynskey and Horwood (24) 
who examined the extent lo which cannabis use before the age of 15 years predicted 
regular drug use, criminal offending, poor mental health and reduced life opportunities at 
age 16, after adjusting for a range o f potentially confounding factors. The sample 
consisted of 990 young people who had been followed from birth to age 16 years. They 
were assessed on cannabis use at age 15 and on cannabis use and a wide range o f other 
health and psychological outcomes at age 16.

The ten percent of the sample who had used cannabis by the age of 15 had elevated risks 
of school problems at age 16. Specifically, 22.5% had left school before age 16 (the 
minimum school leaving age in New Zealand) compared with only 3.5% of those who 
had not used cannabis. The frequency of truancy between 15 and 16 years was also 
higher among those who had used cannabis before the age of 15 years (31.5%) than 
those who had not used cannabis (4.7%). The relationship between early cannabis use 
and early school leaving persisted after statistical adjustment for pre-existing differences 
between early cannabis users and their peers. In a later follow-up of Ihe same birth 
cohort, Fergusson and Horwood (25) reported that those who had used cannabis before 
the age of 16 years were more likely to leave school without formal qualifications. This 
relationship also persisted after control for a wide range of confounding variables.

Duncan el al (12) examined the factors that predicted escalation of substance use in 
664 adolescents who were assessed at three time points. They found that academic 
failure predicted higher levels o f substance use (including cannabis use) at the initial 
time period. Deteriorating academic performance over the course o f the study was also 
associated with increasing substance use.
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Ellickson cl al assessed cannabis use and a range o f other factors in seventh graders who 
were followed up five years later (26). Cannabis use predicted early school leaving 
among Latino students, even after controlling for demographic variables, family 
structure, academic orientation and early deviance. Young Latinos who were heavy 
cannabis users were more likely to leave school before graduating. After controlling for 
these confounding factors, cannabis use did not predict early school leaving for Asians, 
Blacks or Whites.

Garnier, Stein and Jacobs (27) conducted a long-term prospective study of early high 
school drop-out. They reported that early school leaving was determined by multiple 
factors, which included adolescent drug use. They found that, after taking account of a 
range o f other determinants o f early school leaving, (here was still a significant 
association between drug use assessed at age 17 years and early school leaving.

Krohn, Lizottc and Perez (17) reported that the use o f alcohol and other drugs during 
adolescence increased the risks o f precocious transitions to a range o f adult roles, 
including leaving school early. They used longitudinal data from a sample o f 775 high- 
risk adolescents studied from age 13 to 20 years. Early substance use, measured by 
frequency of alcohol, cannabis and other illicit drug use, predicted early school leaving 
for males but not for females.

Tanner, Davies and O 'Grady (28) used data from the National Longitudinal .Study of 
Youth to examine Ihe influence of drug use (assessed between 14 and 17 years) on social 
outcomes assessed between the ages of 25 to 30 years. These included educational 
outcomes (highest grade completed, graduation from high school, college degree) and 
employment variables (occupational status, unemployment). They found that (after 
controlling for socio-demographic background, cognitive skill and educational 
expectations) early drug use predicted early school drop out, failure to graduate from 
high school and failure to obtain a college degree in males and females. Among males 
early drug use was also related to lower occupational status and unemployment.

Similar findings have been reported by Brook, Balka and Whiteman (29) in a sample o f 
1182 Puerto Rican and African American students who were followed over a five year 
period Young people who reported using cannabis once a month or more often at age 14 
were more likely to leave high school before completing 1 2 ,h grade, even after 
controlling for a range of factors assessed at age 14. Young people who used cannabis al 
least monthly at age 14 were also more likely to report delinquency, other drug related 
problems, sexual risk taking and to have more friends who exhibited deviant behaviour.

In summary, a number of longitudinal research studies have generally shown that early 
cannabis use is a risk factor for poor educational outcomes and, in particular, early 
school leaving. A causal interpretation of the link between early cannabis use and 
subsequent educational performance has been supported by the fact that many of these 
studies have statistically controlled for a wide range of variables on which cannabis 
users and non-users differ. In these studies early cannabis use predicts an increased risk 
o f early school leaving and making precocious transitions to adult roles by: engaging in 
early sexual activity (30), unplanned pregnancy during adolescence ( 17, 31), 
unemployment (25), and leaving the family home (17).
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12.4 Explaining the association between cannabis use 
and early school leaving

In the better longitudinal studies statistical methods have taken account of a wide range 
of potential explanations of the association between cannabis use and early school 
leaving. Perhaps the most comprehensive effort was the study by Fergusson et al (24). 
Their results, and those of other studies, indicate that, even though statistical control 
substantially reduces the associations between cannabis use and early school leaving, a 
significant association remains.

It is still possible that the association between cannabis use and early school leaving 
aiises from the effects o f factors that were not measured in the studies, such as 
neighbourhood effects (32) and genetic vulnerability (33). The difficulty in making a 
causal inference is not peculiar to the relationship between cannabis use and early school 
leaving. A number of studies, for example, have found a relationship between cigarette 
smoking and early school leaving which remains after extensive statistical control for 
confounding factors (25, 26). There is no obvious biological explanation of the 
relationship so it is more likely to reflect uncontrolled factors that are associated with 
tobacco use and early school leaving. Although a similar possibility cannot be excluded 
with respect to cannabis, a number of explanations have been suggested of the 
relationship between cannabis use and early school leaving.

12.5 Does cannabis use produce an ‘amotivational’ 
syndrome?

Daily cannabis use over months and years has been reported to impair motivation and 
social performance in users in Egypt and Ihe Caribbean (34) (see chapter 6 ). The 
existence of an ‘amotivational syndrome’ among chronic heavy cannabis users has not 
been supported by the results of a number of field studies conducted in societies where 
heavy cannabis use is widespread, including Jamaica (35) and Costa Rica (36) (sec 
chapter 6). Evidence reviewed in chapter 6 suggests that an amotivational syndrome is 
rare, if it exists (37, 38) and ‘it may be more parsimonious to regard impaired motivation 
as a symptom of chronic cannabis intoxication’ (p.277) (39). Hence, it appears unlikely 
that ‘am otivation’ explains poor school performance.

12.6 Does cannabis use produce cognitive deficits?

A third explanation is that cannabis use causes cognitive impairment, which increases 
the likelihood of leaving school early. The evidence (as reviewed in chapter 8) indicates 
that long-term cannabis use does not produce marked impairments in thinking and 
memory that are as easily detected as those found in long-term heavy alcohol consumers 
(40). Solowij has argued that daily or near cannabis use over periods o f three or more 
years does produce subtle impairment in selective attention in adults.

These deficits are of doubtful relevance to adolescent cannabis users because few would 
have used cannabis intensively or long enough to produce the effects found in adults.
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The adults in the studies reviewed by Solowij, for example, used cannabis daily for an 
average of 10 years. By contrast, in the study reported by Fergusson and Horwood (25) 
the ‘heavy’ cannabis use group included those who had smoked cannabis on at least ten 
occasions. There is no evidence in the scientific literature on adults that such low levels 
o f use arc associated with any lasting cognitive impairment.

This does not mean that acute cognitive impairment is irrelevant in adolescents. Rather it 
suggests that any cognitive impairment in cannabis using adolescents is more likely to 
result from the acute effects of cannabis use rather than the effects o f long-term use. If 
cannabis intoxication became an everyday occurrence in the life o f an adolescent, their 
school performance would suffer, especially if it was poor to begin with.

12.7 Does early cannabis use lead to the precocious 
adoption of adult roles?

Fergusson and Horwood (25) have argued that the effects o f early adolescent cannabis 
use on luter development can be attributed lo the social setting in which adolescents use 
cannabis, namely within a group of delinquent and substance using peers. Their views 
arc in agreement with those of Kandel et al (11) who argued that early substance use sets 
in train a cascade of events that increases later psychosocial risk. On Fergusson and 
Horwood (25)’s hypothesis, the important causal factors is that cannabis use occurs in a 
peer group that rejects conventional values, such as high educational achievement and 
social conformity, and which instead encourages non conformist behaviour and a 
premature transition to adulthood.

12.8 Other effects of adolescent cannabis use

12.8.1 O ccupa tiona l perfo rm ance
Among young cannabis users who enter the work-force the continued use o f cannabis 
and other illicit drugs in young adulthood might impair job performance for the same 
reasons that it may impair school performance, namely, that chronic intoxication impairs 
cognitive and psychomotor performance. There is some support for this expectation in 
that cannabis users report higher rates of unemployment than nonusers (e.g. (41 ,42) but 
this comparison is confounded by the different educational qualifications of the two 
groups.

Mensch and Kandel (9) examined cross-sectional relationships between alcohol, tobacco 
and cannabis use and performance in a range o f occupations in a nationally 
representative sample of Americans. Apart from tobacco use there were only modest 
associations between cannabis use and occupation. There were very weak negative 
correlations between job satisfaction and tobacco smoking and cannabis use. Workers in 
occupations that were lacking in ‘complexity, intellectual flexibility and variety’ were 
more likely to smoke cannabis at work, perhaps because heavier cannabis users seek or 
are forced to accept less challenging jobs. Cannabis use and tobacco smoking were 
associated with lack of conformity or attachment to social institutions, such as having 
dropped out of school, having participated in delinquent activities, or not being married'
(p 181).
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Longitudinal studies have suggested that there is a relationship between adolescent 
cannabis use and job instability among young adults that is not explained by differences 
in education and other characteristics which precede cannabis use v ' g. (I I) . Newcomb 
and Bentler (23) examined the relationships between adolescent drug use and income, 
job  instability, job  satisfaction, and resort to public assistance in young adulthood, while 
controlling for differences between users and nonusers in social conformity, academic 
potential and income in adolescence. Their findings supported those of Kandel who 
found that adolesct.it drug users had a larger number of changes of job than nondrug 
users. Newcomb and Bentler conjectured that this reflects impaired work performance, 
or a failure of illicit drug users to develop responsible employment behaviour such as 
conscientiousness, thoroughness, and reliability.

Fergusson and Horwood (25) included unemployment for 3 months or more as one of 
their early outcomes in the follow up of their cohort at age 18 years. There was a 
relationship between how often cannabis had been used by age 16 and oeing 
unemployed for 3 months or longer. The rate of unemployment among those who bad 
never used cannabis was 0 .5% compared to rates o f 18.9% and 37.5% among those who 
had used 1-9 times and 10 or more times respectively. After adjusting for covariates. the 
strength o f the association was reduced but still significant (namely, 10.5%, 17.3% and 
26.9% respectively). After adjustment for peer affiliations, the relationship was no longer 
statistically significant (12.291 13.4% and 14.6% respectively).

One longitudinal study (43) found more mixed evidence of an association between 
adolescent cannabis use in a sample of 785 young people followed from late high schoo1 
in 1971-1973 until early adulth >od in 1981. They found that adolescent cannabis use 
was weakly correlated with po ' '  job  performance, low job satisfaction or adverse job 
terminations. The correlations etween cannabis use and these indices of job 
performance were 0.07, 0.07, and 0.17 respectively. These weak relationships between 
adolescent drug use and adult occupational performance were explained as the result of 
cannabis use persisting into adult life where it was associated with poor job performance, 
low job satisfaction, and adverse job termination.

12.8.2 In te rpe rsona l re la tio n sh ip s
There are good reasons for suspecting that cannabis use may adversely affect 
interpersonal relationships. Heavy adolescent drug use may produce a developmental 
lag, entrenching adolescent styles o f thinking and coping which impair the ability to 
form adult relationships (1). There are also strong correlations between drug use and 
precocious sexual activity, and early marriage which in turn predicts a high rate of 
relationship failure (23).

Cross-sectional studies of drug use in young adults nave indicated that a high degree of 
involvement with cannabis predicts a reduced probability o f marriage, an increased rate 
o f cohabiting, an increased risk of divorce or failed de facto relationships, and a higher 
rate of unplanned pregnancy and pregnancy termination (4 1, 42). These findings have 
been confirmed in analyses of the longitudinal data from a cohort o f young adults (II).

Newcomb and Bentler (23) found similar relationships between drug use and early 
marriage in their analysis of the data from young adults in Los Angeles. Drug use in 
adolescence predicted an increased rate of early family formation in late adolescence and
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of divorce in early adulthood. They interpreted this as evidence that: ’early drug 
involvement leads to early marriage and having children which then results in divorce’ 
(p. 97). Newcomb and Bentler argued that this finding provided evidence for their theory 
of ‘precocious development’, according to which drug use accelerates development and 
drug users ‘bypass or circumvent the typical maturational sequence of school, work and 
marriage and become engaged in adult roles o f jobs and family prematurely without the 
necessary growth and development to enhance success with these roles ... [thereby 
developing) a pseudomaturity that ill prepares them for the real difficulties o f adult life' 
(pp. 35-36).

12.8.3 M enta l health
A number of cross-sectional studies o f the association between cannabis use and poor 
mental health in young adults have produced mixed findings. The US National 
Longitudinal Alcohol Epidemiologic Survey (NLAES), a nationally representative 
survey of US adults (44) found that persons with DSM-IV major depression in the past 
12 months were 6.4 times more likely to have DSM-IV cannabis abuse or dependence 
than those without major depression (6% vs. 1% rcspectively)(44).

A study of cannabis use and depressive symptoms did not find that frequency of 
cannabis use was associated with depression in young adult males (45). A weak 
association observed between early initiation o f cannabis use and depression was not 
significant after controlling for educational attainment, marital status, and alcohol and 
tobacco use (45).

A study of male army draftees using cannabis but no other illicit drugs found that more 
problematic cannabis users had a higher rate o f DSM-III-R psychiatric disorders and 
higher scores on the Beck Depression Inventory (BDI) (4o). A study of adolescents 
cannabis users found that frequent users o f cannabis had higher levels of depression on 
(he Brief Symptom Inventory than abstainers or recreational users (47). Heavy' users 
were defined as those using cannabis at least 40 times and at least one other illicit drug.

Degenhardt et al. (48) examined relationships between cannabis use and mental health 
using data from the Australian National Survey o f Mental Health and Well-Being 
(NSMHWB), a survey of a nationally representative sample of 10,641 Australian adults 
aged 18 years and over There was an association between cannabis use in Ihe past 
12 months and affective and anxiety disotders. Among those with cannabis dependence, 
14% had an affective disorder and 17% had an anxiety disorder, compared with rates of 
6% and 5% respectively in non-users. Heavier cannabis users also reported greater levels 
of psychological distress (as measured by K essler's Psychological Distress scale).

The results o f a number of longitudinal studies have provided more mixed evidence of 
the relationship between cannabis use and mental health. Kandel (41) found a cross- 
sectional study found an association between level o f cannabis use and dissatisfaction 
with life, having consulted a mental health professional, and having been hospitalised for 
a psychiatric disorder (41). Longitudinal analyses of this cohort, however, found only 
weak associations between adolescent drug use and adult mental health; the strongest 
relationship was between cigarette smoking in adolescence and symptoms of depression 
in adulthood (II) .
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The cross sectional adult data in Newcomb and B ender’s (23) study also showed strong 
relationships between adolescent drug use and emotional distress, psychoticism and lack 
of a purpose in life. Emotional distress in adolescence predicted emotional distress in 
young adulthood but there were no relationships between adolescent drug use and adult 
emotional distress, depression and lack o f a sense o f purpose in life. Adolcsccm Irug use 
predicted psychotic symptoms in young adulthood, and hard drug use in adolescence 
predicted increased suicidal ideation in young adulthood, after controlling for general 
drug use and earlier emotional distress. Newcomb and Bentler interpreted this as 
evidence that adolescent drug use ‘interferes with organised cognitive functioning and 
increases thought disorganisation into young adulthood' (p 180).

Fergusson and Horwood (25) found i  dose response relationship between frequency of 
cannabis use by age 16 and the likelihood of meeting DSM-IV criteria for an anxiety and 
depressive disorder and reporting a suicide attempt. These relationships were no longer 
statistically significant, however, after controlling for confounding factors.

Brook, Cohen and Brook (3) reported a longitudinal study o f the relationship between 
alcohol, tobacco and cannabis use and mental health among 975 adolescents followed 
from age 13.7 years until 22.1 years in New York state. They found that early cannabis 
use predicted later antisocial behaviour after controlling for earlier antisocial behaviour.
It did not predict an increased risk of anxiety and affective disorders. The strongest 
relationships between adolescent dmg use and adult mental disorders were between 
cigarette smoking, illicit dm g use (other than cannabis) and depression.

McGee, Williams, Poulton and Moffit (49) reported a longitudinal study of the 
relationships between cannabis use and mental health in a Dunedin, New Zealand, birth 
cohort between the ages of 15 and 21 years. They found that rates o f cannabis use were 
higher among young people with mental disorders at 15, 18 and 21 years and that 
cannabis use was predicted by social disadvantage in childhood and low parental 
attachment. Cannabis use at age 15 did not predict mental health problems at age 18 but 
having mental health problems at age 15 (primarily alcohol dependence and conduct 
disorder) modestly predicted cannabis use at age 18. Cannabis use at age 18 also 
predicted alcohol dependence and conduct disorders at age 21. McGee et al argued that 
the lack of a relationship between cannabis use and anxiety and affective disorders 
suggests that cannabis use is not a form of ‘self-medication in anxious and depressed 
individuals but rather reflects a ‘willingness to contravene the law ’.

12.8.4 Su ic ide
A small number of studies have examined the relationship between cannabis use and 
suicide among adolescents (see Hillman et al (50) for a review). Several have found an 
association but it remains unclear whether it is explained by other factors. An analysis of 
cross-sectional data from the US National Comorbidity Survey found an association 
between self-reported suicide attempts and the dependence on a number of dm gs, 
including alcohol, sedatives, stimulants, cannabis, and inhalants (51). The risk for 
cannabis dependence was still significant after adjusting for socio-demographic factors 
and the presence of other psycbintric disorders, such as depression and alcohol 
dependence (odds ratio of 2.4,
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Bcaulrais, Joyce and Mulder (52) reported a case-control study of the role o f cannabis 
and other drug use in serious suicide attempts that resulted in hospitalisation. They 
compared rates o f cannabis use among 302 consecutive hospital eases treated for serious 
suicide attempts with that in a random sample of 1,028 people in the community. They 
f ound that 16% of the suicide atlcmptcrs had a cannabis use disorder (cannabis abuse or 
dependence) compared with 2% of the controls. Controlling for social disadvantage and 
having a diagnosis of depression or alcohol dependence substantially reduced the 
association but did not eliminate the association (reducing it from an odds ratio of 
10 to 2 ).

The evidence from a small number of prospective studies is also mixed. Fergusson and 
Horwood (25) also found a dose response relationship between frequency o f cannabis 
use by age 16 and the likelihood of reporting a suicide attempt, but it did not remain 
statistically significant after controlling for confounding factors. Patton et al (53) 
reported a longitudinal study on suicide attempts and self-harm in a cohort o f 2066 
Victorian secondary school students followed from age 15 to 16 to age 21. They found 
that cannabis was associated with self-harmful behaviour among females but not males, 
after controlling for depression and alcohol use.

Andreasen and Allebeck (54) reported an association between cannabis use and suicide 
deaths in their follow up o f 50,465 conscripts. They found a fourfold increased risk ol 
suicide among heavy cannabis users. A more detailed analysis o f predictors o f suicide in 
this cohort reported by Allebeck and Algulander (55) found that inpatient psychiatric 
hospitalisation by age 18 was the strongest predictor of suicide risk (OR -  11.3). Use of 
'narcotics' (which includes cannabis) did not predict suicide independently o f a 
psychiatric diagnosis (OR =1.3) but a diagnosis o f alcohol dependence (OR = 4.3) and 
drug dependence (OR = 3.6) did.

12.8.5 D e linquency and crim e
Cannabis and other illicit drug use are related to social nonconformity (? '’ ' 6 . 57) so it 
is unsurprising that there is a relationship between the extent o f cannabis use and iitetime 
delinquency among adult drug users (4 1 ,42), having been convicted of an offence, and 
having had a motor vehicle accident while intoxicated (41). Surveys of drug use in 
young people in the juvenile justice system also find high rates o f regular cannabis use 
and a relationship between level o f cannabis use and frequency o f offending (58, 59).

Longitudinal studies reveal an interesting pattern of relationships between cannabis use 
and crime. Johnston et al. (60) analysed the relationship between drug use and 
delinquency in two waves o f interviews o f adolescent males. In their cross-sectional 
data, rates of delinquent activity increased steadily with increasing rates o f drug use. 
However, analyses of changes in drug use and crime over time indicated that heavy drug 
users groups had much higher rales o f delinquent acts before using drugs. The onset of 
illicit drug use (including cannabis) had little elfect on delinquent acts, except among 
those who used heroin, whose rates o f delinquency increased.

Newcomb and Bentler (23) reported a positive relationship between drug use and 
criminal involvement in adolescence, but found more mixed results in the relationship 
between adolescent drug use and criminal activity in young adulthood. Adolescent drug 
use predicted drug crime involvement in young adulthood; but after controlling for other
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variables, it was ne^iti ely correlated with violent crime, and general criminal activities 
in young adulthocJ F iwcom b and Bentler argued that these negative correlations 
indicated that the cc relation between different forms of delinquency in adolescence 
decreases with age. as criminal activities become differentiated into drug-related and non 
drug-related offences.

White (61) report©’ a follow up study of the relationship between cannabis use and 
delinquency in lo 1 2 New Jersey youth followed from age 12 to age 18. He found 
modest correlations between cannabis use and delinquency at age 15 and age 18 and 
evidence that ther_- were separate groups of adolescents who cither engaged in cannabis 
use or in delinqt nt acts. These groups were distinguished by which o f these two 
bchuviours was most common among their immediate peers.

Fergusson and Horwood (25) included four measures o f delinquency in their analysis of 
the consequences o f adolescent cannabis use. These were: three or more violent 
offences, three or more property offences, arrested by police, and convicted o f an offence 
in court by age 16 There was a dose-response relationship between each o f these 
outcomes and frequency o f cannabis use by age 16. This persisted after adjustment for 
covariates, suggestin, that it was not wholly explained by the characteristics o f 
adolescents who beer ne regular cannabis users by age 16. It also persisted after 
adjustment for drug use and criminal behaviour in the users peer group, indicating that it 
was not explained b) affiliating with delinquent and drug using peers.

Brook et al (29)’s longitudinal study o f 695 African-American and 637 Puerto Rican 
youth in New York City also assessed self-reported violence towards others. They found 
that early cannabis use predicted a doubling of the risk of self-reported violence towards 
others, after adjusting for other covariates (but not for a history of delinquency and 
violence prior to using car labis).

Arsenault, Moffit, Caspi and Taylor (62) reported a longitudinal study o f the 
relationships between menta. disorders and violence in a cohort of 961 youth studied 
from birth to age 21 in Dunedin. New Zealand. They assessed psychiatric disorders, 
including alcohol and cannabis dependence and asked about alcohol and other dmg use 
prior to self-reported violence. Violence was assessed using self-report and police 
records of convictions for violence. They found that 7.6% of the sample reported 
engaging in violence in the past year and 4% had been convicted of violent offences.
They found strong associations between self-reported and officially recorded violence 
and alcohol dependence, cannabis dependence and schizophrenia. Controlling for a 
history of conduct disorder in childhood (prior to using cannabis) substantially reduced 
the association between cannabis dependence and violence. The authors argued that the 
relationship reflected the heavy involvement of cannabis dependent and conduct 
disordered adolescents in the dmg market where violence was used to resolve disputes.
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12.9 Summary

Cross-sectional and prospective research indicates that young people who use cannabis 
arc at increased risk of adverse psychosocial outcomes including criminal behaviour, 
poor mental health, impa: ed educational achievement and reduced life opportunities. 
The longitudinal studies cuggcst that a large part o f these associations arise because the 
factors that predispose young people to use cannabis overlap with the factors that predict 
these outcomes. In ordinary language, tlic young people who arc most likely to use 
cunnabis in early adolescence arc the same young peop.c who were at greatest risk of 
using other drugs, engaging in delinquency, having poorer mental health, attempting 
suicide, and doing poorly at school before they began lo use cannabis.

