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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-

http .V /ajrcm b.atsjoum als.org/cgi/content/full/20/6/1286 12/30/2004
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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 ;

V iew  la r g e r  ve rs ion  (23K): 
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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):
[ in  this w in dow ]

[ 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

http ://ajrcm b.atsjoum als.O rg/cgi/conlent/fuIl/20/6/1286 12/30/2004
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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
/ y -

A ,

V iew  la rg e r  ve r s io n  ( 14K): 
[in this w indow)

[in a new w in dow ]

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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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

V iew  l a r g e r  v e r s io n  (18K): 
[ in  this w in dow ]

[ in  a new w indow ]

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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TABLE 2
View this table: Lung alveolar macrophage oxidative stress 
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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

<*• Top 
a  A bstract 
a Introduction

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-

littp://ajrcm b.alsjournals.org/cgi/content/fuII/20/6/I286 12/30/2004
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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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Respiratory Effects of Marijuana and Tobacco Use in a  U.S. Sample
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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..
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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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Prevention O ncology
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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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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).
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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.

• / I

t

Caption

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.
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T here is a lot o f  evidence that the long-term  
effects o f  habitual cannabis sm oking include a sig­
nificantly higher prevalence o f  chronic and acute 
respiratory sym ptom s such as chronic cough, 
chronic sputum  p rodu ction , w heeze and acute 
bronchitis ep isodes36 57 3a 3I> by com panson to 
non-sm okers. T here  is evidence o f  a cum ulative 
effect o f  sm oking cannabis and tobacco in two 
studies40 4 1 although no t in ano ther42.

Some studies indicate that yout g cannabis sm ok­
ers may be at risk o f  developing obstructive a ir­
way disease in later life43 44. This is supported  by 
animal sn idics in w hich dogs43, m onkeys46 and  
rats47 48 have been exposed to  varying doses o f  
cannabis fo r 12-30 m onths and suffered dam ag- 
to  die sm aller airway w hich is a major site o f  injury 
in tobacco-related C O P D  as well as acute and 
chronic pneum onia. H ow ever, other studies c o n ­
tradict a causal relationship between sm oking 
cannabis and C O P D 40 30 31. Regular cannabis 
sm oking has been associated with em physem a in 
som e studies32 33 b in  no t so in others34 33  . T hese 
studies arc. how ever non-conclusive as they did 
n o t distinguish betw een sm oking only cannabis 
and sm oking cannabis together w ith tobacco. 
They also only involved a relatively small num ber 
o f  participants. A further study involving '.its 
exposed to  increasing doses o f  cannabis fo r 6  
m onths did not display any evidence o f  cm physe 
m a although this was the case in rats exposed to  
tobacco sm o k e36.

P’urtlier rcsca.ch in this area is necessary to p r o ­
vide m ore conclusive results.

Respiratory c.mcer
M ore people  c1 : o f  lung cancer in the U K  than 
from  any o th er cancer -  m ore than 34,000 people 
die every year in d ie UK.

As already m entioned, the tar from a cannabis 
cigarette contains many o f  the same (and even 
higher co n cen tra tio n s  of) carcinogenic c o m ­
pounds found in cigarette smoke and deposits 
four times as m uch tar on the respiratory tract in 
com parison to an unfiltcred cigarette o f  the same 
weight. T h is amplifies the exposure o f  cannabis 
sm okers to particles diat are know n to be involved

in the developm ent o f  lung cancer.

'liic re  arc a num ber o f  case studies (over 75) 
reporting cancers o f  the acro-digesdve tract in 
young adults with a history o f  cannabis use 37 38 
59 00 61 62 63 w hich are rare in adults u n d er the age 
o f  60 although the exact cause o f  these cancers is 
n o t clearly identifiable as m any o f  the cases also 
used alcohol and tobacco. A retrospective study 
undertaken in the U nited S ta tes6* did no t find a 
link between sm oking cannabis and tobacco-relat­
ed cancers bu t it has been suggested th a t the time 
span investigated may no t have been sufficient to 
study the long-term effects6 3  There is clearly a 
need for m ore epidemiological research in  this area

Caption

cells) which rue p rom oted  a n d /  or in teract w ith 
environm ent; 1 nd genetic factors. It is therefore 
o ften  not cleat what die exact cause o f  a particu­
lar cancer may be.

Research suggests that cannabis m ight co n ­
tribute to cancer by m anipulating th e  genetic 
m akeup o f  cells. For lung cells to transform  into 
cancerous cells, a specific com bination  o f  genes 
that regulate cell grow th m ust be activated (in the 
case o f  oncogenes) a n d / o r m utate (in the  case ot 
tum our suppressor genes). T H C  has been  shown 
to increase the p-oduction  o f  a chem ical particle 
(CYP1A1) that is responsible for causing bcn- 
zpyrene (a consiit lent o f  cannabis sm oke) to p ro ­
m ote alterations in one o f  the m o st com m on

As it is, the devclopme l.. cancer is a m ulustcp 
process com posed  o f  sequential alterations tr  
genom ic D N A  (die genetic material con tained  i*.
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tum our suppressor genes, p53 thereby facilitating 
the developm en t o f  respiratory cancel66 67. The 
gene p53  is th o u g h t to play a role in  75%  o f  all 
lung cancers68 and has been found to  be expressed 
in 1 1 %  o f  individuals w ho  sm oke cannabis and 
tobacco69 O th e r studies looking at the effect of 
tar in cannabis sm oke on  anim als70 7 1 72 also ind i­
cate a correlation between cannabis and  resp ira to ­
ry cancer.

An increase in cellular abnormalities las also 
been observed in cannabis sm okers by com pari­
son to  non-sm okers73 74 A bnorm alities include 
an increase in the p roduction  o f  m ucus producing 
cells (goblet cells) and reserve cells, tran sfo rm a­
tion o f  ciliated cells into cells that resem bic skin 
(squam ous m etaplasia), an accum ulation  o f 
inflam m atory cells and abnorm alities in the cell 
nuclei. N uclear alterations and squam ous m eta­
plasia have been described as p recursors to the 
developm ent o f  lung cancer in tobacco  sm okers 5 
In addition , sm okers o f  cannabis and tobacco 
have show n a greater increase in cellular ab n o r­
malities indicating an additive effect.

Oral soft tissues
The effects o f  tobacco sm oking o n  oral so ft tis­
sues have been well docum ented bu t there is little 
data available on  the effects o f  cannabis smoking. 
H ow ever, there are som e case repo rts  that heavy 
cannabis use is associated w ith cancer o f  the 
tongue76 77 larynx78 and lu n g '9.

Other lung conditions
T here have been isolated reports o f  spontaneous 
pneum othorax  (breaches o f  the lungs causing gas 
in the lung cavity leading to com pression  o f  the 
lungs) and pneum om ediastinum  (breaches o f  the 
lungs causing gas in the cavities o f  the respiratory 
tract) associated tem porally w ith  the use o f  
cannabis80 81 82 w hich are thought to  be caused by 
deep inhalation o f  cannabis sm oke to enhance 
absorp tion  o f  T H C  and hence the  intoxication 
caused by it83. D eep inhalation coupled with 
direct pulm onary toxicity from  com ponen ts in 
cannabis in susceptible sm okers has also been

im plicated with th e  form anon o f  large lung bullae 
(watery blisters) in the u p p er respiratory a rea84.

Contamination o f cannabis
T here has been a report o f  chron ic  cannabis 
sm oking leading to  necrotizing pulm onary  granu- 
lotnata (these are changes in  the lungs a t cellular 
level which may prevent the lungs from  w orking as 
they should ) 83 as a result o f  possible fungal c o n ­
tam ination of cannabis.

Health care utilization by cannabis smokers
This has been assessed tit an -pidcm iological study 
in w hich cannabis sm okers w ho had never sm oked 
tobacco were com pared  w ith  n o n -sm o k ers86. 
F requent cannab is sm okers show ed a slight 
increase in ou tpatien t visits for respiratory  and 
othci illnesses com pared w ith  non-sm okers as well 
as a small increased risk o f  hospitalization.

Potential therapeutic benefits
The bronchod ila to r effects o f  T l !C in cannabis 
have also been found  in the case o f  asthm atics 
w ith m ild to  m o d era te  airway o b s tru c tio n  
although no t to the same extent as in healthy p eo ­
ple87 This has led to suggestions tha t T l IC m ight 
have therapeutic benefits in asthma. I low cvcr, the 
noxious gases, chron ic airway irritation o r malig­
nancy after long-term  use associated w ith sm oking 
would seem likely to negate these benefits over the 
long term. O ral intake o f  T H C  has also show n to  
cause unw anted side-effects such as central nerv­
ous system intoxication and an excessive increase 
in heart rate88 89 Furtherm ore, tolerance to  the 
bronchodilator effects o f  T H C  has been d em o n ­
strated after several weeks o f  use90.
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Pulmonary hazards of smoking marijuana as compared with 
tobacco.

Wu TC, Tashkin DP, Djahed B, Rose JE.
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Med ic ine 90024.

To compare the pulmonary hazards o f  smok ing marijuana and tobacco, we 
quantif ied the relative burden lo the lung o f  in so lub le  particulates (tar) and 
carbon monoxide from the smoke o f  s im i la r  quantit ies o f  marijuana and 
tobacco. The 15 subjects, a ll men, had smoked both marijuana and tobacco 
hab itua l ly  for at least f ive years. We measured each subject's blood 
carboxyhemoglob in level before and afler smoking and the amount o f  tar 
inhaled and deposited 111 the respiratory tract from the smoke o f  single f i lter­
tipped tobacco cigarettes (900 to 1200 mg) and marijuana cigarettes (741 to 
985 mg) containing 0.004 percent or 1.24 percent delta 9-tetrahydrocanabino 
As compared with smoking tobacco, smoking marijuana was associated with 
nearly f ive fo ld  greater increment in the b lood carboxyhemoglob in level, an 
approximately threefold increase in the amount o f  tar inhaled, and retention 1 
the respiratory tract o f  one third more inhaled tar (P less than 0.001). 
S ign if ican t d ifferences were also noted in the dynam ics o f  smoking marijuan 
and tobacco, among them an approximate ly two-thirds larger p u ff  vo lume, a 
one-third greater depth o f  inhalation, and a fourfo ld longer breath-holding lir 
w ith marijuana than w ith tobacco (P less than 0.01). Smoking dynam ics and 
the de live ry  o f  tar during marijuana smoking were on ly s l igh t ly  influenced b 
the percentage o f  tctrahydrocanabinol. W e conc lude that smoking marijuana, 
regardless o f  tetrahydrocannabinol content, resu lts in a substantia l ly greater 
respiratory burden o f  carbon monoxide and tar than smoking a s im ila r quanti 
o f  tobacco.
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Pulmonary complications of smoked substance abuse.

T a s h k i n  [>P.

Department o f  Med ic ine , Univers ity o f  Californ ia , School o f  Med ic ine , Los 
Ange les 90024.

After tobacco, marijuana is the most w ide ly  smoked substance in our society 
Studies conducted w ith in the past 15 years in animals, iso lated tissues, and 
humans indicate that marijuana smoke can injure the lungs. Habitual smokin 
o f  marijuana has been shown to he associated w ith chron ic respiratory tract 
symptoms, an increased frequency o f  acute bronchitic episodes, extensive 
tracheobronchial epithelial disease, and abnormalit ies in the structure and 
function o f  a lveo lar macrophages, key ce l ls  in the lungs' immune defense 
system. In addition, the ava ilab le evidence strong ly suggests that regu lar ly 
smoking marijuana may predispose to the development o f  cancer o f  the 
respiratory tract. "Crack" smoking has become increas ing ly prevalent in our 
society, especia lly among habitual smokers o f  marijuana. New evidence is 
emerging implicating smoked cocaine as a cause o f  acute respiratory tract 
symptoms, lung dysfunction , and, in some cases, serious, life-threatening act 
lung injury. A strong physician message to users o f  marijuana, cocaine, or be 
concerning the harmful effects o f  these smoked substances on the lungs and 
other organs may persuade some o f  them, espec ia lly  thos^ w ith drug-related 
respiratoiy complications, to quit smoking.
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C oncurrent tobacco  and m arijuana use m ay ham per c igarette  
sm oking cessation
Tobacco smokers who also smoke marijuana may be less likely to quit smoking tobacco and less likely io 
try to quit than those who do not smoke marijuana, according to a study by researchers al The Johns 
Hopkins University. Dr. Daniel Ford and colleagues interviewed 431 adults who had reported being current 
tobacco smokers in a study conducted 13 years earlier In the basolino interview, more than 40 percent of 
the participants reported having smoked marijuana, with more than 25 percent reporting using it within tho 
previous 30 days (recent use) and nine percent reported daily use lor two weeks or more At the 13-year 
follow-up. 79 percent of participants who had reported smoking tobacco at baseline were still smoking it

Recent and dan/ use ol marijuana at baseline wore more predictive of continued tobacco smoking than use 
of marijuana more than a month prior to baseline Participants who reported recent use were about twice as 
likely to continuo to smoke tobacco 13 years later compared those who did not use mariiuana within the 
preceding 30 days Those who reported daily marijuana use wore over three times more likely to slill smoke 
tobacco. About 66 percent of recent marijuana users reported trying to quit tobacco during the following 13 
years compared to 80 percent of those who had never used manjuana

WHAT IT MEANS These findings suggest that marijuana use may interfere with tobacco cessation 
attempts. However, there is no evidence that marijuana use can substitute for tobacco use

This study, funded by the National Institute on Drug Abuse, was published in tho August 2002 issue of Drug 
and Alcohol Dependence

The National Institute on Drug Abuse (NIDA) is a component ol the National Institutes ol Health, U S. 
Department of Health and Human Services. NIDA supports more than 85 percent of the world's research on 
the health aspects of drug abuse and addiction. The Institute carries out a large variety of programs to 
ensure the rapid dissemination of rosearch information and its implementation in policy and practice Fact 
sheets on the health effects of drugs of abuse and other topics are available in English and Spanish These 
fact sheets and further information on NIDA research and other activities can be found on the NIDA home 
page at http:y/www.drugabuse gov.
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F rom  N i l  I/National Institu te on Drug Abuse

C o n c u r r e n t  t o b a c c o  a n d  

m a r i j u a n a  u s e  m a y  h a m p e r  

c i g a r e t t e  s m o k i n g  c e s s a t i o n

Tobacco smokers who a lso  smoke marijuana may be less l ik e ly  to 
quit smok ing  tobacco and less l ik e ly  to try to quit than those who do 
not smoke marijuana, accord ing to a study by  researchers at f l i c  
Johns Hopkins Un ive rs ity  Dr. Daniel Ford and co lleagues 
in terv iewed 431 adults who had reported being current tobacco 
smokers in a s tudy  conducted 13 years earlier. In the baseline 
in terv iew , more than 40 percent o f  the participants reported having 
smoked marijuana, w ith more than 25 percent reporting us ing  it 
w ith in the p revious 30 days (recent use) and nine percent reported 
d a i ly  use for two weeks or more. A t the 13-ycar follow-up. 79 percent 
o f  partic ipants who had reported smok ing tobacco at base line were 
s t i l l smok ing it.

Recent and d a i ly  use o f  mari juana at base line were more pred ictive o f 
continued tobacco smok ing than use o f  marijuana more than a month 
prior to baseline. Participants who  reported recent use were about 
tw ice as l ik e ly  to continue to smoke tobacco 13 years later compared 
those who did not use mari juana w ith in the preceding 30 days. Those 
who reported d a i ly  marijuana use were over three times more l ik e ly  
to st i l l smoke tobacco. About 06 percent o f  recent marijuana users 
reported try ing to quit tobacco dur ing  the fo l low ing 13 years 
compared to 80 percent o f  those who had never used marijuana.

W HAT IT  M EANS : These f ind ings suggest that marijuana use may 
interfere with tobacco cessation attempts. However, there is no 
ev idence that marijuana use can subst itu te for tobacco use.
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This study, funded b y  the National Institute on Drug Abuse, w as 
published in the August 2002 issue o f  Drug and A lcoho l Dependence.

The National Institu te on Drug Abuse (N IDA ) is a component o f  the 
National Institu tes o f  Health, U.S. Department o f  Health and Human 
Services. N ID A  supports more than 85 percent o f  the world's research 
on the health aspects o f  d rug abuse and addiction. The Institute 
carries out a large varie ty o f  programs to ensure the rapid 
d issem ination o f  research information and its implementation in 
po l icy  and practice. Fact sheets on the health effects o f  drugs o f  abuse 
and other topics arc ava i lab le  in Eng l ish  and Spanish. These fact 
sheets a; J further in formation on N ID A  research and other activ it ie s 
can he found on Ihe N IDA  home page at http://www.drugahuse.gov.
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Abstract

A lthough the majoni> o f  cannabinoid users smoke marijuana, the preponderance o f
laboratory animal ic arch is based on administration o f  A9-tetrahydrocannabinol (A9-MIC) 
or other cannabinoid agents via injection. The aim o f  the present s tudy  was to eva luate the 
impact o f  inhaling marijuana, or ethanol-extracted placebo smoke in the mouse model o f  
cannabinoid actix it\ by assessing inh ib it ion o f  spontaneous acti\ iiy , antinociception, 
cata lepsy, and bod\ temperature. In order to detemnnc dosimetry, b lood leve ls  o f  A9-THC 
were obtained follow mg either ma juana exposure or intravenous in jection o f  A -THC. 
Inhalation exposure to marijuana produced dose-related increases in antinociccption and 
cata lepsy, w ith es iimaied KD?0 doses o f  A9-THC o f  2.4 and 3.8 mg/kg, respectively.
However, hypotheimia and locomotor depression occurred in both the placebo- and 
marijuana-exposed m ue . T h eC B j receptor antagonist, SR 141716A antagonized the
antinociceptive effects o f  marijuana (ADS()=0.6 mg/kg), hut on ly s l igh t ly  decreased
marijuana-induced catalepsy, and failed to alter either the hypotherm ic or locomotor 
depressive effects. In contrast, SR 141716A  antagonized the antinociceptive, cataleptic, and
hypotherm ic e ffec ts  o f  in travenously administered A9-THC in mice that were exposed to air 
alone, though all sub jec ts  exhib ited locomotor depression, poss ib ly  related to the restraint. In 
accordance w ith reports  o f  others, these data suggest that exposure to smoke alone has
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pharmacological consequences. Our findings also indicate that marijuana-induced 
antinociccption is mediated through a CB,-receptor mechanism o f  action and arc consistent

with the notion that A9-THC is mainly responsible for this effect.

A u t h o r  K eywords: Marijuana smoking; Cannabinoid; A9-THC; SR 14I716A; 
Antinociccption; An. lgesia; Catalepsy; Hypothermia

®  Corresponding oi:nor Tel.: +1-804-8288480; fax: +1-804-8282117; email:
alichtma(r/,hsc.vci:... ■ ■..

Feedback | Terms 8> C ->.1 s I Privacy Policy
Copyright ©  2005 Els- • . All rights reserved. Sci»nceDirect® is a registered trademark of Elsevier B.V.

D r u g  a n d  A l c o h o l  D e p e n d e n c e
Volume 63, Issue 2 , l ily 2001, Pages 107-116 T h is  D o c u m e n t

► A b s t ra c t
• pyll Text f  Links
• PDF (178 K)

A c t io n s
• E-mail Article

Home ][ Journal'. I'w Abstract D a taba se s  || My Profi le ]| Alerts j (2) Help

http://www.sciencediieci coin/science?_ob=ArticleURL&_ud’>B6T63-433P7N2-l&_covc... 3/13/2005

http://www.sciencediieci


Researchers At UCLA's Jonsson Cancer Center Report Smoking Marijuana May Increase... Page 1 o f  2

Source: University O f California, Los Angeles Health Sciences

Date: 1999-12-20
URL: h(tp://vyww sciencedaily.com/relcases/1999/12/991220082058.htm

Print this page j

R esearchers  At LICI A's Jonsson Cancer C en ter  Report Sm oking  
M arijuana M ay increase Risk O f  Head A nd Neck Cancers

Researchers at UCLA 's Jonsson Cancer Center arc reporting, for the first time, that smok ing marijuana 
may increase the risk o f  head and ncek cancers.

Resu lts o f  a . ep idem io log ica l s tudy o f  more than 340 people arc outl ined in an artic le published in 
today’s (Dec. 17) edition o f  Ihe peer-reviewed jou rna l Cancer Ep idem io logy B ion iarker and Prevention.

Prev ious laboratory and c l in ica l s tud ies have indicated that marijuana use m ay  be related to molecu la r 
a lterations in the respiratory tract, changes that may lead to cancer. Th is is the first s tudy to examine 
whether smok ing mari juana increases risk o f  head and neck cancers, said Dr. Zuo-Fcng Zhang o f  
U C LA ’s Jonsson Cancer Center, a p ro f:sso r in the Department o f  Ep idem io logy in the UCLA  School o f  
Public Health and director o f  the cancer ep idem io logy training program at 1 -TLA.

"Most people don't think about marijuana in relationship to cancer," said Zhang , lead author o f  the 
journal ar' -lc. "The carcinogens in marijuana arc much stronger than those in tobacco. The b ig  message 
here is that marijuana, l ik e  tobacco, can cause cancer."

Zhang stud ied the relationship between marijuana use and head and neck cancers in 173 patients 
d iagnosed w ith those d iseases. He compared those f indings to 176 cancer-free control patients, and 
found that those who hab itua l ly  smoked mari juana were at h igher risk for head and neck cancers.

'I he ep idem io log ica l data was co llec ted u s ing  a structured questionnaire, wh ich  queried patients about 
their histories o f  tobacco smok ing , marijuana smoking and alcohol use. Zhang  said researchers were 
ab le lo eva luate the data on marijuana smok ing independently from data on tobacco smok ing and 
alcohol use, wh ich  also increase the risk o f  certain cancers.

The resu lts o f  the study arc part icu lar ly important now, Zhang sa id , as hab itua l marijuana smokers from 
the 1960s reach o lder ages. Because head and neck cancers -- cancers o f  the mouth, tongue, larynx and 
pharynx — take m any years to deve lop , people who smoked large amounts o f  marijuana in tho 1960s 
may ju s t  now be contracting head and neck cancers, Zhang said.

"In the ’60s, we had very high numbers o f  people in their 20s smok ing marijuana," Zhang said. "These 
people are ju s t  now getting to the ages at wh ich  they w il l  get head and neck cancers. This is the time to 
study a r isk like this."

The more times per day a person smokes marijuana, the greater his or her r isk o f  head and neck cancers, 
accord ing to the study . A dd it iona l ly , people who use marijuana hab itua l ly  for many years a lso increase 
their r isk o f  head and neck cancers, Zhang said. ,
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" I f  y o u  s m o k e  a little, y o u r  r isk  inc rea se s  a l it tle ,"  Z h a n g  said. " I f  you  s m o k e  a  lot, y o u r  risk inc reases  a 
lot."

•  M a ri ju a n a  is th e  m o s t  c o m m o n ly  u se d  illegal d ru g  in the  U n i te d  S tates , Z h a n g  sa id . It is e s t im a ted  that 
a b o u t  31 pe rc en t  o f  the  U.S. p o p u la t io n  12 y e a rs  o r  o ld e r  has  u sed  m a r i ju an a ,  a c c o rd in g  to  the jo u rn a l  
artic le .

Z h a n g 's  resea rch  b u i ld s  on  p rev io u s  s tu d ie s  o f  m a r i ju a n a  and  c a n ce r  r isk . A n  art ic le  by  U C L A  c a n ce r  
re sea rch e rs  p u b l ish e d  in the  A ug . 19, 1998. i s su e  o f  the  Journal  o f  the N a tio n a l  C a n c e r  Institu te  s tated 
that hab itua l sm o k in g  o f  m a r i ju an a  a n d  c rack  c o c a in e  c au se s  the  sa m e  k in d s  o f  m o le c u la r  ch a n g es  that 
p re c e d e  the  d e v e lo p m e n t  o f  lun g  c a n c e r  in c ig a re t te  sm o k ers .

" N o w  w e  h a v e  e v id e n c e  that m a y  link m a r i ju a n a  s m o k in g  to h e a d  and n eck  c a n c e rs ,"  Z h a n g  said. " M a n v  
p e o p le  m a y  th ink  m a r i ju a n a  is  ha rm less ,  but it's not."

In add i t io n , the e p id e m io lo g ic a l  s tu d y  and  the  s u b s e q u e n t  jo u rn a l  a rtic le  a lso  to u c h  on  the  inter, 'ay  
b e tw e e n  m a r i ju a n a  sm o k in g  a n d  the g ene tic  d e fe c t  tha t p rev e n ts  D N A  from  re p a ir in g  i t s e l f  S o m e  
m a r i ju a n a  sm o k e r s  w i th  th is  g en e tic  d e fec t  m ig h t  not h a v e  the ability  to  rep a ir  D N A  d a m a g e  p ro m p ted  
by  th e  habit. Z h a n g  sa id  th ese  peo p le  a re  a bo u t  16 t im e s  m ore  likely to d e v e lo p  head  a n d  neck c an ce rs  
than  n o n -m a r i ju an a  s m o k e rs  w h o se  D N A  re p a ir  fu nc t io n  is op era tin g  n o rm a lly .

Z h a n g  said  larger  e p id e m io lo g ic a l  s tu d ie s  a re  n e e d e d  to rep lica te  the re su l ts  o b ta in e d  by  IJC L A  c a n ce r  
resea rchers .  O n e  su c h  s tud y , funded  b y  the N a tio n a l  Institu tes  o f  1 lealth , is b e in g  con d u c te d  now at 
U C L A .

• ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
This story has been adapted from a news release issued by University O f California. Los Angeles Health
Sciences.
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Marijuana is the mosl common ly used i l lega l drug in the United Slates. In 
some subcu ltures, it is w ide ly  perceived to he harmless. A lthough the 
carcinogenic properties o f  marijuana smoke are s im i la r  to those o f  tobacco, no 
epidem io logica l stud ies o f  the re lationship between marijuana use and head 
and neck cancer have been published. The relationship between mari juana use 
and ! cad and neck cancer was investigated by a case-control s tudy o f  173 p rev ious ly  untreated cases 
with patho log ica lly confirmed d iagnoses o f  squamous ce l l carc inoma o f  the head and neck and 17b 
cancer-free controls at Memoria l Sloan-Kettering Cancer Center between 1992 and 1994. 
Ep idem io logica l data were co llected by using a structured questionnaire, wh ich  inc luded history o f  
tobacco smoking, a lcohol use, and marijuana use. The associations between marijuana use and head and 
neck cancer were ana lyzed by Mantel-Haenszel methods and log is tic regression mode ls . Contro lling for 
age, sex, race, education, alcohol consumption, pack-years o f  cigarette smok ing , and pass ive smoking, 
the risk o f  squamous ce l l carcinoma o f  the head and neck was increased w ith  mari juana use [odds ratio 
(OR) comparing ever w ith  never users, 2.6; 95% confidence interval (Cl), 1.1 6 .6 ]. Dose-response
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relationships were observed for frequency o f  marijuana use/day ( 3 for trend <  0.05) and years o f  
marijuana use ( P  for trend < 0.05). These associations were stroi >er for sub jec ts who were 55 years o f  
age and younger (OR, 3.1; 95% C l, 1.0-9.7). Possible interaction effects o f  marijuana use were observed 
w ith cigarette smoking, mutagen sensit iv ity , and to a lesser extent, alcohol use. Our resu lts suggest that 
marijuana use may increase the risk o f  head and neck cancer w ith a strong dose-response pattern. Our 
analysis indicated that marijuana use may interact w'ith mutagen sens it iv ity  and other risk factors to 
increase the risk o f  head and neck cancer. The results need to be interpreted w ith  some caution in 
draw ing causal inferences because o f  certain methodologica l lim itations, e spec ia lly  w ith regard to 
interactions.

