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G rin sp o o n , L. and B a k a la r ,  J . B . :  A rgum ents f o r  a
h a r m fu ln e a s  t a x .  J o u r n a l  o f  Drug I s s u e s ,  2 0 ( 4 ) :
5 9 9 -6 0 4 ,  F a l l  1 9 9 0 .

G r in sp o o n , L . :  M ariju an a  e n h a n c e s  t h e  l i v e s  o f  some
p e o p l e .  In  Drug P r o h i b i t i o n  and t h e  C o n s o le , ic e  o f  
N a t i o n s , A rn o ld  S . T rebach  and K evin  B. Z e e se  ( e d s . ) .  
W a sh in gto n , D .C .:  The Drug P o l i c y  F o u n d a t io n ,  19 90 .

Goldman, M .J . ,  G r in sp o o n ,  L . ,  and 
H u n te r - J o n e s ,  S . :  R i t u a l i s t i c  u se  o f  f l u o x e t i n e
by a form er s u b s t a n c e  a b u s e r .  Am erican J o u r n a l  o f  
P s y c h i a t r y , 147 (10) :1 3 7 7 ,  O cto b er  T 9 W !

G rin sp o o n , L . : The h a r m fu ln e s s  t a x :  A p r o p o s a l  f o r
r e g u l a t i o n  and t a x a t i o n  o f  d r u g s .  N orth  C a r o l in a  Journa.. 
o f  I n t e r n a t i o n a l  Law & Comm ercial R e g u l a t i o n ,  15 ( 3 ) :5 05 -  
5 1 0 , F a l l  19 9 0 .  ' '

G r in sp o o n , L. and B a k a la r ,  J . B . :  N o n - n a r c o t i c  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 , Volume 5, 
A cadem ic P r e s s ,  1 9 9 i .

G r in sp o o n , L . : Drug war f a t a l i t y :  th e  m e d ic a l  p o t e n t i a l
o f  i l l i c i t  d r u g s .  Harvard M ed ica l  Alumni B u l l e t i n ,
65 ( 1 ) : 2 4  —2 8 , Summer 1 9 9 1 .

G r in sp o o n , L . : M arijuana  i n  a t im e  o f
p s y c h o p h a r m a c o lo g ic a l  M cC arthyism . In  S e a r c h in g  f o r  
A l t e r n a t i v e s : D r u g -C o n tr o l  P o l i c y  in  t h e  U n ite d  S t a t e s ,
Melvyn fe. K rauss and Edward P. L azea r  ( e d s . ) .  S ta n fo r d ,  
CA: H oover I n s t i t u t i o n  P r e s s ,  19 91 .

G r in sp o o n , L. and B a k a la r ,  J . B . :  M arihua.ia . in
S ubsta ii  :e A buse: A C om p reh en sive  T e x tb o o k ,  Second
E d i t i o i  , J o y c e  H. L ow inson , Pedro R u iz ,  and R ob ert B. 
M illm an ( e d s . ) .  B a l t im o r e ,  MD: W il l ia m s  & W i lk in s ,  1992 .

G r in sp o o n , L. and B a k a la r ,  J . B . :  The war on d r u g s :  A
p ea c *  p r o p o s a l .  New E ngland  Jou r n a l  o f  M ed ic in e  3 6 0 : 5 : 3 5 7 -  
3 6 0 , Feb. 3 ,  1 9 9 4 .

G r in sp o o n ,  L. e B a k a la r ,  J . B . :  L ' e r r o r e  p iu  g r a v e ?
L ib e r a r e  l a  s o c i e t a  d a l l a  d roga  on I ' u s o  d e l l a  f o r z a .  
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

d a ia  m a y 9Z 96 -U t> -IE8  I I  :h  S 00 2 /IE /E0



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
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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
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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.

REFERENCES

Cohen, J. (1986). S t a t i s t i c a l  p o w e r  a n a l y s i s  f o r  t h e  b e h a v i o r a l  s c i e n c e s .  Hillsdale, 

NJ: Lawrence Erlbaum.

Doweiko, H. E. (1999). C o n c e p t s  o f  c h e m i c a l  d e p e n d e n c y .  New York: Brooks

Cole.

Earleywine, M. (2002). U n d e r s t a n d i n g  m a r i j u a n a .  New York: Oxford University

Press.

ElSohly, M.A. Holley, J. H. & Turner, C. E. (1984). Constituents o f  cannabis 

stava L. XXVI. The delta-9-tetrahydrocannabinol content of confiscated marijuana. 1974- 

1983. In D. J. Harvey. (Ed.), M a r i j u a n a  '8 4  (pp. 233-247). Oxford: 1RL.

Heishman, S. J., Stitzer, M. L. & Yingling, J. E. (1989). Effects of  

tetrahydrocannabinol content on marijuana smoking behavior, subjective reports, and 

performance. Pharmacology. Biochemistry & Behavior, 34, 173-179.