However, not all o f the relationships between cannabis use and these poorer social 
outcomes can be wholly explained this way. There is evidence that early cannabis use 
further impairs the school performance o f adolescents whose performance was poor 
before they began to use cannabis. It may also predict involvement in criminal behaviour 
after controlling for a history of conduct disorder, perhaps by exacerbating pre-existing 
anti-social behaviour. It may possibly increase Ihe risk of suicide but this remains to be 
clarified by belter designed studies.

Plausible mechanisms that may explain these associations have been suggested by 
Fergusson and Horwood (25), namely, that adolescents who are socially disadvantaged 
and have conduct problems as children are more likely to become early cannabis users, 
and early cannabis use increases the chances o f an unconventional lifestyle. The latter 
occurs as a result of affiliating with delinquent and substance using peers and 
disengaging from conventional social roles such as completing education and obtaining a 
job. The acute effects of cannabis intoxication may also play a role by encouraging 
impulsive behaviour and impairing perceptions of risk among the minority o f students 
who are daily cannabis users.
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13 Therapeutic u s e s  of cannabis

Cannabis has had a long history o f medical and therapeutic use in India and the Middle 
East (1-3), where it was used to treat pain, convulsions, spasm, nausea and to induce 
sleep. Cannabis was introduced to Britain in tlie mid-nineteenth century by 
O ’Shaughnessy (4) who had used the drug while an Army surgeon in India (2, 3). He 
recommended its use for the relief o f pain, muscle spasms, and convulsions occurring in 
tetanus, rabies, rheumatism and epilepsy (3). Cannabis was widely used as an analgesic, 
anticonvulsant and antispasmodic in Britain and the USA during the latter half o f the 
nineteenth and the early part of the twentieth centuries.

Medical uses o f cannabis declined alter the turn of the twentieth century bccuusc natural 
cannabis preparations varied in potency and effectiveness. Cannabis was largely 
su.iplunted by pharmaceutically pure drugs, such as the opiates, aspirin, chloral hydrate, 
and the barbiturates, all of which could lie given in standard doses to produce more 
predictable effects (2, 3). Many of these drugs could also be injected to provide rapid 
relief of symptoms whereas cannabis extracts had to be given orally (5). After the 
introduction o f international drug control agreements in the early part o f the ZO"1 century, 
the medical use o f cannabis preparations was discouraged by laws that treated cannabis 
as a 'narcotic ' drug. Cannabis disappeared from the American pharmacopoeia in Ihe 
early 1940s after the passage o f the Marijuana Tax Act ( I ), although it continued to be 
used in Australia into the 1960s (6 ).

The isolation of THC in 1964 ( 7) occurred shortly before cannabis became widely used 
as a recreational drug by American youth. Its illegality and recreational use hindered 
pharmaceutical research, so the rediscovery of its therapeutic uses was serendipitous. Its 
value as an anti-emetic agent in treating nausea caused by cancer chemotherapy was 
discovered by young adults who bad used cannabis recrcationally while undergoing 
chemotherapy for leukemia (8 ).

From the mid 1970s until the early 1980s clinical research was undertaken on the 
therjpeulic value of cannabis and cannabinoids. On the whole, however, this research 
was very thin and uneven, and, consequently, many o f the claims for the therapeutic 
efficacy of cannabinoids rely on the reports of individuals who have derived medical 
benefit from its use (e.g. (1 ,9). When cannabinoids and cannabis are advocated for 
medical uses i t 's  primarily for relief o f symptoms rather than lo cure any underlying 
disease. The conditions for which cannabis is most commonly advocated are for 
symptomatic relief of nausea, vomiting, appetite loss, and chronic pain ( 10 ).

13.1 Cannabinoids as anti-emetic agents

Severe nausea and vomiting may prompt patients to discontinue life-saving 
chemotherapy and radiotherapy for cancer (10). Anti-emetic dmgs (e.g. the 
phenothiazines) are effective in controlling nausea and vomiting in cancer patients
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undergoing chemotherapy but a substantial minority o f patients do not benefit from these 
drugs. The incomplete success of existing treatments prompted oncologists in the late 
1970s and early l°80s to study the anti-emetic properties o f cannabinoids (10).

One of the earliest trials studied the effects of THC on nausea and vomiting (I I) in 
22  patients with a variety o f cancers, 20  of whose nausea and vomiting had proven 
resistant to existing anti-emetic drugs. Patients were randomly assigned to receive oral 
THC and placebo in one o f four different orders. Outcome was assessed by patients’ self- 
reports o f nausea and vomiting after THC and placebo into three categories: complete 
response if there was vomiting after placebo but not after THC; partial response if there 
was a greater than 50% reduction in nausea and vomiting after THC compared to 
placebo; and no response if there was a less than 50% reduction in nausea and vomiting.

There were 29 trials, 14 of placebo and 15 o f THC. There was no anti-emetic response in 
any of the 14 placebo trials. There were 5 successes, 7 partial responses, and 3 no 
responses in the 15 THC trials. Most patients (13/16) reported a ‘high* after receiving 
THC, an experience which was correlated with the anti-emetic effect. Tlie most common 
sidc-effect was sleepiness. Two patients experienced visual illusions and hallucinations 
and depression lasting several hours. Several patients reported that smoking cannabis 
had the same anti-emetic effects as oral THC.

A trial by Chang et al (12) largely supported the findings o f Sallan et al (11). In this 
study 15 patients with osteogenic sarcoma receiving monthly high dose methotrexate 
therapy served as their own controls. They were assigned to receive three THC and three 
placebo trials in randomised order during six treatment sessions. If the patients vomited, 
the remaining doses of either THC or placebo were administered by smoking a cigarette. 
The effect o f THC and placebo on vomiting and retching episodes were assessed by 
nursing staff who graded response into three categories: excellent (greater then 80% 
reduction after THC by comparison with placebo in each o f these endpoints); fair 
(greater than 30% and iess than 80% reduction), and no response (less than 30% 
reduction).

Eight patients had an excellent response, 6 a fair response, and one had no response. On 
all outcomes THC produced a statistically greater reduction in nausea and vomiting than 
placebo. There was a relationship between blood levels of THC and reports o f nausea 
and feeling ‘high’. Higher THC blood levels were achieved when cannabis was smoked 
than when THC was taken orally. There were few side effects, sedation being the most 
common (12/15 patients). Four patients experienced 5 dysphoric reactions in the course 
of 281 THC drug doses (2%). None of these lasted more than 30 minutes, and all were 
successfully managed by reassurance.

Since these early studies, a number of controlled clinical trials have compared the 
effectiveness o f THC with a placebo or another anti-emetic drug (see (13-15) for 
reviews). Studies comparing oral THC with existing anti-emetic agents have had less 
consistent results than comparisons with placebo but the results have generally indicated 
that THC is as effective as the anti-emetic drug prochlorperazine ( 13, 15). The 
equivalence ol THC and prochlorperazine was reported in one o f the largest and best 
conducted studies (16).
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Although cannabinoids showed some anti-emetic efficacy by comparison with 
prochlorperazine they typically failed to stop nausea in two thirds o f patients. In one 
controlled study, THC produced complete control of emesis in only 13% of cases as 
against 47% who received metoclopramidc. It achieved 'm ajor control* of vomiting (two 
or fewer episodes) in 27% as against 73% in the comparator (10). The same has been 
true of the anti-emetic effects o f nabilone and levonanlradol ( 10 ).

Since these trials were conducted much more effective anti-emetic drugs than 
prochlorperazine have become available (10). These newer agents have dramatically 
reduced nausea and vomiting. The selective serotonin type 3 receptor agonists, such as 
ondansetron, have achieved complete control over nausea induced by cisplatin in 75% of 
cases and up to 90% for less cmetogcnic chemotherapy (10). Side effects include 
headache and constipation but these arc generally well tolerated. These drugs have 
reduced the demand for THC as an anti-emetic drug,

13.2 Cannabinoids and HIV-related wasting

Cannabis has also been used therapeutically as an anti-nausea agent, an appetite 
stimulant and an analgesic in patients with HIV-related wasting (10). HIV/AIDS patients 
often experience nausea and weight loss, either while receiving antiviral drugs to 
suppress HIV, or as a direct effect of the AIDS-related diseases. Wasting syndrome in 
HIV/AIDS has been defined by the US Centers for Disease Control and Prevention as 
the involuntary loss of more than 10% ol oaseline average body weight in the presence 

of diarrhoea or fever of more that 30 days that is not attributable to other disease 
processes' ( 10 ).

In animal studies cannabinoids have been shown lo act on brain centres that control 
appetite (17), supporting reports of benefits in patients with AIDS. Few controlled trials 
have been published on the effectiveness o f cannabis or cannabinoids for this purpose.
Oral THC has been shown to be of benefi i short-term  trials (18, 19) and it has been 
registered for this purpose in the US. Some patients do not like dronabinol because of its 
psychoactive side effects, the difficulty in controlling their dose, Ihe delayed onset o f 
effects, and the prolonged effects when it is taken orally (10). There are anecdotal reports 
that smoked cannabis is effective for the treatment of HIV/AIDS-associatcd anorexia 
and weight loss (1, 20). There have not been any controlled studies on smoked cannabis 
bul one is underway in California.

A major concern with HIV-infected patients smoking cannabis for medical purposes is 
that it might have immunosuppressive effects or infectious organisms in cannabis plant 
material may produce opportunistic infections. Recent epidemiological evidence docs 
allay this concern to a degree in that a large prospective cohort study of HIV/AIDS in 
homosexual and bisexual men recently failed to find any relationship between cannabis 
use, or any other psychoactive drug use. and the development of clinical AIDS (21). 
Nonetheless, the immunosuppressive effects o f 'r ’ !C and smoked cannabis need to be 
investigated in any research on ihe therapeutic uses o f cannabinoids in the treatment of 
HIV-related wasting.
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13.3 Cannabinoids as anti-glaucoma agents

Glaucoma is Ihe leading cause o f blindness in the United Stales, causing 300,(XK) new 
cases each year (22). It is caused by a gradual increase in pressure within the eye, 
intraocular pressure' (IOP). If untreated, IOP may damage the optic nerve, leading to 

blindness. Its incidence increases over the age of 35, especially among individuals who 
arc short-sighted. Many drugs that reduce IOP have unwanted side-effects and patients 
may become tolerant to their therapeutic effects.

The effects o f cannabis on IOP were discovered sercndipitously by researchers and 
patients in the early and middle 1970s. Hepler and his colleagues (23-25) demonstrated 
that cannabis and oral THC substantially reduced IOP in normal volunteers and in 
patients with glaucom.. (23-25). Subsequent research indicated that THC produced this 
effect (2 2 ).

Although there have been a number of case reports of the successful use of cannabis in 
the management o f glaucoma (e.g. (1 ,9 ), there have not been any controlled clinical 
studies o f its effectiveness and safety. Although THC reduces IOP acutely there are 
doubts about its long-term effectiveness because tolerance develops to this effect (26). 
Tlie US institute o f Medicine concluded that there was no evidence to support the use of 
THC in glaucoma (10). It argued that the effects o f cannabis and THC on IOP are too 
short-lived, and the high oral doses that were required produced side effects that 
precluded its long-term use (10). The harmful effects o f chronic cannabis smoking, it 
argued, outweighed its modest medical benefits. A cannabinoid drug with longer lasting 
effects on IOP and fewer psychoactive effects than THC could be of greater use (10).

13.4 Cannabinoids and epilepsy

Animal studies have provided some support for the historical use of cannabis 
preparations to control seizures in epilepsy, tetanus and rabies (3). Cannabidiol (CBD) 
appears to be a potent anticonvulsant in animals (27-29). There is very limited evidence 
on the therapeutic effects o f cannabinoids in humans with epilepsy. There are a small 
number of case studies o f individuals with epilepsy in which the use of cannabis 
appeared to enhance the anticonvulsant effects of more traditional anticonvulsant 
medication (e.g. (1, 30).

There is one randomised placebo controlled study of CBD in 15 patients whose epilepsy 
was not controlled by conventional anti-convulsants. Four o f the eight patients who 
received CBD in addition to their usual anti-convulsanl drugs were free of seizures 
throughout the study period, and three were improved. By contrast, only 1 out o f 7 
patients in the placebo condition showed any clinical improvement (31). Despite this 
suggestive evidence of efficacy there has been no further research on the anticonvulsant 
properties of CBD (3). This may be because more effective anticonvulsant drugs exist 
and pharmaceutical companies have no interest in marketing a naturally occurring 
substance that cannot tie patented.
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13.5 Cannabinoids and muscle spasticity

Muscle spasticity is the increased resistance to passive stretch o f muscles. Involuntary 
contractions may occur which can be painful and debilitating. About 90% of MS patients 
eventually develop muscle spasticity, in the form of stiffness, spasms, cramps, aches or 
pain. Recent animal research has found that THC reduces both tremor and spasticity 
among diseased mice, suggesting that the cannabinoid system may be involved in 
control o f these functions (32). A survey o f 112 MS patients (33) supported the use of 
cannabis for MS, and some open studies have suggested it is of benefit (34-36).

Clinical studies have not supported the anecdotal evidence, but this may be due to the 
studies’ limitations (10). Tlie survey results suggest that it would be useful to investigate 
the potential therapeutic value of cannabinoids in relieving symptoms associated with 
MS (37). The regular use of smoked cannabis is not advisable in a chronic illness such 
as MS.

Muscle spasticity is also common among patients with spinal cord injuries, 60% of 
whom are younger than 35 years and need long-term care. As with MS, surveys o f these 
patients suggest that cannabis reduces spasticity, nausea and insomnia. Carefully 
designed clinical trials of THC should be conducted, and have been proposed in the 
UK (38).

13.6 Cannabinoids and movement disorders

Movement disorders are caused by abnormalities in brain areas that control motor 
functions. They result in abnonnal skeletal muscle movements in the face, limbs and 
trunk that may occur in patients with dystonia. Huntington’s disease, Parkinson’s disease 
and Tourettc’s syndrome (10). There is limited research that cannabis is useful for 
treating movement disorders.

There is some evidence that the muscle spasms or ‘tics’ experienced by patients 
with Gilles de la Tourette Syndrome are relieved by THC (e.g. (39). Since stress 
often transiently exacerbates movement disorders, the anxiety-relieving effects of 
cannabis or cannabinoids might help patients with movement disorders. However, 
regular cannabis smoking wculd be a risk for persons already suffering from chronic 
health conditions ( 10).

The evidence that cannabinoids have therapeutic effects in patients with movement 
disorders is largely anecdotal (e.g. (1,40). Grinspoon and Bakalar ( I ), for example, 
presented four case histories of individuals with multiple sclerosis whose condition 
improved while they smoked cannabis, and deteriorated after they stopped smoking.

There has been one controlled study by Clifford (34) who examined the effects of THC 
on tremor in 8 patients (4 male and 4 female) wilh advanced multiple sclerosis. Five 
patients reported subjective benefit from THC and there was objective evidence of 
benefit in two of these cases. There was also evidence that their clinical condition 
deteriorated when they were given placebo and that it improved wilh the reinstatement 
of THC.
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Grinspoon and Bakalar (1) also described several patients with paraplegia and 
quadriplegia who reported that cannabis use helped to reduce muscle spasm. The 
experiences of these individuals were suppo d by reports in a survey of 43 individuals 
with spinal cord injuries, 22  o f whom reported that they used cannabis to control their 
muscle spasm.

One controlled trial has evaluated the effects o f CBD on chorea in 19 patients with 
advanced Huntington's disease (41). In this study patients received CBD or placebo for 
six weeks under double blind conditions in a crossover design. There was no evidence of 
improvement in chorea on any o f the clinical, self report or motor measures.

13.7 Cannabinoids as anti-asthmatic agents

Smoked cannabis and oral THC dilate the bronchial tubes in normal persons and persons 
with asthma (42, 43), that is, they increase the lung's capacity to absorb oxygen. Tashkin 
and colleagues (43), for example, found that smoking a 2% THC cannabis cigarette 
produced a bronchodilator effect nearly equivalent to that o f a clinical dose of 
isoproterenol, an anti-asthmatic medication.

A major obstacle to the therapeutic use of cannabinoids in asthma is the fact that oral 
THC produces a much smaller bronchodilator efTect and after a substantial delay, than 
smoked cannabis (44). Attempts to give THC as an inhalant produce irritation and reflex 
bronchoconstriction (44). Smoking cannabis is the most dependable way o f delivering an 
effective dose o f THC but this is an inappropriate way lo adm inister a drug to patients 
with asthma because it would also deliver other noxious substances that would nullify its 
therapeutic effects and increase the risk of other respiratory diseases, including cancer in 
the long-term (44). The unwanted psychotropic effects from cannabis smoking have also 
been a barrier to its use as an anti-asthmatic drug.

13.8 Cannabinoids as analgesics

Animal studies suggest that cannabinoids may be useful as analgesics. Tlie C B ( receptor 
acts on pathways that partially overlap with those affected by opioids like morphine but 
it acts through pharmacologically distinct mechanisms. This means that cannabinoids 
and opioids probably have different side effects and may have additive or synergistic 
analgesic effects.

Tlie few controlled studies o f the analgesic efficacy of cannabinoids in humans have 
been inconclusive. Three experimental pain studies in humans produced mixed results 
(45-47), but they were poorly controlled (10). More encouraging results have come from 
three clinical studies of the effects of cannabinoids in patients with severe cancer pain 
that was persistent and had resisted traditional analgesics (48-50). These studies, which 
were all double blind and placebo controlled, demonstrated that cannabinoids had 
analgesic effects equivalent lo those o f codeine, without its severe side effects, while 
improving mood, w ell-being, and appetite.
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13.9 The limitations of anecdotal evidence

Wilh the exception of its anti-emetic, anti nausea and appetite stimulating effects, much 
of the case for the therapeutic uses of cannabis and cannabinoids is based upon anecdotal 
evidence. Such evidence is distrusted in clinical medicine. This is especially so in 
chronic conditions which have a fluctuating course of remission and exacerbation 
because it is difficult in these diseases to exclude alternative explanations of 
improvements in a patient's condition that follow their use of THC. It is difficult to 
exclude the possibility o f simple coincidence: that is, THC preceded an improvement in 
the patient’s condition that would have occurred in its absence. It is for these reasons that 
this review has relied upon evidence from controlled clinical trials in appraising the 
therapeutic uses o f cannabinoids.

13.10 The risks of therapeutic cannabinoid use

For most people the primary adverse effect of acute cannabis use is impaired 
psychomotor performance. This makes it inadvisable for anyone under the influence of 
cannabis or THC to operate machinery that might put the user or others in danger, such 
as driving a car or operating equipment. Most people can be expected to show impaired 
performance of complex tasks, and a minority experience dysphoria. People who have 
psychiatric disorders (including substance dependence) may be vulnerable to cannabis 
dependence, and so sustained therapeutic cannabis use would be contraindicated for 
them. The short-term immuno-suppressant effects are not well established; if they exist, 
they are probably not large enough to preclude legitimate medical use. The US Institute 
of Medicine concluded that the acute effects of cannabis use were ‘within the risks 
tolerated for many medications’ ( 10).

The chronic effects of cannabis are of greater concern for medical use. They fall into two 
categories: the effects of chronic smoking, and the possibility of dependence on cannabis 
or THC. Cannabis smoke like i ■ -acco smoke is a risk factor for cancer, lung damage, 
and poor pregnancy outcome. Smoked cannabis is therefore unlikely to be a safe 
medication for any chronic medical condition that requires daiiy use over a period of 
years. The risk of developing dependence on cannabis is highest in adolescents, 
particularly those with conduct disorders, and people wilh psychiatric disorders, or 
problems with substance abuse ( 10).

13.11 Obstacles to therapeutic cannabinoid use

Despite their comparative safety, and the evidence for the therapeutic effects of 
cannabinoids as anti-emetics and appetite stimulants, they have not been widely used 
clinically. Nor has pharmacological research developed synthetic cannabinoids for 
medical use. There are two main reasons for this. One is the lack of incentives for 
pharmaceutical companies to develop and market cannabinoid drugs; the other is the 
politics of recreational cannabis use.
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13.11.1 The m arke t o u tlo o k  fo r  the rapeu tic  cannab ino ids
The decision to develop and conduct clinical trials on a new drug is based upon a drug 
com pany’s judgment that there is likely to be an adequate return on investment. The 
research and development costs o f  cannabinoids are likely to be similar lo those of 
neuropharmaceuticals and anti-inflammatory drugs (10). In the case of the cannabinoids, 
there are the additional costs o f meeting regulatory requirements for drugs derived from 
a prohibited plant.

The potential market for cannabinoids is determined by the current and projected number 
o f patients who may use the drug, the sales o f existing drugs for the indication, the 
availability o f competing products, and the duration of disease (e.g. disease with an early 
age of onset and a need for long term use). Factors that affect markc return include the 
com pany’s ability to patent the drug, the availability of other forms oi market protection, 
access to health insurance reimbursements, restrictions on access because of drug 
scheduling, social attitudes towards the drug, its adverse effect profile, and its 
interactions with other drugs. Naturally occurring substances such as THC cannot be 
patented; only newly synthesized or derived cannabinoid drugs can be patented.

13.11.2 The p o lit ic s  o f the rapeu tic  cannab ino ids
Research on the therapeutic use of cannabinoids in the USA has become a casually o f the 
debate about the legal status of recreational cannabis use. For example, some o f the 
groups advocating the therapeutic use of cannabis have also been proponents of cannabis 
legalisation (e.g. NORML), thereby fuelling the fears of opponents of cannabis use that 
success in the campaign for marijuana rescheduling will be the thin edge o f a wedge to 
legalise cannabis. Other proponents of legalisation (e.g. 1) have argued for the 
legalisation of cannabis as a way o f making cannabis available for therapeutic purposes.

On the other side of the argument are those opponents of cannabis use who fear that the 
admission that cannabis, or any o f its constituents, may have a therapeutic use will send 
the ‘wrong m essage’ to youth. This has led lo the denial that cannabinoids have any 
therapeutic effects, and to attempts to prevent all scientific inquiry into any such effects 
(Bernstein, 1989 cited (52) (p.395).

It is unfortunate that a connection has been forged between the debates about the legal 
status of cannabis as a recreational drug and the use of cannabinoids for therapeutic use. 
There is a world of difference between the use of controlled doses of a purified drug 
under medical supervision and the recreational use o f crude preparations o f a drug. In a 
rational world, clinical decisions about whether to use pure cannabinoid drugs should not 
be abrogated because crude forms of the drug may be abused by those who use it 
recreationally. We do not allow this type of thinking to deny us the use o f opiates for 
analgesia. It should not deny patients access to any therapeutic uses of cannabinoids 
derivatives that may be revealed by pharmacological research.
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The following provisional conclusions can be drawn on the therapeutic uses o f cannabis. 
First, there is sufficient evidence that THC is an anti-emetic agent to justify it being 
made available in pure synthetic form to cancer ar'd AIDS patients. In the light of the 
recent development of more effective anti-emetic agents, it remains to be seen how 
widely used THC will be for this purpose. Second, there is also reasonable evidence for 
the efficacy of THC in the treatment o f AIDS-related wasting. Third, the suggestive 
evidence of the usefulness of cannabinoids as analgesic and anti-spasmodic agents 
warrants further pharmacological and experimental investigation, and perhaps clinical 
research into their effectiveness.

