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OPfCINAL CONTRIBUTION

Cognitive Functioning of Long-term 
Heavy Cannabis Users Seeking Treatment

C o n te xt Cognitive impairments are associated with long-term cannabis use. but the 
parameters of use that contribute to impairments and the nature and endurance of 
cognitive dysfunction remain uncertain

O b je c tive  To examine the effects of duration of cannabis use on specific areas of 
cognit ve functioning among users seeking treatment for cannabis dependence.

D esign, Setting, and  Partic ipants Multisite retrospective cross-sectional neuro 
psychological study conducted m the United States (Seattle, Wash; Farmington, Conn, 
and Miami, i a) between 1997 and 2000 among 102 near-daily cannabis users (51 
long-term users mean, 23 9 years of use; 51 shorter-term users; mean. 10.2 years of 
use) compared with 33 nonuser controls

Main Outcome Measures Measures from 9 standard neuropsychological tests that 
assessed attention memory, and executive functioning, and were a d m inf’ered prior 
to entry to a treatment program and following a median 17-hour abstine e

Results Long-term cannabis users performed significantly less well than shorter 
term users and controls on tests of memory and attention. On tne Rey Auditory Ver­
bal Learning Test, long-term users recalled significantly fewer words than either shorter- 

term users (P = ,001) or controls (P- 005), there was no difference between shorter- 
term users and controls Long-term user;, showed impaired learning (P-.007). retention 
(P= 003), and retrieval (P=.002) compared with controls. Both user groups per­
formed poorly on a time estimation task (P<,001 vs controls) Performance measures 
often correlated sir nificantly with the duration of cannabis use. being worse with in­

creasing years of u '•?, but were unrelated to withdrawal symptoms and persisted after 
controlling for recent cannabis use and other drug use

C onclusions These results con: rm that long-term heavy cannabis users show im­
pairments in memory and attention that endure beyond the period of intoxication and 
worsen with increasing years of regular cannabis use
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N THE CURRENT CLIMATE OF DEBATE 
about marijuana laws and interest in 
manjitana as medicine; one issue re­
mains unresolved Docs heavy, fre­

quent or prolonged use of cannabis lead 
to a deterioration in cognitive function 
that persists w ill hevend any period of 
acute intoxication? Is the functioning of 
ihe brain altered in the long term? With 
over 7 m illion people using cannabis 
weekly or more often tn the United States 
alone1 and the potential for increased 
physician recommendations for select pa­
tients to use can abis therapeutically,1 
answers to these i icstions art of signifi­
cant public health concern ’ ’ Scientific 
evidence from pasi research clearly 
showed that gross npairmcni related to 
chronic cannabis t. ,e did not occur but 
was inconclusive v • ih regard to the pres­
ence of more spec ic deficits.5* Recent 
studies with improved methods have 
demonsirated changes in cognition and 
brain function associated w ith long- 
lerm or frequent use of cannabis Spe­
cific impairments of attention, memory, 
and executive function have been found

For ed itoria l c o m m e n t see p 1172.

iri cannabis users in the unintoxicated 
slate (and m children exposed to can­
nabis in utero') in controlled studies us­
ing brain event-related potential tech 
mques* * 10 and neuropsychoiogic il 
assessments1 "'including complex tasks 

Brain imaging studies of cannabis us 
crs have demonstraied ahered func 
tion, blood flow, and metabolism in pre- 
frontal and cerebellar regions.Studies 
failing lo detect cognitive decline asso­
ciated with cannabis use10may reflect in­
sufficient heavy or chronic use of can­
nabis in the samp c or the use of 
insensitive assessment instruments. Im­
pairments appear to increase with dura 
tion and frequency of cannabis use, how­

ever, the parameters of use that are 
associaicd with short - or long-lasting cog 
nitive and brain dysfunction have not
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COGN'TIVE fu nc tion ing  or LONG-TERM cannabis users

been fully - lucidaied The atmbutlon of 
deficits to lingering acute effects, drug 
residues, abstinence effects, or lasting 
changes caused by chronic use contin­
ues to bedebated,6 Animal rescue h sug­
gests an important role for the cannabi­
noid receptor in regulating the neural 
iictivitv critical for memory process 
lng.,,'w Long-term use j f  cannabis may 
result in altered functioning of ihe can­
nabinoid receptor and its associated nci 
romodulaior systems 

This study investigated the nature of 
cognitive impairments associated with 
long-term cannabis use cmpli igdata 
collected from a large clinical trial of 
chronic users seeking treatment for can­
nabis dependence. The study com­
pared J 02 cannabis users assessed prior 
to treatment on carefully selected neu­
ropsychological tests w ith 33 nonuser 
controls The parameters of cannabis 
use that contribute to impairment were 
examined It was hypothesized (hat per- 
lormancc would deteriorate as the num­
ber of years ol regular use increased

METHODS
Design
A m u ltis iic . re irospec iive , cross- 
scctional comparison group design was 
used 10 compare (1 ) long-term usets 
with a mean of 23.9 years of regular can­
nabis use, (2) shorter-term users with 
a mean of 10 .2 years of regular use, and 
(3) nonuscrs of cannabis. Key con­
founding variables (age, IQ, oilier drug

use) were controlled through match­
ing or statistical methods The sample 
size required for this study was deter­
mined by estimating a 94% chance of 
delecting a moderate effect size of 0.5 
SD units at a 2-tailed o of 05

R ecruitm ent Procedure 

and Assessm ent o f D rug Use

Sixty-ft ve of the 102 cannabis users were 
dclaycd-ircaimeni participants from the 
Marijuana Trcaimcm Project, a tnul- 
iitc USsiudv (Seattle Wash; Farming- 

lon. Conn; and Miami. Fla) conducted 
between 1997 and 2000 of the effective­
ness of bncl treatments for cannabis de­
pendence T he remainder were re- 
c ru ite d  th ro u gh  the M a riju ana  
Trcaimcnt Project specifically for this 
study Participants provided written in­
formed consent as approved by the eth­
ics committees of the participating in­
s titu tions and wcie paid $75 fo r 
completing the cognitive assessments. 
Controls tn*33 were recruited from the 
general population through media ad­
vertisements at only 1 site The con 
Irols were told that the researchers were 
studying the effects of exposure to drugs 
and alcohol on cognitive hincuoriing, 
and that al piescni only individuals al 
the lighter end of the spectrum of drug 
experience were required The aim was 
to minimize cannabis use among con­
trols while approximating the other 
characteristics of the cannabis-using 
sample Assessors were not blinded with

regard to group assignment. Self 
reported drug and alcohol use were as­
sessed by the Addiction Severity In­
dex,w a separate structured Interview, 
and the Time Line Follow Back proce­
dure The Structured Clinical Inter­
view for Diagnostic and Statistical Manual 
of Mental Disordrry -ith Edition (DSM- 
IV) Axis 1 Disorders (SCID)* assessed 
cannabis dependence Duration of regu­
lar (at least twice per month) cannabis 
use was an averaged composite mea­
sure derived from the Addiction Scvcr- 
ity Index, SC1D, and the structured in- 
tc, lew Current frequency of cannabis 
use was calculated from the Timr Line 
Follow Back procedure

In c lu s io n /E xc lu s io n  Criteria

Cannabis users were included if they 
had used cannabis regularly for at Icasi 
3 years, were currently using at least 
once a week, were seeking treatment to 
assist them to cease or reduce their use 
of cannabis, and were w illing to par 
ticipate in the treatment program of­
fered Participants were excluded if they 
had ever had a serious illness or injurv 
(hat may have affected the brain, any 
psychotic disorder, met a current 
D5M-JV diagnosis of dependence on anv 
other drug or alcohol, or had a poor 
command of ihe English language

S a m p le  Characteristics

T ab le  1 provides demographic in fo r­

m ation and cannabis use parameters.

Table 1. Demographic and Cannabis Use Details of the Sample’
Cannabis Users

All Shorter-lerm Users Long-term Users Controls
No 102 5 ' 51 33
Sex, male (%| 75 (74) 36(711 39 (76) 22 (67)
Age. mean (SD) (range|. y 35 A (8 6 ) 119-55] 28 7 (5.5) [19-45U 42 i (5 2) |34-55)t 34 8(11 it | ’9 65)
Education, mean (SD) (range), yj 14 3 12 3) |10-22] 14 i (2 5) 110-22) 14 5 (2.0) (11-20) 148(1 8)|12-18|
Full-scale IQ, mean (SDt |range|§ 105 4 (6 .71187 4-118 5)1| 105U7 4) 187 4-118 51 105.7 (5 9) 192 7-118.3J 107 9(4.7) (94.5-117.2)
Cruralion ot use, mean (SD) (range|, yfl 17.1 (7.91|2 7-31 7| 10 2(3 8 ) 12 7-17 01 23 9(4 l) |17 3-31 7)
Frequency oi use. median (range), d/mo* 27 9(3.5-30) 28 3 (5 2-30) 27 4 (3.5-30)
♦Enoses m o ra le  not appAcatxi-
tSigrnfcantr, diheren! trom con trols Bt P< 001
IThe sBH-teconeO number o* y ears ot lorma e o u ca io n  completed
$Estimat“d  trom a combination o t North American v-m i Reading Test, Wioe Range Acn-evement T est-R ev ised  roaomg su c re s ; sco res and the Barona m ae*
(Significantly d-fterent trom controls at P< 05
j|Tne numoer ot years mat cann o t- 5 nad Deer- u seo  - x e  'O /Ji.i u se  com m enced lat least tw ice p e i month), com posite trom selt-report. Addiction Seventy index, and Structured 

Cm cai Interview Axis 1 D isorders a s se ssm en ts 
•The median oumcier ot days p e i month that carm at w as u sed  ot entry to the study based  on averag e u se p er 30  days horn see-reported u se  dunng the p a s t 14 weens
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COGNITIVE nJNCT jNING OF LONG-TERM CANNABIS USERS

The user group was split at the median 
for duration of cannabis use to enable 
compansons of long-term users, shorter 
term users, and controls No meaning­
ful division o! groups could be achieved 
on the basis of frequency of cannabis use. 
which was almost daily for the major­
ity of the sample Sex distribution and 
vee«. of education did not differ be- 
tw un  groups The majoruv of users 
<66 6% and controls <63 6%) were 
white Overall, users and controls did not 
differ in age, but long-term users were 
significantly older and shorter-term us 
ers were significantly younger than con­
trols (P<,001) Premorbid intelligence 
was estimated by several methods and 
averaged the Wide Range Achieve­
ment Test— Revised reading subiesi 
(WRAT-R kEAD.i50 the North Amcn- 
enn Adult Reading Test (NAART)'1; and 
the Barona Index ’ The mean esti­
mated full-scale IQ (FS1QI did not dif­
fer between the 3 groups based on du­
ration of cannabis use The majority of 
the sample (62 4'V long term. 88 2'V 
shorter-term users' reported expencnc • 
mg problems with memory, attention, 
or concentration, which they attrib­
uted to their use of cannabis

Cannabis Use, Required 

A bstinence, a r j  Urinalysis

Users first tried cannabis at a rncan age 
of 15 3 (SD. 2.6) years with regular use 
al least twite a month i commencing at 
age 17.5 (SD. 3.2) years Cannabis had 
been used on a median 29 of the past 30 
days (range, 1-30), Almost the entire 
sample (98%) met the DSM-IV cntcrt.t 
for cannabis dependence. The median 
amount of cannabis smoked per week 
was I quarter of an ounce (range, 0 01
2.00 oz) with 2 average-sized joinls typi­
cally smoked per day (range, 0 12 - 20.00) 
None or these cannabis-use parameters 
differed between the long- and shorter- 
term user groups Twentv-two controls 
had cither neve- tried cannabis or used 
it 10 or fewer tines in their lives and 1 1  
had used cannabis weekly to monthly 
while 31 school or college between 4 md 
30 years ago Controls with a history of 
cannabis use were excluded from “pure 
sample" analyses.

Participants were 'equlred to ab­
stain from cannabis for at least 12  hours 
prior to testing and to provide 2 urine 
samples (1 the night before testing, an­
other during the test session). The me­
dian self-rtported time since last use of 
cannabis was 17 hours (range, 7-240 
hours); this did not differ between long- 
and shorter-term users At the time of 
testing, 70% of the sample reported that 
thev were not experiencing any dts- 
comlort after abstaining from canna- 
his Twice as manv shorter-term users 
than long-term users (P* .03) re­
ported mild withdrawal symptoms such 
as cravings irr ita b ility , depression, 
anxiety, sleep, o r appetite d is tu r­
bances In 78.3% of cases, creatinine- 
normalized urinary cannabmoid me­
tabolite iTHC-COOH) levelsi. 'heday 
of testing were less than or equivalent 
to those from the night before 54 ’* Ab­
stinence from cannabis was Supported 
bv significant correlations between the 
level of normalized urinary cannabt- 
notd metabolite on the day ol testing 
and the self-reported time since last use 
(btvartatc co rre la tion coe ffic ien t 
|rJ.—0 4n, p< 001), and the quantity 
used on the last occasion divided by the 
time since last use (r, 0 39; P<.00l) 
The effects of these measures of re­
cent use were examined in relation to 
test performance Pure sample" analy­
ses excluded users with higher metabo­
lites in the second urine sample No 
cannabinoid metabolites were de­
lected in the urine of the control par­
ticipants

O ther D ru g  Use

No other drug metabolites were de­
tected in any unnc sample Tobacco and 
aicohol use was minimal. Alcohol was 
consumed on a median of 3.4 and 1.7 
days per month among users and con­
trols. respectively Almost one third ol 
users 3nd 46 8% of controls drank less 
than once a month or not at all Forty 
eight percent of the cannabis users had 
only tried drugs other than cannabis a 
lew times or never; 52% had used other 
drugs socially/recreationally primar­
ily during high school and college Past 
histories of regular drug use included

cocaine (n« 24), amphetamines (n« 11), 
hallucinogens (n» 17), and sedatives' 
hypnotics or minor tranquilizers (n = 7) 
Cuncnt use of other drugs was less than 
once a month or not at all for 93.1% of 
the sample More than half of the con­
trols (51.5%) had never tned any other 
drug and the remainder had only tried 
other drugs experimentally “ Pure 
sample” analyses excluded all partici­
pants w ith histories of regular or heavy 
use of alcohol or other drugs

N e urop sycholog ical Tests 

and Procedures

Nine neuropsychological tests were 
administered in the order listed in 
TABI E 2,1*4,1 along w ith the 2 tests used 
to assess premorb id IQ ,0 ,J A 10- 
minute rest break was given after the Rev 
Auditory Verbal LeamingTcst (RAVLT) 
Recognition lest. Tests were adminis­
tered by trained assistants and look ap­
proximately 2 hours to complete Qual­
ity assurance procedures were adopted 
to ensure that procedures were stan­
dardized at each site with ongoing su­
pervision and review of audiotaped 
assessments by centralized stall through­
out the course of the study

D a ta  A nalysis

Earh cognitive test was analysed us­
ing SPSS version 10.0 (SPSS Institute, 
Chicago, III) with analysis o f covari­
ance (ANCOVA) fo^ normally distrib­
uted variables or nonparamciric tests 
of group differences for skewed data 
The FSIQ and agr were included as co­
variates in analyses where they corre­
lated w ith test performance. All par­
ticipants were in it ia lly  included in 
analysis, w ith the overall cannabis user 
sample first compared with the con­
tro l group (evaluated at P<.05), fol­
lowed by comparisons on the basis of 
duration o f cannabis use (long- vs 
shorter-term users vs controls, evalu­
ated at P<,01). For 2-way interac­
tions, the Greenhouse-Geisser method 
was used to adjust the dj where appro­
priate and for multiple comparisons, a 
Bonferroni adjustment controlled (or 
type 1 error Analysis of covariance was 
repeated on a purer sample that strictly
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COGNITIVE FUNCTIONING OF LONG-TERM CANNABIS USERS

Table 2. Neuropsychological Tests Administered arid Cognitive Functions Assessed*
Neuropsychological Test Cognitive Functions Assessed

Wsde Range Acrttevemen; Test-Rewseo reaang Prernc'tM IQ
3u0test (WRAT-R HtAQt*

Speea o» Gomprehertscn (SCO test (Soeec ana Rate ot vernai mtormatior processng
Capacity o< Language Processng (SCOiP|i*

Rev Amatory Verna* teaming Test (RAVlT1***' Memory span, verbal learning and retrieval 
ed'C«ncy suscen'-ntMy to nierterence

Strooc Test'- “ aoatonai interference Attention cognitive flexibility tnhitxtior;
conStor*- Ot distractor stmit. suppmssion rf 

naoduai response
Wisconsin Cam Sonma Test IWCST Problem solving, conceptual abAty

computerized"
Aipnaoet Tas>T Cogntrve tieucxiity executive 'uncic"
Omitted NumoersJ Wonxrtg memory
'm e  Estimation and Pro<Juction§ Temcora ludgmen*
RAVLT 20-mnute oetav ma (VII) Recognition test Ling-temi letention recognnon memory
North Amenjan Adult Reaang Test (NAARTtJ; Premorbd IQ
Auditor-, Consonant Ingrams (Brown-Peterson)*'- Snort-term retention unoen attractor 

conditions
Pacec Auditory Sena Ao-non Test (PASAT)** Into-maton processing, wonting memory, 

divided and sustaned attention
•Ttists adm nrsterso  n  t r *  o » o ^  W©cJ
tCom coseO  C* t*n *0  •ooa * * n t  »no  a*©rr\at.og r©c‘t *  In©'*
t  ̂ e coqn don  o* CVTutlOO Itum How «  (umttW flU 'il CH OUfTOO'S tfon- 1 to 10  (10 tN> 11
$Compos©C 0* 3  truin unw*m©d •fUnafton 0« l*»n* to co ro ^ t©  In© c'©CW3*'XJ *j»5^ <fT**n • from*#* t#  %*c >V J i 

fTtme E$»*TVI,*9r’ A, wr* ttfOOutf «X( P »rvnoT© 40 WiZTOZ, wno w>T̂ a MSV/o e)1*n«tcr’ (2 rrvvlft) Hr'* f fit 
Tvalc*- 8

excluded those participants w ith ei­
ther a htstorv of other drug use or pos­
sible recent use of cannabis prior to test­
ing. Semipartia! correlations examined 
the unique contributions of FSIQ, age, 
duration of cannabis use, ami recency 
of cannabis use to the variance in cog­
nitive test performance

RESULTS
Results from the 9 neuropsychologi­
cal tests are shown in T able 3 for can­
nabis users overall, for groups based on 
duration of cannabis use and for con­
trols Effect sizes are calculated be­
tween long-term users and controls us­
ing the SD of the controls

Speed o f C o m p re h e nsio n

Cannabis user groups did not differ 
from controls in the number of items 
completed (range, 23-100) but users 
overall made more errors (P = 03) 
i range, 0-5J These results suggest that 
cannabis users are more likely to sac­
rifice accuracy for speed

Rey Auditory Verbal Learning Test

Mean words recalled on each trial ire 
depicted in the Figure. The learning

curves of shorter-term users and con­
trols were simiiar but long-term users 
showed a learning curve with a less 
steep gradient and long-term users re­
called fewer words on every trial. The 
sum of words recalled across all trials 
I through VII inclusive of trial B tre­
ferred to here as RAVLT sum; range, 37- 
114) correlated significantly arid in­
versely with the duration of cannabis 
use after controlling for age and FSIQ 
(partial r,-0.23, P» 01) When ana­
lysed by ANCOVA, there wasa signifi­
cant effect >f group (Pz.u7»8 36; 
P< .0 0 1) whereby long-term users re­
called significantly fewer words than ei­
ther shorter-term users (95% con fi­
dence interval | Cl | for difference, 3.84- 
19 18, P» 001 fo r controls (95% Cl for 
difference, 2 83-19 93;P= .005) with no 
difference between shorter-term users 
and controls. When all trials were in­
cluded tn a repealed measures AN­
COVA, a significant interaction be­
tween group and tria l (Ft< bbv* 2.8-4, 
P= 007) suggested that long-term us­
ers recalled fewer words than shorter- 
term users or controls on every tria l 
(P<.05 for each comparison) except the 
first, with a trend on trial B (the inter­

ference list presented only once; P* 08).
The proportion of subjects w ith a 

very poor learning ability (acquisition 
<3 word* over 5 trials) was greater 
among long-term users (13.7%) than 
controls (0%) (P».007) but not shorter' 
term users (5.9%). The proportion of 
long-term users recalling fewer than 10  
word* on trial V (27 5%) was more than 
among shorter-term users (8.5%) or 
contro ls (3 0%) (P» 002) Stgnift 
cantlv more long-term users (23.5%) 
lost 3 or more words over the 20- 
minute delay between trials VI and VII 
than shorter-term users (4.3%) or con­
trols (3.0%) (Po 003j Long-term us­
ers showed a smaller primacy effect in 
the serial position curve than either 
other group (P».02). Groups did not 
differ in the recency effect or in words 
recalled from the middle o f the list

Users overall and long-term users tec- 
ogntzed fewer words than controls from 
list A (overall. P« .03. long-term. P* .01) 
and list B (overall, P*01; long-term. 
P= 04) but long-term users did not d if­
fer from shorter-term users. More than 
half ol the long-term users (55%) had a 
recognition score for list A of 12 or less 
compared with 28% of shorter-term us­
ers and 21% of controls (P= .002) Long­
term users mtsasstgncd more words (me­
dian, 2) than shorter-term users and 
controls (each median, 0) (P< 001). A 
greater proportion of long-term users 
t 13.7%) compared with shorn term us­
ers (6 4%) and controls (0%) actually 
identified fewer words on recognition 
than they had just pnor during recall on 
trial VII (P*.02) Long-term users per­
formance was significantly poorer than 
published norms”  for the general popu­
la tion on most measures from the 
RAVLT

Stroop Test

Cannabis users did not differ signifi­
cantly from controls after inclusion of 
covariates in any condition or on in­
terference scores. While there were no 
performance differences between Color 
Word (CW) and Color-Read (CR) in 
the control group, performance on CR 
was, however, pm er than on CW in 
both long- (P<.001) and shorter-term

1126 IAMA, M»rch tv 2M2—Vo! 2tr Nc 9 (Reprinted' < 2002 American Medical Association All right* reserved



COGNITIVE FUNCTIONING OF LONG-TERM CAN* aBIS USERS

users (P».03). Coior-Rcad was ihe ad­
ditiona l interference cond ition de­
signed to increase demands on execu­
tive function *y There was an inverse 
relationship between duration of can­
nabis use and number l .  items com­
pleted on CR (partial r.-O 27; T« .003 > 
and CW (partial r -0.27, P-.004) af­
ter controlling for ige and FS1Q These

results suggest that cannabis users are 
vulnerable to task complexity with 
increasing demands creating more 
sources of interference that adversely 
affect performance.

W isco nsin  Card S orting  Test

There were no significant group differ­
ences on any Wisconsin Card Sorting

Test (WCST) measure but a trend on one 
long-term users failed to maintain the set 
more often than shorter-term users 
(P» 05) or controls (P -.07). Research 
suggests that this measure best repre­
sents attentional dysfunction w There was 
no evidence of impaired performance 
with increasing years of cannabis use after 
controlling for covariates

Table 3. Neuropjyr .ologtca1 Test Results

Cannabis Users' P Value (or Comparisons

Ter
ah

in « 1021
Shorter-term

Users
(n * 511

Lono-tem-
Users

in • 51)
Controls 
(n * 33)

6 ft eel 
Size

All vs 
Controls

Shorter-term 
Users vs 
Controls

Long-term 
Users vs
Controls

Shorter- vs 
Long-term 

Users
SCOLP-SDCr-nsior. <&i "V '

Car«! 10 0 -1& 11 16-18. 10(3-17) 10(6-15' 06 07 10 65
Erros ' (0-8 ) 1 (C-8. 1 ic-e 0(0-31 03 05 05 .96

RAVlT mem :D|} 
Trail 63 (’ 9i 6 6 H 9 6 ' 11 9 7.0 ft .91 C 47 12 >99 15 59
Trail 9 3(2.7) 9 9(2.6) 8 5 (2 5>* 9 8(2.3, 061 27 >99 05 004
Trail 10,812 5' 1’ 6(2.3 10.1 (2.61* 11 4(22) 059 3? >99 07 003
Tnalll it  5 C 3. 1 2 1 (2 .2) 10 9 (2 4)* 12 4 (2 2 ' 068 10 >.99 02 01
Tnal V 12.2 (2.31 •: * (2 1' 11 5 (2 4— 12 9(16 088 19 >99 03 005
Trial B 6.012 3' 6.5 .2 4; 5.6 (22 6 9(25 056 ie > 99 05 07
Tnal V) 10 0(3 O' 10 9 (2 8 9 2 (3 1'* 11 4 <22' 100 07 >99 005 (302
Tnai s 98(3.5;* 11 1 (3 Ii 5.5 (3 5'* 11.0C7 0 93 13 >99 0C4 < 001
RAVI >,*r 75 6(17 2- 01 4(15 8 ' 70.3(168'* 82.9(14.8! 085 14 >99 005 < 001
Recoc 12.1 CD* 13 1 (2 3' 11.1 (3 41* 13.3(1.7 1 29 .03 >99 01 14
Recop d 61 0.7)* *2 (3 7i S 0 (3 5 * 8 2(32, 100 .01 >9? 0< 26

Siroop me® 33)§ 
Word 101.3 M5 11 100 2(16 41 102.2(14 0) 107 0(15 9i OX 13 99 34 >99
OcKr 75 6 022) 75 8(13 4) 75 4(11 1) 74 5(13.3) 0.07 50 >99 > 99 >.99
Cdor-W VC 454 (9.2)* 46 8(9 4 44 0  IB a 44 4 110.2) 004 25 55 > 99 >99
CoKx-Rt S 40.1 (7 91- 42 2 *9 0 37 7 (6.2 41 4(7 9) 047 92 >99 >99 42

WCST meaa- ngei 
Errors 28 (16-81' 27(16-77, 29 (17-fll, 30(15-78, 67 29 77 .06
Persevwalt ... 

restxx'ses
16 (7-49 16 (7-45! 15(6-49 14(8-63) 95 .55 49 17

Ao Concern 7? '(12.5-86 7 73 1 (14 8-85 9 71 9(12.5-86' 7) 71 9 06 4-88 3) 82 .38 64 12
Trals 13(10-75) 13(11-64 12(10-75, 13(10-101) 75 90 67 74
FaAxes 1 (C-7. 1 (0-5) 2 (0-7> 1 0-41 42 .74 07 .05

Aipnatrei TasK. 
median irangelT 

Anematmg 18 6 (10.4-52.4'* 16 8110 4-37.2’ 19 8(130-52 4, 17 5(11.5-33.21 .31 91 06 07
Otter ence 11 3 (4 8-39 9'* 10 3(5 0-296 12.3 14 8-39 9 8 8(3 2-24.7) 14 54 04 09

Om«ied Numeers. 
mean (SDl*

6  7(1 8 7 0(1 8 i 6 4(1 .f t 6.3(2.11 005 13 .64 53 >99

Time Estimator s’* 
Unwarned Task A 

mean (SDi
-64 4 (53.5)* -61 3(54.1)* -67 7 (53.2)* 6 (88 6) 0.68 <.001 <001 01 >99

Warned Task 6. 
mediar irange1

-1 0 '-55 lo65‘ -1 6  (-56 to 85) -0 51-4010 75) 6 (-70 to 1021 65 .67 70 96

Tme Proouctioc 
mean (SOi

-15 6 (24.6' -14 9(25 7 -> 6  4(23.6' -190(262) 0.10 24 >99 .34 79

Mi/atocy Consonant 
Tngrarrs meanfSDl 
seconds ot oeiay t t

9 ii  4 r2 7)* 12 l (2.3) 10 7 (2.91* 129(1.9) 1 16 33 >99 .002 .007
16 11.3(2.5 11 '  (2 -0) 10 9(3 0) 11.5(2.61 0 21 .79 .92 >.99 .23
36 10.0 (2 9. 11.2(2.9) 10.7(2 9) 110127) 0.11 .84 >99 >99 94

(contmjed:
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Table 3. Neufopiychological Test Results (cont)
C annab is U s a is P V a lu e  to r  C o m p a r is o n s

T#»!
A l

( n »  102)
S h o n e i- le im

U se r s
( n .  5 1 |

L on g -la em
U sers

|n  .  51)
C on tro ls 
(n • 33i

E fle c t
S u e

AB v s  
C on tro ls

Sno rt e r - te rm  
U s e r s  v s
C on tro ls

L o n g -te em  
U s e r s  v s
C on tro ls

S n o rte r - v s  
L on fl- le rm  

U se r s
PASAT m *o * r - « y »  : :  

P F T lW t J 5 6 S 4 0 - » 5 6 > 2  51 O 4 0  3  6 0 2 5 8  (2 4 0 4  5 8 * 2  5 8  2  4 0 3  561 .02 16 2 3 -007
p p  T n » : 2 ^ 3  r2 0 0 -3  £ 3 2 ' B t 2  0 0 2 8 3 2  2 8  < 2 .0 0 3  S3. 2  2 4  0  0 0 -3  06! 4 3 84 1 0 0 3
p p  tnai ? i ri>(1 8G-3 SO 1 7 8 1 1 6 0 3 * 1 81 r i 6 0 2  521 1 7811 6C-2 6 3 ■70 4 9 t i 3 6
P P  Tna a 1 3 6  r i 3C e2 .3 l 1 3 5 1 1 2 0 1  8 0 1 3 8  H 2 0 2 3 1 1 1 3 3 n  2 0 ? OC 54 1 5 2 2
Total p f 8  o r  (7 .32 -rC  B n 7 .9 0 (7 .3 6 -9  96 B ? i  (7 3 2 -1 0 6 1 '  6 5  (7 -37 -10 .S® jit 8 7 OS 0 2
To la a t i a r e M o >42 5  174-191 146 0 ( 9 6 - 1 9 1 ’ 1 3 8  0  (74 -166 1 4 5  5 ( 1 1 0 1 9 0 7 J W * 45
Total jo n u c ! i ? 7  0 C 6  6i 132 0  s e a 121 9 ( 2 5  4, 131 6 ( 2 8  9 0 3 4 74 - - 9 9 84 2 2
S» C o n sd 6 4  8 1 1 3  a 6 7 3 ( 1 3 7 62  2  <13 3 6 7  1 (14 7 0 0 3 74 > » 6 4 2 2
S e co n d : 2 78 11 8 6 -5  88' 2  61 (1  8 8 -4  671 2  94  12 0 9 -5  68 2  71 l̂  69 -4  54 5 2 97 2 3 14
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nm o les u v  e n o s  i*  *  6 *  L i n  r  • 3 J  controls, £ tn s » s  r v s i e t r  not ao o h ca e *  
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IM M M ee i*  . . im c a e ' e a n s t  s iv - j r o s f c r  ( '»  Cosy * -v iC <»o rW o3cu r< l( ion sa f>n «S iroo c . iage :o " « c ' a a  r .  10C u a o w  ana l i e  roocH aa Coro c«aea c c n a t c n  v  • 1 0 ' 
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Figure. Mean Number ot Words Recalled or 
Each Trial o* (he Rey Auditory Verbal 
Learning Test by Long- and Shorter-term 
Cannabis Users and Controls

- Txai’n e  : - r o e »  'em  i-'le-n d  Lm o tatm J ia n

I . . .
|
* •*
t  3

i- ▼Cr~y

Trail
EffOf t>ar\ rep resen t SDs

A lphabe t Task and 

O m itte d  N um bers

Groups did not differ in the time taken 
ic complete an\ trial of the Alphabet 
Task or m the number of items correct 
In the Omitted Numbers task The log 
time to complete the alternating trial of 
the Alphabet Task increased as a func­
tion of duration of cannabis use Tpar- 
tial r.O 2b. /’» 006h as did the square 
root difference between times taken lo

complete the alicrnating and loud t r i­
als. an index of interference and lack 
of flcxibilitv (partial r, 0.26, /’* 006)

T im e  E stim a tio n  Tasks

Cannabis users differed from controls 
tP< 001) in Time Estimation Task A 
where they estimated the time taken to 
cornplric ihe preceding (Omitted Num­
bers' task Both long- and shortcr-icrm 
users underestimated the time bv aboui 
one third of the actual lime taken (64 A 
seconds) and differed significantly from 
controls (P« 01 and /’• 001, respec­
tively Groups did not differ in the simple 
and hnef warned passive Time Estima­
tion Task B or Time Production, where 
they could use strategies such as count­
ing Time estimation measures did not 
correlate with duiation of cannabis use

A ud ito ry  C onsonant Trigrams

Long-term users recalled significantly 
fewer items than shorter-term users 
iP« 007), controls <P« 002). and pub­
lished norms** on onlv the 9-second delay 
condilion The number of items recalled 
did not correlate with duration of can­
nabis use. In thegencr. I population, the

grcaicr the delay interval the worse thr 
performance In cannabis users, this gen­
eral paucm was apparent, (hough there 
was greater interference at the shorter 
delay inicrval than would be expected.

Paced A u d ito ry  Serial 

A d d itio n  Test

Long-term users had slower processing 
rates than shorter-term users on tnal 1 
[Pm.007), w ith trends on trial 2 (P-.03) 
and the total processing rate across all 
trials (P* 02). Group differences on all 
other measures failed to reach signifi­
cance but the performance of the long­
term users was poorer in comparison 
w ith one set of norms** but not an­
other K

Pure Effects A ttr ib u ta b le  

to  Cannabis Use and Effects 

o f Recent vs Chronic Use

Excluding all participants with histo­
ries of regular other drug or alcohol use, 
dependence or treatment, and controls 
with any history of regular cannabis use 
w ith in the past 20 years reduced the 
sample to 27 long-term users. 33 shorter- 
term users, and 26 controls. Despite (he
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COGNim E FUNCTIONING OF LONG-TERM CANNA«1S USE. J

reduction in power 10 detect differ­
ences between groups, there remained 
a significant difference with a - 05 be­
tween long-term users and controls on 
RAVLTsum (Pm 03). recognition of lists 
A (Pm 004) and B i f .  01) and be­
tween users overall and controls on the 
unwarned Time Estimation task (Pm. 02). 
These results support the hypothesis that 
impaired memory function and time es­
timation are specific to chronic use of 
cannabis.