MacDonald, D. I. (1984). Drugs, drinking, and adolescents. Chicago: Year Book 

Medical Publishers.

Matthias. P., Tashkin, D. P., Marques-Magallanes, J.A., Wilkins, J. N. &

Simmons, M.S. (1997). Effects o f  varying marijuana potency on deposition of tar and 

delta9-THC in the lung during smoking. Pharmacology, Biochemistry and Behavior, 58.



Mikuriya, T. H. & Aldrich, M. R. (1988). Cannabis 1988: Old drug, new dangers, 

the potency question, .loumal o f  Psychoactive Drugs, 20,47-55.

Nahas, G. G. (1986). Cannabis: Toxicological properties and epidemiological 

aspects. Medical Journal o f Australia, 145, 82-87.

Perry, D. (1977). Street drug analysis and drug use trends. Part II, 1969-1976. 

P h a r m C h e m  N e w s l e t t e r ,  6 ,  4.

Potency Monitoring Project, Quarterly Reports. University o f  Mississippi: 

Research Institute o f Pharmaceutical Sciences (1974 to 1996).

Ratcliffe, D. (1974). Summary of  street drug results, 1973. P h a r m C h e m  

N e w s l e t t e r ,  3 , 3.

Roberts, C.D. (1996). Data quality o f  the Drug Abuse Warning Network. 

A m e r i c a n  J o u r n a l  o f  D r u g  &  A l c o h o l  A b u s e .  2 2 ,  3 8 9 - 4 0 1 .



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

09/05 3DWd ddia mov 9 / 9 8 - \L \> - I£8 I I  G00Z/IE/E0



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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Hypotherm ia, $120,000
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M ay, 1992.

5 2 . Drew  K .L ., H ibernation: A  m odel for studying the brain's tolerance to stroke. University o f A laska 
A nchorage, Biology R e se a rch  and G raduate  Sem inar Series. Sep t. 25, 1998

53 . Drew  K .L ., R ice  M .E ., Frerich s K .U . and H a llenbeck  J.M ., 1999, Stroke therapies from hibernating 
squirrels, W inter C on fe ren ce  on Brain  R e se a rch , Snow m ass, C O , Jan  23-30 .

54 . Drew K .L , O sborne  P  G ., H u  Y ., Stim m elm ayr R ., Bam es B .M ., 1999, H ibernation a natural m odel o f 
tolerance to brain traum a. H ibernation and A daptations to the C o ld , E s te s  Park. C O , M ay 20-22.

5 5 . Drew  K .L ., O sborne P .G ., H u  Y ., Stim m elm ayr R „  Barnes B .M ., H ibernation and To le ra nce  to Brain 
Traum a, 50th A rctic S c ie n ce  C on ference , S c ie n ce  in the North: 50 Y ea rs o f Change . D enali National 
Par* and Preserve, A laska, Se p t 19-22, 1999.

5 6 . Duffy L, Drew  K, K uhn T  and Bult B . N e uro scie nce  R ese arch  at the University of A laska Fairbanks 
M ay 5 ,2 0 0 0 .

57 . Drew  K .L ., Neuroprotective correlates o f hibernation. National Institute o f M ental Health. A ugust.
1999.

SB . Drew  K .L ., H ibernation, a natural m odel of neuroprotection, National Institute of D eafness and O ther 
Com m unication  D isorders, Sept. 23, 2000

S 0 . Drew K .L. Hibernation' A  m odel o f neuroprotection, Institute of Pathology, C a se  W estern  Reserve  
University, April 16. 2001

$10 . Drew K .L. H ibernation: M icrodialysis in hibernating ground squirrels, D ept of Psychiatry, C a se  
W estern Reserve  University, April 20„ 2001

511 . Drew K L., M icrodialysis, tissue traum a and glutam ate in hibernating brains 9th A nnual M eeting O n 
In Vivo M ethods Fo r Monitoring M o le cu les In N e uro scie nce  Dublin, Ju n e  18, 2001

512 . Draw K .L ., H ibernation and Neuroprotection. A laskan Sum m er N e u ro scie n ce  Con ference , Fairbanks, 
July 2 9 ,2 0 01

513. Drew K .L. Antioxidant Protection in H ibernation W orkshop  on com parative  aspects of oxidative 
stress. La  Paz, M exico, O ctober. 2001, Se ssio n  Chair.