Despite the basic and clinical research work which was undertaken in late 1970s and 
early 1980s the cannabinoids have not been widely used therapeutically or extensively 
investigated. This seems largely attributable to the disincentives pharmaceutical 
companies have to develop cannabinoid drugs and the regulatory obstacles to their 
registration. The discouragement o f therapeutic research also derives from the fact that 
THC, the most therapeutically effective cannabinoid, has the psychoactive effects sought 
by recreational users. The discovery o f the cannabinoid receptor may help to overcome 
some of the resistance to research into the therapeutic uses o f cannabinoids by holding 
out the prospect that the psychoactive effects of the cannabinoids can be disengaged 
from their other therapeutically desirable effects.

13.12 Summary
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1 4  A  c o m p a r i s o n  o f  t h e  h e a i t h  e f f e c t s  o f  

c a n n a b i s  w i t h  a l c o h o l  a n d  t o b a c c o

This chapter compares the most probable harms caused by cannabis use with those 
caused by alcohol and tobacco, two commonly used psychoactive substances in Western 
societies. A number of issues arise in comparing the health effects o f cannabis with those 
of these two drugs. The first are d.ificulties in making causal inferences about the 
connections between cannabis use and the adverse health and psychological 
consequences which have been attributed to it (1). The second is lack of information 
about the risks o f cannabis use for users. Both of these problems arise from the scarcity 
o f epidemiological studies o f the health risks of cannabis use by comparison with such 
studies of alcohol and tobacco use.

A third set of difficulties arise in measuring the public health impact of these risks.
The methods used to date have typically involved comparisons of the numbers of deaths, 
persons years of life lost, and hospital bed days attributable to conditions caused by each 
type of drug (e.g. English et al, (2)). The most recent innovation has been to use a 
combination of Life Years Lost (YLL) and Disability Adjusted Life Years (DALYs) 
to estimate the total burden of disease attributable to alcohol, tobacco and illicit drug 
use (3, 4).

14.1 The probable adverse health effects of cannabis

The following are the major adverse health and psychological effects of acute and 
chronic cannabis use, classified by the degree of cc .lfidence in the relationship.

14.1.1 Acu te  e ffec ts
The major acute psychological and health effects of cannabis intoxication are:

• anxiety, dysphoria, panic and paranoia, especially in naive users;

• cognitive impairment, especially of attention and memory while intoxicated;

psychomotor impairment, and probably an increased risk of accidental injury or 
death if an intoxicated person attempts to drive a motor vehicle or operate 
machinery;

• an increased risk of experiencing psychotic symptoms among those who are 
vulnerable because o f a personal or family history o f psychosis;

• an increased risk of low birth weight babies, and possibly o f birth defects, if used 
during the first trimester of pregnancy.
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14.1.1 C h ron ic  e ffec ts
The major health and psychological effects o f chronic cannabis use, especially daily use
over many years, remain unccnain but the major p robab le  adverse effects appear to be:

• respiratory diseases caused by smoking cannabis, such as chronic bronchitis, and 
changes in lung tissue that arc precursors of malignancy:

• development o f a cannabis dependence syndrome, characterised by an inability to 
abstain from or to control cannabis use;

• an increased risk of developing cancers o f the aerodigestive tract, i.e. oral cavity, 
pharynx, and oesophagus.

The following are the major possible adverse effects o f chronic, heavy cannabis use
which remain to be confirmed by controlled research:

subtle forms of cognitive impairment, most particularly o f attention and memory, 
which persist while the user remains chronically intoxicated, and may or may not be 
reversible after prolonged abstinence from cannabis.

a decline in occupational performance marked by underachievement in adults in 
occupations requiring high level cognitive skills, and impaired educational 
attainment in adolescents.

High risk g ro u p s
A number of groups are at increased risk of experiencing some of these adverse effects.

Adolescents
• Adolescents with a history o f poor school performance whose educational 

achievement may be further limited by the cognitive impairments produced by 
chronic intoxication with cannabis;

• Adolescents who initiate cannabis use in the early teens are at higher risk of 
progressing to heavy cannabis use and other illicit drug use, and to Ihe development 
of dependence on cannabis.

Women o f childbearing age
• Babies born to women who continued to smoke cannabis may have a slightly lower 

birth weight.

Persons with pre-existing diseases
Persons with a number of pre-existing diseases who smoke cannabis are probably at an
increased risk of exacerbating symptoms of their diseases. These include:

• individuals with cardiovascular diseases, such as coronary artery disease, 
cerebrovascular disease and hypertension;

• individuals with respiratory diseases, such as asthma, bronchitis, and emphysema;

• individuals with schizophrenia who are at increased risk o f precipitating or of 
exacerbating schizophrenic symptoms;

• individuals who are or have been dependent upon alcohol and other drugs are 
probably at an increased risk of developing dependence on cannabis.

A comparison o f  the health effects o f  cannabis with alcohol and tobacco



14.2 The implications of increased potency of cannabis

It has been claimed that a substantial increase in the average THC content of cannabis 
has ‘made obsolete’ much of what we once knew about the risks and consequences of 
cannabis use (5) because most o f this was based on research on cannabis with low levels 
of THC. This argument is unconvincing for two reasons. First, as discussed in chapter 2, 
the evidence does not support claims that the average THC content o f cannabis products 
has increased substantially in recent decades. Second, it is untrue that the research 
literature on the adverse health effects is based on studies of populations consuming 
cannabis wilh low levels of THC. The field studies in Costa Rica, Greece, Jamaica and 
Egypt examined very heavy, long term cannabis users and laboratory studies conducted 
in the USA involved subjects consuming 30 mg THC per day for periods o f a month.

The claim about increased potency is popular because it appears to explain an apparent 
increase in the adverse effects o f cannabis use. Then orobably has been some increase in 
the prevalence of some of these effects, most notably dependence, although this is 
uncertain because of limitations with the available data (6). There are, however, two 
more plausible alternative explanations for any increase in adverse effects o f cannabis 
use: (I )  cannabis markets have increased the availability o f more potent forms of 
cannabis; and (2 ) changes in the patterns o f cannabis use have increased the prevalence 
of harmful patterns o f cannabis use (6).

The i feet nf using more potent cannabis products will depend upon the type of health 
effect in question, and the user’s experience with cannabis. Higher average doses of 
THC will probably increase the risk of adverse psychological effects of cannabis use. an 
effect likely to be most obvious among naive or fr-st time canna J s  users. This effect 
may discourage further experimentation with the Jtug among these users. Risks of 
increased THC exposure among regular cannabis users possibly include an increased 
risk of accidents among those who drive while intoxicated, especially if cannabis use is 
combined with alcohol, and an ini eased risk of regular cannabis users developing 
dependence. If the THC content o f the most commonly used cannabis products has 
increased, the net adverse effects of cannabis use may have marginally increased. 
Respiratory risks may be marginally decreased if cannabis smokers are able to titrate 
their doses of THC.

14.3 A comparison of the health risks of alcohol, 
cannabis and nicotine

We have used the following as authorities on the health risks of alcohol and tobacco: 
Anderson et al. (7); English et al (2); the Institute o f Medicine (8); the International 
Agency for Research into Cancer (9); Mathers, Vos and Stephens (4); Roselle ct al (10); 
and ihe Royal College of Physicians (11).
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Alcohol
Some o f (he acute risks o f cannabis use are similar to (hose of alcohol. Both drugs cause 
psychomotor and cognitive impairment, especially of memory and planning. In the case 
o f alcohol these impairments increase the risks o f motor vehicle and other accidents (2 , 
8 ). While cannabis intoxication probably increases the accident risks in hazardous 
situations, it remains to be determined whether it increases risky behaviour.

However, alcohol and cannabis differ in their relation to intentional injuries. First, 
alcohol intoxication is strongly associated with aggressive and violent behaviour. Tlic 
relationship is complex, and the nature and extent o f alcohol’s causal role is 
controversial (12—14), but changes in the level o f alcohol consumption appear to affect 
the incidence of violent crime (15-17). There is also increasing evidence that alcohol 
plays a role in suicide (18). Although cannabis and violence may be correlated among 
adolescents (see chapter 6 ), it remains to be clarified whether the relationship is causal 
because persons with a history o f violence are more likely to become heavy cannabis 
users.

Second, substantial doses of alcohol taken during pregnancy can produce a Foetal 
Alcohol Syndrome (2). There is weak evidence that cannabis can adversely affect the 
development of the foetus when used during pregnancy (19), but there is no etjuivalent 
for cannabis of the foetal alcohol syndrome.

Third, acute alcohol use has one health risk that is not shared with cannabis. In large 
doses alcohol can cause death by asphyxiation, alcohol poisoning, cardiomyopathy and 
cardiac infarct. There are. by contrast, no recorded overdose fatalities from cannabis.

Tobacco
Cannabis and tobacco share acute irritant effects o f smoke upon the respiratory system 
and THC and nicotine both stimulate the cardiovascular system. Smoking cannabis and 
tobacco can adversely affect persons with cardiovascular and respiratory diseases. In 
both cases, these effects arise from the fact that the drug is smoked.

14.3.2 C h ron ic  e ffec ts
Alcohol
There are a number of risks of chronic alcohol use, which may be shared by chronic 
cannabis use. First, daily use of both increases Ihe risk of developing dependence. There 
is strong evidence of such a syndrome for alcohol and reasonable evidence for cannabis. 
One difference is that withdrawal symptoms are inild in dependent cannabis users who 
abruptly stop using cannabis, whereas the abrupt cessation o f alcohol use in severely 
dependent drinkers can produce a severe withdrawal syndrome that can be fatal in a 
small proportion of cases, if untreated (20 ).

Second, there is reasonable evidence that chronic heavy alcohol use can produce 
psychotic symptoms and psychoses in some individuals, either during acute intoxication 
or during withdrawal. There is suggestive evidence that chronic heavy cannabis use may

14.3.1 Acute effects
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produce a loxic psychosis, som e epidem iological evidence that heavy cannabis use may 
precipitate schizophrenia in individuals with u personal o r a fam ily history o f  psychiatric 
disorder, and stronger evidence that cannabis use worsen* the course o f  schizoplirenia.

Third, there is good evidence that chronic heavy alcohol use can indirectly cuusc brain 
injury— the W em icke-K orsakov syndrom e— with sym ptom s o f  severe m em ory defect 
and an im paired ability to plan and organise. W ith continued heavy drinking, and in the 
absence o f vitam in supplem entation, this injury m ay produce severe and irreversible 
cognitive im pairm ent. C hronic cannabis use does not produce cognitive im pairm ent of 
com parable severity. There is suggestive evidence that chronic cannabis use may 
produce subtle deficits in cognitive funciioning that may o r m ay not be reversed by 
abstinence.

Fourth, there is reasonable evidence that chronic heavy alcohol use im pairs occupational 
perform ance in adults and educational achievem ent in adolescents. There is suggestive 
evidence that chronic heavy cannabis use produces similar, albeit less m arked, 
im pairm ents in the occupational and educational perform ance o f  adolescents and adults.

Fifth, there is good evidence that chronic, heavy alcohol use increases the risk o f 
prem ature m ortality from accidents, suicide and violence. There is no com parable 
evidence for chronic cannabis use, although it is likely that dependent cannabis users 
who frequently drive while intoxicated with cannabis would be at greater risk o f 
accidental injury or death.

Sixth, alcohol use has been accepted as a contributory cause o f cancer in various 
tissues and organs o f  the digestive system  and breast cancer in w om en. There is 
suggestive evidence that chronic cannabis sm oking may be a cause o f  cancers o f  the 
aerodigestive tract.

Seventh, heavy alcohol use is a m ajor cause of liver cirrhosis and is also im plicated in 
gastritis, high blood pressure, stroke, cardiac arrhythm ias, cardiom yopathy, pancreatitis, 
and polyneuropathy. On the other hand, alcohol use is also associated with a reduction in 
the risk o f  heart disease that is o f  public health significance in societies with high rates o f 
heart d isease (18). N o equivalent adverse or protective effects have been reported for 
cannabis. There is som e evidence that TH C  may be therapeutically useful for appetite 
stim ulation and as anti-em etics in patients undergoing cancer therapy.

Tobacco
The m ajor adverse health effects shared by chronic cannabis and tobacco sm okers are 
chronic bronchitis, and probably, cancers o f  the aerodigestive tract (i.e. Ihe mouth, 
tongue, throat, oesophagus, lungs). The increased cancer risk is a consequence o f the fact 
that both drugs are sm oked. It is possible that chronic cannabis sm oking also shares the 
cardiotoxic properties o f  tobacco sm oking but this rem ains to  be investigated. These 
respiratory risks could be avoided by a change lo the oral route ol adm inistration which 
would also  reduce but not elim inate the cardiovascular risks.

Tobacco sm oking is associated with a wide variety o f  other chronic health conditions for 
which cannabis sm oking has not so far been im plicated. These include cancer o f  the 
cervix, stom ach, bladder and kidney, coronary heart disease, peripheral vascular disease, 
and stroke, as well as cataracts and osteoporosis (2).
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14.4 Comparing the m agnitude of risks

Many o f the quantitative risks o f cannabis use can only he guessed at in the absence of 
studies o f  the dose-response relationship between cannabis use and adverse health 
effects. The following are guesstim ates o f  the risks o f  cannabis use for the most probable 
adverse health effects. W hen in doubt wc have assum ed that the relative risks of 
cannabis use arc sim ilar to the risks o f alcohol or tobacco.

Motor Vehicle Accidents: If  we assum e that driving while intoxicated w ith cannabis 
produces a com parable increase in the risk o f accidents to that produced by driving while 
intoxicated with alcohol (say with a blood alcohol level o f 0.05%  to 0.10% ). then the RR 
o f an accident while intoxicated would be in Ihe range o f 2 to 4. The fact that alcohol 
and cannabis are often used in com bination m akes it difficult to estim ate the relative risk 
o f  having an accident when using cannabis alone.

Respiratory Diseases: If we assum e that a daily cannabis user who sm okes 5 or m ore 
jo in ts per day faces a com parable risk o f respiratory disease to that o f  a 20 cigarette a 
day tobacco smoker, then the RR o f developing chronic bronchitis would be 6 or greater 
for those w ho had ever sm oked cannabis, and substantially higher am ong those who had 
been daily cannabis smokers over many years and those w ho also sm oked tobacco (2). 
Recent research suggests that the risk of daily  cannabis sm oking is m ore like that o f  
sm oking IO -I5  cigarettes per day (21). so the relative risks m ay be smaller.

Respiratory Tract Cancers: If we m ake the sam e worst case assum ptions about daily 
cannabis sm oking then the relative risks o f  various cancers o f the respiratory tract would 
be o f the order of: 5 for oropharyngeal cancer, 4 for oesophageal cancer, and 7 for lung 
cancer (2). Again these risks would be substantially higher am ong cannabis sm okers who 
also sm oked tobacco. The recent case control study o f  head and neck cancer suggested a 
relative risk o f 2 for cannabis sm oking, after adjustm ent for tobacco use (22).

Low Birth weight Babies: Making a v orst-case assum ption, a woman who sm okes 
cannabis during pregnancy may double her chance o f  giving birth to a low birthw eight 
baby (2). The average size o f  Ihe effect is sm aller than that for tobacco sm oking (19).

Schizophrenia: This is one o f  the few health consequences for which there is a 
quantitative estim ate of relative risk. If we use the estim ated RR from the study by 
A ndreasson et al (23) after adjustm ent for confounding variables, then an adolescent 
who had sm oked cannabis 50 or m ore times by age 18 would have a 2 to 3 tim es higher 
risk o f developing schizophrenia than an adolescent who had not used cannabis.

Dependence: The risk of cannabis dependence is estim ated by the proportion o f  those 
w ho have ever used cannabis, or have had a history o f  daily use, who becom e dependent 
on the drug. The best estim ates from US data in the late 1970s and early 1980s is that 
10% o f those who have ever used cannabis (24), and between 33% and 50%  o f  those 
who have had a history of daily cannabis use, will become dependent on cannabis (see 
Hall et al (25)). The com parable risks among those who had ever used tobacco (32% ), 
opiates (23%9 and alcohol (15% ) were higher than the risk for cannabis users (24).
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14.5 Public health significance
14.5.1 Motor vehicle accidents
The epidem iological studies indicate that in its own right, cannabis m akes at most a very 
sm all contribution to  m otor vehicle accidents, and so, on the whole, it may seem  be a 
m inor road safety problem  by com parison with alcohol. Its public health significance for 
road safety may be in am plifying the adverse effects o f  alcohol in the m ajority o f  drivers 
who drive when intoxicated by alcohol and cannabis.

14.5.2 Respiratory diseases
Respiratory diseases, such as bronchitis, caused by cannabis sm oking are likely to have 
greater public health significance than respiratory cancers. This is for two reasons. First, 
respiratory cancers require a greater length o f  exposure to cigarette sm oke (15 to 20 
years) than does chronic bronchitis. Second, there are very few cannabis users who use 
the drug for m ore than 5 years (26). O n current patterns o f use, cannabis sm oking is 
m ore likely to produce respiratory disease than it is to cause prem ature deaths from 
cancers of the respiratory tract.

14.5.3 Respiratory tract cancers
Even if we make the worst case assum ption that the risks o f  cancer are com parable 
am ong daily tobacco and cannabis sm okers then cannabis sm oking w ill m ake a small 
contribution to the occurrence o f these cancers, on current patterns o f  use in developed 
societies ( I ). Only a m inority o f  those who ever use cannabis become daily users, and a 
m uch sm aller proportion o f these use cannabis beyond their m iddle tw enties by 
com parison with the high proportions o f tobacco sm okers who do so (26). A m ong this 
m inority, concurrent cannabis and tobacco use may exacerbate the adverse respiratory 
effects o f  each.

14.5.4 Low birthweight babies
If cannabis sm oking during pregnancy doubles the risks o f  a low birthweight baby, its 
public health significance will be m uch less than that o f  tobacco sm oking, because the 
prevalence o f  cannabis use is much low er than that o f  tobacco sm oking. Tlie risks o f  a 
low birthw eight baby will be higher am ong women who also sm oke tobacco, as do m any 
o f those who sm oke cannabis during pregnancy.

14.5.5 Schizophrenia
If the relationship betw een cannabis use and schizophrenia is causal, cannabis use would 
account for less than I0%  o f new cases o f schizophrenia. Even this figure seem s 
unlikely, however, since the incidence o f  schizophrenia has probably declined during the 
period when cannabis use am ong adolescents and young adults has increased (27).

14.5.6 Dependence
Cannabis dependence is potentially a m ore prevalent outcom e than any of the other 
potentially adverse health effects o f cannabis. On Ihe ECA estim ates, approxim ately 4%  
o f the adult US population met diagnostic criteria for cannabis abuse or dependence in 
their lifetim e and 2% in the past year. This com pares with 14% who m et diagnostic 
criteria for alcohol abuse and dependence at som e time in their lives. This is a substantial 
proportion of the population but there may be a high rate o f rem ission o f  sym ptom s in 
the absence of treatment.
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14 6 Overall public health significance
Overall, the relative risks o f  adverse health effects for cannabis are sm all to m oderate 
and the proportion o f users who use regularly is m uch sm aller than the proportions o f  
alcohol and tobacco users who do so (28). In aggregate, then, the public health problem s 
caused by cannabis on current patterns of use are modest com pared w ith those o f  
alcohol and tobacco.

A num ber o f  attem pts have been m ade to directly com pare Ihe effects o f  alcohol, tobacco 
and illicit drugs on mortality, m orbidity and societal costs. O ne of the earliest was an 
Australian study by Holm an ct al (29) which estim ated the num ber o f  deaths, person 
years of life lost and num ber o f hospital bed duys that could be attributed to the use o f 
alcohol, tobacco and illicit dm gs. A ccording to Holm an et al, in Australia in 1986 there 
were 23,639 deaths attributable to these three classes o f  drugs. O f these 17,800 were 
attributed to tobacco, 5,360 to alcohol and 479 to illicit dm gs, o f w hich 289 (60% ) were 
due to opiate use. There was a sim ilar rank ordering o f person years o f  life lost (92,023 
for tobacco, 66,034 for alcohol and 16,438 for illicit dm gs) and bed days (1,014,336 for 
tobacco, 1,009,591 for alcohol and 57,361 for illicit dm gs). No deaths were attributed to 
cannabis use and cannabis m ade no contribution to morbidity. The authors concluded 
‘that apart from dependence, abuse and withdrawal, no oilier adverse health effect o f 
cannabis is sufficiently substantiated or quantified to enable an analysis o f resultant 
morbidity or mortality* (p. 377).

English et al (2) updated the Holm an et al estim ates o f  drug-caused m ortality and 
m orbidity in A ustralia in 1992. Unlike Holm an ct al, English et al included estim ates o f 
the protective effects o f  m oderate alcohol consum ption on m ortality from  cardiovascular 
disease. Tlie inclusion o f a protective effect for alcohol reduced the num ber o f  deaths 
attributed to alcohol from 5.360 in 1986 to 3 ,660 in 1992 and person years o f  life lost 
declined from 66,034 to 55,540. The contributions o f  tobacco and illicit drugs to 
m ortality did not change much from the earlier estim ates (18,290 and 488 respectively). 
Opiates were responsible for 92%  o f illicit drug deaths and no deaths were attributed to 
cannabis. Cannabis contributed to hospital bed days through treatm ent o f  cannabis 
dependence and abuse (1% o f all bed days attributed to illicit drug use).

More recently, Ridolfo and Stevenson (30) updated the English et al estim ates for 
A ustralia in 1998 using a different m ethod to take account o f the protective effect o f 
alcohol on cardiovascular deaths. In their analysis alcohol produced a net reduction o f 
2371 deaths because the num ber o f deaths averted by m oderate alcohol use exceeded the 
num ber o f deaths that alcohol caused. The num ber o f  deaths attributed to tobacco 
marginally increased from 18,290 to 19,019 and the num ber o f deaths attributed to illicit 
drugs increased from 488 to 1,023 because o f a substantial increase in the num ber of 
opioid overdose dea. j.

14.6.1 Burden of disease estimates
A different approach to estim ating the public health im pact o f  alcohol, tobacco and 
cannabis was adopted in the Global Burden o f Disease (GBD) Study (3, 33). In this 
study, an estim ate of the years o f  life lost (YLL) as a result o f  the use o f  drugs was added 
to the disability caused by diseases to estim ate the num ber o f D isability-A djusted Life-
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Years (DALYs) for each type o f drug use. This enabled an estim ate o f  the proportion o f 
global burden o f disease that was accounted for by different types o f  drug use.

M urray and Lopez estim ated that 3.5% o f global DALYs w as attributable to alcohol, 
2.6%  to tobacco, and 0.6%  to illicit drugs (3). In six o f  the eight w orld regions, tobacco 
and alcohol outranked illicit drugs in DALYs. Illicit drugs outranked alcohol in the 
M iddle Eastern region, and tobacco in the Latin A m erican region. The authors caution 
that 'because of the great difficulty in reliably estim ating prevalence o f  illicit drug use, 
and o f  reliably quantifying its health effects, the estim ates for this risk factor m ay well 
be loo low ’ (p. 3 I0). The illicit drug that made the largest contribution to the global 
burden was heroin.

The Australian Burden o f Disease and Injury (ABDI) (4) udapted the approach o f 
M urray and Lopez to  estim ate the contribution that alcohol, tobacco and illicit dm gs 
m ade to the burden o f  disease and injury in Australia. The ABDI study used the 
com prehensive data collected on m ortality and morbidity in A ustralia which includes 
surveys o f the health o f  nationally representative sam ples o f Australians. Their findings 
differed from those o f  the G B D  study in the rank ordering o f  alcohol and tobacco 
because the A ustralian study included an estim ate o f  the burden o f disease that was 
averted by m oderate alcohol use. Tobacco accounted for 9.7%  o f the total burden o f 
d isease in Australia, alcohol accounted for 2.2% and illicit drugs for 1.8%. Am ong illicit 
dm gs, the overw helm ing majority o f the burden was due to heroin dependence, which 
accounted for 1.2% o f  total burden. Cannabis dependence and abuse accounted for 0.2%  
o f all disability. No deaths were attributed to cannabis use (4).