► Introduction

Marijuana is the second most common ly smoked substance in the United 
States after tobacco (I , 2). It is estimated that 31% o f  the United States 
population 12 years or o lder in 1992 had ever used marijuana (3). Studies 
conducted within the past two decades in experimental an imals and humans 
indicate that marijuana smoke can in jure the lung and respiratory tract (4). In 
humans, habitual smok ing o f  marijuana has been shown to be associated with symptoms o f  chronic 
bronchitis, an increased frequency o f  acute bronchitic episodes, extensive tracheobronchial epithelia l 
histopathology in c lud ing  alterations correlated with the subsequent development o f  malignancy in 
tobacco smokers (5), DNA  in jury (6) ,  and abnormalit ies in the structure and function o f  a lveo lar 
macrophages, key ce l ls  in the immune defense system o f  the lung (7 , 8) .  Further ev idence also suggests 
that marijuana may predispose to the development o f  cancer o f  the respiratory tract (9). For example, 
the tar phase o f  marijuana smoke contains some o f  the same carcinogenic compounds found in tobacco 
smoke, such as phenols and po lycyc l ic  aromatic hydrocarbons, inc lud ing ben/o[t/]pyrene, which is 
present in «50% higher concentration in marijuana tar than in the tar from a comparable amount o f  
unfiltered tobacco (10). In addition, a sing le marijuana cigarette deposits four times as much tar in the 
respiratory tract as lhal deposited from a sing le filtered tobacco cigarette o f  approximately the same 
weight ( I I ) .  The higher content o f  carcinogenic po lycyc l ic  aromatic hydrocarbons in marijuana smoke 
and the greater deposit ion o f  marijuana tar in the lung act together to amp lify  exposure o f  the marijuana 
smoker lo carcim gens in the particulate phase. F ina l ly , pre lim inary in  v i t r o  studies in vo lv ing  mixed 
reactions o f  antigen-presenting dendrit ic ce l ls  and T lymphocytes (12) and tn  v i v o  s tud ies using a murine 
model o f  an immunogen ic carcinoma o f  the lung (12. 13) suggest that A9-tctrahydrocannabinol, the 
major psychoactive ingredient in marijuana smoke, impairs immune responses to tumor antigens. A 
recent paper reported that habitual marijuana (and/or cocaine) smokers exhib ited more mo lecu lar genetic 
abnormalities than nonsmokers (14). The study suggested that smoking marijuana and or cocaine, l ike 
tobacco smoking, exerts f ie ld  canceri/ation effects on bronchial epithelium, w hich may place 
marijuana/cocaine smokers at increased risk for the subsequent development o f  lung cancer.

The above-cited b io log ica l evidence pointing to a carc inogenic role for marijuana is supported by 
several case-series reports, indicating an unexpectedly large proportion o f  mari juana users among
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selected cases o f  upper aerod igest ive tract cancer. Since 1986, a total o f  74 anecdotal cases o f  head and 
neck cancer with a h istory o f  man juana use have been reported in medica l literature (15, 16, 17, 1 8, 19, 
20, 21, 22, 23, 24). The characteris t ics o f  these marijuana-exposed malignancies o f  the upper 
aerodigestive tract inc lude young age at d iagnosis (<55 years old), extensive fie ld cancerization, and 
aggresr :ve b io log ica l behavior. A lthough causal inference cannot be made d irec t ly  from uncontrolled 
case-series studies, these case reports suggest a need for in-depth epidem io log ica l investigations o f  ihe 
relationship between mari juana use and the risk o f  cancers o f  the upper aerodigestive tract.

In the on ly published ep idem io log ica l study o f  marijuana use and cancer incidence, the authors reported 
posit ive associations between l ife t ime marijuana use (six or more occasions) and both prostate and 
perhaps cerv ica l cancer among nonsmokers o f  tobacco cigarettes. No association was observed betw een 
marijuana use and all tobacco-related cancers (25). Unfortunately , the spec if ic relationship between 
marijuana use and cancers o f  the head and neck, those sites most l ike ly  to be affected by marijuana use 
along w ith  lung, was not explored independently. Moreover, sub jects in the latter s tudy (25) may not 
have been fo llowed long enough for adequate assessment o f  an effect o f  marijuana on cancer risk. In 
addition, there may not have been enough exposure to marijuana to observe an effect in this population.

The aim o f  the present case-control s tudy was to examine the association between marijuana use as 
derived from questionnaire data and head and neck cancers, ontro lhng for other known risk factors for 
the d isease, inc lud ing cigarette smok ing and alcohol drinking. We also examined the possib le gene- 
environment interaction between marijuana use and mutagen sen s it iv ity , as w e l l as interactions w ith 
other known risk factors for head and neck cancer. Mutagen sens it iv ity  is considered a predisposition 
marker o f  cancer risk (26.27, 28, 29). Defects in one or more steps o f  the DNA  repair process may play 
a s ign if ican t role in environmental carcinogenesis , and the extent o f  such defects may be partia lly 
responsible for suscep t ib i l i ty  or resistance to environmental mutagens (30). Mutagen sensit iv ity tests 
are indirect indicators o f  DNA repair competence. B leomycin , a radiom imetic agent, was used as the lest 
mutagen to eva luate the rates o f  induced chromosome breakage as a crude indicator o f  the response to a 
genotoxic agent (31 , 32).
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C ases and Controls.
Untreated new patienL w ith a h is to log ica l ly  confirmed d iagnosis o f  first 
primary squamous cell carc inoma o f  the head and neck, seen at Memoria l 
Sloan-Kettering Cancer Center from 1992 to 1994, were considered as cases in 
this study. We approached 192 patients, and 173 agreed to participate. Sites o f  
d isease were c lass if ied by  the American Joint Committee on Cancer criteria and coded by the 
International C lass if ica t ion o f  D iseases Vers ion 9 (ICD-9). The tumor sites included lip (1CD-9, 140; it 
2), tongue (1CD-9, 141; « = 52), sa l iva ry  g lands (ICD-9, 142;//= 1.metastatic lesion, squamous cell 
carcinoma), gum(lCD-9, 143;//= 13), floor o f  mouth (ICD-9, 144;//= 15), other parts o f  the mouth 
(ICD-9, 145;//= 11), oropharynx (ICD-9, 146;//= 12), nasopharynx (ICD-9, 147;// = 2, squamous cell 
carcinomas), hypopharynx (ICD-9, 148. // = 13), other oral cav ity  (ICD-9, 149; // = 2), esophagus (ICD-
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9, 150; /i = 1), nasal cav it ie s (ICD-9, 160;«= 1), and larynx (ICD-9, 161; n  = 48). Age- and scx- 
frequency matched contro ls were identif ied for this study. Contro ls were w ithout a h istory o f  cancer and 
were identified from the Blood Bank Center o f  Memoria l Sloan-Kettcring C a n ^ r  Center dur ing  the 
same period. We approached 196 b lood donors, and 176 agreed to participate in the study.

Data Collection.
The study was approved by the Institutional Research Board on Human Sub jec ts  o f  Memoria l Sloan- 
Kettering Cancer Center. A l l cases and controls w ere asked to s ign an in formed consent form i f  they 
agreed to participate in the study , to complete a structured questionnaire, and to donate a sample o f  
blood. The questionnaire requested information on the fo l low ing  variab les: age, gender, race, year and 
place o f  birth, re lig ion , fam i ly  income, and education; average number o f  tobacco cigarettes 
smoked/day, years o f  smoking , age at initiation o f  smoking; exposure to env ironmenta l tobacco smoking 
(at home and at w'ork); a lcohol consumption, types and frequency o f  a lcohol consumption; occupational 
and environmental exposures; fam i ly  history o f  cancer; sexual history; med ica l h istory; and oral 
hygienic history. In addition, a ll sub jec ts w'erc asked i f  they had ever used marijuana. I f  they responded 
yes, subjects were asked the average number o f  times they smoked/day and the number o f  years o f  
marijuana use.

M utagen-Scnsitivity A ssay.
A total o f  91 patients and 131 contro ls prov ided a b lood specimen for the assessment o f  mutagen 
sensitiv ity. I lie mutagen-sensitiv ity assay used in this study has been described in detail p revious ly 
(33) . A peripheral b lood sample (10 m l or less) was co llected from cases and contro ls in a heparinized 
lube prior lo in itiation o f  lymphocyte culture. The standard lymphocyte cu ltu re  procedure used RPMI 
'640, supplemented w ith  15% FCS and phytohemagglutin in , in a ratio o f  b lood :m cd ium  o f  1 :9. At 67 h 
o f  incubation, one set o f  cu ltures was treated with b leomyc in (0.03 unit/ml) for 5 h. Co lcem id  (0.04 
mg/ml) was added in the last hour to induce mitotic arrest prior to harvesting. A conventiona l cell- 
harvesting procedure fo l lowed . The ce l ls  were treated with hypotonic KC I (0.975 M KCI) solution for 
15 20 min. fixed, washed with a fresh ly prepared m ixture o f  methanokacetic acid (3:1), and air-dried on 
wet slides. The s l ide s were stained w ith G iemsa so lution w ithout banding. F i f ty  well-spread meiaphascs 
were examined from coded slides. Chromatid aberrations recorded w'ere frank chromatid breaks or 
exchang s B leomyc in tends to induce few chromatid exchanges (which, i f  present, are considered as 
two breaks). Chromatid gaps or attenuated regions were disregarded. The frequency o f  breakage was 
expressed as breaks/cell. The re l iab i l i ty  o f  cytogenetic scoring has been eva luated p rev ious ly  by 
comparing four separate blood samples from a respective donor w ith  a m in imum interval between 
samples o f  I w'eck. Mutagen sen s it iv ity  appeared ,i'» be stable and representative in a random-effect, one­
way ANOVA  model (30).

Statistical Analysis.
The effects o f  marijuana use on the risk o f l ie a d  and neck cancer were estimated w ith O R s ' and their 
95% C Is , derived from logistic regression analys is (34). Continuous variab les , such as years o f  
marijuana use and frequency o f  use, were first ana lyzed as continuous var iab les and then d iv id ed  into 
three groups accord ing to their marginal distributions: frequency o f  use (mari juana use/day) was 
categorized as never, less or equal to once per day, and more ’han once per day; and years o f  use was
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categorized as never use, I 5 years, and >5 years. For eight cases and nine contro ls who reported 
prev ious man juana use but failed to repon frequency o f  use, the median va lu e  o f  once per day was used 
to replace the m iss ing va lues for the continuous variab le and for the categorica l var iab le . For f ive cases 
and f ive controls who reported previous use but provided no information on years o f  use. the median 
value o f  5 years was used for the continuous vanab lc  and 1 5 years category for the categorical variable. 
Results o f  both replacing m iss ing  data w ith  median va lues and exc lud ing m iss in g  data are presented in 
the results. Dummy var iab les were used in logistic regression ana lys is to estimate ORs for each category 
o f  exposure. Trend tests for ordered variab les were pei formed by ass ign ing the score j  to the yth 
exposure level o f  a categorica l var iab le (where j  = 1 , 2 , . . . )  and treating the categorica l var iab le as an 
interval predictor in unconditional logistic regression. Three mode ls were used to assess marijuana 
effects: ( a )  no covariates (crude analysis); (/>) statistical ad justment for pack-years o f  cigarette smoking 
(continuous variable); (c) statist ica l adjustment for pack-years o f  cigarette smok ing  plus age (continuous 
variable), sex (male, female), race (white, nonwhite), education ( .h igh  school, co llege , >coilege), 
passive smoking (no, yes), and heavy alcohol drink ing (< 10 0  drinks/month; . 1 0 0  dnnks/month).
Stratif ied analys is w as used to assess departures from add it ive  effects between man juana use and other 
known risk factors for head and neck cancer, including cigarette smok ing , a lcoho l dr ink ing , and mutagen 
sensitiv ity .
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► Results
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The overa ll prevalence o f  l ife t ime marijuana use was 9.7% in contro ls and -» A bstract

13.9% in cases. The highest prevalence o f  marijuana use was found in cases * ° „d* Methods
w ith squamous ce l l carc inoma o f  the larynx (// - 48; 22.9%) and tongue ( t i . Ucsuiis
52; 19.2%). The d is tr ibutions o f  marijuana use among cases and contro ls , '- References
stratified by demographic characteristics, cigarette smoking, a lcohol dr ink ing .
and mutagen sens it iv ity , are shown in Tab le I GO . Age was strong ly associated with mari juana use; large 
proportions o f  marijuana smokers were found in younger age groups for both cases and controls. No 
obv ious d ifferences in marijuana use were found between categories o f  gender, race, or education. 
Tobacco cigarette smoking was genera lly independent o f  marijuana use in both cases and controls, 
except for those variab les related to age such as pa-k-years o f  tobacco c igarette smoking, years o f  
smoking, and age at smok ing initiation in cases. Heavy a lcohol d r ink ing  and mutagen hypersensit iv ity 
were not related to marijuana use in cases or controls. Passive smok ing , not associated w ith marijuana 
use in controls, was related to marijuana use in cases.

V iew  this tab le : Table 1 The distribution o f  marijuana use (number and percentage o f  users 
| m this u mdow | and nonusers) in cases and controls, by category o f  selected demographic 

| in a neu u mdow j factors, smoking, alcohol, and mutagen sen s i t iv i ty

The estimated crude OR for the effect o f  l ifetime marijuana use (ever v e r s u s  never) on the risk o f  head 
and neck cancer was 1.5 (95% C l, 0.8 2.9). Adjust ing for age, gender, race, education, heavy alcohol
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drinking, pack-years o f  tobacco cigarette smoking, and pass ive smok ing  increased the OR to 2.6(95% 
C l, I . I -6 .6 ; Tab le 2®). Strong dose-rcsponse relationships were observed for the effects o f  frequency o f  
marijuana use and years o f  use. The ad justed ORs were 2.1 for those who smoked marijuana once per 
day and 4.9 for those who smoked man juana more than once per day ( P  for trend = 0.0358) when 
m iss ing va lues were replaced b y  median values. A fter exc lud ing  those w ith m iss ing information on 
frequency o f  marijuana use, the ad justed ORs were 4.0 (0.9 2.4) and 5.4 (0.9 33) for those who smoked 
once per day and more than once per day. respective ly ( P  for trend = 0.0214). O f  those who smoked 
marijuana for 1 5 years, the ad justed OR was 1.9 (0.6 5.9); for in d iv idua ls  who smoked marijuana >5 
years, the adjusted OR w as 4.3 (0.99 19) when m iss ing va lues were replaced b y  median va lues ( P  for 
trend = 0.0325; Tab le 2® ). A fter exc lud ing those w ith  m iss ing  in fonnation on years o f  marijuana use, 
the adjusted ORs were 3.9 (0.99-15) and 4.9 (0.8 29) for those who smoked 1 -5 years and >5 years, 
respective ly ( P  for trend = 0.0134).

V iew  th is table: Tab le 2 Estimated effects o f  marijuana use (OR and 95% Cl) on the risk o f
| m this w unlnw ] |1ca(j an(j  cancer, b y  covariates se lected for adjustment"

| m a new w indow |

The observed association between marijuana use and head and neck cancer was stronger among younger 
subjects. When the ana lyses were restricted to 55 cases and 65 contro ls <55 years, the ad justed OR 
increased to 3.1 (95% C l,  1.0-9.7; T ab le  3® ). Dose-response re la tionsh ips were also stronger for the 
effects o f  frequency o f  mari juana use and years o f  use, contro l l ing for the same covariates. When the 
analys is was further restricted to those between the ages o f  40 and 55, the magnitudes o f  the estimated 
effects were sti l l persistent. No association was observ ed between marijuana use and head and neck 
cancer for those 55 years or older.

View this table: Tab le 3 Estimated effects o f  mari juana use (OR and 95% Cl) on the r isk o f  
[ in this window J head and neck cancer for ind iv idua ls  <55 years by covariates selected for

| in ,i new window j ad justment"

Table 4® shows the combined e ffects o f  l ife time marijuana use (ever v e r s u s  never) and each o f  three 
potential effect modifiers: tobacco cigarette smoking, a lcoho l use, and mutagen sens it iv ity . For these 
analyses, we used > 1.0 breaks/cell as the cu to f f  va lue to define hypersensit iv ity and hav ing 100 or more 
drinks per month as a c u to f f  point for heavy d rink ing , and we categorized tobacco cigarette smoking into 
never smoking, former smok ing , and current smoking. These variab les were further stratified by 
marijuana use. The effects o f  mari juana use and cigarette smok ing were more than mu lt ip l ica t ive ; the 
adjusted OR for the jo in t category o f  current tobacco cigarette smokers and marijuana users was greater 
than the product o f  the two component effects for those two exposures, i .e . , 36.1 > 3.6 x 2.6 = 9.4. 
S im ila r interaction e ffects (greater than mu lt ip l ica t ive) were found for marijuana use and mutagen 
sensit iv ity . The ad justed OR for jo in t  category o f  marijuana use and mutagen sen s it iv ity  was greater than 
the product o f  two component e ffects, i .e . . 77.1 >6.1 x 1.1 = 6.7. The effects o f  mari juana use and

http://cebp.aacrjoum als.O rg/cgi/content/full/8/12/1071 3/14/2005

http://cebp.aacrjoumals.Org/cgi/content/full/8/12/1071


alcohol consumption appeared more than addit ive but less than mu lt ip l ica t ive , i . e . ,  4.3 (alcohol on ly) + 
2.7 (marijuana on ly) - I = 6.0 <  9.6 (both exposures) < 4.3 x 2.7 = I I  .6 . In each case, however, power 
for testing each nu ll hypothesis (effects are addit ive or mu lt ip l ica t ive) and for comparing the fits o f  
addit ive v e r s u s  m u lt ip l ica t ive  models was low,

View this table: Tab le 4 Estimated combined effects (OR and 95% C l) o f  l ife time marijuana 
[in this window | use (ever v e r s v s  never) and each o f  three potential mod ifiers (cigarette 

[ in  ,i new u  mdow j smoking, heavy alcohol use. and mutagen hypersensit iv ity) on the r isk o f  head 
and neck cancers by covariates selected for ad justment

► Discussion

This s tudy has several possib le l im itations. One lim itation is potential se lection 
bias, which might have resu lted in an overestimate o f  the marijuana effect 
(bias aw'ay from null). The controls lor this study were b lood donors and 
possib ly less l ik e ly  to be substance abusers. I f  use o f  marijuana were inverse ly 
associated with b lood donation, the selection bias wou ld  lead to an
overestimate o f  the marijuana effect. The blood donors at Memoria l Sloan-Kcttcring Cancer Center had 
to be between the ages o f  17 and 75, weigh 110 pounds or more, and be in good health. I he prospective 
donors were asked to g iv e  a health history and take a physica l examination lo ensure the greatest 
possible sa fe ly  for both donors and recipients. Nevertheless, the on ly question d irec t ly  related to drug 
abuse was: "Have you used i l lega l d rugs w ith a needle?" A lthough marijuana is not genera lly injected, 
marijuana use and in jected drug use cou ld be pos it ive ly associated, w hich might lead to an overestimate 
o f  the marijuana effect. Nevertheless , because the observed prevalence in our contro ls w as s im ila r to the 
expected prevalence based on national data, the selection o f  b lood donors as contro ls probab ly did not 
affect the association under s tudy (Table 5KS .

View this table: T-’b le 5 L ife t ime prevalence (%) o f  mari juana use in the study controls (no. o f  
[ in  this window ] user 'total) and the United States population, 12 years and older, from 1991 to 

[m  a new w mdow J 199 3 , by b inh cohort"

When w c eva luated the interaction between marijuana smok ing and mutagen sen s it iv ity  (Table 4)®, the 
possib le se lection b ias might exist because those with blood samples for mutagen assay may be different 
from ind iv id ua ls  w ithout blood samples. A total o f  20.1% o f  controls and 46.8% o f  cases refused to 
provide a b lood sample for the b leomyc in  in this study. We have compared the d ifferences between 
those with and w ithout b lood samples on selected variab les. Th is attempt is cruc ia l to show whether 
there is selection b ias attr ibutab le lo m iss ing samples that may threaten the va l id i ty  o f  the interaction 
between marijuana smok ing and mutagen sensit iv ity . No obv ious d ifference was found between those 
with and w ithout b lood samples in terms o f  age, gender, race, education, and marijuana smoking. On ly a 
board-line d ifference for cigarette smoking between those w ith and without blood samples in head and
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neck cases was det< cted ( P  = 0.05), which indicates that the sub jec ts w ith  b lood samples m ight not be a 
selected group for smoking habits from the original study population. The association between tobacco 
smoking and risk o f  head and neck squamous ce ll can :r w as stronger in people with mutagen data then 
those without mutagen data, wh ich might lead to a stronger confoundcr effects on the association 
between marijuana smoking and head and neck cancer. However, when the interaction between mutagen 
sens it iv ity  and marijuana use was evaluated, the point estimates o f  the crude ORs were pretty s im i la r  to 
those after contro ll ing for pack-ycars (Tabic 4)51.

A second lim itation is d if fe ren t ia l m isc lass if ica t ion o f  marijuana use, wh ich m ay also b ias the estimated 
marijuana effect. Because marijuana smoking is i l lega l, cases and controls might tend to underreport 
their history o f  mari juana use, but the degree o f  underreporting m igh t have been greater for contro ls than 
cases w ho might want to rationalize their disease. Thus, the estimates o f  marijuana effects cou ld  be 
pos it ive ly biased. On the other hand, cancer patients, under some duress because o f  their i l lness, cou ld 
underreport their history o f  marijuana use more than controls, wh ich  wou ld  negat ive ly b ias the estimated 
marijuana effects. To address th is potential source o fb ia s ,  w e  compared the reported l i fe t im e prevalence 
o f  marijuana use in contro ls w ith the corresponding prevalence in the United States population during 
the same period, stratif ied by gender and year o f  birth (Table 5ffl; Ref. 3 ). Wc found that the overall 
(crude) l ifetime preva lence o f  marijuana use in each gender o f  the contro ls was approximate ly equal to 
the corresponding prevalence in the United States population standardized lo the birth-cohort 
d istribution o f  the controls. For the majority o f  controls bom before 1951 (// = 152; 86%), the l ife t ime 
prevalence o f  marijuana use w as sim ilar to estimates for the United States population. For a sma ll 
fraction o f  those contro ls bom since 1951 (// 24; 14%), however, there is some indirect ev idence for
systematica l ly  underreporting o f  marijuana use. When we reanalyzed the data by exc lud ing  those cases 
and controls bom since 1951. we found little change in the estimated marijuana effects. Because we 
cannot address issues o f  either over- or underreporting by cases, it is d if f icu lt  to eva luate the direction o f  
bias by d ifferentia l m isc lass if ica t ion o f  past marijuana use on the association under study. The possible 
lim itation o f  using mutagen sensit iv ity assays in case-conlrol study w as d iscussed by Caporaso (29). 
Cultured ce l ls  obtained from patients w ith cancer or control sub jects in a hospital setting can d if fe r for 
abnormal nutrition, secondary metabolic alterations o f  neoplastic d isease, and e ffect o f  treatment, 
hospita lization, inactiv ity , or stress, which w i l l  allow bias attr ibutab le to d ifferentia l m isc lass if ica t ion . 
However, a recent paper by C loos e t  a l . (28) reported a high hcritab il i ty estimate o f  the suscep t ib i l ity  to 
b leomycin-induced chromatid breaks, which indicates that a clear genetic basis for mutagen sensitivity- 
related cancer su scep t ib i l i ty  may exist in the general population. I f  the mutagen sen s i t iv i ty  is h igh ly 
inherited, the d ifferentia l m isc lass if ica t ion bias for this assay might be minimal.

The third lim itation is low power and precision The re la t ive ly  sma ll sample size and low fr juency o f  
marijuana use l im its our ab i l i ty  to estimate the effects precise ly , e spec ia lly  when ana lyz ing  specific sites 
or when assessing interaction effects w ith other risk lactors.

A fourth possible source o fb ia s  is no d ifferentia l error in measuring confounders o f  the association 
under study. It has been shown, for example, that no d ifferentia l m isc lass if ica t ion o f  a strong confoundcr 
w il l  cause the investigator to underestimate both the impact o f  the confounder on effect estimate and the
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association o f  the confoundcr w ith  the factor under s tudy (35 , 36). How ever, even i f  the association o f  
major confounders. such as a lcohol and tobacco w ith marijuana, arc stronger than they appear, they 
appear so weak as to represent an u n l ik e ly  source o fb ia s .

Possib le confound ing effects also need to be addressed. Wc have eva luated the possib le confound ing 
effects to identify the potential confounders that induced the large changes in point estimates o f  ORs and 
P s .  Our results showed that age was a major confounder, wh ich causes the largest changes in point 
estimates o f  OR and P  for marijuana smok ing after contro ll ing for it. In addit ion , pass ive smok ing and 
pack-ycars o f  smok ing are pos it ive confounders, and a lcohol d r ink ing  is a negative confoundcr on the 
association between marijuana and head and neck cancer.

Th is is the first ep idem io log ica l s tudy to report an effect o f  mari juana use on the r isk o f  head and neck 
cancer. Not on ly  did w e  find an e levated cancer risk among mari juana users, but w e also observed dose- 
response associations for frequency and years o f  mari juana use. ad ju s t ing  for severa l potential 
confounders.

Marijuana use in the United States increased d ram at ica l ly  among teenagers and young adults in the mid- 
to-late 1960s, i .e . . among persons bom between 1941 and 1955. A ssum ing  mari juana use is associated 
w ith cancer risk w ith an induction/latency period o f  20 30 years, this cohort w i l l  be the earliest possib le 
group to experience and c l in ica l ly  manifest e levated r isks o f  head and neck cancer. Th is suggests that 
observed risks should be greater among sub jects younger than 55 years. Our analyses, restricted to the 
younger population (<55 years old) w ith on ly  32% o f  our cases (// = 55) and 36% o f  contro ls (// = 63) 
suggested a stronger mari juana effect in the subpopulation o f  younger sub jec ts than in the population as 
a whole. I he dose-response re lationships were a lso stronger in younger sub jects . No association was 
observed for sub jects 55 years or o lder

Others have speculated that the un ique ly characterist ic technique o f  sm ok ing  marijuana might influence 
the tumor site o f  development (19 , 20). The more rapid and deeper inhalation technique o f  marijuana 
smoking may lead to earlier and more pronounced deposition o f  carc inogens in the particulate phase o f  
the smoke at re la t ive ly  narrow sites in the upper a irway , such as the larynx, as we ll as in the central 
portions o f  the tracheobronchial tree, because o f  turbu lence and inertial impaction ( I I ,  37). At the same 
time, the prolonged inhalation time m ight perm it larger partic les in the tar phase lo deposit in the oral 
cav ity , espec ia lly  on the tongue. Because o f  the l im ited sample size , w'c w ou ld  not be able to analyze 
marijuana use and head and neck cancer strat if ied by tumor site. Future s tud ies w ith larger sample size 
are warranted to explore this aspect.