S1 4  Drew K .L. Neuroprotection in H ibernation. Life S c ie n ce  Sem inar Series, Institute of A rctic Biology, 
University of A laska  Fairbanks, D e c. 9, 2001

515. Drew K .L  Hypoxia To le rance  in H ibernation. Th e  less you want the m ore you have. W inter 
C on fe ren ce  on Brain  Rese arch . Snow m ass, C O , Ja n  27, 2002

516. Drew K .L . and G reen  T .K  . M icrodialysis: Theory, Application and Cou p lin g  to Capillary 
Electroohoresis with Laser-Induced  F lu o re sce n ce  D etection, C en ter for N anosensor technology, 
University of A laska Fairbanks. F e b  7, 2002.

517 . Drew K .L  M em ory, Learning and H ibernation, PI m eeting for Con tin uo u s A ssisted  Perform ance 
Program , D efense  A dvanced  R e se a rch  Pro je cts A gency  (D A R P A ). New  O rleans, M arch  25, 2002

518 Drew K  L. Hibernation a Natural M odel o f Neuroprotection. A laska  Sum m e r N e uro scie nce  
Con ference . Fairbanks, A laska. Ju ly  1 4 -1 5 ,20 0 2 .

5 19  D ie w  K .L ., Neuroprotection in Hibernating A rctic G round  Squirre ls (Sperm oph ilus parryn): M etabolic 
Suppression. A dvanced  Te ch n o lo g y  A pplications for Com bat Casualty  C a re  (A T A C C C ). S t  Pete
B ea ch , Florida, Sep t. 9-11, 2002

$20. Drew K  L ., Learning and M em ory in H ibernation. PI m eeting for Con tin uo u s A ssisted  Perform ance 
Program , D efense A dvanced  R e se a rch  P ro jects A gency  (D A R P A ). H onolulu, Hawaii, Se p t 22-26,
2002.
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5 2 1 . Draw  K L . Neuropnotection in H ibem abor P a cific B iom edica l R e se a rch  Center, University o f Haw aii, 
Se p t 27, 200 2  ;

5 2 2 . Drew K L ., N europrotection in H ibernation: Is It C lin ica lly  Relevan t? University o f M iam i, Neurology 
G rand  R o u n d s  O ctober 31, 2002.

$ 2 3  Drew K .L ., Neuroprotection in H ibernation: A  com parative Perspective. University o f M iam i S ch o o l o f 
M arine Biology. O cto be r 31, 2002

5 2 4 . Drew  K L . JN K  activation during arousal from  hibernation: a pivotal pathway of regeneration 
University o f Nebraska O m aha  Cen te r for Neurovirology and N eurodegenerative D isorders A ugust 
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

Kelly L Drew. Ph.D. Maroh 30.2006
C u r r ic u lu m  V ita «

10

39Vd d d ia  n io v 9 Z 9 6 -U t> -IE 8 I T : p l  S 00Z /IE /E 0



09/0t>

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.
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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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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.
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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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This study explored the longitudinal associations of alcohol and marijuana use and violence over 
ages 11-20 in the youngest sample of malts from the Pittsburgh Youth Study IN = 503). Wc 
examined trends in alcohol and marijuana use and violence, how they covaried both concurrently 
and over time, and whether frequent substance use predicted violence and vice versa in 
multivariate models controlling for common risk factors. The analyses focused on frequent alco­
hol or marijuana users, those who scored in the highest 25% of frequency. Throughout adoles­
cence, substance use was more prevalent than violence. Most substance users did not engage in 
violence, and the proportion of substance users who engaged in violence was smaller than Ihe 
proportion of violent offenders who were also substance users. Concurrently, frequent use of 
alcohol and manjuana were both significantly associated with violence, longitudinal associa­
tions between frequent drinking and violence were weak, whereas longitudinal associations 
between frequent marijuana use and violence were more consistent. However, the relationship 
between frequent marijuana use and violence (and vice versa) was spurious, it was no longer sig­
nificant when common risk factors such as race/ethnicily and hard drug use were controlled for. 
We conclude that the marijuana-violencc relationship is due to selection effects whereby these 
behaviors tend lo co-occur in certain individuals, not because one behavior causes the other; 
rather, both arc influenced hy shared risk factors and/or an underlying tendency toward deviance.
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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.

T A R  Y I E L D
R A T I O  O F  V A R I A B L E S
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THC CONCENTRATION

3.95%

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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‘Respondents who still used at time ol survey, lor past year and past 3 months

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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FY MP PY P3M FY MP PY P3M 
Amsterdam San Francisco

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

MP PY P3M
Amsterdam

14
2a

-

17
h

»i

id

FY

37

»

% 31

MP PY 
San Francisco

□ Only are fou«
□ i IHoun 

'4 hours

P3M

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-

May 2004. Vol 94. No. 5 I American Journal ol Public Health Reinarman et al. | Peer Reviewed | Research and Practice | 839



RESEARCH AND PRACTICE

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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