14.6.2 Summary of public health impact
Studies of mortality and m orbidity and disease burden attributable to alcohol, lobact 
and illicit dm gs differ in their rankings of impact depending upon w hether the m ortality 
benefits o f m oderate alcohol use are included or not. They leave little doubt, however, 
that on current patterns of use, alcohol and tobacco arc much m ore dam aging to public 
health in developed societies than illicit drugs. Among illicit dm gs, cannabis m akes no 
known contribution to m ortality and a minor contribution to m orbidity and disability.

14.6.3 Predicting the effects of changes in the prevalence 
of cannabis use

These estim ates o f the public health impact o f  cannabis use are based on current patterns 
of use. They cannot be used to predict what would happen if there was a m ajor change in 
the prevalence o f cannabis use. as m ay happen if cannabis were to becom e as freely 
available and as heavily prom oted as alcohol and tobacco. A lthough in principle, it may 
seem sim ple to predict the public health consequences o f  increased cannabis use (e.g. by 
m ultiplying its harms at present by the increased num ber o f users), such a calculation 
would assum e that the risks o f cannabis use did not change wilh the characteristics of the 
user, or the legal regime under which the drug was used.

Both assum ptions are questionable. Cannabis is likely to  be used by a different 
population when its use is illegal and prevalence of use is low er than would be the case 
if it were legal and m ore people used it This has lieen reported with alcohol, for 
exam ple, with different patterns o f alcohol consum ption and alcohol-related problem s in
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‘d ry ’ (non-drinking) and ‘w et’ (high level of drinking) cultures. If adult cannabis use 
were legalised, it m ight also be easier to reduce som e o f these health risks, for exam ple, 
by encouraging cannabis users to  ingest rather than to sm oke the drug, o r by reducing the 
tar content o f  cannabis that is sm oked. D ecrim inalising cannabis for adult use would 
probably also increase use by adolescents, the health effects o f  which would be very 
difficult to predict. Estim ating the net effects o f  harm reduction efforts in adults and a 
likely increase in adolescent use is therefore difficult.

For these reasons we have not attem pted to predict the health risks o f cannabis use if it 
becam e as w idely used as alcohol and tobacco. All that can be said w ith confidence is 
that if  its rate o f  use increased to the levels o f cigarette sm oking and alcohol use, its 
adverse im pact on public health would increase. It is im possible to  say precisely by how 
much.

14.7 Summary
Cannabis use can harm health when it is used daily over years or decades. C onsiderable 
uncertainty rem ains about w hether som e of these effects arc attributable to cannabis use 
alone or to tobacco and alcohol. There is too little data on the relationship between 
frequency, quantity and dm ation o f  cannabis use, and the risks o f  m any o f  these effects. 
Using estim ates o f the known effects o f  alcohol and tobacco, the most probable adverse 
effects o f  chronic heavy cannabis use over a period o f years are: the developm ent o f a 
dependence syndrom e; an increased risk of m otor vehicle accidents; an increased risk o f 
chronic bronchitis; an increased risk o f  respiratory cancer; an increased risk o f giving 
birth to low birth weight babies when used during pregnancy; and perhaps, an increased 
risk o f developing schizophrenia am ong those w ho are vulnerable. M any of these risks 
are shared with alcohol and tobacco, which is unsurprising given that cannabis is an 
intoxicant, like alcohol, that is usually sm oked, like tobacco

On current patterns o f  use, cannabis poses a m uch less serious public health problem  
than alcohol and tobacco in W estern societies. T his is no cause for com placency as the 
public health significance of alcohol and tobacco are substantial, and the public health 
impact o f cannabis would probably increase if the prevalence o f heavy daily cannabis 
use were to approach that o f heavy alcohol use, o r that o f  daily cigarette sm oking among 
adults.
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F o r e w o r d

Cannabis is the illegal substance most commonly used in all countries of the 
European Union, with many countries .eportiny lifetime experience of th*' drug by 
more than 20% of the general population.

Used mainly by young adults, but also by many schoolchildren, cannabis is a drug 
consumed by individuals during their formative years, at a time when they may be 
mor vulnerable to the long-term harmful effects of drug use.

Tire increased use of cannabis during the past decade, during which more 
attention has also been given to ttie medicinal use of cannabis, has increased the 
profile of the drug. So too have legislative changes in some countries, and the 
more open debate on the costs and benefits of different drug control options.
At the same time there is also a conceri that cannabis is increasingly mentioned in 
connection with applications for drug treatment — and this is an issue that will be 
explored in detail in the Annual Report of the EMCDDA in 2004.

Comments in the media and elsewhere of a large increase u Ihe potency of 
cannabis have raised concerns that the drug now available is much strongei than 
that available in the past. A much stronger drug might have implications for both 
the health and other problems resulting from the use of (he drug and for the 
development of future policy options. However, the information on which the claims 
of greatly increased cannabis potency have been made is not always clear.

To establish a scientific basis on which to advise policy makers and practitioners in 
the drugs field, the EMCDDA commissioned an investigation into cannabis potency 
in Europe. The results of this study are presented here. Changes in the production 
and sourcing of cannabis products are documented. Information supplied through 
the Reilox national focal points are added to data from a wide variety of sources 
to enable a first overview of cannabis potency in Europe. This is discussed in the 
wider context of information from the United Stales, Australia and New Zealand, 
countries where there hr e also been media reports of increased cannabis 
potency.

As always when attempting to study illegal substances, the data are incomplete 
and the conclusions are qualified. Nevertheless, it is now possible to respond with 
facts and figures to questions about large increases in cannabis potency in
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Europe. As the reader will discover, this is not a simple or straightforward issue. 
This report identifies a number of important questions that require further 
consideration if we are to understand the implications of changes in patterns of 
cannabis consumption in Europe. Nonetheless, we hope that the information and 
analysis contained in this edition of the EMCDDA Insights series w ill make a 
valuable contribution to a more informed debate about cannabis potency in 
Europe — and its potential impact.

G e o r g e s  E s t i e v e n a r f
Executive Director 
EMCDDA
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P r e f a c e

The cultivation of the hemp plant (Cannabis sativa I.) stretches back into antiquity. 
Although originally produced as a source of fibre, its value as a drug also has a 
long history. For most of this time, it is likely that little change occurred in the 
methods used to manufacture the traditional drug products, namely herbal 
cannabis (marijuana) and cannabis resin (hashish). Vet in the last decades of the 
twentieth century, interest in cannabis expanded considerably. This was partly 
driven by the ever-increasing drug use in many countries, some of which was 
stimulated by new intensive methods of cultivation. But there were otfier 
developments: the licensing of commercial cultivation in the F.U for fibre 
production: a renewed interest in medicinal uses; and legislative changes often 
caused by a need for law enforcement agencies to focus on more dangerous 
substances. There was also concern about the rising frequency with which 
cannabis was mentioned In the context of the treatment demand indicator 
(EMCDDA, 2003), and this will be the subject of a separate publication by 
the EMCDDA in 2004.

In parallel with these changes, there has been a greater focus on the constituents 
of cannabis, and in particular the mam principle: A’ tetrahydrocannabinol (THC). 
Concerns were raised that the potency of cannabis (i.e. the THC concentration) 
may have increased so much that the illicit drug now bears little resemblance to 
the cannabis that was used only thirty years ago. A widety publicised example 
of this is the statement by the so called drug czar' in the USA, published in the 
Washington Post, that “Parents are often unaware that today's marijuana is 
different from that of a generation ago, with potency levels 10-20 limes stronger 
than the marijuana with which they were familiar" (Walters, 2002). In a similar 
vein, and even more recently. Professor John Henry of St. Mary s Hospital, London, 
commented on the apparent increase in association between cannabis and deaths 
recorded as accidents and suicides. He is quoted (Henry, 2004) as saying “ until 
the early 1990s, there was less than one per cent tetrahydrocannabinol in most 
cannabis. Now the most potent form, skunk, contains up to 30 per cent". As a 
final example of this alarm, Ashton (House of Lords, 1998) stated that 
” ... a typical jo in t' today may contain 60-150 milligrams or more of THC". 
However, the potency question is not new. Nearly twenty years ago, Cohen (1986) 
noted that “ ...material ten or more times potent than the product smoked ten years
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ago is being used, and Ihe intoxicated state is more intense and lass longer".
But Mikuriya and Aldrich (1988) pointed out that the cultivation of sinsemilla and 
its superiority to other forms of cannabis was well known to the British Government 
in India in the nineteenth century.

Cannabis in its various forms remains the most commonly used illicit drug in the 
EU. with many countries reporting lifetime prevalence rates in excess of 20% 
of the general population (EMCDDA. 2003). The purpose of the present report is 
to examine the evidence for changes in the potency of cannabis products in 
Europe and whether any such changes are a cause for public concern. 
Comparisons are made with the situation in the USA New Zealand and Australia, 
the only non-European countries to have made serious efforts to monitor the 
quality of cannabis over a number of years. Published data are often in the form 
of national annual averages. The report examines the types of cannabis consumed 
and their respective origins, analytical aspects such as sampling strategies, the 
effect of storage, and the laboratory methods used since these could all be major 
factors affecting such data.

Information was collected from the published and unpublished (grey) literature 
and interviews with colleagues in the United Kingdom and the Netherlands.
In addition, a questionnaire (available from the EMCDDA on request) was sent 
via the Reitox focal points to the 25 EU Member States and Norway. Replies 
from thirteen countries were received, but not all were able to provide data 
on .acent trends in the potency of cannabis products.

Although this review concentrates on matters relating to potency, there is a vast 
scientific literature devoted to cannabis. The following is not intended to be an 
exhaustive list of reviews: pharmacology (Ashton, 1998, 2001: Nutt and Nash, 
2002). health and psychological effects (Hall et al., 2001). effects of 
chronic/heavy use (Van Amsterdam et al., 1996), psychiatric illness (Johns, 1998; 
Rey and Tennant, 2002), therapeutic ices (British Medical Association, 1997; 
Baardman, 2003), production of cannabis resin (Cherniak. 1995), fo.ensic 
toxicology (Huestis, 1999), historical development (Booih, 2003), medicinal 
products (Clarke and Watson, 2000), social and criminal aspects (Plant 1998a), 
metabolism and disposition (Hawks, 1982), forensic and legislative aspects 
(Phillips, 1998), analysis in biological materials (Raharjo and Verpoorte, 2004), 
global trends in seizures and consumption (UNODC, 1997/1998, 2003) and
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epidemiology (Plant, 1998b). Single sources of useful information can be found 
in the books by Brown (1998) and Iversen (2000) and a British Parliamentary 
report (House of Lords, 1998). The World W ide Web provides yet further sources 
of information.

To maintain consistency in this report, the phrases herbal cannabis’ or herbal' 
are used to describe what original authors may have referred to as 'marijuana', 
’grass' or even 'lea f. Cannabis described in the literature as flowering tops’, 
nederwiel' or skunk' is taken to mean 'sinsemilla', particularly when grown by 
intensive indoor methods or when a contrast is made by the authors with the term 
seeded', which is here defined as imported'. Although imported cannabis can 
usually be distinguished from other forms, it is possible that in some published 
reports either no distinction was made, or some overlap between the two occurred. 
The term 'cannabis resin', or simply resin', is used in preference to 'hashish'. 
Cannabis products' or cannabis' is used in a generic sense to refer to plants, 
herbal cannabis, cannabis resin and hash oil. This report does not include any 
analysis of the potency of hemp-, that is to say plants of the ’fibre phenotype' 
with little THC content, which are grown for non drug purposes. Certain 
recommendations on nomenclature are discussed in Chapter 6. The Glossary 
provides a fuller definition of these and olher terms.

Leslie A. King 

Chloe Carpentier

Paul Griffiths





E x e c u t i v e  s u m m a r y

1. The potency of cannabis products (a term used in preference to purity)
is equivalent to the A ’-tetrahydrocannabinol (THC) content. THC is the primary 
active constituent in cannabis.

2. Information on the potency of cannabis products in European countries was 
obtained from Standard table 14 of the EMCDDA-REITOX reporting system 
and by means of a questionnaire sent to experts. Information on THC levels 
in other countries (USA, New Zealand and Australia) was obtained from the 
published literature.

3. Herbal cannabis produced by intensive indoor methods (e.g. hydroponic 
systems with artificial lighting, propagation by cuttings and control of day 
length) usually has higher THC levels than imported material. Although the 
potency range of home-grown herbal cannabis may overlap with that of 
imported herbal cannabis, the average potency of home-grown herbal 
cannabis may be two or three times greater than that of imported herbal 
cannabis. The overall increases in potency that have occurred in some 
countries can be almost entirely attributed to the increased relative 
consumption of home grown herbal cannabis.

4. Indoor cultivation of herbal cannabis occurs in all European countries.
In the Netherlands, it is estimated that this product represents over half of the 
cannabis consumed, but for most European countries, imported products are 
more common.

5. The higher potency of herbal cannabis produced by indoor methods is a 
reflection of several factors: genet’'* (selected seed varieties and cultivation 
of female plants); environmental (cultivation technique, prevention of 
fertilisation and seed production); and freshness (production sites are dose to 
the consumer and storage degradation of TEIC is avoided).

6. In the Netherlands, locally produced cannabis resin has particularly high THC 
levels, but this material is still uncommon in that country and almost unknown
e.sewhere.

7. Hash oil is uncommon in all countries.
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8. The available data do not show any long-term marked upward trend in the 
potency o< herbal cannabis or cannabis resin imported into Europe.

9. The countnes of Europe fall into two clear groups according to whether 
herbal cannabis or cannabis resin is the most commonly consumed product.
Of the countries for which information was available, cannabis resin was most 
common in Germany, Ireland, Portugal and the United Kingdom, whereas 
herbal cannabis was the most common product in Austria, Belgium, Estonia, 
Ci.ech Republic and the Netherlands.

10. Information on potency trends and the relative consumption of different 
products in a particular country can be combined to give the overall trend
in THC levels as perceived by the average user. Termed the effective potency, 
it is derived by weighting the potency of each product by its fractional share 
of the market and then summing the individual values. The effective potency 
in nearly all countries has remained quite stable for many years at around 
6-8%. The only exception has been the Netherlands where, by 2001-2002, 
it had reached 16%.

11. In the United Kingdom, the amount of herbal cannabis or cannabis resin 
in cannabis cigarettes has shown no trend in the last twenty years.

12. Statements in the popular media that the potency of cannabis has increased 
by ten times or more in recent decades are not supported by the limited data 
that are available from either the USA or Europe. The greatest long term 
changes in potency appear to have occurred in the USA. It should be noted 
here that before 1980 herbal cannabis potency in the USA was very low by 
European standards.

13. There are major differences in the market betwee i the USA and Europe.
In some European countries, cannabis resin, originating almost entirely 
from North Africa, is more common than herbal cannabis. H ’rbal cannabis 
imported into Europe originates from the Caribbean, Africa and the Far East.
In the USA, herbal cannabis is either grown domestically or imported from 
Canada or Mexico, but cannabis resin is more rarely seen. As a consequence, 
direct comparisons between data in North America and Europe have 
questionable relevance.
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14. There are major differences in the methods of consumption between the 
USA and Europe. In Europe, both forms are isually smoked in a mixture 
with tobacco. In the USA, cannabis is commonly smoked alone. These 
differences have important implications for the interpretation 01 experimental 
pharmacological investigations and the health effects of cannabis, particularly 
when comparisons are made between the USA and Europe.

15. The natural variation in the THC content between and within samples
of herbal cannabis or cannabis resin at any one time and place far exceeds 
any long term changes that may have occurred either in Europe or the USA. 
This natural variation is even greater when material from different 
geographical locations is examined.

16. As well as uncertainties caused by the oxidation of THC during storage and 
the problems of extracting (inhomogeneous) herbal or resinous material, 
there are analytical difficulties in the precise and accurate determination
of THC. These measurement errors could also be sufficient to mask any small 
secular changes in potency.

17. If it is accepted that the cannabis resin imported into Europe is a fa irly uniform 
substance that is rarely adulterated, originates mostly from North Africa and 
has shown no clear trend in potency for many years, then the considerable 
poter / variations reported by different countries could suggest that there
are h.yii variations in sampling strategies and/or systematic errors in the 
quantitative analysis of THC in different laboratories/countries.

18. This study identifies a number of important areas that require attention if 
cannabis potency issues are to be properly evaluated. These include a need to:

a. improve information gathering, analysis and dissemination;
b. develop a consensus on nomenclature that can better identify different 

cannabis products:
c. understand better the relative consumption of cannabis products in different 

markets and the extent and practice of domestic indoor cultivation;
d. investigate the cannabis content of cannabis cigarettes;
e. improve the monitoring of street prices;
f. improve the standards of laboratory analysis, as well as data collection 

and data presentation at European level;
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g. address information gaps that exist in understanding the relationships 
between potency, smoking behaviours and blood levels of THC in the 
European context;

h. investigate the extent to which high-potency cannabis results in increased 
dose exposure and any possible relationship to either chronic or acute 
health problems.

19. The conclusion of this report is that there have been modest changes in THC 
levels that are largely confined to the relatively recent appearance on the 
market of intensively cultivated domestically produced cannabis. Cannabis 
of this type is typically more potent, although it is also clear that the THC 
content of cannabis products in general is extremely variable and that there 
have always been some samples that have had a high potency. A dear need 
exists to develop monitoring systems that can assess the market share of 
different cannabis products and track changes over time. Currently this 
information is to a great e^ent lacking. This is important, as a concern exists 
that hydropomcally produ> j  cannabis grown in the EU may be increasing 
its market share.

20. An important point to note is that the possibility of additional public health 
problems caused by the use ol high-potency cannabis as compared to 
cannabis products in general remains poorly understood. Nonetheless,
a number of clear research questions are identifiable, that would shed light 
on this issue. These are discussed in the conclusions of this report.

21. This study has implications for both supply and demand side strategies, as 
well as to the possible costs and benefits of responding differentially to 
different cannabis products.
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Chapter 1: In troduc tion

The cannobis plant and derived products

The cannabis plant (Cannabis sativa L.) is an annual that will grow successfully to 
a height of 2-3 metres In a wide range of soils in both tropical and temperate 
climates. The leaves are compound with up to eleven separate serrated lobes. It is 
dioecious (plants are either male or female), and is the only known natural source 
of cannabincxds (see section Cannabinoids). The cannabinoids are found in 
resinous material, produced by glandular trichomes situated mostly around the 
flowering parts. Although some have suggested that there is a separate species 
(Cannabis indica Lam.), most authors consider the genus to be monospecific, but 
that considerable genetic diversity exists leading to wide phenotypic variability. 
Plants grown for drug use have traditionally been cultivated outdoors in hot 
climates. In temperate climates, and even when grown under glass, summers may 
not be long enough to allow full development of the flowering parts. Apart from 
the fibrous stem, which was once used for rope manufacture and is still used for 
other purposes, the two main drug products have been herbal cannabis and 
cannabis resin. Herbal cannabis is the dried flowering lops with or without 
variable amounts of leaves, stems and seeds. Cannabis resin is obtained by 
sieving or otherwise separating and compressing the flowering lops. Cannabis 
(hash) oil is a derived product made by solvent extraction of either herbal 
cannabis or cannabis resin. In the past ten to twenty years, a number of 
horticultural developments such as propagation by cuttings, hydroponics and 
artificial control of day' length have led to the widespread development of indoor 
cultivation of cannabis. Recent developments in cultivation and product quality 
have been discussed by Szendrei (1997/1998). The situation in the United 
Kinguom has been described by Bone and Waldron (1997/8).

Cannabinoids

The major active principle in all cannabis products is A* tetrahydrocannabinol 
(THC), the structure of which is shown in Figure 1. The unsaturated bond in the 
cyclohexene ring is located between C« and C« in the more common dibenzopyran 
ring-numbering system. Although sometimes known as dronabinol (an international 
non proprietary name), naturally occurring A9 tetrahydrocannabinol exists in four 
isomeric forms and is not chemically identical to synthetic dronabinol. Two related
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substances, A” tetrahydrocannabi.iol-2-oic acid and A'tetrahydrocannabinol-4-oic 
add (THCA) are also present, sometimes in large amounts. Figure 1 shows one of 
the two positional isomers of THCA. During smoking, THCA is converted to THC, 
although other substances are also formed (A. Hazekamp, personal 
communication, 2004) and some is lost by evaporation. The active isomer 
A*-THC, where the unsaturated bond in the cyclohexene ring is located between 
C» and Co, is found in much smaller amounts. Other closely related substances thut 
occur in cannabis include cannabidiol (CBD; Figure 1) and, in aged samples, 
cannabinol (CBN; Figure 1), both of which have quite different pharmacological 
effects to THC. Other compounds include the cannabivarins and 
cannabichromenes; they are all collectively known as cannabinoids.

Cj Hn
(hoot)

A’-HUrohydroco nn obi no I A'-Mrahydroconnobtnolic odd

(oxidation)

c 3h , c 3h „

Figure I: Ine structures cf A’ tetrahydrocannablnollc acid (IHCA). A’-ielrahydrocannabinoi (THC). 
cannabinol (CBN) and cannabidiol (CBD).
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The highest levels of THC occur around the floral parts of the unfertilised female 
plant, and this material is then described as sinsemilla (Spanish: without seeds). 
Fertilisation and the consequent seed production serves to reduce the level of THC. 
Much lower amounts are present in the leaves, and in male plants, whereas the 
stalk and clean seeds contain almost none. A distinction is sometimes made 
between cannabis plants for drug use and cannabis grown for fibre. Thus, 
cannabidiol is often absent in the former, but is usually found at levels exceeding 
0.5% in the latter. As discussed by Maguire (2001), a useful parameter of 
distinction is the ratio [(% THC ♦ % CBN) A  CBDJ. If this is greater than 1.0 then 
the material is described as drug-phenotype' and if it is less than 1.0 it is 
'fibre-phenotype . In the light of the biological diversity of Cannabii sativa, 
these are simply extreme forms in a wide spectrum of different types.

Purity and potency
It is more informative, and indeed more scientifically correct, to talk of cannabis 
potency rather than cannabis purity. Purity is a concept that is best applied where 
there is a question of adulteration or dilution of an otherwise pure substance.
In this sense, it is correct to refer to the purity of, say, par dered illicit drugs such 
as cocaine or amphetamine where cutting agents are normally added to the pure 
drug before it enters the retail market. Cannabis, however, does not represent a 
pure form of the active ingredient. The range of concentration of cannabinoids 
in cannabis also undermines the concept of cannabis purity. In addition, although 
it is alleged that cannabis resin sometimes contains inert fillers such as henna 
powder, herbal cannabis is rarely adulterated. For these reasons, it is not 
appropriate to use purity' when referring to cannabis. Reviews of the literature 
also show that cannabis potency . defined as the THC concentration, is the 
preferred term. The publication Global Illicit Drug Trends (UNODC, 2003) 
illustrates the ambiguity caused by the phrase purity levels' in relation to herbal 
cannabis and cannabis resin: values are either clustered around 1-10%  and 
presumably reflect the THC content or they are much higher, typically above 50%, 
the interpretation of which is unclear, but could reflect some other concept of 
quality.