Possible interaction effects w ere suggested between mari juana use and other r isk factors for head and 
neck cancer. The interplay between carc inogens and intrinsic host su scep t ib i l i ty  is an important factor in 
environmental carcinogenesis . Mutagen hypersensit iv ity , an indirect marker for D NA  repair, interacts 
w ith tobacco smok ing in head and neck cancer risk (38, 39,40, 41). Synergy between mutagen 
hypersensit iv ity and marijuana use was suggested in this s tudy because the effects were more than 
addit ive , which suggests that the deve lopment o f  the upper aerod igest ive cancers may be affected by 
gene-environment interaction. Synergy (greater than add it ive  effects) was also suggested between

M arijuana Use and Increased Risk o f  Squam ous Cell C arcinom a o f  the Head and Neck -  ... Page 9 o f  15

http ://cebp .aacrjoum als.O rg/cg i/conten t/ fu ll/8/12/107 l 3/14/2005

http://cebp.aacrjoumals.Org/cgi/content/full/8/12/107l


marijuana use and tobacco smoking . These resu lts suggest that the carc inogenic properties o f  marijuana 
may include not on ly the carc inogens present in tobacco but a lso other potential carc inogens and/or other 
factors that might part icu lar ly predispose marijuana smokers to cancer deve lopment, such as the A9- 
tctrahydrocannabinol-rclated impairment o f  antitumor immun ity  (12). Because o f  the low power for 
testing these interactions, however, the present f indings w i l l  need to be replicated in future studies.

In summary, this is the first ep idem io log ica l report that mari juana smoking is associated w ith  a dose- 
dependent increased r isk o f  head and neck cancer. This association is supported by a series o f  case 
reports and by experimental s tud ies that provide a b io log ica l ly  p laus ib le  basis for the hypothesis that 
marijuana is a risk factor for human head and neck cancer. G iven the long induction/latency period o f  
head and neck cancer and the first wave  o f  marijuana use in the 1960s in the United States, it is now 
time to examine the association between marijuana use and cancer risk. Large ep idem io log ica l studies 
are needed to replicate our resu lts, to examine the relationships between manjuana use and increased 
risk o f  cancer, and to assess potential interactions between marijuana use and other r isk factors.
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A-9-Tetrahydrociinnabinol Enhances Breast Cancer Growth  
and Metastasis by Suppression o f  the Antitumor  
Im m une R esp o n se1

Robert J. McKallip,1* \l itz i Nagarknlli,* and Prakash S. Nagarkatti

In *hc current study, wr tested the ccntnil hypothesis that exposure to A-9-tetrahydrocannubinol (A'’•THC'), the major psycho- 
active component in marijuanu, can lead to cnhunccd growth of tumors that express low to undetectable levels of cannabinoid 
receptors by specifically suppressing Ihe antilunior immune response. We demonstrated that the human breast cancer cell lines 
M CF-7 and M D A -M B -231 and the mouse mammary carcinoma 4T1 express low to undetectable levels of cannabinoid receptors, 
CBl and CB2, and lhal these cells are resistant to Av-TIIC-induced cytotoxicity. Furthermore, exposure of mice lo AW-THC led 
to significantly elevated 4T1 tumor growth and metastasis due to inhibition of the specific anliluinor immune response in vivo. The 
suppression of the antitumor immune response was mediated primarily through CB2 as opposed lo ( I I I. Furthermore, exposure 
to A*-THC led lo increased production of II.-4 and ll.-IO, suggesting that A '-T H l' exposure may specifically suppress the 
cell-mediated l h I response by enhancing Th2-uxxociated cytokines. This possibility was further supported by micronrruy data 
demonstrating the up-regulalion of a number of Th2-relaled genes and the down-regulation of a number of Thl-related genes 
following exposure to A V-THC. Finally, injection of anti-II .-4 ami anti-ll.-IO  mAbs led to a partial reversal of the A'-THC-induccd 
suppression of the immune response to 4 T I, Such findings suggest tlial marijuana exposure either recreationally or medicinally 
may increase the susceptibility to and/or incidence of lireust cancer us well us other cancers lhal do not express cannabinoid 
receptors and are resistant to A '- I  l l l  -induced apoptosis. The Journal a j Immunology, 2005, 174: .'2X1-32X9.

M anjuana is one of the most common diugs of abuse and 
it medicinal use is the subject of current debate Ad 
tetrahydrocannabinol (A ' THC').' the major psychotic- 

use component in tnunjuana ( I ). and other synthetic cannabinoids 
have been used as potential therapeutic agents m alleviating such 
complications as intraocular pressure in glaucoma, cachexia, nausea, 
and pain (2) Interest in the potential medicinal use ol cannabinoids 
grew with the discovery of two cannabinoid receptors, CBI and CB2 
(3. 4). CBl is predominantly expressed in die brain, whereas CB2 is 
primarily found in the cells of the immune system ( 1,4 > Furthermore, 
endogenous ligands for these receptors capable of mimicking the 
pharmacological actions of A’*-THC have also been discovered Such 
ligands were designated endocannahiiioids and include aiiutidamidc 
and 2-arachidonoyl glycerol (5-7). The physiological function of en- 
docannabinoids and cannabinoid receptors remains unclear Recent 
work from our laboratory and others suggest that cannabinoids. in­
cluding A‘'-THC. may be effective in treating a sanely ot cancers 
including lymphomas, leukermas. and gliomas (8-10).
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In contrast In these potentially henchcial properties, the use ol 
manjuana has been associated with unwanted effects such as in­
creased Miseeptibility to infections i l l  13), and increased inci­
dence of head and neck cancers m humans ( I4t and lung cancer m 
mice tl5 ) A'-THC possesses significant immunomodulatory 
properties For cxuniple. exposure of macrophages to A '-THC led 
to decreased production of TNF-a and N l) in response to I.PS 
116) Additionally, exposure of macrophages to A'-THC caused an 
impairment of their Ag-prescnting capabilities (17). hxposurc to 
cannabinoids can also lead to significant r-dudiuns in the prolif­
erative and cytolytic response of T  lymph :ytcs and Ab produc­
tion by B cells (IX -21). In addition, other studies conducted m 
vivo have shown that exposure to A'*-THC can lead to increased 
susceptibility to infections with various pathogens including H er­
pes simplex and Friend leukemia vims (12. 13) Furthermore, ex­
posure to A‘'•THC has been shown to suppress the immune re­
sponse to lung cancers in mice (15).

Both the innate and adaptive immune responses are believed to 
be involved in controlling the growth of many cancers. Coordina­
tion ol the two arms ol the immune system is largely controlled by 
cytokines produced by cells such as deadline cells. In addition, I 
regulatory cells and NKT cells have been implicated in the control 
of the antitumor immune response (22-24) In general, it is be­
lieved that a Thl response is necessary lor an effective immune 
response to be mounted against most tumors (25). IL-2 and IFN-y 
are two cytokines that promote a Thl response, while IL-4 and
II.-5 promote a Th2 response. In addition, a number of cytokines 
possess suppressive activity For example. IL -10 has been shown 
to suppress the Till response. In previous work, it was demon­
strated lhal exposure to AV-THC could lead to alterations in cyto­
kine production which resulted in suppression of the immune re- 
sponse to Legionella pneumophila (26) as well as a lung cancer 
cell line (15).
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Current woric exam in ing  ihe potentia l use o f  3 '-T H C  and o ther 
cannabino ids for the treatment of cancers re lies on the expression 
of CBl and/or CB2 by the targeted tumor. H ow ever, lit t le  is  
known about the effect o f  3 '-THC exposure on the generation, 
growth, or response to tumors with low to no expression of C B l 
and/or CB2 Because CBl and CB2 are primarily expressed by 
tumor ol neural and immune origins, respectively, it is  possible 
that the majority of tumors originating in other tissues would be 
significantly less sensitive to 3 '-THC-mediated killing und be­
cause i * T H C  is highly immunosuppressive, such tumors may 
find a favorable environment lor growth and progression

fhe immune system is suggested to play a key role in control­
ling the development ol cancers as suggested by the findings that 
immunosuppressed individuals are at a higher risk for developing 
cancer, l or example, iliere is an increased incidence of Kurjxist 
sarcoma. non-Hodgkins lymphoma. Burkin lymphoma, and cervi­
cal cancer in AIDS patients (27). In addition, there have been 
reports of increased susceptibility to sanous lymphomas and cu­
taneous neoplasms following organ transplantation (28 30). Inter­
estingly. there is evidence that de novo btcast cancer incidence 
may increase following liver transplantation (31). suggesting the 
possibility lhal the immune system can play an mtporlanl role in 
the development of this type of cancer Therefore, in the current 
study, using a breast cancer model, we examined the effect of 
3 '-THC exposure on the immune response to and the growth of 
cancer cells that expresses low to undetectable levels of cannnbi- 
noid receptors

M ateria ls  a n d  M ethods
Mice

\dnlt lenu ir IIAI.H/l mice weic purctiascd Irnmihe Njiio iij i |. .;,iultv *4 
Health SCID-NOD rime wcte purchased from The Jackson Laboratory
I lie nine were housed in polyethylene cages and given rodent chow and 
water ad litiilum Mice were housed in rooms maintaining a icmperaiurc ol 
74 • 2 F and on a 12-h lighlAlaik cycle
Reagents
A ' l I I I ' was obtained Irom the National Instiiule on llrug Abuse and was 
initially dissolved in DMSO iSigma-Aldnchi lo a conccnlration of 2(1 mM 
and stored ai 20"C A'-THC was further diluied wiih iissuc culture me 
dium lor in vitro studies und PBS (or in vivo studies SR I4 l7 lbA and 
SRI 44528 weie obtained Irom Sanob Recherche Ann II 4 mAbs
II IB I I)  were obtained from the Biological Resources Branch. National 
Cancer Institute Frederick Camer Research and Development Center An 
li IL-10 mAbs were obtained from BD Pliarmingcn

Cell lines
Ihe murine mammary cell carcinomas 4'| I and f-MTh syngeneic io 
BALU/c mite, the human brcasl cancer cell lines, MCF 7 and MDA-MB
2)1, the human T  lymphoblastic leukemia cell line, Jmk.it. and ihe human 
glioma U87 were maintained in Rf'MI I<«•!() iL ilc  Technologies I abora 
lories) supplemented with 5°f l-CS, It) mM H b l’LS. I mM gluiamme 40 
pg/inl gentamicm sulfate, and SO jxM 2 ML

UNA isolation and RT-TCR
RNA was isolated from I x  lo ' cells using the RNeasy M ini kil (Qia 
genl As CBl and CB2 arc encoded by single exons, a DNase digestion 
was included in ihe isolation procedure lo Inml the possibilily of PC'R 
ainplihcalion o f Cl) I and CIO Irom genomic DNA cDNA was prepared 
csilh Ihe Qiagcn OinmScnpl RT kil using I /ig ol RNA as lernplalc lot first 
strand synthesis Mouse and human CBl seas amplified using primers H 
CHI U (5' -CGTGGGCAGCCTGTTCCTCA - J ' I und It CB l L (5 -CAT 
GC'GGGCTTGGTCTGG-3'l, which yield a product o l 403 bp Human 
CB2 was amplified using primers It CH2 I) (D'-CGCCGGAAGCCCT 
CATACC-3) and H CII2 L (5 -CCTCATTCGGGCCATrCCTG-3'). 
which yield a producl o f 522 bp Mouse CB2 seas amplified using M CB2 
(S’ CCGGAAAAGAGGATGGCAATGAAT-3’1 and M C'B2 (5 -CTGCT 
GAGCGCCCTGGAGAAC-3' l which yields a producl o f 479 bp /3-Acun 
was used as a positive control Iprimcrs M BA U (5’-AAGGCCAACCGT 
GAAAAGATGACC-)’) and M BA I. 15’ • ACCGCTCGTTGCCAAT

AGTGATGA 3'), product sire o f 427 bp). PCR were conducted using the 
following parameters 95*C for 15 ». 58*C for 15 *. and 72°C for 30 » for 
35 cycles, followed by a final 5 nun at 72*C in an Applied Biotytlems 
Gene Amp 9700 The resulting PCR products were separated on a I*  
agarose gel

D e t e c t i o n  o f  - T H C -mediated c e l l  d e a t h  in  v i t r o

Tumor cells or splenocytes (I X 10* cells/well) were cultured in 24-well 
plaics in the presence or absence of various cunccnlralions of A'-THC for 
24 h Nesi. ihe cells were harvested, washed twite in PBS und analyzed lor 
cell viability by trypan blue dye exclusion

Q u a n t i f i c a t i o n  o f  t h e  e f f e c t  o f  3 " - T H C  e x p o s u r e  o n  4 T I  t u m o r  

g r o w t h  a n d  m e t a s t a s i s  i n  v i v o

Groups of BAl.B/c or SCID-NOD mice were injected sc with 3 x 10' 
4TI tumor cells Three days later, ihe mice then were exposed every other 
day for I wk lo various doses o f A'-THC (12 5, 25, or 50 mg/kg body 
weight) or vehicle (DMSO) control The tumor volume was observed, re­
corded. and calculated using ihe following equation lumor volume * 
length x width1 x  0 52 In addition, the level ot mcUslusis was determined 
by directly quantifying Ihe number of mclaslalic nodules located in the 
lungs, by HAL slanting of lung sections, und by assessing lumoi hinden by 
determining ihe increase in lung weighl

I n  v i v o  a n l i t u m o r  im m u n e  r e s p o n s e

BALB/c mice .sere fnsi sensitized lo 4T1 by injecting ifiem i p with I x  
10'' irradiated 47 I lumor cells twice al 2 wk mlersals Two weeks follow 
mg the final xciisili/alion. the mice were niicctcd sc min then rear foot­
pads with I X II)' nrudialcd -I f  I lumor cells or I X 10' irradiated EMTfi 
lumor cells (negative control) Groups of mice were then treated i p wiih 
carious doses o f 3 '-THC (0. 12 5. 25, or .50 rngAg) daily (or 4 days Lour 
days following ihe challenge with the irradiated tumor cells the immune 
response was determined by aseplically removing die draining lymph node 
and quantifying (lie increase in lymph node mass, cell number, and lyni 
phocyic DNA synthesis In experiments examining Ihe role uf anti-IL-4 
mAbs and anti II It) mAbs. mice received a single injection ol 5 mg or 5 
mg/kg of mAbs. respectively, which was previously shown lo effectively 
reduce If 4 and IL -10 concentrations 1 15, 32)

I n  v i t r o  p r o l i f e r a t i o n  a s s a y

The spleens and lymph nodes from control or 3 ' T IIL ' treated mice were 
placed mio 10 ml of Rf’MI 1640 (Life Technologies Laboratories) supple 
merited with 100 PCS. 10 mM HEPES. I mM glutamine, 40 pg/ml gen- 
tanilcin sulfate, and 50 pM  2 ME, rctcrred to as complete medium The 
plccris and lymph nodes were prepared into a single cell suspension using 

a laboratoiy homogenize!, washed twice, and adjusted to 5 X ItlVml in 
complete medium. The spl r ocylcs and lymph node cells |5 X 10' in 100 
jil/sselfi were culiuicd in 9<>wcll flat-bottom plates and stimulated wiih 
various concentrations ol irradiated 4 1 1 lumor cells for 4 days During the 
hnal X li ol culture, the cells were pulsed with 2 p ( 'i of I'HJthynudinc 
DNA synthesis was determined by bcla scintillalion counting 133, 34)

C y t o k i n e  d e t e c t i o n

BAl.B/c mice were lusl sensitized 10 4TI by injecting ihenti p with I x 
10* irradiaied 411 tumor cells twice ai 2-ssk intervals. Two weeks follow 
mg the hnul sensitizsuon injection the mice were injrcied s c into iheii icai 
liMitpads wiih I x It)' irradiaied 4TI tumor cells Groups of mice were 
ihcn ircalcd daily tor 4 days with vehicle control or 3 ' THC (5(1 rngAg 
■ p ) Four days following the challenge w ith the irradiated tumor cells ihe 
draining lymph node were removed and adjusted lo 2 5 x IO*/ml in RPMI 
I (>40 containing ID'S- FCS. The lymph node cells were culiuicd in a 96 
well llal-bollom plate 12t’i> pl/well) for 24 h. after which ihe levels of 
If-'N y. TGF-0, IL 4, IL 10. and TNF sscrc determined using the methods 
described in ihe Quanlikmc M ELISA kits (RAD Systems)

M icroarray analysis o f gene expression
Total RNA was isolated from lymph node cells isolated from 4TI -immu­
nized mice lhal were stimulated in their rear footpads wiih irradiated 4TI 
tumor cells 11 X It)' s.c I and ircaicd i.p for 4 days with vehicle or 50 
rngAg A'-THC using the RNeasy Mini kil (Qiagcn) Labeled cDNA probes 
were synthesized from the RNA samples using ihe Ampolabeling-LPR kil 
iSuperArray) The labeled cDNA probes were hybridized io individual 
GKArray Q scries mouse T h l, Th2. Tli3 array membranes overnight al 
60”C with continuous agnation at 5-10 rpm The membranes were washed 
twice lor 10 min al 60*C wiih 2x SSC. \%  SDS solution, and twice tor 10
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min al 60’C wiih 0.1 x SSC. 0 S% SDS Nonxpccilic binding was blocked 
by incubating the membranes wiih CBAblocking solution lor 40 min. The 
membranes were labeled with alkaline phosphatase-conjugated slreptavi- 
din alkaline phosphatase for 10 min. F.xcess alkaline phosphatase was re­
moved by washing the membranes lour limes with BulTcr F (SupcrArrayl 
lor 5 min and rinsing the membranes with Buflcr G. Gene expression was 
detected using CDP-Stat chcmilumincscrni substrate and exposing the 
membranes lo x-ray film. The data were analyzed by converting ihe s ray 
image into a grayscale TIFF tile and using ihe ScanAlzye soli ware program 
lo convert the data into numerical data Finally, data analysts was per 
formed using die Ci I-Array Analyzer data analysis software (StiperArray) 
Data was normalized using housekeeping genes including ff actin. 
GAPDII. cyclophilm A and nhusomul proiein I ! la

Statistical analysis

Students i tesi or Tukes Kramer lesi was used to compare vehicle and 
Y'-TIK'-treiiicd groups p * 005 wav considered to hr statistically 
sigmlicant

R esults
Expression o f C B l and CB2 in human and murine breast cancer 
cells

I lie expression ol ( ’HI and OH2 mKNA was ilelemiiiied by RT 
PCR Tlte resulis showed that splenocyics expressed both recep­
tors, while in the 4TI breast cancer cells, CBl and CB2, inRNA 
was licit delectable (Fig I/O. Similar results wcte seen when we 
examined the expression of C'BI and CB2 in the human breast 
cancel cell lines MCF-7 and MDA MB-231 (lag l(T  In (Ins ex 
pcrimeni. Jutkat cells were used as a positive control for CB2 
expression and ihe human glioma U87 was used as a positive con­
trol for CBl expression. Ihe results demonstrated that in both 
human breast cancer cell lines there was very low delectable os 
prcsston o l C'BI while CH2 expression was not delected
Sensitivity a] 4 I 'I  iiin l M C I ' to X  THC induct'd ■ e ll ileatli
Next we examined whether 4TI or MCI -7 were sensitive to X ‘ 
THC-mduced cytotoxicity compared with other cells reported to 
be sensitive to X ' THC. To this end. 4TI breast cancer cells and 
splenocyics front BAl.B/c mice were cultured lot 24 It in RI’.MI

Spievn
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(\ JCftit

|C01
J  p-actm

f .

U87 MCF-7 MDA MB 231

T — 1
CB2
Jt-actin i II

Juikal MCF-7 M0A MB-231 
FIGURE 1. Human and murmc breast cnncci cells expression ol ( III 
and 012 and sensitivity to A* THC-induced cytotoxicity The expression 
o f CD I and C'B2 inRNA was determined In RT PCR analysis Toial RNA 
was isolated from mouse spleen cells. 4TI. Jurkal. MCF-7. MDA-MB-231. 
and 138? lumor cells niRNA was rvvcisc lunscribed jnd aniplilied by PCR 
wiih pinneis specific lor CB I, CB2. and ff actin A photograph ol cllndium 
hromidc-stanicd amplicons is deptclcd (A and O  The effect of A * THC on 
cell viability was dclennincd bv culturing the cells with various concen­
trations ol A '-THC lor 24 h in medium containing 5‘3 FCS The cell 
viability was determined by trypan blue dye exclusion The data were 
expressed as percent o f control viable cell number ill and 0).

1640 containing 5% FCS in the presence of various concentrations 
of A4-THC (0, 5. 10. or 20 jaM). The viable cell number was 
decrmined by trypan blue dye exclusion (Fig. IB). The results 
demonstrated that although the splenocyics were highly sensitive 
to Av-THC-induccd killing, the 4TI cells were relatively resistant. 
No decrease in viable cell number in the 4TI breast cancer cells 
was observed even at the highest concentration of A ’-THC tested 
In contrast, splenic culture showed a significant reduction in viable 
cell number following exposure to concentration of A4-THC as 
low as 5 jiM In addition, we examined whether tlte human breast 
cancer cell line MCF-7 was sensitive lo A4-THC-mediaied cell 
death To this end. MCF-7 and Jurkat cells were cultured for 24 It 
in RPMI 1640 containing 5r*  FCS in the presence of various con­
centrations of A’’-THC (0. 5. It), or 20 //M ) and the viable cell 
number was determined by trypan blue dye exclusion (Fig. l/» . 
The results showed that while the Jurkal cells wete sensitive to 
A'-THC-mcdiated killing at concentrations as low as 5 jxM, the 
MCF-7 cells were resistant to A^-THC-induced toxicity. Together, 
these data suggested that both the murine 4TI and the human 
MCF-7 human breast cancer cell lines are resistant to killing me­
diated by A ’-THC exposure

X'THC-cxpostire leads la uu reused growth o j the 4 T I breast 
a im er in vivo
Next, we examined whether exposure to A ' THC had any effect on 
the local giowih ol the 4TI tumor (Fig. 2A) To this end. BALB/c 
mice were injected s c. with 3 v 10' 4TI tumor cells. Three days 
lollowing the tumor injection, the mice were exposed every other 
day for 18 21 days to either vehicle or various doses of A THC 
1 12.5. 25, or 50 mg/kg). Tumor growth w as monitored and the data 
revealed that exposure to 25 mg/kg A '-T IIC  led to a significant 
increase in tumor mass This effect was even mote pronounced in 
mice treated with 50 mg/kg A'-THC

A 4-77/C exposure lends lo increased metastasis of 411 minor to 
the limit
In addition to examining the effects of A4-THC on the local growth 
of the ATI tumor, we examined whether exposure to A**-THC 
would have any effect on the level of metastasis in the lungs. To 
this end, BALB/c mice were injected s.c. with 3 X 10' 4TI tumor 
cells Three days following the tumor injection, the mice were 
exposed every other day to either vehicle control or various doses 
ol A'’-THC (12.5. 25, or 50 mg/kg) Tlte lungs from the tumor- 
bearing mice were harvested 18-21 days following tumor injec­
tion and the level ol metastasis was quantified (Fig 2. // and C). 
The resulis showed lhal exposure to 25 or 50 mg/kg A'’-THC led 
to a significant increase in the number of tumor nodules located in 
(he lungs. H&E staining of lung sections revealed that AV-THC- 
treatment led to a dose-dependent increase in the size of the met­
astatic nodules (F'ig. 2D) In addition, tumor burden in the lungs 
was quantified by determining the increase in lung mass m tumor 
bearing mice vs control mice and the resulis show that A4-THC- 
treatnicm led to a sigmlicant increase in lung mass (Fig. IE ) To­
gether. these results suggested that A4-THC-exposure increased 
the metastasis of ATI tumor to the lungs

The effect o f X ' THt exposure on 4TI tun io i growth in 
SCID-NOD mice
Next, the role of the immune system in the observed increase m 
ATI tumor growth and metastasis following A'’•THC was evalu­
ated using the SCID-NOD model. SCID-NOD mice are devoid of 
an antitumor immune response. Therefore, any effect of AV-THC
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FIGURE 2. A" THC exposure leads to an increase in number and size 
ol 4TI tumors metastasizing (o the lungs in vivo Mice injected s c with 
3 X 10' 4TI lumor cells were treated with various concentration ol A“ - 
THC every other day for 21 days Local minor volume was determined M l 
The lungs weie harvested and the inelaslases were quantified {II and O  
Sections ol the lungs were stained with If&E (O) The arrows indicate Ihe 
sues of tumor growth *. Statistically significant difference {/> •- 005) 
when compared with the controls The results are representative data ol 
experimental groups containing four mice The experiment has been rc 
pealed three times with similar results Tumor burden was quantified by 
determining the increase in the weight ol the lungs from rumor bearing 
mice compared with control mice (£).

on luinor growth in these mice would be independent ol an effect 
on the immune response To this end, SCID-NOD mice were in­
jected s.c. with 4TI lumor cells. The mice were then treated with 
ihe vehicle cr 25 mg/kg A’ -THC every other day for 19 days 
Local tumor growth and metastasis were recorded The results re­
vealed that A’ -THC exposure did nol result in a sigmlicant in­
crease m tumor growth (Fig. 3A) or metastasis (Fig. 3B), suggest­
ing that the effects of A’ -THC on the growth of the 4T1 tumor in 
immunocompetent mice may be directly related to an effeci on the 
immune system

i
FIGURE 3. The effect of A’ -THC exposure on 4TI tumor growth in 
SCID-NOD mice SCID-NOD mice were injected s.c with 3 x It)’ 4TI 
tumor cells The mice were then treated i.p with the vehicle control or 25 
mg/kg A’ -THC every other day for 19 days Local tumor growth M) and 
metastasis were recorded (/ft The results arc representative data o f exper 
imenlal groups containing lour mice The experiment was repeated three 
times with similar results