In a separate analysis, exclusion ol us­
ers whose urinary cannabinoid meiabo 
Itte levels exceeded those from the night 
before testing by 50 ng/mg or more 
in - IB ) still resulted in significant d if­
ferences between long- and shorter- 
term users, and long-term ascrs and con- 
trols on RAVLT sum (P- 002 and 
I’m 002, respectively), on recognition of 
lists A P-.005 and P- 006’ and . 
iT - 01 and P< 001). on the 9-second 
delay ol the Auditor. Consonant I n ­
grams lest (Pm 02 and P- 03). and us 
en Mill differed Irom controls on time es­
timation i Pm 005) When the sample was 
split at the mrdian fur time since last use 
ot level of urinary cannabinoid mciabo- 
luc on the dav of testing and analyzed b\ 
ANCOVA there were no differences on 
any measure between those who had 
used cannabis within the past 17 hours 
and those who had used cannabis IT or 
more hours ago. or those w ith high vs 
low levels of urinary metabolites and no 
interactions with duration of cannabis 
use Including measures ol recent use as

covanatcs in ANCOVA did not change 
the significance ol differences between 
long- and shorter-term users These re­
sults support the hypothesis (hat im­
paired performance is not a conse­
quence of recent use pnor to testing or 
the extent of cannabinoid residues pre 
sent.

To explore further the influences of 
duration ol cannabis use and recency 
ol use. semtparttal correlations were cal­
culated astng the fo llow ing predic 
tors FS1Q. age. duration of cannabis 
use and hours since last use of canna­
bis As shown in T able 4 the unique 
contnbution of duration ol cannabis use 
to the variance of each test variable was 
superior or at least equivalent io that 
of reccncv of use in all 6 test variables 
that had significant contributions from 
al least 1 cannabis use parameter Re­
cent use contributed only to pcrfor 
mance on the memory tests The fact 
that a minority ol the sample primar­
ily shorter-term users, reported expe­
riencing mild withdrawal symptoms, 
vet shorter-term users performance was 
not impaired, supports the in terpret 
non of the cognitive impairments ob­
served as a long-term consequence of 
cannabis use and not a manilcsiaiton 
of overtlv experienced withdrawal

COMMENT
The results ol th is study have con­
firmed and extended previous find­
ings of cognitive impairments among 
chronic heavy cannabis users. Long­

term users with a mean 24 years of regu­
lar cannabis use performed s ign ifi­
cantly less well on tests of memory and 
attention than nonuser controls and 
shorter-term users w ith a mean of 10 
years use The greatest impairment on 
almost every measure was from the 
RAVLT, in d ica tin g  a generalized 
memory deficit w ith impaired learn­
ing, retention, and retrieval Long­
term users recalled 2 5 fewer words than 
controls on the lelaycd recall tria l 
where 49% of the long-term users' 
scores were more than 1 SO. and 21 6% 
were more than 2 SDs, below the con­
trol mean and normative data.*’ A large 
proportion of long term users recog­
nition scores were more than 1 SD 
51 %) or 2 SDs < 31 4%) below the con­

trol mean and norms ’ Effect sizes for 
measures that differed significantly be­
tween long term users and controls 
ranged from 0.56 to 1 29 across all tests, 
indicating moderate to large effects 

These results do not indicate a se­
vere mcmon problem but rould nev­
ertheless translate into clinically sig­
nificant cognitive impairment and could 
impact functioning in daily life. There 
were significant differences between 
long-term users and controls on 6 of the 
9 tests administered and performance 
on 4 tests worsened as a function of in­
creasing years of cannabis use De­
spite this and a range of up lo 17 years 
of cannabis use in the shorter-ierm user 
group, they differed significantly from 
controls only on time estimation

Table 4. Predictor Correlations Between Hypottiesired Predictors an-1 Select Test Vanab'es'
Full-Scale IO Age Duration ot Cannabis Use Recency ot Cannabis Usef

Test Variables
Zero-
Order

P
Somipartial Value

•1
N

O

Semipart tal
P

Value
Zero-
Order Semipartiai

P
Value

Zero-
Order Semipartiai

P
Value

SCOLP-SOC.
No conec: i.

0.55 0.52 00’ 0 12 0.24 005 0.01 -0.24 035 0.11 0.05 S3

St’oot
Cow-Worn r 0.29 002 -0  25 0.09 .33 -0.34 -0  24 01 009 0.05 58

Cexor-Reac 0  36 0.36 -0  ’9 0.12 17 -0.27 -0.24 008 0 16 0.13 15

R.AVLT
RAVLTsum 0 21 0.22 02 -0  3* 0.06 5 A -037 - 0  21 02 0 25 0.21 02

RAVLT r e c e n c y OH 0.10 .32 -0  19 0 1 2 20 -0 27 - 0.22 02 0 24 0.23 02
A io h a o e : T a s *  

A ltern atin g , lo g
-0.2’ -0.21 33 0 12 -0.17 .09 C2i 0.25 01 -004 - 0 0 2 8i

•SCOLP SOC ipocam  bceea a - 0  Capacity or Lanouaai* n ro c o u ^ g  So eeo  o1 Corner enension r-.Av'LT f ie , A ud ion  Veroa, ceem m g Te s l P v»>ue» ar» tor s e m o o n j i  conera- 
t.oris Test -a'iaOies w ere ssjrur,centty p r e o c le d 0 .  at leas! i cunnaus use paiam eiei 

tO etn ec a s  nours sm ce last use c* cannace .
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Altered brain metabolism in shorter- 
term users may be detected with sen­
sitive techniques, such as functional 
magncnc resonance imaging and posi­
tron emission tomography, but the 
clinical significance of such changes re­
mains obscure The strength of this 
study is in us assessment oi overtly rel­
evant cognitive processes, our results 
suggest that shotter-icrm cannabis us­
ers arc not impaired to an extent that 
would interfere w ith cognitive func­
tioning in then daily lives The fact that 
the frequency of use was near daily 
among long- and shorter-term users 
suggests that the duration of cannabis 
use is a more salient contributor lo the 
development ol cognitive impairment 
lhan quantity or frequency of use 

While most cannabis users cease us 
tng tn their mid-20s to late 20s. approxi­
mately 20% continue to use through 
their 30s and bcvond • This is ihe first 
study to our knowledge of a relatively 
large sample of long-term entrenched 
cannabis users seeking treatment. Cort- 
ccm about perceived 'gnttive impair­
ment was one ol many problems asso­
ciated with cannabis use that led the 
users in this studv to seek treatment 
T his concern is unhkelv to have biased 
the results of this study since a slightly 
higher proportion o f shorier-term vs 
long-term users reported experiencing 
cognitive problems, yet shorter term us­
ers tnostlv did not differ from conirols 
on the cognitive tests Nevertheless, u 
is possible that long-term cannabis us 
crs in the community who arc not seek 
mg treatment mav not experience tm 
pairmcnts to the same degree as those 
assessed in this study

While acknowledging the lnnita 
nons of retrospective designs, if care­
fully controlled and analyzed, this ap­
proach is the most efficient way to 
evaluate the long-term cognitive ef­
fects of cannabis, given the costs and lo­
gistical difficulties in using prospective 
research designs The matching ol 
groups on measures of premorbid in 
tellectual functioning that arc resilient 
to brain damage, together with the ob­
served relationships between duration 
of cannabis use and test performance.

support ihe assumption that the cogni­
tive impairments observed in the long- 
icrm users were noi preexisting but de­
veloped as a result of thrtr prolonged use 
of cannabis lmpairmeni appeared un­
related io withdrawal phenomena The 
cognitive functions assessed in this study 
are dependent on the intact function­
ing of the hipp--campus, prcfrontal cor­
tex. and cerebellum,W,I M which arc 
dense with cannabinoid receptors *’ The 
effects that exogenous cannabtnotds ex­
ert on the cannabinoid receptor system 
and the role of endogenous cannabt- 
no ids as suggested by animal re­
search* 1*24 provide a credible neuro- 
phys io log ica l explanation for ihe 
development of cognitive impairments 
as the result of hypothesized long term 
changes occurring over many years of 
exposure to the drug

In conclusion, our results confirm 
that cognitive impairments develop as 
a result ol prolonged cannaht- use. they 
endure bcvond the period ol acute in­
toxication. and they worsen with in 
creasing vears of use Impairments de­
velop gradually but may onlv become 
clinically significant and detectable by 
standard neuropsychological tests a l­
ter I to 2 decades of cannabis use Nev­
ertheless. altered brain function w ith 
subtle impairment has been shown to 
manifest earlier •**" r It is also likelv 
that impairments would be greater 
among cotnorbid substance-depen­
dent persons The risk to most medi­
cal cannabis users is likely to be small, 
as long as thev are not maintained at 
high doses fo r rnan\ years For ha­
bitual usets, the kinds of impairments 
observed in this studv have the poten­
tial to impact academic achievements, 
occupational proficiency, in te rper­
sonal relationships, and daily function­
ing The extent to which ihese cogni­
tive impairments mav recover following 
cessation or reduction of cannabis use 
w ill be addressed tna follow-up of this 
sample subsequent to treatment for can­
nabis dependence
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Table. Relative Risk of Parkinson Disease Among Patient* With Polio Compared With a Nonexposed Cohort Matched by Age and Se*

Pattons, No. Obsarvad Parkinson Cases No.

Patient Group
Patiant* 

With Polio
Age-/Sex-Matched

Cohort
Patients 

With Polio
Age-/Sex - Mate had 

Cohort nn (95% ci)*
Total 542i 21626 29 60 2341 4-36i
Paralytic 2003 7979 13 23 22(1  1-4.3)
Noncararytic 2335 9317 7 14 19(0 7-4.7)
Pnrrta’Y tymohozytic manmg-tis 592 2367 7 4 1 |1 4-119)
Suspected poke 49 ' 1953 2 e 1 3(0 2-5 7)
•hma'n* r»» iPR- c « a / a i» - )  a c c o n jn g  tp DWIO*- /M 'S ai n»» O  n > : t ’«  con to sn ca  m trva i

Cl. 0.7-4.7) and in pauents only suspected of having poliomv- 
elms (RR, 1.3; 95°. Cl, 0 2-5.7)

Comment Although H has long been hypothesized that pc> 
liomyelms is associated with an increased risk of PD, o out 
knowledge this has never been empirically dcmonstrp'c i Tht 
observed increased PD risk does not necessarily imply thai po- 
liovtrus isdircctiy implicated in PD pathogenesis Rather, wc 
speculate that by reducing the number of neurons essential to 
normal neuronal functions, the vitally induced damage may 
enhance the effect of normal age-related neuronal degenera­
tion and thus precipitate PD 1 *

We acknowledge possible limitations of our data Because 
pauents with poliomyelitis mas be admitted to hospitals or mat 
attend outpatient clinics mure oftrn than other persons, de­
tection bias could arise However, in Denmark, tiic diagnosis, 
evaluation and treatment of PD normally take place at neu 
rological departments or neurological outpatient c limes. More­
over. although patients with PD initially mav consult private 
neurologists or general practitioners, the vast majority of pa­
tients with PD will at some point undergo clinical evaluation 
or hospitalization at specialized hospital departments because 
of the complexity of the disease Therefore, wc think that most 
Danish patients with PD would be registered in the NHDR. and 
we consider detection bias to be an unlikely explanation lor 
our findings

Patients with polio may present a wide range ol neurologi­
cal symptoms, which could cause diagnostic ambiguity If di­
agnostic mtsclassiftcation would explain our observations wc 
would have expected the risk of PD lo be particularly in­
creased in patients w ith paralytic polio However, an in­
creased risk of PD was also observed in patients with nonpara­
lytic polio Moreover, the likely inclusion of patients with 
nonpolio virus-related meningitis in the group of patients with 
primary lymphocytic meningitis may ..idtcaic that the ob­

served PD risk is not particular to the poliovtrus but also ap­
plies to other viruses infecting the central nervous system
Nete Munk Nielsen. MD. PhD 
Klaus Rostgaard. MSc 
Henrik Hjalgnm, MD, PhD 
Peter Aaby. MSc DMSc 
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Copenhagen
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A cknow ledgm en t. W e a ie  g ra te fu l to  the sta ff a t  C openhagen  City A rchives who 
h e lp ed  us iden tity th e  poho p a tien ts  reco id s
1 C aine DE Eisen A. Me G eer E. Spen cer R A lrh e im et s d is e a s e  Parkinson s dn 
e a s e  and m o tdn eu ron e d ise a se  ab io troph ic in teraction  b e tw e en  ageing an d  e n ­
v ironm en t? la n c e t  1 9 8 6 ,2  1 0 6 7 -1 0 7 0
2  Sc-'tt WK. N ance M A . W a tls  R l . e t  al C om p le te  genom ic screen  in Park inson 
d y e a s e  ev id en ce  lo t  multiple g en e s  M M A 2 0 0 1 ,2 8 6  2 2 3 9 -2 2 4 4
3 Booian D H istopatho log ic ba s is o t clinical find ings n  po liom yelitis Am J Mrd  
1 9 4 9 .6  563  5 7 7
4 V incent FM  M yers WC Poliom yelitis an a  park inson ism  H Cng< I Mtd 197 8  
2 9 8  6 8 6 -6 8 9
5 Munk NM W oh ifah r t j A aby P, e t a  C ancer nsk in a  co h o rt o t polio p a tien ts  
W f/C an ce r  2 0 0 1 .9 2  6 0 5 -6 0 8
6 Lassen  HCA. Sam m en lign ende u n d e rse g e ls e r o v e r p n m c r  se r e s  m eningitis o g  
para lyttsk pouom yelitis (C om parativ e stuOies o t prim ary lym phocytic m enig ilis and 
para ly tic  polio) Ugtikr ia rg  1 9 3 9 .3  7 3 -8 0

CORRECTION

in co rrec t M easu re : In the O riginal Contnbution  en titled * C ogn itiv e Function ing
o l Long-term  H eavy  C annabis U sers Seek ing T rea tm en t' p ub lish ed  m Ihe M arch
6. 2 0 0 2  issue o I T hi Ioukmai < 2 0 0 2 ,2 8 7  1 1 2 3 -1 1 3 1 ) , the le g e n d  for th e  Figure 
shou ld  ind icate th a t e tio r bars rep resen t SFM , n o t SD
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ORIGINAL CONTRiBl*i iON

Cognitive Functioning of Long-term 
Heavy Cannabis Users Seeking Treatment

C o n te xt Cognitive impairments are associatec with long-term cannabis use but the 

parameters ol use that contribute tc impairments and the nature and endurance of 
cognitive dysfunction remain uncertain.

O b je c tive  To examine the effects of duration of cannabis use on specific areas of 
cognitive functioning among users seeking treatment for cannabis dependence

D esign, S etting, and P artic ipants Muttislte retrospective cross-s^'onai neuro­
psychological study conducted in the United States (Seattle, Wasn, Far Otor. Conn, 
and Miarr . Fla) Detween ’ 997 and 2000 among 102 near-daily cannabis users (5 ’ 
long-term users mean. 23.9 years of use 51 shorter-term users: mean. 10.2 years of 
use) compared with 33 nonuser controls

M a in  O u tc o m e  M easures Measures from 9 standard neuropsychological tests that 
assessed attention, memory, and executive functioning, and were administered prior 
to entry to a treatment program, and following a median 17-hour abstinence

R esults Long-term cannaois us* s performec significantly less we! tnar snorter- 
term users and controls or tests of memory and attention. On the Rey Auditor) Ver 
oal Learning Test, long-term users recalled significantly fewer w o rds than either shorter- 
term users (F = .001) or controls (p =.005): tnere was no difference between shorter- 
term users and controls. Long-term users snowed impaired learning (P= .007). retenpor 

(P = .0 03), and retrieva1 (P=.002) comparec with controls Both user groups per­
formed poorly on a time estimation task (P<.001 vs controls). Performance measures 
often correlated significantly with the duration of cannabis use. being worse with in­
creasing years of use but were unrelated to withdrawal symptoms anc persisted after 
controlling for recent cannabis use and other drug use

C onclusions These results confirm tnat long-term heavy cannabis users show im ­
pairments in memory and attention that endure beyond the period of intoxication and 
worsen with increasing years of iegular '•annaois use.

JAMA 3002,2S7.112)-1131 w w w .iam a  com
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N THE CURRENT CUMATE OF DEBATE 
about maniuana iaw«. and interest in 
manjuana as medicine, one issue re­
mains unresolved: Does heavy, fre 

quent, or prolonged use of cannabis lead 
to a deienorauon in cognitive function 
that persists well beyond any nenod of 
acute intoxication7 Is the functioning of 
the brain altered in the long term- With 
over 7 m illion people using cannabis 
weeklv or more often in the United States 
alone: and the potential for increased 
physician recommendations for select pa­
tients to use cannabis therapeutically,1 
answers to these questions are of signifi­
cant public health concern.’4 Scientific 
evidence rrom past research clearly 
showed that gross impairment related to 
chronic cannabis use did not occur but 
was inconclusive with regard to the pres­
ence of more specific deficits.5* Recent 
studies with improved methods have 
demonstrated changes in cognition and 
brain function associated w ith long­
term or frequent use of cannabis. Spe­
cific impairments of attention, memory, 
and executive function have been found

For ed itoria l c o m m e n t see p 1 1 7 2 .

in cannabis users tn the unintoxicated 
state tand in children exposed to can­
nabis in mere’) in controlled studies us­
ing brain event-related potential tech- 
Tuques*-*-11' and neuropsvcuologica! 
assessments" 15 including complex tasks 

Brain imaging studies of cannabis us­
ers have demonstrated altered func­
tion, bio: d flow, and metabolism in pre- 
frontal and cerebellar regions."'’'’Studies 
failing to detect cognitive decline asso­
ciated with cannabis use70 mav reflect in­
sufficient heaw or chronic use of can­
nabis in the sample or the use of 
insensitive assessment instruments. Im­
pairments appear to increase wnth dura­
tion and frequency of cannabis use; how­

ever. the parameters of use that are 
associated with short- or long-lasting cog­
nitive and brain dysfunction have not
Autho r A ffilia tion s N ations: Drug an d  A lcoho l R e­
se a rch  C entre. U n iversity o f New Sou th  W ales , S y d­
ney . an d  D eoanm en t o t PsvChoiogy, Unrveisity o f Wo- 
lon gon g  W o llongong (Dr So iow ij; N ew  Sou th  W ales 
Au stra lia . D eo anm en t o f P sy ch o lo g y  V irg in ia Poly- 
tecnn ic Institu te an d  S ta te  U n iversity . B lack sbu rg  Va 
(Dr S teph en s), in n ov a tiv e  P rogram s R e se a rch  C roup. 
Sch oo l o t So oa l W ork  un iversity o f W a sh in g to n . S e ­
a ttle  (Dr R o ffm an ; D epartm en t o f Com m un ity M ed i­
c in e  (Dr Babor and M ss M cRee an d  V endetti) an d  De 
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COGNITIVE FUNCTIONING OF LONG-TERM CANNABIS USERS

been fully elucidated The attribution of 
deficits to lingering acute effects, drug 
residues, abstinence effects, or lasting 
changes caused by chronic use contin­
ues to be debated Animal research sug­
gests an impor m l  role for the cannabi­
noid receptor in regulating the neural 
activity critical for memory process­
in g L o n g - te rm  use of cannabis may 
•suit In altered functioning of the can­

nabinoid receptor and its associaied neu- 
romodulator systems 

This study invesugated the nature of 
cognitive impairments associated with 
long-term cannabis use employing data 
collected from a large clinical trial of 
chronic users seeking treatment for can- 
r abis dependence The studv com­
pared 102 cannabis users assessed prior 
to treatment on carefully selected neu­
ropsychological icsts wnh 33 nonuscr 
comrols The parameters of cannabis 
use that coniributc to impairment were 
examined Ii was hypothesised that per­
formance would deteriorate as the num­
ber of years of regular use increased
METHODS
Design

A m u ltts iie , re trospective , cross- 
sectional companson-group design was 
used io compare (I) long-term users 
with a mean of 23.9 years of regular can­
nabis use; (2) shorter-term users with 
a mean of 10.2 years of regular use, and
(3) nonusers o f cannabis Key con­
founding variables (age, IQ. other drug

use) were controlled through match­
ing or statistical methods The sample 
size required for ihts study was deter­
mined by estimating a 94% chance of 
delecting a moderate effect size of 0.5 
SD units ai a 2-talled a of .05

R ecruitm ent Procedure 

and A ssessm ent o f  Drug Use

Sixty -five of the 102 cannabis users were 
dclaved-treatment participants from the 
Manjuana Treatment Project, a mu!- 
nsite US study Seattle. Wash; Farming- 
ion. Conn and Miami. Fla) conducted 
between 1997 and 2000 of the effective­
ness of bncf treatments for cannabis de­
pendence :: The remainder were re­
c ru ite d  th rough  the M a riju ana  
Treatmcnl Project specifically for this 
studv Participants provided written in­
formed consent as approved bv the eth­
ics committees ol the participating in­
s titu tio n s  and were paid S75 fo r 
completing the cognitive assessments 
Controls ,n»331 were recruited from ihe 
general population through media ad­
vertisements at only 1 site The con­
trols were told thai the researchers were 
studying the effects of exposure to drugs 
and alcohol on cognitive functioning, 
and thai ai present only individuals ai 
the lighter end of the spectrum of drug 
experience were required The aim was 
to minimize cannabis use among con­
trols while approximating the other 
characteristics of the cannabis-using 
sample. Assessors were not blinded with

regard to group assignment Self- 
reported drug and alcohol use were as­
sessed by the Addiction Seventy In­
dex.1* a separate structured interview, 
and the Time Line Follow Back proce­
dure “ 11 The Structured Clinical Inter­
view for Diagnostic and Statistical Manual 
of Mental Disorders. 4th Edition (D5M- 
nO Axis 1 Disorders (SC!D)1V assessed 
cannabis dependence Duration of regu 
lar vat least twice per month cannabis 
use was an averaged composite mea­
sure denved from the Addiction Sever­
ity Index, SC1D, and the structured in­
terview Current frequency of cannabis 
use was calculaied from the Time Line 
Follow Back procedure.

Inc lus ion /E xc lus io n  Criteria

Cannabis users were included if thev 
had used cannabis regularly for at leasi 
3 years, w-ert currently using al least 
once a week, were seeking treatment to 
assist them toccasc or reduce their use 
of cannabis, and were w illing to pat 
ticipate in the treatment program of 
fered Participants were excluded if they 
had ever had a scnous illness or inmrv 
thai mav have affected the brain, anv 
psychotic disorder met a currem 
D5.M-A’ diagnosis oi dependence on anv 
other drug or alcohol, or had a poor 
command of the English language

Sam ple Characteristics

T able  1 provides dem ographic in for­

m ation and cannabis use parameters

Table 1. Demographic and Cannabis Use Details of the Sample*

Cannaois Users

All Shorter-term Users Long-term Users Controls
NC. IQS 5« 5* 33
Sex. maie (ii) 75 (74) 36 (7i i 39(76 22 i67i
Age. mean !SDi |ranpe). > 35 4 (8 6) I’E-SS] 2£ 7(5.5,116-45;* 42 • (5.2) 134-55]’ 34 6 |’ 1.1) [19-65
education, mean (SD) (range;, y} •4.3 (2.3) |1C-221 14 * (2.5i(iO-22; 14.5 (2 01111-20! '4.6 '.8M12-18;
Fu -ecale IQ. mean (SDi |-ange|§ 105 4(6.7) |87 4.-16 51 105.1 C 4i (S' 4-i-e.5; 105 7 (5  9)192.7-1 IE 3; 107.9'4.7) (94 5-1-'.2;
Du-atcn ot use. mean (SD) l-ange), yt 17 i (7.9, (2.7-3- 7) 1C.2 (3.B' 12.7-17.0J 23.9(4.1(117.3-31.71
Frequency & use. me-an I range, d/mo# 27.6(3.5-30 2e.3 (5.2-30 2* 4 (3.5-30
• □ o s e s  m ocat# not aoo fc rao e
1 &gni*canliy SiAerent l-om  controls a ‘ ° <  001
l i n e  so ‘-rtoonea ryxnatr ol years o< iiym a1 c im n e ie c
{E stim ated from a  combination ol Norm. Amencar A o n  R e a d r ;  l e s t  w o e  Range Acmevemant T est-F iew aed reaon d  suotest s co re s  a s  a in* Barone moe, 
f&gmfcantiy ddieren: from comrols a i ° <  05
tTne numo*’ oi years inai carm ans nad Dear used sin ce regula- o s*  comm enced lai e a s ‘ twice oer momhi com oosiie trom sett-m ood . Aodicion Severn , index and Sfrvclured Cenca interview A lts t D r~ o e r s  asse ssm en ts 
«The med,an number o l On .a  car month Inal camaD-s w as used ai entry to the eludy B ased  on av erag e to e  oe- 3C s a v s  trom ser-rep e-iB d  use ounng tna oast 1 ‘ w eens
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COGNITIVE FUNCTIONING OF LONG-TERM CANNABIS USERS

The user group was split a; the median 
lor duration of cannabis use to enable 
comparisons of long-temi users, shorter- 
term users, and controls No meaning­
ful division of groups could be achieved 
on the oasis of frequency of cannabis use. 
which was almost da"v for the major­
ity of the sample Sex distribution and 
years of education did not differ be- 
iweer. groups The majority of users 
(66 6%) and controls (63 6V . were 
white Overall, users and controls did not 
differ in age, but long-term users were 
significantly older and shorter-term us­
ers were significantly younger than con­
trols (P< 001) Premorbid intelligence 
was estimated by several meihods and 
averaged the Wide Range Achieve­
ment Test— Revised reading subtest 
AVRAT-R READ)KJi, the North Ameri­
can Adult Reading Test (NAART),: and 
the Barons index 5J The mean esti­
mated full-scaic IQ FS1Q ■ did not dif­
fer netween the 3 groups based on du­
ration of cannabis use. The majority of 
the sample (82 4% long-term, 88.2% 
shorter-term users) reported experienc­
ing problems with memory, attention, 
or concentration, which they attrib­
uted to their use of cannabis.

Cannabis Use, Required 

Abstinence, and Urinalysis

L:sers first med cannabis ai a mean age 
of 15.3 (SD. 2 6 1 years with regular use 
tat leas: twice a month) commencing ai 
age 17 5 (SD, 3.2) years Cannabis had 
been used on a median 29 of (he past 30 
days (range, 1-30). Almost the entire 
sample (98%) met the DSM-IV cniena 
for cannabis dependence The median 
amount of cannabis smoked per week 
was 1 quarter of an ounce irangc. 0.01-
2.00 oz) with 2 average-sized joints typi­
cally smoked per day (range. 0 12-20.00). 
None of these cannabis-use parameters 
differed between the long- and shorter- 
term user groups Twenty-two controls 
had either never tried cannabis or used 
ii 10 or fewer times in their lives and 11 
had used cannabis weekly to monthly 
w'hile at school or college between 4 and 
30 years ago. Comrols with a history' of 
cannabis use were excluded from "pure 
sample" analyses.

Participants were required to ab­
stain from cannabis for at leas! 12 hours 
prior to testing and to provide 2 urine 
samples (1 the night before testing an­
other during tne lest session). The me­
dian self-reported time since last use of 
cannabis was 17 hours (range, 7-240 
hours); this did not differ between long- 
and shorter-tenr. users At the time of 
testing. 70% of the sample reported that 
they were not experiencing anv dis­
comfort after abstaining from canna­
bis. Twice as mam shorter-term users 
than long-term users '? •  03 re­
ported mild withdrawal symptoms such 
as cravings, irrita b ility , depression, 
anxietv. sleep, or appetite d is tu r­
bances In 78.3% of cases, creatminc- 
normahzed urinary cannabinoid me- 
tabohte (THC-COOH lcvcis on the day 
of testing were less than or equivalent 
to those from the night before.,4K Ab­
stinence from cannabis was supported 
bv significant correlations between the 
level of normalized urinary cannabi­
noid metabolite on the day of testing 
and the self-reported time since last use 
b iva ria ic co rre la tion  coe ffic ien t 

{r].—0 46. F< 001). and the quantity- 
used on the last occasion divided by the 
time since Iasi use t ,  0.39. Pc.001 
The effects o f these measures o f re­
cent use were examined in relation to 
test performance. "Pure sample" analy­
ses excluded user? w ith higher metabo­
lites in the second urine sample. No 
cannabinoid metabolites were de­
tected in ihe urine of the control par­
ticipants

O th e r Drug Use

No other drug metabolites were de­
la ted in any unne sample. Tobacco and 
aicohol use was minimal Alcohol was 
consumed on a median of 3.4 and 1.7 
davs per monih among users and con­
trols. respectivcK Almost one th ird of 
users and 46.8% of controls drank less 
than once a momh or not at all Forty- 
eight pcrceni of the cannabis users had 
only tried drugs other than cannabis a 
few times or never, 52% had used oihcr 
drugs sociallv/recreationally primar­
ily during high school and college, Pas: 
histories of regular drug use included

cocaine in - 24). amphetamines in • 11). 
hallucinogens in - 17), and sedatives 
hypnotics or minor tranquilizers (n » 7). 
Current use of other drugs was less than 
once a month or not at all for 93.1% of 
the sample More than half o f the con­
trols (51.5%) had never tnedany othe’ 
drug and the remainder had only tned 
o the r drugs experimentally "Pure 
sampie" analyses excluded all partici­
pants with hisiones of regular or hcavv 
use of alcohol or other drugs

N e uropsychological Tests 

a n d  Procedures

Nine neuropsychological tests were 
administered in the order listed in 
T abu  I.1** along with ihe 2 lests used 
to assess premorb id IQ ,c *• A 10- 
minute rest break was given after the Rey 
Auditorv Verbal Learning Tesi (RAVLT) 
Recognition test Tests were adminis­
tered bv trained assistants and look ap­
proximately 2 hours io complete Qual­
ity assurance procedures were adopted 
io ensure that procedures were stan­
dardized at each sue with ongoing su­
pervision and review of audiotaped 
assessments by centralized staff through­
out the course of the study.