In the following report, the TFIC content of illicit herbal cannabis and cannabis 
resin only are considered. In the EU, cannabis (hemp) cultivated under licence 
for fibre contains less than 0.3% THC. and is essentially not usable as a drug. 
Although some data are available on the THC content of cannabis oil, the potency

20
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is determined not only by the source material, but is also affected by is  age, 
the efficiency of extraction and the extent to which the solvent has been removed. 
Furthermore, in Europe and elsewhere, hash oil accounts for a tiny fraction of the 
total quantity of cannabis products consumed. In the United Kingdom, the THC 
content of hash oil is typically in the range 25-45% and appears to have shown 
no changes over the years (Baker et al.. 1982; Gough, 1991; King. 2001). In the 
USA, during the period 1980-1997, a similar stability in the THC content of hash 
oil (typically 12-17 %) was reported (ElSohly et al., 2000).

A curious method of increasing the potency of cannabis was discussed by 
Segelman and Sofia (1973), whereby treatment of cannabis with boiling water 
removes unwanted soluble components, but not THC. On a weight basis, the THC 
concentration may be increased by around 30%, although the absolute amount of 
THC has not changed.

Pharmacological aspects o f high-potency cannabis

Cannabis is nearly always smoked. In Europe, it is often mixed with tobacco in a 
joint, also known as a reefer or spliff, but some is smoked in a water pipe (a bong). 
By contrast, in the USA. where little resin is consumed, cannabis is usually smoked 
alone. A recent trend in the USA is the smoking of blunts' (hollowed out cigars), 
which may be filled with 2-3 g cf cannabis (DEA, 1999). Nearly all studies on the 
smoking of cannabis and its relation to potency have been carried out in North 
America, but it is clear that this research may not translate well into the European 
situation. Thus Matthias et al. (1997) found some evidence that those who smoke 
more potent cannabis are less exposed to noxious smoke components than those 
who use less potent forms. But in Europe, where a reefer cigarette typically contains 
only 100-260 mg of cannabis (Humphreys and Joyce, 1982; Buchanan and 
O ’Connell, 1998; Bal and Griffin, 2001), much of the tar, carbon monoxide and 
other combustion products will derive from the concomitant tobacco.

Comparing the effects of marijuana cigarettes at three different potencies,
Perez Reyes et al. (1982) found no qualitative difference between the 
psychopharmacological effects of consuming laige amounts of THC and those 
caused by consuming smaller amounts. Nevertheless, it is accepted that there is a 
dose-iesponse curve (Miller et al., 1977). McBride and Thomas (1995) pointed 
out that psychosis attributed to skunk' (Wylie, 1995) is also common in users of 
normal' (or other types of) cannabis If the potency of cannabis products has 
shown a marked increase, then it might be expected that the typical user would
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need to consume less on a weight basis to achieve the desired effect. Given a 
choice, users preferred cigarettes with a higher THC content (Chait and Burke. 
1994; Kelly et al., 1997). Ashton (1998) also argued that users would not titrate 
the dose of THC from cannabis in contrast to nicotine/tobacco smokers. However. 
Heishman et al. (1989) found that those smoking cigarettes with a higher THC 
content tended to have a lower inhalation rale than control sub)ects. Yet little 
research has been conducted, particularly in Europe, to answer a crucial question: 
Do those smoking high-potency cannabis have higher blood levels of THC?

Pharmacological studies are also compromised by a number of other factors. For 
example, while smoking is able to deliver a drug rapidly into the bloodstream and 
hence the brain, it is an inefficient process. Some THC will be destroyed by 
combustion or lost in the side-stream smoke, and the bioavailability of THC by this 
route is usually less than 50% (Moffat et al.. 2004). Based on the complete 
consumption of a cigarette containing 200 mg of cannabis, the amount of THC 
absorbed will be less than 10 mg in most cases. However, ingestion of cannabis in 
foods (e.g. spacecake) or infusions leads to an even lower bioavailability, largely 
because the gut poorly absorbs THC. Cannabis extracts do not lend themselves to 
injection because THC is practically insoluble in water. A further complicating 
factor is that some of the major metabolites of THC, such as 1 1 -hydroxy A9-THC, 
have long half-lives and are themselves active.

Medicinal cannabis

In the Netherlands, herbal cannabis is available as a prescription medicine (Office 
of Medicinal Cannabis, 2004). Known as 'cannabis flos", one of the preparations 
has a nominal THC content of 18% (±2.7 %) and is locally produced by the same 
intensive indoor methods that are used for illicit cultivation. It is indicated for multiple 
sclerosis, certain types of pain and other neurological conditions. Patients are advised 
to consume the cannabis by means of a hot water infusion. However, Hazekamp 
(personal communication, 2004) has found that, even in boiling water, the conversion 
of THCA to THC can take some hours and other by products are formed. In the 
United Kingdom, an extract of cannabis is expected to be to licensed in 2004 to 
GW Pharmaceuticals Ltd. The product, to be known as Sativex, will be supplied in a 
nebuliser for sub lingual application at a concentration of well below 1 % THC. 
Cannabis is not available for licensed therapeutic use in any other European country.
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Chapter 2: Analytical aspects

Quantification o f THC

There are a number of problems besetting .utative analysis of THC in cannabis 
products. Firstly, herbal cannabis, and to a . sser extent cannabis resin, is an 
extremely inhomogeneous material. As well as the flowering tops of the female plant, 
where most of the THC is located, a sample may contain varying amounts of stalk, 
seeds and leaves, none of which contains much active drug. It is to be expected that 
even within a well-mixed single large batch of crude material and following removal 
of unwanted' matter, different aliquots could lead to quite different analytical results. 
Yet authors rarely publish information on such Intra-sample variance.

Given that a suitably 'cleaned' sample has been obtained and that the THC has 
been efficiently extracted into a suitable solvent such as petroleum ether, then most 
laboratories proceed to use gas chromatography (GC), often with flame-ionisation 
detection (Raharjo and Verpoorte, 2004) to determine THC concentration. This has 
the merit that the naturally occurring precursor (THCA) is decarboxytated to THC, 
jus t as occurs during smoking. Cannabinoids can also be determined by high 
performance liquid chromatography (HPLC). a method suited to profiling 
(’chemical fingerprinting j  and the separate measurement of THCA. To measure 
the total THC content by HPLC, the sample must be heat treated before analysis 
(Kanter et al., 1979; Lehmann and Brenneisen. 1995: Rustichelli et al., 1998).

Other issues to arise in the analysis of THC concern the precision (reproducibility) 
and accuracy (closeness to the true' value) of the measurement process. Poortman 
van der Meer and Huizer (1999) claimed that in a series of proficiency tests 
organised in 1997 for 30-40 European laboratories, the relative standard 
deviation was about 29% whereas cocaine and amphetamine gave less than 
5% and 8% respectively. This means that around one third of results for THC were 
either more than 29% greater or more than 29% below the mean value.
It is clear that even worse precision could be expected if the measurement error, 
caused by the sampling and extraction process noted above, were to be included.

As a reference standard, THC is usually only available from chemical suppliers in 
the form of an ethanolic solution and may be labelled, for example, as 
’approximately 95%'. Not only could confusion arise if analysts assume the
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concentration to be 100%, but Poortman-van der Meer and Huizer (1999), using 
the response of a flame ionisation detector, found that one sample of a commercial 
THC solution had only 90% of the concentration of a different commercial 
solution. These authors recommended that THC quantification should be based on 
CBN or CBD as the internal standards and a correction made for the expected 
detector response from the effective carbon number of the respective substances. 
They claimed that this method had been used in Germany for the past ten years.
It was also the method used by Maguire (2001) to study the cannabinoid content 
of (mostly fibre-type) cannabis in Ireland. However, as far as could be determined 
from the questionnaire responses, many laboratories in Europe continue to 
prepare standard dilutions of stock THC solution to construct calibration curves.

Finally, if precautions are not taken during analysis, THC can be lost from dilute 
solutions because of its propensity to adsorb onto unsilanised glass surfaces 
(Moffat et al„ 2004). As this can affect both pure' reference material and extracts 
of cannabis products, it is a further source of error in THC determination.

Lability o f THC in cannabis products and solutions

Atmospheric exposure of IHC causes oxidation to CBN and other substances.
In cannabis resin, Martone and Della Casa (1990) showed that, even when stored 
in the dark, the half life of THC was often less than one year, and in some cases 
THC had disappeared almost completely within two years. In a block of resin, 
this could lead to variations in the THC concentration between the outside and the 
inside. The rate of THC decomposition in cannabis at room temperature was 
estimated as 17% per annum by Ross and ElSohly (1997/8). Since CBN is almost 
entirely absent from fresh cannabis, these authors suggest that the ratio CBN/THC 
could serve as a measure of the age of a sample. The relevance of this to questions 
of potency can be understood when it is realised that some imported products may 
have been harvested or manufactured many months before consumption or 
analysis. By contrast and other things being equal, it is to be expected that 
domestic (i.e. local) production will lead to a fresher product containing more THC.

Natural variation of TFK content in cannabis products

There is a wide range of variation in THC concentrations between different 
samples of a particular product be that herbal cannabis or resin. Such variation is
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often attributed lo the quality of different geographical sources as well as the 
method of cultivation. Whether geographical profiling has any merit is a separate 
issue, but it is dear that even within a single geographical source, the potency 
may rise and fall in lime. Figure 2 shows the variation in the THC content of herbal 
cannabis seized by customs in the United Kingdom in the period 1985-1986. Data 
were derived from Gough (1991) based on measurements at the Laboratory of the 
Government Chemist (LGC), and have been frequency-grouped according to the 
number of samples examined in that period. If this distribution had been based on 
the original individual THC measurements for each sample, then the spread of values 
would have been even greater. Thus the lowest and highest values In 1985-1986 
were 0.9% and 12.2% respectively. Although not shown graphically here, the 
lowest and highest values found for cannabis resin in that same perioo were 
0.5% and 26% respectively.

As a further example, the frequency distributions of the THC content of sinsemilla 
and imported herbal cannabis examined in the Forensic Science Service in 
1996-1998 are shown in Figure 3 (King, 1998, 2000). During this period, 
there was no clear trend in the potency of herbal cannabis, but the inter-sample 
variance was large

A difficulty faced by all sampling experiments is whether the materials examined 
are typical of the population. Even when samples are representative, the methods 
of chemical extraction are efficient and analysis is precise and accurate, it is still 
necessary to examine an appropriate number and derive the mean and other 
statistical parameters. This is particularly true of cannabis where, like many 
natural products, considerable diversity exists between individual samples. Thus, 
without knowing the lower value or the mean or even the sample size, statements 
such as were attributed lo the situation in Switzerland (Anon, 2002), that cannabis 
contains up to 28% THC. are almost valueless. The comment (Henry, 2004) that 
"...the most potent form, skunk, contains up to 30 per cent" is equally unhelpful.

It is clear that cannabis users have constantly been exposed, in almost random 
fashion, to unexpectedly high and low amounts of THC in the course of their 
careers. Perhaps what is more significant is that the natural variation in THC 
content in both herbal cannabis and cannabis resin could far exceed any 
changes in the mean potency that may or may not have taken place over certain 
time spans.
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% THC frequency group
Figure 2: Variation in  tne mean THC content of imported nerpai cannabis samples in the period 
1985 -1986 . weighted by me number of samples from wmch eacn mean had been derived 
(Gough. 1991).
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C hap te r 3 : Trends in cannab is po tency  in Europe

National reports to EMCDDA (Standard table 14)

Tables 1 and 2 show the mean national potency of cannabis 'le a f (taken lo be 
herbal cannabis) and cannabis resin respectively in Member States of the 
European Union and Norway for the period 1996-2001 as submitted to the 
EMCDDA by the Reitox national focal points in Standard table 14.

Table 1: Mean national potencies (% THC) of herbal cannabis at retail level in 
.Standard fable 14 submitted to the EMCDDA (European Union and Norway)

Country 1998 1999 2000 2001 2002
8ekjlum (1) - - io y 6.0 6.0
Czech Republic (it) - - 1 1 11 12
Czech Republic (iii) - - - 1.6 2.65
Germany (i) - 6.0 6.4 8.6 8.4
Finland (i) - - - - 2
France (i) - - 2 2 8
Hungary (iii) - - - - 1.1
Italy (i) 8.3 16.9 6.3 5.8 5.5
Latvia (i) - - - - 1.5
Luxembourg (i) - - - - 8
Netherlands (i) - 7.5 10.1 14.6 -
Netherlands (ii) - 8.6 11.3 15.2 -
Netherlands (liil - 5.0 5.1 6.6 -
Norway (i) - - - - 8
Portugal (i) 1.6 - - 5.2 3.1
Portugal (ii) - - - 14.6 13.1
UK (i) 7.9 9.5 12.0 9.5 10.7

Notes: S(3ndard table 14 prwides herbal cannabis to be reported a* (i) cannabis leaves: (li) nedorwiet 
(in) otner grass. Oata originally listed as 'O' or ' - '  were ignored. Some countnes gave separate values 
for tnose different forms of nerbai cannabis, but all data were used when calculating annual means. 
Values shown cs <2 ' by France in 2000 and 2001 were taken as 2. UK refers strictly to England and 
Wales only. Data for thd Netherlands refer to 1999-2000. 2000-2001 and 2001 -2002 instead of 
1999, 2000 and 2001.
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Table 2: Mean national potencies (% THC) of cannabis resin at retail level 
in Standard table 14 submitted to the EMCDDA (Eutopean Union and Norway)

Country 1998 1999 2000 2001 2002
Belgium > *!»- * m - 7.1 13 6 9.7
Czech Republic 15 11.5 11.5 6 3

Germany - 8.4 10.5 8.6 7.9

France - - 7.5 7.5 8
Hungary - - - - 2.0
Italy 4.9 8.5 8,8 11.2 13.9

Latvia - - - - 4.5

Luxembourg - 3.5 8.0 7.1
'  i

Netherlands - 12.6 12.8 20.6
Norway - - - 5 8
Portugal 4 3 3.7 2 2 5.5 2.6
UK 7 3 2.6 18.1 7.4 -

Notes: Values for resin reported by Trance in 2000 and 2001 as "5 to 10" are  snown above as 7 5. All 
data were used when calculating annual means. UK refers strictly to England and Wales only. Data for 
the Netherlands refer to 1999-2000 . 2000-2001 and 2 0 0 1 -2 0 0 2  instead of 1999. 2 00 0  and 2001.

The EMCDDA Standard table 14 lists mean potencies of both herbal cannabis and 
cannabis resin by country. The original data, upon which the country means were 
based, were not available. For all years and countries combined, the mean 
potency values of herbal cannabis and cannabis resin were 7,7% and 8.2%, 
respectively. Since it is likely that the sample size and sampling strategy varies 
between countries, these overall mean values should be treated with some caution.

Caution is also required when analysing these data as they are limited to countries 
where data are available (under representation of Eastern European countries) 
and might, for some of them, present reliability problems (e.g. local rather than 
national data, data not representative of the retail level, uncertainty on the method 
to calculate averages).

Other national data

The Retlox national focal points were contacted in order to provide names of 
experts who might be in a position to answer the specific questionnaire developed
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for the purpose of this study. For the United Kingdom and the Netherlands, 
information was obtained by interviewing a number of experts in both countries. 
Replies to the questionnaire were received from eleven countries: Austria (two 
sources), Belgium (two sources), Czech Republic (two sources), Estonia, Finland, 
Germany, Ireland, Luxembourg, Portugal, Slovenia and Spain, but only six 
countries in total were able to provide potency trend data. The data collected by 
these means (in 13 countries) are presented below.

Austria
Figure 4 shows the THC content of resin and herbal cannabis in Austria as 
provided by the Federal Ministry of the Interior. Measurements were made on 
seizures above 200 g. No distinction was made between imported and 
domestically produced cannabis, although it was stated that production of the 
latter was negligible. There is no clear lime trend for either product.

Year
| tS- Petin_____ P Herbol~l

Figure 4: Mean potency (% THC) of cannabis products (1997-2003) in Austria Values against 
eacn point represent tne number of measurements.
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Figure 5 shows the THC content of resin and herbal cannabis in the Czech 
Republic as measured on police seizures and reported by the Institute of 
Criminalistics. In both cases, there is some evidence that the potency has increased 
in the period 1997-2003. However, no information was available on the sampling 
strategy or sample sizes and no distinction was made between imported and 
domestically produced cannabis.

Czech Republic

[ -ir Resin -B- Herbal"!

Figure 5: Mean potency (9E> THC) or cannabis products (1997 -2003) in  the Czech Republic
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Germany
Figure 6 shows the IHC content of resin and herbal cannabis in Germany. The 
potency of herbal cannabis showed an upward trend in the period 1997-2002, 
but no long term trend was obvious for cannabis resin. No distinction was made 
between imported and domestically produced products. The samples derived 
from seizures by law enforcement agencies. Each year, the THC content of around 
6 000 samples above a weight threshold of 7.5 g were determined by the 
Bundeskriminalamt, laboratories in the 16 Laender and by five customs 
laboratories.
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Figure 6: Mean potency IHC) or cannabis proflucis (1997-2002) in Germany. Values against 
each pant represent the number of measurements
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Netherlands
The THC content of various cannabis products in the Netherlands (Niesink. 2000: 
Niesink et al., 2002) Is shown in Figure 7. Dutch resin (nederhasj) is a locally 
produced material (see Glossary). Samples were obtained from coffee shops’. 
There are around 800 of these establishments where small-scale supply of 
cannabis products is tolerated by Dutch law. The total number of samples 
in the three periods was: sinsemilla = 376; imported herbal = 147; imported 
resin = 291; Dutch resin = 60. Apart from imported herbal cannabis, the 
year on year increases in THC level were statistically significant (P< 0.001).

Year
■o Dutch re s in  a- S in sem illa-tr Imported resin Imposed herbal cannabis

Figure 7: M ean potency (% IHC) of cannabis proaucts 11999-2002) In ine N etnenan js 
(Note mat scale on ine y-axis is twice that for ine m ean potency in other coun tries)
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Portugal
Figure 8 shows the THC content of resin and herbal cannabis in Portugal from 
1997 to 2003. These were derived from all large seizures (>10 kg) and a random 
sample of smaller seizures. Although it appears that the potency of cannabis resin 
has increased, the trend in THC content of herbal cannabis is not clear, 
particularly because of the small sample size. The value for herbal cannabis 
in 1999 was not available.

Yeor
I tr  Ren'n -m- Hefbol~~l

Figu« 8: Mean potency (% IHC) or cannabis produds (1997-2003) in Portugal. Values agamsl 
eacn pant represent the number of measurements.
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I ■A-SinsemiHo »• Imported herbal -A-Retin 1

Figure 9: Mean potency (% IHC) of cannabis products exam ined in the UK (Forensic Science 
Service. 1 99 5 -20 02).

United Kingdom
The THC content of various cannabis products examined in the United Kingdom by 
the Forensic Science Service from 1995 to 2002 (Forensic Science Service, 2003) 
is shown in Figure 9. The samples derived mostly from police seizures and are 
judged to be reasonably representative of tire material seized for each cannabis 
product. The total sample size was: sins ’ilia = 938; imported herbal = 117, 
resin = 97. There were no data for resin before 1998 and insufficient data for 
imported herbal cannabis in 2001 and 2002. There has been a clear trend for an 
increase in the potency of sinsemilla. but little evidence that the potency of resin or 
imported herbal cannabis Itas changed.

For a number of years, the Laboratory of the Government Chemist (LGC) produced 
data on annual trends in cannabis potency and the variation in THC content of 
imported material derived from customs seizures (Baker et al., 1980, 1981, 1982; 
Gough. 1991). Figure 10 shows the THC content of all seized cannabis products 
in the period 1975-1989 as reported in the most recent publication of the series
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Year

I -&■ Resin ~  -> H e rb a l I

Figure 10: Mean poiancy (96 IHC) of cannabis products examined in the UK (laboratory 
of tne Government Cnemist, 1975-1989)

(P'tts et al., 1990). There are major changes on a year to year basts, particularly 
with resin, but no clear overall trend can be discerned for either product. The 
mean THC content of herbal cannabis and resin was close to 4 % and 8% 
respectively over this period. No data were published after 1989, but information 
provided by the LGC for 2003 showed that this situation has changed litUe: the 
mean THC content of herbal cannabis (type unspecified) was 7.0% (N = 23) and 
for resin was 5.1 % (N = 6).

M iscellaneous data
Two replies to the questionnaire were obtained from Belgium, from the Institute of 
Public Health and from the Drugs and Toxicology Unit of the National Institute of 
Criminology and Criminalistics (NICC). Data for 2003 (January to October) only 
were provi ded by the Institute of Public Health on the questionnaire. These showed 
that the mean THC content of resin was 15.2% and herbal 14.2%. No summary 
of the THC data was provided by the NICC. but it stated that there had been 
no clear trend in the potency of herbal cannabis or cannabis resin in the period 
1995-2002; that during this period both herbal cannabis and cannabis resin had
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a mean THC content of around 12%, and in 2003 the mean THC content of herbal 
cannabis was 13.3 % and that of cannabis resin 11.5%.

Although the Estonian Police Forensic Science Laboratory occasionally measures 
the THC content of cannabis products, insufficient data were available to 
determine trends in potency (source: reply to the questionnaire).

In Finland, the THC content of herbal cannabis is determined on request 
but no data were provided (source: reply to the questionnaire).

In Irekmd, analysis of cannabis products for THC is carried out on an occasional 
basts; the limited data show that the potency of resin has increased from 2.3% in 
1981 to 4.2% in 2000. For herbal cannabis, the increase in this period was from 
1.4% to 6.2% (source: reply to the questionnaire).

In Greece. Slefanidou et al. (1998) reported that the THC content of illicit herbal 
cannabis seized by customs and police in two areas of Greece ranged from 
<1% to >4%.

Hungary did not report mean THC levels before 2002 in Standard table 14. or 
respond to the questionnaire, but the annual national report to the EMCDDA for 
2003 notes that the highest THC level found in herbal cannabis has steadily 
increased since 1996, although even by 2001 this was still a modest 6%.

Analysis of cannabis products for THC is only carried out occasionally in 
Luxembourg recent samples (type unspecified) contained up to 14% THC 
(source: reply to the questionnaire).

In Spain the THC content of cannabis products is measured on all seizures above 
4 g, but no data were provided in the questionnaire except for the comment that 
the mean potency of resin had increased from 5.5% in 1994 to 12% in 2002.

Older data on THC levels in European countries can be found in isolated reports, 
but they provide little useful information on trends. Thus Fairbairn and Liebmann 
(1974) planted seeds from imported cannabis and allowed them to grow outdoors 
in southern England. THC levels in the flowering tops ranged from <1 % to >7 %.
The authors concluded that a warm climate with abundant sunshine was not 
essential to ptoduce substantial amounts of THC. Cannabis plants growing in 
Jutland (Denmark) in 1988 were found to have mean total THC levels of <1 %
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(grown outdoors) and 1.35% (grown under glass). In the flowering tops of those 
grown under glass, the mean THC content was 2.13% (Kaa, 1989). Earlier. Felby 
and Nielsen (1985) had found mean total levels of 1.55% (range 0.1 -4.2%) 
for plants growing on Bornholm (Denmark). The authors commented that these 
findings were broadly similar to THC levels of mported herbal cannabis.

Cannabis resin: variations in potency across Europe

To a large extent, and excluding the special situation of locally produced Dutch 
nederhag. the cannabis resin consumed in Europe in recent years has originated 
mostly from North Africa, with smaller amounts coming front south-west Asia.
Since resin is rarely adulterated, it could be argued that, in any given year, all 
laboratories have been measuring broadly similar material. As noted in the section 
Natural variation o f THC contonl in cannabis products (Chapter 2), there is 
considerable natural variation in the potency of cannabis products even in a single 
time period. However, if laboratories made sufficient measurements, then the mean 
potency of cannabis resin in any year should be found to be similar for all 
countries. In Figure 11, the respective year on year trends for cannabis resin 
potency, already depicted by country in lire section Other national data, are 
brought together. Not only is there no overall time trend, but also there is 
considerable variation in the reported THC levels, both against time in any one 
country and between countries al any one time. It is not obvious why there should 
be consistently less TFIC in cannabis resin in Portugal compared with cannabis 
resin in. lor example. Austria or the Czech Republic. This finding raises questions 
about the accuracy of measurement of THC in different laboratories/countries. In 
other words, if all analysts had used the same THC reference standard for 
instrumental calibration, then these differences might not have occurred.