A’ -' / / / ( ’ exposure directly suppresses the immune response to 
4TI in Vivo
To directly examine the effeci of A’ -THC exposure on die aniiiu 
mor immune response, wc used a modified version of the popliteal 
lymph node assay More specifically, mice were firs! sensitized lo 
4TI hy injec.mg them twice, separated by 2 wk, with irradiated 
4TI lumor cells Two weeks following the final sensitization in­
jection. the mice were rechallenged in then rear footpads with 
irradiated 411 tumor cells and either received daily i.p injections 
of A’ -THC (25 or 50 mg/kg) or vehicle The immune response was 
determined 4 days following rechallenge by harvesting the lymph 
nodes, draining the site of tumor injection, and assessing (he in­
crease in lymph node mass (Fig. 4/\) and cell number (Fig. 4ft) 
compared with the same lymph nodes from mice not receiving the 
rechallenge. The results showed thai rechallenge wiih 4TI led to a 
significant and measurable immune response and that exposure to 
A’ -THC at concentrations as low as 25 mg/kg significantly sup­
pressed the antitumor immune response against 4TI. In addition, 
groups of mice sensm/ed against 4TI received a challenge with an 
unrelated syngeneic mammary carcinoma (EMT6). and such mice 
showed no significant immune response (data nol shown), dem­
onstrating lhal the immune response in Ihe sensitized mice was 
specific lot 4TI. Next, the effect ol A '-THC exposure on the 
growth and metastasis of 4TI tumor cells in 4Tl-sensiuzed mice 
was i .mined and the data showed that exposure to A’ -THC led to 
quicker appearance of detectable tumors (Fig. 4C). an increase in 
lumor size (Fig. 4/2), and an increase in the level of metastatic 
lesions in the lungs (Fig. 4E) Together, the results from these 
experiments demonstrated 4TI lumor can be immunogenic and 
that exposure to A’ -THC can suppress the immune response 
againsi 4TI tumor, which may account for enhanced lumor growth 
and metastasis.
A’ -77/C exposure lends to suppression o f the tumor-specifix 
proliferative response
To further examine the effect of A’ -THC on the antitumor immune 
response, we determined the effect of A’ -THC exposure on the
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I K .t Kl 4. A ' MICexposure directly suppresses the inmiuncresponse 
lo 411 in vivo 4TI sensitized mite were (.h.illcngcu i t  in iheir looipjds 
wiih irradiated 4 1 1 t l  x 1(1' vcIIm A lic  which die mite were iiru icd 
daily fin 4 day v with C'BI ISR14 171e>A i CB2 (SR 144521*i antagonists. oi 
vehicle I h Ix-lmc exposure in A ’ TIIC (2' mghtgi I lit immune response 
wan assayed In tlcleimining (lie nitre, -.c in Is inplt nude m,ivs i t  i .md te ll 
immhci i II) mmpaied wiih unchallenged m ite •. S l.iin tit.illv significant 
dillcrcntc (;i 003) when compared with ihe c- irols fhc clfccI of A '
THC exposure on the growth and metastasis ol *Tl lumoi tells in 411 
sensitized nine wav examined To ihis end. -IT I-sensitized mice were in 
jccled s t wiih I x io ' live 4TI tells The m ite were treated every other 
day Ini 10 days with vehicle oi A’ THC i25 nr SO nig/kg| The lumoi 
incidence iC). lumor mass it>), and nuuibt-i ol mcluvlnlit lesions in ihe 
lungs were determined (£'). The results are rcprcsenlalivc data o l cxpen 
menial groups containing lour mice Ihe experiment was repeated (luce 
times wiih similar resulis

proliferative response to 4TI To tins end. sensitized mice were 
treated f«'r 4 days with various concentrations of A '-THC (0. 25. 
and 50 mg/kg). Next, the splenocyte.s and lymph node tells were 
harvested and cultured in vitro lor4 days with irradiated 4TI tu­
mor cells. The proliferative response was determined by | ‘H(thy­
midine uptake and the results revealed that in vivo exposure to 
A’’-THC led to a significant suppression of the proliferative re­
sponse of splcnocyies (Fig 5.4) and lymph nodes cells (Fig 5/i) 
lo 4TI
Tlit■ effect nf CHI mid CB2 antagonist on Av-THC-induced 
suppression o f the immune response to 4T I m vivo
To invesligale the role ol CBl and CB2 in A'-IT 1C-induced sup 
presston of the antitumor immune response to 4 T I. sensitized mice 
were challenged s.c. in their footpads with irradiated 4TI Next, 
the mice were treated daily for 4 days with CBl (SR14 17 1fvA). 
CB2 (SRM4528) antagonists (20 mg/kg), or vehicle I It before 
exposure to A’ -THC (25 mg/kg) The immune response was as­
sayed by determining the increase in lymph node mass (Fig 6,4). 
tell number (Fig 68), and proliferation (Fig. 6 0  compared with 
unchallenged mice. The results demonstrated that treatment with 
the CB2 antagonist, but no: the CBl antagonist, could significantly

& »nr.
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1-Kit.1 KIs 5. A'' THC exposure leads lo suppression of Ihe tumor spe­
cific prolifeiativc response 4TI-sensitized mice were treated (or 4 days 
with vehicle or A “ TIIC 125 or 50 mg/kgl Nevl. spleenv (.1) and lymph 
nodes (III were lurvcvtcd und cultured trt vitro lor 4 days with irradiaied 
4 1 1 tumor te lls Various responder (splcnoeytes or lymph node cells I to 
stimulator (irradiated 4TI tumor cells! were tested The proliferative re 
vponvc was determined by | 'll|ih>midlnc uptake the experiment wav re 
pealed three times with similar resulis •. Statistically vignifit.ini ihlleienve 
i/i • U05) when compared wiih the tomruls

levcise the A I H I -induced suppression • »t the immune response 
against 4TI. suggesting a prominent role lor CB2 in the observed 
A ' I'flC mediated suppression of the aitliiumot immune response
Av TIIC exposure alters evlokotc production
Previous reports have indicated that exposure to A’ - l HC can alter 
the production of various cytokines ( 45. 46) Because the antitu- 
mor immune response is primarily mediated by H i I-directed im­
mune response, we examined whether exposure to A‘'-THC had 
any effect on the production ot Thl vs Th2 cytokines To this end, 
4TI-sensitized mice were challenged sc. with irradiated 4TI tu­
mors and then received daily injection with various doses of A 
THC (vehicle. 25. and 50 mg/kg) Four days following the chal­
lenge wiih 4T I, the lymph nixie cells draining the sile of injection 
were harvested, counted, and cultured t l x  10* cells/well) for 24 h 
m 96-well plates. Next, the supernatants were tested for the pres­
ence of various Thl and Th2 cytokines (Fig, 7/1), The resulis 
showed lhal exposure lo 25 mg/kg A’ -THC led to a dramatic in­
crease in ihe Th2 cytokines IL-4 and IL -10. suggesting that at this 
concentration, A’ -THC enhances the Th2 response. In addition, 
levels of II N-y were found to be elevated following exposure lo 
A’ -THC. Interestingly, exposure to 50 mg/kg A’ -THC led to a 
significant reduction in IL-4. IFN-y, and IL -10 compared with the 
vehicle or 25 mg/kg A’ -THC groups, suggesting the possibility 
that at a higher concentration. A’ -THC was leading io a more 
generalized suppression of the anlilumor immune response, pos­
sibly due to ihe induction of apoptosis 12 1).
Anti-IL-4 anil an ti-IL -10 mAbs p a rtia lly  prevent
2C-THC-induced suppression o f the immune response to 4TI
Next, we examined the effects of Abs against IL-4 or IL -10 on the 
A’ -THC-mduced suppression of the immune response lo 4TI To 
this end. 4T1-sensitized mice were first challenged in their rear 
footpads with irradiated 4TI cells. Groups of mice were then 
treated with vehicle + isotype control mAbs, A’ -THC (25 mg/kg/ 
day) t isotype control mAbs. A’ -THC (25 mg/kg/day) + anti-
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llt . IK I f>. The d ied  o f (  III and CR? antagonist on J 1* !  TIC induced 
suppression nl ihe Immune response in 4 1 1 in vivo 4TI sensmred mite 
were challenged u - in ilicir fouipads with irradiated I « in' irradiaied 
•III tells Next ’ lie mite were Healed daily foi 4 days with ( I I I  
iSH 1417 1<»A>, r r )2 iSR 144528> antagonists (20 mg/kg). in sehitle I h 
before exposure In A’  I IIC (25 mg/kg I Ihe immune response was assayed 
In delerii)irini{! ihe increase in lymph ihkIc mass (Al, tell number i ll)  and 
U N A  synthesis iC) compared wiih lymph nodes from unchallenged mite 
The resulis arc representative dul.i ol expciimcniul groups containing foul 
mite The experiment was repealed three limes with similar results •. 
Statistically ygniheani difference <j> ' 00 5 ) when tomparrd wiih the 
tomrols

IL-4 mAbs, or A’-THC (25 mg/kg/day) * anti-IL-IO mAbs The 
immune response was assayed 4 days later by determining the 
mass and cell number of the lymph nodes draining the site ol 41 I 
injection (Fig. 7/J). The resulis showed lhal exposure lo A’-THC 
led lo a significant reduction in the lymph node mass However, il 
the mice were treated with anti-IL- It) mAbs. or to a lesser extent. 
anti-IL-4 mAbs. the A'-THC-mduced reduction in lymph node 
mass could he partially reversed. Together, these results lurcher 
suggested a tole lor IL-4 and II.-Id in the A’-THC-induced sup­
pression of the immune response lo 4TI
Ihe effeci o f  X 9-T H C  exposure o f  fitne expression in tw iph  
node i ells draining the site o f  d T I  injection

Next, using cDNA array analysis, we screened for alterations in 
the expression of genes involved in ihe Th I and Th2 response in 
lymph node cells draining Ihe site of 4TI injection following ex­
posure of 4TI -sensitized mice to 25 mg/kg A’-THC. Of the % 
genes screened, the expression of IS genes was significantly (>2* 
fold) altered in ihe lymph nodes cells front the A'-THC-lreated 
mice The expression of 6 genes was reduced, while the expression 
of 12 was increased in the lymph node cells isolated from the 
A'-THC-treated mice (Table I) Included in the group ol down- 
regulaled genes were the Th I-associated genes, IL-1R. and the

A
■ lr»-

'V  f n*»
FH il K l  7, A 'T IIC  exposure leads lo alteration m cytokine prrnfuc
 ....  I l l  xenMti/ed mice were challenged s i with I x I I I ' irradiated 4T I

cells and then received daily injection willi carious doses ol A’ -THC (ve­
hicle .'5 and SO mg/kg) Four days following the challenge with 41 I. the 
lymph node cells draining the sue of injecnon were harvested, counted and 
cultured i I w IO'1 cells/well) lor 24 Ii in 96-well plulcs Ncxl, (he super 
iial.mls were icsird for the presence ol various T ill and Th2 cytokines (A) •. 
Statistically significant increase Ip • 0 0 5 1 when compared with iIk- untreated 
comml Siaiisiically significnni decrease ip c 005 ) when compared with 
the imirejled control. To examine Ihe effects of Abs against IL-4 or IL-10 on 
A' ITIC induced suppression ol Ihe immune response, 4TI-sensni/cd mice 
were first challenged lit then ie.ii footpads with irradiated ATI cells (I '  10' 
cells) Groups ol mice were then were healed wiih schicle control > isolyjw 
> ontml mAbs, Av T IIC (25 mg/kg/day) t tsoiype control mAbs, A1* T IIC <25 
mg/kg/day) t  anti IL 4 mAbs. or A’ -THC (25 mg/kg/day) + ann-IL IO 
mAbs The immune response wax assayed 4 days later by determining Ihe 
moss and cell number of the lymph nodes draining the silc of 4TI injection III) 
*. Statistically significant differences (/> < 005 ) when compared with mice 
treated with A’ -THC alone

TNFK superfamily members L>R6 and 4-IBB. In addition, the ex­
pression of a number of transcriptional regulators was reduced 
Analysts of the genes that were up-regulated follow ing exposure lo 
A'-THC revealed several Th2-associa(ed genes, including C2ta. 
cotaxin, II I3R. IL-4, IL-4R, IL-5, GATA binding protein 3, and 
grow th factor independent I In addition, the expression of a num­
ber of transcriptional regulators including, suppressor of cytokine 
signaling (SOC.S)2, SOCS5. SOCS7. and Fos-like Ag 2 was in­
creased. Taken together, the results from tlte cDNA analysis fur- 
tlter suggested dial exposure lo A’-THC leads to suppression of 
genes regulating Thl response and an increase in Ihe Th2 response 
genes leading in an inefficient immune response againsi the 4TI 
lumor in vivo.

Discussion
In the current study, we demonstrated that exposure to A’-THC 
can enhance the growth and metastasis of the 411 mammary
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Table I. cDNA array analysis of Thl/Th2-associutfd gene expression in 4Tlslimulaltd lymph node cells from vehicle or X’ -THC-treated 4TI- 
sensitised mice"

Gene Name Description Function Accession Number Fold Change* vs Vehicle
C2ta Class II trnniaclivalor Th2 NM.00757S + 2.1
,V< \ a l  1/riiia sin Stnall chemokinc ligand 11 Th2 U26426 + 19.4
ILISRA2 Interleukin-13 receptor. n2 Th2 U6S747 + 4.4
11,4 Interleukin 4 Th2 M2:'892 ♦ 4 8
IL-4ni Interleukin-4 receptor, o TH2 NM .0I0557 +4 4
11,3 Inlerteukm-S Th2 NM .0I0558 +2.9
GAT A.I GAT A binding protein 3 Th2 NM .008091 ♦ 2 V
Gfil Growth l.wlor independent 1 Th2 NM .0I0278 ♦ 3.5
SOCS2 socs? Trans rcg NM .007706 + 2 0
SOCSS SOCS5 Trans rcg. N M .019654 ♦ 6.8
SOCS7 SOCS7 Turns re« NM .08084.3 ♦ 2 6
r«si2 Fos like antigen 2 Trans teg. NM.008U37 ♦ 3 2
II, IK Interleukin-1 receptor Thl (143673 14 6
IJR/> TNF receptor supcrfamtly member Thl AF322069 -5.3
4 - I H H TNF receptor superfamdy member PH J04492 -5 .7
Jundl Jun prolooncugcne related gene dl Trans reg NM.010592 -11 .7
JNKK2 MAP kinase kinase MKK7 Trans, rcg U74463 -2 .5
JNK1 Milogen uclivuicd protein kinase 8 Trans rcg A13005663 -2 .9
Summary o l gene t ip r r iu i t n  l lu l wav Imind lt> he increased or decreased in splenic cells nutated hunt d ' n U  h c j l r i l  pie iininum/cd mice foltoviiny stimulation with 

irradiaied 4TI cells mice compared to the gene cspressnin In splenic cells isolated fnmi sehictc irra icd prcmummired mice following cumulation m il l iiTadiaied 4 7 1 
Fold change ic|>fesenls Ihe change m gene expression fo llom ng normalization with b - jc iiu  gene cxpicssion 
Trans Reg. Transcriptional regulalor

c.ucinnma This is in contrast io out previous finding in which wc 
demonstrated thai treatment with A' THC led to the elimination ol 
the EL-4 leukemia in vivo 18). This stark contrast suggests that 
some tumors may be more resistant lo A ’-THC-mediatcd killing 
jtul dial the effects of A ' T HC on the immune system may play an 
important role in tumor growth and host survival in such tumor 
models More specifically, we hypothesize that the degree ol sen 
sitiviiy of a tumor io A'-THC may be directly relaied 10 the level 
of CBl and CB2 expression Importantly, these results would sug­
gest that, although A’-THC may lie effective at killing tumors that 
express cannabinoid receptors. A’-THC-exposure may actually 
lead lo increased growth and metastasis ol tumors with low to no 
expression of cannabinoid receptors due to suppression of the an- 
titumor immune response.

The use of cannabinoids for the treatment of a number of can­
cers is currently under investigation (8. 10. 37. 38) However, litilc 
is known about the relationship between the level of cannabinoid 
expression and the sensitivity to A’ -THC killing. In the current 
study, we proposed that tumors that express little to no cannabi­
noid receptors would be relatively resistant to the cytotoxic effects 
of A’-THC. This was shown in both a mouse and human breast 
cancer cell line. However, previous studies have shown that ex­
posure to cannabinoids can lead to a decrease in the growth of 
some breast cancer cell lines in vitro. For example, exposure to 
ariandatmde inhibited the proliferation of the MCF-7 and EFM-19 
human hrcast cancer cell line in vitro (38). It should be noted that 
although the use of CBl antagonists led lo the partial reversal of 
the anandamide-induced suppression of the proliferation of the 
HFM-19 cell line, the expression of CBl or CB2 was nol directly 
examined. To dale, little has been reported about the expression 
and/or role of cannabinoid or vanilloid receptors in either human 
or mouse breast cancer cell lines In this report, we demonstrated 
that the human breast cancer cell lines MCF-7 and MDA-MB-231 
express only low levels of CBI and undetectable levels of CB2 and 
that neither receptor was detectable in the mouse 4TI mammary 
cell cti .noma. In addition, we demonstrated that 4TI cells ex­
press high levels of vanilloid receptor I (data nol shown). There­
fore. because anandamide is also know to act as potent agonist for 
the vanilloid receptor I (39-41), it is possible that the breast can­

cer cells may be more sensitive to anandamide compared with 
A '-T HC due to the expression ol vanilloid receptors. In addition, 
most previous studies did not directly examine the effects of (man- 
dontide on the growth of tumors in an m vivo setting. Therefore, 
depending on the role of the immune system in the control ol 
growth of the specific tumor tested, n is still possible that the 
aniitumor effects ol anandamide and other cannabinoids may be 
offset by their immunosuppressive properties, ultimately leading to 
increased tumor growth as seen in our study.

In the current study, we cd doses of A’-THC up to 50 tng/kg. 
Importantly, there is evidence to suggest that the doses of A’-THC 
used m the current study are pharmacologically relevant. Azorlosa 
ct al. showed that levels as high as I jiM could be obtained in the 
plasma of humans (42), and in separate report it was shown that 
A’ -THC can be concentrated 15- io 20-fold in some tissues (43) 
Therefore, it might be possible to reach levels as high as 20 /rM in 
some tissues alter recreational use. In an earlier study. Chan et al. 
showed that rats injected w ith 50 mg/kg body weight of A’-THC 
led to a serum concentration of 10 of A’ -THC within 10 It of 
administration (44). Moreover, it has been proposed that the use of 
higher doses may be necessary m order for A’-THC to be effective 
medicinally. Therefore, use of up to 50 mg/kg of A’-THC should 
lead to physiologically relevant concentrations that correlate to the 
potential concentrations following recreational use tnd may also 
correlate with the concentrations necessary for some of the pro­
posed clinical uses.

T he immune response to tumors is believed to be mediated pri­
marily by the Thl response. Skewing of the immune response from 
the cell-mediated Thl response io the humoral-mediated Th2 re­
sponse may lead lo a positive environment for tumor growth and 
development In the current study, we showed that exposure to 
A’ -THC led to increased production of IL-4 and IL-10. and im­
portantly, administration of Abs against these cytokines reversed 
the A’-THC-mediated suppression of antitumor immunity. In­
creased levels of these cytokines have been associated with a num­
ber of cancers. For example, increased levels of IL-4 and IL-10 
have been reported in patients with breast cancer and this was 
directly correlated to suppression of the immune response (45). In 
a separate study examining the immune response in patients with
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breast and lung cancer, a shift toward the Th2 immune response 
was observed (46). Furthermore, increased levels of IL-10 secret­
ing T-regulalory cells have been associated with the inability to 
mount an effective itmnune response to Hodgkins lymphoma (47). 
These studies highlight the potential involvement of the immune 
system in the development and progression of various tumors, in­
cluding breast cancer, and suggest that skewing of the immune 
response to Ihe Th2 phenotype may enhance the tumor's chances 
of survival Therefore, the induction of a Th2 response following 
A ' ’1IC exposure may significantly increase lumor cell survival 
and ultimately facilitate tuinor growth. Interestingly, in this study 
we also observed an increase in IFN-y following A’-THC expo- 
sure. This may suggest that, in the current study. A’-THC led to an 
incomplete Th2 skewing of the response as seen in other lumor 
models (48) or to the activation of cells such as NKT ot I regu­
latory cells (49. 50).

A number ol other reports v.iggest that exposure to cannabinoids 
may affect the immune system by altering cytokine production in 
mice (351 For example, exposure to A’-THC leads to inhibition of 
the Thl response following L  pneumophila infection (26) Expo­
sure of mice to cannabinoids m the concunavalm A-induced hep­
atitis model led to increased production of Th2-associated cyto­
kines IL-10 and II.-6 and a reduction in the Thl-associated 
cytokines 11-2 and IFN-y (51). Similar icsults were seen when 
examining the immune response to a murine lung cancer in which 
it was shown that the A’-THC-tnduced suppression ol the antnu- 
inor immune response was due to a A '- THC-mediated shifting ol 
cytokine production (15) Also, a recent study demonstrated that 
individuals who smoked marijuana on an occasional (eventual to 
monthly use) or regular basis (weekly to daily use) had abnormal 
T cell and NK cell functions and increased levels of TGF-/3 and 
IL-10 (52). suggesting a possible Th2 bias in humans, similar to 
what we repotted in the current study In addition, previous studies 
from our laboratory have show n that A'-THC at doses of 50 mg/kg 
can lead lo the induction of apoptosis in the thymus and spleen of 
naive mice Previously, wc demonstrated that concanavalin A-ac- 
livaied splenocyics and I.PS-activated dendritic cells arc relatively 
icsistaitt to A’-THC-induced apoptosis when compared with then 
naive counterparts and that the sensitivity correlated with the level 
of cannabinoid receptor expression (21. 53) Little is know about 
the expression of cannabinoid receptors in cells involved in the 
immune response to tumors or the effect of A’-THC on their via­
bility Therefore, it is possible that A’-THC may suppress the in 
mor-speciftc immune response by inducing apoptosis in Thl-as­
sociated cells reacting tn the tumor challenge, resulting in the 
observed shift to the Th2 response.

Work using the 4TI has shown that the immune response to this 
tumor is primarily mediated by CDX‘ cells (54). Additional stud­
ies suggested that NKT cells may play a negative role in the rc- 
sponse to this tumor (55) For example. CD Id mice had a sig­
nificantly elevated response to the 4TI tumor in vivo (55) 
Following stimulation. NKT can rapidly produce large quantities 
of IL-4 and IL-10 and have been implicated as possible negative oi 
positive regulators of the antitumor immune response. Another cell 
that may play an important role in controlling the immune re­
sponse is the CD4 ‘ CD25' regulatory T cell Interestingly. 
CD4 ’CD25* regulatory Tcells have been reported to suppress the 
aniiiumor immune response and this suppression was associated 
with the increased production of IL-10 (47. 56). To dale, little is 
known about the effect of cannabinoids on NKT or CD4 ‘0)25 ‘ 
regulatory T cell functions. However, it is possible that A’-THC 
exposure may directly lead to altered NKT and/or CD4 1CD25 
regulatory T cell activity, resulting in the observed suppression of 
the antitumor immune response. In addition, it is possible that the

observed suppression of the tumor-specific immune response may 
be mediated through alterations in dendritic cell function. Thu 
possibility is supported by work from our laboratory in which wc 
demonstrated that dendritic cells arc sensitive to A’ -THC medi­
ated apoptosis (53). The exact role of these cells in the A’-THC- 
induced suppression of the antitumor immune response is currently 
being investigated in our laboratory.

Although, ihe importance of the immune system in protection 
against many of the common epithelial cancers remains contro­
versial. it is becoming clear that ihe immune system plays a con­
siderable role in the protection against vitally induced or virus 
associated tumors. For example, there is un increased rate of 
Karposi sarcoma. non-Hodgkins lymphoma, Burkitt lymphoma, 
and cervical cancer in AIDS patients (27) In addition, there have 
been reports of increased incidences of various lymphomas, cuta­
neous neoplasms, and de novo breast cancers following organ 
transplantation (28- 31) Although, the immune response to 4TI 
has not been fully elucidated, it has been postulated that the im­
mune response may he directed against mouse mammary lumor 
virus (M.MTV) Ags expressed by the tumor (57) Interestingly, a 
number of studies suggest a possible role of an MMTV-likc virus 
in the etiology of a large proportion of human breast cancers 
(58. 59). Although direct epidemiological data linking marijuana 
exposure to increased incidence of breast cancers is not currently 
available, u is intriguing to speculate that immunocompromised 
individuals may become increasingly susceptible to MMTV-likc 
infection and to the subsequent development of breast cancers 
Therefore, the possibility exists that exposure to marijuana, either 
through recreational or medicinal use, may lead to increased inci­
dence of immunogenic tumors
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OBJECTIVE. This longitudinal study examined the effects of tobacco and 
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risk o f negative effects from prenatal tobacco and marijuana exposure.
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the CBl receptor agonist WIN 55.212-2 (WIN). at a dose (0.5 m g;kg) tha t ^  M aterials and M ethods

causes neither malformations nor oven signs o f toxicity. Prenatal WTN 
^ ^ p o su re  induced a disruption o f  memory retention in 40- and 80-day-old ^ Discussion

offspring su b jec te d  to a  p a s s iv e  a v o id a n c e  task. A  h y p era c t iv e  b eh a v io r  at the  Rcfg.ren.EPi 
ages o f  12 and 40 days w a s  a lso  found T h e  m e m o r y  im p a irm en t  caused  b y
the g es ta tio n a l  e x p o s u re  to W I N  w a s  co rre la ted  w ith  a lte ra t io ns  o f  h ip p o c am p a l  long-te rm  p o te n t ia t io n  
(LT P) and g lu ta m a te  re lease . L T P  in d u c ed  in C A 3-C A 1  s y n a p s e s  d ecay ed  fas te r  in brain  s l ic e s  o f  ra ts  
bom  from  W IN - t re a te d  d am s,  w h e re a s  p o s t te tan ic  and sh o r t - te rm  p o ten tia t io n  w e re  s im ila r  to  the con tro l  
croup. In line w i th  L T P  sh o r ten in g ,  in vivo  m ic ro d ia ly s is  sh o w e d  a s ign if ican t  d ec rease  in b a s a l  and  K~- 
evoked ex trac e l lu la r  g lu ta m a te  leve ls  in the h ip p o c a m p u s  o f  ju v e n i le  and adult  rats  b o m  f ro m  W IN - 
treated dam s. A  s im i la r  red u c t io n  in g lu tam a te  o u tf lo w  w a s  also o b se rve d  in p r im ary  cell c u l tu re s  o f  
h ip p o c am p u s  o b ta in e d  f rom  p u p s  b o m  from  m o th e rs  e xp o sed  to W IN . T h e  d ec rease  in h ip p o c a m p a l  
g lu tam ate  o u tf lo w  a p p e a r s  to b e  the  c a u se  o f  L T P  d is rup tion , w h ic h  in turn  m ight underl ie ,  a t least in 
nan. the  lo n g - las t in g  im p a i rm e n t  o f  co g n i t iv e  functions  caused  b y  the  ges ta tiona l  e x p o su re  to  this 
cannab ino id  a g o n is t  T h e s e  f in d in g s  c ou ld  p ro v id e  an e x p lan a t io n  o f  c o g n i t iv e  a lte ra tions  o b se rv e d  in 
children  b o m  fro m  w o m e n  w h o  u se  m a r i ju an a  d u r in g  pregnane}

► Introduction
. . .  . *  Top

Even th o u g h  m a r i iu a n a  is  the m o s t  wide!} used illegal d ru g  a m o n g  w o m e n  at ^  Abstract
ro d u c t iv e  a s e .  r e p o n s  d ea l in e  w i th  th e  effec ts  o f  p ren a ta l  e x p o su re  to this * Introduction

,  , . , ~ r  - , . , r r  • ▼  Majeriols and .Methods
Substance  0: a b u s e  on tn e  leng tn  o f  ges ta tion ,  letal g row th , and o f fsp r in g
behav ior a re  still  c on tro v ers ia l  (1 -4  ). C o n fo u n d in g  fac tors , such  a s  p o ss ib le  ^  Results
im purities  in th e  drug and  c o n c o m ita n t  tob a cc o  sm o k in g ,  m a y  be  re sp o n s ib le  ~  R ^ r l n c c s
for in c o n s is te n c ie s  in fne results rep o r ted  in s tud ies  to da te  (4. £). It is l ike ly  -----------------------------------------
that m a n y  o f  th e se  con f l ic t in g  resu lts  a re  due  to m e th o d o lo g ic a l  p ro b le m s  such  as the  m e a s u re m e n t  o f  
neonata l o u tc o m e s  and the  c o n te x t  in w h ic h  the resea rch  is c on d uc ted . M o re  co m p le x  and le s s  
u nders tood  is th e  sc en a r io  c o n c e rn in g  the  p o ss ib le  lon g - te rm  c o n s e q u e n c e s  o f  in utcro  e x p o s u re  to 
c an n ab is  d e r iv a t iv e s  on  c o g n i t iv e  fu n ct io ns .  In fact, data  o n  this i s su e  are spa rse ,  and  the ide n t i f ic a t io n  of 
a ltera tions in b ra in  d e v e lo p m e n t  a nc  adu l t  exp ress io n  o f  c o g n i t iv e  and b eh av io ra l  functions  is  far f rom  
defin it ive . T h e se  in c o n c lu s iv e  resu lts  m a y  dep en d  on  e th ica l,  p rac tica l,  and  in te rpre ta tive  d if f icu l t ie s  
su rrou n d in g  re se a rc h  w ith  h u m a n  su b jec ts  (4). In  this reg ard ,  a n im a l  m o d e ls  p ro v id e  a usefu l tool for 
exam in ing  the p o ss ib le  d e v e lo p m e n ta l  and  lon g - te rm  e ffec ts  o f  p ren a ta l  e x p o su re  to c a n n a b in o id s  (C B s).