D a ta  Analysis

Each cognitive test was analvscd us­
ing SPSS version 10.0 SPSS Institute. 
Chicago, 111 with analysis of covari­
ance .ANCOVA) for normally distrib­
uted variables or nonparametnc tests 
ol group differences for skewed data 
The FSIQ and age were included as co- 
vanates in analy-scs where they corre­
lated w ith test performance A ll par­
ticipants w'cre in itia lly  included ir. 
analysis, with the overall cannabis user 
sample first compared w ith the con­
tro l group (evaluated at P<.05), fo l­
lowed b\ comparison? on the basis of 
dura tion o f cannabis use (long- vs 
shorter-term users vs controls, evalu­
ated ai P c .O l. For 2-way interac­
tions the Greenhouse-Grisscr method 
was used to adjust the df where appro­
priate and for multiple comparisons, a 
Bonferroni adjustmeni controlled for 
rvpe 1 error. Analysis of covariance was 
repeated on a purer sampie thai stricilv
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C GNITIVE FUNCTIONING OF LONG-TERM CANNABIS USERS

T i b i *  2. Neuropsychological Tests Admmirtereo and Cognitive functions Assessed*
Neuropsychoiogice' Tati Cognitive Functions A isa tw c

W o e Range Acn-evement Test-Rensec 'easing Premortxd >0
SLOtest (WRAT.P. READ*3'

Soeeo ot Comorenension (SOC test (Soeec ana Rate ot v e ta  mtc—w ix  D'ocessnc
Caoacitv ot Language Processing fSCOLP]-"

Rey Auditory vema! Lea mg Test (RAVLTy3**’ Memo's soar verne1 >earning ana reneva 
ettoenc ., susc9otio«*v to n teterenct

Stnxp T «**•' wit ad-Mona ntanertnc* Attention, cognitive fescariy. mhiMion
condition*3 ot distmcto' stimuli, su w e s s o n  o> 

naottua resoons*
Wisconsin Ca'd Son  mg T**> (W C S T. Prooiem solving coxeptua aotlty

compaumed**
A/pnaoe- Tasfrt Cognitive frexioitJiy executive 'uncto-
O n ,...,3 Numoers: Wonting memory
Tene Estimator anc Rrooucton( Temoora judgment
RA/L7 20-mmute delay tnal (Vtli Recognition tes- Long-term retention, recognition memory
Norm A-ne-car Adui* Readnp Test INAAR7* FremortnO 10
Auditor. Consonant Ingrams ©rowr.-c «ereorv*! Snort-term retention unde- distractc 

conations
Pacec Audtton Senai Addition T e s t  (RASAT!** intormaton processing, wortung memon 

arvioed anc sustanec attention
•lain ware aomrvsterec m tn« crav isiac
tConposed o' imes >ouc a>*«, ano  aitar-anng r e c ta  tn e *Jfieesgnition o' omittea «err. from a n*r.t»*o aval IV o' f\jmoe--s fro<r ' Ic '0 t'C »na»
jC.o.-nooaao o* 2 w an  u iw am a r esnm .a .on C i ™  i t  compwt* Ifra O 'eeeong la s -  i-re a * 2 m - j i e -  IB aecon os 

fT«na Etim anor. Aj time c c i a m o r  ['. m u v r  K  t e c o r o s : $no w am ec  p e t v . r  e s t im a to r a  'tw vrtasi H m  E r  • 
m e to r  9 ;

excluded those participants with ei­
ther a history o f other drug use or pos­
sible recent use of canmb,r pnor to rest­
ing . Semipartiai correlations examined 
ihe unique contributions of FS1Q. age, 
duration of cannabis use and recency 
of cannabis use to the variance in cog­
nitive test performance

RESULTS
Results from the 9 neuropsychologi­
cal (esis are shown in Table 3 for can­
nabis users overall, for groups based on 
duration of cannabis use, and for con­
trols. Effect sizes are calculated be­
tween long-term users and controls us­
ing the SD of the controls

Speed of Comprehension
Cannabis user groups did not differ 
from controls in the number of items 
completed (range, 23-100) but users 
overall made more errors (P«.03 
(range, 0-5: These results suggest that 
cannabis users arc more likciv io sac­
rifice accuracy for speed

Rey Auditory Verbal Learning Test
Mean words recalled on each trial arc 
depicied in the FIGURE. The learning

curves of shorier-term users and con­
trols were similar bui long-term users 
showed a learning curve w ith a less 
steep gradient and iong-icrm users re­
called fewer words on even trial The 
surn of words recalled across al! trials 
I through V ll inclusive of trial B (re­
ferred lo here as RAVLT sum. range. 37- 
114) correlated significantly and in­
versely with the duration of cannabis 
use after controlling for age and FS1Q 
(partial r,-0.23; P — .01). When ana­
lysed by ANCOVA. there was a signifi­
cant effect of group f F: .,;:«8.36, 
P< 001) whereby long-term users re­
called significantly fewer words than ci­
ther shorter-term users (95% confi­
dence intcnal [Cl] for difference, 3.84- 
19.18; P» 0011 or controls (95% Cl for 
difference, 2.83-19.93, P* .005 with no 
difference between shorter-term users 
and controls. When all tnals were in­
cluded in a repealed measures AN­
COVA, a significant interaction be­
tween group and trial (FH gM*2.84; 
P*.007) suggested (hat long-term us­
ers recalled fewer words than shorter- 
term users or controls on every trial 
(P< .05 for each comparison) except the 
first, with a trend on trial E (the inter­

ference list presented only once; P» 08).
The proportion o f subjects with a 

very poor learning ability (acquisition 
<3 words over 5 trials) was greater 
among long-term users (13.7% than 
controls (0%) (P» .007) but not shorter- 
term users (5.9%). The proportion of 
long-term users recalling fewer than 10 
words on tnal V (27.5%) was more than 
among shorter-term users (8.5%) or 
controls (3-0%) (P-.002). ‘Signifi­
cantly more iong-teim users (23.5%) 
lost 3 or more words over the 20- 
mmute delay between trials V I and V ll 
than shorter-term users 4.3%) or con­
trols (3.0% (P« 003;. Long-term us­
ers showed a smaller primacy effect in 
the serial position curve than cither 
other group (P*.02). Groups did not 
dtffer in the recency effect or in words 
recalled from the middle of the list 

Users overall and long-term users rec­
ognized fewer words than controls from 
list A (overall, P- .03; long-term. F» .01. 
and list B (overall, P».01, long-term. 
P« 04) but long-term users did not dif­
fer from shorter-term users More than 
half of the long-term users (55% > had a 
recognition score for list A of 12 or less 
compared with 28% of snorter-term us­
ers and 21% of controls (P« .002). Long­
term users misassigned more words ( me­
dian. 2 than shorter-term users and 
comrols '.each median. 0) (P<.001). A 
greater proportion of long-term users 
(13.7%) compared with shorter-term us­
ers v6.4%) and controls (0%) actually 
identified fewer words on recognition 
than thcv had just pnor during recall on 
trial V II (P».02). Long-term users per 
formance was significantly poorer than 
published norms47 for the general popu­
lation on most measures from the 
RAVLT

Stroop Test

Cannabis users did not differ signifi­
cantly from controls after inclusion of 
covariates in anv condition or on in­
terference scores. While there were no 
performance differences between Colot - 
Word (CW) and Color-Read (CR in 
the control group performance on CR 
was, however, poorer than on CW in 
both long- (P<.001) 3nd shorter-term
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COGNITIVE FUNCTIONING OF LONG-TERM CANNABIS USERS

users (P« 03). Color-Read was the ad- result*: suggest that cannabis users are 
d itional interference cond ition de- vulnerable to task complexity w ith 
signed to increase demands on execu- increasing demands creating more 
live function 43 There was an inverse sources of interference that adversely 
relationship between duration of can- affect performance 
nabis use and number of items com­
pleted on CR vparnal r,-0.27; P«.003 Wisconsin Card Sorting Test 
and CW (partial r.-0,27; P« .004) af- There were no significant group differ- 
ter controlling forage and FS1Q These ences on anv Wisconsin Card Sorting

Test (WCST) measure but a trend on one: 
long-term users failed io maintain the set 
more often than shorter-term users 
(P-.O5j or controls (P-.07). Research 
suggests that this measure best repre­
sents attentional dysfunction* There was 
no evidence of impaired performance 
with increasing years of cannabis use after 
controlling for covariates

T a b l e  3 .  Neuropsychological T« t Results
C ann so is  U se r s * P V a lu e lo r C o m o an . <is

T e s t
A*In • 102,

Sh o rte r -te rm
U se r s
lr « 51)

L on g -te rm  
U se r s  

In ■ 51i Contro ls in« 33 E h ec l
S u e

Sh o rt e r - ie rm  
All v» U s e r *  v s  

C on tro ls  C om ro ls
L on g - le rm  
U s e r s  v s  
C on tro ls

S h o r te r - v r  
L on g -te rm  

U se r s
SCOLP-SOC . mooen ir a rg e rr 

Correct 1 0 (3 -1 6 11 (6 -IB: 1 0 1 3 -1 7 1 0 )6 -1 5 .06 •0r 10 .65
Errors, 1 (0 -8 : 1 ( 0 -8 i  (C(-e 0 (0 -3 - 0 3 .05 j 5 .9 6

R a v lT  mear, (StXJ 
Tna 6 3 ( 1 . 8 6 .5 (1  9 6 .1  (1 .9 7 .0H .9 0 4 7 12 > 9 9 1 5 .59
Trial* 8  3 (2 .7 , 6 .3(2 .61 6 5  (2 .5 “ 9  6  (2.3.1 0.61 -27 > 9 6 OS 004
Tna1 II 10  6 (2 .5 ' * 1 .5 (2 .3 , 1 0 .1  (2 .6“ n  4 C 2 ) C 5S .3 7 > 9 9 .07 .003
Tna' K U .S  C2.3 12.1 (2.2) 1 0 .6  (2 4“ ’.2  4 2 2 ) 0 6 6 .1 0 > 9 6 .02 .01
Tnai V 1 2 .2  (2.3 12 .7  (2.11 1 1 , 5 ( 2 4 “ 1 2 .8 H 6 I 0 6 6 15 > .9 6 .03 005
TnaiB 6 C  C .3 5  5 ( 2 4 5 .5  G -2 6 .612 .5 : C.5C 16 > 9 6 .05 07
Tnal IP 1 0 0 ( 3 0 1 0 . 8 5  B 9 2 ( 3 1 “ 1 1 .4 ( 2 2 ' 1.0C .0 7 > 9 6 .005 0 0 2
Tnai VI, S  6 (3 .5“ 11 1 (3 1 ) 6 .5  10.5“ 11 C S .7 , 0 .9 2 13 >  9 6 .034 < X 1
RAVLT su -r, T5  6  d  '  2!* 61 4 ( l £ 6 7 0 .3  (16 8 “ 6 2 . 6 'U .6 C 5 6 14 > . 9 6 0 0 5 < 3 0 1
Recog.a 12.1 13.1“ 13  1 S 3 1 * . i  (3 4“ 1 3 .3H  7i 1 3 6 .0 3 > 9 9 Oi .14
« ^ B 6 .1  0 . 7 “ * 2  3 T i 5 0  (3 .5“ 6 .2  (3.2) l . X .01 > .9 8 04 25

S iro c c , m ear, ISD)§ 
Wore 1 0 1 .3 (1 5 .1 ) 1 X .2  ’16 4, 1 0 2 .2  (14 o: 1 0 7 .0 (1 5 .8 O X 13 96 .34 > 9 6
Coior 7 5 .6  (12  Z 7 5 .8 (1 2  4 75 4 |11 1 74 5 '13.3 0 .0 7 5C > 9 6 > 9 6 > .9 6
C cro -W orc < 5 .4  <S.2“ 4 6 .6 ( 5  4, 4 4 .0  (8.8' 44 4 '102 ) 0 0 4 2 6 55 > 9 6 > 9 6
Coer-Reac 4 0  1 (7 8 “ 4 2 .2 (8  0 3 7 .7  (6 2 41 4 7 .9 C 4 7 .92 > 9 6 >  99 42

WCST txobt. iranos,. 
Errors 2 6  : i f - e i 2 7 ( 1 6 -7 7 2 6 ( 1  * -8 1 , 3 0 (1 5 -7 8 .67 .2 5 .7 7 .05
-e rse v o -a trv t

r e sp o n se s
1 6 (7 -4 3 I 6 r - 4 5 i 1 5 (6 -4 9 ) 14 (6 -6 3 : .95 .6 5 4 5 17

V  C o r e e a 7 2 .7  (1 2 5 -8 6  “• 7 3  1 ( -4  6 -8 5 .6 7 1 .9 1 1 2  5 -8 6  71 71 ,9 (16 .4 -86 .3 1 .8 2 .38 6< 12
'n a is 1 3 (1 0 -7 5 : 1 3 1 *1 -6 4 12 (1Cv75) 1 3 '1 0 -1 0V .7 5 .9 0 6 * 74
Faiures 1 (0-7) 1 (0 -5 2 ( 0 -7 i 1 (7-4 42 .74 O ' 05

Aonaoet Tass. meOar iraope’T, 
ATematmg 16 6 ( 1 0  4 -52  4 “ 16 8 ( 1 0  4 -3 7  2 1 6 .8 (1 3 .0 -5 2  4' 1 7 . 5 f t  5 . 3 3 . ; 3 1 .91 .06 O'
Oder e r e * 1 1 .3 (4 .6 -3 9  9 “ 1C.3!5.C>-26.6: 1 2 .3 (4 .6 -3 6  9 8 .6  3  2 -24  7 14 .64 04 .0 6

Omitted N jm o e rs  mear, SO)»
6 . 7 d . 5 7 .0  :i 8, 6  4 ( 1 .9 6 .3  C D 0 .05 .1 3 .64 .53 > . 9 6

Time E s tm a io r . s'* 
Unwarned Tash A  
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Auditory Consonant 
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s e c o n d s  of oe iay lT
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T a b l e  3 . Neuropsvcholopca! Test Results (coot)
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Figure. Mear Numbe' of Words Recalled on 
Each Tnai o* trie Rey Auditory Verba! 
learning Test by long- ano Shorter-term 
Cannabis Users and Controls

Z. Conttoa _ a>on r-ierm  u ie n  D LOng-isim u te r i

-3n

I1 a v b vt vit 
Trials

Error b a rs  rep resen t SDs

A lp h a b e t Task and 

O m itte d  N um bers

Groups did not differ in the time taken 
to complete anv tna! of the Alphabet 
Task or in the number of items correct 
in the Omitted Numbers task The log 
time to complete the alternating tnal of 
the Alphabet Task increased as a func­
tion of duration of cannabis use (par­
tial r, 0.26. P» 006), as did the square 
root difference between times taken to

complete the alternating and loud tr i­
als, an index of interference and lack 
of ficx ib tlio ipartial r, 0.26, Pm.006)

Tim e E stim a tio n  Tasks

Cannabis users differed from controls 
(P<.001 in Time Estimation Task A 
where they estimated the time taken to 
complete the preceding (Omitted Num­
bers, task. Both long- and shorter-term 
users underestimated the time by about 
one tird of the actual time taken (64.4 
seconds and differed significantly from 
controls (F-.01 and P<,001, respec­
tively). Groups did not differ in the simple 
and brief warned passive Time Estima­
tion Task B or Time Production, where 
they could use strategies such as count­
ing. Time estimation measures did not 
correlate with duration of cannabis use

A ud ito ry  C onsonant Trigrams

Long-term users recalled significantly 
fewer items than shoricr-ierm users 
(P=.007), controls (P=.002), and pub­
lished norms45 on only the 9-second delay 
condition. The number of items recalled 
did not correlate with duration of can­
nabis use. In the general population, the

greater the delay interval the worse the 
performance In cannabis users, this gen­
eral pattern was apparent, though there 
was greater interference at the shorter- 
delay interval than would be expected

Paced A u d ito ry  Serial 

A d d itio n  Test

Long-term users had slower processing 
raies than shorter-term users on trial 1 
(P«.Q07), with trends on trial 2 tP«.03) 
and ihe total processing rale across all 
trials (Pm 02). Group differences on all 
other measures failed to reach signifi­
cance but the performance of the long­
term users was poorer in companson 
with one set o f norms44 but not an- 
oihei.*’

Pure Effects A ttr ib u ta b le  

to  C annabis Use and Effects 

o f R ecent vs C hronic Use

Excluding all participants with histo­
ries of regular other drug or alcohol use, 
dependence or treatment, and controls 
with any history of regular cannabis use 
w ithin the past 20 years reduced the 
sample to 27 long-term users, 33 shorter- 
term users, and 26 controls. Despite the
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reduction in power to detect differ­
ences between groups, there remained 
a significant difference with a *.05 be­
tween long-term users and controls on 
RAVLTsum (P*. 03). recognition of lists 
A (P.,004) and B CP-. 0 1 and be­
tween users overall and controls on the 
unwarned Time Estimation task (P= .02). 
These results support the hypothesis that 
impaired memory function and time es­
timation are specific to chronic use of 
cannabis

lr. 2 separate analysis, exclusion of us­
ers whose unnary cannabinoid metabo­
lite levels exceeded those from the night 
before testing by 50 ng/mg or more 
(n* 16) still resulted in significant dif­
ferences between long- and shorter- 
term users, and long-term users and con­
trols on RAVLT sum (P= 002 and 
P= .002, respectively), on recognition of 
lists A 'P * .005 and P*.00e and B 
(P* 01 and P<.001), on the 9-second 
delay of the Auditors' Consonant Tn- 
grams test (P=.02 and P*.03), and us­
ers still differed from controls on ume es­
timation (P= .005). When the sample was 
split at the median for time since last use 
or level of urinarv cannabinoid metabo­
lite or. the dav of testing and anaivred by 
ANCOVA. there were no differences on 
any measure between those who had 
used cannabis within the past 17 hours 
and those who had used cannabis 17 or 
more hours ago, or those with high vs 
low levels of urinary metabolites and no 
interactions with duration of cannabis 
use Including measures of recent use as

covanates m ANCON'A did not change 
the significance of differences between 
long- and shorter-term users These re­
sults support the hypothesis that im­
paired performance is not a conse­
quence of recent use pnor io testing or 
the extern of cannabinoid residues pre­
sent.

To explore further the influences of 
duration of cannabis use and reccncv 
of use, semipartiai correlations were cal­
culated using the fo llow ing predic­
tors; FS1Q, age. duration of cannabis 
use, and hours since last use of canna­
bis As shown in T a b l e  4 .  the unique 
contribution of duration of cannabis use 
to the variance of each test variable was 
superior or at leas! equivaleni to thai 
of recency of use in al! 6 lest variables 
thai had significam contributions from 
at least 1 cannabis use parameter. Re­
cent use contributed only to perfor­
mance on the memory tests The fact 
that a minority of the sample, primar­
ily shorter-term users, reported expe­
riencing mild withdrawal svmptoms. 
vet shorter-term users performance was 
not impaired, supports the imcrpreta- 
non of the cognitive impairments ob­
served as a long-term consequence of 
cannabis use and not a manifestation 
of overiiv experienced withdrawal.

COMMENT
The results of this study have con­
firmed and extended previous find­
ings of cognitive impairments among 
chronic heavy cannabis users. Long-

' ;rm users with a mean 24 years o f regu- 
ar cannabis use performed s ign ifi­
cantly less well on tests o f memory and 
attention than nonuser controls and 
shorter-term users w ith a mean of 10 
years' use The greatest impairment on 
almost every measure was from the 
RAVLT, in d ica tin g  a generalized 
memory deficit w iih impaired learn­
ing, retention, and retrieval Long­
term users recalled 2.5 fewer words than 
comrols on the delayed recall trial 
where 49% o f the long-term users’ 
scores were more than 1 SD. and 21.6% 
were more than 2 SDs. below the con­
trol mean and normative data.*7 A large 
proportion of long-term users' recog­
nition scores were more ihan 1 SD 
(51%) or 2 SDs (31.4%) below the con­
trol mean and norms.''7 Effect sizes for 
measures thai differed significantly be­
tween long-term users and controls 
ranged from 0.56 to 1.29 across al! tests, 
indicating moderate to large effects.

These results do not indicate a se­
vere memory problem but could nev­
ertheless translate into clin ically sig­
nificant cognitive impairment and could 
impaci functioning in daily life There 
were significant differences between 
long-term users and controls on 6 of the 
9 tests administered and performance 
on 4 tests worsened as a function of in­
creasing years of cannabis use De­
spite this and a range of up to 17 years 
of cannabis use in the shorter-term user 
group, they differed significantly from 
controls only on time estimation.

Table 4 . Predictor Correlations Between Hypothesized Predictors and Select Test Variables*
Full-Scale IC Ape Duration of Cannabis Use Recency of Cannabis IJset

Test Variables
Zero-
Order Semipartiai

P
Value

Zero-
Order Semipartiai

P
Value

Zero-
Order Semipartiai

P
Value

Zero-
Order Semipartiai

P
Value

SCOLP-SOC,
No correct (,“ )

0.55 0.52 <oo- 0 12 r.24 .005 0.01 -0.24 .005 0.11 0.05 .53

Sirooc
Coo'-Woro C.27 0.29 .002 -0.26 0.09 .33 -0.54 -0.24 01 o.os 0.05 .56
Cow-Read 0.36 0.36 <•001 -0 -9 0.12 17 -0.27 -0.24 .008 0 18 0.13 1C• 0

RAVLT
RAVLTsum 0.2* 0.22 .02 -C.31 0.06 54 -0.37 -0.21 .02 0.25 0.21 .02
RAVLT recency 0 IT 0.10 .32 -0.19 0.12 .20 -0.27 -0 .22 .02 0.24 0.23 02

Aipnape: Tast- —0.21 -0.21 .03 0 12 -0.17 .09 0.21 0.25 o- -0.04 -0.02 .8i
Aiiematng, log

•SCOt.P-SOC inocates Soosc ano Cacao!v o* Language Procassnp-Soeec o' Comprehension. RavlT Rev Auction Verna' Laa-nnp Test P values ere to- semipartiai correa- 
lions Tesi variables were sfln.ficantly p-eacteO ti. a! leas’ 1 cannatxs use paramele- 

tDeVwo as hours srtce last use ot cannabis
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Altered brain metabolism in shorter- 
term users may be detected with sen­
sitive techniques, such as functional 
magnetic resonance imaging and posi­
tron emission tomography, but the 
clinical significance of such changes re­
mains obscure The strength of this 
study is in its assessment of overtly re l­
evant cognitive processes, our results 
suggest that shorter-term cannabis us­
ers are not impaired to an extent (hat 
would interfere w ith cognitive func­
tioning in their daily lives. The fact that 
the frequency o f use was near daily 
among long- and shorter-term users 
suggests thai the duration of cannabis 
use is a more salient contributor to the 
development of cognitive impairment 
than quantity or frequency of use.

While most cannabis users cease us­
ing in their mid-20s to late 20s, approxi­
mately 20% continue to use through 
thetr 30s and beyond: This is the first 
studv to our knowledge of a relatively 
iarge sample of long-term entrenched 
cannabis users seeking treatment. Con­
cern about perceived cognitive impair­
ment was one of many problems asso­
ciated with cannabis use that led the 
users in this study to seek treatment 
This concern is uniikely to have biased 
the results of this study since a slightly 
higher proportion of shorter-term vs 
long-term users reported experiencing 
cognitive problems, yei shorter-term us­
ers tnostlv did not differ from controls 
on the cognitive tests. Nevertheless, it 
is possible that long-ierm cannabis us­
ers in the community who are not seek­
ing treatment may nol experience im ­
pairments to the same degree as those 
assessed in this study.

While acknowledging the lim ita­
tions of retrospective designs, if care­
fully controlled and analyzed, this ap­
proach ts the most efficient way to 
evaluate the long-term cognitive ef­
fects of cannabis, given the costs and lo­
gistical difficulties in using prospective 
research designs. The matching of 
groups on measures of premorbid in ­
tellectual functioning that are resilient 
to brain damage, together with the ob­
served relationships between duration 
of cannabis use and test performance,

support the assumption that the cogni­
tive impairments observed in the long­
term users were not preexisting but de­
veloped as a rcsuli of their prolonged use 
of cannabis Impairment appeared un­
related to withdrawal phenomena The 
cognitive functions assessed in this studv 
are dependent on the intact function­
ing of the hippocampus, prefrontal cor­
tex. and cerebellum.” 51 ”  which are 
dense with cannabinoid receptors.5* The 
effects thai exogenous cannabinoids ex­
ert on the cannabinoid receptor sy’stcm 
and the role of endogenous cannabi- 
nc ids as suggested by animal re­
search6 J provide a credible neuro- 
physio logica! explanation for the 
dcvelopmeni of cognitive impairments 
as the result of hypothesized long-term 
changes occumng over manv years of 
exposure to the drug 

In conclusion, our results confirm 
that cognitive impairments develop as 
a result of prolonged cannabis use they 
endure bey nd the period of acute in­
toxication. and they worsen with in­
creasing years of use Impairments de­
velop gradually bui may only becom 
clinically significant and detectable by 
standard neuropsychological tests af­
ter 1 to 2 decades of cannabis use. Nev­
ertheless. altered brain function w ith 
subtle impairment has been shown to 
manifest earlier.®-*-*-"-'™ It is also likely 
that impairments would be greater 
among comorbid substance-depen­
dent persons. The nsk to mosi medi­
cal cannabis users is likely to be small, 
as long as they arc not maintained at 
high doses fo r many years. For ha­
bitual users, the kinds of impairments 
observed in this study have the poten­
tial to impact academic achievements, 
occupational proficiency, interper­
sonal relationships, and daily function­
ing The extent to which these cogni­
tive impairments mav recover following 
cessation or reduction of cannabis use 
will be addressed in a follow-up of this 
sample subsequent to treatment for can­
nabis dependence.
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LETTERS

T able. Relative Risk of Parkinson Disease Among Patients With Polio Compared With a Nonexposed Cohort Matched by Age and Sex
Persons, No. Observed Parkinson Cases, No.

Patiem Group
Patients 

With Polio
Age-/Se>-Matched 

Cohort
Patients 

With Polio
Ape-/Se>-Matched 

Cohort RR I95S Cl)*
Tota' 5<2i 21626 29 50 2.3 (1 4-3.6
Paralytic 2003 7979 13 23 2 .2  (1.1-4.3)
Nonparavtc 2335 9317 7 14 1.8(0.7-4.71
Pnma*y rvmohocytic meongitis 592 2367 7 7 4.1 (1.4-11*
SuEoectao ode 491 1963 2 £ U3IC.2-5 7!
•Fleteirve n t *  tRR; c « c u » > » c  rcccn jr- ip  ib  o r s o n - v w t  v  ni> O  n o e i i e s  conscience imerva,

Cl, 07-4.7/ and in patients onlv suspected of having poliomv- 
eliiis (RR. 1.3; 95* Cl. 0.2-5.7).

Comment. Although it has long been hypothesized that po­
liomyelitis is associated with an increased nsk of PD,‘ to our 
knowledge this has never been empirically demonstrated The 
observed increased PD nsk does not necessarily tmplv that po- 
hovirus is directly implicated in PD pathogenesis Rather, we 
speculate that by reducing the number of neurons essential to 
normal neuronal functions, the vtrally induced damage may 
enhance the effect of normal age-related neuronal degenera­
tion and thus precipitate PD ' *

We acknowledge possible limitations of our data Because 
patients with poliomvehtis mav be admitted to hospitals or mav 
attend outpatient clinics more often than other persons, de­
tection bias could ansc However, in Denmark, the diagnosis, 
evaluation, and treatment of PD no'mally take place at neu­
rological departments or neurological outpatient clinics. More­
over. although patients with PD initially may consult private 
neurologists or general practitioners, the vast majority of pa­
tients with PD w ill at some point undergo clinical evaluation 
or hospitalization at specialized hospital departments because 
of the complexity of the disease Therefore, we think that most 
Danish patients with PD would be registered in the NHDR. and 
we consider detection bias to be an unlikelv explanation for 
our findings

Patients with polio may present a wide range of neurologi­
cal symptoms, which could cause diagnostic ambiguity. If di­
agnostic misclassification would explain our observations we 
would have expected the risk of PD to be particularly in­
creased in patients with paralvtic polio. However, an in­
creased nsk of PD was also observed in patients with nonpara- 
iytic polio Moreover, the likely inclusion of patients with 
nonpolio virus-related meningitis in the group of patients with 
primarv lvmphocviic meningitis mav indicate that the ob­

served PD nsk is not particular to the poltovtrus but also ap­
plies to other viruses infecting the central nervous svstem.
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CORRECTION

Incorrect M easu re : In th e  Original Contribution en titled  "C ogn itiv e  Functioning 
of L ong -te rm  Heavy Cannabis U sers Seek ing T rea tm en t* pub lish ed in the March
6. 2 0 0 2  issu e o f Tmi Journal (2 0  0 2 .2 8 7  1 1 2 3 -1 1 3 1 ) . the leg en d  fo r  th e Figure 
sh ou lc ind icate that erro r bars rep re sen t SEM. n o t  SD
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ORIGINAL CONTRIBLTION

Escalation of Drug Use in Early-Onset 
Cannabis Users vs Co-tw in  Controls

C on te xt Previous studies have reported that early initiation ol cannabis (marijuana) 
use is a significant nsk factor I or other drug use and drug-related problems.

O bje ctive To examine whether the association Detweer. early cannabis use andsub- 

seouent progression to use of other drugs and drug abuse/dependence persists after 
controlling for geretic and shared environmenta1 influences

D esign Cross-sectional survey conducted in 1996-2000 among an Australian na­
tional voluntee' sample of 311 young adult (median age. 30 years) monozygotic and 
dizygotic same-sex twin pairs discordant for early cannap'S use (before age 17 years).

M a in  O u tc o m e  M e a sure s Self-reported subsequent nonmedical use of prescrip­
tion sedatives, hallucinogens, cocatne/other stimulants and opioids, abuse or depen­
dence on these drugs (including cannabis abuse/dependence); and alcohol depen­

dence

Results Individuals who used canrab's by age * 7 years had odds of other drug use 
alcohol dependence, and drug abuse/dependence that were 2 1 to 5.2 times higher 
than those of their co-twin who did not use cannabis before age 17 years Control­
ling lor known risk factors (early-onset alcohol or tobacco use parental conflict/ 
separation, childhood sexual abuse, conduct disorder, maior depression, and social anx>- 

etyi had only negligible effects on these results These associations did no! diller 
significantly between monozygotic and dizygotic twins

C onclusions Associat'ons between early cannabis use and later drug use and abuse/ 
dependence cannot solely be explained by common pred'sposmg genetic or shared 
environmental factors The association may arise from the effects ol the peer and so­
cial context within which cannabis is used and obtained in particular, early access to 
and use of cannabis may reduce perceived Darners against the use of other illegal drugs 

anc provide access to these drugs

JAMA 100) 289 *17 *)) w w w iam a c o m
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VCR THC PAST DECADE 
there has been a steady in­
crease hmh in the preva 
lence o( cannabis iinari- 

luana) use among young people and 
in tne number of people eriienng treat 
mcnt lor cannabis-related problems In 
Ioqq there were 220000 cannabi*-- 
rclatcd admissions to publicK funded 
substance abuse treatment programs in 
the United States ' This represented 
14% of all such treatment admissions, 
w ith admissions occurring primarily 
among youth approximately a third of 
all cannabis-related admissions were 
among people 12 to 1 ' years o f age and 
a further th ird were among ihosc 18 to 
25 years of age These increases in treat 
mcnt seeking have been paralleled by 
heightened concerns about the long­
term consequences of chronic canna­
bis use1 and a recognition of the need 
for treatment and other interventions 
to ameliorate ihe effects of drug depen­
dence. which is best characterized as a 
chronic, recurring condition 1

The inajorilvof cannabis-related ad­
missions among youih resuli from re- 
lerrals eilhcr from ihe justice ot edu­
cational systems, and it is probable dial 
at least some of these referrals were nn>-

For e d ito ria l c o m m e n t see p 4 82 .

nvaied more bv concern over ihe fu­
ture consequences of early munition to 
cannabis use than by apparent nega­
tive effects of current cannabis use A 
maior focus of concern is die cxieni io 
which early cannabis use may in ­
crease the risks lor escalation to other 
drug use and drug dependence Stage 
theory posits lhal there is an invariant 
sequence in initiation and use of drugs, 
with use of cannabis preceding the use 
of “ hard" drugs such as cocaine and 
heroin "111 This theory has been highly 
influential in drug policv debates and 
has provided a major ralionale lor sus­
tain ing p roh ib ition against canna­
bis." as u is assumed lhal delaying or

preventing early cannabis use mav re­
duce risks of other illic it drug use 

While this broad iheorv has found 
some empirical support * L' H such data 
on temporal sequencing do not estab­
lish thai the use of one drug causes the
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DRUG USE IN EARLY-ONSET CANNABIS USERS

Figure. Sample Size and Sample Selection 
Criteria
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use ol drugs higher up the sequence 1 
Rather the observed pattern of initia 
non and use ma\ reflect olhei factors 
such as availability and access ' None­
theless. several studies using event his­
tory analysts' and regression analy­
ses" have reported that early mutation 
to cannabis use remains a significant risk 
factor lor both t he use of other drugs and 
experiencing drug-related problems

Wt- are unaware of any studies that 
have controlled for genetic influences 
on the association between earlier ini 
nation of cannabis use and other drug 
u s e  and drug-related problems None­
theless, one viable hypothesis to ex­
plain this apparent association ts that 
it arises ' nn the joint influence of gr 
netic ann/or shared environmental fac­
tors on both risks ot early initiation lo 
cannabis use and, inde end ntlvofthts, 
on increased risks of suhscqr nt drug 
use and dependence This hypothesis 
is supported bv evidence that canna­
bis and other drug use and drug abuse/ 
dependence arc moderately to highly 
heritable l" !1

The examination of other drug use 
and drug abusc/depcndcncc in tw in 
pairs discordant for earlv cannabis use 
provtdesa powerful test of the hypoth­

esis (hat the association between early 
cannabis use and later outcomes can be 
explained by common predisposing ge­
netic and/or shared environmental risk 
factors Since these predisposing fac­
tors are shared by twin pairs raised to­
gether. if the association between early 
cannabis use and latet drug use can he 
explained bv shared environmental (ac­
tors. then tn twin pairs discordant for 
early cannabis use individuals who do 
not imitate earlv cannabis use should 
be at equal risk o f developing drug- 
related problems as their co-tw in who 
inmates cannabis use earlv If corre 
tated genetic effects explain these as­
sociations. then monozygotic pairs dis­
cordant for earlv use should still have 
equal nsks In contrast, if the associa­
tion ts causal or explained by environ­
mental factors lor which tw in pairs are 
discordant wc would expect to line! 
higher rates ol othct drug use and 
abuse/dependence in the earlv canna- 
bts user than in hts or her co-lwtn In 
this article, this iscue is explored us­
ing data from a largt community sample 
of young adult Australian tnonozv 
gotu and dizygotic twins

METHODS
Interviewees were members ol the 
voung adult cohort ol the Australian 
I win Regisier. a volunteer twin panel 
horn between I9r>4-197l The data 
presented in this report are derived from 
responses to a single telephone inter­
view dunngtheperiod IQOoQOOOwhen 
the median age of the sample was 30 
years (range, 24-36 years) Informed 
consent was obtained from partici 
pants prior to administering the inter­
views, as approved by the institutional 
review boards of Washington Univer­
sity School of Medicine and the Queens­
land Institute of Medical Research 

An overview of the study design is 
shown in the FIGURE Of 4010 pairs that 
could he traced, interviews were com­
pleted with both members of 2765 pairs 
(69% pair-wise response rate) and 1 
mem her ol another 735 pairs (78% indi­
vidual response rate). A total of 861 
members of the sample (13.7%) reported 
initiating cannabis use before age 17

years, 311 of these (36 1%) were from 
same-sex twin pairs in which their co­
twin had not used cannabis by age 17 
years The analyses in this jr t id e  arc 
based on this subset ol 622 same-sex 
twins from pairs discordant for earlv can­
nabis use There were 74 female and 62 
male monozygotic twin pairs and 84 
female and 91 male same-sex dizygotic 
twin pairs. Zygosity was determined on 
the basts ol responses to standard ques­
tions about physical similarity and con­
fusion of the twins by parents, teach­
ers, and strangers, methods that have 
been found to give better than 95%agree- 
mcnt w ith results o f genotyptng

Assessm ents

A structured diagnostic interview de­
signed for genetic studies on alcohol­
ism, the Semi-Structured Assessment 
lor the Genetics of A lcoho lism ,was 
adapted lor telephone use w ith an Aus­
tralian sample and updated for Di<ig 
itnstu and Slatistnal Manual of Menial 
Dntndrn. Fourth Edition (DSM-IVi di 
agnostic criteria v The interview also 
mi ludcd assessments of soctodcnto- 
graphtc factors, childhood family en­
vironment. and experiencing child 
hood sexual abuse :1 These measures 
are described 1 ’low

M easures o f Subsequent 

Drug In v o lv e m e n t

Lifetime Drug Use. Respondents were 
asked whether they had ever engaged tn 
nonmedical use of other drugs In the 
analysis sample of 622 individuals from 
same-sex pairs discordant for early can­
nabis use, the following results were 
lound: (1) sedative use (ie, benzodiaz­
epines, barbiturates) was reported by 
12 7% of women and 14 8% of men; (2) 
hallucinogen use was reported by 18 7% 
of women and 35 2% of men, (3) cocaine 
or other stimulant use was reported by 
32 .4% of women and 42 4% of men; and
(4) opioid use was reported by 6 7% of 
women and 13.5% of men.