In the Netherlands, there has been a marked rise in .. e potency of cannabis resin 
caused by the domestic production of nederhasj. Figure 12 shows the unweighted 
mean potency of cannabis resin for the other countries (i.e. excluding the 
Netherlands). As with the data derived from Standard table 14 (Table 1), there is 
no clear trend. This diagram (Figure 12) only covers 1998-2002: the years for 
which all five countries provided data. It is not possible lo derive a similar 
comparison for herbal cannabis in different countries since, in some cases, no 
distinction is made between two distinct products, i.e. imported and home grown 
cannabis.

4 0
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I —o— UK —■— NIL —A— D —o—CI  —* — P —• — A |

Figure 11: M ean potencies (% THC) ot im ported cannabis resin in Europe (1 9 9 7 -2 0 0 3 ) snowing 
tne vanation  oetw een different labo ra tones/coun tries (UK * United Kingdom. NL 3  Netherlands. 
D = Germany. CZ = Czech Republic. P »  Portugal. A = A ustria )
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Figure 12: The overall m ean potency (% IHC) of cannabis resin in Europe (1 9 9 8 -2 0 0 2 ) 
based  on d a ta  supplied in tne questionnaire by the countries shown in Figure 11, but excluding 
tne N etherlands
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C hap ter 4: The can n ab is  m ark e t in Europe: 
po tency  considera tions

The relative consumption of different cannabis products in Europe

The increases ihat have occurred with time in the potency of some types of 
cannabis must be put into the context of the relative consumption and production 
of the various products in different countries. Table 3 sets out estimates of tlie 
relative proportion of each cannabis product on the domestic market in recent 
years in those countries for which data were available in the published literature 
or were supplied directly in response to the questionnaire or were derived 
indirectly from the relative number of samples examined. Cannabis oil is 
uncommon in all countries and is not included in Table 3.

lable 3: Relative consumption (%) of cannabis products in European countries 
since 1999

Country imponea
herbal
cannabis

Cannabis
resin

SfnsemfllaVi * JT* i • Domestic
resin

Austria 70 n 30 0 -
Belgium so n 20 0 - —

Czech Repubic go n 10 0 -
Estonia 85 (’) 15 0 - -
Germany 40 n 60 0 - -
Ireland 5 90 5 0
Netherlands 3 29 67 1
Portugal 10 f) 90 0 - "
Uniled Kingdom 16 70 15 0

.« * f
(') All naroai. impcru- • or not. 
(*) Ail resin, importet r not.
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National statistics from law enforcement agencies show a situation where the 
proportion ol iesin seized Europe decreases from west to east. Thus, for the 
period 1996-2001, resin accounted for 79% of the total weight of resin and 
herbal cannabis seized in W e n Europe, but in Eastern Europe this proportion 
was 13% (UNODC. 2003). This is easily understood when it is recognised that 
Morocco is the woi s largest producer of resin, much of which is destined tor 
Europe. Indeed, the greatest weight of resin is seized in Spain, the first country 
of transit for this North African material.

However, in relation to the market shares of different cannabis products, seizures 
may not necessarily parallel availability and consumption, particularly if a country 
has a large number of small scale cultivation set ups that may go undetected by 
police. Thus, in terms of consumption, the countries of Europe still fall into 
two clear groups according to whether (a) herbal cannabis or (b) cannabis resin 
are the most commonly consumed products, but in this division of the countries 
the east-west split is no longer obvious. The first group (a) includes Belgium, 
the Netherlands, ALBtria, Czech Republic and Estonia. In the second group (b) 
are the United Kingdom, Ireland, Germany and Portugal. The higher relative 
consumption of herbal cannabis in the Netherlands can be parity explained by the 
flourishing domestic production of sinsemilla (nederwiet) and the large number of 
tolerated retail outlets for this product in coffee shops. In the United Kingdom, it is 
estimated that herbal material comprises only one-third of all cannabis consumed 
(Atha. 2003) and that around half of this is imported (Hough et at., 2003). The 
dominance of resin in Ireland is suggested by the fact that over 90% of reefer 
cigarettes examined in a survey contained resin (Buchanan and O'Connell, 1988). 
Maguire (2001) in Ireland also noted that over 90% of the samples submitted to 
him by the Garda Drug Unit were resin. The predominant use of herbal cannabis 
in Eastern Europe is consistent with the pattern of drug seizures (UNODC, 2003), 
and may reflect the greater separation of these markets from the production sites 
in North Africa and the local cultivation of cannabis having a greater importance 
compared to that in Western Europe.

The effective THC level in Europe

The data in the section Other national data (Chapter 3) and Table 3 can be 
combined to give the overall trend in THC levels as perceived by the average user.
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This will be termed the effective potency and is derived by weighting the potency 
of each product by its fractional share of the market and then summing the 
individual values For example, if in a given year the THC contents of different 
products are a%, i>% and c% and the respective share of the market is x, yand  
z  (where x ♦ y * z  = 1), then the effective THC level in that year fc given by 
(ax + by + cz). It is assumed that the market share data in Table 3 were typical 
for the entire period. Figure 13 shows the effect /e potency in several European 
countries. It will be seen that, apart from the Netherlands, there has been no 
marked increase in the effective THC level in the five other coi 'ries. Since the 
THC contents of imported herbal cannabis and cannabis resin f ve shown no real 
change over the years, then, other patterns of behaviour being constant, the 
typical consumer in countries where most cannabis products are imported 
(e.g. United Kingdom) will have been partly shielded from the increased potency 
of sinsemilla. Although not developed graphically here, the United Kingdom data 
for the earlier period 1975-1989 (Figure 10) suggest that the effective potency 
in Uie United Kingdom has been around 6% for the past thirty years. In Ireland, 
where resin is also the main product, the effective potency in 2000 was closer to 4 %.

£
er

Year
-UK -Nl CZ

Figure 13: Effective potency (9f> THC) of cannaDis products in several European coun trts  
(UK = United Kingdom. ML i  Netneriands. 0 = Germany. CZ = Czecn Repuonc. P = Portugal. 
A = Austria).
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There are two important limitations that must be t jrne in mind in drawing 
conclusions from this analysis. First, data are only available from six countries 
for this analysis. Second, whilst it is reported that home-grown herbal cannabis 
does not currently hold a major share of the market in countries other than the 
Netherlands, systematic data to support this contention are limited. This suggests an 
urgent need to improve our understanding of the relative market share of different 
cannabis products and track changes in the illicit cannabis market over time.

Extent of cannabis cultivation in Europe

Since cannabis can be cultivated by indoor methods using artificial lighting, 
it may be grown in all countries. However, the highest level of production in 
Europe occurs in the Netherlands and to a lesser extent in the surrounding 
countries. The Institi ; of Forensic Medicine in Innsbruck claimed that the domestic 
production of cannabis in Austria is negligible In the United Kingdom, each year 
police raid several hundred indoor cannabis cultivation scenes, ranging from 
rooms in homes to large-scale factories. Although the interception rale is unknown, 
there are likely to be many thousands of Illicit cultivation sites in operation at any 
one time. Although nearly halt of all herbal cannabis consumed in the United 
Kingdom is of the sinsemilla type, some has clearly been imported and the 
significance of domestic production is difficult to estimate. In some countries, seeds 
and specific equipment for indoor cannabis cultivation (e.g. lights, rock wool, 
nutrient media and irrigation systems) can be bought from retail shops, but the 
recent trend has been for on-line sales through the Internet.

Although fibre-phenotype cannabis is easily ultivated, even in northern latitudes, 
the climate in most European countries is not suitable for the economic outdoor 
production of drug phenotype cannabis. Domestic production of cannabis resin in 
Europe is almost entirely located in the Netherlands, where it is produced from 
herbal cannabis grown indoors. 8ut even here it is a minor contributor to the 
overall cannabis economy.

Cannabis content of cigarettes

On a weight basis, the content of cannabis cigarettes examined in the United 
Kingdom and Ireiand over the past twenty years has been remarkably constant 
(Figure 14). Thus, the typical reefer cigarette contains about 200 mg of herbal
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Figure 14: M ean neroai cannaDis an a  cannabis rasm content of reefer cigarettes exam ined in tne 
forensic  Science Service (UK) over a twenty year period. In e  sam ple size in eacn case is shown 
above tne bar

cannabis or 150 mg of cannabis resin, equivalent to around 10 mg of THC 
(Humphreys and Joyce, 1982; Bal and Griffin, 2001). Similar findings were 
reported in Ireland by Buchanan and O ’Connell (1998), where the mean herbal 
cannabis content of cigarettes was 260 mg (N = 179) and the mean resin content 
was 102 mg (N = 2 025). The absence of any decline in the amount of herbal 
cat nabis or resin used may suggest that there has been no long term increase 
in ft e THC content of the average cigarette. In other words, users have not felt a 
need to consume less herbal cannabis or resin in their cigarettes. The assertion 
by Ashton (House of Lords. 1998) that "... a typical jo in t’ today may contain 
60-150 milligrams or more of THC” , suggests a potency of over 50%: a value 
far in excess of even the most extreme samples.

Street prices

In the at ence of THC measurements, street prices of cannabis could provide 
indirect information on changes in the quality of cannabis, particularly if there is a 
price differential between different forms.

In the Netherlands (Trimbos. 2002) there has been a close correlation between the 
mean THC content of diffeient products and the price (Figure 15). A correlation 
also occurs within samples of smsemilla although factors other than the amount of 
active constituent, such as variety, may also be involved (Niesink et al 2002).
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Figure 15: Correlation Between price (EUR/g) and tne m ean IHC content of various products in tne 
Netnerianos. Inree sets ot p nces/IH C  levels are shown for eacn of tne rour products: trey  relate to 
measurem ents in winter 1999 2001 and 2 00 2  respectively.

In the United Kingdom, good quality sinsemilla sells for an average EUR 6-7/g, 
whereas imported cannabis and cannabis resin ore mostly priced at an average of 
EUR 4-5/g (Atha. 2003). This differential (i.e. a factor of approximately 1.5) is 
consistent with the relative THC concentrations in recent years as shown in Figure 9.
In Germany, resin is sold for EUR 4-9/g and herbal cannabis for EUR 5-11 /g. In 
the Czech Republic, sinsemllla costs EUR 3 or more per gram, but other herbal 
cannabis is EUR 0.6-1/g. By contrast, in Portugal, resin sells for an average EUR 
2.49/g whereas herbal cannabis, a lower potency product, sells for EUR 4/g. In 
Luxembourg, both herbal cannabis and cannabis resin sell for around EUR 8/g.
There was some inconsistency in the estimates of the price of cannabis products at 
street level between data collected specifically for the purposes of this study 
(questionnaire) and those provided by Reitox national focal points as part of the 
EMCDDA ongoing monitoring activities. This discrepancy is perhaps not surprising 
given the complexities of producing reliable price information on the illicit drug 
market. Nonetheless, it does suggest the need for more consideration of how methods 
can be improved to provide a better picture of this important facet of illicit drug use

4 9
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Chapter 5 : Trends in cannabis potency in other countries

USA

Data on the THC content of cannabis products in the USA have been collected by 
ElSohty et al. (1984, 2000) for many years as part of the Untversity of Mississippi 
Potency Monitonng Project. Samples were submitted by law enforcement agencies 
and it has to be assumed that they were representative of the market. Mean THC 
values are shown in Figure 16 for normal herbal cannabis, sinsemilla and resin. The 
anomaloifily high value for resin in 1997 (19.24% ) has been excluded; it was based 
on only five values and is over nine standard deviations above the mean potency for 
the period 1980-1996 . Although there has been an increase in Ihe potency of herbal 
cannabis over the twenty five year period, cannabis resin (and hash oil) showed no 
long term trends since 1980 when data were first collected. Although the potency of 
sinsemilla showed a clear upward trend in the linal three years of the study, no such 
trend was obvious when the longer period of 198 0 -1 9 9 5  is examined, particularly in 
view of the wide variations in potency that occurred from year to year (ElSohly et al., 
2000). The THC content of herbal cannabis increased from around 1 % before 1980 
to around 4%  in 1997. This increase, when seen in the European context, is 
deceptive. Before 1980, all mean herbal cannabis THC levels in the ElSohly study 
were less tlian 2.4 %, Py contrast, and as shown in Figure 10, comparable levels at 
tliat time in tire United Kingdom were twice as great. In other words, it mist be 
assumed that the quality of lierbal cannabis consumed in the USA more than twenty 
years ago was unusually poor, but that in recent years it has risen to levels typical of 
Europe. So evert the modest increase found by ElSohly et al. (2000) may be less 
significant than it seems A recent analysis of cannabis seized in Florida in 2002  
(Newell, 2003) showed amount of THC found in samples ranging from 1.41 % to 
12.62%. the average TFIC content was 6.20%, which is almost identical to the 2002 
value reported by the University of Mississippi Potency Monitoring Project.
However, there are major differences in the market between the USA and Europe.
In most European countries, cannabis resin, originating almost entirely from North 
Africa, is more commonly used than herbal cannabis. Herbal cannabis imported into 
Europe originates from the Caribbean. Africa and the Far East. In Ihe USA. normal 
forms of herbal cannabis are either grown domestically or imported from Mexico, 
with Canada a major supplier of sinsemilla (DEA, 2002). By contrast, cannabis resin 
is uncommon in the USA. Thus in the latter years of the studies by ElSohly et al.
(2000), cannabis resin comprised less than 1 % of samples.
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Figure 16: M«an potency (% THC) of cannabis products examined at me University of Mississippi. 
USA 11972-1997).

The effective THC level in the USA

The effective potency of cannabis products was defined in the section The effective 

THC level in Europe (Chapter 4). In the USA for the period 198 0 -1997 , 
the approximate mean respective shares of the material examined were: herbal 
cannabis. 85% , sinsemilla, 5%: resin, 3%; other. 7%, where other' includes 
minor products such as ditchweed' (poor quality, locally grown cannabis), has. 
oil and Thai sticks Figure 17 shows the effective potency experienced by users in 
the USA using data published by ElSohly et al. (2000) for the mean THC content 
of all samples examined. Although there is a slight upward trend over the period 
1980-1997 , the etfer fve potency of the aggregated cannabis products has been 
low by European standards, largely as a result of the low proportion of tansemilla 
consumed.
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Figur* 17: Effective potency (9t IHC) of cannabis products in tne USA.

New Zealand and Australia

Poulsen and Sutherland (2000) reported the potency of cannabts products from 
1976 to 1996 in New Zealand. In the earlier years of this study, the material 
examined was mainly imported cannabis oil and resin, and both local and 
imported cannabis plant material seized by the police. In later years, little 
imported material was seized: cannabis plants were grown locally, cannabis oil 
was manufactured locally and cannabis resin was rarely seized. Cannabis leaf 
contained on average 1 % THC and the female flowering heads contained on 
average 3.5%  THC. The average potency of cannabis oil fell Irom a peak 
of 34%  THC in 19R 5to  13% THC in 1995. Over the twenty year period, 
the average potency of the cannabis products available to the user did not 
increase. In Australia, Hall and Swift (2000) found only a modest increase 
in the THC content of cannabis in recent years and suggested that the increase 
in cannabis-related problems among young Australians was more likely to be due 
to earlier and heavier use. The absence of any clear time trend in cannabis 
potency in New Zealand and Australia is similar to the situation reported above 
for most European countries, but despite the focus on domestic production in New 
Zealand in recent years, the THC levels are low by European standards.
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Chapter 6: Identification of information gaps, priorities 
for future research and recommendations
There are a number of areas that require attention at national level if information 
on cannabis potency is to be collected, analysed and made available in a 
systematic way including: nomenclature, relative consumption of cannabis 
products, extent of domestic indoor cultivation, street prices, laboratory analysis, 
data collection and finally data presentation at the European level.

Nomencloture of cannabis products

At present, a variety of different names are used to describe simila. materials.
It is suggested that herbal cannabis  (i.e. not ’marijuana', ’ leaf', weed', ’grass’, 
’ flowering tops’, buds', drug-phenotype', etc.) should be used to refer to the fresh 
or (more commonly) dried leaves and flowering lops, but excluding stalk, roots 
and seeds of Cannab is sativa. The term hemp should be reserved, if necessary, 
for cannabis of the fibre phenotype. When a distinction is required between 
imported and domestically grown herbal cannabis, then the former should be 
described as im ported herbal cannabis  and not seeded cannabis'. Since cannabis 
cultivated by intensive indoor methods invariably derives from unfertilised female 
plants, then this material should be called sinsemilla rather than unseeded', 
nederwiet', skunk', etc. Cannab is resin or just resin (i.e. imported products) 

should be used in preference to hashish' or hash’, but when locally produced 
resin is involved, for example in Ihe case of the Netherlands, 'Dutch' resin may be 
more acceptable lhan nederhag'. Hash oil. the term in most common use. and 
cannabis o il  are both acceptable for solvent extracts of herbal cannabis or 
cannabis resin. Given that it is necessary to build a consensus of concerned 
authorities for the adoption f a common nomenclature, it may be desirable for 
Ihe EMCDDA to work towards this objective within its woik to harmonise 
definitions and produce standardised data on the European drug situation.

Relative consumption of cannabis products

In most countries, estimates of the relative consumption of different cannabis 
products are based largely on seizure data. Such data have limits and may not 
directly reflect drug availability as experienced by drug users or the relative



Cl pt«r 6: Idwiliflcation of iniorinalion gaps, pncriiun  lor futurp rascarch  ana  rocomrr.endatloru

market share of different cannabis products. Given the importance of this 
information in estimating the potency of the cannabis being consumed in Europe 
there is an urgent need to improve data quality in this area. One possible way 
forward is to complement statistics from drug seizures with data from user surveys 
carried out at the retail level. Such information is necessary if it is required to 
track the health impact of cannabis potency, since this is more a function of 
product type (particularly sinsemilla versus cannabis resin) than other factors. 
Currently, such activities are limited, but methodologically feasible, and could be 
accomplished for relatively modest resource investment. Both focused surveys of 
cannabis users and general population survey approaches could prove useful.

Extent of domestic indoor cultivation
Following on from the previous recommendation, it is important to understand 
better Ihe extent of domestic cannabis production, the different types of production 
methods used, as well as the use of domestically produced cannabis products 
compared to imported products and how this varies within Europe and over time. 
Experience in ihe Netherlands suggests that the availability of cannabis produced 
locally, with more sophisticated techniques and higher yielding varieties, has a 
major impact on potency, even within a single cannabis product. Even when 
herbal production is considered, it is important to note the relative potency of the 
products being produced, changes in overall potency over time and the proportion 
of the product that is of exceedingly high potency. In wider Europe, it is important 
to remember that home produced cannabis may not always benefit from 
hydroponics or other sophisticated growing techniques. These factors all need to 
be considered in any comprehensive analysis of the cannabis market in Europe.

Content of cannabis cigarettes
Few countries have published data on the herbal cannabis or cannabis resin 
content of cigarettes. This information would be useful as a proxy measure for 
potency as well as a means of tracking methods of consumption (i.e. use with or 
without tobacco).
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Pharmacology
Most pharmacological studies on the effects of cannabis potency have been 
carried out in North America. Because of major differences in overall potency 
levels and methods of consumption (i.e use with or without tobacco) between 
North America and Europe, it would be useful to conduct similar studies in 
Europe, reflecting European consumption norms. As well as covering the 
relationship between smoking behaviour and potency such studies should also 
include the relationship between potency and blood THC/metabohte levels. 
Monitoring over time the methods and practices used by cannabis consumers may 
also be important. For example, some anecdotal reports exist of a move towards 
the use of water pipes in some countries, and new smoking technologies have 
been advertised in the media aimed at cannabis smokers.

Street prices
In Europe, information is collected routinely by the EMCDDA on drug prices at 
retail level. However, as discussed earlier, the quality and comparability of this 
information needs to be reviewed and standard methods for collection and 
reporting developed. Important here is developing classification and reporting 
standards that distinguish between different cannabis products. Data from the 
Netherlands suggest a close relationship between potency and price.
It is necessary to explore this issue In other countries and in the context of 
consumer preferences and other drug supply side information.

Laboratory anatyrii
The data examined in this survey strongly suggest that there could be problems in 
Ihe accurate analysis of THC. In the first instance, this suggests it is necessary to 
organise quality assurance trials to determine both precision and accuracy of 
laboratory measurements in all member states. From this, recommendations on 
best practice could be developed. Possible partners in this endeavour would be the 
European Network of Forensic Science Institutes (ENFSI) and the United Nations 
Office of Drugs and Crime (UNODC).
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Statistical aspects of data collectio
When compiling data, many laboratories calculate simple mean values 
(otlen called averages: Ihe sum of all values divided by the number of values).
In a tew cases, weighted means may be calculated (see. for example. ElSohly et al.. 
1984). The weighted mean takes account of the fact that not all samples may be 
of equa' size. When considering seized material for example the weighted mean 
is effectively the mean that would be found if all seizures were to be pooled and 
thoroughly mixed. Furthermore, few authors consider whether the distribution of 
potency is normally distributed or if ofher measures of centrm tendency such as Ihe 
median or mode would be better. It is recommended that data submitted to Ihe 
EMCDOA should always indicate details about the sampling strategy, sample size, 
the mean, and where possible more detailed descriptive statistical information 
(e.g. mode and median values, standard deviation, treatment of outliers).