S tudies p e r fo rm e d  in ad u l t  rats h a v e  d e m o n s tra te d  the in v o lv e m e n t  o f  a specif ic  C B  rec ep to r  ( C B l )  
h igh ly  e x p re sse d  in m an}' brain  re g io n s  t6 )  in the  re in fo rc in g  e ffec ts  o f  C B s  (?)  and  a lso  in th e  d is ru p tiv e  
effects  o f  e i th e r  ^ - t e t r a h y d r o c a n n a b i n o l  ( ^ - T H C t  or the  sy n th e t ic  ago n is t  W IN  5 5 .212-2  (W IN )  (8)  
on c og n i t iv e  p ro c e s se s  (9).

in part icu la r ,  it h as  b een  rep o r ted  that def ic i ts  o f  c og n i t iv e  fu n c t io n s  in d u c ed  by  m ariju an a  u se  d u r in g  
^ P u l t h o o d  c ou ld  b e  m a in ly  a t t r ib u tab le  to the ac t iva tion  o f  C B l  rec ep to rs  located  in the h ip p o c a m p u s  (6, 

IQ- l i  1- £ b ra in  reg io n  c ruc ia l  fo r  cer ta in  fo rm s o f  lea rn ing  and m e m o ry .  In  this reg a rd ,  it h a s  been
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shown that CBs decrease excitatory postsynapric currents and disrupt hippocampal long-term 
potentiation (LTP) ( 12-14). which is considered the cellular and molecular model for learning and 

^ p m o r y  ( I i .  16).

Accordingly, the CBl receptor-mediated LTP disruption seems to be associated with an inhibition of 
hippocampal glutamatergic transmission (14.12)- a finding that could be relevant in elucidating the 
possible electrophysiologicai and ncurochemical mechanisms underlying the effects o f CBs on cognitive 
functions (1 1 .1£).

The aim o f  the  p r e s e n t  s tu d y  w a s  to d e te rm in e  the e ffec t  o f  lon g - te rm  p ren a ta l  e x p o su re  to  WTN on 
c ogn it ive  fu n c t io n ,  h ip p o c a m p a l  L T P . and  h ip p o c a m p a l  g lu tam a te  re lease  in ju v e n i le  and  ad u l t  rats. 
C o g n it iv e  fu n c t io n ,  e v a lu a te d  w ith  a  p ass iv e  a v o id a n c e  task, w a s  tested 4 0  and  80  days a f te r  b ir th .  L T P  
w a s  s tu d ie d  in h ip p o c a m p a l  s lices o b ta in e d  f ro m  4 0 -d ay -o ld  rats. G lu ta m a te  re lea se  w a s  m e a s u r e d  by 
m ic ro d ia ly s i s  in 4 0 -  and  8 0 -d a y -o ld  rats as w e l l  as in h ip p o c a m p a l  p r im aiy  cel! cu ltu res  o b ta in e d  from 
p u p s  b o m  fro m  d a m s  e x p o s e d  to W IN .

F u r th e rm o re ,  b e c a u s e  p re v io u s  c lin ical f ind in gs  have  rep o r ted  a b n o rm al  m o to r  ac t iv i ty  in c h i ld re n  o f
m o th ers  w h o  used  m a n i u a n a  d u n n g  p re g n a n c y  ( 3 .1 9 ) .  the e ffec t  o f  p ren a ta l  W I N  e x p o su re  on
sp o n ta n e o u s  m o t i l i ty  w a s  a n a ly z e d  in infant ( 12 -day-o ld ) ,  j u v e n i l e  (4 0 -d ay -o ld ) ,  and ad u l t  (8 0 -d a y -o ld )  
offspring .

^  M aterials and Methods
Animal Care.

-*■ la p  
•*. Abstract 
-*■ Introduction  
• M ate-ials and .Methods

Results 
w  Discussion  
~  R eferences

E x p e r im e n ts  w e re  p e r f o rm e d  in a cc o rd a n ce  w i th  the g u id e l in e s  issued b> the 
I ta lian  M in is t ry  o f  H e a l th  O e c r e t o  L eg is la t iv o  116 '92) and fD ecre to  
L e g is la t iv e  111 '9 4 -B ) .  the  D e c la ra t io n  o f  H e ls in k i ,  a n d  t h : G u id e  for the  
C are  and U s e  o f  L a b o ra to ry  .Animals as a d o p te d  and p ro m u lg a te d  by  the  
N ational  In s t i tu te s  o f  H ea l th .

Animals and Exposure Conditions.

P r im ip a ro u s  W is ta r  fem a le  ra ts  (H arlan  S R C . M ila n !  w e ig h in g  2 5 0 -2 8 0  g w e re  h ou sed  for 1 w e e k  
b e fo re  e x p o s u re  to m a le s  at con s tan t  room  te m p e ra tu re  (20 ±  1 °C) and  h u m id i ty  (60% ) w i th  l ig h ts  on 
12 h  a a y  (0 8 0 0  to 2 0 0 0  h) a n d  food and  w a ie r  ava ilab le  ad lib i tum . P a ir s  o f  fem a les  w ere  then  p laced  
w ith  s ing le  m a le  ra ts  in the  la te  a fternoon . Vaginal sm e a rs  w e re  taken the  fo l lo w in g  m o rn in g  at 0 9 0 0  h. 
T he  d a \  on  w h ic h  sp e rm  w e re  p resen t  was d es ig n a te d  as the ges ta tion  d ay  0 (G D  0).

Pregnan ; ra ts  w e re  t rea ted  d a i ly  w i th  W IN  (0 .5  m g L g )  from G D  5 to G D  20. T h is  dose  w a s  c h o s e n  on 
the basis  o f  o u r  p i io i  s tu d ie s ,  w hich  sh o w e d  tha t  p ro lo n g e d  p ren a ta l  e x p o su re  to a h igher  W I N  d o se  

^ ^ 0  m g /k g )  s ig n if ic a n t ly  a ffec ted  r e p ro d u c t io n  p a ra m e te rs  s u c h  as d a m  and p u p  w e ig h t  g a in  as  w ell  as 
^ i e r  size at b irth . T h e  d rug  w a s  su sp e n d ed  in 0 .3 %  T w e e n  8 0 /sa l in e  a n d  in jec ted  s.c. at the  v o lu m e  o f

1.0 m l/k e .  C o n tro l  ra ts  w e re  in jec ted  w ith  the  veh ic le .

http ://www. pnas.org/cgi/contentTull/] 00/8/4915 1/2/2005



Litters were reduced to a standard size of six male pups (when possiblei within 24 h after birth Litters 
from both control and WIN-exposed groups were then assigned to nonexposed mothers whose pups 

^ |s r e  bom on the same day.

One pup per iitter from different litters per treatment group was used in each experiment. Pups were 
weaned at 21 days o f age. Each male pup was used only for a single test and tested once.

Reproduction Data.

Body weights o f th? dams were taken on GD 0 and GD 20. The number t r  dams giving birth and the 
length of pregnancy were determined. Litter size at birth and postnatal mortality (the number of male 
pups that died before weaning) were evaluated. Body weights ofmaie rats (one pup per litter from 
12 control litters and 10 WIN-exposcd litters) were recorded.

Behavioral Studies. M o t o r  a c t i v i n .

Motor activity was recorded in an Opto-Yarimex apparatus linked to an IBM PC (Columbus
Instruments. Columbus. OHi according to the method described by Wedzonv e ; a l .  (20). The apparatus
consisted of a cage (42 42 * 30 cm) equipped with 15 infrared emitters (spaced at 2.65-cm intervals)
located on the x  and v axes 2-3 cm above the floor o f the cage (depending on the size of the animal) and
an equivalent number o f receivers located on the opposite walls. A further line o f emitter receiver pairs
was located ~ 5  cm (depending on the size of the animal i above the floor o f the cage to detect vertical

^novem ents (i.e.. rearings). Each interruption of a beam generates an electnc impulse scored by a digital 
^ ^ un ter .

P r o c e d u r e .

The amount o f lime spent in ambulatory activity was analyzed by using AL’TO-TRACK. software 
(Columbus Instruments. Columbus. OH). Ambulatory activin.’ was defined as a trespass o f three 
consecutive photo-beams, whereas other movements i e.g.. repeated interruption o f  the same photo­
beams) were . egarded as stereotypic movements. Resting time was calculated as the amount of time 
during which there were neither ambulatory nor stereotypic movements. Furthermore, vertical activity 
was measured by recording the number o f  horizontal beams that were broken by the rearings of the 
animal.

Tests (5-min sessions) were carried out in a 1 * 1 * 2 m sound-attenuating cabin (Amplifon G-type 
cabin) illuminated by a 20-W white light source suspended 2 m above the apparatus. Background noise 
of 42 dB sound pressure level was produced by a fan. Different groups of animals were tested at 
12.40. and SO days o f age. Experimental groups: (/) vehicle-treated groups (10 animals) and ( i i )  \YIN- 
treated groups (8 animals). Tests were carried out between 0900 and 1400 h.

P a s s i v e  a v o i d a n c e  b e h a v i o r .

0 k  "step-down" apparatus was used according to the method extensively described by Trabace c t  a l . (21). 
consisted o f a compartment (25 *  24 24 cm) constructed of black Plexiglas and equipped with a grid

ricnaiaj ca îumuc tu a v,<umauuiuiu atunui jjiuuuccs uicuiuj > ucuwim liitticu iu uy»»uwuiu... i a tt iw i  n

httpi/Avww.pnas.org/cgi/content'full '100/8-4915 1/2/2005



rjeum*i CApusuic iu a uuuiauinuiu agu ni M pjuuuccb ineinuiy uenuii u j i k c c i  ic u v m i u j u i i j . . .  r a g e  3 01 1

floor io which an elevated compartment (13 * 24 x ]6 m) with a solid Plexiglas floor was attached. A 
guillotine door (9 * 10 cm) separated the opening between the elevated compartment and the iarge 

^^m panm ent. A 25-W lamp illuminated the elevated compartment while the large compartment 
remained dark. Scrambled foot shocks were delivered from a Letica shock generator (LI 2750 Unit, 
Barcelona). The experiments were performed in a sound-attenuating chamber (Amplifon G-type cabin i 
that was dark except for illumination o f  the elevated compartment of the apparatus

P r o c e d u r e .

Each animal was removed from the horn, cage and placed in a holding cage adjacent to the apparatus. 
Two minutes later, the rat was placed in the illuminated compartment, and, after a 10-s delay, the 
guillotine door was raised. The time taken by the animal to complete!) enter into the dark compartment 
was measured (approach latency i and taken as an index of emotional, nonassocianve behavior.

A single 2-s inescapable scrambled foot shock (0.8 mA) was delivered immediately after the rat entered 
the dark compartment. Twenty-four hours after this session (acquisition triali. each animal was tested for 
memory retention. The animal was placed in the elevated compartment and latency to re-enter 
i avoidance latency) the dark compartment was recorded and assumed to be a measure o f memory 
retention. Both acquisition and retention trials lasted for a maximum observation time o f 180 s. The 
experiments were conducted in 40- and 80-day -oid male offspring of either control or WIN-exposed 
mothers, each group consisting of eight rats.

^^ectropliysiological Studies.

The electrophysiologica! experiments (see ref. 22 for details) were performed in 40-day-old offspring of 
either vehicle-exposed (n  = 10) or WIN-exposed </: = 9) mothers. Transverse hippocampal slices were 
prepared following standard methods. Briefly, rats were decapitated under deep anesthesia by halothane 
(4.0% in O,), and the brain was rapidly removed. Slices (350 urn thick) were cut in chilled Ringer

solution with a vibrosiicer (VSL. WPI. Sarasota. FL). incubated at room temperature (20 = 2°C) for at 
least 60 min. and then individually transferred to the recording (submerged) chamber. At least two slices 
from each animal were tested Ringer medium contained 124 mM NaCl. 3.5 mM KCI. 1.25 mM 
NahKPOj, 22.0 mM NaHCCK. 10.0 mM dextrose. 1.0 mM MgClv 2.0 mM CaCL. The solution was

maintained at pH “.4 by continuous bubbling with 5% CO-, in Ot.

The procedure was as follows. Field-excitatory postsynaptic potentials (f-EPSPsi were recorded ffom 
stratum radiatum o f CA1 pyramidal cells in response to monopolar stimuli (20 ps-duration) delivered to 
the Schaffer collateral commissural pathway via platinum electrodes. Recording electrodes were filled 
with the medium (1-2 Mfl). Synaptic responses were sampled at 5-10 kHz. Acquisition and analysis 
were performed by a pCLAMP 5.5 Digidaia 1200 system i Axon Instruments Inc., Foster City. CA). The 
evoked f-EPSPs were measured as the slope o f  their rising phase after the presynaptic volley. .An VO  
curve was constructed for each siice by plotting increasing single stimulus intensity (scan: 50 to 

^P>00 u.A) vs. the evoked f-EPSP. The current intensity required to produce 50% of maximal response 
(EC50) was used to assess the synaptic excitability and was used for test stimulation and teianization.

http://www ,pnas. org' cgi' content/ful 1 100/8 4915 1/2/2005

http://www


Prenatal exposure to a cannabinoid agonist produces memory deticits linked to dysfimctio... Page 6 o f ] 7

Samples o f f-EPSP were taken every 5 min, averaging 10 consecutive responses (22)- Tetanization 
consisted of rwo trains o f stimuli (100 Hz for 1.0 s at 25-s intervals) delivered after at least 30 min o f  

^^aseline. Responses were followed up to 180 min and were considered potentiated if  their slope was 
>20% o f baseline.

The three temporal phases o f f-EPSP changes, i.e., posttetanic potentiation (PTP), short-term 
potentiation (STP), and LTP expression (or maintenance) were distincuished as indicated ( 15. 1£. 22. 
2 1 1

.Neurochemical Studies. M i c r o d i a l v s i s .

/>: v' i v o  experiments were performed in the offspring of WIN-treated and vehicle-treated dams, a: the age 
of 40 and 80 days. Under naiothane anesthesia < 1.5% mixture of halothane air), animals were mounted 
in a David Kopf stereotaxic apparatus, and a microdialysis probe (1 mm dialvzing membrane length) 
was implanted into the hippocampus. The coordinates relative to bregma were as follows: 
anteroposterior. -5 .2; mediolateral, r4.0: and dorsoventral. -3 .8  mm (24). After the implantation, the 
probe was secured to the skull with methacrylic cement. Microdialvsis measures were performed after at 
least 30 h of recovery.

P r o c e d u r e .

On the d2 \ of the experiment, the probe was perfused with an artificial cerebrospinal fluid (148 mM 
mM KCI 1.2 mM CaCK'0.S5 mM M gCU ’2." mM glucosei at a constant flow rate (2 nl mini

wia 2  microinfusion pump. At least 300 mir, later, diaiysates were collected every 20 min. and giutamate 
content was measured by HPLC. The average concentration of three successive stable samples (variation 
<10%) was considered as baseline glutamate outflow . Thereafter, the probe was perfused (10 min i with 
an isotonic artificial cerebrospinal fluid containing 50 mM KCI. This medium was then replaced with the 
original one. and funner four samples were collected.

H i s t o l o g y .

At the end of each experiment, th? probe location was verified in 30-um-thick coronal crvostat sections. 
Only those animals in which the probe was correctly located were included in the study.

H i p p o c a m p a l  c e l l  c u l t u r e s .

Hippocampal cells were prepared from 1 -day-old rats (25) bom from mothers that had received the 
WIN-vehicle (control) or WIN during pregnancy. Briefly, neurons were plated on poly-L-lvsine 
(5 pg mli-coated dishes at a density o f 2.5 >■ 106 cells per dish and cultured in Eagle’s Basal Medium 
supplemented with inactivated FCS. 25 mM KCI. 2 mM glutamine, and 100 pg ml gentamveine.
Cultures were grown at 3~°C in a humidified atmosphere. 5% CO-,'95% air. Cviosine arabinoside

(10 uM ) was added within 24 h o f  plating to prevent glial cell replication. The cultures were used in 
^fceriments after 8 days in  v i t r o .

Procedure.

http://www.pnas.org/cgi/content/fulLl 00/8'4915 1/2/2005
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On the day of the experiment, the cells were rinsed twice by replacing the culture medium with Krebs- 
Ringer bicarbonate buffer (37°C). Thereafter, five consecutive fractions were collected renewing this 

^ ^ u tio n  (400 pi) every 30 min. The first three samples were used to assess basal glutamate levels while, 
io evoke endogenous glutamate, cells were treated with an isotonic Krebs solution containing 20 mM 
KCI, applied 20 mm before the end o f the fourth fraction.

E n d o g e n o u s  g l u t a m a t e  a s s a \ .

Endogenous glutamate was quantified by using ar. HPLC fluonmetric detection system, including 
precolumn derivatization o-phtaldialdeihvde reager id a Chromsep 5 (Cl 8) column. The mobile phase 
consisted o f  0.1 M sodium acetate. 10°,o methanol, and 2.5% tetrahvdrofurane. pH 6.5 (0.75 ml min; ref.
26 >.

Statistical Analysis.

The reproduction data were analyzed by overall one-way or two-way ANOYAs followed by post hoc
tests (Tukey's test I for indiv idual comparisons between groups. Fisher's exact test was used where 
appropriate.

The analysis of motor activity data were ba. id on overall two-way ANOYAs followed by post hoc tests 
(Tukey's test).

Mann-Whitney I '  test was used to analyze the passive avoidance data. The electrophvsiological results 
4 ^ r e  evaluated by a two-way ANOVA for repeated measures followed by Tukey 's test or Student's t  test, 

where appropriate. Data obtained from neurcchemical studies were analy zed by Student's t test for 
grouped data.

Substances.

WIN mesylate {(R H -  )-[2.3-dihydro-5-methyl-3-( 4-morpholinyl-methyljpvrrolo (3,2.3-de)-1.4- 
benzoxazin-6-yl]-]-naphthalenylmethanone! was obtained from Tocris Cookson (Bristol. U .K .). The 
culture dishes were purchased from Nunc. FCS and basal Eagle's medium were obtained from GIBCO. 
Poly-L-lysine, trypsin, soybean trypsin inhibitor. DNase, cytosine arabinoside. gcntamycine sulfate, and 
elutamine w'ere obtained from Sisma.

► Results
a  Top

General Reproduction Data. ^ Abstract
Introduction

General reproduction data are reported in Table 1. Overall one-way ^ Materials and Methods
ANOYAs showed that prenatal treatment with WTN did not significantly . Res„its
affect dam weight gain [F =  3.65. d f -  1 20. not significant < n.s.)]. pregnancy w  Discussion

f
gth { F =  0.33, d f =  1 '20, n.s.). and litter size at birth ( F  =  1,71 , d f =  1 '20. *  Referent__________
.). Moreover, an overall two-way ANOVA for repeated measures showed that prenatal exposure to

http://www.pnas.Org/cgi/content/i.nl/l 00/8(4915 1/2/2005
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the CBl receptor agonist did not influence male pup weight gain: (^eatmcnts = 0.01, d f =  1 '20, n.s.:

= 1638, d f =  2 I A r , P  < 0.001; r̂tream,entsxages ■ 0.52, d f =  2 A0. n.s.). Finally, Fisher's exact test

S ealed  that WIN treatment caused neither hypothermia, catatonia, or hypomotility in dams, nor 
postnatal toxicity or teratogenesis in male pups (data not shown).

Table 1. Reproduction data
View this table:
[in this window]

[in.ajiew window]

Behavioral Studies. M o t o r  a e t i x m .

following effects: F , 

F .

An overall two-way ANOVA for repeated measures of the ambulatory time ( Fig. H showed the 
* treatments = 12‘72’ df =  1 c 0.005; = 100.1 S. d f =  2  32. P  <  0.001;

treatmentsyaces = 7 P  < 0.001. Individual comparisons (Tukey's testi revealed that prenatal
treatment with WIN significantly increased the ambulatory time o f the offspring at both postnatal da\ 
(PND) 12 ( P <  0.05) and 40 ( P <  0 .01 1. No significant differences were observed in ambulator) activin 
between the two groups at 80 days of age

a •*5
•t

j / '  -— —
i y  —'
i
t *-♦ /
f 1 er /

y< *,•
17 M. fc

of

View larger version I
[in this window] 

[in a new window

HKi:

Fig. 1. Effects of prenatal treatment with WIN on motor 
activity in 12-. 40-, and 80-day-old rats ( • .  vehicle; O. WIN). 
Each point represents the mean = SEM o f the ambulatory 
time (AT) spent by rats in 5-min trials, n  was 10 and 8 for 
vehicle- and WIN-exposed rats, respectively. *. P  < 0.05; ** 
P  < 0.01 ( vs. controls; Tukey's multiple companson test).

Furthermore, overall two-way ANOVAs for repeated measures o f  both stereotypic time and rearings did 
not reveal any significant change between comrols and WIN-exposed offspring at all ages (PND
12. 40, and 80) considered in the present study (data not shown).

P a s s i v e  a v o i d a n c e  b e h a v i o r .

As shown in Fig. 2. during the first (acquisition) trial 40- and 80-day-old rats from the control group 
^^w ed approach latencies that did nol differ significantly with respect to animals prenatally exposed to 
^ N .  However, when the trial was repeated 24 h later (retention trial), the avoidance latencies of the 
WIN-exposed group were significantly shorter than those o f controi animals { P  < 0.01. Mann-Whitnev

http://wwrw.pnas.org'Cgi/content/full/ l 00'8 '4915 1'? onn<;
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U  test).

n 131 f
f ’ . •% 11 \AA

_____ yy.4 »k~i> >.____________  N lf

View larger version (23K): 
[isJh i s window]

[in a new window]

Fig. 2. Effect o f prenatal WIN exposure on approach 
latency ( A )  and avoidance latency ( B )  measured 24 h later 
(retention) o f 40- and 80-day-old offspring in a passive 
avoidance task. Data represent median values and 
interquaniles (dashed line). P <  0.01 with respect to 
relative control (Mann-Whitney Ttest).

Electrophvsiological Studies. S y n a p t i c  e x c i t a b i l i t y

C h an g e s  in basal sy n a p t ic  e x c i ta b i l i ty  in h ip p o c a m p a l  s lices from  4 0 - d a \ - o ld  rats w e re  inv e s t ig a te d ,  
c o m p a r in g  the c u r re n t  in te n s i ty  req u ired  to p ro d u c e  5 0 %  o f  m a x im a l  r e s p o n s e  (excitatory c u r re n t  50) 
b e fo re  te tan iza tio n  in b o th  g ro u p s  a n d  by  th e  eva lua tio n  o f  the  n u m b e r  o f  s l ic e s  exh ib it in g  P T P .

A ltho u gh  the  E C Sq in s l ices  from  W I N - t r e a te d  rats (W IN -s l ice s )  w as found to  be s l igh t ly  h ig h e r  than it

^ a s  in con tro ls ,  n o  s ta t is t ica l  s ig n if ica n ce  w a s  reached  (S tu d en t 's  t test) . Th is  result in d ica te s  that the 
R p o n s i v e n e s s  o f  C A 3 -C A 1  s y n a p s e s  to e lec tr ica l  stim uli w a s  no t  a ffec ted  b \  the t re a tm e n t.

M o reo v e r ,  the f irs t  p o te n t ia t io n ,  w h ic h  im m e d ia te ly  fo llow s te tan iza t io n  (P T P ) .  w as fo u n d  to  be  
c o m p a ra b le  in th e  tw o  g ro u p s  [ 2 5 5 .9 0 =  18 .07  and 229 .18  =  23.43%. f o r  v eh ic le -  and  W IN - t re a te d  
an im als , r e s p e c t iv e ly  (S tu d e n t 's  t te s t ) ] .  F u r th e rm o re ,  the o cc u r re n c e  o f  s lices s h o w in g  a P T P  o f  a t least 
2 0 0 %  w a s  s im i la r  [2 2 /2 2  and  21/21 in s l ic e s  from contro l and  W IN - tre a te d  e ro u p .  r e s p e c t iv e ly  (T able  
2)]-

Table 2. N u m b e r  o f  s lices from 30 -  to 4 0 -d a y -o id  o f f s p n n g  s h o w in g  P T P . 
V iew  this table: S T P .  and  L T P  o f  f -E P S P  
[in th i s w in d o w]

[in a n e w  w in d o w j

T a k en  together, th e se  re su l ts  in d ica te  that n o  a lte ra tions in b asa l  sy n a p tic  exc itab i l i ty  w e re  ev id en t  in 
s lices from  p re n a ta l lv  W IN -e x p o s e d  rats.

Time course o f  S T P  and  LTP.

j a  contro l slices th e  d e c a y  o f  f -E P S P  p o te n tia t io n  a f te r  te tan iza tio n  fo l lo w e d  a typical biphasic curve  
* i g .  3.4). Thus, in  a g re e m e n t  w ith  p r e v io u s  s tu d ies  ( 1 5 .1 6 .  23. 27). th e  f -E P S P  slope  in co n tro l  s lices 
sho w ed  a first fast d e c re m e n ta l  p h a s e  las t ing  15 to 20  m in  ( S T P ) . ' 'h ich  then s lo w ly  d e c a y e d  o v e r  the

http://www.pnas.Org/cglcontent/full/l 00/8/4915 1/2/2005
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observation time (180 min).