Lifetime Drug Abuse/Dcpendcnce. 
Individuals reporting using cannabis, 
sedatives, cocaine/other stimulants, or 
opioids on at least a monthly basts were 
asked additional questions concern-
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T able 1. M en. V> omen, anc the Total Sample of Discordant Twins Who M et Criteria (or Drug Abuse and Dependence*

D ru g

M e n  (n * 3 0 6 ! W o m en  (n • 3 1 6 ) T o ta l (N •  6 2 2 )

A b u s e D e p e n d e n c e
A b u s e /

D e o e n d e n c e A b u D e o e n d e n c e
A b u s e /

D e p e n d e n c e A b u s e D e p e n d e n c e
A b u s e /

D e p e n d e n c e
C a m a o t s 5 7  P B 6 ) 96(3' 4 1 5 3  i5 c  tr­ 2 3 ( 7 3 65 (20 6) 88I27 9I 80H2.9' 161 (25 9) 24t (38 7)
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mg ihr extent to which (hey mav have 
experienced symptoms of drug abuse 
■ use in physicallv hazardous situa­
tions, use interfering with tn a jir role 
obligations) or dependence (using more 
frequently or lor longer periods than in­
tended, needing larger amounts to 
achieve an cflect |tolerance|. conn 
lied use despite use causing emotional 
problems, recurrent desire to cut down 
on use Abuse was operationalized bv 
endorsement of c ither abuse symp­
tom dependence was operationalized 
bv endorsement of 2 or more depen­
dence symptoms W hile the depen­
dence measure did not provide formal 
DSM-I\ criteria, previous analyses ex­
ploring Ihe validity of these modilied 
criteria for cannabis dependence indi­
cated that thcv had both excellent 
sensitiv ity (96 7%' and specific ity 
(94 6%) when compared with DSM-IV 
criteria •'

Given ihe relatively low prevalence 
ol drug abuse and dependence, mea­
sures of abuse and dependence for each 
drug class were combined We as­
sessed abuse/depcndcncc for the fol­
lowing drug classes: ( I i cannabis; 121 
sedatives (ic. benzodiazepines, barbi- 
iurates); (3) cocame/othcr snmulanis, 
and 14) opioids Add itiona lly  these 
drug classes were combined to form a 
measure of anv drug abuse or depen­
dence The prevalence of these out­
comes is summarized separately by sex 
in Tabi F. 1

Lifetime Alcohol Dependence. Life­
time alcohol dependence was assessed 
using full DSM-IV'' criteria 27.9% of 
women and 44 8% of men met criteria 
lor alcohol dependence.

Fam ily. Social, and 

Ind ividual Factors

A number of family, social and indi­
vidual lactors were included in the 
analvsis as control variables These were 
selected on the basis of a previous analv - 
sis with this sample that identified risk 
factors associated wirh cannabis depen­
dence. *

Psvchutric Disorders. Criteria for 
conduct disorder and major depres­
sion fiom the D5M-I' ‘ vvcrc assessed 
using the modified bemi-Siruclurcd As 
sessment for the Genetics ol Alcohol­
ism and diagnoses were assigned bv 
computer algorithm. A nondiagnosin 
measure of social anxiety was also 
defined

Earlv Tobacco Use. A measure of 
earlv tobacco use W3s constructed bv 
classifying subjects who reported smok- 
ingai least I dav a week for a period of 
3 weeks or more before age 17 years as 
earlv tobacco users (36 6% o f twins 
from pairs discordant lor earlv canna­
bis use reported such use)

Earlv Regular Alcohol Use. A mea­
sure of earlv alcohol use was con­
st ructed by t asslfvmg subjects who re­
ported that they started drinking alcohol 
at least once a month lor a period of 6 
months or more before age 17 years as 
earlv regular alcohol drinkers (1 l .o%ol 
twins from pairs discordant for early can­
nabis use reported such use)

Statistical Analyses

A ll s ta tis tica l analyses were con­
ducted usingSAS" and STATA ;; Asan 
initial lest ofhcritahilny of onset of can­
nabis use. rates of concordance (or early 
( before age 17 vears) cannabis use were

compared between monozygotic and di­
zygotic twin pairs Differences in con­
cordance rates were tested using the 
Brcslow-Dav test of heterogeneity of 
odds ratios (ORs.v and separate tests 
were conducted for males and fe­
males Conditional logistic regression 
models were then fitted to test for ex­
cess risk to early-onset cannabis users 
from satnc-sex discordant pairs, com­
pared with iheir co-twin controls The 
significance of the interactions be­
tween early cannabis use and both twin 
pair zygosity and sex were tested and. 
as these were nonsignificant IP> 10 in 
all cases), data were pooled across zy­
gosity and sex Analyses were re­
peated including the family and tndi- 
vtdual contro l variables described 
above Stepwise regression with back­
ward selection was conducted w ith the 
measure of early cannabis use forced 
into the model These analyses were 
used to estimate conditional ORs for 
drug use and drug abuse/dependence 
in twins discordant for early cannabis 
use with control for other significant 
predictors.

Power was estimated using com­
puter simulation For example, for 
cocaine/shmulani abuse or depen­
dence. we first obtained estimates o f the 
prevalence (p( = 12 5%, exposed twin, 
pi = 4.5%, uncxposed co-twin) and of 
the twm-pair (etrachoric correlation 
(.i =0.47). Wc then estimated the mint- 
mum OR = pc(l -pcVpi (1 - p i ). such 
that a difference between the preva­
lence in the exposed twin and the un­
exposed co-twin would be del (ed wntli 
80% power given a sample ol I I  twin 
pairs ai the .01 significance level, with
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Table J . Drug Use Outcomes in Twin Pairs Discordant for Cannabis Use Before Age 17 Years (N * 31 i Pairs)

Lifetime Prevalence
Conditional OR Adjusted 

tor Covanates

Early Cannabis 
Users, No. ( \ )

Co-twms, 
No. (4if

Unadiusted Conditional 
OR (95% Ct) OR (95Sc Cl)

Significant
Covariates'

ose
Se . mss 591190' 26 16 <*' 2 83(1.66-4 65! 2 28H 20-4 31) 1.3.4
-laujcnooenr •1013541 56 (IP 5 15(2.85-9 33) 5 15 (2 85-9 3-3'
Coca Tie-stimulants iag  i4i.9j 82 (20 4 4 19(2 60-6 75) 4.06(2,30-7 17) 1.2.4
OjxkJs 42H3 5 20(6 4- 2 57IV39-4 77\ 2 34(1 13-4.85) 4

*«ot exix3 aousa'oepenaenee 
Cannabis •42 I4S 7 9913' e 2 I3 li 45-3 13. ’ 961' 25-3 09) 1.2.5
Seoanves 6 (2 6 . 3(1 O' 2 6710 71-1005- 2 67(0.71-10.06)
Cocaine stimulants 39 (12 5 14 14 5 t  13(1 91-6 93' 3 98 U 73-9 17) 3
Ooiotas 11 (3 5l 3 (i 0 - 3 67(102-13 14 367(1.02-13 14)

An-, Hie i orug abuse.-oerenaervre 14P 147 6 : 102 (32 8 i 2 24 t ' 5?-3 30i i 9S (i 26-3 10) 1 2  5
Acooo deoendence '33142 B* 92(29 6 - 2 17(1 46-3 24. -.8511.21-2 831 3 4
r-cweuwons. C ccninoence ntw.e. DR ooat -iiiir.
•fy  bonVant co»i'*'e4 ’ inocsies MIN lewe'e ayt 1" w .  'Ml.'*' us* oi icokcs « itmicxc eg* ’7 i-sa-s .ague- us* o' scono 3 conoud o.soiaw * -two a» 

wesson infl' focm ennei, E.eses notet* met me-* no vgnAco'-' cove'-n'*-. it- me outcome

p, and i fixed at (heir observed values 
Our results indicate that power would 
be 80% or better for an OR greater than 
I * for 5 measures hallucinogen use 
cocaine/stimulant use. cannabis abuse 
dependence. an\ abuse or depen­
dence, and alcohol dependence Pow er 
was over 80% lor an OR greater than 
. r for the measures sedative use opi­
oid use. and cocaine/sliinulani abuse or 
dependence Power was low under the 
reasonable range of OR for the mea­
sures sedative abuse/dependence and 
opioid abuse/depcndence

RESULTS
Rates of concordance lor early canna­
bis use (before age 17 vears' among tilt- 
full interview sampie (2705 pairs, see 
figu re were significantly higher in 
monozygotic than dizygotic twin pairs 
for both men ib5 concordant and 8b 
discordant monozygotic pairs vs 5b 
concordant and 110 discordant dizy­
gotic pairs. \-( = 7 92. P».005 and 
women (ol concordan! and 98discor­
dant monozygotic pairs vs -44 concor­
dant and 111 discordant dizygotic pairs 
\,*7.8Q 0P5I, ind icating heri­
table influences on age of initiation of 
cannabis use The first 2 columns of 
T snt.E 2 show estimates of the lifetime 
prevalence of drug use- and drug abuse- 
dependence lor those initialing canna­
bis use before a ’ 17 vears and for their

tu-twins 'who either reported no life­
time cannabis use or who reported in i­
tialing cannabis use ai age 17 vears or 
older Themaioriiv of sublets report­
ing both cannabis and other illic it drug 
use reported initiating cannabis use be­
fore initiating ihe use of oilie: drugs 
Three individuals reported initiating 
sedative use before cannabis use, 0 in­
dividuals initiated hallucinogen use. 5 
initiated stimulant use. and 1 initialed 
opioid use belnrc the use of cannabis 
These individuals were excluded from 
the analyses Table 2 also shows ihe 
conditional ORs both unad|Usied and 
adjusted foi major risk factors, for the 
drug use outcomes T he results in Table 
2 can be summarized as follows.

1 Relative lo I heir co-twins who had 
not used cannabis bv age 17 years, ihose 
who had used cannabis bv this age had 
elevated lifetime rates of other drug use. 
illic it drug abuse/dependence, and a l­
cohol dependence

2 The unadjusted conditional ORs 
indicated that in individuals who in i­
tialed cannabis use before age 17 years, 
ihe odds ol other drug use. alcohol de- 
pendence. and other d rug abuse/ 
dependence were 2 1 to 5 2 limes higher 
than in their co twins who did not re- 
port earlv cannabis use Iri all but I 
comparison (sedative abuse/dcpcn- 
dcncc . these associations were siaiis- 
tically significant

3 Controlling for known risk fac­
tors lor laier drug use and drug abuse/ 
dependence had only negligible ef­
fects Specifically, after such adjustment, 
relative to ih n r discordant co-twins, 
those who had used cannabis before age 
17 years had significantly elevated rates 
of 9 of the 10 outcomes The nonsig­
nificant association between early can­
nabis use and sedative abuse/dept-n- 
dcnce is like ly lo be a rcllecnon of 
reduced statistical power due to the low 
base rate of this outcome

Tht final column of Table 2 shows 
the significant or marginally sign 
cant (P<10) predictors ol each out­
come While covariates differed be­
tween equations, early regular use of 
tobacco and alcohol emerged as the 2 
factors most consistently associated 
with later illicit drug use and abuse/de­
pendence. While early regular alcohol 
use did nol emerge as a significant in­
dependent prediclor of alcohol depen­
dence. this finding should be treated 
with considerable caution as our study 
did noi provide an optimal strategy for 
assessing the effects of early alcohol use.

A nalyses R estricted to Those 

R e p o rting  L ife t im e  C annabis Use

Our analysis found that 24 8% of twins 
in pairs discordant for early cannabis use 
in lad reported no lifelime cannabis use 
To examine ihe extent lo which ihcasso-
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•  ___________________________________________________________________________________
Table 3. Drug Use Outcomes in Twin Pant Discordant for Cannabis Use Before Age 17 Years With Sample Restricted to Those Reporting 
lifetime Cannabis Use <N ■= 234 Pairs)  _______________________________________

C o n d it io n a l  O R  A d iu s t e d  
L i f e t im e  P r e v a l e n c e  lo r  C o v a n a t e e

Early Cannabis 
Usars. No. (%l

Co-twins. 
No (H)

Unadiusiad Conditional 
OR I95S Cl) OR (95A* Cl)

Significant
Covariates*

Uje
Sedai-vec 4 6 119 7 - 2018 5. 3 0 0 |i  60-5 62 3 33 H 53-7 231 t .  4
HaAjooogo'is 94 |40 2 58123 9> 3 9 2 C  13-7 211 3 92(2  13-T 211
Cocama'snmoiants 123152 €■ 8 ' (34 6 3 X 11 83-4 921 3 051* 75-5 331 1.2
OtXKJS 33H4 'i 17173) 2 33 C 15-4 591 2 401’ 05-5 491 4

IK* orug acuse/oeoenoeocc 
3ar*iaM (51 7- 99 (42 3) : 58 M K -2 37) 1 57 (0.96-2 52) 1 2 5
Seoatvss 6 (2 6 1104; 6 X 1 0  72 49 83 6 X  <0 72-49 83
Cocame'siimulantc 3f- ' '5  4i ’3(5 61 4 29(1 88-9 76i 3 TS(1 6C-90M 3
O tw is 1014 3) :<C9' 5 X n  102262 5 X H  1C-22.82)

Any ecu oma a&js* oecxjroerKt 127 154 3' n x < 4 :7, • 751* *6 264, 1 76(1 06-2 84; 1.2 5
Aconoi deoenoence 105 we 6 79 r33 e 2 a 3 ( t X - 3 i 7 * 85 C 2*-2 83) 3 4
At*x*y.»iCl  cortcence merva 0 °  OCX)-, '.v ■
• - r  *gnrt.:»-n covanaei 1 nOcarns eo-iv tpetor* ao* , r  v«»s '*?ua' u u  o' iccaccc 7 M". o a fv o  a/jt iT v»a'H . »  01 r»c«n©i 1 conchx’ iso-a#- * mao- 

0«v»ssiGr VXI i  scf iai tlosoi noxa<« ma' 1 nut, A«'f> no vv-~'.:,yn- *101 '01 in* oulrom*

nations in Table 2 mav have been related 
ic nsks associated with ant cannabis iim 
rather than rady cannabis use, these 
analyses were replicated with the sample 
restricted to those who reported lilt 
time cannabis use (54 monozygoti 
female pairs. 53 monozygotic male pairs 
5b dizygotic lemalc pairs ' I  dizygotic 
male pairs1 The results of these analy­
ses.shown in Table 3. were broadly cor 
sistent with the previous results In par- 
ttcular before ad|ustmeni lor covariates. 
earlv use remained a significant predu 
toro l all bin I of the outcomes 'scda 
live abuse/dcpendenct among twin 
pairs concordant lot lifetime cannabis 
use bin where I twin reported initia­
tion of cannabis use before age 17 years 
and the other did not. Aftct statistical 
control for measured risk factors earlv 
iim was not a significant predictor of 
sedative abuse/dependence and there 
was onlv a marginally signtlicani asso­
ciation (P = 06 between earlv imita­
tion of cannabis use and subsequent 
ahuscrdepcndence on cannabis

Subsidiary Analyses

Separate analyses of momirvgoiu and 
dizygotic-discordant pairs were cor. 
ducted in which earlv cannabis use was 
defined as use before age 15 years, be­
fore age lb vears. and before age 18 
vears The rcsulisol these analyses con

brined the previous conclusions- Tor all 
delinilions ol earlv cannabis use indi­
viduals who initialed cannabis use at an 
earlv age had clevatetl odds of Inter drug 
use and ahuse/rinntndencc relative to 
their discordant -tw in

COMMENT
The results ol our co-twin conirol analy­
ses indicated thai earlv initiation of can­
nabis use was associated with signifi­
cantly increased risks lor other drug use 
and abuse/dependence and were con 
sisteni w ith earlv cannabis use having a 
causal role as a risk lactor for other drug 
use and lor anv drug abuse of depen­
dence Individuals who usee' annabis 
bclore age 1/ ears had a 2 i- lo 3 8- 
fold increase in odds ol other drug use 
and a 1 6- to 6 0-fold increase in odds 
ol alcohol dependence and olher drug 
alniscrdepcndcnct relative lo their co- 
iwm who had not used cannabis bv age 
17 vears. regardless of whether or not 
the pair were monozygotic Alterna­
tively, there mav be unmeasured envi­
ronmental influences not shared bv 
members of a twin pair that increase risks 
both of earlv cannabis use anil ol othet 
drug use or abusc/depcndence We con 
sidcr this less plausible, since. .vin pairs 
having been reared in ihe same house­
hold would be expected lo be highly 
concordant (or environmental expert

ences I nmcasured family background 
risk factors or heritable risk factors can 
not explain the observed association, 
since twin pairs will share the same fam­
ily background and monozygotic pairs 
the same genetic risk factors

Potential limitations of this study in­
clude the reliance on self-report and ret 
rospectlve data and the lack of data 
about ages ai progression to more Ire 
quent use or onset ol problems Age ol 
first use was obtained earlier in our in­
terview than the assessment of drug use 
problems to minimize recall biases, and 
the associations w ith earlv cannabis use 
that we observed in this tw in pan 
sample have previously been reported 
in prospective studies ' l‘'An associa­
tion due io underreporting of drug use 
bv I tw in seems implausible, since 
cannabis use. even by self-report, was 
highlv prevalent and some use at least 
would be considered normative lor this 
birth cohort in Australia, and since sig­
nificant associations remained when 
analyses were limited to pairs concor­
dant (or lifetime cannabis use Ii is also 
unlikeb ihai we arc observing only de­
laved onset of other drug use or drug 
abuse/dependence, rather than lower 
lifetime rales in the co-twins, since the 
median age of the sample (30 years) is 
considerably higher than typical ages 
ol onset ol drug use and drug abuse/
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dependence 11 For example, morr ihan 
95% oi cannabis uscis tn our to ta l 
sample reported onset of maniuana use 
by age 2* vears, the youngest age rep­
resented in the sample Our estimates 
of the lifetime use of cannabis and other 
drugs are high but are consistent with 
those reported bv other large scale cpi 
demtological surveys ol drug use in 
Australia M Further, a rcccm studv of 
cannabis use in a US national tw in 
sample concluded lhal iwin studies of 
substance use arc unlikely to be b i­
ased and lhal findings from such stud­
ies can be generalized to oihei non 
twin i family relationships *' The relative 
crudeness of our measure of exposure 
lany use before age 17 years as op­
posed to frequent heavy or problem 
use) makes the findings of an associa­
tion even more remarkable

If the association with earlv canna­
bis use is indeed causal, the mecha­
nisms hv which this association arises 
remain unclear Pharmacological mecha­
nisms might be hypothesized m which 
ii is assumed thai exposure lo cannabis 
induces subtle biochemical changes ihai 
encourage drug-taking behavior " This 
hypothesis is supported lo some extent 
by recent findings that A“-ietrahvclro- 
cannabtnol and heroin have similar ef 
fecison dopamine transmission ihrough 
a common u, opioid receptor mecha­
nism1 and that chtonic treatment with 
A tetrahydrocannabinol induces c ross- 
tolerance to amphetamine’* and op i­
oids1* w in rats However an argument 
against such biological hypotheses is that 
the levels of cannabis use al the begin­
ning of drug-using careers are substan­
tially lower than the equivalents used in 
laboralorv-based research and perhaps 
too low to induce long-term biochemi­
cal changes 

Other mechanisms lha l imghi me­
diate a causal association between earlv 
cannabis use and subsequent drug use 
and drug abuse/dependence include the 
following

I Initial experiences wiih canna­
bis. which are frequently rated as plea­
surable.4' may encourage continued use 
of cannabis and also broadet experi­
mentation

2 Seemingly safe early experiences 
w ith cannabis may reduce the per­
ceived risk of. and therefore barriers to 
the use of other drugs For example, as 
the vast majority of those who use can­
nabis do not experience any legal con­
sequences of their use such use may 
act to dimmish the strength of legal 
sanctions against the use of all drugs

3 Alternatively experience with and 
subsequent access lo taniwbis use mav 
provide individuals with access to other 
drugs as they come into contact w ith 
drug dealers " This atgumcnt p ro­
vided a strong impetus for the Nether­
lands to effectively decriminalize can­
nabis use in an aiiempi lo separate 
cannabis from the hard drug market 
This strategy mav have been partially 
successful as rates of cocaine use among 
those who have used cannabis are lowei 
m the Netherlands than in ihe United 
States '•

While the findings ol this studv in­
dicate that eailv cinnabi*. use is associ­
ated with increased risks ol progres­
sion in other illu ti drug use and drug 
abuse/dcpcndenci ii i* not possible to 
draw strong causal conclusions solclv on 
ihe basis ol the associations shown in 
ihissiud) Further research mother m l 
tures and using a range ol innovative re­
search designs (including evaluation of 
prevention efforts aimed al delaving ihe 
onset of cannabis use is needed to ex 
plore vvheiher there is a causal link be 
tween earlv cannabis use and progres­
sion to othci drug use and. il so. to 
elucidate the mechanisms that may un­
derlie anv such causal association

Regardless of the mechanisms under­
lying these associations, it is apparent 
that young people who inmate canna­
bis use at an earlv age are at heightened 
risk for progressing toother drug use and 
drug abuse/dependence In addition to 
cannabis dependence, ihe health risks 
associated with chronic cannabis use 
mav include chronic bronchitis, im 
paired lung function, and increased nsks 
of cancers of the aerodlgestivc tract.4 
Given historical increases in the use of 
cannabis and other drugs - it is prob­
able thai more individuals will experi­
ence these adverse consei uentes and

there will be an increasing need to de­
velop strategies both to prevent and to 
ameliorate the adverse consequences of 
chr “••c drug use Given that early ini­
tiation of use may be associated with in­
creased risks both (or progressing to the 
use of other drugs and for developing 
drug abuse/dependence, there is a need 
for greater physician awareness of those 
risks associated with earlv use Thcte is 
also d need to develop loeused interven­
tions to prevent escalation to use of othci 
drugs among young people identified as 
being at risk due to their earlv initia­
tion of cannabis use
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Chapter 3: Juvenile offendersChapi

A  new  s e lf - r e p o r t  s u rv e y  d o c u m e n ts  th e  d e v ia n t and  
d e l in q u e n t  b e h a v io rs  o f  U.S. y o u th  ages  1 2 -1 6

A new survey will follow a cohort 
of youth as they make the 
transition from school to work

The firs t wave o f the 1997 National 
Longitudinal Survey o f Youth 
(NLSY97) interviewed a nationally 
representative sample o f 9,000 
youth who were between the ages of 
12 and 16 at year end I99G The sur 
vey asked vouth to  report whether 
they had engaged in a varie ty o l de­

viant and delinquent behaviors 
Plans are to interview’ members of 
this cohort every 2 years to track 
changes in delinquent and crim inal 
activ ity over the life course

Youth who had ever used or sold 
drugs were more likely to engage 
in other problem behavior

One of the strengths of the survey is 
its ab ility to assess which delin

quern behaviors cluster together 
Members o f the NLSY97 cohort 
were asked a variety o f questions 
regarding drugs, guns, and gangs, 
including whether and how recently 
they had engaged in these activ ities 
Analysis of these items demon­
strates the connection between 
drug use o r sale and o the r problem 
behaviors, such as carrying hand 
p jn s  belonging to a gang, and cori 
suming alcohol

The proportion of youth engaging in deviant and delinquent behaviors varied significantly by age, sex, 
and race/ethnicity

4

Behavior Total
Ages
12-13

Ages
14-15

Age
16 Ma'e Female While Nonwhite Rural Urban

Had sex
Ever 29% — 23% 43% 30% 281'. 26% 37% 29% 30%

t  Last 12 months 21 — 16 32 22 21 19 27 21 22
FBecame pregnant

Ever 6 — 4 10 — 6 5 9 5 7
Smoked cigarettes
Ever 42 27 48 58 42 42 45 34 43 41
Last 30 days 20 10 23 33 20 20 22 14 21 19

Drank alcohol
Ever 39 26 52 66 46 44 48 26 45 45
Last 30 days 21 8 25 37 21 21 23 16 20 21
Before or during school or
work in the last 30 days 5 2 6 9 6 4 5 5 5 5

Used marijuana
Ever 21 8 25 38 22 20 22 19 19 22
Last 30 days g 4 11 17 10 9 10 6 8 10
Before or during school or
work in the last 30 days 4 1 5 7 4 3 4 3 4 4

Ran away from home
Ever 11 6 12 17 10 11 10 11 10 12

Carried a handgun
Ever 10 8 11 12 16 3 10 9 11 9
Last 12 months 6 4 6 7 9 2 6 5 6 5
Last 30 days 3 2 3 3 5 1 3 3 3 3
To school in last 30 days <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

Belonged to a gang
Ever 5 3 6 6 6 3 4 7 5 5
Last 12 months 2 2 2 3 3 1 2 3 2 2

Purposely destroyed property
Ever 28 25 31 30 37 20 30 25 29 28
Last 12 months 16 14 17 15 20 11 16 14 15 16

Stole something worth over S50
1 Ever 8 4 10 11 10 5 7 9 7 9

Last 12 months 5 3 6 7 7 3 5 6 4 6

58 Juven ile  O ffenders  a n d  Victims ‘ 999  N ationa l R eport
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Youth who had ever used mari- 
Juana were more likely to have 
sold marijuana (24% vs. <1%), 
carried a handgun (21% vs. 7%), 
o r been in a gang (14% vs 2%) at 
some point than youth who 
never used marijuana.
Youth who had ever sold mart 
Juana were more likely to have 
sold hard drugs (i.e., cocaine. 
LSD or heroin) (40% vs. 1%).

carried a handgun (35% vs 8%). 
or been in a gang (24% vs 4%) 
than youth who never sold 
marijuana.

■ Active marijuana users (i.e.. 
youth who used marijuana dur 
ing the month p r io r to the sur­
vey) were more likely to have 
consumed alcohol (78% vs 14%) 
o r earned a handgun (12% vs.

2%) during that period than 
youth who d id ot use marijuana

» Youth who had carried a hand 
gun in the last 12 months were 
also more like ly to have been in 
a gang than youth who did not 
ca rry a handgun during this pe 
riod (15% vs. 1%).

Behavior Total
Ages
12-13

Ages
14-15

Age
16 Male Female White Nonwhite Rural Urban

Stole a vehicle for use or sale
Ever 1% <0 5% 2% 2% 2% 1% 1% 1% 1% 1%

Sold any drugs
Ever 7 2 9 12 9 5 8 5 7 7
Last 12 months 5 2 7 9 7 4 6 4 5 6

Sold hard drugs (e.g., cocaine, LSD, or heroin, 
Ever 3 1 3 6 3 2 3 3 3 3

Sold marijuana
Ever 5 2 7 10 7 4 6 4 5 6

Committed assault
Ever 18 15 19 22 23 12 16 21 17 18
Last 12 months 12 10 13 13 16 8 11 14 12 12

Was arrested
Ever 8 4 10 12 10 5 7 9 6 9
Number of times
Once 5 2 6 7 6 3 4 5 4 5
2 or more 3 1 4 5 4 2 3 4 2 4

■ Of all youth. 3% had carried a handgun in the month prior to the interview, and fewer than 1 in 200 had earned a handgun 
to school during that time.

■ With a few exceptions, urban and rural youth reported participation in problem behaviors in equal proportions; however,
urban youth were significantly more likely than rural youth to have run away from home (12% vs. 10%), ever used mari­
juana (22% vs. 19%), or ever been arrested (9% vs. 6%).

■ Of all youth, 9% used marijuana in the last 30 days, and less than 4% used marijuana before or dunng school or work
hours during this time. Similarly, 21% of all youlh drank alcohol in the last 30 days, and 5% drank alcohol before or during 
school or work hours during this time.

■ The proportion of youth who had ever used marijuana increased dramatically with age. from 8% of youth ages 12 and 13 
to 25% of youth ages 14 and 15. The proportion of youth ages 14 and 15 who had ever used alcohol (52%) was double 
that of youth ages 12 and 13 (26%).

Note. Only youlh 14 and older were asked about their sexual activity anc pregnancy Only temales were asked about pregnancy

‘ Includes stealing a vehicle for use or sale

Source Authors'analysis of the Bureau of labor Statistics The National Longitudinal Survey o f  Youth 7997[machine-readabledata file]
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N a t i o n a l  H o u s e h o l d  S u r v e y  on D r u g  A b u s eThe NHSDA Report
July 19,2002

M a r i j u a n a  U s e  a m o n g  Y o u t h s
T he N ational H ousehold Survey on 

D rug Abuse (NHSDA) asks respon­
dents to rep o n  on past year use and 

age at first use o f m arijuana. Respondents 
aged 12 to 17 were also asked to report 
w hether they had been enrolled in any type

In B rie f

o f school at any time during  the year before 
the survey'. Youths enrolled in school were 
asked to rep o n  their average letter grade for 
the last sem ester or grad ing  period they 
com pleted.

Prevalence of Marijuana Use among 
Youths___________________________
In 2000, the N H SD A  estimated that over 3 
million, o r 13 percent, of the 23 million 
youths aged 12 to 17 used m arijuana during 
the year p rio r to the survey. T he rate o f past 
year m arijuana use was lower for youths com ­
pared with the rate for young adults aged 18 
to 25 (24 percent), but it was higher than the 
rate for adults aged 26 or older (5 percent).

Trends in initiation of Marijuana Use 
among Youths____________________
Between 1996 and 1999, the num ber of 
youths aged 12 to 17 trying m arijuana for the 
first time each year was g reater than  during 
the p rio r 20 years (Figure 1). Approximately
1.690.000 youths first used m arijuana during 
1996, m ore than during any o ther year since 
1978. However, the num ber o f youths trying 
m arijuana for the first time decreased to
1.392.000 by 1999.

• In 2000, over 3 million 
youths aged 12 to 17 used 
marijuana at least once 
during the past year

• White youths were more 
likely to use marijuana than 
Hispanic, black, or Asian 
youths

• Youths with an average grade 
of D or below were more 
than 4 times as likely to have 
used marijuana in the past 
year as youths whk reported 
an average grade of A

77)* NHSDA Rtport is published periodically by the Office of Applieu Studies. Substance Abuse and Mental Health Services Administration 
(SAMHSA) All material appearing In this report is in the public domain and may be reproduced or copied without permission from SAMHSA. 
Additional copies of this report may be downloaded from http .//www samhsa.gov/oas/nhsoa him. Citation of the source is appreciated. Other 
reports from the Office of Applied Studies are also available on-line: http://www.DrugAbuseStatistics.samhsa.gov/.

http://www.DrugAbuseStatistics.samhsa.gov/
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Figure 1. Estimated Numbsre of Youths Ag»d 12 to 
17 Who First Ussd Marijuana During tha Yaare 1965 
to 1999

Year

Figure 2. Percentages of Youths Aged 12 to 17 
Reporting Past Year Marijuana Use, by Age Group: 
2000

12 or 13 14 or 15 16 or 17

D e m o g ra p h ic  D if fe re n c e s  
in P re v a le n c e

Older youths were more likely to 
have used marijuana during the past 
year than younger youths (Figure 2). 
.Almost 25 percent of youths aged 16 
or 17 reported past year marijuana 
use compared with 3 percent of 12 
or 13 year olds. White youths were 
more likely to have used marijuana 
during the past year (15 percent) 
than Hispanic (13 percent), black (9 
jiercent), or Asian youths (6 percent 
(Figure 3).

.Although males were more likely 
than females to have used marijuana 
during the past year among adults 
aged 18 or older, there were no 
gender differences in past year 
marijuana use among youths. For 
example, among 18 to 25 year olds, 
males were more likely to have used 
marijuana during the past year than 
females (28 percent of males vs. 20 
percent o f females), but among 
youths, rates of past year marijuana 
use were similar (14 percent of 
males, 13 percent o f females).

Youths living in the South (12 
percent) were less likely than youths 
living in the Northeast 14 percent 
and West (15 percent) to report past 
year marijuana use (Figure 4,. 
Youths living in small metropolitan 
areas were more likely to have used 
marijuana during the past year (14 
percent; than youths living in large 
metropolitan (13 percent) or non­
metropolitan areas 13 percent).1

A c a d e m ic  P e r fo rm a n c e  
a n d  M ariju an a  U se  a m o n g  
Y o u ths

In 2000, almost 30 percent of youtlis 
aged 12 to 17 enrolled in school 
earned an A average during the last 
semester or grading period dicy 
completed, 41 percent earned a B 
average, 23 percent earned a C 
average, and 7 percent earned an 
average o f D or below .5 Prior 
research has associated poor grades 
with substance use among youths.0  
Rates of past year marijuana use 
were higher among youdis with 
lower grades than among those with

higher grades (Figure 5). For 
example, youths with an average 
grade o f D or below were more than 
4 times as likely to have used 
marijuana in the past year (33 
percent) as youths who reported an 
average grade of A (7 percent).
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Figure 3. Percentage* of Youth* Aged 12 to 17 
Reporting Peat Year Marijuana Uae, by Race/ 
Ethnicity: 2000-
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Figure 4. Percentages of Youth* Aged 12 to 17 
Reporting PaatYear Marijuana Uae, by Geographic 
Region: 2000

West Northeast Midwest South
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Figure 5. Parcantagas of Youths Agad 12 to 17 Enrollad 
in School Reporting PaatYear Marijuana Uaa, by Average 
Grades for the Last Semester or Grading Period 
Completed: 2000
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Abs tra c t—Background: Although about 7 m illion people in  the US population use marijuana a t least weekly, there is a 
paucity o f scientific data on persistent neurocognitive effects of marijuana use. Objective: To determine i f  neurocognitive 
deficits persist in 28-day abstinent heavy marijuana users and i f  these deficits are dose-related to the number of 
marijuana jo in ts smoked pei week. Methods: A battery o f neurocognitive tests was given to 28-day abstinent heavy 
marijuana abusers. Results: As joints smoked per week increased, performance decreased on tests measuring memory, 
executive functioning, psychomotor speed, and manual dexterity. When divid ing the group into ligh t, m iddle, and heavy 
user groups, the heavy group performed significantly below the ligh t group on 5 of 35 measures and the size of the effect 
ranged from 3.00 to 4.20 SD units. Duration of use had lit t le  effect on neurocognitive performance. Conclusions: Very 
heavy use of marijuana is associated w ith persistent decrements in neurocognitive performance even a fte r 28 days of 
abstinence, It is unclear i f  these decrements w ill resolve w ith  continued abstinence or become progressively worse w ith  
continued heavy marijuana use.
NEUROLOGY 2002;59:1337-1343

M arijuana is the most widely used illicit drug in the 
United States and the western hemisphere. In 2000, 
an estim ated 76% of America's 14.8 million illicit 
drug users used m arijuana alone (59%) or in con­
junction with other illicit drugs (17%).' About 7 mil­

lio n  people in the US population use marijuana at 
v a s t  weekly.' Because of debate about medicinal 
nises and legalization of m arijuana, knowing whether 
marijuana has persistent effects on the brain is of 
interest.