Other policy issues
Statements in the popular media that the potency of cannabis has increased by 
ten times or more in recent decades are not supported by the data from either the 
USA or Europe. As discussed in the body of this report systematic data are not 
available in Europe on long term trends and analytical and methodological issues 
complicate the interpretation of the information that is available. Data are stronger 
for medium and short term trends where no major differences are apparent in 
Europe, although some modest increases are found in some countries. The greatest 
long term changes in potency appear to have occurred in the USA. It should be 
noted here that before 1980 herbal cannabis potency in the USA was. according 
to the available data, very low by European standards. A caveat here Is that there 
is some question to how lar the historical data provide a true representation of the 
situation. More recently, potency data suggest a convergence with the European 
situation. For the reasons discussed earlier in this report caution should be made 
in drawing direct comparisons between Europe and the USA on this issue.
It should be noted that the modest changes that have occurred in THC levels in 
Europe appear largely confined to the relatively recent appearance on the market 
of intensively cultivated cannabis. Flerbal cannabis is less commonly consumed 
than cannabis resin in mast European countries, although this may be beginning 
to change. It should also be made clear that the THC content of cannabis products
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Is extremely variable and there have always been some sample. that have had a 
high potency. Nonetheless, some hydroponically grown cannal s appears to be 
consistently of high potency. This product appears to have at present only a 
relatively small market share in most countries. A note of caution is required 
because the available data makes it difficult to judge with confidence the actual 
market share of high potency cannabis or to monitor trends. The issues raised by 
an increase or potential increase in the availability of high-potency cannabis may 
make it prudent to consider whether specific targeted demand or supply side 
activities are needed.
In considering individual dose exposure to cannabis and the relationship to health 
and other problems, it must be noted that cannabis potency is only one factor and 
possibly of limited importance. Hall et al. (2001) note that individual exposure to 
cannabis may have risen but this is more likely to be influenced by earlier 
initiation and more frequent and intensive patterns of use rather than the potency 
of the cannabis used in any one exposure. An evaluation carried out by the 
Co ordination Centre Assessment and Monitoring New Drugs' (CAM) in the 

Netherlands concluded that higher potency cannabis products did not pose 
any additional risk than those present for cannabis products as a whole, 
either to the individual, to society, to public order or criminality (W. Best, personal 
communication, 2004). In this respect, it is noted that cannabis with a potency 
of 18% is available as a prescription medicine in the Netherlands. Even if some 
potency increases in illicit cannabis have occurred, the absence of direct evidence 
of any clear additional health risk should be noted. However, overall, the evidence 
base in this area is weak. If acute cannabis problems are considered, such as 
panic attacks, a short term dose related impact is plausible. The relationship of 
cannabis consumption to the development of psychiatric disorders is also poorly 
understood, and again it would be prudent to consider if high-potency cannabis 
might be an issue here. In summary, the extent to which high-potency cannabis 
increases the short and long term dose to which individuals are exposed remains 
unclear, as does the evidence of any clear and direct additional health risks This 
remains, therefore, a critically important area for future research studies as this 
informalion is a pre requisite to understanding the potential public health impact 
of high potency cannabis.
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BC-bud: Sinsem illa  produced in Canada (BC = British Columbia)
Bracts: Structures situated at the base of the (lowers of Cannabis sativa, which 
may partly surround a developing seed and which are rich in g landu la r trichomes

Buds: Flowering tops of female Cannabis sativa

Cannabidiol: One of several cannabinoids  in Cannabis sativa

Cannabinoid: One of a group of compounds found only in Cannabis sativa 

including cannab id io l, cannab ino l and tetrahydrocannabinol

Cannabinol: One of several cannabinoids  in Cannabis sativa

Cannabis oil: See hash o il

Cannabis resin: Material produced by mechanically separating the resinous parts 
of the flowering lops of Cannabis sativa fri 1 other vegetable matter
Cannab is sativa  L: Generally regarded as the only species in the genus Cannab is  

and sole source of cannabinoids. Classified by Linneaus in the eighteenth century
Ditchweed: Low quality herba l cannabis  growing wild in North America
Dronabinol: Synthetic preparation of tetrahydrocannabinol with medicinal uses
Drug-phenotype: Variety of Cannabis sativa where the ratio
[(% tetrahydrocannabinol +% cannabinolf/%  cannabidiol] is greater than 1.0
Dutch resin: light green or brown Cannabis resin produced mostly in the 
Netherlands from locally grown herbal cannabis  using sieves cr other separation 
methods
Fibre-phenotype: Variety of Cannab is sativa where (tie ratio
[(% tetrahydrocannabinol t%  cannabinot)/% cannabidiol] is less than 1.0
Flowering tops: Herbal cannabis  excluding leaf May be used lo mean sinsemilla 

or seeded material

f) Italicised words and terms are themselves defined
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Glandular trichomes: Microscopic features used to identify herba l canr.abir or 
cannabis resin. They produce an exudate containing cannabinoids  and are 
located mostly around the flowering tops of female plants of C a n n a b r  it iv a

Grass: H erba l cannabis

Hash oil: A dark green or black tar-like material made by solvent extraction of 
either cannabis resin or herbal cannabis. May contain 3 0 -5 0 %  
tetrahydrocannabinol

Hashish: Cannabis resin (North America and elsewhere)
Hemp: H erba l cannabis  with low potency  used for fibre production
Herbal cannabis: Normally restricted to the fresh or (more commonly) dried leaves 
and flowering tops, but excluding stalk, roots and seeds of Cannab is sativa

Imported herb: Herba l cannabis  from non European, often tropical, sources and 
generally found as a mixture of leaf, flowering tops and seeds in compressed 
blocks
Isolator (also ke-o-lator): Device consisting of a mesh bag used to separate 
resinous particles from herbal cannabis  in the production of nederhasj

Joint: A cannabis cigarette (also spliff, reefer etc.)
Leaf: Herbal cannabis  that may or may not contain flowering tops

Marijuana: H erba l cannabis  (North America)
Nederhasj: See Dutch resin

Nederwiel: Sinsem illa  produced in the Netherlands
Potency: The tetrahydrocannabinol content. Used in preference to purity

Purity: The proportion of active constituent in a product, but less suitable for 
cannabis pioducts where potency  is preferred
Sinsemilla: Without seed’ (Spanish). The highest potency herbal cannabis 

comprising the flowering tops of unfertilised female plants of Cannab is sativa 

produced in open cultivation or, nowadays, by indoor methods

Skuff: Alternative term for nederhasj



Skunk: H erba l cannabis  with a characteristic odour that has been typically grown 
by indoor intensive cultivation and may have a high potency

Spacecake: Cake made using herbal cannabis  most commonly found in the 
Netherlands
Tafrohydrocannobinoi (THC): The principal cann ab in o iJ  with sought-after 
psychopharmacological effects
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Psychological and social sequelae of cannabis and other illicit 
drug use by young people: a systematic review of longitudinal, 
general population studies

John Macieod, Rachel Oakes, Alex Copeilo, liana Crome, Matthias Egger, Mathew Hickman, Thomas Oppenkowski, 
Helen Stoke&Lampard. George Davey Smith

Summary
Background Use of Illicit drugs, particularly cannabis, by 
young people is widespread and is associa ted  with several 
types of psychological and social harm. These relations 
might not be causal. Causal relations would suggest tnat 
recreational drug u se  Is a substantial public health problem. 
Norvcausal relations would suggest that harm-reduction 
policy based  on prevention of drug use Is unlikely to produce 
improvements in public health. C rosssectional evidence 
cannot clarify questions of causality: longitudinal or 
Interventional evidence Is needed. Past reviews have 
generally been non system atlc, have often Included cross- 
sectional data, and have underappreciated th e  extent of 
methodological problems associa ted  with Interpretation.

M ethods We did a system atic review of general population 
longitudinal studies reporting associations between illicit 
drug use by young people and psychosocial harm.

Find ings We Identified 48  relevant studies, of which 16 were 
of higher quality and provided the m ost robust evidence. 
Fairly consistent associations were noted between cannabis 
use and both lower educational attainm ent and increased 
reported u se  of other illicit drugs. Less consistent 
associations were noted between cannabis u se  and both 
psychological health problems and problematic behaviour. All 
these associations seem ed to be explicable in term s of non- 
causal mechanisms.

Interpretation Available evidence does not strongly support 
an Important causal relation between cannabis u se  by young 
people and psychosocial harm, but cannot exclude the 
possibility that such a relation exists. The lack of evidence of 
robust causal relations prevents the attribution of public 
health detrim ents to illicit drug u se  In view of the extent of 
Illicit drug use. better evidence is needed.
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Introduction
The use o f illic it drugs amongst young people seems 
to be widespread and may be increasing.' Cannabis is 
the most widely used illic it substance, although use 
o f psychostimulants also appears quite common; use o f 
opiates seems less common. Most o f these drug users do 
not access drug treatment services and the consequences 
o f their drug use arc unclear. Physical health prublems 
aside, there are concerns that illic it drug use, panicularly 
cannabis use, could cause psychological and social 
problems.1 Cannabis use has been shown to be associated 
w ith psychological health problems, use of other illegal 
drugs, reduced educational attainment, and antisocial 
behaviour.' The causal basis o f these associations has not 
been established. I f  associations arc non-causal, harm- 
reduction policies based on the prevention o f drug use arc 
likely to be ineffccuvc. Conversely, a causal association 
could mean that “ recreational" illic it drug use, in view of 
its apparent extent, represents an important, and 
substantially hidden, public health problem.

Causal explanations for associations between drug use 
and psychosocial harm compete with three alternative 
explanations: reverse causation, where drug use is a 
consequence, rather than a cause, o f psychosocial 
problems; bias, where the association is an artifact o f 
study methodology; and confounding, when drug use is 
associated with other factors that predispose to 
psychosocial problems.

A causal relation between drug use and psychosocial 
harm could plau My be mediated by two principal 
mechanisms: dir. tly, through ncurophysiological
pathways, or indirectly, through involvement in the 
criminal culture and commerce associated with use o f an 
illegal substance.’"* Past reviews o f the relevant evidence 
have often been non-systcinatic and have used restricted 
search strategics. Much evidence is cross-sectional and 
derives from highly selected samples Such evidence is 
lim ited as a basis for inferring true causal relations and 
their possible relevance to public health. We therefore 
undertook a systematic review o f general population, 
longitudinal studies relating illic it drug use by young 
people to subsequent psychological and social harm.

Methods
Search atratcgy and selection criteria
We searched the general electronic databases M ED LINE , 
KMBASE, C IN A H L , PsyclJT, and Web o f Science, and 
the specialist databases o f the Lindcsmith Center, 
DrugScopc, US National Institute on Drug Abuse and 
Substance Abuse and Mental Health Services 
Administration, and Addiction Abstracts, with an agreed 
battery o f search terms (available from the authors) in 
July, 2000. This search was updated in July, 2001, and 
again in June, 2003. Addiction Abstracts was hand- 
searched for the period not covered by the electronic 
database. Key individuals in the specialty o f addictions
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Participants and setting' Drag •■pMin maaaureaf Other n M H iw t Main flndkxgsfj
National 
Longitudkiei 
Study on 
AdOtaSCOnt 
Health*’

National representalive 
sample of 7-12th grade 
students sampled from 
BO high schools and then 
■feeder" schools m Ihe USA 
Recruited In 1995 79% or 
schools selected agreed to 
participate. 75% of eligible 
students m these schools 
(r»=90118) completed a 
sedcompietion questionnaire 
Random sut> sample of thess 
selected for follow up home 
interview in 1996. 79-5* of 
these (12118) contacted

Sad reported frequency of Cigarette smoking, alcohol use. 
cannabis and other drug use sex. family structure, parent 
yta standard instrument. edicetion. age. ethnic origin 
Categorical scale derived 
from these data

l.

Cannabis use associated with violent 
behaviour (tobacco and alcohol use 
show simitar associations)

The Boaton
Schools
Protect"

1925 students from three Self reported frequency of Socialisation, grade point
public schools in Boston. USA. cannabis and other drug use average, self reported physical
recruited aged 14-15 years in via standard instrument. and psychological health
1969 and studied yearly until Categorical scale derived problems
1973 Surveyed again in from these data
1981. 79% (15211 had
complete followup

Adolescent cannabis use associated 
with adult drug use. Uttle apparent 
association between use and 
psychological health or work related 
factors

Tn* Children 
m Ihe
ConvTHjnily
Protect"""

Popu'atlorvbased sample of 
fan .lies In New York State, 
t SA. 976 participants aged 
a -10 years at recruitment 
in 1975. 709 followed up 
imW age 27 years

Self rcrportod frequency o' 
cannabis and other drug >.m 
via standard instrument 
Categorical scale derived 
from these data

Personality factors, family 
r factors, parental drug use. 

sibling factors, peer foctors, 
licit drug use; all self reported 
via standard Instruments

Little apparent association between 
cannabis use and either depression or 
anxiety Association between cannabis 
use and antisocial personality 
although lower reported delinquency 
Lower frequency of cannabis use 
associated with better parenting, 
higher frequency with unemployment 
and lone parenthood

The Central 
Harlem
Study"1*

Population based sample of Cumulative use index oased Lifestyle and health behaviours, 
mack adoieiceMs recruited in on self report of lifeti me use social ties and networks, adult 
1968-69 trom Central Harlem, (more than once) of .me social attainment 
New York City. USA initial classos of substance 
sample of 668 ago (marijuana. lSD. cocaine.
12-17 years 3 ° .  (59%) heroin, methadone, 'uppers', 
followed up till 1090 •downers', inhalants, alcohol)

Cannabis and cocaine use associated 
with greater reported psychological 
problems. Associations with opiate 
use inconsistent

The
Christchurch 
Health and 
Development 
Study" "

Birth cohort ot 1265 children Self reported frequency ol 
bom in Chnslchurcn. New cannabis use via standard 
Zealand, during mid 1977. instrument Categorical scale 
Reassessed regularly until age derived from these data 
21 years 80% had complete 
followup

Licit dnjg use. family background 
and parental factors, childhood 

i behaviour, early problem 
behaviour, early psychological 
problems, educational history, 
cognitive ability, peer affiliations, 
antisocial behaviour, social 
environment, history of senual 
abuse; generally self reported, 
some use of official records

Cannabis use associated with lower 
educational attainment, greater use of 
other illicit drugs, poorer psychological 
health, and greater Involvement in 
ontlsocial behaviour

Dunedin
Multi
disciplinary 
Health and 
Development 
Study*”

Birth cohort of all children Dorn 
tn Ounedln, New Zealand 
between April 1, 1972, and 
March 31. 1973. who were 
still resident locally when 
the study began in 1975 
1649 children born during 
study recruitment pcrtod, 1139 
of these still resident locally at 
age 3 years. 1037 ol these 
successfully recruited to study 
(91%). Reassessed regularly 
until age 26 years. 96% of 
survivors nad complete followup

Self reported "cquency of 
cannabis use via standard 
instrument Categorical scale 
derived from these data

Pennatat assessment, eany 
pry  cat health and development, 
physical and psychological health 
in childhood, emotional and 
educational development, social 
and family environment, cognitive 
jollities, adolescent physical 
and psychological health, licit 
drug use. antisocial behaviour; 
generally self reported, some 
use of official records

Cannabis use associated with greater 
reported psychological problems. 
Similar associations with tobacco and 
alcohol use

East Harlem
Study"

1332 Alncan American and 
Puerto Rican adolescents 
(mean ago 14 years at 
recruitment) from 11 schools 
m East Hailem, New York City 
In 1990 66% followed up 
5 years later

Sell reported frequency ot 
cannabis and other drug use 
via standard instrument. 
Categorical scale derrved 
from these data

Adolescent personality ottnbutos. 
family relationship 
characteristics, peer factors, 
residential area, acculturation 
measures

Cannabis use associated with later 
licit and illicit diug problems and with 
problem behaviours in participant, 
siblings and peers

The LA 
Schools 
Study* "

1634 students In grades 
7, 8, and 9 recruited from 11 
schools In Los Angeles, USA 
in 1976. Assessed regularly 
over the subsequent 21 years 
477 (30%) had complete 
followup

Sell reported frequency of 
cannabis and other drug use 
via standard instrument. 
Categorical scale derived 
fiom these data

Social conformity, family formation, 
deviant behaviour, sexual 
behaviour, educational pursuits, 
livelihood pursuits, mental health 
including depression, social 
integration and conformity, 
relationship quaiiti. j  voice,

Drug use (generally judged as a latent 
variable dominated by cannabis use) 
associated with lower educational 
commitment. Uttle apparent 
association with psychological 
problems other than increased 
reported symptoms with cocaine use.

(continues next page)
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Participants and setting* Drug exposure meeeures* Other measure*: Main ftndm*x§
sensation seeking, parental 
support, academic aspiration, 
parental drug problems, 
psychological distress

Drug use associated with greater 
involvement in drug crime, lower 
involvement in violent cnme, and 
higher income In young adulthood

New York
Schools
Study"*

1636 adolescents enrolled in Self reported frequency of Income, mental status,
New York State public cannabis and other drug use education level, ethnic origin, 
secondary schools in 1971. via standard instrument. peer activity, employment 
Aged 15 years at recruitment. Categorical scale denved history, self-assessed health 
interviewed again in 1980, from these data 
1984, and 1990. 1160(71%) 
had complete follow up

Initiation of drug use usually follows an 
orderly sequence from tobacco and 
alcohol, through cannabis to other 
drugs. Drug use associated with higher 
income In early adulthood, lower income 
in later adulthood

National Sutysample of NCPP cohort Self reported frequency of 
Collaborative (birth cohort followod till age cannabis and other drug use 
Perinatal 7 years); AfrteanAmerican via standard instrument. 
Project participants in Philadelphia Calegoncal scale derived 
(NCPP)" contacted again at age 26 from these data 

years and again at 26 years.
About 7036 (380) o< target sub 
sample had complete 
followup

Perinatal and carty life environ­
mental factors, early health and 
development, academic 
performance, school behaviour 
and ad|ustmcnt (from school 
records), personality, social 
integration, reported Illness 
symptoms, reported antisocial 
behaviour and sexual behaviour

Cannabis use associated with antisocial 
personality and reports of criminal 
offences

National 
Longitudinal 
Survey of 
Youth" "

National representative sample Self reported frequency of 
of 12686 young people (aged cannaOls and other drug use 
14-21 years) from the non via standard instrument, 
institutionalised civilian Calegoncal scale denved 
segment of the US population, from these data 
recruited in 1979. Ongoing (questions about drug use 
regular assessment with were added In 1984) 
about 90% retention

Alcohol use, educational 
attainment, ethnic ongln, family 
background, parental factors, 
cognitive function, religion, 
employment history, social 
position

Cannabis and cccaine use associaled 
with problematic interpersonal 
relationships No apparent association 
with Income

Pittsburgh 
Youtn Study’

School based sample of 
’ 850 boys from public schools 

in Pittsburgh. Mean age 13. 
25 years at recruitment, 
followed up until mean 
age 18-5 years.

Self reported frequency of Anhsocial behaviour and conduct 
cannabis and other drug use disorders, psychological 
via standard Instrument. symptoms. relaUons 
Categorical scale derived with parents, neighbourhood 
from these data Parent/teacher factors, sexual behaviour, 
reports used to corroborate educational attainment 
reports In some Instances

Cannabis use associated with violent 
behaviour

Project
Alert""

4500 adolescents from 30 
junior high and middle schools 
In California and Oregon 
participating in evaluabon of 
a preventive intervention 
Mean age of participants at 
baseline 13 years, followed 
up for 4 years

Self reported frequency of 
cannabis and olher drug use 
via standard instrument.
Cat. incal scale denved 
Iron, these data Salivary 
cotlnlne used to validate 
reported tobacco use 
(suggested to participants 
that sample could also be 
tested for cannabis—it 
was not. but this suggestion 
may have influenced validity 
of reported cannabis use)

Family and parental factors, 
social position and environment, 
employment history, educational 
history, antisocial behaviour, 
peer factors, religiosity

Cannabis use associated with lower 
educational attainment. No association 
with violent bcnaviour

South Eastern Four longitudinal surveys within 
Public schools the US SE public schools, 
study* Participants recruited in grades 

6-8 in 1985-87 and followed 
up till 1993-94. 1392 subjects 
(55136) had complete follow up

Indicator variable denved 
from self reported age of 
initiation of use of cannabis 
and other Illicit drugs

Ethnicity, parental factors, 
educational attainment from 
combination of self report and 
official records

Cannabis use associated with lower 
educational attainment. Similar but 
weaker association with tobacco use, 
no association with alcohol use

Swedish 
Military 
Conscripts 
study" *

Different subgroups ot 
50 465 Swedish men age 
18-20 years conscripted for 
national military service In 
1969-70. Follow up In official 
records to 1986. recently 
extended to 1996

Sell reported frequency ol 
cannabis and other drug use 
via standard Instrument. 
Categorical scale duitvod 
from these data (90% of 
sample provided usable 
data)

Social position, licit drug use, 
parental and family factors, 
behavioural factors, 
psychological factors

Cannabis use associated with later 
Injection drug use (association between 
use of other Illicit drugs and Injection 
much stronger). Cannabis use 
associated with incidence of clinical 
schizophrenia. Cannabis use not 
associated with increased mortality by 
middle adulthood after adjustment- 
specific mortality from suicide not reported

Woodlawn
study"*'

1242 African Amcncan 1st 
grade students starting 
school In 1966-76 in 
a disadvantaged inner-city 
nelgnluuihood of Chicago. 
Follow up assessments In 
1976-77 and 1992-94 
(84% of original cohort located. 
96% of those Interviewed)

Self reported frequency of 
cannabis and other drug 
use via standard instrument. 
Categorical scale derived 
from these data

Licit drug use. family factors, 
parental factors, behavioural 
development, psychological 
problems, social integration, 
sexual behaviour, anti social 
behaviour, educational history, 
employment history religiosity

Cannabis use not associated with 
reported sui idal thoughts or attempts

•In some Instances data on completeness of follow=up not reported. f'St.lnfl.mt instrument' means some details of validation given. IMoin groups ol othoi measures 
as reported, lor complete list see Individual publications. §Maln findings related to psychosocial outcomes reported as of Juno 2003. only prospective associations noted 
(le, those where erposu'e assessment preceded outcome assessment).
Tabic 1: Description of studies reviewed In detail
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(details available on request) were asked to identify 
evidence unlikely to be found through the ether sources. 
Both published and unpublished evidence, along with that 
not published m English (which was translated), was 
judged.

We included all prospective studies based in the general 
papulation that measured use of any illic it drug by 
individuals aged 25 years or younger at the time o f use 
and related these data to any measure o f  psychological or 
social harm assessed subsequently.

Quality assessment
Quality assessment was undertaken after initial scorches in 
July, 2000. Two reviewers assessed methodological 
quality o f studies independently against set cntena 
(sample size and representativeness, age at recruitment, 
duration and completeness o f follow-up, apparent validity 
and reliability o f exposure and outcome measures, and 
degree o f adjustment for potential confounding factors). 
Formal quantitative quality scoring was not used, since it 
can be misleading and give a false sense o f objectivity.'

Reviewers made an independent overall assessment o f 
study quality based on the above criteria, and assigned 
studies to categories o f higher quality, uncertain quality, 
or lower quality. Studies were judged to be at higher 
quality if  the probability of selection bias seemed low, 
exposure to drugs was assessed with a validated 
instrument, follow-up vas over several years, and analyses 
were adjusted for important confounding factors. Validity 
and relevance o f psychosocial outcome measurement was 
also considered. Initial agreement between reviewers V as 
high (weighted k>0 Q). Reviewers then discussed, and 
agreed, which studies o f higher or uncertain quality 
warranted more detailed consideration. Corresponding 
authors on papers deriving from these studies were 
contacted and asked to supply any relevant unpublished 
data.

We assessed the potential for quantitative synthesis o f 
study results against criteria for cotnbinability. Results 
were also summarised descriptively.

Role of the funding source
The sponsors o f the study had no role in study design, 
data collection, data synthesis, data interpretation, or 
writing o f the report

Results
We located more lhan 200 publications deriving from 48 
longitudinal studies reporting associations between drug 
use by young people and psychological or social 
outcomes. Five studies were not published in English. A ll 
studies were observational. All had published results in 
pccr-rcvicwcd journals; however, some additional 
publications in books and unpublished papers were 
identified through personal contact. Many studies used 
composite measures o f illic it drug use, making it 
impossible to infer effects o f specific drugs. Most drug- 
specific results related to use o f cannabis. Many studies 
reported substantial losses to follow-up and made either 
no, o r little, attempt to adjust estimates for possible 
confounding factors, 16 studies were classified as of 
higher methodological quality (table 1). The remaining 
32 studies arc summarised, in terms o f their ostensible 
findings and with a brief methodological critique, in 
table 2. All studies were judged, but appraisal was focused 
on evidence from the 16 in table 1.

Recruitment strategics, and thus the precise relation of 
the study population to the general population, varied 
substantially (tables 1 and 2). In all studies, exposure to

illic it drugs was measured through uncorroborated self- 
report. Although some measures were similar across 
studies, no two studies measured either illic it drug 
exposure or psychosocial outcome in the same way. 
Additionally, potential confounding factors were 
inconsistently assessed across studies. Because o f these 
considerations, wc felt that quantitative synthesis (meta­
analysis) was likely to b " misleading and did not attempt 
to do this.’*

We report our principal findings on relations between 
cannabis use and educational attainment, use o f other 
drugs, psychological health, antisocial behaviour, and 
other social problems. Illustrative crude and adjusted 
effect estimates in relation to these outcomes are 
described in table 3. Findings on relations between use o f 
other illic it drugs and psychosocial problems are also 
summarised. Key publications arc cited; a fu ll list o f 
publications is available on request.