View ’arger version (16K): 
[inthis_wi

[in a new.window'

Fig. 3. Prenatal WIN selectively suppresses LTP 
maintenance but not its induction. ( A )  Time course o f  the 
averages o f f-EPSP slopes from slices obtained from 40-day- 
old offspring o f vehicle-treated ( • )  and WIN-treated dams ( 
O). Values of f-EPSP slopes have been normalized to the 
pretetanus period. Each point represents the average ±  SEM 
of 10 consecutive responses taken every 5 min. Just after 
tetanization (given at rime -5  min). the values o f f-EPSP first 
potentiation (i.e., the PTP) were 2 5 5 . 9 0  = 18.07 and 
229.18 = 23.43% for vehicle- and WIN-treated groups, 
respectively (not significant. Student’s t test). (B ) Duration of 
LTP. Evoked f-EPSPs were considered potentiated until their 
slope was >20% with respect to baseline. For the vehicle 
group. LTP duration was estimated by fitting analysis of the 
curve in A  to calculate the interception point where this curve 
asymptotically subsided to a value o f -20%. It occurred at 
334.45 = 25.36 min after tetanus. However, the curve 
describing LTP expression of the WIN-treated group (data 
from A )  returned to +20% of baseline in 136.S ' = 12.18 min. 
Bars represent the mean ±  SEM obtained from 22 and 
21 slices from vehicle- and WTN-exposed rats, respectively.
*, P  <  0.001 vs. vehicle (Student’s l testy

ir line with the PTP results (see above), the time course o f the early phase of f-EPSP de-potentiation 
(STP) was similar in both treated and control groups (Fig. 3.4). Indeed, a two-way ANON'A showed no 
significant deviation between the two curves ( P  < 0.09) in the STP interval (from 5 to 20 nun).

Thereafter, however, the averaged curve describing the LTP-expression phase decayed faster in slices 
from WIN-treated than in vehicle-treated offspring (Fig. 3-4.). Accordingly, the deviation between the 
two curves, in the 20- to 180-min interval after tetanization. was statistically significant i P  <  0.01. two- 
way ANON'A).

Moreover, whereas a typical time course o f LTP was seen in 20'22 tested slices from control animals, 
the potentiation remained above -^20% for >60 min in only 3 o f 21 slices from the WIN group (Table 2)

As shown by fitting analysis, the interception points at which the averaged curves of LTP. 
asymptotically subsided to a value of +20® o, with respect to the baseline, were at 334.45 = 25.36 and 
136.87 ±  12.18 min, after tetanus, in control and WIN slices, respectively (Fig. 5 £ ) .

Neurochemical Studies. H i p p o c a m p a l  c e l l  c u l t u r e s  e x p e r i m e n t s .

Basal extracellular glutamate levels were measured in hippocampal cell cultures obtained from 1 -day- 
pups As shown in Fig. 4A ,  glutamate levels were found to be significantly lower ( P  < 0.01:

Student's  t  test)  in a n im a ls  b o m  from m o th e r s  exp o sed  to WIN d u r in g  p r e g n a n c y  than  in th o s e  b o m  from

http://www.pnas.0rg/cgi/c0ntent/full/l00/8/4915 1 '2 2005
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vehicle-treated mothers.

'ie>v larger version (39K): 
[ m j h  is. w in d o w ]

[in a n e u  w in d o w ]

Fig. 4. Effect o f prenatal exposure to WIN on basal ( A  and 
B ) and K~-evoked (C and D )  extracellular hippocampal 
glutamate levels in cell cultures (A  and C )  and in  v i v o  at 
40 and 80 days of age ( B  and D ) .  Each column represents the 
mean = SEM obtained from 22 and 11 replications for in  
v i t r o  and i n  v i v o  experiments, respectively. * * .  P  < 0.01 vs. 
vehicle (Student's t test).

Bath app l ica t io n  o f  KCI (2 0  m M )  inc reased  g lu ta m a te  ex t rac e l lu la r  levels  in b o th  cell cu ltu res .  
H o w e v e r ,  the in c rea se  w a s  s ig n if ican tly  lo w e r  ( P  <  0 .01; S tu d en t 's  i test) in cultures  o f  rats borr .  f rom  
W IN -trea ted  m o th e r s  than  in those  ob ta ined  from con tro l  p u p s  (Fig . 4C )

crodialysis in vivo.

Basal e x trace l lu la r  h ip p o c a m p a l  g lu tam a te  levels, e v a lu a te d  as the m e a n  o f  th ree  s tab le  d ia lvsa tes .  w e re  
s ig n if ican tly  lo w er  ( P < 0 .0 1 ;  S tu den t 's  r test ) in b o th  40- a n d  8 0 -d ay -o ld  rats b o m  from  m o th e r s  trea ted  
with W I N  during  p r e g n a n c y  than  in those  b o m  from  m o th e rs  trea ted  w ith  the v eh ic le  (Fig. 4 B ).

A 10-m in  pu lse  o f  h ig h  K *  (50 m M )  so lu tion  s ig n if ican tly  in c rea se d  g lu tam a te  efflux in bo th  g ro u ps  o f  
an im als . H o w e v e r ,  the  K ~ -e v o k e d  g lu tam a te  efflux  from  the  h ip p o c a m p u s  o f  ra ts  b o m  from m o th e r s  
exp o sed  to W IN  d u r in g  p r e g n a n c y ,  w as  s ig n if ican tly  low er ( P  < 0 .0 1 .  S tu d e n t’s I test) than th e  
e n h a n ce m e n t  o b se rv e d  in ra ts  b o m  from  m o th e rs  t rea ted  w i th  veh ic le  du r ing  p re g n a n c y  ( Fig. 4D\.

► Discussion
The p re sen t  study , b y  c o m b in in g  d iffe ren t  m e th o d o lo g ic a l  a p p ro a c h e s ,  
p ro v id es  ev id en ce  tha t  m a te rn a l  e x p o su re  to the  C B 1 re c e p to r  ago n is t  W IN  
induces  im p a i rm e n t  o f  m e m o r y  re ten tion  capac it ie s  in the o f fsp r in g .  Th is  
im p a irm en t  ir a s so c ia te d  w i th  a lte ra tions o f  h ip p o c a m p a l  L T P  and g lu ta m a te  
ou tflow .

-■ lop  
Abstract 

+■ In troduction
Materials and M ethods

a  Results 
• Discussion 
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Memory impairment in prenatally WIN-exposed rats, assessed by the disruption in the retention o f  a 
passive avoidance task, seems to be a persistent condition, present at both 40 and 80 days o f  age,

^ ^ e m o r y  im p a i rm e n t  d o e s  not appear  to  be a t t r ib u tab le  to a l te ra t io ns  o f  a  n o n asso c ia t ive  n a tu re ,  b e c a u se  
app roach  la ten cy , m e a s u r e d  d u r in g  th e  acq u is i t io n  tr ia ls  o f  the lea rn in g  task , r em a in ed  u n c h a n g e d .

W IN -trea ted  d am s  d id  n o t  sh o w  h y p o th e rm ia ,  ca ta ton ia ,  o r  h v p o m o ti l i ty .  w h ich  are  ty p ic a l ly  in d u c e d  by  
the h ig h  and o r  m o d e r a te  expo su re  to C B s  (8). M o re o v e r ,  the  d o s e  o f  W I N  used in the p r e s e n t  s tu d s  
(0.5 m g /k g /d ie  s.c.) p ro d u c e d  ne i the r  g ro ss  m a l fo rm a t io n s  n o r  o v e r t  s ig n s  o f  toxicity*, and  it fa i led  to 
alter rep ro d u c t iv e  p a ra m e te rs ,  such  as d am  and  pu p  w e ig h t  and w e ig h t  g a in .  F u r th e rm o re ,  l i t te rs  o f  
W IN -trea ted  d a m s  w e r e  a ss ign ed  to un trea ted  d a m s  to avo id  c o n fo u n d in g  factors  genera ted  d u r in g  
lac ta tion  as w e ll  a s  m a lnu tr i t ion .

H o w ev er ,  m e m o r y  d e f ic i t  p ro d uced  b y  p rena ta l  W IN  m a y  b e  d is so c ia ted  from the  h y p e ra c t iv i ty ,  w h ic h  
has beer, rep o r ted  to be  cau sed  p o s tn a ta l ly  by  W IN  (2 8 ) ,  b ec au se  the  la t te r  was p resen t  at 4 0  b u t  n o t  at 
80 d a y s  o f  a ge , w h e re a s  the fo rm e r  w a s  p resen t  at b o th  periods.

M e m o ry  im p a i rm e n t  o b se rv e d  in o ffsp r ing  e xp o sed  p re n a ta l ly  to W IN  w a s  corre la ted  to a l te ra t io n s  ir. 
both h ip p o c a m p a l  L T P .  a w id e ly  accep ted  ce l lu la r  and  m o lec u la r  m ode l fo r  learn ing  and  m e m o r y  ( 15 . 
I£ ) .  a n d  h ip p o c a m p a l  g lu tam a te  release .

LTP w a s  asse ssed  in b ra in  s lices from 4 0 -d ay -o id  rats, w h e re as  sp o n ta n e o u s  and K ~ -ev o k ed  g lu ta m a te  
^ f c j e a s e  w as m e a s u re d  in vivo  at 4 0  and  80 d a y s  o f  age. as w ell  as in cell cu l tu re s  o b ta in ed  f ro m  1 -day - 

mid p up s .

Slices from W IN - t re a te d  a n im a ls  sh o w e d  a red u c ed  a b i l i ty  to m a in ta in  L T P  over time, w h e re a s  basal 
synap tic  exc itab i l i ty  and  L T P  induc tion  ph ases  (P T P  a n d  S T P ) w e re  no rm al.

These  resu lts  a re  in a g re e m e n t  w i th  p rev i  s o b se rv a t io n s  m a d e  in brain slices f rom  adult  ra ts  sh o w in g  
that b a th  app l ica t io n  o f  low  con c en tra t io n s  o f  ̂  ' -T H C  se lec t iv e ly  re d u c e d  LTP dura tion  bu t  n o t  the 
extent o f  P T P  (12 ).

H o w e v er ,  o th e r  a u th o rs  h ave  rep o r ted  tha t  C B l  re c e p to r  ac t iv a tio n  by W I N .  in s l ic e s  from  adu l t  ro d en t  
brain, sup p ressed  b o th  early  ( in du c tio n )  and la te  (m a in te n a n c e  e x p re ss io n )  p h ases  o l 'L T P  in 
h ip p ocam p al  C A 3 -C A 1  sy n a p ses  (1 1 . .14, 29). T h e  in h ib ito ry  e ffect  o f  C B s  on h ip p o c a m p a l  L T P  has  
been  a ttr ibu ted  to th e  red u c tio n  in p resynap tic  g lu ta m a te  re lease  a n d  the c o n seq u e n t  su p p re s s io n  o f  .V- 
m e thy l-D -asp a r ta te -m ed ia ted  en try  o f  p o s tsv n ap t ic  C a -  . n ec es sa ry  for L T P  induction , ra th e r  th a n  to a 
direct m o d u la t io n  o f  p o s tsv n ap t ic  ionic c h a n n e ls  ( H .  1 4 .  30).

A cco rd ing  to th is  h y p o th e s is ,  the  m ic ro d ia lv s is  data  h a v e  sh o w n  that basa l  and K '- s t i m u l a t e d  
extracellu lar  h ip p o c a m p a l  g lu tam a te  re lease  w a s  s ig n if ican tly  low er  in a n im a ls  b o m  from  W IN - t re a te d  
dam s than in con tro l  an im als .

^ ^ e r e f o r e .  it m ig h t  b e  sugges ted  that in rats e x p o sed  p re n a ta l ly  to W IN .  g lu ta m a te  release  is su f f ic ie n t ly  
p reserv ed  to a c t iv a te  .V -m ethyl-D -asparta te  recep to rs  re s p o n s ib le  fo r  L T P  induc tion , but it is n o t
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sufficiently sustained to stimulate postsvnaptic metabotropic and a-amino-3-hydroxy-5- 
methylisoxa2ole-4-propionic acid receptors involved in LTP maintenance ( l i ) .

^ T h e  reduced glutamate outflow seems to be a precocious and persisting consequence o f prenatal
e x p o su re  to the C B  a g o n is t ;  it is a lready  p re s e n t  in ce ll  cu l tu re s ,  o b ta ined  from  1-d ay -o ld  W I N - e x p o s e d  
pups, and  p ers is ts  u n m i t ig a te d  at 4 0  and 8 0  d ay s  o f  age.

A lth o u g h  the red u c tio n  o f  g lu ta m a te  o u tf lo w  could  exp la in  th e  d is rup tion  o f  L T P  in d u c ed  b y  g e s ta t io n a l
e x po su re  to the C B l  re c e p to r  agonist ,  the  e le c t ro p h y s io lo g ic a l  a ltera tions m a y .  in turn, r e p r e s e n t  a
neurona l  su b s t ra te  re s p o n s ib le  for the  se le c t iv e  re ten t io n  d e f ic i t  ( reduc tion  o f  av o id an ce  la te n c ie s  in a
passive avoidance task) that was observed in the offspring o f  mothers treated with WIN during 
pregnancy.

Thus, it may be h y p o th e s iz e d  that ges ta t io na l  e x p o s u re  to th e  CB  p ro d u ce s  an i rrev ers ib le  a l te ra t io n  to 
e n d o g e n o u s  C B l  sy s te m s  in the d e v e lo p in g  brain  (2 9 .  3 1 ). p o ss ib ly  leading  to a lo n g - te rm  d is ru p t io n  o f  
h ip p o c am p a l  fu nc t io n . A c c o rd in g ly ,  C B l  rec ep to rs  a re  a lrea d y  m e asu rab le  a t G D  14 in a v a r ie ty  o f  b ra in  
s tructures  in c lu d in g  h ip p o c a m p u s  (32),

A d d it io n a l  s tud ies  are  n e e d e d  to c lanfy  w h e th e r  the  e ffec ts  caused  b y  W IN  are  rep ro d u ce d  b y  ^ - T H C  
and w h e th e r  they may be  p rev e n te d  by C B  1 re c e p to r  an tag o n is ts  such  as SR  14] “ 16.

C o n c e rn in g  the c lin ica l  re lev a n ce  o f  the p resen t  s tu d y ,  it is im p o r tan t  to estim ate , by e x tra p o la t io n ,  
^ ^ j h e t h e r  the  d o se  o f  W IN  a d m in is te re d  c o m p a re s  w ith  that o f  / ^  T H C  absorbed  b y  c an n ab is  u se rs .

P rev io u s  s tud ies  h a v e  e s t im a ted  tha t  5 m g  Lg  ^ g-T H C  in ra ts  c o r re sp o n d s  to  a m o d e ra te  e x p o s u re  o f  t h e
dru g  ir. h u m a n s ,  c o r re c t in g  for the d if fe ren c es  in ro u te  o f  a dm in is t ra t io n  and b o d y  w e ig h t  s u r fa c e  area 
(oo. ^4. -Q ).

H o w e v er .  W IN  has  b e e n  found  to b e  3 -10  t im es m o re  p o ten t  than  ^ Q-T H C . d ep e n d in g  on  the  
adm in is tra t io n  ro u te  and the  end po in ts  c o n s id e red  (£ ,  26, 22). This es t im a te  is cons is ten t  w i th  the  
relative o f  e a c h  c o m p o u n d  for C B l  recep to rs  in b ra in  m e m b ra n e s ,  i.e.. 2 -1 2  n M  vs. 3 5 -8 0  n M  for

W IN  and  ^ 9-T H C . respec tively  (38). B ased  on these  co n s id e ra t io n s ,  the d ose  o f  W IN  used  in th e  p re sen t  
s tudy m ig h t  c o r re sp o n d  to a m o dera te ,  or  e v e n  to a low , e x p o su re  to c a n n a b is  in h u m an s .

T he  p re sen t  resu lts  a re  in l ine  w ith  clin ical data  s h o w in g  that the  c o n s u m p t io n  o f  m a r i ju a n a  b y  w o m e n  
during  p re g n a n c y  has  n e g a t iv e  c o n s e q u e n c e s  on the  co g n i t iv e  functions  o f  th e i r  ch ild ren . In p a r t ic u la r ,  
m e m o ry  has  b e e n  rep o r ted  to  be n e g a t iv e ly  a sso c ia ted  w ith  da i ly  m ari iu an a  use , and this s ta t is tica l  
a sso c ia t io n  re m a in e d  after  c h e c k in g  for c o n fo u n d in g  v a r iab le s  (39).

M o reo v e r ,  the in c re a se d  m o to r  ac tiv ity  o b se rv e d  in b o th  in fan t  and ju v e n i le  o ffsp r in g  o f  W IN - t re a te d  
d am s is con s is ten t  w ith  d a ta  sh o w in g  that ch i ld re n  p re n a ta l ly  e xp o sed  to m ari ju ana  w e re  ra te d ,  a t a 
D repuberty  age, as h y p e ra c t iv e ,  ina tten tive , and p a r t ic u la r ly  im p u ls iv e  ( 3 ,1 9 ) .

vvhalever the m e c h a n is m  o f  ac t ion  o f  p rena ta l  e x p o s u re  to W IN , ou r  resu lts  suggest tha t  a l te ra t io n s  o f

http:/Avww.pnas.org/cgi/content/full/l 00/8/4915 1/2/2005
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hippocampal glutamategic function may underlie, at least in part, the subtle impairment o f cognitive 
processes induced by gestational marijuana exposure (1, 4. 22).
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When parents abuse alcohol or drugs, the consequences can be devastating for 
their children. Children of alcoholic or drug-dependent parents can suffer neglect, 
developmental hindrances, and emotional and physical abuse. However, people 
who abuse substances can also damage the health of their unborn children. For 
example, a woman who smokes marijuana during pregnancy can put the fetus at 
risk for a host of dangerous problems, such as low birthweight, developmental 
difficulties, and even drug addiction. Similarly, a woman who drinks alcohol while 
pregnant—perhaps before she even realizes she's pregnant—can cause heart 
defects, growth retardation, and serious neurological injury to the fetus 
(commonly known as fetal alcohol syndrome, or FAS).

Much research has shown that alcohol and drug use on the part of men and 
women can impair fertility and/or lead to birth defects in their children. Despite 
these known risks, a National Institute on Drug Abuse study on alcohol and other 
drug use among pregnant women found that 5.5 percent of the study participants 
used illicit drugs while pregnant, 18.8 percent used alcohol, and 20.4 percent 
used tobacco.[l] These figures are even higher for teen mothers. In another 
study, one-third of mothers between the rges of 12 and 18 used marijuana 
before their pregnancies, and of those, over half used it at some time during their 
pregnancies.[2] With statistics like these, it's important that teens understand the 
additional risks of alcohol and drug use, particularly if they are sexually active.

Specifically, how does marijuana affect the fetus? Like alcohol and tobacco, 
marijuana use has been linked to low birth weight and premature babies. One 
study showed that marijuana use by the mother is associated with slow embryo 
growth and spontaneous abortion in the early stages of pregnancy. Other studies 
have shown that marijuana causes FAS-like symptoms in newborns, such as 
abnormally shaped heads, small size, and nervous-system difficulties. Research 
also suggests that the fetuses of teen mothers, as opposed to those of adult 
mothers, may be especially vulnerable to the damage marijuana causes, 
especially during the first trimester (when the teen may not even know she's 
pregnant).[2] Symptoms such as excessive trembling and withdrawal-like 
irritability in newborns have also been associated with heavy marijuana use by 
the mother.

The Right 
Stuff

Home

hup:/'\v\vAv.prevlink.org/getthefacts/factS'marijuanababy.html 12/30/2004



rrevnnx.org - uet tne racts - Marijuana use ana tunn ueiects

In addition, THC, the active component in marijuana, can be passed from mother 
to infant through breastfeeding.[1] This chemical is more concentrated in the 
mother's breastmilk than it is in her blood, and use of marijuana by breastfeeding 

I mothers has been linked to motor development problems in newborns.

In general, It is important to remember that the fetus can be exposed to anything 
that enters the mother's body. THC can pass freely through the placenta. If 
marijuana poses a health risk to the mother's body, it also poses a potential risk 
to the fetus she carries in her body.

For males, studies have established that marijuana can lower sperm count, but 
the drug can also cause slow-moving or abnormally-shaped sperm, which can 
ultimately lead to miscarriages, low fetal birth weight, or other health problems. 
[3] Also, simply smoking marijuana around a pregnant woman could endanger 
both the woman and the fetus if she inhales the secondhand smoke.

Does your teen want to be a parent someday? She may feel that she's too young 
to worry about children right now, but if she becomes addicted to drugs or 
alcohol, her addiction could last well into her adult years. Studies indicate that 
female drug users usually reduce their drug intake after they discover they are 
pregnant, but they often do not or cannot quit completely.[4] This is a testament 
to just how addictive drugs can be, even at a time when it is especially important 
to stay healthy. When your teen finally decides she does want to be a parent, she 
may have a very difficult time quitting.

Make sure your teen knows that substance abuse can permanently damage the 
life chances of his future children. The National Council on Alcoholism and Drug 
Dependence established National Alcohol- and Other Drug-Related Birth Defects 
Awareness Week (May 13-19) to recognize and help educate others about the 
dangers of prenatal exposure to alcohol and drugs. This is one kind of birth defect 
that is highly preventable, so take this opportunity to talk to your teen about 
these and other serious risks of substance abuse.

For m ore  in fo rm ation ,  see  t h e  following si tes :

The National Council on Alcoholism and Drug Dependence, "Alcohol- and 
Other Drug-Related Birth Defects."
Marijuana In te r fe re s  With Early Pregnancy 
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In utero m arijuana exposure associated with abnorm al amygdal 
dopam ine D2 gene expression in the human fetus.
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Wang X, Dow-Edwards D. Anderson V, Minkoff H. Hurd YL.

Department o f Clinical Neuroscience. Psychiatry Section. Karolinska Institut 
171-76 Stockholm. Sweden.

BACKGROUND: Marijuana (Cannabis saliva) is the illicit drug most used b 
pregnant women, and behavioral and cognitive impairments have been 
documented in cannabis-exposed offspring. Despite the extensive use of 
marijuana, very limited information exists as to the consequences of prenatal 
cannabis exposure on the developing human brain. METHODS: We optimizi 
an in situ hybridization histochemistry technique to visualize mRN’A 
expression in midgestation (weeks 18-22) human fetal specimens from moth' 
with and without documented evidence of cannabis use during pregnancy. Tl 
cannabinoid receptor type 1 (CB( 1)) and major dopamine receptor subtypes, 
(1) and D(2), were examined in the striatum and mesocorticolimbic structure 
(amygdala and hippocampus). RESULTS: Adjusting for various covariates,' 
found a specific reduction, particularly in male fetuses, o f the D(2) mRNA 
expression levels in the amygdala basal nucleus in association w'ith maternal 
marijuana use. The reduction was positively correlated with the amount of 
maternal marijuana intake during pregnancy. No significant cannabis-related 
alterations w'ere detected in the hippocampus or caudal striatum for the D(2). 
(1). and CB(1) mRN’A levels, although alcohol showed significant contributi 
to striatal D (1)D(2) expression. CONCLUSIONS: These human fetal findin; 
suggest that in utero cannabis exposure may impair distinct mcsocorticolimb 
neural systems that regulate emotional behavior.
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M arijuana im pairs growth in m id-gestation fetuses.

Hurd YL, Wang X, Anderson V, Beck O, M inkoff H, Dow-Edwards D.

Karolinska Institute, Department of Clinical Neuroscience. Psychiatry’ Sectio 
Karolinska University Hospital, Stockholm, Sweden.

Marijuana (Cannabis sativa) is the most commonly used illicit drug by 
pregnant women, but information is limited about the effects o f prenatal 
cannabis exposure on fetal development. The present study evaluated the 
influence of early maternal marijuana use on fetal growth. Women electing 
voluntary saline-induced abortions were recruited at a mid-gestational stage < 
pregnancy (weeks 17-22), and detailed drug use and medical histories were 
obtained. Toxicological assays (maternal urine and fetal meconium) were ust 
in conjunction with the maternal report to assign groups. Subjects with 
documented cocaine and opiate use were excluded. Main developmental 
outcome variables were fetal weight, foot length, body length, and head 
circumference; ponderal index was also examined. Analyses were adjusted f< 
maternal alcohol and cigarette use. Marijuana (n=44)- and nonmarijuana 
(n=95)-exposed fetuses had similar rates o f growth with increased age. 
However, there was a 0.08-cm (95% Cl -0.15 to -0.01) and 14.53-g (95% Cl 
28.21 to 0.86) significant reduction o f  foot length and body weight, 
respectively, for marijuana-exposed fetuses. Moreover, fetal foot length 
development was negatively correlated with the amount and frequency o f  
marijuana use reported by the mothers. These findings provide evidence o f a 
negative impact o f prenatal marijuana exposure on the mid-gestational fetal 
growth even when adjusting for maternal use o f other substances well knowr 
to impair fetal development.

PMID: 15734273 [PubMed - in process]

P jg jg B la T i& l C ita tio n ..i f ® 20 MLs°" i lB B i r - * . .

http://www.ncbi. nlm.nih.gov/entrez/query. fcgi?cmd=Retrieve&db=pubmed&dopt=Abstra... 3/13/2005

http://www.ncbi


Entrei ?ubM:d

Write to the Help Desk  
NCBI | NLM | N1H 

Department of Health & Human Services 
Privacy Statement | Freedom of InformatipnA.fl | Pigclgimer

Page 2 o f2

http ://w w w .ncbi.nlm .nih.gov/entrez/query-fcgi?cmd=Retrieve&db=pubmed&dopt=Abstra... 3/13/2005

http://www.ncbi.nlm.nih.gov/entrez/query-fcgi?cmd=Retrieve&db=pubmed&dopt=Abstra


r u g  A b u s e  W a r n i n g  N e t w o r k

The DAWN Report
A U G U S T  2 0 0 3

M a r i j u a n a - r e l a t e d  E m e r g e n c y  D e p a r t m e n t  

V i s i t s  b y  Y o u t h

In B r ie f

■ According to the Drug Abuse Warning Nerwork 
(DAWN), marijuana is the most frequently reported 
drug in emergency department (ED ) visits related to 
drug abuse in youth age 12 to 19.

■ In 2001, youth age 12 to 19 made an estimated 
26,706 ED visits related to the abuse o f  marijuana or 
marijuana with other substances.' More than 60 
percent (16,516) o f  these visits involved youth age 12 
to 17.

■ From 1994 to 2001, youth age 18 to 19 had the 
highest rates o f  marijuana-related ED visits per 
100,000 population; adults age 35 and over had the 
lowest rates. Rates for youth age 12 to 17 fell between 
these two extremes.

■ The rate o f  marijuana-related ED visits' am ong  
youth has been increasing. For youth age 12 to 17,

the rate o f  mariiuana-related ED visits rose 126 
percent Irom 1994 to 2001, while their overall rate o f  
drug-related ED visits was stable. For youth age 18 to 
19, the rate o f  marijuana-related visits increased 
149 perccnt over this time period.

M ore than half o f mariiuana-related ED visits am ong  
youth age 12 to 17 involve other drugs,3 particularly 
alcohol, cocaine, and amphetamines.