Studies of residual cognitive effects of marijuana 
following a brief period of abstinence show tha t 
heavy m arijuana use is associated with deficits in 
executive cognitive functioning, sustained attention, 
and memory.28 These studies nave some method- 
ologic limitations. First, m arijuana users were only 
monitored for abstinence for 17 to 72 hours before 
testing. Because m arijuana has an apparent half-life 
of 4.1 ± 1.1 days,6 it is difficult to determine if the 
these observations2 5 were due to drug residues in 
the body or to withdrawal symptoms such as anxiety 
or irritability.7 Second, the quantification of heavy 
versus light users may be problematic. M arijuana 
users have been grouped by frequency of use2 and 
duration of use.34 When m arijuana users are sepa­
rated by duration of use, it is troublesome to sepa­
rate the effects of m arijuana from differences in age

Additional material related to this article con he found on the Neurology 
Web site. Go to www.ncurology.org end scroll down the Table of Con­
tents for the November 12 iB&uo lo find the title link for this article.

and education (a cohort effect). Third, no structured 
psychiatric interview was used to exclude disorders 
like depression,3 which is associated w ith poor cogni­
tive performance.8

Until 2001, there were no published reports of the 
residual effects of m arijuana use on cognitive func­
tioning after a period of abstinence longer than 12 to 
72 hours. In a carefully designed study, m arijuana 
users were grouped by frequency of use and neuro­
cognitive testing was repeated over 28 days of absti­
nence (0, 1, 7, and 28 days).8 Decrements in memory 
for word lists were found at 7 days of abstinence but 
not after 28 days of abstinence. The authors th us 
concluded that cognitive deficits are reversible after 
7 days of abstinence and are related to recent, not 
cumulative, cannabis use. Knowledge about the cog­
nitive effects of m arijuana could also provide a basis 
for determining the relative contribution of marijuana 
when used in combination with other drugs such as 
methylenedioxymethamphetamine (MDMA).10 "

The current study was conducted to determ ine 
whether neurocognitive deficits persist in 28-day ab­
stinent heavy m arijuana usjrs and if these deficits 
are dose-related (joints smoked/week). Based on our 
previous work in cocaine and MDMA users,12'3 we 
hypothesized th a t deficits in cognitive performance 
would be observed only in the  heaviest users of 
m arijuana.

Methods. Participants. This protocol was approved by 
the National Ins titu te  on Drug Abuse-In tram ura l Re-

*10171 the Department of Neurology (Dr. Bolla and D. Eldreth), Johns Hopkins University School of Medicine, Hopkins Bayvicw Research Campus; and 
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Bearch Program (NIDA-IRP), the Jo in t Committee on C lin­
ical Investigation, and the Johns Hopkins Bayview 

^ ^ d ic a l  Institu tiona l Review Boards A ll participants gave 
^ Im t te n  informed consent and were compensated fo r the ir 

time. Marijuana abusers were recruited using newspaper 
advertisements. Partic ipant selection was based on drug 
use history obtained using structured interviews including 
the Drug Use Survey Questionnaire (DUSQ),1* the Addic­
tion Severity Index CASI,)W and the Diagnostic In terview 
Schedule (DIS).1*

Marijuana group. The marijuana group consisted of 
nontreatment-seeking individuals claim ing marijuana as 
the ir drug o f choice who used marijuana for at least 2 
years, smoked marijuana at least tnree times per week, 
reported alcohol consumption o f less than 14 alcoholic 
drinks per week, and had a urine toxicology screen tha t 
was positive for cannabis metabolites at the time of admis­
sion to the study. This ensured tha t all participants were 
abstinent for a uniform period of time Participants were 
s till eligible for inclusion i f  dependent on caffeine or to­
bacco. Participants were excluded i f  they met the Diagnos­
tic and Statistical Manual of Mental Disorders-IV (DSM- 
IV) crite ria gleaned from the DIS for current or past 
dependence on any other psychoactive substance other 
than marijuana, including alcohol, or i f  the ir urine toxicol­
ogy screen was positive for substances other than m ari­
juana and its metabolites. The ASI and TUSQ were used 
to estimate the number of jo in ts smoked per week and the 
duration of marijuana use.

t Exclusion criteria for all participants. Volunteers were 
ccluded fo r past or cu rren t psychia tric disorder by 
SM-IV crite ria using the DIS (i.e., anxiety disorder, post- 

traumatic stress disorder, and major depressive disorder). 
Volunteers were also excluded for a past or current history 
of neurologic illness (e.g., head trauma resulting in loss of 
consciousness, seizure disorder, stroke), an abnormal neu­
rologic examination, or pregnancy.

Data collection. A t the in it ia l v is it to the C lin ica l Inpa­
tien t Research U n it (CIRU) at NIDA-IRP, all participants 
had a medical evaluation, a neurologic exam ination, urine 
toxicology screen, and pregnancy test fo r women. Partic i­
pants were then admitted to the CIRU for approximately 
30 days. This allowed us to examine persistent effects o f 
marijuana on the brain, ra tlie r than acute effects. Random 
drug screens were performed during the inpatien t stay to 
ensure abstinence. No treatm ent or medications were 
given over the 30-day stay.

Neuropsychological measures. The neurocognitive test 
battery was administered by a trained psychometrician 
under the supervision of a neuropsvchologist (K.I.B.). The 
neurocognitive battery' consisted o f tests tha t assess a va­
rie ty of cognitive domains. General intelligence was esti­
mated using the Shipley Ins titu te of L iv ing Scale.17 The 
Shipley estimated IQ correlates w ith the Wechsler Adult 
Intelligence Scale—Revised (WAIS-R) full-scale IQ (r = 
0.79). Measures o f IQ are believed to be good estimates of 
native intellectual abilities (premorbid intelligence) and 
are resistant to the effects o f brain in jury. Language skills 
were assessed using Controlled Ora) Verbal Fluency.1* 
Verba! memory was assessed by the Logical Memory from 
the Wechsler Memory Scales-Revised (WMS-R)1* and the 
P.ey Auditory Verbal Learning Test (RAVLT),30 whereas 
visual memory was assessed using the Rey Osterreith 
Complex Figure31 and the Symbol D igit Paired Associate 
Learning Test.33 A tten tion and concentration were as­
sessed using the Verba! and Non-Verbal Cancellation 
Test33 f. r both randomly placed letters and symbols. Exec­
utive functioning was measured w ith the D ig it Symbol 
Substitu tion from the WAIS-R,3* Tra ils A, T ra ils B,!* 
S tro o p a n d  the Wisconsin Card Sorting Test (WCST).37 The 
Rey Complex Figure (copy), Block Design (WAIS-R),3* and 
Judgment of Line Orientation3* assessed vi.suoperception/ 
visuoconstmction. The California Computerized Assessment 
Package (CALCAP)39 was used to assess both simple and

Table 1 Demographic characteristics of marijuana users by amount used
Characteristic All, n = 22 Light group, n = 7 Middle group, n = 8 Heavy group, n = 7
Age. y 22 4 £ 4.9 (18-37) 24.6 £ 6.1(18-37) 21.9 £ 5.3(18-34) 20.7 £ 2.4(18-251
Education, y 11.4 £ 1.5(8-14) 12.7 £ 0.7* (12-14) 10.9 £ 1.5(8-12) 10.7 £ 1.5(8-12)
Shipley IQ 95.9 £ 10.9(78-115) 101.9 £ 9.9(86-115) 95 0 £ 11.2(80-114) 91 £ 10(78-101)
Sex, M/F 19/3 5/2 7/1 7/0
Ethnicity, W/AA/othcr 1/18/3 1/5/1 0/6/2 0/7/0
Handedness, R/L 19/3 7/0 6/2 6/1
Marijuana use

Joints/wk 48.5 £ 36.9(2-1171 10.5 £ 4 (2-14.) 42.1 £ 18.2(18-70) 93.9 £ 15.4 (78-117)
Davs/wk 5.8 £ 1.7 4.4 £ 1.0 6.9 £ 1.9 7.0 £ 0.2
Duration, y 4.8 £ 3.1 (2-15) 3.4 £ 1.6 (2-6) 54 £ 4.2>2-15) 5.3 £2.4 (3-10)

Alcohol use
Days/wk 1.1 £ 1.3 (0-5) 1.0 £ 1.4 (0-3) 0.6 £ 0.7 (0-2) 1.5 £ 1.7 (0-5)
Drinks/wk 3.2 £ 4.2(0-13) 2.4 £ 4.1 (0-11) 3.1 £ 4.6(0-13) 4.1 £ 4.3(0-13)

1 Duration, y 3.8 £ 6. i (0-26) 2.3 £ 3.9 (0-10) 2.0 £ 2.1 (0-5) 3.0 £ 2.7 (G-7)
Values are mean ± SD (range),
•p < 0.05; Mean difference is between the light and middle and light and hervy groups.
Light group = 2-14 joints/wk; middle group * 18-70 joints/wk; heavy group = 78-117 joints/wk. W = white; AA 
1338 NEUROLOGY 69 November (1 of 2) 2002
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choice reaction times (psychomotor speed). Manual dexterity 
was assessed using Finger Tapping”  and Grooved Peg- 

^ fcoa rd ." Participants were tested on the 27th or 28th day 
^ H fte r  admission to the inpatient research unit. This elimi­

nated any acute drug effects and possible confounding effects 
on neurocognitive performance from the physical or psycho­
logical symptoms associated with drug or alcohol withdrawal. 
All testing was performed in the morning to reduce diurnal 
fluctuations in performance. The examiner was blind ‘ 0  the 
intensity and duration of drug use.

Data analyses. Multiple linear regression models were 
used for data analyses. Neurocognitive variables were log 
transformed if  not normally distributed. Exploratory anal­
yses examined the possible effects of age, education, Ship­
ley IQ, depression score (Center for Epidemiologic Studies- 
Depression), and sex on the neurocognitive performance 
measures. An independent variable was retained in the 
model i f  associated (p < 0.05) with the neurocognitive out­
come variable. A separate multiple regression analysis was 
performed for each of the neurocognitive tests. As with our 
previous studies that found dose-related effects of cocaine'1 
and MDMA12 on neurocognitive performance predomi­
nately at higher doses, it was desirable to establish a dose- 
related relationship between quantity and duration of 
marijuana use and possible neurocognitive decrements. 
Therefore, models included either joints per week, dura­
tion of use, or a cross-product of joints per week X dura­
tion. A joints per week squared term was also included in 
the models to test for nonlinear effects that would indicate 
a threshold effect. We did not examine the association

• etween frequency of use and neurocognitive performance 
ecause 62% of our sample smoked marijuana 20 or more 
days a month, Interaction terms (i.e., Shipley IQ X joints/

week) were also examined. All analyses were performed 
with SPSS statistical software program (Chicago, IL).

Rest Its. Table 1 shows the demographic and drug use 
characteristics of the marijuana users. When taken as a 
whole, the entire group consisted of predominantly heavy 
marijuana users (median joints per week -  35; range 2 to 
117). The group was also divided into light, middle, and 
heavy users by dividing the group using terciles of joints 
per week smoked (see table 1). Except for years of educa­
tion, there were no significant differences for any of the 
subject characteristics listed in table 1 (see also below).

Table 2 summarizes significant dose-related effects on 
key outcome variables for the regression analyses. The R* 
total reflects the overall proportion of the variance ac­
counted for by the model after the last significant variable 
was entered in the equation The results show both linear 
and nonlinear dose-response effects (i.e., as joints per week 
increase, neurocognitive performance declines; p < 0.05). 
This was found for tests of verbal memory (RAVLT, delayed 
recall, P[l,21j = 7.30), visual learning and memory (Symbol- 
Digit Paired Associate Learning, F|l,21] = 6.57), executive 
functioning (WCST categories completed, F[l,20] = 7.09), 
psychomotor speed (simple reaction time [CALCAP], F [l,2 l] 
= 8.32; complex reaction time-number correct, F|l,21] = 
11.96), and manual dexterity (Grooved pegboard-nondomi- 
nant hand, F(1,21J = 6.55). A significant dose-related effect 
in the opposite direction (i.e., as joints per week increased, 
performance increased) was found for the CALCAP-numbers 
in sequence, false positive responses (F[l,21] = 4.87). More­
over. the models accounted for a moderate to a large amount 
ofvuriance (19 to 57%) in neurocognitive performance. Dura­
tion of use was associated only with a decrease in perfor-

Table 2 Linear regression analyses of outcome variables, demonstrating a significant dose-related effect with marijuana use
Dependent variable Independent variable* Exposure variable p Value Total R2
RAVLT—delayed recall Joints/wk 001 0.27
Symbol-digit paired associate learning Joints/wk2 x Shipley IQ

(p = 0.01)
Joints/wk2 0.02 0.45

Stroop Joints/wk X Shipley IQ 
Ip = 0.01)

Joints/wk 0.01 0.45

WCST—categories completed Joints/wk 002 0.28
Rey complex figure—copy Duration 0.05 0.19
RT—simple Joints/wk2 0.01 0.52
RT—repetition of numbers, number correct Joints/wk1 x Shipley IQ 

Ip = 0.03)
Joints/wk* 0.01 0.57

RT—numbers in sequence, false positives! Shipley IQ 
ip = 0.01)

Joints/wk 0.04 0.32

Grooved Pegboard—nondominant, hand Joints/wk2 X Shipley IQ 
ip « 0.01)

Joints/wk2 0.02 0.44

' To control for possible confounding effects, these variables were retained in the model if a significant association ip < 0.05) was found 
with performance.

^  For this variable, as marijuana use increases, performance improves; for all the other variables, as marijuana use increases, perfor­
mance declines.

RAVLT = Rey Auditory Verbal Learning Test; WCST = Wisconsin Card Sorting Test; RT «= reaction time from the California Comput­
erized Assessment Package.
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Figure. (A) Relation between amount 
o f marijuana smoked* and Repetition o f 
Numbers Task, number correct f v  the 
high Shipley IQ group (squares) and 
the low Shipley IQ group (circles). (B) 
Relation between amount o f marijuana 
smoked' and performance on the Stroop 
task for the high Shipley IQ group 
(squares) and the low Shipley IQ group 
(circles). The lower the IQ score the 
worse the performance. Both A and B 
reveal a significant joints per week X 
Shipley IQ interaction

mance on one test, a test of visuoperceptionMsuoconstruction 
(Rey Osterreith Complex Figure-copy, F[l,21] = 4.38). Fi­
nally, the combination o f amount and duration was not re­
lated to performance on any of the tests.

To illustra te differences in neurocognitive performance 
between the lightest and heaviest marijuana users, the 
group was divided into three groups based on the amount 
of marijuana smoked as noted above (see table 1). The 
ligh t group smoked a mean of 11 ± 4  joints/week (range 2 
to 14), the middle group reported smoking a mean of 42 - 
18 joints/week (range 18 to 70), ana the heavy marijuana 
group reported smoking a mean of 94 ± 15 joints/week 
Irange 78 to 117) (see table 1). The groups did not differ 
significantly on age, Shipley IQ  score, number of women 
and men, duration o f marijuana use, and alcohol use (see 

^ ^ b l e  1). However, because the mean Shipley IQ score was 
^ ^ f fe r e n t  for the ligh t (102), m iddle (95), and heavy (91) 

users, we elected to take a conservative approach and ana­
lyze the group differences t>"ing an analysis of covariance 
(ANCOVA) w ith Shipley IQ score as a covariate. The mean 
performance scores, adjusted for differences in Shipley IQ, 
are presented in the online supplementary table (available 
at www .neuro log j.org). Differences among the three 
groups were examined w ith post-hoc /-tests. Comparison of 
group means shows the heavy users perform ing worse 
than the ligh t users on 24/35 (69%) f  the neurocognitive 
performance measurements; th is difference was significant 
on five of the neurocognitive measures. S ignificant group 
differences were also found between the lig h t and middle 
users on four o f the tests, and between the middle and 
heavy users on two o f the tests. When the scores o f the 
heavy users were compared to published age-appropriate 
normative values for each of the tests, scores considered to 
be clinically relevant (below the n in th percentile for the 
general population) were found for the WCST-categories 
completed, Rey Complex Figure (copy and delayed recall), 
and Finger Tapping (dominant hand).

Interaction effects. There were four significant interac­
tions involving joints/week and Shipley IQ. A Shipley IQ X 
jo in ts per week interaction was found for the Stroop 
(F[l,2 lj = 10.31). A Shipley IQ X jo in ts per week2 interac­
tion was found for Symbol-Digit Paired Associate Learning 
(F(l,21] = 8.67), reaction time repetition of numbers-

•
jrrect (F|l,21] = 5.89), and Grooved Pegboard-nondomi- 
ant hand (F[l,21) = 8.25) (see table 2). In general, 
individuals w ith lower Shipley IQ scores (less than 96) 
showed decreasing cognitive performance w ith increasing 
number of jo in ts smoked/week whereas individuals w ith 

higher Shipley IQ  scores had fewer decrements and better

performance with increasing marijuana use. To visualize 
the joints smoked x Shipley IQ interaction, joints smoked/ 
week was divided into terciles and the mean for each ter- 
.ile was used for the joints/week X Shipley IQ adjusted 
plots (figure, A and B). Shipley IQ groups were formed by 
splitting the group by the median Shipley IQ score of 96.

D iscussion. In very heavy m arijuana users, per­
sistent, negative dose-related effects are found on 
tests measuring verbal and visual memory, executive 
functioning, visuoperception, psychom otor speed, 
and manual dexterity. This effect was nonlinear for 
some tests, suggesting a threshold effect. Although 
we find a dose-related association between joints per 
week smoked of m arijuana and cognitive decline, du­
ration of use is only associated with performance on 
one test and a combination of joints/week x duration 
is not associated with performance on any test. In 
contrast to previous findings,4 dura tion  is not 
strongly related to performance. This is probably be­
cause our m arijuana group has shorter duration of 
use (4.8 ± 3 .1  years, range 2 to 15 years) compared 
to other samples of m arijuana users (7.1 ± 7.9 years, 
range 2.7 to 31.7 years).4 Additionally, our findings 
do not confirm previous reports showing resolution of 
cognitive effects after 24 days of m arijuana absti­
nence.9 This discrepancy may be due to our approach 
to estimating m arijuana use (i.e., jo in ts per week) in 
contrast to those of other investigators (i.e., duration 
and frequency).2'49 Indeed, joints smoked per week 
may be a better estim ate of total m arijuana intake 
than frequency or duration of use because a m ari­
juana user smoking 10 joints/day for 10 years would 
probably show greater neurocognitive effects than a 
m arijuana user smoking one joint/day for 10 years.

Heavy m arijuana use was associated with lower 
performance on tests j f  memory, executive function­
ing, and manual dexterity. These findings are sim i­
lar to the findings of others.24 The RAVLT delayed 
memory test shows a significant association with the 
amount of marijuana smoked and there is a trend 
showing that heavy users performed below the light 
users on all measures of verbal learning and mem­
ory. In fact, the m agnitude of the difference in mean 
performance between the heavy and  light users is 
substantial (1.0 to 3.3 SD units). However, because 
the heavy m arijuana group can recognize previously
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learned m aterial (RAVLT-Recogiution), th is pattern 
suggests difficulty with information recall, not prob- 

A m s  with acquisition or retention of information, 
^ r h i s  pattern of memory performance is characteris­

tic of subcortical. prefrontal lobe involvement, and 
normal aging. Visual learning and memory (Symbol- 
Digit Paired Associate Learning) are also affected by 
heavy m arijuana use.

There was also an association between increasing 
marijuana use and decreasing executive cognitive 
functioning. This is apparent on the WCST and the 
effect sizes are large (4.1 to 4.2 SD units). Poor perfor­
mance on the WCST indicates difficulty incorporating 
feedback to guide and change incorrect response selec­
tion. The Stro, p test requires suppression of a more 
habitual response in favor of an atypical one (response 
inhibition) and involves performance monitoring. Per­
formance on the Stroop is affected by marijuana use 
but only in individuals with lower cognitive reserves, 
as illustrated by the significant joints per week x Ship­
ley IQ interaction (see the figure, Bj. This is consistent 
with the suggestion that individuals with higher intel­
lectual functions, o? cognitive reserve, demonstrate a 
higher threshold for developing neurocognitive deficits 
after insults to the brain.11 This argument is supported 
by observations that individuals exposed to solvents,32 
aluminum,® and MDMA (Ecstasy)12 show similar in­
teractions. Difficulties with executive functions indi-

•cate a prefrontal lobe dysfunction. The prefrontal lobe 
^  suspected to play an important role in substance 
abuse/addiction and dysfunction of this region may be 
associated with perpetuation of self-destructive drug 
using behavior and resistance to treatment.*4

The heavy marijuana users also showed slower reac­
tion times on a simple reaction time test (CALCAP). 
However, when presented with more complex reac­
tion time tests, the difference between the heavy and 
light m arijuana users became less pronounced. The 
reason for this is unclear. In addition, heavier use of 
marijuana is not associated with less accurate per­
formance except for the Repetition of Numbers task 
but only for those with lower Shipley IQ (see the 
figure, A), No dose-related association is found for 
false positive responses, a m easure of impulsivity. 
Thus, heavy m arijuana use appears to be unrelated 
to decrements in response time, accuracy, or impul­
sive performance on complex psychomotor speed/ 
reaction time tests. Heavy m arijuana use is also 
associated with lower performance on both manual 
dexterity measures (Finger Tapping and Grooved 
Pegboard).

This study has a num ber of limitations. Despite 
making multiple comparisons, we used a p value of 
0.05 in order to detect small adverse effects of mari­
juana on neurocognitive functioning. More adverse 

^ a s so c ia tio n s  were found than could be accounted for 
H y  chance alone. In addition, although our ability to 

detect more effects m ight have been limited by the 
relatively small samp size, significant effects were 
found on several measures. Moreover, in the regres­
sion analyses, th e  sizes of the effects were moderate

to large (Ra = 0.22 to 0.57). Likewise, the heavy 
users performed two standard  deviations or more 
below the light users on 8/35 (23%) of the measures; 
this is not a trivial effect. Furtherm ore, heavy users 
showed clinically abnorm al scores on four of our test 
measures. Although we use a different estim ate of 
marijuana use (i.e., jo in ts per week) in general, our 
findings show decrem ents on sim ilar tests of neuro­
psychological functioning.4 Those decrements are not 
secondary to concomitant use of other drugs because 
participants were excluded for a current or past his­
tory o significant use of other substances including 
alcohol. Although the presence of a dose-related re­
sponse strengthens the  ability to make causal infer­
ences, no definitive sta tem ents about causality can 
be made. This can only be determ ined with a pro­
spective study of controlled m arijuana adm inistra­
tion, an approach th a t  would be ethically untenable. 
Finally, because our prim ary interest is the determ i­
nation of a dose-related effect of m arijuana on neuro­
cognitive function, we did not include a group of 
nonusers We agree with others th a t a comparison 
between light users and heavy users is less influ­
enced by confounding variables (i.e., background dif­
ferences) th an  a com parison between m arijuana 
users and nonusers.2

It may be difficult to generalize these findings to 
all users of m arijuana because of our strict selection 
criteria. For example, comorbid psychiatric disorders 
(i.e., anxiety disorders, major depression) and heavy 
alcohol use are  common in substance abusers. How­
ever, we excluded individuals with these disorders to 
avoid any possible confounding effects on neurocog­
nitive functioning. Finally, it coula he argued that 
the self-reports of m arijuana use are inaccurate. The 
finding of a biologically plausible dose-response sug­
gests that the estim ates of drug use were accurate, 
although this cannot be proven definitively.

The neuro mitive functions most negatively af­
fected were memory, executive function, and manual 
dexterity. The hippocampus, prefrontal cortex, and 
cerebellum play a major role in these functions. All 
of these regions are dense w ith cannibinoid recep­
tors,35 and these results are biologically plausible be­
cause tetrahydrocannabinol (THC) has been shown 
to cause deleterious effects on these brain regions. 
Our observations in hum ans are consistent with 
studies in laboratory anim als th a t find learning and 
memory im pairm ents after adm inistration  of An- 
THC.36 In ra ts , morphologic changes are  found in the 
CA1 region of the hippocampus with acute adminis­
tration of a synthetic THC analogue.37 Damage to the 
CA1 is also seen after ischemia,38 toxin exposure,39 or 
traum atic b rain  in jury .40 Therefore, cannabinoids 
may exert changes in the hippocampus th a t are sim­
ilar to those found with other types of brain injury. 
Changes in C B l receptors in the hippocampus are 
also observed in ra ts  after THC adm inistration and 
are associated w ith selective deficits in working 
memory.41 These animal studies provide strong evi-
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dence that hippocampal changes m ight indeed un­
derlie the memory deficits in the current report. 

Following m arijuana adm inistration, brain im- 
show lower rCBF in the hum an motor cortex 

and superior temporal gym s and higher rCBF in 
paralimbic brain regions during a dichotic listening 
task.41 The authors suggest that the increases in 
rCBF may modulate the intoxicating and mood- 
related effects of m arijuana whereas reductions in 
task-related rCBF in the temporal lobe regions may 
account for impair a cognition associated with m ari­
juana intoxication. In 26-hour abstinent marijuana 
abusers, lower rCBF was found during a resting con­
dition in the ventral prefrontal cortex, bilaterally.45 
Thus, when taken together with the evidence of 
THC-induced hippocampal damage in animals and 
with the ThC-associated neurophysiologic a lte r­
ations in humans, our current data suggest that 
THC may exert a significant negative impact on the 
human brain.

Finally, whereas heavy use of m arijuana is associ­
ated with decrements in neurocognitive performance, 
except for a few tests, performance was not clinically 
abnormal. However, the average age of our group 
was only 22 years. Given the large extent of the 
effects, very heavy continuous use of m arijuana 
could produce progressive declines in performance 
tha t might reach clinical significance. In fact, be- 

^ ^ a u s e  the pattern of performance on the learning and 
^ ^ e m o r y  tests is consistent with normal age-related 
^ ^ e c lin e s  in the elderly, continued heavy marijuana 

abuse might result in prem ature cognitive decline.
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A b n o r m a l  b r a i n  a c t i v a t i o n  o n  f u n c t i o n a l  

M R I  i n  c o g n i t i v e l y  a s y m p t o m a t i c  

H I V  p a t i e n t s

T. E rn s t, PhD ; L. C hang, MD; J. Jovicich, PhD ; N. A m es, BA; a n d  S. A rnold, MS

Abstract—Background/Objective*. A previous fMRI study demonstrated increased brain activation during working mem­
ory tasks in patients with HIV with mild dementia. The current study aims to determine whether patients who are HIV-1 
positive and have normal cognitive function also show increased brain activation on 1MRI. Methods: Blood oxygenation 
level-dependent (BOLD) fMRI was performed in 10 patients with HIV (CD <500} and 10 age-, sex-, education-, and 
handedness-matched seronegative subjects. Each subject performed a battery of neuropsychological tests and 1MRI with 
three tasks (0-back, 1-back, and 2-back) that required d i f  Tent levels of attention for working memory. Results: Compared 
with control subjects, patients with HIV showed greater magnitude of brain activation (BOLD signal intensity changes,

• i rS 0.0011 in tb lateral prefrontal cortex, with normal performance during fMRI and on a battery of neuropsychological 
ests. The patie- .s with HIV also showed increased activated brain volume in the lateral prefrontal cortex {p = 0.007) but 
not in other activated regions, including the postenor parietal cortex, supplementary motor area, thalamus, caudate, and 
occipital cortex. The increase in activated brain volume was independent of task difficulty. Conclusion: Increased brain 

activation in subjects who are positive for HIV precedes clinical signs or deficits on cognitive tests. Early injury to Uie 
neural substrate may necessitate incr 'ased usage of brain reserve to maintain normal cognitive function. BOLD fMRI 
appears to be more sensitive than clinical and neuropsychological evaluations for detecting early HIV-associated brain 
injury.
NEUROLOGY 2002;59 1343-1349

Cognitive abnormalities commonly occur in patients 
with HIV-1 infection.1 Among healthy individuals 
who are seropositive for HIV, cognitive deficits are 
thought to be infrequent2; however, some investiga­
tors suggest th a t more sensitive measures may be 
needed to detect the mild cognitive decline during 
the asymptomatic stage.3 In later stages of HTV dis­
ease, with CD4 counts <100 cells/pL, approximately 
20% of patients may develop a more disabling de­
mentia syndrome directly related to HIV infection4; 
this syndrome has been termed IIIV cognitive motor 
complex (CMC).6 Early diagnosis and treatm ent of 
HIV dementia are especially im portant because pa­
tients with early stages of the dementia may show

reversal of their cognitive deficits and neurochemical 
abnorm alities after treatment.®7

Typical neuropsychological deficits in patients 
w ith HIV include decreased sustained attention, 
mental flexibility, general motor speed, and memo­
ry®9; in particu lar, working memory m ay be 
affected.10-13 However, little is known about the neu- 
roanatomic substrate underlying these neuropsycho­
logical deficits. A variety of functional neuroimaging 
techniques, including PET,14 SPECT,1516 and MRS,1715 
found alterations in cerebral blood flow and metabo­
lism in the brains of individuals infected with HTV. 
Although the majority of these studies were performed 
in patients with HTV with cognitive impairment or de-
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32  DKl/C- TAKING HERA VIOR AMONG 5C II0 0 L  AGEI) YOUTH
figures the name of each substance lias been abbreviated. The fol­
lowing is a list of the abbreviations to help interpret the data when 
the findings are presented graphically: MJ = Marijuana, CK = 
Cocaine, CR = Crack, ST *= Stimulants, HL =  Hallucinogens,
DP =  Depressants, HR =  Heroin, IN = Inhalants, TO =  Tran­
quilizers, AI. =  Alcohol, and TR = Cigarettes.

A. PREVALENCE AND PATTERNS 
OFDRUG-TAK ING  BEHAVIOR

I .  Opportunity to T ry D rugs
Drugs cannot be experienced unless there is an opportunity to try 

them. Data addressing the opportunity to try drugs convey an indi­
cation of the availability of drugs, what trends in use may be present 
and, by extrapolation, information about the extent which those 
who have a chance to try .. hug do so. Figure 4-1 describes how 
many adolescents in Ihe sample indicated having had an opportunity 
lo tiy any of the different chemical substances, except for alcohol 
and tobacco. Hoth weighted and unweighted results are provided in 
the table. The sample was weighted lo adjust for differen ces in 
community representation.

A comparison of the actual (unweighted) and projected 
(weighted) findings shows that the differences between them lend to 
be small, suggesting that the actual sample is representative of the 
population sampled, except lot sampling error. The following dis­
cussion is therefore based on the unweighted or actual sample 
results, as is the interpretation of other findings unless noted other­
wise.

What can be observed from the data in Figure 4-1 is that opportu­
nity to try different chemical ' iibstances is pervasive, but with some 
variations. Marijuana is the drug most in evidence (70.1 percent), 
followed by inhalants (44.9 percent). Just less than two-filths (39.3 
percent) of the sample repotted an opportunity to try cocaine. Stim­
ulants are next, with 36.4 percent ol Ihe sample having indicated an 
opportunity to try them. Reports on Ihe opportunity lo try the re­
maining substances are less extensive, but over a quarter of the 
sample had an opportunity to try hallucinogens (23.1 percent), and

•  •

Bernard Segal

S u b s t a n c e

FIGURE 4-1. O pportunity lo Try Chemical Substances Weighted ami U 
weighted Comparison, Total Sample, 1988 (Figures arc rounded lo near* 
whole.)

less than a fifth indicated a chance lo tiy depressants (18.6 percen 
or tranquilizers (17.6 percent). Tast among the opportunity to ti 
was heroin, with 7.4 percent of the sample noting an opportunity 
try it.

2. Opportunity to T ry noil Trying n Drug

An important piece of information related to the opportunity 
try a drug is the number of students who did tiy a substance win 
Ihe chance arose. Table 4-1 reports the percent of students wl 
indicated that they tried a substance when they had an opportunit 
As noted from the data, except for crack and heroin, over half tl 
students tried one of the substances when an opportunity occttrrc 
Consistent with its level of apparent availability, three-quarte 
(75.9 percent) of those who had an opportunity to try marijuana d 
so. Stimulants are the next highest tried substance, with two-thin 
(66 percent) of the sample showing that they tried it when a chain 
arose. Over half of those who had a chance to try cocaine (52 pe
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News Release
FOR IMMEDIATE RELEASE Contact: SAMHSA Press Office
Thursday, September 9, 20CK (240) 276-2130

N a t i o n ’s  Y o u t h  T u r n i n g  A w a y  f r o m  M a r i j u a n a ,  a s  P e r c e p t i o n s  o f  R i s k  
R i s e ;  M o s t  A d u l t s  w i t h  S u b s t a n c e  A b u s e  P r o b l e m s  A r e  E m p l o y e d

HHS Secretary Tommy G. Thompson announced today that there is a five percent decline in 
lifetime use of marijuana among American youth between the ages of 12 and 17. Current use of 
marijuana plummeted nearly 30 percent among 12 and 13 year olds. The findings were included 
in the 2003 National Survey on Drug Use and Health released today at the annual Recovery Month 
press conference.

The findings, released by HHS' Substance Abuse and Mental Health Services Administration 
(SAMHSA), show that while overall, the change in the category "current use of any illicit drug" 
was not statistically significant, the use of some drugs decreased sharply. For youth, 12-17, past 
year use of Ecstasy and LSD dropped precipitously, by 41 percent for Ecstasy and 54 percent for 
LSD. Overall, 19.5 million Americans ages 12 and older, 8 percent of this population, currently use 
illicit drugs. The data indicate that of the 16.7 million adult users (18 and older) of illicit drugs In 
2003, about 74 percent were employed either full time or part time.