Cannabis use was consistently associated with reduced 
educational attainment. Most relevant studies indexed 
this outcome through objective and apparently valid 
mcusurcs. The strength and magnitude o f the association 
varied. Adjustment o f estimates for potential confounding 
factors generally led to their attenuation, which was often 
substantial.

Cannabis use was consistently associated w ith use o f 
other drugs. In all but one relevant study, other drug use 
was indexed by uncorroborated self- report (in one study, 
use o f injected drugs was corroborated by inspection o f 
injection sites).”  The strength and magnitude o f these 
associations varied, although in one study, both were 
substantial." In this study, as with most studies, the 
outcome reported was other drug use, rather than drug 
problems. Adjustment o f estimates for potential 
confounding factors generally led to their attenuation.

Cannabis use was inconsistently associated with 
psychological problems. Some studies found no 
association, although others reported associations 
between increased use and increased problems. W ithin 
these latter studies, patterns o f association with specific 
psychological problems were inconsistent. In most 
studies, psychological problems were indexed through 
self-report o f symptoms, some assessed according to 
standard diagnostic criteria. 'Ihe  outcome was clinical 
mental illness (schizophrenia) in only one study.1* This 
report also mentioned a crude association between 
cannabis use and mortality from suicide, but d id not 
report actual estimates.”  A  crude association with all- 
cause mortality disappeared on adjustment for 
confounding factors. Adjustment o f other estimates of 
increased psychological problems for potential 
confounding factors generally led to the - attenuation, 
which was often substantial.

Cannabis use was inconsistently associated with 
antisocial or otherwise problematic behaviour. In most 
studies these outcomes were indexed through 
uncorroborated self-report. In some studies corroboration 
was sought from other sources. In studies that did report 
associations between greater use and behavioural 
problems, adjustment o f estimates for potential 
confounding factors generally led to their attenuation, 
often substantially so.

Evidence o f effect modification according to sex and 
ethnic origin (where these were reported separately) was 
inconsistent across studies. Cannabis use at a younger age 
was consistently associated with greater subsequent 
problems.

Two studies reported associations between use o f 
cocaine and opiates and subsequent psychological
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Benson 1984 and 1985. Male military

Studies reporting outcomes related to general drug exposure
Sadava 1973. Canada" College 'freshmen' Low expectations of goal attainment and more Probable selection bias, limited adjustment for

•prodnig" attitudes associated with drug problems confounding, significance of outcome measures
unclear

Annis 1975, Canada" High school students Use of both licit and illicit drugs positively No adjustment for confounding
associated with school dropout from official records 
Drug use associated with higher rates of 
criminality, health problems and mortality as 
ascertained from official records 

Volunteer high school Drug use and self-reported psychological distress 
higher amongst this sample than In a reference 
cohort
Drug use associated with higher self recoded 
health problems and use of health services 

High school students Drug use associated with lower self repotted
emotional restraint in a reciprocal manner 
Positive association between drug use and 
self reported antisocial behaviour

Sweden"

Friedman 1987, USA*

Choquet 1988. France' 

Farrell 1993. USA*

conscripts

students repotting 
drug use 
High school students

Crude exposure measurement and no adjustment for 
confounding

Probable selection bias, little adjustment for 
confounding, arguably a case control study

No adjustment lor confounding ir .nalyses reported

HuUlnga 1994, USA” 'High nsk' youths

Sanford 1994. Canada* Population based Heavy drug use associated with a greater nsk of 
sample of adolescents repotting work force involvement (as opposed to 

continued schooling)
Schuienberg 1994, USA" High school students Drug use and lower grade point average positively

associated with later self repotted drug use 
Anthony 1995. USA" Population cased Earlier drug use associated with greater nsk of 

sample of adolescents developing later sell repotted drug problems 
rcportlr „ drug use

ProOable selection bias, limited adjustment for 
confounding, significance of outcome measure unclear 
This association is alluded to in text though actual 
analyses arc not presented. Impossible to critically 
appraise
Potential selection bias due to large loss to followup

Farrington 1995. UK"

Kiohn 1997. USA*

'Working class' male Positive association between drug use and 
school children measures of anti social behaviour derived from 

self report, school reports and official records

'High nsk' school 
children.

Luthar 1997. USA* High school students

Stanton 1997. USA"

Rao 2000. USA*’ 

Wciscr 2002. Israel'

Black adolescents 
recruited from an HIV 
risk reduct lor profect 
Female high school 
students 
Mate military 
conscripts

Drug use positively associated wnh earner school 
leaving, earner independent living and earlier 
parentnood—particularly among women 
Dtug use associated with increased risk of self 
reported depression, malady .tmenl and 
internalising of problems 
Drug use weakly associated with self reported 
nsky sex, fighting, and weapon carrying

Substance use disorder positively associated with
self reported depression
Drug abuse associated with doubling of risk of
schizophrenia

Studies reporting outcomes related to specific drug exposure
Epstein 1984. Israel" High school students Alconol and tobacco use associated with earlier

sexual intercourse and earlier leaving of education. 
Cannabis use also repotted to be associated with 
the latter (analyses not shown)

High school students Early cannaois use along with use associated with 
self-reported psychological distress, associated 
with greater reported escalation of use and later 
psychologcal distress
Alcohol, tobacco and cannabis use all positively 
associated with self reported symptoms of 
psychological distress.
Cannabis use positively associated with nsk of 
use of other illicit drugs and with socially negative 
altitudes
Cannabis use positively associated with self 
repotted symptoms of psychological distress 
Cannabis use positively associated with self 

sample of young adulls repotted symptoms of agoraphobia and social 
phobia

Romero 1995. Spain" High school sfudents Cannabis use inconsistently associated with
different dimensions of self reported selfesteem 
Tobacco and cannabis use associated with lower 
academic motivation in a reciprocal manner.

Kaplan 1986, USA*

Tubman 1990. USA"

Scheier 1931. USA"

Hammer 1992, Norway*1

Degonda 1993. 
Switzerland*

Andrews 1997, USA*

Children of 'middle 
class' families

High school students 
In drug prevention 
programme 
'High nsk" 
adolescents 
Population based

Adolescents 
responding to an 
advertisement 

Patlon 1997, Australia" High school students

Hansell 1991 and 
Whito 1998, USA” ”

Telephone survey 
of adolescents

Frequent cannabis uso strongly positively 
associated with reported nsk of self harm In 
females. Weak, negative association in males. 
Cannabis and cocaine use associated with higher 
solf reported aggression and psychological distress

Focus of the surveys Is on patterns and 
antecedents, rather than consequences, of drug use 
Possible selection bias and limited adjustment for 
confounding. Focus of the epidemiological catchment 
area programme (of which this was a substudy) 
is on the descriptive epidemiology of mental 
Illness In the community rather than the 
consequences of drug use.
Specific relation between drug exposure and 
subsequent behavioural outcomes not reported. 
Focos ot the study is on antecedents of 
delinquency'. Drug use is repotted as part of the 

delinquency spectrum
Possible selection bias Limited adjustment for 
confounding

Small study, short foflowup limited adjustment for 
confounding

Possible selection bias, limited adjustment for 
confounding

Possible selection bias, small sample, limited 
adjustment for confounding 
Drug abuse only assessed In high risk sub sample, 
limited adjustment for confoundingf

Small study, no adjustment for confounding S nce 
latter analyses not reported impossible to critically 
appraise i this regard

Potential selection bias Focus of (he study is not on 
consequences of drug use

Small study, possible selection bias, focus on 
antecedents rather than consequences of dreg use

Probable selection bias, limited adjustment for 
confounding

Possible selection bias, limited adjustment for 
confounding
Possible selection bias, limited adjustment foi 
confounding

Loss lo followup not reported, limited ad|ustmcnt for 
confounding, relevance of outcome unclear 
Self selected sample with high loss to follow up 
Limited control of confounding

Short follow up, limned adjustment for confounding

Possible selection bias, limited adjustment for 
confounding, relevance of outcome measures unclear 

(continues next page)
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Participant* and

Costello 1999, USA"

Duncan 1999, USA"

Pertionlgg 1999. 
Germany’’
Huertas 1999, Seam" 

Braun 2000, USA"

Brook 2002. Colombia"

'High nsk' 
adolescents

’Higfwisk'
adolescems

Population based 
sample of adolescents 
High school students

Population based 
sample of 
adolescents

Population based 
sample of adolescents

Alcohol, tobacco, cannabis, and other drug use 
positively associated with selfroported 
psychological distress and behavioural problems 
Alcohol, tobacco, and cannabis use an positively 
associated with rtsky sexual behaviour 
Association strongest tor tobacco 
Cannabis use and dependence were generally 
sustained over the followup period 
Cannabis. alcohol, and tobacco use positively 
associated with poorei school performance 
Cannabis and tobacco use weakly associated with 
lower income and less prestigious employment 
Association stronger with tobacco and amongst 
white participants
Cannabis use associated with risky sexual 
behaviours

Probable selection bias, limited adtustment 
for confounding

Small sample, possible selection bias, limited 
adjustment for confounding

Focus of publications to data from this study 
has not been consequences of drug use 
No adiustment for confounding

Possible selection bias, limited adjustment tor 
relevant confounders (focus of the study is on 
development of cardiovascular nsk)

Limited adiustment for confoundingf

•Summaries and comments are based on evidence available following initial searches and quality assessment In 2003, except tstudy identified through subsequent searches or contact with ripens
Table 2: Summary of other studies Identified In review listed In chronological order of relevant publications

symptoms; results were m ixed.",I4,M Amphetamines and 
ecstasy (3,4-methylcncdioxyincthamphctaminc, M DM A ) 
seem to be widely used illic it drugs.1 We identified no 
studies meeting our selection criteria that reported effects 
of either amphetamine or ecstasy use.

Discussion
In this review, we found little evidence from longitudinal 
stuJics in the general population about the outcomes of 
exposure to any illic it drugs other than cannabis. Wc 
confirmed the existence o f evidence o f associations 
between cannabis use and psychosocial harm; however, 
the extent and strength o f this evidence seemed less than 
is pc-haps sometimes assumed. Furthermore, the causal 
nar re o f these associations is fur from clear. Some seem 
to fu lfil at least some o f the traditional criteria for 
establishing causality.1* They are fairly consistent; cause 
seems to precede effect, and a plausible mechanism can 
be advanced. The criterion o f specificity o f association 
was less consistently fulfilled. In several studies (tables 1 
and 2) tobacco and alcohol showed similar associations as

cannabis with psychosocial outcomes. This finding docs 
not suggest a causal mechanism mediated through drug- 
specific ncurophysiological effects or involvement in 
criminalised commerce, since tobacco and alcohol have 
distinct ncurophysiological effects, and they arc not 
illegal. Existence o f a dose-response relation, in which 
magnitude o f the outcome varies with magnitude o f the 
exposure is another criterion often invoked. In many 
studies, xistcnce o f such a relation was impossible to 
assess since only binary exposure categories were 
examined. Where effects o f more than two exposure 
categories were reported, a graded association with 
outcome from higher to lower exposure was sometimes 
noted. Interpretation o f these gradients was complicated 
by the fact that in almost all studies, frequency o f drug 
use, rather than dose, was assessed. Quantity used was 
probably closely related to frequency, and frequency 
measures allowed inference o f extent o f drug involvement, 
which is o f relevance to social mechanisms o f causation.

However, empirical evidence has shown that 
associations can fu lfil these criteria, and still be unlikely to

M tiu in  ol csnnabls ute and measure ol outcome Crude eitlmata Ad)u*tad estimate
Out come/study
Educational attainment
Chnstchurch'* Any use before age 15 years and odds ratio for school dropout 8 1(4-3-15 0) 3-1(12-7  9)
Project Alert" One point Increase on frequency of use scale and odds ratio for school dropout 1 68(p*0001) 113

('not significant')
Australian schools’ ’’ Weekly use at ages 15. 16. and 17 yoars and odds ratio for early school leaving 6 8(2  8-1-6) 

3 -2(14-7  3) 
1 8  (0 69-4 6)

5 6(2-0-1 5)
2 2 (0-91-6 0) 
1-1 10-40-2-9)

Use of other drugs
Swedish conscnois" Report that cannabis 'most used illicit drug' and odds ratio tor later injection drug use 6 8 (4 9-9  4) 3-3(1 9-5 91
Chnstchurch'* Weekly use and odds ratio for use ol any other drug 142 8 (92 3-222 9) 59 2 (36 0-97 5)
Psychological health
Chnstchurch" " Any use before age 15 years and odds ratio for reported anxiety, depression 2-7(1-3-4-11 1-2 (0-5-2-8)

or suicidal thoughts 2-9(1-6-51) 
3 6(2-1-6 1)

1-4 (0-7-2-7) 
1-4 (0-7-2-8)

Cannabis dependence at age 18 years and rate ratio for reported psychotic 2-3 (17-3-2) 1 8(1-2-2 6)
symptoms

Dunedin" Any use at age 15 years and odds ral.o tor any mental disorder (sexe combmodl 2-69J 0 97 (0 59-1-60)
Any use at age 18 years and odds ratio tor any mental disorder in males and 3-59t 2 00(1-29-3 09)
in females 1 54t 0 75(0 47-1 17)

Swedish conscripts" Use on more than 50 occasions and odds ratio tor clinical diagnosis of schiyophrenia 6-7 (4-5-10-0) 31(1-7-5-5)
Australian schools*" Daily use al age 15 years and odds ratio for reported depression In males and 1-9 (0-93-3-8) 1-1 (0-55-2-6)

in females 8 6 (4-2-18 0) 5 6 (2 6-12 0)
Antisocial behaviour
Chnstchurch" Any use before age 15 years and odds ratros for conduct disorder, reported 7 0(4-3-11-4) 1 0  (0 5-2-1)

offending and police contact 5-7 (3-3-10 0) 
4 8 (2 5-9-3)

0 8 (0 6-2 7) 
2 1 (0-9-4 8|

•Study summarised in table 2. relevant results published subsequent to Initial quality assessment. f95% CIs were not reported. Adjustment factors tor individual 
estimates are not given. Measures available are described In table 1, but adjustments did not necessarily include the full range of available measures.
Tablo 3: Crude and adjusted estim ates of effects of cannabis use on selected psychosocial outcomes
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be causal.***' . Utemativc explanations o f reverse 
causation, bias, and confounding are discussed.

l*sychosocial problems might be more a cause than a 
consequence o f cannabis use, especially with regard to 
associations between use and mental illness. Some studies 
adjusted for psychological symptoms reported at baseline or 
excluded incident problems occurring dunng early follow- 
up. Nevertheless, unrcported or subclinical psychological 
problems might have preceded and precip cd cannabis
use. Individuals with a pre-existing tendency i experience 
psychological difficulties might have a greater inclination to 
develop problematic patterns o f drug use (for example, 
depressed individuals arc more likely to start smoking 
tobacco and less likely to stop than those who are not 
depressed).*2 Cannabis use might also exacerbate existing 
predispositions to psychological problems.

Exposure to cannabis use und experience o f 
psychosocial problems might have been associated with 
both study recruitment and retention leading to selection 
bias that could affect the apparent association between 
cannabis use and harm Measurement bias is another 
possibility. Some empirical evidence suggests reasonable 
validity o f self-reported drug use, although other evidence 
shows that in some situations, especially general 
population studies in which the drug-usc status o f 
participants has not been previously recorded, this 
method can be unreliable.*’ "  Random misclassification o f 
drug-usc status w ill simply lead to dilution o f apparent 
effects, but systematic misclassification, especially when it 
affects both exposure and outcome measurement, can 
generate spurious effects. For example, an individual may 
have a general tendency to value cither conformist or non­
conformist, behaviour, and tlus tendency may influence 
their reporting. In this situation one would expect 
artcfactual associations between greater reported use o f 
cannabis and greater reported use o f other drugs or other 
non-conformist behaviours. Since most associations o f 
cannabis use with use o f other drugs, and with antisocial 
behaviour, are based exclusively on self-reported 
measures, the effect o f this type of bias must be 
considered. In otficr contexts, reporting bias has been 
shown to be capable o f generating strong and substantial 
associations between measures that, individually, seem to 
have high validity."

Discounting confounding is probably the most sen,, as 
mtcrprctational challenge in observational epidemiology.*’ 
Both cannabis use anti adverse psychosocial outcomes 
seem to share common antecedents related to various 
forms o f childhood adversity, and factors relating to pecr- 
group and family.***’ The relation between cannabis use 
and harm might simply reflect these associations; cannabis 
use could be a marker, rather than a cause, o f a life 
trajectory more likely to involve adverse outcomes.

There arc no completely re able means to identify 
confounded associations within observational data, and 
instances where apparently robust observational evidence 
has later been shown to be seriously misleading are 
common.*1 The importance of this issue to the 
epidemiology o f drug use might have been underestimated.
In particular, the extent to which confounding can be 
overcome through statistical adjustment seems to have been 
overestimated. Adjustment is useful, but its power to 
abolish the confounded component o f an association 
depends on the completeness and precision of 
measurement o f the confoundcrs.** Only three studies1*-'*" 
included in our analysis had any prospectivcly measured 
indices o f the early life factors that may covary with both 
cannabis use and harm. It seems unlikely that even these 
measures were complete or precise.

Unmeasured, as well as measured, potential 
confoundcrs can be taken into account through 
techniques such as fixed effects regression and latent 
variable modelling.” ■** These approaches allow more 
sophisticated adjustment. The main value o f adjustment is 
to allow the comparison o f adjusted with 'inadjusted 
estimates, but few studies provided both o f these 
estimates. The most informative examples o f those that 
did arc summarised in table 3. Attenuation o f estimates 
towards the null value, on adjustment, suggests 
confounding by the adiustment factor. In this situation, 
residual confounding can be assumed to be present. 
Unchanged or strengthened estimates suggest that 
confounding by the factor adjusted for is u n lik e ly - 
confounding by another factor is still possible. In table 3, 
almost all adjusted estimates arc substantially attenuated 
towards the null value. W ith attenuation o f this relative 
magnitude even small degrees o f measurement 
imprecision in the confoundcrs could account for the 
residual effects.

Sensitivity analyses arc another means to explore the 
possibility o f confounding. A  recent application o f this 
principle to North American data showed that 
confounding by a factor termed “ propensity for drug use" 
could explain associations between cannabis use and use 
o f other drugs.** Both environmental and genetic factors 
could underlie such a propensity."

Further evidence against a simple causal explanation for 
associations between cannabis use and psychosocial harm 
relates to population patterns o f the outcomes in question. 
For example, incidence o f schizophrenia seems to be 
strongly associated with cannabis exposure over a fairly 
short period (four-fold to five-fold relative risks over 
follow-up o f 10-30 years). Cannabis use appears to have 
increased substantially amongst young people over (he 
past 30 years, from around 10% reporting ever use in 
1969-70, to arour - 50% reporting ever use in 2001, in 
Britain and Sweden "  I f  the relation between use and 
schizophrenia were truly causal and i f  the relative risk was 
around five-fold then the incidence o f schizophrenia 
should have more than doubled since 1970. However 
population trends in schizophrenia incidence suggest that 
incidence has either been stable or slightly decreased over 
the relevant time period.’ 1*’

The above considerations suggest that a non-causal 
explanation is possible for most associations between 
cannabis exposure and both psychological and social 
harm. It is important to clarify these questions, and 
evidence meeting this requirement could come from 
several sources. Birth cohorts provide the ideal 
prospective design within which to investigate the role of 
early life factors." They arc expensive and time 
consuming, and ensuring complete follow-up is
challenging. However two o f the studies we identified 
successfully adopted this design.” '"  Other ongoing birth 
cohorts whose participants are now entering adolescence 
exist.*’ These studies could provide valuable information, 
especially i f  they incorporated approaches to 
measurement other than those completely reliant on 
uncorroborated self-report.

The principle o f “ Mcndclian randomisation”  is proving 
useful in cardiovascular and cancer epidemiology.”  I f  level 
o f exposure to a putaiivc environmental cause is
substantially affected by a particular genetic
polymorphism, then analysis o f effect by genotype is
unlikely to be confounded by environmental factors. 
Study o f polymorphisms affecting ncurorcccptor affinity 
for the psychoactive components o f cannabis may have 
potential in this regard." The statistical power is generally
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low in  such studies, however, and sample sizes need to be 
large."'" Finally, experimental studies are the traditional 
approach to overcoming problems o f selection bias and 
confounding. I f  experimental reduction in cannabis 
exposure were associated with reductions in psychosocial 
harm, this would be stronger evidence for a true causal 
relation. Currently, this approach is lim ited by the 
absence o f interventions that substantially or reliably 
reduce exposure to cannabis.'" Concerns have been 
expressed about the public health effects o f ecstasy use;'" 
the same princples should guide research to provide 
evidence relating to this drug. Evidence on public health 
effects o f opiate use seems likely to be most feasibly 
obtained through follow-up o f population-based cohorts 
o f opiate users.'*1 

In this review we did not consider physical health 
outcomes. Clearly, some types o f illic it drug use lead to 
serious physical harm, but the extent o f this problem 
outside known treatment populations is unclear. It is 
probable that cannabis use is associated with some 
physical harm, since most users apparently smoke the 
drug with tobacco. Interm ittent use confined to 
adolescence c r early adulthood might have small effects, 
but data confirming that this pattern o f use predominates, 
or measuring the prevalence o f other usage patterns, arc 
limited. L ittle  reassurance is available from the evidence 
we identified. Only one study reported mortality up to 
middle adulthood and found no increase with cannabis 
use, however the same study showed no mortality increase 
associated with tobacco use."

Drug policy is sometimes justified on the basis o f a 
causal relation between drug use and psychosocial harm. 
We have shown that evidence for this relation is not 
strong. However it would be naive to assume that 
scientific evidence is generally an important determinant 
of policy, especially in this area.'"'''"

No search strategy can ensure identification o f all 
relevant evidence. Our search was the most comprehensive 
of any we arc aware o f in this field and was recently 
updated. However, it is probable that we missed some 
potentially relevant evidence. Given the general issues of 
interpretation we have discussed, it seems unlikely that 
such omissions would have substantially altered our 
conclusions. Our quality assessment was inevitably 
subjective; however, we undertook it as a guide to readers 
and to make the task o f the review more manageable. We 
contacted only authors o f higher-quality studies to identify 
further evidence, although again it seems unlikely that this 
procedure introduced substantial bias.

Despite widespread concern, we have found no strong 
evidence that use o f cannabis in itself has important 
consequences for psychological or social health. This 
finding is not equivalent to the conclusion that use of 
cannabis is harmless in psychosocial terms; problems with 
the available evidence render it equally unable to support 
tliis proposition. Better evidence is needed in relation to 
cannabis, which is widely used, and in relation to other 
drugs that, although less widely used, might have 
important effects.
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99 Davey Smith G, Ebrahim S. Mcndelian randomiŝ 'on: prospects, potentials and limitations. Jut J Epidemiol 2004; 33s 30-42.
100 White D, Pins M. Educating young people about drugs: a systematic review. Addiction 1998; 93: 1475-87
101 Ricaurtc GA, McCann UD. Assessing long term effects of MDMA (ecstasy). Lancet 2001; 358: 1831-32.
102 Copeland L, Uudt! J, Robertson JR, Elton R. Changing patients in causes of death in a cohort of injecting drug users 1980-2001.Anh Intern Med (tn press).
1031'uvcy Smith G, Ebrahim S, Frankcl S. How policy informs the evidence. BMJ 2001; 322: 184 85
101 Kcndcll RE. Cannabis condemned: the proscription of Indian hemp. AJJicnon 2003; 98: 143 151

1588 THE LANCET • Vol 363 • May 15, 2004 • www.thclancct.com

For p e r s o n a l  u s e .  On ly  r<;prorlut.fci nvIH i p e rm is s i o n  f rom  The L n n c c t .

http://www.thclancct.com