W hen marijuana alone was implicated in the ED 
visit, psych ic  effects was the most com m onlv cited 
motive f o r  using the drug (in 60% o f cases for 
youth age 12 to 17), and unexpected reaction  was 
the most com m only cited reason tor the ED visit 
(40% of cases).

' The number of DAWN’ visits docs not represent individual* because a patient 
may make multiple visits to an ED

2 Kates arc expressed as the number of ED visits per 100.000 population in the 
age group

3 Up to 4 drugs plus alcohol mav be reported lor a single visit.

FIGURE 1
M a r iju a n a  in ED  v i s i t s  r e la t e d  t o  d r u g  a b u s e ,  b y  a g e :  2 0 0 1
Rates per 100,000 population

All ages
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FIGURE 2
M a r ij u a n a -r e la t e d  ED v i s i t s ,  b y  a g e  g r o u p :  
1 9 9 4  t o  2 0 0 1
Rates per 100,000 population
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F ro m  1 9 9 4  to  2 0 0 1 . m a n ju a n a - r e la ie d  E D  v is i t s  
in c r e a s e d  s ig n i f ic a n t ly  fo r  an a g e  g r o u p s ,  e v e n  

a f te r  a d ju s t in g  fo r  p o p u la t io n  s iz e  

In 2 0 0 1 . th e  ra te  fo r  y o u t h  ag e  

1 8  to  19  w a s  1 4 6  v is i t s  p e r  

1 0 0 .0 0 0  p o p u la t io n ,  m o re  

t h a n  3  t im e s  th e  a v e ra g e  

r a te  o f  4 4  v is it s

Age 18-19

Age 35-97

 1 1 1 1 1 ; 1---
1994 1995 1996 1997 1998 1999 2000 2001

•
 M a r iju a n a  is  m o r e  
f r e q u e n t ly  r e p o r t e d  
t h a n  o t h e r  d r u g s  in  ED  
v i s i t s  a m o n g  y o u t h .

Marijuana abuse by youth is a 
maior and growing problem in the 
U.S. An estimated 3.6 m illion youth  
age 12 to 17 reported using 
mariiuana in 2001/ an increase ot 
14 percent since 2000.

Patients w ho present to hospital 
EDs for problems related to 
marijuana abuse represent only a 
small fraction o f users. Still, in ED  
visits related to drug abuse, DAWN  
finds that marijuana is reported 
m ore frequently than any other 
drug for youth age 12 to 19.

In 2001. youth age 12 to 17 m ade 
an estimated 16,516 ED visits 
related to the abuse o f  marijuana 
or marijuana with other

•  substance!s.),1 Youth age IS to 19 
added another 10,190 ED visits 
involving mariiuana.

Overall, marijuana was a factor in 
more than 1 in 4 drug-related ED  
visits am ong youth (27%  o f 61,695  
visits for age 12 to 17, and 29% ol 
34,578 visits for age 18 to 19).

Y o u th  a c c o u n t  fo r  
a d i s p r o p o r t io n a t e  
n u m b e r  o f  m a r iju a n a -  
r e la t e d  ED v i s i t s .

In 2001, youth age 12 to 17 made 
up 15 percent o f marijuana-related 
ED visits and 28 percent o f  
marijuana-only visits. By contrast, 
they were 10 percent o f  the 
population and 10 percent o f all 
DAWN ED visits.

' Offit. of Applied Studies, Substance Abuse anti 
Mcnt..' Health Services Administration (8/2002) 
Results from the 3001 National HausehoU S'uivcj 
on Drug Abuse (NHSDA): Volume III Detailed 
Tables Rockville, MD.

5 Up to 4 drugs plus alcolH may be reported for a 
single visit

Vouth age 18 to 19 accounted for 
9 percent o f  mariiuana-related 
visits and 14 percent o f marijuana- 
only visits. This age group was 
only 3 percent of the population  
and 5 percent of DAWN ED visits 
overall

M a r ij u a n a -r e la te d  
ED  v i s i t s  a r e  h i g h e s t  
f o r  y o u t h  a g e  18  
t o  19 .

In 2001, there were 68 mariiuana- 
related visits per 100,000 youth age 
12 to 17. For youth age 18 to 19. 
the rate was 146 visits per 100,000, 
the highest o f  all age groups 
(Figure 1). By contrast, the rate 
across all age groups was 44 visits 
per 100,000.

Since 1994, youth age 18 to 19 
have had the highest rates o f  
marijuana-related ED visits, and 
adults age 35 and over have had 
the lowest. Rates for youth age 12 
to 17 fell between these two 
extremes (Figure 2).

M a r ij u a n a - r e la t e d  ED 
v i s i t s  a r e  in c r e a s i n g  
f a s t e r  t h a n  d r u g -  
r e la t e d  v i s i t s  o v e r a l l .

Mariiuana-related ED visits have 
been increasing m uch faster than 
drug-related visits overall, with  
increases evident in every age group. 
The rate o f  mariiuana-related visits 
for all ages increased 151 percent, 
from )7 to 44 per 100,000 
population, from 1994 to 2001. By 
contrast, the rate o f  drug abuse- 
related ED visits overall increased 3 
mere 12 percent, with many age 
groups show ing no increase at all.

A m ong youth age 12 to 17, the 
rate o f  mariiuana-related visits 
increased 126 percent from 1994 to 
2001, while the rate o f  drug abuse 
visits overall did not increase at all.

A m ong youth age 18 to 19, the rate 
o f  mariiuana-related visits increased 
149 percent from 1994 lo 2001, 
while the rate o f drug abuse visits 
overall increased on ly  20 percent.
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M a r iju a n a  is  o f t e n  
r e p o r t e d  w i t h  o t h e r  
d r u g s .

Why do individuals go to EDs as 
a result o f  mariiuana abuse? In 
many cases, marijuana is present 
along with other drugs.

In 2001, almost half (46%) o f  
mariiuana-related visits am ong  
youth age 12 to 17 involved 
mariiuana as the only drug 
reported. In 1994, this number 
was 35 percent1 (Figure3).

Despite this growth in mariiuana- 
only visits, over half o f the 
marijuana-related ED visits 
continue to involve more than 
one drug.

In 2001, alcohol was reported 
most often with mariiuana for 
all age groups. Am ong youth age 
12 to 17, alcohol was present in 
more than a quarter (26%! o f  
marijuana-related ED visits. In 
this group, 14 percent involved 
only mariiuana and alcohol, and 
12 percent involved marijuana, 
alcohol, and other drug! s).
Alcohol was present in nearly 
half o f  all marijuana visits that 
involved multiple drugs.

In terms o f numbers, 4,313  
ED visits by youth age 12 to 17 
involved mariiuana with alcohol. 
Marijuana also was reported 
frequently with cocaine (1,711), 
amphetamine (760), unnamed  
benzodiazepines (668), unnamed 
narcotic analgesics (626), LSD 
(519), and metham phetam ine (444) 
(Table 1, page 4).

FIGURE 3
M a r ij u a n a -r e la te d  ED  v i s i t s ,  a g e  1 2  t o  17: 
1 9 9 4  t o  2 0 0 1

K# ED visits, marijuana with other drugs
visits, marijuana alone

13,137

15,678
16,516

1994 1995 1996 1997 1998 1999 2000 2001

The ptoporuon for youth ape 18 to 19 did not 
change; it was 3! percent in 1994 and 2001

These combinations appear to 
be changing. For youth age 12 
to 17, unnamed narcotic analgesics 
(626), heroin <282), and unnamed  
tricyclic antideprcssants (264) were 
among the top 10 drugs reported 
with marijuana in 2001. None of 
these drugs appeared in the top 
20 in 1994.

W h y  m a r iju a n a  l e a d s  
t o  ED v i s i t s  is  u n c le a r .

When multiple drugs arc involved, 
it is not possible to know which 
drug (or com bination) precipitated 
the ED visit. Only one reason for 
the ED visit and on . motive for 
abusing the drug are recorded for 
each ED visit, regardless o f  the 
number o f drugs involved.

However, the reason for the visit 
can be determined in cases where 
mariiuana is the only drug. Among  
youth age 12 to 17 in 2001, where 
marijuana was the only drug

reported, psych ie  effects (60%) 
was the most frequently cited 
m otive for the marijuana use. 
D ependence  was cited ir  15 
percent o f  cases.

U nexpected  reaction  (40%) was 
the m ost frequently reported reason 
for these ED visits. O verdose  (10% ). 
c h ro n ic  effects (6%), a cc id e n t/ in ju ry  

(4% ), seeking d e to x if ic a t io n  (3%), 
and w ith d ra w a l (2% i were less 
frequent reasons.

These patterns differ somewhat 
for the multi-drug visits. For 
m otive, multi-drug visits tended 
to include more suicide attempts 
and overdoses, with proportionately 
fewer psychic effects and 
unexpected reactions.

The DAWN Report is published periodically by the Office of Applied Studies. Substance Aouse and Mental Health Services Administration 
(SAMHSA). This issue was written by Dr. Wendy Kissin (Westat) and Or. J"dy Ball (SAMHSA/0AS Project Officerl All material appearing in this 
report Is in the public domain and may be reproduced or copied without permission from SAMHSA. Citation of the source is appreciated
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T o p  2 0  d r u g s  m e n t i o n e d  w i t h  m a r iju a n a  in  ED  v i s i t s ,  y o u t h  a g e  1 2  t o  17: 
1 9 9 4  a n d  2 0 0 1

TABLE 1

Substance mentioned with marijuana 1994 Substance mentioned with marijuana 2001
aicohol-in-combination 1.936 alcohol-in-combination 4.313
LSD (lysergic acid diethylamide) 783 cocaine 1.711
cocaine 699 amphetamine 760
methamphetamine 528 benzodiazepines-NOS 668
amphetamine 276 narcotic anaigesics-NOS 626
PCP (phencyclidine) 229 LSD (lysergic acid diethylamide) 519
acetaminophen-diphenhydramine 198 methamphetamine 444
diazepam 159 heroin 282
datura sauveolens 126 tricyclic antidepressants-NOS 264
psilocybin 1 14 PCP (phencyclidine) 252
benzodiazepmes-NOS 99 acetaminophen 234
anxiolytics, sedatives, and hypnotics-NOS 82 psilocybin 212
acetaminophen 77 barbiturates-NOS 206
paroxetine 76 MDMA (Ecstasy) 198
hydrocodone 72 alorazolam 181
mescaline 70 sertraline 154
clonazepam 69 clonazepam 152
sertraline 66 acetammophen-chlorpheniramme 134
caffeine 64 flunitrazepam 119
amitriptyline 60 drug unknown 111

\  U.S. DEPARTMENT OF HEALTH & HUMAN SERVICES
/  Substance Abuse and Mental Health Services Administration
i / y  Office of Applied Studies 
\  5600 Fishers Lane, Room 16-105

Rockville. MD 20857

Official Business 
Penalty for Private Use S300
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SAMHSA 
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TRENDS IN 
MAJOR SUBSTANCES OF ABUSE

T
his sec t ion  p r e s e n t s  ann u a l  e s t im a te s  from DAWN for total d rug-re la ted  ED e p i s o d e s  a n d  
m en tion s  of major s u b s t a n c e :  of a b u se .

"Major s u b s t a n c e s  of abu se"  include the m ost  com m on illicit d ru g s  reported to DAWN, 
a lcohol repor ted  in com bination with any o ther s u b s ta n c e  reported to DAWN, and  lower 
f requency  d ru g s  of particular policy in terest (e.g., c lub d rugs such  a s  MDMA (Ecstasy) , and  
GHB). The specific  te rm s  (including s t ree t  n a m e s )  reported  to DAWN for e a c h  drug category  
a re  listed, with correspond ing  m entions from 1995 to 2002. in Table 2.4.0 (full-year e s t im a te s )  
and  T ab le  12.4.0 (full-year ra tes  per 100.000 population). C orresponding  half-year t a b le s  a re  
T ab le s  2.3 0 a n d  12.3.0, respectively.

O n e  ED e p is o d e  c a n  include m entions of o n e  drug a lo ne  or m entions of multiple d ru g s  
Major s u b s t a n c e s  of a b u s e ,  su c h  a s  cocaine, heroin, and  marijuana, a re  often reported  in 
com bination with o ther  drugs. Alcohol is reportable  to DAWN only w hen  p re sen t  in com bina tion  
with an o th er  reportab le  drug. Therefore , the total num ber of drug m entions e x c e e d s  the  num b er  
of e p i s o d e s  M entions for individual drugs, which m ay  be  recorded  only o n ce  per e p iso d e ,  a re  
equ ivalen t  to e p i s o d e s  For exam ple , the  num ber of c oca ine  m entions is equivalent to the  
n u m b e r  of e p i s o d e s  in which coc a in e  w a s  m entioned

T h e  following d iscussion  fo c u s e s  primarily on com p arison s  of final e s t im a te s  for 2 0 0 2  with
2001. T ab le s  a lso  sh ow  statistical tes ts  com paring  2002 e s t im a te s  with th o se  for 2 0 0 0  and. for 
long-term trends ,  2002 e s t im a te s  with th o s e  for 1995 (the earliest y e a r  show n in the  tab les) .  In 
addition, long-term t ren ds  in drug-re la ted  ED e p i s o d e s  overall and for those  involving th e  m ost 
frequently m e n tio n ed  illicit d rugs  and  alcohol-in-combination a re  sh ow n  in Figure 3.

DAWN e s t im a te s  for 2002 a re  b a s e d  on da ta  from a nationally rep resen ta t ive  s a m p le  of 
437 re spo nd in g  hospitals (Table 1.1).

TOTAL DRUG-RELATED ED EPISODES
■ In 2002 . the re  w ere  6 7 0 ,3 07  drug  a b u se-re la ted  ED e p iso d e s  in the  co term inous  U.S.. 

with 1 ,209 .938  drug m entions (on ave rag e .  1.8 d ru gs  per ep isode)  (Table 2 .2 .0 ).

■ T h e re  w ere  no significant in c re a se s  from 2001 to 2002  in total drug-related ED 
e p i s o d e s  or in ED drug m en tion s  (Table 2.2.0). Total ED visits (that is, ED visits for 
any re a so n )  in c reased  2 p ercen t  (from 100.5 million to 102.8 million) during this period.

■ In 2002 , drug a b u s e - re la te d  ED visits o ccurred  at the  rate of 261 ED e p is o d e s  per
100 ,000  population in th e  coterm inous U.S. (Table 12.2.0).

■ From 2001 to 2002. a m o n g  the m ost com m o n  major s u b s ta n c e s  of ab u se ,  only 
a m p h e ta m in e s  sh o w ed  a  significant in c re a se  (17%, from 18,555 to 21,644). M entions 
of alcohol-in-combination (207 ,395  in 2002), coca in e  (199,198). marijuana (119,472), 
heroin  (93,519), and  m e th a m p h e ta m in e  (17,696), w ere  all statistically u n ch a n g ed .  
T he re  w ere  no significant d e c r e a s e s  a m o n g  th e s e  s u b s ta n c e s  (Table 2.2 0).
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•  A m ong th e  l e s s  frequently  m en tioned  major s u b s t a n c e s  of a b u s e ,  only 2 had
significant i n c r e a s e s  from 2001 to 2002 . M entions of inhalants  rose  187 p e rc e n t  (from 
522 to 1.496), re turning tc the  level o b se i  j d  in 2000. and  m entions of P C P  r o s e  25 
p ercen t (from 6 ,1 0 2  to 7 ,648). M entions of LSD d e c r e a s e d  (-68%, from 2,821 to  891). 
MDMA (E c s ta sy )  (4 .026). GHB (3,330), m isc e l la n eo u s  hallucinogens (1.428). a n d  
Ketam ine (260), w e re  statistically u n c h a n g e d  from 2001 to 2002 . M entions of 
f lun itrazepam  (Rohypnol) a n d  illicit com b ina tio ns  NTA w ere  too  im prec ise  for 
publication (Table  2.2.0).

■ Am ong th e  major s u b s t a n c e s  of a b u s e ,  the h ighest  r a te s  of ED drug m en tions  in 2002 
o ccurred  for the  following s u b s t a n c e s  (Table  12.2 0):

Alcohol-in-combination (81 m en tion s  p er  100 ,000  population),

C o ca in e  (78),

Marijuana (47), and  

Heroin (36).

ALCOHOL-IN-COMBINATION
» Alcohol-in-combination w a s  m en tioned  in 31 p e rc en t  of ED drug e p iso d e s  in 2 0 0 2  

(207,395 m en tions)  and  rem a in s  the  m ost  co m m o n  s u b s t a n c e  reported in d rug-re la ted  
ED visits (Table  2 .2 .0  and  Figure 3). Alcohol is reported  to DAWN only w hen  p re s e n t  
in com bination with a n o th e r  reportable  drug, s o  the actua l  num ber  of a lcoho l-re la ted  
ED visits is h igher than  th e  DAWN es t im a te  for a lcohol-in-combination e p i s o d e s

■ Mentions of a lcohol-in-com bination w e re  statistically u n c h a n g e d  from 2001 to 2 00 2 , but 
h a v e  in c rea se d  24 p e rc en t  (from 166.897 m entions) s in ce  1995 (Table 2 .2 .0  a n d  
Figure 3).

COCAINE, HEROIN, MARIJUANA
■ C o ca in e  c o n t inu es  to be th e  most frequently m en tio n ed  illicit su b s ta n c e ,  p re sen t  in 30 

p ercen t of ED e p i s o d e s  (1 99 ,1 98  m entions)  in 2002. C oca in e  w a s  followed in 
frequency  by m arijuana  (18% , 119,472 m entions), a n d  heroin (14%, 9 3 ,51 9  m entions)  
(Table 2 .2 .0  and  Figure  3).

■ C ocaine , heroin, a n d  m arijuana  m en tio n s  w e re  statistically u n ch a n g ed  from 2001 to 
2002  (Table  2.2.0).

■ About one-fifth of th e  c o c a in e  m en tions  in 2002  (2"'%, 42 ,146  m entions) were 
attributed to "crack." This n u m b e r  h a s  b e e n  s tab le  s in ce  1995. Most c o c a in e  m en tio n s  
(78%, 155,381) w e re  repor ted  to DAWN simply a s  "cocaine," a n d  it is not p o ss ib le  to 
d e te rm in e  w hat proportion of th e s e  might b e  crack. M entions that w ere  repor ted  
simply a s  “cocaine"  in c re a se d  54 p e rc en t  from 1995 to 2002 (from 101,043 to 
155,381), but did not in c re a se  from 2 0 0 0  to 2002 , or 2001 to 2 002  (T able  2.4 0).

■ Taking c h a n g e s  in popula tion  into accoun t,  from 1995 to 2002, cocaine  m en tio n s  
in c rea se d  33 p e rc e n t  (from 58 to 78 m en tio ns  per  100.000 population). Also during
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this period, heroin  m en tio ns  in c re a se d  22  p e rcen t  (from 30  to 36). a n d  m arijuana  
m en tions inc reased  139 p ercen t  (from 19 to 47) (Table  12 .2  0).

AMPHETAMINES AND METHAMPHETAMINE
■ In 2002, a m p h e ta m in e s  and m e th a m p h e ta m in e  w e re  e a c h  m en tion ed  in 3 p e rc e n t  of 

drug a b u se - re la te d  ED e p i s o d e s  (21.644 m entions  of a m p h e ta m in e s ;  17,696 m e n tio n s  
of m e th a m p h e ta m in e )  (Table 2 2.0) Only rarely w ere  th ey  reported  tog e the r  in the  
s a m e  ED visit, and  ♦ is not p oss ib le  to know  the  a c c u ra c y  of distinctions b e tw e e n  th e m  
Most m en tion s  of a. o n e ta m m e s  (93%) a re  reported  simply a s  “a m p h e ta m in e ,’' while 
m e th a m p h e ta m in e  m en tions  a re  m ost  frequently  identified a s  “m e th a m p h e ta m in e"  
(66%) or “sp e e d "  (13% ; (Table 2.4.0). Toge ther  a m p h e ta m in e s  a n d  m e th a m p h e ta m in e  
a cco u n ted  for 39 ,340 m en tion s  in 2002

■ From 1995 to 2002, m en tions  of a m p h e ta m in e s  in c re a se d  126 p e rc en t  (from 9.581 to 
21.644), and  the  rate of a m p h e ta m in e  m en tions in c re a se d  105 p e rc en t  (from 4 to 8 
m entions per 100,000 population). From  2001 to 2002. m e n tio n s  of a m p h e ta m in e s  
rose  17 p e rc en t  (from 18.555), a n d  the ra te  of m e n '  o n s  of a m p h e ta m in e s  in c re a se d  15 
p ercen t  (from 7 to 8 m entions)  (Table 12 2.0). M e th a m p h e ta m in e  m entions  w ere  
statistically u n c h a n g e d  from 2001, 2000, or 1995 This stability m a s k s  a period  of 
grea t fluctuation in m e th a m p h e ta m in e  ED m entions during the late  1990s

CLUB DRUGS
■ No significant c h a n g e s  from 2001 to 2 0 02  w ere  eviden t for the club drugs MDMA 

(Ecstasy)  (4 ,026  m entions in 2002), GHB (3.330), or K e tam ine  (260) (Table  2 2.0).

■ The p e rc e n ta g e  c h a n g e s  in MDMA and  GHB m en tions  from 1995 to 2002 a re  very 
large b e c a u s e  of very small n u m b e rs  in 1995 (Table 2.2.0). Both d rugs  rem ain  
relatively infrequent in ED visits, with no  m ore  th a n  2 m e n tio n s  p e r  100,000 population 
in 2 0 0 2  (Table  12.2.0).

■ E s tim ates  for f lunitrazepam (Rohypnol) h av e  b e e n  too im prec ise  for publication every  
year from 1995 through 2002 (Table 2 .2 .0  and Figure 4)

OTHER TRENDS
■ Am ong the le s s  frequently m en tioned  major s u b s t a n c e s  of a b u s e  (Table 2.2.0):

M entions of inhalants  in c rea se d  187 pe rcen t  (from 522  in 2001 to 1.496 in 2002) 
returning to the level o b se rv e d  in 2000.

M entions of P C P  in c rea se d  25 p e rc e n t  (from 6,102 to  7 ,648) from 2001 to 2002.

M entions of LSD con tinued  to decline, with a 68 p e rc e n t  d e c r e a s e  from 2001 to 
2 002  (from 2,821 to 891).

No significant c h a n g e s  w e re  eviden t  for m isc e l la n eo u s  halluc inogens from 2001 to 
2002  (from 1.788 to 1,428).
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F or  the 15 major s u b s t a n c e s  of a b u s e  (d isp layed in Figure 4), relative s tan d a rd  erro rs  
(R S E s)  in 2002  ra n g e  from a  low of 10.0 for alcohol-in-combination to a  high of 78.9  fo ; 
com b in a tio n s  NTA. Any DAWN e s t im a te  with an R S E  e xc ee d in g  50 p e rcen t  is c o n s id e red  
too  im prec ise  for publication and  is th e re fo re  s u p p re s s e d  in th e  tab les. In 2002 , e s t im a te s  
for m e th a m p h e ta m in e .  K etam ine. m isc e l la n eo u s  halluc inogens, flunitrazepam (Rohypnol). 
GHB. inha lan ts ,  a n d  com bina tions  NTA all h a d  R S E s  g rea te r  than  20  p ercen t  Only th e  
R S E  for f lun itrazepam  (Rohypnol) e x c e e d e d  50  p ercen t  (66%) (Table R SE-2.4  0).
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F igure 3
ED drug-related  e p is o d e s  and a lco h o l-in -co m b in a tio n , c o c a in e , h ero in , and  

m arijuana m en tio n s: 1995 through  2 00 2

Total episodes Alcohol-in-combination —h— Cocaine —w-Heroin -O -  Marijuana

F ig u r e  4

R elative stan d ard  errors (R SE s) for major s u b s t a n c e s  o f  a b u se :  2002
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TRENDS IN 
OTHER SUBSTANCES OF ABUSE

D AWN a lso  re c e iv e s  reports  of ED e p i s o d e s  involving the  non m ed ica l  u s e  of legal drugs. 
T h e s e  c a n  involve d e libe ra te  a b u s e  of p rescribed  or legally o b ta in ed  over- the-coun ter  
(OTC) m e d ic a t io n s  or of ph arm aceu t ica ls  d iverted for a b u s e  A ccidental o v e rd o s e s  or 

a d v e rse  reac t ion s  to O T C  or prescription d rugs tak en  a s  d irected  a r e  not reportab le  to DAWN 
un less  they w e r e  p re s e n t  in com bination with an  illicit drug.

T h e s e  "o ther s u b s t a n c e s  of a b u s e '  a r e  tabu la ted  first by c a te g o r ie s  c o m p o s e d  of similar 
s u b s ta n c e s  (T ab le s  2 .2 .0  and  12.2 0 for full-year e s t im a te s  and  ra te s ,  respectively) a n d  then  by 
generic  drug n a m e  for th e  la rges t  ca tegories :  p sy ch o th e rap eu t ic  a g e n t s  (T ab les  2 .6 .0  and
12.6.0). central n e rv o u s  sy s te m  (CNS) a g e n ts  (T ab le s  2 8 .0  and  12.8.0). respiratory a g e n ts  
(Tables 2 .10 .0  a n d  12.10.0). a n d  card iovascular  a g e n ts  (T ab les  2 12 .0  and  12.12.0). 
C orrespond ing  half-year tab les  (2.5.0, 2 .7 .0 , 2 .9 .0  and  2.11 0 for e s t im a te s  a n d  12.5.0. 12.7.0.
12.9.0 and  12 .11 .0  for ra tes )  a re  reported  in this publication a s  well.

By des ign , all drug m en tio n s  in DAWN are  tab u la ted  either a s  m ajor s u b s t a n c e s  of a b u s e  or 
a s  o ther  s u b s t a n c e s  of a b u s e .  T h ere  is no  double  counting, and  th e  de l ibe ra te  a s s ig n m e n t  of 
drugs into m ajor  s u b s t a n c e s  is th e  result of specific interest in su ch  s u b s t a n c e s

Drugs a re  p r e s e n te d  in DAWN publications by generic  n a m e s  (e.g. a ce ta m in o p h e n ,  ra ther  
than Tylenol), a nd  DAWN e s t im a te s  should  not b e  attributed to d ru g s  m a rk e ted  u nd er  particular 
brand (trade) n a m e s .  DAWN d a ta  are  ex trac ted  from m edical rec o rd s  p ro d u ce d  in th e  c o u rs e  of 
health ca re  delivery (no  patient is ever interviewed), so  DAWN c a s e  reports  contain information 
about particular s u b s t a n c e s  a s  that information w a s  d o cu m en ted  in the  ED m edical record . Any 
prescription or OTC d ru g  may b e  reported  to DAWN by its brand  ( trade)  n a m e ,  g ene r ic  n am e , or 
chemical n am e , d ep e n d in g  on w h a t  w as d o c u m e n te d  in th e  so u rc e  record . T here  is no  way to 
d iscern  w h e th e r  the b ran d  n a m e s  in the m edical record  a r e  a lw ays a c c u ra te  or how frequently  
particular b ra n d s  might h av e  b e e n  reco rded  by g ener ic  n a m e .  T herefore , b ran d  n a m e s  are  
recod ed  into gen e r ic  n a m e s ,  a n d  we do not publish e s t im a te s  by b ran d . An index linking brand  
to g en e r ic  n a m e s  is available  online at h ttp ://D A W N info .sam hsa.gov/. T he  index is provided 
solely a s  an aid to r e a d e r s  who m ay be unfamiliar with g en e r ic  n a m e s .