"It is encouraging news that more American youths are getting the message that drugs are 
dangerous," Secretary Thompson said. "But President Bush recognizes that we as a nation must 
do more to ensure that our children don't use drugs in the first place and to help Americans get 
the treatment for alcohol and drug addiction that they need."

President Bush's fiscal year 2005 budget request includes a 5 percent increase for substance 
abuse treatment, prevention and research, including a doubling of the funding for the Access to 
Recovery treatment program. President Bush is requesting $200 million for Access to Recovery, 
which provides vouchers to individuals to access drug- and alcohol-abuse treatment programs.
With the doubling of the budget, Access to Recovery would help 100,000 people who want to 
obtain drug and alcohol treatment services but can't afford them.

"The prevention efforts of millions of parents, educators, and community leaders are working. 
Young people are getting the message that marijuana, which is substantially more potent today 
than it was 20 years ago, is a dangerous drug, and they are increasingly staying away from it," 
said John Walters, Director of National Drug Control Policy. "These new data reaffirm the critical

• roles parents and anti-drug advertising play in keepino our children safer, healthier, and drug- 
free."

http://w w w .dhhs.gov/new s/press/2004pres/20040909b.htm l 3/13/2005

http://www.dhhs.gov/news/press/2004pres/20040909b.html
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SAMHSA Administrator Charles Curie said: "Employers who think alcohol and drug abuse will 
never be a problem In their workplace need to consider that more than three quarters of adults 
who have serious drug and or alcohol problems are employed. Encouraging employees to find help 
when they need

It can result In fewer accidents and fewer workers absent on Monday morning. It may even save 
an employee's life, family, or job. Creating a drug-free workplace program or enhancing an 
existing

program can lead to a healthier, more productive work force and be an Important part of solving 
one of our nation's most persistent problems."

The survey found that of the 19.4 million adults (age 18 and over) characterized with abuse of or 
dependence on alcohol or drugs (19.4 million) in 2003, 14.9 million (77 percent) were employed 
either full or part time. This amounts to over ten percent of full-time workers as well as over ten 
percent of part-time workers.

M arijuana
Marijuana continues to be the most commonly used Illicit drug, with 14.6 million current users 
(6.2 percent of the population). The study shows that there were an estimated 2.6 million new 
marijuana users in 2002. About two thirds of these new users were under age 18, and about half 
were female.

An important positive change detected by the survey was an increase In the perception of risk in 
using marijuana once a month or more frequently. Both youth and young adults reported a

• significant increase in their awareness of the risks of smoking marijuana. Particularly striking was 
the 20 percent decline between 2002 and 2003 In the number of youth that were "heavy users" of 
marijuana (those smoking either dally or 20 or more days per montn). Perceived availability of the 
drug also declined significantly among youth.

The results of this year's survey demonstrate that anti-drug messages inside and outside of 
school, participation In religious and other activities, parental disapproval of substance use and 
positive attitudes about school are linked to lower rates of youth marijuana use. For example, 
those exposed to anti-drug messages outside of school had rates of current marijuana use that 
were 25 percent lower than those not reporting such exposure (7.5 percent vs. 10.0 percent).
Youth who believe that their parents would "strongly disapprove" of marijuana had use rates fully 
80 percent lower than those who reported that their parents would not "strongly disapprove" (5.4 
percent vs. 28.7 percent).

Alcohol
The numbers of binge and heavy drinkers did not change between 2002 and 2003. About 54 
million Americans ages 12 and older participated in binge drinking at least once in the 30 days 
prior to being surveyed. These people had five or more drinks on one or more occasion In the past 
month. There were 16.1 million heavy drinkers, who had five or more drinks on five or more 
occasions in the past month. The highest prevalence of binge and heavy drinking In 2003 was 
among young adults ages 18-25, with both binge and heavy drinking at their peak at age 21.

There were 10.9 million drinkers under legal age (ages 12-20) in the month prior to the survey 
Interview In 2003. This is 29 percent of this age group. Of these, nearly 7.2 million (19.2 percent) 
were binge drinkers and 2.3 million (6.1 percent) were heavy drinkers,

Drunk driving declined from the 2002 survey, but drugged driving remained similar to that
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reported In the 2002 survey. An estimated 13.6 percent of persons aged 12 or older drove under 
the

Influence of alcohol at least once In the 12 months prior to their interviews (32.3 million people) in 
2003, a decrease from 14.2 percent (33.5 million) In 2002. An estimated 10.9 million persons 
reported driving under the Influence of an Illicit drug during the past year. This is 4.6 percent of 
the population ages 12 and older.

Prescription Drug Abuse
Against the backdrop of generally good news, the non*medical lifetime use of prescription pain 
relievers showed a five percent Increase for the population 12 and older, with young adults (18- 
25) experiencing a 15 percent Increase in lifetime, as well as current use. Over all, current use of 
prescription pain relievers non-medically remained stable from 2002-2003. There was a 
statistically significant increase In lifetime non-medical use of Vicodln, Lortab, or Lorcet from 13.1 
million to 15.7 million. Percocet, Percodan, orTylox misuse in a lifetime increased from 13.1 
million to 15.7 million people. Hydrocodone lifetime non-medical use increased from 4.5 million 
people to 5.7 million; OxyContin lifetime misuse increased from 1.9 million people to 2.8 million; 
non-medical methadone use increased from 0.9 million to 1.2 million; and non-medical use of 
Tramadol increased from 52,000 to 186,000 from 2002 to 2003.

Estimates for persons who currently used psycnotherapeutic drugs taken non-medically are 
similar In 2003 to estimates for 2002. There were 6.3 million persons currently using prescription 
medications non-medically in 2003, about 2.7 percent of the population ages 12 or older. Of 
tnese, an estimated 4.7 million used prescription pain relievers; 1.8 million used tranquilizers; 1.2 
million used stimulants, including methamphetamine; and 0.3 million used sedatives.

0  Other Drugs of Abuse
There were an estimated 2.3 million persons who currently used cocaine in 2003, 604,000 of 
whom used crack. One million persons used hallucinogens, including !SD, PCP, Ecstasy and other 
substances, and 119,000 people were estimated to currently use heroin. These projections are all 
similar to estimates for these drugs in 2002. But, past month inhalant use among youth ages 16 
or 17 Increased from 0.6 percent in 2002 to 1.0 percent in 2003. Methamphetamine use did not 
change significantly between 2002 and 2003, with 600,000 past month users each year.

The survey reported 21.6 million Americans in 2003 classified with dependence on drugs, alcohol, 
or both (9.1 percent of the population ages 12 and older). Over 20 million persons needed but did 
not receive treatment for an alcohol or drug problem in 2002 and 2003, but the number receiving 
specialized substance abuse treatment declined from 2.3 million in 2002 to 1.9 million in 2003. Of 
the 20 million people in need of treatment in 2003 who did not receive It, about 1 million 
recognized that need. Only 273,000 tried to obtain treatment and were unable to access It. The 
other 764,000 made no effort to get treatment.

Serious Mental Illness and Substance Abuse
The report found a major correlation between serious mental Illness and substance dependence 
and abuse. In 2003, an estimated 4.2 million aaults suffered from serious mental illness and 
substance dependence or abuse in the past year. Adults who used illicit drugs were more than 
twice as likely to have serious mental illness, compared to adults who did not use an illicit drug. In 
2003, 18.1 percent of

adult past-year users of illicit drugs had serious mental Illness that year, while the rate was 7.8 
percent among adults who had not used an Illicit drug. Among adults with substance dependence
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or abuse, 21.6 percent had serious mental Illness, compared to 8.0 percent among those who did 
not have dependence or abuse.

Among adults with serious mental illness In 2003, 21.3 percent (4.2 million people) were 
dependent on or abused alcohol or illicit drugs. The rate among adults without serious mental 
Illness was only 7.9 percent.

Tobacco
Tobacco use rates in the past month remained essentially the same from 2002 to 2003, with 70.8 
million people reporting current use of a tobacco product. Of these, 60.4 million smoked cigarettes 
in the past mont.., 12.8 million smoked cigars, 7.7 million used smokeless tobacco and 1.6 million 
smoked tobacco in pipes. There were significant declines in past year and lifetime cigarette use 
among youths ages 12 to 17 between 2002 and 2003, and a decline in the rate of cigarette 
smoking among young females.

The 2003 survey Is based on interviews with 67,784 respondents ages 12 and older who were 
interviewed in their homes. This includes persons residing in dormitories or homeless shelters. Not 
included in the survey a;e persons on active military duty, in prisons, or other institutionalized 
populations or people who are homeless but not In shelters.

Recovery Month is observed in September to recognize the accomplishments of people in 
recovery, the contributions of treatment providers, and advances in substance abuse treatment.
This year is the 15th annual observance. The theme, "Join the Voices for Recovery.. Now!" 
emphasizes that addiction to alcohol and drugs is a chronic, but treatable, public health problem
that affects everyone in the community.

HHS agencies -- including SAMHSA, the Centers for Disease Control and Prevention (CDC), the 
National Institute on Drug Abuse (NIDA) and the National Institute on Alcohol Abuse and 
Alcoholism (NIAAA) -- play a key role in the administration's substance abuse strategy, leading 
the federal government's programs In drug abuse research and funding programs and campaigns 
aimed at prevention and treatment, particularly programs designed for youth. An HHS fact sheet 
with more information is available at http://www.hhs.QOv/news/press/. Other background and 
resources are available at the Web sites for SAMHSA fhttp://www.samhsa.QPv). CDC 
(http://www.cdc.QOv). NIDA (http://www.mda.nih.Qov) and NIAAA (www.niaaa.nih.gov).

Findings from the 2003 National Survey on Drug Use and Health are available on the Web at 
www. oas. s a mhsa. aov

Note: All HHS press releases, fact sheets and other press materials are available at 
http. ;/Jww  w ..hh.Z3Qy/-n£ ̂ 5 •
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Mariiuana And Respiratory Health / Cancer.

• The chronic effects o f  smoking marijuana are 
associated with lung damage, increased symptoms o f  
chronic bronchitis, and possibly increased risk o f  lung 
cancer. Oxidative Stress Produced By Marijuana 
Smoke, Sarafian, et.al., American Journal 
Respiratory Cell and Molecular Biology, June, 1999; 
Respiratory Effects o f Marijuana and Tobacco Use in 
a U.S. Sample, Moore, et.al, Journal o f General 
Internal Medicine, 2004; British Lung Foundation, A 
Smoking Gun, 2002.

• In persons who smoke both tobacco and marijuana, 
the marijuana use may interfere with attempts to quit 
smoking tobacco. April 2003, Press Release, NIDA, 
citing a study by Dr. Daniel Ford, Johns Hopkins 
University.

• Simple exposure to marijuana smoke in the air has 
pharmacological consequences. The 
Pharmacological Activity o f Inhalation Exposure to 
Marijuana Smoke in Mice, Lichtman, et.al., Drug and 
Alcohol Dependence, July, 2001.

• Smoking marijuana may increase the risk o f  head and 
neck cancers. Marijuana Use and Increased Risk o f 
Squamous Cell Carcinoma o f the Head and Neck, 
Zhang, et.al., Cancer Epidemiology' Biomarkers and 
Prevention, December, 1999.

M A R I J U A N A  A N D  P U B L I C  H E A L T H



• Smoking marijuana may increase the susceptibility to 
and/or incidence o f  breast cancer as well as other 
cancers that do not express cannabinoid receptors. 
Delta 9-Tetrahydrocannabinol Enhances Breast 
Tumor Growth and Metastis by Suppression o f the 
Antitumor Immune Response, McKillop, R, et.al., 
Journal o f Immunology, March, 2005.

• Certain segments o f  Alaska’s population, such as 
Alaska Natives already have very high incidence rates 
for specific cancer sites and poor survival rates for 
most cancers.

II. Mariiuana Use Can Impact The Fetus.

• Fetal growth, gestational age, and parts o f  the fetal 
brain that regulate emotional behavior may be 
impaired by smoking marijuana. Prenatal Exposure 
to a Cannabinoid Agonist Produces Memory Deficits 
Linked to Dysfunction in Hippocampal Long Term 
Potentiation and Glutamate Release, Mereu, et.al., 
Journal o f Pharmacology, April 15, 2003; Parental 
Tobacco and Marijuana Use Among Adolescents, 
Cornelius, M, et.al., Pediatrics, May 1995; Wang, X, 
et.al., In Utero Exposure Associated with Abnormal 
Amygdal-dopamine D2 Expression in the Human 
Fetus, Biological Psychiatry, December, 2004; 
Marijuana Impairs Growth in Mid Gestation Fetuses, 
Hurd, YL, et.al, Neurotoxicoloty, March-April, 2005.



III. Mariiuana related Emergency Room Visits By
Youth Have Greatly Increased.

•  The rate o f  marijuana related ED visits by youth aged 
12-17 rose 126 % between 1994 and 2001, while their 
overall rate o f  drug related ED visits was stable.
Drug Abuse Warning Network, DA WN Report,
August, 2003.

• When marijuana alone was implicated in the ED visit, 
having an “unexpected reaction” was the most 
commonly cited reason for the ED visit (40% o f  the 
cases). Id.

IV. Mariiuana and Cardiovascular Death In Younu
Adults.

•  Marijuana use has been correlated with heart 
problems in some young adult users. Acute 
Cardiovascular Fatalities Following Marijuana Use, 
Bachs, L., et.al., Forensic Science International, Feb., 
2 0 0 1 .
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Marijuana (MJ) smoking produces inflammation, edema, and cell injury in 
the tracheobronchial mucosa o f smokers and may be a risk factor for lung 
cancer. Because oxidative stress may mediate some o f these effects, this 
study was designed to test the hypothesis that cannabinoids in MJ smoke 
contribute to cellular oxidative stress. Oxidative stress was evaluated in an 
endothelial cell line (ECV 304) following exposure to smoke produced front 
MJ cigarettes containing either 0, 1.77, or 3.95% A9-tetrahydrocannabinol (A 9-THC). Brief exposure lo 
smoke from 3.95% MJ cigarettes stimulated the formation o f reactive oxygen species (ROS) by 80% 
over control levels and lowered intracellular glutathione levels by 81%. Smoke-induced ROS generation 
increased in a dose- and time-dependent manner. In contrast, exposure to smoke front MJ containing 0% 
A9-THC produced no increase in ROS despite a 70% decline in glutathione levels. Smoke from MJ 
containing 1.77% A9-THC stimulated intermediate levels o f  ROS. A brief, 30-min exposure to MJ 
smoke, regardless o f the A9-THC content, also induced necrotic cell death that increased steadilv up to 
48 It o f observation. MJ smoke passed through a Cambridge tl Iter that removed particulate matter was 
3.4-fold more active in ROS production compared with unfiltered smoke, suggesting that most o f the 
oxidative effects are produced by the gaseous phase. Alveolar macrophages obtained from habitual MJ 
smokers displayed low levels o f glutathione compared with macrophages from nonsmokers. We 
conclude that MJ smoke containing A9-THC is a potent source o f cellular oxidative stress that could 
contribute significantly to cell injury and dysfunction in the lungs o f  smokers.

► Introduction

lutp://ajrcmb.atsjoumals.org/cgi/contcnt/full/20/6/1286 12/30/2004
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Marijuana (MJ ) is one o f  the most commonly abused substances in the 
United States, where 3.3% o f  young adu lts 19 to 28 y r  o f  age use MJ on a 
da i ly  basis and 54% o f  people between 26 anil 34 have used mari juana at 
least once (1). Med ic ina l uses o f  cannabis date back thousands o f  years and 
both crude smoke and the psychoactivc component, A^-tetrahydrocannabinol 
(A9-THC), have been used for treating m igra ine headache, g laucoma, 
nausea, and anorexia (2). Despite this w idespread use, little information is
ava ilab le regarding toxic e ffects o f  MJ smoke. Persistent efforts to lega lize  MJ and politica l movements 
advocating m ed ic ina l uses tend to promote the notion that l it t le  or no hazardous r isk  is associated with 
MJ smoking.

The vast majority o f  research on b io log ic effects o f  cannabino ids has addressed the neurologic and 
psychotropic ac t iv i ty  o f  these compounds (3 ). Some pub lica t ions, however, have documented 
detrimental effects on the tracheobronchial mucosa, in c lud ing  mucosal edema and inf lammation (4). 
ce l lu la r  atypia and dysp las ia  (5), and molecu la r dysregu la t ion o f  genes associated w ith malignant 
transformation ((>). MJ also appears to alter the function o f  a lveo lar macrophages (7), key ce l ls  in the 
lung's immune defenses against infection and malignancy. Moreover, several sm a l l case-scries reports 
have suggested an association between regular MJ use and upper aerodigcstive-tract cancers (8- 13). 
Approximate ly 60 different cannabino ids c la ss if ied  as C-21 tcrpcnophenolic compounds can be found in 
the smoke derived from MJ, and the cannabinoid content o f  an MJ plant varies considerab ly depending 
on the type o f  plant and conditions o f  cu lt iva t ion . Some reports suggest that, over the past 10 to 20 yr, 
the cannabinoid content in MJ cigarettes may have increased severa lfo ld  (14. 15). There is  little 
information on toxico log ic effects o f  ind iv idua l constituents found in MJ smoke. In the present studies 
we examined the e ffects o f  who le MJ cigarette smoke w ith  and without A9-TI IC and o f  the gas phase o f  
the smoke on the generation o f  reactive oxygen species (ROS) and on leve ls o f  antiox idants in the 
cu ltured human endothelial ce l l line, ECV 304. C e l lu la r  production o f  ROS and reduced antioxidant 
act iv i ty  were considered to be toxico log ic markers o f  ox ida t ive  stress that cou ld lead to ce l l  in jury , DNA 
damage, and u lt im ate ly , malignant transformation. Human a lveo lar macrophages co llec ted from the 
lungs o f  habitual MJ smokers were also eva luated for e v id .n e e  o f  in  s u n  exposure to ox ida t ive  stress, 
and were compared w ith  f indings in macrophages from control nonsmokers.

► Materials  and M ethods

MJ cigarettes conta in ing either 0, 1.77. or 3.95% A 9-TI IC were obtained 
from the National Institute on Drug Abuse (N IDA , Rockv i l le , MD) w ith 
characterist ics as p rev ious ly  described (16). Cigarettes w ith 1.77 or 3.95%
A 9-THC were prepared at N ID A  by b lend ing MJ leaves o f  d if fe r ing 
potencies, and cigarettes containing 0% A 9-THC were prepared from MJ 
leaves that had been extracted with ethanol to remove cannabinoids.
Cigarettes weighed 700 to 900 mg and were weight-matched to w ith in 20 mg for each experiment. For 
comparison, tobacco cigarettes weigh ing 850 mg were purchased commerc ia l ly  (Marlboro Red hard- 
pack filtered cigarettes; Phil l ip  Morris . R ichmond, VA). 2,7-Dichlorofluorescein diacetate (DCF-DA)

▲ Top
▲ A bstract
▲ Introduction
• M ateria ls and M ethods

•VResults
▼ Discussion
▼ References
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and monochlorob imane (MCB) were from M o lecu la r  Probes (Eugene, OR). Propidium iodide, ascorbic 
acid, and pyrro lid incdith iocarbarnate (PDTC) were from S igma (St. Louis, MO). The Promega 
(Madison , W I) Apoptosis Assay K it  was used for cy to tox ic ity  evaluation.

The endothe lia l ce l l line, ECY' 304, was obta ined from American Type Cultu re Co llect ion (Rockv i l le , 
MD). Methods for ♦ransfection-mediated overexpression o f  the human pcroxiredoxin (Prx) gene and 
characterization o f  antioxidant properties have been described elsewhere (17). The Prx protein confers 
ce l lu la r  protection against ox ida t ive  stress by consum ing hydrogen peroxide (I^O-,). C e l ls  were cultured
in RPM1 1640 med ia contain ing 10% fetal c a l f  serum (PCS) and 1% penicillin/streptomycin/fungizone 
mix (G IBCO  BRL , Grand Island. NV) on poly-l -lysine d ishes and m u lt iw e l l  plates. C e l ls  were passaged 
every 7 d. Prx-transfectcd ce l ls  were cu ltured a longside control (vector-only)-transfected ce l ls  in 24-well 
plates.

I .ung a lveo la r macrophages were obtained by bronchoalveo lar lavage from human vo lunteers, inc lud ing 
both nonsmokers and habitual smokers o f  MJ on ly  as p rev ious ly  described (5, 7). Macrophages were 
suspended in Dulbecco's mod ified Eagle's med ium  (DM EM ) containing 10% PCS and 1% 
penicil l i iPstreptomycin/fungizone. Cells were plated at a density o f  5 x 10' /well in 96-well plates. C e l ls  
were ana lyzed for endogenous ROS generation and reduced g lutathione (GSH) content at 1 and 24 h 
after plating.

ECV 304 ce lls transfected w ith either hygromycin-rcsistuncc vector DNA (vec) or a human Prx DNA 
construct were treated for 2 h with various agents (ascorbate, A^-THC, ll-,Oi, or control medium) in 24-
well cu ltu re  p lates (2 * 10"1 cells/well) before load ing with 40 pM DCF-DA for 20 nun in Krebs-Ringer 
buffer. A lte r  w ash ing  tw ice with Krebs-Ringer buffer , agents were reapplied to ce l ls  in 200 pi Krebs- 
Ringer bu ffe r and plates were p laced in separate 5,000-ml chambers (Billups-Rothcnberg, Del Mar, CA) 
connected to m anua l ly  controlled smok ing dev ices (Figure 1), A cigarette ho lder was attached lo a 50- 
m l sintered g lass sy r inge using 0.7 cm inncr-diameter tygon tubing and a three-way stopcock connector. 
After aspiration o f  smoke into the syringe, the stopcock va lve  was turned and smoke expelled into the 
vented chamber w ith  b r ie f  f lush ing to ensure thorough distribution o f  smoke. Each chamber received 
10 50-ml bo luses, equ iva len t to smoke from a fu ll cigarette, and remained exposed to the smoke for 
5 min. Separate chambers exposed to either tobacco or different potencies o f  MJ smoke were run in 
paralle l and compared w ith chambers containing room air as a control. C e l lu la r ox ida t ive stress was 
measured f luo rometr ica l ly  by monitoring the ox idation o f  in trace llu lar 2,7-dichIorofluorescein (DCF) 
using a C y to l luo r  2300 plate reader (PcrSeptive B iosystems, Framingham, M A ) at excita tion (Ex)
= 485, em iss ion (Em) = 530 as prev ious ly  described ( I S). C e l ls  were then returned to their respective 
chambers for a second exposure to the appropriate smoke for a period o f  15 min. A lte r  a second 
f luorescence measurement, GS1I content, ce l l  v ia b i l i ty ,  anil total ce ll number were measured in a 
sequentia l manner as described prev ious ly  (18). Smoke contains both gaseous and particulate phases. In 
some experiments, the independent effects o f  the gaseous phase were determined by  passing smoke 
through a high-effic icncy Cambridge filter before venting it into chambers conta in ing the ECV "?04 ce l ls .

F i g u r e  1. Apparatus used for exposing cu ltured ce l ls  to
cigarette smoke. Culture plates (24-well) containing DCF-
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loaded ce l ls  were placed into ven ted 5,000-ml exposure 
chambers. MJ or tobacco cigarettes were inserted into ho lders 
and lit; 50-ml pu ffs  o f  cigarette smoke were d e l i v r . e d  into the 
chambers by means o f  a three-way va lv e  system . The 
chambers were vented to a llow for m ix in g  and equil ib rat ion 
o f  pressure.

View larger version (108K):
[ in th is w indow ]

[ in  a new w indow ]

The capacity for MJ smoke to induce in trace l lu la r ox ida t ive  s ircss was compared w ith its ab i l i ty  to 
d ire c t ly  ox id ize  D CF  in a cell-free environment. In these studies , 24-wcll plates were 11 lied w ith 200 pi 
o f  Krebs-Ringer b u f fe r  conta in ing either DCF-DA-loadcd ECV 304 ce l ls  as p re v io u s ly  described or 
5 pM  part ia l ly  de-esterificd DCF-DA in the absence o f  any ce lls . DCF-DA was part ia l ly  de-estcrificd by 
d i lu t in g  DCF-DA to 5 pM  in Krebs-Ringer bu ffe r for 1 h at room temperature before smoke exposure. 
Plates were exposed concurren tly to the smoke from one MJ cigarette lo r  20 m in  and sca led w ith M y la r 
tape, and DCF  fluorescence w as measured at 30-niin intervals. Selected w e l ls  w ere  treated w ith various 
agents (ascorbale, T l IC'. 11 ,0 ,)  immediate ly before smoke exposure to determ ine their ro les as cither
pro- or antioxidants.

Long-term v ia b i l i t y  s tud ies were performed b y  exposing ECV 304 ce l ls  in 96-well plates to MJ smoke 
w ith or w ithout A M-THC for 30111111. Control ce l ls  were exposed lo room air for a s im i la r  time period. 
A fte r smoke exposure, smoke was cleared and ce l ls  were confined to chambers conta in ing 10% C O , at
37°C for subsequent f luorescent determination o f  glutath ione leve ls  and v ia b i l i t y  using M CB , propidium 
iodide , and the C y to l luo r  2300. Ce lls were r  untained in serum-containing cu ltu re  med ia throughout 
these studies. Apoptotic and necrotic death was eva luated quantita tive ly using the Pror iega Apoptosis 
A ssay Kit. S ta in ing was ana lyzed by fluorescent m icroscopy and quantif ied u s ing  the Cy to l luo r 
2300 plate reader.

Data were ana lyzed in most cases us ing Student's / test for paired data. Data from F igu re  1 were 
ana lyzed by ana lys is o f  variance (ANOVA). Leve ls c f  ROS were compared between unexposed ce l ls  
(control), ce l ls  exposed to MJ smoke, and ce l ls  exposed to 0% A l)-TIIC smoke b y  A N O VA , treating all 
cu ltu re  plates as independent measurements. Ana lyses were performed separate ly for v c c  and Prx ce lls , 
and also w ith both types o f  ce l ls  combined. Multip le-comparison testing was performed between 
exposure groups u s ing  Tukcy's method. Resu lts were considered to be s ign if ican t at P  <  0.05. A N O V A  
was performed us ing SAS software (SAS Institu te Inc., Cary, NC).

► Results

Intracellu lar Effects o f Sm oke Exposure A b s trac t
In troduction

^  T op
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I n  v i t r o  stud ies in which ECV  304 ce l ls  were exposed to who le  unfi ltered 
MJ or tobacco smoke revea led rapid ox idation o f  in trace l lu la r DCF.

•
 A lthough not s ta t is t ica l ly  different, the effect o f  MJ smoke was genera lly o f  

greater magnitude than that o f  tobacco on a per-cigarcttc basis. A fte r  20 min 
total exposure o f  vector-transfected ce l ls  to two MJ cigarettes, va lue s for 
DCF ox idation were 1 .8-fold greater than control ce l ls  exposed to room air ( P  < 0.05) (Figure 2). In Prx- 
transfected ce l ls , MJ smoke increased DCF ox ida t ion 1.6-fold. At the same time, in trace l lu lar GSH 
leve ls were decreased to 19% o f  control va lues ( P <  0.001) regardless o f  the presence o f  the Prx gene 
(Figure 3). MJ cigarette smoke devo id  o f  A* -THC produced no sign if ican t increase in DCF oxidation 
re lative to contro ls (F igure 2), despite a drop in G S I I  leve ls comparable to that caused by the a  '-THC 
containing MJ smoke (F igure 3). Treatment o f  ce l ls  w ith ascorbic acid (1 mM) or PDTC ( I mM) 
suppressed the MJ-induced DCF oxidation by 100 and 99%, respectively (F igure 4), w ithout appreciably 
a ffect ing GSH leve ls (data not shown). S im ila r  resu lts were obtained using cu ltures o f  lung a lveo la r 
macrophages obtained from bronchoscopy from nonsmoking sub jects (data not shown), Exposure o f  
ECV 304 ce l ls  lo synthetic purif ied A^-THC (0.5 mg/ml) produced no sign if icant DCF  oxidation above 
that o f  veh ic le  control (ethanol) (data not shown).

F i g u r e  2 . Accumula tion o f  ROS in cu ltured endothelia l ECV  
304 ce l ls  exposed to smoke from tobacco ( fob) or MJ 
cigarettes. Ce lls transfected w ith either hygromicin-rcsistance 
vector DNA (Vec) or human peroxi redox in-13 (Prx) DNA  
were loaded w ith DCF before smoke exposure. A Her 
exposure to smoke from two cigarettes w ith  porthole 
ventilat ion , cu lture chambers were sealed al room temperature 
for 20 min. DCF fluorescence was then measured at Ex 
= 485, Em = 530, subtract ing a background va lue from a we ll 
contain ing no cells . These va lues were then d iv ided b y  va lues 
ref lect ing total ce ll number per w e l l ,  derived from propidium 
iod ide fluorescence (Ex = 530, Em =  560) in the presence o f  
160 pM dig iton in to pcrmeabilize a l l ce lls . These normalized 
f luorescence va lues were mu lt ip l ied by 1,000 to g ive  re lative 
measures o f  ROS. L e f t :  Comparison o f  untreated control ce l ls  
(Con) w ith  ce l ls  exposed to tobacco cigarette (Marlboro) 
smoke (Tob) ( n  = 6 ; * P <  0.05 using Student's t test). R i g h t :  
Separate experiments comparing unexposed control c e l ls  w ith 
ce l ls  exposed to smoke from MJ cigarettes w ith  or without
A l)-THC ( n  =  12; * P  <  0.05 comparing MJ smoke to control 
o r to MJ w ithout A 9-THC using ANOVA). E r r o r  b a r s  
indicate standard error o f  the mean (SEM).

F i g u r e  3 . GSH leve ls  in cultured endothe lia l ce l ls  exposed to 
smoke from tobacco (Tob) o r MJ cigarettes as described in 
Figure 1. MCB fluorescence (Ex = 395, Em = 460) was 
measured as described in M A TERIA LS AND M ETHODS and 
normalized to ce ll number per well as in F igu re  1. L e f t :  n  =  6 ;
* P  <  0.05 comparing tobacco with control. R i g h t :  n  = 6 ;
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* * P  <  0.001 comparing control w ith  MJ o r with MJ w ithout 
A 9-THC using Student's t test. E r r o r  b a r s  indicate SEM .

View larger version (22 K):
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[ in  a new w in dow ]

Inhibition By Antioxidants
Control 

■  MJ
QNo THC

m u c l
None Asc PDTC 
_______Supplomont________

F i g u r e  4 . ROS accumulation (expressed as re lative 
normalized  D CF  fluorescence) inhib ited b y  1 mM  Asc or 
1 mM  PDTC. Values are means o f  five 
determ inations ±  SEM . F  va lues were <  0.05 comparing 
ascorbatc- and PDTC-treated samples w ith  corresponding 
untreated samples by Student's t test.
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E x t r a c e l lu la r  O x id a t io n  b y  Smoke

The capacity for MJ smoke to produce ox ida t ive  stress in ECV 304 ce l l s  (ce l lu la r ROS) was compared 
w ith  its ox ida t ive  e ffec ts on media a lone (cell-free ROS; F igure 5). In the absence o f  any smoke 
exposure, DCF fluorescence was 30-fold h igher in w e l ls  containing DCF-loaded ce l ls  as compared with 
w'ells conta in ing DCF  alone, suggesting basa l generation o f  ROS by ECV  304 ce lls . A fter exposure to 
smoke from 3.9% MJ cigarettes, there was an increase in ccll-frcc DCF fluorescence (P <  0.02), but it 
was on ly 10% o f  the va lue observed for ce l lu la r  ROS. Both the ce l lu la r  and cell-free oxidation produced 
by smoke exposure were inh ib ited b y  ascorbic ac id (Asc), but the addit ion o f  A 9-THC d irec t ly  to the 
w e l ls  had no effect on either basal or smoke-induced oxidation. In contrast to the pattern o f  ROS that 
resulted after smoke exposure, the addit ion o f  30 mM  H-,0-, d irec t ly  into the w e l ls  produced a rapid
increase in DCF fluorescence that w a s 4-fold higher in cell-free we lls than in w e l ls  containing ECV  
304 cells . S im ila r  resu lts were observed fo llow ing exposure to tobacco smoke (data not shown).

F i g u r e  5 . Sn ike-induced ROS generation in DCF-loaded
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E C V  304 ce l ls  (Ce llu la r ROS) and in Kreb-Ringer bu ffe r 
conta in ing 5 pM  DCE (Cell-Free ROS). Paired ce l lu la r  and 
cell-free p lates were enclosed together in chambers infused 
w ith  room air (control; o p e n  c o lu m n s ) ,  w ith 3.95% A 9-THC 
MJ smoke ( f i l l e d  c o lu m n s ) ,  or w ith 0% A9-THC MJ smoke 
(No THC; s h a d e d  c o lu m n s ) . A f le r  20 min exposure , plates 
were sealed with M y la r  tape; and D CF  flourcscence was 
measured after 2 h at room temperature in the dark. Specif ic 
w e l ls  were supplemented w ith 0.4 m M  Asc , 0.2 mg/ml 
synthetic A 9-THC (THC), or 30 mM  H20 2 in triplicate.
Va lues represent means ± SEM  from a s ing le  experiment that 
w as representative o f  four experiments. Add it ion  o f  30 m M  
11,0, to DCF-loaded ce l ls  produced a DCF f luorescence
va lu e  o f  530.

Smoke Dose-Response

Dose-response stud ies for MJ smoke were performed by vary ing the amount o f  smoke de livered to ECV  
304 ce l ls  in  v i t r o  over a fixed interval o f  time. E ither two, six, or 10 in jections o f  50 ml each were 
de livered into chambers w ith 5-s intervals between in jections The chambers were sealed for 10 m in 
starting from exposure to the final bolus. A lthough the increases in DCF oxidation observed over the 
first 25 min o f  exposure were not s ta t is t ica l ly  different between groups, dose- and time-dependent 
increases in DCF oxidation were s ign if ican t by 45 min o f  exposure (Figure 0). A fte r 60 m in . the c e l ls  
exposed to six and 10 50-ml in jections d isp layed 25 and 38% higher leve ls , respective ly , o f  ROS than 
did unexposcd control ce l ls . Exposure to on ly two 50-ml in jections had no s ign if ican t effect on ROS 
generation at any time a fter exposure.

F i g u r e  6 . T ime course and dosc-response for MJ smoke- 
induced ROS accumulation. ECV 304 ce l ls  were exposed to 
indicated number o f  50-ml smoke puffs and chamber was then 
scaled. Tota l time for smoke exposure was 10 min for each 
sample. N o rm a lized  DCF fluorescence was measured and 
va lues from untreated control ce l ls  were subtracted. Va lues 
represent means o f  five or six determ inations ±  SEM . The 
experiment was repeated tw ice  w ith  s im i la r  results.

/ *  X
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Comparison o f  smoke from 0, 1 .77, and 3.95% A 9-THC MJ cigarettes revea led a dose-dependent 
relationship between cannab ino id content and ROS generation (Table I ). However, in jection o f  pure 
synthetic A 9-THC in ethanol d irec t ly  into 0% A 9-THC cigarettes 24 h before smok ing  fa i led to increase 
ROS generation s ign if ican t ly  (data not shown).
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E ffe c ts  on V ia b i l i t y

The effect o f  MJ smoke on ce l l  v ia b i l i t y  was examined by exposing c e l l s  to smoke for 30 m in in 
chambers at room temperature. C e l ls  were exposed in the presence o f  complete cu lture media and 
v ia b i l i ty  w a s  monitored at periodic ir* "" als. MJ smoke caused a time-dependent increase in ce ll death 
that reached 78% at 2 d (F igure 7). Control ce l ls  consistently d isp layed low (3 to 10%) death throughout 
this period. Cells exposed to 0% A <;-THC smoke also d isp layed high leve ls  o f  death (70%) at 2 d. MJ 
smoke caused a rapid and susta ined decrease in ce l lu la r GSH leve l o f  83% after 10 m in exposure and 
77% after 6 h, with litt le further change up to 48 h (Figure 8). Smoke lack ing A U-THC lowered GSH 
leve ls  by on ly  a s l igh t ly  lesser degree (71 and 69%, respectively) al these same times. (D ifferences were 
not s ign if icant.)

F i g u r e  7. T ime course for ECV  304 ce l l  death fo l low ing 
10 m in exposure to smoke from a sing le MJ cigarette. 
Cytotoxic ity was quantitated as described in MATERIALS AND 
METHODS. Va lues represent means o f  s ix 
determinations ± SEM . The experiment was repeated tw ice 
w ith s im ila r results.

Cytotoxicity
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\ •

LSD %-r*

7 
1 * Kl1l> ^ H |

I h lM . . I l J  J1 •*»' I*  34 H II

V iew  la rg e r  ve rs ion  (24K): 
[ in this w indow ]

[In. a new  w indow'J

V iew  la rg e r  ve rs ion  (28K): 
[ in this w indow ]

[ in  a new  w indow ]

F i g u r e  S . T ime course for GSH leve ls measured as M C B  
fluorescence fo l low ing  10 min exposure to smoke from a 
sing le cigarette. Va lues represent means o f  six 
determinations ± SEM . Experiments were repeated tw ice  w ith 
s im ila r results.
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•
 The majority o f  dead c e l l s  after 2 d exposure to MJ smoke had d ied  by necrosis . W h i le  the terminal 

uridine nucleotide end-terminal labe ling apoplosis assay revea led sporadic ce l l s  w ith  strong ly posit ive 
staining, condensed nuc le i , and fragmentation into apoptotic bodies, the m a jo r ity  o f  ce l ls  w ere  unstained 
and s l igh t ly  swo llen . In  addit ion , most c e l l s  showed posit ive sta in ing w ith p rop id ium  iodide, indicating 
loss o f  membrane integrity. GSM leve ls d isp layed biphasic changes, in it ia l ly  dec l in ing  after smoke 
exposure and subsequen t ly  tending to increase s l igh t ly , a pattern characterist ic o f  many oxidation- 
mediated effects on the ce l lu la r  antioxidant.

F i l t e re d  S m o k e

To eva luate independently the gaseous and particulate phases o f  smoke for their ab i l i ty  to generate 
ce l lu la r ROS, smoke was first passed through high-effic icncy Cambridge filters that remove > 98% o f  
particulate components bu t a l low  passage o f  gas-phasc components. Exposure o f  ce l ls  to gas-phase MJ 
smoke resulted in an approximate ly 2-fold increase in DCF ox idation re la t ive to whole-smoke exposure 
(Figure 9). DCF ox idation caused by exposure to filtercJ smoke from ethanol-extracted MJ (0% A }- 
THC) was also e levated 3-fold rcl; ive to that from exposure to un fi l tc red THC-free smoke. F iltered 
smoke from TUC-conlain ing cigarettes caused approximately 30% higher DCF oxidation than did 
filtered smoke from ethanol- extracted cigarettes. When particulate matter on f i l te rs w as extracted w ith  
d imethy l su lfox ide  (DMSO) and 'pplied to cu ltured cells, DCF oxidation by who le smoke was

•
 attenuated by 50 to 70% (data not shown). DM SO  alone had no effect on either basal or MJ smoke- 

induced DCF oxidation,

F i g u r e  9 . ROS accumula tion fo l low ing  exposure to gascous- 
phase MJ cigarette smoke. Smoke from two cigarettes was 
filtered through Cambridge filters to remove particulates 
before exposure to ECV 304 cells . V a lues represent means o f  
34 determinations ±  SEM . P  < 0.005 comparing filtered 
smoke w ith whole smoke using Student's t test
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A lv e o la r  M a c r o p h a g e s

Cultured lung a lveo la r macrophages obtained b y  bronchoalveolar lavage from habitual MJ smokers 
revealed GSM leve ls 31% lower than le ve ls  in ce l ls  obtained from nonsmokers ( / ’  <  0.025) (Table 2) 
However, incubation o f  these ce l l s  with DCF revea led a lower rate o f  ROS production o f  borderline 
statistical s ign if icance ( P  = 0,05) compared with ce l ls from nonsmokers. C e l ls  from both MJ and
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► Discussion
Very little research has been devoted to the cytotoxic effects o f  direct 
exposure to MJ smoke. A lterations that have been found in the 
tracheobronchial mucosa o f  habitual MJ smokers inc lude mucosal edema 
and inflammation (4), ce l lu la r  atypia and dysp las ia  (5). and molecu lar 
dysregulation o f  genes associated "  ith malignant transformation (6 ). I n  v i t r o  
and whole-animal studies suggest that A'-Ti IC has a direct
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Mate r ia ls  and Methods

a Results 
• Discussion 
▼ References

immunosuppressive effect on a variety o f  immune ce l ls , inc lud ing macrophages, natural k i l le r  ce l ls ,  and
T lymphocytes ( 11. 10). Habitual MJ smoking has also been shown to alter a lveo la r macrophage
morphology (20. 21). phagocytic function (7). fungic ida l and bacter ic ida l a c t iv i ty  (7, 22). and ox idative 
burst superoxide production (2 2 ).

In the present studies wc examined the effects o f  short-term (5 to 30 min) exposure to MJ smoke on 
generation o f  ROS, leve ls  o f  reduced GSH, and ce l l viability/'/; v i t r o . Exposure to MJ smoke caused a 
dramatic increase in ROS over control levels , an increase that was as much as 3-fold higher than the 
increment resu lt ing from exposure to a s im ila r amount o f  tobacco smoke. The attenuation o f  DCF 
oxidation in ce lls overexpress ing the antioxidant gene, Prx. supports the notion that pro-oxidants such as 
I GO-, were responsible for some o f  the MJ-induccd effects. Prx is a nove l antioxidant cytop lasm ic
enzyme that appears to e l im inate peroxides, one o f  the several c lasses o f  ROS known to be generated 
in trace llu lar ly . In the present study, Prx-overexpressing ce l ls  d isp layed consistently lower DCF 
oxidation than d id vcctor-only-transfcctcd ce l ls . However, the number o f  experimental determinations 
for each exposure group was not su f f ic ien t ly  high to achieve statistical s ignif icance.

The MJ-induced ROS appeared to be cannabinoid- dependent because smoke from cigarettes lack ing 
AV-THC produced no increase in ROS compared w ith  control ce l ls  exposed lo room air only. A lthough 
the alcohol extraction procedure used to deplete MJ leaves o f  cannabinoids cou ld  have removed other tar 
components essential for generating ox ida t ive stress, methanol extraction o f  Marlboro cigarettes d id not 
alter ROS generation produced by equiva lent vo lumes o f  smoke (data not shown). Further, MJ cigarettes 
containing 1.77% A (,-THC stimulated intermediate leve ls o f  ROS, suggesting a direct dose-response 
relationship. The particu late phase o f  MJ smoke is qua l i ta t ive ly  s im i la r  in composition to that o f  tobacco 
smoke, w ith the major exception being that MJ tar contains A^-THC and approximately 60 other 
cannabinoid compounds not found in tobacco. Converse ly, tobacco tar contains nicotine not found in MJ 
(7). Because purif ied A ()-THC added to ce lls failed to produce s ign if ican t changes in ROS, GSFf, or ce ll 
v iab il i ty , it is l ike ly  that pyrro lys is products produced in the presence o f  cannabinoids, rather than A g-
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THC itse lf , were responsib le for the observed ox ida t ive in juries. The strong effects o f  MJ smoke on 
GSH leve ls and ce l l v ia b i l i ty  w ere  not appreciab ly in f luenced by A 9-THC content. Th is  d isparity

•
 suggests that DCF ox idation and GSH depletion are affected to some extent by  d ifferent components in 

MJ smoke.

A f le r  in trace l lu la r load ing and de-estcrification, d ihydro-DCF can be ox id ized to its f luorescent 
deriva tive , DCF , by a va r ie ty  o f  agents inc lud ing hydrogen peroxide, hydroxy l radica l, and peroxynitr itc 
(23. 24). E v idence ind icates that the fluorescent compound is not permanently retained w ith in  cells as 
o r ig ina l ly  proposed (25), but is g radua l ly  released into the surrounding medium. Th is s low release o f  
d ihydro-DCF cou ld  d im in ish  the signal caused by oxidants o f  in trace llu lar origin and increase signal 
from ex trace l lu la r ox idan ts adsorbed d irec t ly  from smoke. However, our studies comparing ce l lu la r  and 
noncc llu lar ox idation o f  DCF b y  MJ smoke revealed that D CF  in buffer solution is poorly ox id ized b y  
direct smoke exposure, in contrast to resu lts obtained w ith ce l lu la r  DCF measurements (F igure 5). These 
results suggest that most o f  the DCF fluorescence results from smoke exposure generated by ce l lu la r 
mechanisms. Smoke-induced d isruption o f  mitochondrial or endoplasmic reticular electron transport is 
among the possib le mechan isms for such ROS generation.

Our stud ies revea led that, compared w ith smoke generated from MJ cigarettes contain ing 0% A 9-THC, 
unmodif ied MJ smoke deposited 50% higher amounts o f  nitrates (NO  N O ,_/NO,“ ) into cu ltu re w e l ls
(data not shown). N itrates can generate peroxyn itr itc in the presence o f  superoxide anion. Th is effect 
may part ia l ly  account for the d ifference in ROS produced from MJ with or w ithout a  ’-THC. However.

•
 smoke from a tobacco cigarette o f  equiva lent weigh t contained near ly tw ice as much nitrate as smoke 

from 3.9% A 9-1IIC MJ cigarettes , yet produced somewhat lower ROS. Thus, smoke nitrate leve ls d id  
not correlate d ire c t ly  w ith ROS generation.

Loss o f  ce l lu la r  GSH can occur by  two major pathways (26). Free radical-mediated ox ida t ive act iv i ty  
results in generation and/or e f f lu x  o f  ox id ized  glutath ione, which w e  did not measure in this study. 
A lte rna t ive ly , nucleophiles , inc lud ing a ldehydes known to be prevalent in cigarette smoke (e.g., 
formaldehyde), form cova lent con jugates with GSH. These reactions, cata lyzed by glutathione-S- 
transfcrase (GST) enzymes, resu lt in low er MCB-detectnblc GSH levels . These reactions do not 
necessari ly reflect ox ida t ive  stress per se, but w ou ld  part ia l ly  impair ce l lu la r defenses and inh ib it the 
remova l o f  ROS. M CB  has been used ex tens ive ly  lo estimate intracellu lar leve ls o f  reduced GSH (27). 
A lthough f luorescence can also be generated by protein-MCB conjugate formation (31). the rate o f  th is 
reaction at low (10 to 100 pM) concentrations o f  MCB is lower than that for the complex w ith GSH. 
Thus, l im it ing  the reaction time to 20 m in a llows for a more accurate estimation o f  GSH. Recent stud ies 
suggest that reac t iv i ty  o f  MCB w ith  GSH is low in human peripheral blood monocytes c ompared w ith 
reac t iv i ty  w ith other low  molecular-weight compounds (32). This low  reactiv ity is apparently due to the 
low a f f in i ty  o f  some forms o fG S T s  for MCB . In the present study, the human a lveo lar macrophages 
d isp layed 20 to 60% lower leve ls  o f  M C B  fluorescence than did the ECV 304 cell line. However, in both 
cell types, M CB  fluorescence w as inh ib ited 80 to 90% by 10 min pretrcatmcnt w ith  2 mM 
die thy lmaleate , which rap id ly removes cy top lasm ic GSH (33).

Cannabinoids, inc lud ing THC, contribute substantia l ly  to the particulate mass o f  MJ smoke compris ing
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20 to 30% o f  the total tar weight for c igarettes contain ing 3.9% A^-THC (13). To dc tcm iine  whether the 
increased particulate materia l in MJ smoke was responsible for the enhanced DCF oxidation, MJ

•
 cigarette smoke was passed through Cambridge filters before exposure to ce l ls . Such f i l te rs trap >  98% 

o f  particu late materia l but permit passage o f  a ll gaseous elements. Th is procedure not on ly  failed to 
attenuate DCF oxidation, but also g rea t ly  st imu lated oxidation in both unmodif ied MJ and THC- 
de lic ien t smoke. Th is st imulation w as consistent w ith reports o f  strong o x id iz in g  ac t iv i ty  o f  the gaseous 
phase o f  tobacco cigarette smoke a fter removal o f  particulates b y  filtration. For example, in s tud ies on 
the role o f  tobacco smoke in atherosclerosis, oxidation o f low-density  lipoprotein (LDL) has been 
observed w ith  filtered smoke but not who le smoke (34). Filter-trapped particulates can inhibit LDL. 
ox idation induced b y  cupric ch lor ide or azo-bis (2 -amidinopropane), and it has been suggested that 
an liox idants , such as po lyphenolic compounds found in smoke particulate fractions, m ay be responsib le 
for inh ib it ion o f  LDL  ox idation (35, 30). In the present studies, the concept that pan icu la te components 
o f  MJ smoke had antioxidant properties was further supported b y  the f ind ing that DMSO  extracts o f  a 
Cambridge filter pad absorbed w ith MJ smoke particulates suppressed ROS generation. Thus, the level 
o f  smoke-induced ce l lu la r  ROS appears to be a function o f  the re la t ive amounts o f  gaseous-phase pro- 
oxidants and particle-phase antioxidants.

The cannabino ids present in the partic le phase o f  MJ smoke, in c lud ing  A 9-THC and cannabinol. have 
been reported to have antioxidant properties as measured by cy c l ic  vo ltametry and by their ab i l i ty  to 
prevent FLO i-mcdiatcd oxidation o f  a fluorescent probe (37). Th is is consistent w ith their known
structure, which inc ludes hydroxy l groups and aliphatic l ings. I lowcver , the addition o f  a ’-THC to our 
assays before smoke exposure did not provide any measurable antioxidant protection, sugges t ing  that 
this effect is re la t ive ly  weak compared with the pro-oxidant act iv i ty  induced b y  smoke.

P re lim inary studies w ith cu ltured lung  a lveo lar macrophages from human MJ smokers demonstrated 
lower leve ls  o f  G S I I  in these ce l ls  than in a lveo la r macrophages from nonsmokers. These resu lts suggest 
that habitual exposure to MJ smoke causes a sustained decrease in GSI 1-dependent ox ida t ive  defenses. 
Such a decrease cou ld  be due to inh ib it ion o f  GSH synthetic or recyc l ing  enzymes concomitant w ith  
depletion o f  cy top lasm ic GSH. Inh ib it ion o f  GST cou ld  also contribute to d im in ished M C B  fluorescence 
because th is enzyme accelerates MCB-GSf 1 conjugation. The observed decrease in rate o f  ROS 
production in ce l ls  from MJ smokers re la t ive to nonsmokers is, seem ing ly , paradoxica l. One explanation 
consistent w ith the cy to tox ic effects o f  MJ smoke is that chronic in  v i v o  exposure o f  ce l ls  to this smoke 
produced general metabo lic impairments d im in ish ing  either m itochondria l electron transport or 
ox ida t ive burst capacity.

The generation o f  ROS has several undes irab le  consequences, inc lud ing  the impairment o f  c e l lu la r  
energetic (38) and defense (39) sy s tem s and the promotion o f  malignant transformation (40). Ce ll death 
induced b y  MJ smoke is la rge ly necrotic. These deleterious effects o f  MJ smoke cou ld have ser ious 
imp lica t ions for t issues in direct contact w ith  cannabinoid-containing smoke, in c lud ing  lung 
macrophages and surface epithelia l ce l ls  in the upper aerodigcstive tract and the tracheobronchial

•
 mucosa. Such effects need to be taken into consideration when eva lua t ing risk-benefit factors associated 

w ith MJ consumption.
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OBJECTIVE: Although a num brr ol studies have examined the respl 
r.itorv Impact t>| marijuana smoking. such studies have g rnru illy used 
convenience samples of marijuana and tobacco users The current 
studv examined respiratory effects ol inart|uana and tobacco use In a 
nationally representative sample while <. n im lling for .inc. gender. and 
current asthma
DESIGN: Analysis of Ihe nationally representative Ihlrd National 
Health and Nutrition Kxarulnullon Survey INHANKS III)
SETTING: U S households
PARTICIPANTS: A total ul 6.728 adults arte 20 to 59 who completed 
the (hurt, lohacco, and health vert Ions >>( the NIIANES III questionnaire 
In 1988 and 1994. Current marijuana use was defined as self reported 
100* lifetime use and at least 1 day of use In the past month
M EASUREM ENTS AND MAIN  RESU LTS: Self ie|x.ned respiratory 
symptoms included chronic broni hills, Irequent phlegm. shortness ol 
hreallt. frequent wheezing. rhest sounds without a cold, and pneumn 
nla A medical exam also provided an overall chest finding and a incus 
ure ol reduced pulmonary funr-tinning Mailjiiana use was associaied 
with respiratory symptoms of chronic bronrh llls (/'= 02|, couitlilnK 
on most days |P» IKIll. id ilrrtn t pristm-llnn IP* t)0l)5|, whee/tng 
IPs 00011, and chest sounds without a cold |P« 021
CONCLUSION: The Impact ol marijuana sirioklnrton rrsplratoiy health 
has some significant similarities to lhal o| tobacco smoking K lim ts to 
prevent and reduce maniuana use. such as advising patients to quit 
and providing rrlena la  lot SI.pporI and assistance, may have siiljs lan 
Hat puldlc health benefits associated w ith decreased resjilratory health 
problems

KEY WORDS: marijuana, tobacco, smoking: respiratory symptoms, 
epidemiology
I)OI: 10 111!/) 1525 1497 2004 40081 x 
J (JEN INTERN MED 2004: 20 .33 -37

M a riju a na  sm ok ing  rem a ins the second most w ide ly 
smoked subs tance in  the U n ited  S tales, w ith  con se r­

vative estim ates In d ica tin g  lh a l m ore than 1 1 m illio n  pcop lr 
si toked m a r iju a na  d u r in g  the  las l m on th , and app rox im a te ly 
20% o l these sm oke a lm os t d a l ly .1 '* M a riju ana  smoke co n­
ta ins s im ila r leve ls o f la r  as tobacco smoke and  t ip  lo  50% 
more carc inogens.'1 r’ M a r iju a n a  use rs smoke u n lll lc rc d  m a te­
ria l. Inha le  Ihe sm oke more deeply, and  ho ld Ihe smoke longer

AcccploflJiyr pnbllm fuin Ju/u- /, 2004
There ore no possible oort/ltd.x of mlcrc.vl /or oni/ o/ Ihe authors 
Tfils article ions presented lit port al die Jane 12 17. 2003 annual 

snenll/lc meetiruj oj ihe College on Problems oj Drug Dc/tendence. Hal
I In/hour, H..

Address conespoiu tvnev a n d  requests Jar ic/innlv tn Dr Moore lie  
pnrtm enl o f Psychiatry. Vale Urueersllii School o j  Medicine. J I  OS I 'Ml IC 
SAC. .14 I’ork Street, New lltw en . CT 0 05 1 9  fe rnnll; Drenl .tfoarcffl
Yale.edu).

th a n  tobncco smokers, re su ltin g  In su b s ta n tia lly  g rea le r ta r 
depos its in  Ihe lungs th a n  tobacco sm oke rs .1*'0 Reports from  
c lin ic a l sam ples suggest tha t m a r iju a n a  sm okers e xh ib it a 
range o f ch ro n ic  r rs p ira to ry  s ym p tom s .10 15 a lthough it Is t in  
d e a r  w he the r lhe.se sym p tom s a rc  rep resen ta tive  of m a r iju a n a  
sm okers as a whole, In  add itio n , m a r iju a n a  users have g rea te r 
u t il iz a t io n  o f ou tpa tie n t m ed ica l serv ices fo r re sp ira to ry  and 
o th e r Illnesses 14 Moreover. Ihe h is to pa th o lo g ic  and m o lecu la r 
a b n o tm a ltt lc s  observed In m a r iju a na  sm okers are a lm os t id e n­
t ic a l lo th a t observed In tobacco sm okers 1,1 17 C e llu la r nb-
u o rm a litle s  Inc lude reduc tio n s In  the num be r o f c ilia ted  
ep ith e lia l ce lls lin in g  the Iraeea and  b ro n ch i These h is to ­
pa tho log ic a lte ra tio n s are associa ted w ith  a range of po te n tia l 
lu n g  d iso rde rs such as ch ro n ic  b ro n ch it is , ch ro n ic  obs tru c tive  
p u lm ona ry  disease, a nd  cancer A lth ough  Hie ex lcn t o f the 
p rob lem  rem a ins t in t lear. the c u rre n t lite ra tu re  o f case reports 
a nd  c lin ica l samples suggests th a t m art|tiaua -related re sp ln i 
lo ry  p tob lem s may co n s titu te  a s ign if ic a n t p u b lic  hea lth  b u r­
den ll i. i t co u ld  be preven ted o r trea ted  by general In te rn is ts  

Only tw o  stud ies have a ttem p ted  lo  q u a iil ih . t lv e ly  define 
th e  odds o l re sp ira to ry sym p tom s among m a riiu ana  use rs In 
the general papu la tion . One exam ined re sp ira to ry  sym p tom s 
in  m arijuana-dependen t 20 year o ld s  In a lo n g itu d in a l sample 
f tom  New Zealand. ”  The oH icr exam ined non-tobacco sm ok­
in g  in d iv id u a ls  In a lo n g itu d in a l s tu d y  In A r iz o n a .11 H o th stud 
les found increased odds of re sp ira to ry  sym ptom s such as 
cough , wheezing, and sp u tum  p ro d u c tio n  am ong users. How­
ever. the f irs t focused on ly  on young  m an iu a n a  dependen t In 
d lv ld u a ls  tn  New Zea land The second wax lim ited  lo  Tucson. 
AZ  and d id t io l spec ifica lly lo cus on  m a r iju a n a  use b u t ra th c i 
on "non tobacco" c iga re tte  use, w h ich  was assumed lo  be |>re 
do rn tna le ly m a riju a na . The purpose o f Hie present repo rt Is to 
p rov ide  es tim a tes o f re sp ira to ry  sym p tom s fo r c u rre n t mart- 
|unna use In  n na tio n a lly  rep resen ta tive  sam ple In the Un ited 
S la tes w ith  a b roader range o f ages and m a riju a na  exposure 
The th ird  N a tiona l H ea lth  and N u tr it io n  E xam ina tion  Survey 
(Nl LANES l l l l  was used lo  exam ine Hie Independent ro r i t r th u  
Hons ol m a r iju a n a  use and tobacco use w h ile  co n tro llin g  for 
gender, age. and  cu rre n t asthm a.

METHODS
S a m p le
T lie  NHANES i l l .  conduc ted  between 1988 and 1994, used a 
m u ltis ta ge  p ro b a b ility  design w ll t i ove rsam p ling o f A frican 
Am ericans and M ex ican Am ericans lo  ob ta in  a n a tio n a lly  
rep resen ta tive  sample o f Hie U.S. p o p u la tio n .18 Househo ld 
members were In it ia l ly  selected and requested lo  com p le te a 
genera l hea lth  survey. E igh ty-s ix percent o f selected In d lv ld u  
a ls  were In te rv iewed In  person and  a ll were in v ited  to  p a r t ic ­
ip a te  in the m ed ica l exam . A ll responden ts s igned an In fo rm ed
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consent, which guaranteed that In form ation was kept In stric t­
est confidence. Seventy-eight percent o f Invited Ind ividuals 
completed Die m c llc a l exam. The medical exam Inc luded an 
Interview that asked a range o l general hea lth  questions re­
garding m a riju ana and tob.' cco use. a physician's rxn in . and a 
sp irom etry com jxm ent. A Is age 2 0  lo  5 9  who completed the 
d rug and tobacco sections A the NHANES III medical exam 
questionnaire were selccte. fo r this study. NIIANES III re ­
stricted d rug  use questions to Ind iv idua ls younger than  6 0  
Ind iv idua ls were asked  first whether they had ever u sed mar- 
IJuana. Ind iv idua ls who rc|>or(rd ever using m arijuana were 
asked . 'About how m any t mes in your lifetime have you  used 
m a riju an a ." w illi the fa ll wing response categories: "1 or 2 
tim es." " 3  to 10 tim es." 11 to 9 9  times." and "1 0 0  or more 
times."

Ind iv idua ls who rc, orted llle llm e  use were a lso  asked. 
"During the past m onth , on how many days did you use mar 
IJuana?" Ind iv idua ls provided a num ber responsr between 0  
and  30  C u rren t m a riju an a  use was defined as self-reported 
100* lifetim e uses and  it leas'. 1 day o f use in the past month 
Ind ividuals were not . ked abou t their d a lly  quantity o r fre 
quen ry o f use. For ' >uccu cigarette use. Ind ividuals were 
asked . "Have you su <ed at leust 100 cigarettes In vnur en ­
tire life,”  and  "How ninny cigarettes have you  smoked in the 
past 5 days?" Cu rrcn ' tobacco use was defined as sell-reported 
lifetime h is to ry  o f sm oking  100*  tobacco cigarettes and  cu r­
rent use a s  an average o f  I or m ore tobacco cigarettes per day. 
The c riterion  o f  10'i • lifetime uses lo r both m a riju ana and lo- 
h u rro  was linplen.< ntcd to exc lude experimental u ser , o l el 
thc r substance. N '-nsmokers had never used m ariju ana and 
had not sm oked mbaceo cigarettes more than  100 tim es. The 
to ta l sam ple ecu -ixted o l 0 .7 2 8  Ind ividuals -1.789 nonsm ok 
e rs . 1.5 2 5  loba r > on ly  sm okers, and <11-1 m ariju ana sm okers 
1320 a lso sm ok I tobacco).

O u t c o m e  t le a su re s
Kesp lra lo rv  viiiptom s were asked  about as part o l the general 
household uivey. H ie f ''owing resp ira tory symptom s were 
exam ined: fi onlc b ronc i.a is . frecpieni phlegm , shortness of 
h rea lh . freq i nl wheezing. chest sounds without a co ld , and 
pneum onia I "c Tab le I for the specific questions used lo  tie 
term lnc tin  • symptom s). In addition . Ihe medical exam  p ro ­
vided an ov rail chest finding and  sp irom etry m easures. The 
overa ll ch r s finding sum m arized  whether the physician noted 
any rcsp lra 'o ry  abnorm a lity  such as decreased b reath  or ad ­
ventitious sounds in e iihe r lung. For the sp irom riry  data, we 
ca lcu lated Ihe FEV1/FVC  ratio and used a cu to ff of • 70%  as

Table 1. NHANES III Questions lor Respiratory Symptoms

Mas a doeii.r ever told you lhal yuu had chronic bronchitis?
Do you usually couch on mosl days for Cl ronsreullvr months or more 

during the year?
Do you bring up plilegrn on mosl days for 3 ronsreu llvr months or more 

durtn . t l i r  year?
Are you troubled by shortness of b rra lh  when hurrying on level ground 

or w. Iking op a slight hill?
Have • hi had wheezing or whistling In your chest al any lime In the 

past 12 months'.'
Apari from when you have a cold, does your chesl ever sound wheezy 

or whistling?
During the prist I? months, have yon had pneumonia?

Nl AMES III. third National Health m id  Nutrition Examination Survey

on Ind icato r o f  ob stru c tion .lB Height was a lso  con tro lled  In the 
ana lysts o f  the FEV1 /FVC ra tio  cutoff.

D ata  Analysis
All ana lyses w r r r  plcted using SAS. version 8 .2  (SAS In ­
stitute, C a ry . NC) w .d l ca llab le SUDAAN. version 8 .0  (Research 
Triang le Park , NC). SUDAAN was used lo  ad just ihe standar d 
erro rs  In accordance with the variable selection p robabilities 
Inc lud ing noncovcragc and nonresponse associated with the 
survey sam pling frame. F o r demographics. yv tests w rre 
used to exam ine weighted p ropo rtiona l d ifferences among c ,t 
rg o n ra l va riab les and ANOVAs were used fo r continuous 
m easu res Demographic variab les availab le In Ihe NHANES 
III dataset Inc luded gender, age. race, education , m arita l s ta ­
tus, and  Income. I.oglstic regression was employed to compar e 
m a riju an a  users to nonsm okcrs with each resp ira to ry  sym p­
tom while con tro lling  for gender, age. and lobaeco cigarettes 
smoked per day Although m ariju ana users d iffered on other 
demographic va riab les In addition to gender and  age. these 
variab les were h igh ly corre la ted with age and gender, such 
that m a riju ana u se rs  did not d iffer on  the other demographic 
variab les when age and gender were contro lled . The ana lys is o f 
resp ira to ry  sym ptom s a lso contro lled  fo r current a sthm a. C u r 
m i l  asthm a was statistica lly contro lled  because It Is more 
likely lo  tie a preexisting condition, and  m a riju an a  sm okers 
may have used m ariju ana to treat o r con tro l the ir asthm a. For 
Ind ividuals who reported that a doctor had told them  they had 
asthm a, cu rren t asthm a was defined by whether partic ipants 
reported that they still had asthm a

RESULTS
M arijuana sm okers reported smoking on an average of 10 ,2  
days (standard  e r ro r  |5E ). 0 .8 4 ) o f d ie previous 3 0  days, with 
16% (n =  68 ) reporting  daily o r  near daily use (2 8  or m ore 
days) M arijuana sm okers w ere more like ly to be male, while, 
younger, and sing le I lian  nonsm okcrs (seeTab le  2). They were 
a lso  m ore likely to have lower education levels and  earn  less 
Income than  nonsm okcrs. Seventy-seven percent o f  m arijuana 
sm okers a lso  sm oked tobacco. Among m ariju ana sm okers, the 
mean num ber o f tobacco cigarettes smoked p e r day (1 9 .2 2 ; 
SE. 1.05 ) did not d iffe r significantly from  that o f  tobacco-on ly 
sm okers (1 9 .2 7 : SE . 0 .64 ). Tobacco-on ly sm okers were more 
likely to be male, white, o lder, have less education , and earn  
less Income than nonsm okers.

Tab le  3 p resents the unad justed com parisons o l the m a r­
iju ana and  tobacco users and  nonusers on resp ira to ry  sym p­
toms. Compared to nonuscrs, both m arijuana and  tobacco 
users had higher ra le s  o f ch ron ic b ronchitis (odds ratio (OR |. 
2 .6 8 , 9 5%  confidence interval |C I|, I 4 7  to 4 .8 9  fo r  m arijuana 
users and  OR. 2 .6 9 . 95%  C l. 1 87 to 3 .8 6  for tobacco users , 
respectively), cough on most iys (OR. 7 .05 . 9 5 %  C l. 4 .8 4  to 
10 .26 and OK. 6 .1 7 , 95%  C l, 4 .5 4  to 8 .3 8 ) . phlegm  production 
(OR. 5 .5 4 . 9 5%  C l. 3 .7 0  to 8 .3 0 . and OR. 4 .6 7 . 9 5 %  C l, 3 .1 9  lo  
6  82 ). shortness o f  breath (OR. 1 .79 . 9 5 %  C l. 1 .14  to 2 .81 . and  
OR. 2 8 9 . 95%  C l. 2 .3 6  to 3 .541 . wheezing (OR. 6  2 4 . 95%  C l.
4 51 to 8 .6 2 . and OR. 3 13. 9 5%  C l. 2 4 2  to 4 0 5 ). and chest 
sounds (OR. 4 9 6 . 9 5%  Cl. 3 .4 )  to 7 .2 1 . and OR, 3  8 8 .9 5 %  01. 
3.01 to 5 .01 ). A significantly higher p roportion  o f  lobaeco u s ­
ers were found lo  report pneumonia In the past y e a r (OR, 2 .0 6 . 
95%  C l. 1 .15  to 3 .7 2 ) . Tobacco users were also m ore likely lo
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Tobl«2. Characteristics ot Non smokers. Tobacco-only Smokers, 
and Mariiuana Smokers: NHANES III, 1988 to 1994

Variable
Non smokers 
(r>—4,789)

Tobacco 
Smokers 

<n- 1.525)

Modlunna
Smokers
(0-414)

(lender. % male*' 3 6 6 5 0 0 77 .0
Race. % while*' 65  3 73 6 78 8
EducaUon*'
<12 year* 22 0 34 9 27 6
12 years 32.4 39 2 39.2
> )2 years 45 6 2 5 9 33 i
Mean age. y I i  SE)"' 34 .7  10.311 41 5 (0  52) 3 ) 2 (0 65)
Manliil Main*. 83 7 75 0 79,8

% married"'
Income, H ”
• 810.000 15 8 22 3 *7.8
SlO.OOOlii 820.000 34 2 37 7 49.7
830.000 ti> 859 .000 23 1 196 18 2
.'859 .000 26.9 20 3 14.5
'Nonsmokcrs iv-rsus m aniuana  sm okers. P-:.()5 
'N onsm okers ve rsu s lobact o smokers. F* * 05
NHANES III. tlurd National H ealth and  Nutrition Exam ination Stirvetj. 
SE. s ta a d a n l error,

have some resp ira to ry  abnorm a lity  a s  iiic llra lcr) by the phvsl- 
r lan's overall r-hest find ing (OK. 8 9 4 . 0 5%  C l. -I 01 to 1 6 .2 9 ). 
while m a riju ana users clltl not d iffer s ign ificantly from  norm s- 
ers (OK . 2 .b 9 . 9 5%  C l. 0 .0 5  lo  8  75 ) Compurcd to nonuse rs , 
both m a riju ana and tobacco users had a higher p ropo rtion  o f 
Ind ividuals with an  F E V 1/ fV C  ratio < 70%  (OR, 2 .5 6 . 9 5 %  C l. 
I 54  lo  4 3 5  and  OK. 6  2 5 . 9 5 %  C l. 4 .7 0  lo  8 .3 3 . respectively) 
Direct com parisons between tobacco and  m arijuana users in ­
dicated lh a l a g reater p ropo rtion  ol tobacco u se rs  had short 
ness o l b reath , chest findings, and  evidence of a irw ay 
obstruction a s  indicated by an FEV1/FVC  ra tio  < 7 0% . w hile 
m ariju ana u sers evidenced g reater wheezing

In general, m a riju an a  sm okers showed Increased ra tes o l 
resp ira to ry sym ptom s sim ila r to those o f  tobacco sm okers. F o r 
example. 16 .9%  o f m a riju an a  users reported frequent ph legm  
p roduction , which corresponds lo  a national estimate o l
1 .0 8 4 .0 0 0  ind ividuals , Tab le 3 a lso  presents the num ber 
needed to h a rm  (NNII) fo r both m a riju an a  and tobacco u se rs . 
This m easure ind icates how many u sets would be expected fo r  
each case that exhibited the symptom . For m a riju ana u sers . 
NNII va lues ranged from  3 .3  (wheezing) to 2 0 .3  (chronic b ra n  
ch ilis ). For tobacco users , NNII va lues ranged from  5 .4  (s h o rt ­
ness o f  breath) to 3 7 .0  (cu rren t asthm a).

Because a  large num ber o f m a riju ana u sers a lso  used to ­
bacco. and m a riju an a  and  tobacco users d iffered on d em o ­
graphic characteristics , odds ratios fo r resp ira to ry  sym ptom s 
were computed com paring m ariju ana users to contro ls , c o n ­
tro lling  for gender, age, cu rren t asthm a, and tobacco cigarettes 
used per day (Tab le 4). The odds o f resp ira to ry  sym ptom s o f 
chron ic bronchitis, coughing on most days, ph legm  p ro du c ­
tion. wheezing, and  chest sounds w ithout a co ld were g rea te r 
lo r m arijuana users. However, m a riju ana use w as not a ssoc i­
ated with g reater odds o f  shortness o f  b reath , pneum on ia , ot 
objective m easu res o f resp ira to ry  functioning, inc lud ing the 
physician's resp ira to ry  find ings and the FEV 1/FC V  ratio. T o ­
bacco use was associated w tlh  Increased odds o f  a l l resp ira to ry 
variab les (all P< . 0 0 0 11 w ith  one exception. Tobacco use w as 
not associated with g reater odds o f pneum onia when age, g en ­
der. and  current asthm a were contro lled .

Table 3. Percent of Non smokers. Tobacco-only Smoker j. and 
Marijuana Smokers with Respiratory Symptoms: NHANES lit. 

1988 lo  1994

Vorioble Non smokers 

( n - 4.789)

Tobocco
Smokers

( n - 1.525)

Moriiuana
Smokers

( n - 4 14)

Ik X NNH % NNH

Current asthma* 3 8 6 5 37 .0 5 8 5 0 0
Chronic branch ills* 3 2 8 2 20  0 8 1 20 4
Cough: mosl days*' 3 8 19 5 e, 4 21.7 3 6
Phlegm*' 3 5 14 6 9 0 169 7.5
Shortness ol bn-nlh*’1 14 8 33 4 5.4 23 7 112
Whre/mg*'1 9.7 2 5 2 6  5 40 1 3 3
Chrsl sounds*' 5.8 19 4 7 4 23 5 5 6
Pneumonia* 1 7 3.5 55 6 2 8 ■Ml '1
Overall chest finding*’ 1 1 9 0 12 7 3 1 5 0 0
KEV1/FVC ra t io s 70%*''' 3 8 20 0 e  2 9.1 198
‘ Nonsmofcrrs nrrsus tobacco stnokers. I1 - 05 
'Nonxmotrr-rs oersu.s mnrJ/rjririrs sm okers. P<.05.
1Tobacco sm okers irrsu*  m aryium n sm okers. P- .05.
NHANES III. third National Health an il Nutrition Einrninoliori Sun* /. 
NNII number needed  tn harm

D lr rr t  com parisons o f mn unna anti tobacco u se rs with 
tobaci o-on lv u sers were a lso conducted contro lling  fo r  age. 
gender, and cu rren t asthm a . The pattern o f findings was ihe 
sam e as Ihe resu lts exam in ing m ariju ana use while contro lling  
for cigarettes pet day A lthough both groups smoked a sim ilar 
n um be r of tobacco cigarettes, sm oking both m ariju ana and 
tobacco was associated with g rea le r odds o f ch ron ic bronchitis 
(OR . 2 10. 9 5 %  C l. 1 0 7  to 4 15: /' =  031. coughing on most 
days (OK, I 8 7 , 95%  C l. 1.24 to 2 .8 3 : P=.<>04), phlegm pro 
duction  (OR. 1.60. 9 5 %  C l, 1 .02  lo  2 50 ; P =  041. wheezing 
(OR. 2 38 . 9 5 %  C l, 1 .5 7  to 3 .6 1 : / ’ =  .00011. and  chest sounds 
w ithout a co ld  (OR. 1.9 0 . 9 5%  C l. 1.0 6  to 3 3 9 : / '= .03 1 , b u t not 
shortness o f b reath (O R . 1 10. 9 5 %  C l, 0  7 2  lo  1.69; P = .6 5 | ,  
pneum on ia (OR . 2 .6 6 . 9 5 %  Cl. 0 .7 9  lo 8 .9 8 ;  P = . l  I), ihe ov e r­
a ll rhcs i lln d ln g  (OK. 0 .4 9 . 95%. C l. 0  21 lo  1 1 0 .  i ’ m.081. oi 
the FEV 1/FVC  ratio (OR . 0 .8 9 . 9 5 %  C l, 0 .4 0  lo  2 .0 0 ; P =  .781

DISCUSSION
In a na tiona lly  representative sam jile . m a riju ana use was a s ­
sociated with a variety o f resp ira to ry p rob lem s inc lud ing 
ch ron ic b ronchitis , coughing on  most days, phlegm p roduc­
tion. wheezing, and chest sounds without a co ld , even when 
gender, age. tobacco use , and cu rren t asthma were contro lled . 
W hen exam ined categorically, m a riju an a  u se rs had s im ila r 
ra tes o f  resp ira to ry  sym ptom s a s tobacco cigarette u se rs even 
though they were 10 ye a rs  younger. These ra tes o f resp iratory 
j.rob lem s constitu te a poten tia lly  large nationa l public health 
burden . For example, based on the current analyses, an  esti­
mated I m illion  m a riju ana users had phlegm  production on 
m ost days fo r 3  consecutive m onths o r m ore during Ihe year.

These findings, rep lleated in a nationa lly  representative 
sam ple , are consistent w ith o i lie r studies exam ining re sp ira ­
to ry  sym ptom s between m ariju ana and tobacco sm ok ­
ers lo 13 However, ra le s  o f specific resp ira to ry sym ptoms 
were genera lly lower in the curren t study. T i lls  may he due to 
o u r  inc lusion  o f a ll m a riju ana u se rs  rather than  the restriction 
lo  m a riju an a  dependence as was done in the Tay lo r ei nl 
s tu d y .13 Taken  logeiher. Ihesc findings suggest lh a l m a rlju a -
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Toble4 Odds Ratios and 95% Confidence Intervals lor Respiratory Symptoms lor Mori)uono Users and Tobacco Users Versus Non smokers
Controlling lor Gender. Age. and Current Asthma

Respiratory Vorlable Morlluono Users* Tobacco Users

Chronic bronchitis 2 17(1 I I  to 4.261. P= 02 2 44 II 66 to 3 57). P< 0001
Cough: most iluys 2 00 (1.32 lo 3 01). P* 001 5 02 (3 58 to 7 04). P< 0001
I’lilegrn 1 8 9 fl.3 9 lo 2 .e e i. P -  0O05 3 71 (2 45 to 5 62). P< O0OI
Shortness ot brr.ith 1 29 (0 81 to 2 031. P* 26 2 70 12 16 to 3 37|. P< 00O|
Whrrvmg 2 98 (2.05 in 4 341, Pc.0001 3 39 12 54 to 4 531. P- 0001
Chest sounds 2 06 II 18 in 3 O il. P* 02 4.25(3 06 lo 5.91). Pc.0001
Pneumonia 1 47 10 54 lo 3 97|, P -  44 1 57 |098 to 2 511. P - .06
Overall rhesi finding 0 67 (0 22 lo 1 99). P -  46 6 48 (382 lo 10.991. P<- 0001
FEVI/FVC ra llo-'70% 1 01 (0 51 IO 1 941. P - 99 1 17 13 03 to 5 681. P c 0001

’For man/uuna users, l/ir numl»*r oj cigarettes i» r linij urns a lso  controlled.

rut use Is associated w ith a range o f resp ira to ry p rob lem s that 
are like ly greater with m a riju an a  dependence.

O f note, a lthough unad ju sted  eo rnparlsons Indicated llia t 
m ariju ana users evidenced Increased airway obstruction  as 
Indicated by an FEV 1/FVC  ra tio  --.TO0!), m arijuana use was 
not associated with the objective ind icato rs o f resp ira to ry fum  
tinning when age. gender, cu rren t asthm a , and c igarette use 
were contro lled . W hile the ana lyses were intended to contro l 
fo r group differences and  exam ine the contribu tion  of m an 
Juana use. ihe sam p le o f m a riju ana u se rs was significantly 
younger and reported on ly  art average o l 10 days o f use In the 
past 3 0  days. Ih e  cu rren t luiditigx may be Indicative o f an 
earlie r s iag r of resp ira to ry p rob lem s fo r  whlc h se lf reported 
symptoms are more sensitive r im s , It may be Important fo r 
physicians to a sk n ia rlju iiiia  using  patien ts about sym ptom s 
such as whee/m gor rough  in add ition  lo  a jihysical resp iratory 
exam In o rder to provide a m ore c omplctc picture ol resp iratory 
functioning

Smoking hoth m ariju ana and tobacco was common 
among m arijuana u se rs (77% ) This preva lence was higher 
than that noted in o th e r stud ies of n ia rl|u an a  and tobacco 
use, which may be due to c lltfe ren l defin itions o f m a riju ana 
and tobacco use ac ross stud ies 1 21 However, ind iv idua ls who 
smoked both m arijuana and tobacco were found to have greater 
prevalence o f resp iratory symptoms Ilian  those who smoked 
on ly tobacco. Unfortunately. In form ation regarding the amount 
o f m arijuana smoked per day o r week was not available, A more 
detailed analysis o f the Incremental Impncl o f m arijuana smok 
ing on rcsptra'ory hea lth  Is still needed. Nonetheless, the gen­
erally high prevalence o f tobacco use among m arijuana sm okers 
ap jxrars to pose increased risk fo r resp iratory Illness due to po 
Icntinl additive effects o f sm oking b,.ih substances.15 22

Fou r methodological lim ita tions w a rran t mention rega rd ­
ing the m arijuana use Infoi ina tlon  availab le from  NHANES III 
First, on ly three questions about m a riju ana use were Included 
in the survey. No In fo rm ation  was availab le regarding Ihe fre ­
quency and am ount u sed per clay, nor are there specific ques 
lions on  the history o f  m a riju ana use, such a s  the total num ber 
o f years o f use A lthough wc attempted lo  exclude casua l u sers 
by lim iting the sam p le to ind iv idua ls who used m arijuana 
more than 100 lim es, the cu rren t m easu re o f days used In 
the past month provides on ly an  estim ate o f an Ind iv idua l’s 
m ariju ana use. A lthough there is no evidence lh a l Ihe  measure 
Is biased, the measure lacks the detail and specificity o f m eas­
ures o f tobacco use. The fact that the 1 o r  more days o f use in 
the past month a lon e  was sign ificantly associated with so 
many resp iratory sym ptom s is somewhat su rp rising , and  sug ­
gests that a more detailed assessm ent o f  use is needed lo  p ro ­

vide an  o jllltn a l dosc-response re la tion sh ip  Second, Ihe Illegal 
n atu re  o f m a riju ana use m ay have led to underreporting , as 
these data were based on se lf report However th is  would re ­
su lt in  a greater num ber o l m a riju ana u se rs being classified as 
nonusers and tobacco users , and thu s decrease Ihe chance of 
finding differences between m ariju ana users and Ihe  c om pa r­
ison groups. Th ird , no In form ation  was availab le on the m o ­
dality o f  m a riju ana use. A lthough the method o f use ol 
m a riju ana Is overwhelm ingly sm oking. II Is possib le that In 
the cu rren t sam p le  m a riju an a  was used In o th e r m anners 
Ic g . ingestion), Finally . Uie sample was restric ted to ad u lts  
age 2 0  lo  50 because NHANES III d id not ask ind iv idua ls 0 0  
and o ld e r drug use questions Thus. Ihe m ariju ana related 
resp ira tory effects correspond lo a  re la tive ly  young imputation, 
particu la rly  lo r the m ariju ana -sm ok ing  groups who were 
found to be younger Ilian  the tobacco on ly  sm oke rs and non  
users Although the curren t ana lyses contro lled  fo r age. ra tes 
o f resp ira to ry p rob lem s w ould  be expected lo be h igher fo r an 
o lder population o f m a riju ana users As a whole, these lim ita ­
tions suggest that (lie find ings are conservative estim ates o f 
m arijuana's resp ira to ry effects.

In sum m ary, m ariju ana use w as associated with In ­
creased risk o f many resp ira to ry sym ptom s lh a l a rc  associat­
ed w ith d iso rders common lo  lobaeco use such  as chron ic 
bronchitis, ch ron ic obstructive p u lm ona ry  disease, and can  
rc r  2‘>.23.24 |n n(jd it lon . m a riju an a  sm oking  may Increase r is k  
ol resp iratory exposure by Infectious organism s, such  as fungi 
and molds, as rannab ts p la n ts  are contam inated w ith a range 
o f fungal spores.25-26 Because more than  2 m illion adu lt Anier 
leans a re  heavy m arijuana sm oke rs ,3 these risks represent a 
potentia lly large health bu rden . M arijuana sm okers use m ore 
medical services fo r resp ira to ry p rob lem s, and su ch  dem ands 
are lik e ly  (o Increase as Ihe popu lation  o f heavy m ariju ana 
sm okers ages.H E ffo rts to prevent and  reduce m ariju ana use. 
such as advising patients lo  quit and  providing re fe rra ls  fo r 
support and assistance. ,iay have substan tia l pub lic  health  
benefits.2-
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T H E  IM P A C T  O F  C A N N A B IS  SM O K IN G  ON 
R E S P I R A T O R Y  H E A L T H

INTRODUCTION
C annabis is die m ost widely con­
sum ed illegal d rug  in the UK. 
R ecent m edia coverage has 
focussed on the public and polit­
ical debate around issues such as 
reclassification o f  cannabis and 
how  the police should deal with 
those w ho sell o r  arc found to be 
in possession  o f  varying am ounts 
o f  the substance.

W hat has been  consistendy  
m issing from the  public debate 
on  the safety o r  o therw ise o f  
cannabis as com pared to  other 
illegal drugs is the im pact o f  
sm oking cannabis on respiratory’ 
health and the possible link with 
nicotine addiction in the form  o f  
tobacco smoking.

This report sets out to identify 
existing scientific and medical 
research on cannabis smoking and 
respiratory health. It identifies what 
conclusions it is possible to draw 
from the existing evidence and 
highlights gaps in our knowledge 
w h ich  requ ire  fu r th e r research .

T h e  aim o f  this rep o rt is to 
ensure that those taking part in 
the debate on cannabis and those 
engaged in p ro m o tin g  health 
education to o u r voung people 
have the fullest possible inform a­
tion on  the medical and scientific 
evidence o f the impact o f  cannabis 
sm oking on respiratory health.

M any young people will make 
decisions ab o u t w h cd ie r they 
w ish to use cannabis o r not -  
regardless o f  its legal status. We 
have a duty to ensure diat dicy do 
so with full knowledge o f  the risks 
associated widi sm oking cannabis.

Cannabis sativa leaf 
Image by LPX, ©  2002 Erowid.org
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A Smoking Gun?

SUMMARY OF FINDINGS AND 
RECOMMENDATIONS

W hile there is a wealth o f  research in to  the health 
im pact o f  tobacco  sm oking, there is relatively lit­
tle on  the effects o f  cannabis sm oking.

R esearch investigating w hether the inhalation o f  
cannabis sm oke causes damage to  the lungs and 
airways focuses on  w hether this effect is inde­
p en d en t o f  the effects o f  tobacco sm oke o r  not 
In general, the studies indicate that there is an 
increased negative health  im pact o n  those w ho 
sm oke cannabis com pared to those w ho d o  not 
sm oke at all. W hen cannabis is sm oked together 
with tobacco  then  th e  effects arc additive 
H ow ever, w hat is not clear is w hether it is the 
addition o f  the cannabis o r the tobacco w hich is 
m ore harm ful o r  w hether this is the  result o f  the 
com bined  effects o f  equally harm ful substances.

Som e key findings em erge from the research:

• T he cannabis sm oked today is much m ore 
po ten t that that sm oked in the 1960s. T he av er­
age cannabis cigarette sm oked in the 1960s con­
tained about lOmg o f  tctrahydrocanabinol (THC), 
the ingredient w hich accounts fo r the psvchoac- 
tive properties o f  cannabis, com pared to I50m g 
o f  T H C  today. T his m eans that longitudinal s tu d ­
ies earned  out in the 1960s and 1970s may n o t be 
indicative o f  the  effects o f  cannabis cigarettes 
sm oked today.

• S tudies com paring  the clinical effects o f  hab itu ­
al cannabis sm okers versus non-sm okers dem on­
strate a significandy higher prevalence o f  chronic 
and acute respiratory sym ptom s such as chronic 
cough and spu tum  producuon , w heeze and acute 
b ronchids episodes.

• 3-4 C annabis cigarettes a day arc associated with 
the sam e evidence o f  acute and chronic b ronch i­
ds and the sam e degree o f  dam age to the 
bronchial m ucosa as 2 0  o r m ore tobacco ciga­
rettes a day.

• Cannabis tends to  be sm oked in a way w hich 
increases the p u ff  volum e by tw o-thirds and 
depth  o f  inhaladon by one-th ird . There is an 
average fourfold longer breath-holding time with 
cannabis than w ith tobacco This means that 
there is a greater respiratory burden  o f  carbo n  
m onoxide and sm oke parnculatcs such as tar than 
when sm oking a similar quantity o f  tobacco.

• C annabis sm oking is likely to weaken the 
unm unc system Infections o f  the lung are due to 
a com binadon o f  sm oking-related dam age to  the 
cells lining the bronchial passage (the fine hair-like 
projection on these cells filter out inhaled m icro ­
organism s) and im pairm en t o f  the principal 
im m une cells in lhc small air sacs caused by 
cannabis.

• T h e  evidence concern ing  a possib le link 
betw een  cannabis sm oking an d  C hronic  
O bstrucuvc Pulm onary D isease (C O PD ) has not 
yet been conclusively established. A  num ber o f 
studies indicate a causal relationship betw een the 
two w hereas o thers contradict these findings

• Research linking cannabis sm oking to the devcl 
opm ent o f  respirator)’ cancer exists although 
there have also been conflicting findings. N o t 
only does the tar in a cannabis cigarette contain  
many o f  the same know n carcinogens as tobacco  
sm oke bu t the concen tra tions o f these are up  to 
50°/o higher in the sm oke o f  a cannabis cigarette. 
It also deposits four times as much tai on the res­
piratory tract as an unfiltered cigarette o f  the 
same wieght. Sm okers o f  cannabis and tobacco 
have show n a greater increase in cellular a b n o r­
malities indicating a cum ulative effect o f  sm oking 
both.

• The T H C  in cannabis has been show n to have a 
short term  bronchodilator effect. T his has lead to 
suggestions that T H C  may have therapeutic b e n ­
efits in asthma. H ow ever, the noxious gases, 
chrom e airway irtitation o r malignancy after long 
term use associated with sm oking would seem like­
ly to negate these benefits.
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RECO M M EN D ATIO N S

F ro m  a clinical perspective  the main effects o f  
sm o k in g  cannabis  o n  the  lungs are increased risk 
o f  pu lm o nary  infections and respiratory cancers. 
B cnzpyrene, a k n o w n  consti tuen t  o f  the tar o f  
cannabis  cigarettes has  been show n to  p rom ote  
alterations in  one o f  the  m ost  c o m m o n  tum ou r  
suppressor genes, p53 , hence facilitating the 
d eve lo p m en t  o f  respiratory cancer. G e n e  p53 is 
thought to play a role in 75% o f  all lung cancers.

T h e  B r i t i s h  L u n g  F o u n d a t i o n  r e c o m m e n d s  
a p u b l ic  h e a l th  e d u c a t io n  c a m p a i g n  a im e d  
a t  y o u n g  p e o p le  to  e n s u r e  th a t  th e y  are  fully 
a w a r e  o f  t h e  i n c r e a s e d  r i s k  o f  p u l m o n a r y  
in f e c t io n s  a n d  r e s p i r a to r y  c a n c e r s  a s s o c ia t ­
e d  w i th  c a n n a b i s  s m o k in g .

T h e  increased  p o te n cy  o f  the  cannabis sm oked 
today com pared  to th e  cannabis sm oked  twenty- 
thirty years ago suggests that earlier studies may 
u nderestim ate  the effects o f  cannabis smoking. 
In addition the  lack o f  conclusive evidence c o n ­
cern ing  the link be tw een  cannabis sm oking and 
C h ro n ic  O b s t ru c t iv e  P u lm o n a ry  D isease 
(C O P D )  u n d e r l in e s  the  n ee d  fo r  fu r th e r  
research.

T h e  B r i t i s h  L u n g  F o u n d a t i o n  r e c o m m e n d s  
t h a t  f u r th e r  r e s e a r c h  is u n d e r t a k e n  to ta k e  
i n t o  a c c o u n t  t h e  i n c r e a s e d  p o t e n c y  o f  
t o d a y ’s c a n n a b i s  a n d  to  e s ta b l i s h  w h a t  l in k  
( i f  a n y )  th e re  is b e tw e e n  C O P D  a n d  c an n ab is  
sm ok ing .
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T H E  E F F E C T  O F  C A N N A B I S  S M O K I N G  

O N  R E S P I R A T O R Y  H E A L T H

1. SCCFE OF THIS REPORT AND BACKGROUND
11115 repo rt surveys the cu rren t m edical and scien­
tific research in to  the d irect effects o f  sm oking 
cannabis -  both  alone and in com bination  w ith  
tobacco -  on  the sm oker’s respiratory health. T h e  
report is divided in to  two parts the first part o u t­
lines the constituen ts o f  cannabis, the  am ount o f  
cannabis sm oked and the dynam ics o f  sm oking 
cannabis com pared  with tobacco. The second 
part surveys the findings o f  the existing published 
research into the biological effects o n  respiratory 
health o f  cannabis which is sm oked, both in the 
short-term  and long-term . Full references to  the 
individual publicauons arc included at the end  o f  
the report.

Prevalence o f cannabis smoking in UK
Cannabis is the m o st widely consum ed illegal d rug  
in the UK. by gross weight (it is estim ated that 
486,224kg were consum ed in 1998 — this is ro u g h ­
ly the w eight o f  7,000 people put tog e ther)*. It is 
often sm oked together w ith  tobacco although it 
can also be ingested in the form  o f  ‘hash cookies’ 
o r  taken as cannabis oil.

Percentage o f people in England and Wales 
to have 'ever’ taken cannabis

16-29 year olds 
16-59 year olds

Source: Annual Report on the UK Drug Siluatlon 2001. 
Drug Scope, London

Constituents o f cannabis
T h e  s m o k e  o f  th e  sam e q u a n t ity  o f  c a n n a b is  an d  

to b a c co  sm o k e  c o n ta in s  th e  sam e c o n s t itu e n ts  an d

quantities o f  chem icals know n to  be tox ic to respi­
rator)’ tissue as tobacco sm oke, apart from  n ico ­
tine2  3. This includes carbon m onoxide, bronchial 
irritants, tum our initiators, tum our prom oters and 
cancer-producing agents4. T ar from  cannabis cig­
arettes contains up to  50% higher concentrations 
o f  the carcinogens bcnzanthracenes and b cn - 
apyrcncs5  than tobacco sm oke6 78.

T here  arc  three m ain species o f  cannab is, 
Cannabis sativa, C annabis indica and Cannabis 
ruderalis. T he plant is also know n as hem p. As a 
d rug  o f  abuse it is either taken in the form  o f  
herbal cannabis (marijuana) w hich consists o f  the 
dried  leaves and female flow er heads o r as 
cannabis resin (hashish) w hich is the resin secret­
ed by the leaves and flower heads and  may be 
com pressed into blocks.

C annabis contains over 400 co m p o u n d s includ­
ing 60 different cannabinoids (plant derivatives 
unique to  cannabis) the m ost abundan t o f  w hich 
is tetrahydrocanabinol (Tl IQ . Tins accounts for 
the psychoactive properties o f  cannabis. It is 
highly soluble in fats and rapidly absorbed  in d ie 
respirator)’ and gastro in testinal tract lintng. T he  
intoxicaung effects depend o n  the way in which 
cannabis is taken -  b lood concen tra tions after oral 
ingestion arc onlv abou t 25-30%  to those  obtained 
w hen cannabis is sm oked9. A bou t 50%  o f  d ie 
T H C  in a cigarette o f  herbal cannabis is inhaled in 
the m ainstream  sm oke, nearly all o f  which is 
absorbed dirough the lungs, rapidly entering the 
bloodstream  and reaching the brain w ithin minutes.

A greater am ount o f  tar is inhaled from the 
cannabis cigarette b u tt rather than its dp. There is 
also a higher concentradon o f  carbon  m onoxide 
and T H C  in the sm oke from  the b u tt end. T he 
effect o f  the carbon m onoxide is to produce high 
concen tra tions o f  carboxyhaem oglobin  in the 
b lo o d 10, w hich in terferes w ith  the transport o f  
oxygen around the body, l i d s  is likely to  be due 
to  decreased filtration o f  insoluble particles and 
differential burn  rates. The clinical im plication o f  
this is that sm oking cannabis cigarettes down to 
the butt is more harmful than smoking a similar 
quantity o f cannabis cigarettes to a longer butt length .

5
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O th er cannabinoids w hich interact w ith  T H C  
although arc no t actually psychoactivc in them ­
selves are cannabid io l and cannabinol. T he 
am ounts and p ropo rtions o f  the various cannabi­
noids in each plant vary  from  strain to  stra in , and 
can be adjusted by breeding.

Caption

Amount o f Cannabis smoked
T H C  is present in varying concentrations in the 
stalks, leaves, flow ers and seeds o f  the  plant as 
well as the resin secreted by the female plant. This 
has an im pact o n  the po tency  o f  d ifferen t 
cannabis preparations. Furtherm ore, sophisticat­
ed cultivation  has increased the po tency  o f  
cannabis products over the last 20 years. W hereas 
the average cannabis cigarette o f  the 1960s and 
1970s contained abou t lOmg o f  T H C  today it may 
contain up  to 150m g o f  T H C , o r 300m g if laced 
with hashish o il" .  This m eans that the m odern 
cannabis sm oker may be exposed to greater doses 
o f  TH C  than in the 1960s and 1970s1* "■ which 
in turn m eans that studies investigating the long­
term  effects o f  sm oking cannabis have to  be in te r­
preted cautiously.

Cannabis and tobacco
C annabis resin, the  m ost com m only used  form  o f  
cannabis in die U nited K ingdom , is o ften  sm oked 
mixed w ith tobacco. A lthough this can confound 
research o n  the respiratory effects o f  sm oking 
pure cannabis, the  w ell-docum ented  co n se ­
quences o f  sm oking tobacco need therefore also 
be considered in the evaluauon of the effects o f

cannabis smoking on respiratory health.
It has been calculated that sm oking 3-4 cannabis 

cigarettes a day is associated w ith  the same evi­
d en ce  o f acute and chronic bronchitis and die 
sam e degree o f  dam age to th e  bronchial m ucosa 
as 2 0  o r m ore tobacco cigarettes a day14  1S.

Dynamics of smoking cannabis vs tobacco
Significant differences have been  no ted  in the 
dynam ics o f  sm oking cannab is and tobacco  
including an approximately tw o-thirds larger p u ff  
volum e, a one-th ird  greater dep th  o f  inhalauon 
and a fourfold longer breath-holding time with 
cannabis than with tob acco16. This m eans that 
there  is a greater respiratory burden o f  carbon 
m onoxide and smok particles than w hen  sm ok­
ing a similar quantity o f  tobacco. Similarly with 
tar, it has been estim ated that sm oking a cannabis 
cigarette results in a fourfold greater am ount o f  
::ir inhaled and retention in die respiratory tract o r 
onc-'h ird  m ore tar d ian sm oking a tobacco ciga­
re tte 17 (due to the longer breath  holding time for 
cannabis and differences in filtering characteristics 
o f  the two types o f  cigarette).

6



A Smoking Gun?

2. EFFECTS OF SMOKING CANNABIS ON 
RESPIRATORY HEALTH

The B ritish  M edical A ssociation  estim ates that 
sm oking a cannabis cigarette con tain ing  only 
herbal cannabis leads to an approxim ately fivefold 
increase in b lood carboxyhaem oglobin concentra­
tion (which is fo rm ed  by carbon m onoxide react­
ing w ith the oxygen carrying particle haem oglobin 
in red b lood cells, thereby reducing the transport 
o f  o x y g en .) '8.

W ithin m inutes o f  sm oking cannabis significant 
decreases in airway resistance and increases in spe­
cific airway conductance have been observed in 
healthy individuals, w hich persist for at least one 
hour ' 9 This is caused by T H C  w liich has subse­
quently been investigated for its possible thera­
peutic use in diseases such as asthm a (see below).

From  a clinical perspective, the main effects o f 
sm oking cannabis on  the lungs arc pulm onary 
infections and respiratory cancer.

Immune responses
Several studies indicate that sm oking cannabis has 
a negative effect on  die im m une system. T H C  has 
been show n to  decrease the function o f  several 
white b lood  cells (T  cells, natural killer cells and 
m acrophages) that help pro tec t the lungs against 
m icro-organism s20. A lveolar m acrophages in par­
ticular are im portan t in regulating lung im m unity 
and their central location in die lung’s air sacs 
means tha t they are exposed to  very’ large am ounts 
o f  cannabis sm oke.
Twice as many alveolar m acrophages as norm al 
have been found  to  be produced in the lungs o f 
cannabis sm okers and th ree times as m any in 
cannabis & to b acco  sm okers2'. T h ese  
m acrophages have been found to be considerably 
larger and contain  m ore  ingested particles d ian  is 
the case in non -sm okers22. They are also func­
tionally im paired in diat they are less likely to  kill 
tum our target cells2 3  and a variety o f  com m on 
fungal organism s and bacteria such as Candida albi- 
cans* 4 and  Candida pseudotropicalis2- (can cause 
d irush), Legionella pneumophila26 (can cause pneu ­

m onia) and Staphylococcus aureus27 (can cause food  
poisoning). M acrophagal ability to produce a v a ri­
ety o f  chemicals tha t play a key role in the im m une 
response to  infection and malignancy has also 
shown to  be im paired2*

A decreased im m une function  may explain why 
there appears to  be an association  betw een 
cannabis use and opportun istic  bacterial and fu n ­
gal pneum onias in patients with cancer29 and 
transp lan t30 31 patients as well as diose w ith 
hum an im m unodeficiency virus (FIIV) tnfcction32.

Inflammation
Visual in spection  o f  th e  central airway o f  
cannabis sm okers has show n increased redness, 
swelling and m ucous secretion by com parison to 
non-sm okers33  Sm oking tobacco in conjunction 
with cannabis appears to have an additive effect34 
33  A n increase in the n u m b er and size o f small 
blood vessels and replacem ent o f  the norm al cili­
ated surface lining cells (w ith hair-like projections) 
by m ucus-secreting cells have also been observed. 
Tliis may explain why cannabis sm okers tend to 
suffer from  chronic cough and phlegm  as there 
may n o t be sufficient ciliated cells to rem ove the 
m ucus from  the airways.
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Chronic Obstructive Pulmonary Disease, 
COPD
C O P D  is an um brella term  for conditions such as 
em physem a and chroruc bronchitis. T he evidence 
that C O P D  j m osdy sm oking related is already 
well established. C urrcndy m ore dian 32,000 p e o ­
ple die from  C O P D  every’ y’ear in die UK.