This d iscuss io n  fo c u s e s  mainly on c o m p a r iso n s  of e s t im a te s  from 2001 to 2002.

OTHER SUBSTANCES OF ABUSE
■ DAWN e s t im a te s  that o ther s u b s t a n c e s  of a b u s e  (527,981 m en tions)  co m p rised  44 

p e rc e n t  of total ED drug  m en tions in 2 002  (Table 2.2.0). Although th e  vas t  majority of 
th e s e  o ther s u b s t a n c e s  a re  m ark e ted  legally by prescription  or O TC, it is im possib le  to 
know from DAWN the  num ber of ED visits related tc  the a b u s e  of prescription d rugs  by 
p a t ien ts  with a  legitimate prescription.

■ ED m en tio n s  of o ther s u b s t a n c e s  of a b u s e  in 2002  w ere  m o s t  c o n c en tra ted  in 2 
c a te g o r ie s— C N S  a g e n ts  (227,342 m entions) a n d  p sy c h o th e ra p eu t ic  a g e n ts  (223,481
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m entio n s)— in nea r ly  equ a l  proportions (19%  and  18% of total ED m entions, 
respectively) (T ab le  2.2.0).

■ T h e  particular d ru g s  involved in ED visits a r e  so m et im es  unknow n or unknow able . In
2002. th e re  w e re  30 .544 s u c h  m en tions (3%  of total m entions) (Table 2.2 0).

PSYCHOTHERAPEUTIC AGENTS
■ Overall, m e n tio n s  of p sy ch o th erap eu t ic  a g e n ts  w ere  statistically u n c h a n g e d  from 2001 

to 2002  (Table  2 .2.0).

■ M entions of p sy c h o th e ra p eu t ic  a g e n ts  w ere  up 9 p e rc en t  s in ce  2000 (from 20 4 .5 2 7  to 
223,481) and  18 p e rc en t  s in ce  1995 (from 190,270) (Table 2.2.0)

■ P sy ch o th e rap e u t ic  a g e n ts  in DAWN are  b roken  into 4 subca tegories :  a n t id e p res san ts ,  
antipsychotics:  anxiolytics, se d a t iv e s ,  and  hypnotics: and  C N S  stim ulants

Antidepressants
» A n t id e p re ssa n ts  (5%  of total ED m entions , 62 ,635 m entions) w ere  th e  s e c o n d  most

frequent p sy c h o th e ra p eu t ic  a g e n ts  m en tioned  in d rug-re la ted  ED visits in 2002 . and  a s  
a  ca teg o ry  h av e  rem ain ed  statistically u n c h a n g e d  in recen t  y e a r s  (T able  2.2.0) This 
ca teg o ry  includes.

MAO inhibitors (14 mentions),

SSR I a n t id e p re s sa n ts  (27,914),

Tricyclic a n t id e p re s sa n ts  (11,546), and

M isce llaneous a n t id e p re s sa n ts  (23,161)

MAO Inhibitors
■ From 1995  to 2002 , m entions of MAO inhibitors overall d e c r e a s e d  95  p e rcen t  (from

303 to 14), but no significant c h a n g e  w as  evident from 2000  to 2002. or from 2001 to 
2 002  (T ab le  2 6.0).

SSRI Antidepressants
■ From 1 995  to 2002, m en tio ns  of SS R I a n t id e p re s sa n ts  overall in c re a se d  29 percen t

(from 2 1 ,5 8 5  to 27,914), but no significant c h a n g e  w a s  evident from 20 0 0  to 2 002  
(Table 2.6.0).

■ From 2001 to 2002. no significant c h a n g e s  w ere  eviden t  for any  of th e  SSRI
a n t i J e p re s s a n ts .  In 2002. the  m ost  frequently  m entioned  S S R Is  (Table  2.6.0) were:

C italopram  (5 ,313 m entions), which ro se  54 p e rcen t  from 20 0 0  to 2002,

Fluoxetine (5,770), down 39 percen t  from 1995 to 2002, a n d  down 27  p e rc en t  from 
2000  to 2002,
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P a ro x e t in e  (9.443), up 67  pe rc en t  from 1995 to 2002, a nd  

Sertra line  (7,214). which h a s  rem ain ed  relatively s tab le  in rec en t  years .

Tricyclic Antidepressants
■ Overall, m e n tio n s  of tricyclic a n t id e p re s sa n ts  d e c r e a s e d  41 p ercen t  (from 19,429 to

11.546) from 1995 to 2002 . but h ave  rem ain ed  stab le  in th e  last 3 yea rs  (Table 2 6 0)

■ From  2001 to 2002. n o  significant c h a n g e s  w ere  evident for any of the SSR I 
a n t id e p re s s a n t s ,  and  from 2 0 0 0  to 2002. only amitriptyline m entions c h a n g e d  
significantly In 2002. the  m o s t  frequently m entioned  tricyclic a n t id e p re s sa n ts  (Table 
2 .6 0) w e re

Amitriptyline (4 4 3 6  m entions), do w n  50 percen t  from 1995 a n d  down 31 percen t 
from 2 0 0 0  to 2002.

Doxepin (868). do w n  68 pe rc en t  s in ce  1995.

Im ipram ine (242), dow n 9 0  percen t  s ince  1995 

Nortriptyline (424). down 82 percen t  s ince 1995, and

Tricyclic a n t id e p re s s a n ts  not identified by n a m e  (noted  a s  "not o therw ise  specified" 
or “-NOS") (5.397), with no  c h a n g e  from 1995, 2000 or 2001.

Miscellaneous Antidepressants
■ Overall, m e n tio n s  of m isc e l la n eo u s  a n t id e p re s sa n ts  inc rea se d  86  percen t  (from 12 ,447 

to 23 ,161) from 1995 to 2002. but rem ain ed  s tab le  from 2 0 0 0  to 2002. a n d  from 2001 
to 2 00 2  (T ab le  2.6.0).

■ A m ong  th e  m isc e l la n eo u s  a n t id e p re s sa n ts ,  only veniafaxine m entions  c h a n g e d  
significantly during th e  3 y e a rs  from 2 0 0 0  to 2002. In 2002 . the ca tegory  of 
m isc e l la n e o u s  a n t id e p re s s a n t s  (Table 2 6 0) included:

Buproprion (4.074 m entions),  up 22 6  p e rcen t  s ince 1995,

M irtazapine  (2,222).

N e fa z o d o n e  (923), up  294 percen t  s ince  1995.

T ra z a d o n e  (9.560),

V eniafax ine  (5.501), up 345  percen t  s ince  1995. up 4 8  pe rcen t  since 2000, and  up 
38  p e rc e n t  s ince  2001; and

U n n a m e d  a n t id e p re s s a n ts  (an t id ep ressan ts -N O S ) (875), up 5 08  percen t  from 1995 
to 2002.
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Antipsychotics

■ M entions  of s u b s t a n c e s  classified a s  an tipsychotics  w ere  statistically u n c h a n g e d  from 
1995, 2 0 0 0  and  2001. In 2002, this ca tegory  included 4 su b c a te g o r ie s ,  but m o re  than  
90  p e rc e n t  of m en tio n s  fell into th e  single su b c a teg o ry  of m isc e l la n eo u s  antipsychotic  
a g e n ts .

•  In 2002, the re  w e re  18.492 ED m e n tio n s  of m isce l laneo us  antipsychotic  a g e n ts .  This 
e s t im a te  w a s  statistically u n c h a n g e d  from 2 000  but 6 7  p e rc e n t  h igher than in 1995 
(Table  2.6.0). However, the  t re n d s  for the  individual an tipsychotic  a g e n ts  in this 
c a teg o ry  varied considerably; they  include.

Haloperidol (911 m entions), do w n  67 p ercen t  s in ce  1995,

Lithium (2,231). down 67 p e rc en t  s ince  1995. dow n  40 p e rc e n t  s ince  2000. and
dow n 35 p e rc en t  s ince  2001,

O lan z ap in e  (4.207), u n c h a n g e d  over the  periods 1995. 2 0 0 0  and 2001 to 2002.

Q u e tiap in e  (6,508), up 116 p e rc en t  s in ce  2000 a n d  up 50  p e rc en t  s ince  2001 . and

R isper idone  (3.566). up 248 p e rc en t  s ince  1995

■ Other significant long-term t ren d s  in antipsychotics  included thioridazine which 
dec lined  98  p e rc en t  (from 2 .566 to 48  mentions), f luphenza ine .  which declined 95 
p e rc en t  (from 792  to 42). p roch lorperaz ine  which dec lined  66  percen t  (from 555  to 
191), a n d  chlorprom azine  which declined  64 pe rcen t  (from 2 .202  to 795 m entions) 
from 1995 to 2 0 0 2  (Table 2 6 0) Thioridazine also significantly d e c re a s e d  from 2000  
to 2002, dow n 94 p ercen t  from 782.

Anxiolytics, Sedatives, and Hypnotics

■ Anxiolytics, s e d a t iv e s  a n d  hypnotics (137 .350. or 11% of total ED m entions) w ere  the  
m ost  f requen t p sy c h o th e ra p eu t ic  a g e n ts  m en tioned  in drug-re la ted  ED visits in 2002 
(Table 2.2.0). This ca tegory  inc ludes 3 su b c a te g o r ie s ,  n o n e  of which posted  significant 
c h a n g e s  from 2001 to 2002

B arb itu ra tes  (1%, 9 .783  m entions), with an  in c re a se  of 3 8  p ercen t  from 2 0 0 0  to
2002,

B e n z o d ia z e p in e s  (9%, 105,752). with a 16 pe rc en t  in c re a se  from 2000 to 2002. a n d

M isce l lan eo us  anxiolytics, s e d a t iv e s  a n d  hypnotics (2%, 21,816). which w ere
statistically u n c h a n g e d  since 20 0 0

Barbiturates

•  From 2001 to 2002 . ED m entions  of the  barb itu ra tes, individually a n d  a s  a c la ss ,  w ere  
statistically u n c h a n g e d  (Table 2 .2  0).

■ From 1 995  to 2002 , barbiturate  m en tion s  ro se  44 p e rc en t  (from 6 ,793  to 9,783) (Table
2.2.0).

58 ED Trends From DAWN



R»tum  (o T tb lt o f Conttnts

■ In 2002 , the  m o s t  frequently m en tion ed  b arb itu ra tes  w e re  u n n a m e d  (barb itura tes-N O S, 
with 7 ,579 m entions) (Table 2.6.0), M entions of b arb itu ra tes-N O S  inc reased  56 
p e rc e n t  from 2000  to 2002, a n d  110 p erc en t  from 1995 to  2002.

» Pheno b arb ita l ,  the s e c o n d  m o s t  frequently  m entioned  b a rb itu ra te  in 2002 with 1,217 
m en tions ,  d e c r e a s e d  58 percen t from 1995 to 2 0 0 2  (Table  2.6.0).

Benzodiazepines

■ In 2002 . m entions  of b en z o d ia ze p in e s  (105,752) a c c o u n te d  for 9  p ercen t  of all ED drug 
m e n tio n s  Overall, m entions  of b e n z o d ia z e p in e s  in c rea se d  16 pe rcen t  (from 91.078) 
from 2000  to 2002 (Table  2 .2 .0  and  F igure  5). S ince  1995. m en tio n s  of 
b e n z o d ia z e p in e s  h av e  risen 38  p e rcen t  (from 76.548).

■ From  2001 to 2002, ED m entions  of th e  b en zo d ia ze p in e s ,  individually a n d  a s  a c lass  
w e re  statistically unchan ged .

■ In 2002 , the m ost frequently m en tioned  b e n z o d ia z e p in e s  (Table 2 .6 0 a n d  Figure 6) 
w ere:

A lprazolam  (27,659 mentions),

C lo n a z e p a m  (17.042).

D iaz ep a m  (11,193),

L o ra ze p am  (11,042),

T e m a z e p a m  (2 219), and

U n n a m e d  b en z o d ia ze p in e s  (i.e.. b en z o d ia z e p m e s-N O S . 34.697).

■ From  1995 to 2002. am on g  the  most frequently m en tio ned  b e n z o d ia z e p in e s  (Table
2 .6 .0  and  Figure 6):

M entions of b en zo d iazep in es-N O S  ro se  199 percen t , a lp razo lam  ro se  62 percent.
a n d  c lo n az ep a m  33 percent, while

M entions of d iazepam , lorazepam , a n d  t e m a z e p a m  rem a in ed  stab le

■ From  2000  to 2002, all the b e n z o d ia z e p in e s  e x c e p t  a lp razo lam  a n d  b en zo d iazep in es-  
N O S w ere  statistically u n ch a n g ed  (Table  2.6.0).

M entions of a lprazolam  ro s e  25 p e rc en t  (from 22 ,105  to 27.659),

M entions of b enzo d iazep in es-N O S  in c rea se d  55 p e rc en t  (from 22 ,376 to 34,697)

■ M entions of 2 of the  le s s  frequently m en tioned  b e n z o d ia z e p in e s  d e c r e a s e d  from 1995 
to 2 00 2  (Table  2.6.0):

C hlord iazepoxide  (-74%, from 2.661 to 696), and

Triazolam  (-77%, from 776 to 175).
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Figure 13
ED m en tio n s  o f  a lc o h o l-in -co m b in a tio n , c o c a in e , heroin , and m arijuana:

1 995  through  2002

2 5 0  T

Alcohol-in-combination Cocane Heroin -*•— Marijuana

Figure 14
ED m e n tio n s  o f m arijuana a m o n g  p a tien ts  a g e  12 to 17 and age  18 to 25:

1995 throu gh  2002

—*- 12-17 years 18-25 years
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Abstract

Wc report six cases of possible acute cardiovascular death in young adults, where very recent cannabis ingestion was 
documented by the presence of tetrahydrocannabinol (THC) in postmortem blood samples. A broad toxicological blood 
analysis could not reveal other drugs Similar cases have hcen reported in the literature, but the toxicological analysis has been 
absent or limited to unne samples, which represent a much broader time window for cannabis intake This paper presents six 
case reports, where cannabis alone was detected in blood Further, an overview over previously published cases, clinical trials 
and possible patho physiological mechanisms are presented V 2001 Elsevier Science Ireland Ltd. All rights reserved.

ELSEVIER

Hr\words Cannabis, Toxicity, Teirah'-arocannabinol; Cardiovascular

1. Introduction

Different preparations of the plant Cannabis sailva  are 
widely used around the world fo- their euphoric effects, 
making cannabis the most frequent drug of abuse, second 
only to alcohol in the western world. The most commonly 
used preparations are marijuana and hashish, which in this 
paper will be refereed to as cannabis. Cannabis toxicity is 
regarded to be low [ 11. By extrapolation from animal experi­
ments, the ratio of lethal to effective tintoxicating) dose is 
estimated to lie in the order of thousands to one (2). Acute 
cannabis toxicity is briefly, if at all. mentioned in compre­
hensive textbooks about drug abuse. However, several case 
reports of both coronary and cerebral ischacmia related to 
cannabis intake have been published, since the seventies [3-8J. 
Many studies reported in the literature lack the determina­
tions of tetrahydrocannabinol (THC) or THC metabolites in 
blood, actually demonstrating the recent intake of cannabis.

After smoking a "regular” dose of cannabis (usually 
containing about 20 mg THC), blood concentration of 
THC rises quickly and reaches peak levels before the end 
of the smoking period. I he immediate distribution from 
blood to tissues is also fast and blood THC levels quickly 
drop to <10% within 2 h. As a consequence, THC can only be
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detected in blood by standard methods, depending on dose 
and analytical cut-off, for 4-12 h after intake. Subjective 
feeling of euphoria is associated with whole blood levels 
from 2 pg/1 and higher. Whole blood levels I h after smoking 
20-25 mg THC will typically be in the range 5-10  ug/l [91.

2. Case reports

2.1. Case 1

A 39-ycar-old male was found dead sitting in his living 
room with the TV-set on. He did not have any previous record 
of heart disease, but had a recent sick leave from his job as a 
fisherman because of shoulder pain. On the day of his death, a 
co-worker had driven him home from work because of 
worsening of his shoulder pain. The autopsy revealed findings 
compatible with an older and a recent heart infarction as well 
as hypertrophied heart. TV-re was widespread atheromatosis 
in the coronary arteries and aorta. No information about use 
of drugs of abuse was available Toxicological analysis 
revealed 22 ug/l THC in w hole blood and the presence of 
THC acid in urine No other drugs or alcohol were found.

2.2. Case 2

A 40-vear-old male was found dead after the car he drove 
slid off the road There was no record of any illness and he
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war noi taking any medication A witness perceived him as 
norma! shortly before the time of death, The autopsy 
revealed sparse signs of atheromatosis in the coronary 
arteries and insinuated narrowing in the left coronary artery 
next to the aorta. Toxicologicu! analysis revealed 4 ug/l THC 
in whole bio ' THC acid was not detected in utme There 
were no other toxicological findings

2.3. Case 3

A 43-ycar-old male with a previous coronary heart com 
dition was found dead in his home He had a myocardial 
infarction at age 38. He was currently using several drugs for 
his hcari condition (metoprolol (a fi-blockerI, doxazosine 
(an 3-blockcr) and diltiazem (a calcium antagonist)), but 
there was no record of use of illicit drugs. The autopsy 
showed widespread atheromatosis enlarged heart and signs 
of an earlier infarction. Toxicological analysis revealed 2 pg/
1 THC in whole blood. Urine was not available. There were 
no other toxicologicul findings.

2 4. Case 4

A 37-year-old male was found dead at a friend's home. 
There was no record of use of illicit drugs and no information 
of previous heart conditions. The autopsy revealed wide­
spread atheromatosis, narrowing of coronary arteries and 
signs of emphysema Toxicological analysis revealed 5 pg/l 
THC in whole blood and 0 "'4% ethanol There were no other 
toxicological findings, except THC acid in urine.

2.5 Case 5

A |7-ycar-old male was found dead on his bed in the 
morning at his parent's house. He had a record of illicit 
drug use, without further details about type or types of 
drugs consumed There was no record of any illness other 
than pollen allergy or any record of family heart condi­
tions. The autopsy revealed a slightly enlarged heart. No 
signs of atheromatosis were found. Toxicological analysis 
revealed 3 pg/l THC in whole blood. Urine was not 
available for analysis. There were no other toxicological 
findings.

2.6. Case 6

A 42-ycar-old male died suddenly in a hotel Cardiac 
resuscitation was started immediately, but was unsuccess­
ful He had a record of illicit drug use. Needle marks in both 
arms were ascribed to medical treatment. The autopsy 
revealed slight atheromatosis in the coronary blood vessels 
and also narrowing of a coronary artery, The autopsy 
conclusion was an acute coronary event. T xicological 
analysis revealed 7 pg/l THC in whole blood. Urine was 
not available for analysis. There were no other toxicological 
findings.

Table I
Clauificttion of death cause in cases having cannabis as the major 
•oxicolopcsl finding
Cause of death Cooes
Suicide (excluding poisoning i 9
Accident 9
Somatic illness (any type) 7
Unknown cause isudden death 6
Murder 3
Missing data 1
Total 35

3. Muteriuls und methods

The National In' .utc for Forensic Toxicology (N1FT) is 
the national laboratory for forensic pharmacological and 
toxicological analyses in Norway Blood, unnc and other 
biological samples from almost every medicolegal autopsies 
performed in Norway, are sent to NIFT together with the 
preliminary results from the autopsies. Illegal drugs, includ­
ing cannabis, arc part of the standard analytical program for 
all autopsy samples. Postmortem blood is screened for 
amphetamines, benzodiazepines, cannabis, cocaine and opi­
ates with immunological methods (EMIT II) and further 
with GC-hcadspacc for alcohol and with GC and/or HPLC 
for a broad spectrum of drugs Confirmatory analysis of THC 
and THC acid are performed by GC-MS (10.11)

4. Results

In the period from 1995 to 1999, cannabis was detected in 
a total of 180 blood samples out o f almost 10,000 autopsy 
cases analysed. In 145 cases, there were also other toxico- 
logical findings (prescribed medication or illicit drugs) that 
could have contributed to the death. The remaining samples 
(35) contained THC as the major toxicological finding, 
although low alcohol conccniralions (below 0.05‘ie) or ben­
zodiazepines in the iherapeulic concentration range were 
present in some cases. These 35 samples were classified 
according lo the information from the pathologist (Table I), 
Six cases were classified as sudden death of unknown cause 
and are described in our case reports

5. Discussion

Cardiovascular effects are (he most consistent physiolo­
gical findings after acute cannabis admin .ration. Signifi­
cant tachycardia, conjunctival injection and increased limb 
blood flow with postural hypotension have been reported 
These effects are likely to be mediated via (3-adrenergical 
stimulation and possibly also a parasympathetic nervous 
system blockade (12-15). A catecholamine increase will
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lead to an increased oxygen demand in the myocardium, 
constituting a potential threat to patients with an ischaemic 
heart conditio* [1,12.16].

One controlled cross-over studs has compared effects of 
smoking tobacco and cam abis on ungina pectoris [17] and 
demonstrated that smokim ne marijuana cigarette signifi­
cantly decreased the exercise time until angina more than 
smoking of one high-nicotinc cigarette Exercise time until 
angina showed a reduction of 50% after smoking a mar 
ijuana cigarette versus 23% reduction alter smoking one 
high nicotine cigarette, indicating that stnokmg of cannabis 
might have a more pronounced effect on triggering angina 
than nicotine in coronary patients.

Several cases of acute coronary ischaemia related to 
cannabis smoking have been published. One case report 
described a previously fit 25-vear-old man that presented a 
sudden onset of pulmonary oedema 30 min after smoking 
marijuana [3], Enzymatic. X-ray and clcctrocardiogruphicul 
alterations indicated an acute myocardial infarction. Cardiac 
cathcterisation and angiography. 3 months after admission 
were normal. Another case report presented a 32-ycat-old 
male with a sudden onset of chest pain ifter cannabis 
smoking |5] He died before the ambulance arrived The 
autopsy re.culcd widespread coronary atheromatosis, focal 
stenosis and thrombosis in the left coronary artery . Also, one 
case report presented a previously lit 33-year-old woman 
with an acute myocardial infarction while smoking man 
juana [4], Shortly after admission lo hospital, she developed 
ventricular fibrillation, which responded lo electroconver­
sion. Toxicological analvscs of unne showed the presence of 
•annabinoids. She recovered completely and 3 months later 
a treadmill lest was normal.

With respect to cerebral ischaemia, there are published 
cases of stroke or transient ischaemic attacks while smoking 
cannabis in young, previous fit indiv iduals [6,8,18-21). Tw o

of the individuals had records of alcohol or amphetamine 
abuse, but had not been using these drugs at the time those 
episodes occurred.

Interference with the integrity of the peripheral vascular 
reflex responses is considered to be an important patho­
physiological mechanism for the cardiac events during 
cannabis smoking [15.22,23]. This reflex normally provides 
a compensatory vasoconstriction in hypotension and can be 
of capital importance hi a myocardial hypoxic situation, 
w here an increase of the pre-load can be essential to preserve 
adequate perfusion. Vasospasm is another patho-physiolo 
gical mechanism that has been suggested, especially to 
explain those cases of coronary or cerebral ischaemia where 
blood vessels have shown normal conditions in the affected 
areas after the episode [20]

Several studies have investigated electrocardiographic 
effects that follow cannabis intake [ 16.17.24,25). A common 
finding mentioned in these studies is different types of 
arrhythmia, notably ventricular extrasystoles [17.24.26] 
In contrast, others have reported lower incidence of arrhyth­
mia when cannabis, compared to diazepam, was used as a 
pre-medication before surgery. Other electrocardiographic 
effects reported include changes in ST-segment and T-wave 
as in epicardial lesion and flattening of P-wavc. Possible 
mechanisms for cannabis-induced cardiovascular events arc 
summarised in Fig. 1

The use of cannabis in the w estern world became popular 
among youngsters in the sixties Many individuals have 
continued their drug-using patterns and the age range among 
cannabis users today is probably broader than i; was some 
years ago Due to this age-shift, a higher incidence of 
atheromatosis and coronary heart disease is expected among 
cannabis users today. The older individuals would presum­
ably have a higher frequency of cardiovascular side cffecls 
than younger and healthier cannabis users.

Increased myocardial oxygen 
demand
Decreased oxygen delivery

ISCHAEMIA

• Increased sympathetic activity (hetaadrenergical stimulation)
• Interference with die peripheral vascular reflex responses.
• Arterial vasospasm
• Parasympathetic blockade’’

Tachycardia 
Pcnphcra! vasodilaianon 
Penphcral vascular reflex 
failure
Arrhythmia’’

Fig 1 Cardiovascular mechanisms of cannabis.
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6. Conclusions

Several re pons of acute cardiovascular episodes asso­
ciated to cannabis use have been published in the last 20 
years and underlying patho physiological mechanisms have 
been discussed Cannabis is generally considered to be a 
drug with very low toxicity In tl is paper, we report six -ascs 
where recent cannabis intake vox associated with sudden 
and unexpected death. An acut cardiovascular event was the 
probable cause of death In >11 cases, cannabis intake was 
documented by blood ar il’ scs To our information there 
were no heavy drug add cts • i our material and the deceased 
individuals seemed tr be ccasionul cannabis users. Cor­
onary pathology was r ealed by the autopsies in some 
cases. Further invcstigr >ons of clinical, toxicological and 
epidemiological aspect arc needed to enlighten causality 
between cunnabis intake and acute cardiovascular events
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Marijuana and Cardiovascular death in young 
adults

An Associated Press story in March of 2000, reported on the findings of Dr. Murray 
Mittleman of the Harvard School of Public Health and Boston’s Beth Israel Deaconess 
Medical Center that smoking "Marijuara Raises Heart Risks." The study on which this 
was based was also published in July of 2001 in the medical journal Circulation 
Magazine and reported by ABCNews.com as "Pot Boosts Heart Attack Risk." The 
proponents of pot smoking and medical excuse marijuana were not happy. They 
demanded to know who asked for the study, who funded the study, and insisted that th< 
methodology was flawed end that the researcher was biased

Now, a report in Forensic Science International, by researchers Bachs & Morland, of thi 
National Institute of Forensic Toxicology in Oslo, Norway, report on six cases of 
"cardiovascular death in young adults" wnere THC and no other drugs, were reported ir 
postmortem blood samples. Although only these six cases are detailed in the report, the 
authors reference several other cases of cardiovascular incidents related to cannabis 
use.

None of the research done on cannabis to date has shown it to be benign. It should be 
noted that autopsies are not always done following death, and that because of patient 
confidentiality laws deaths caused by illicit substances are typically not made public. 
Therefore, it is likely that there have been far more cardiovascular deaths caused by 
marijuana than have been reported to date. With t! ese oata, acute cardiac deaths from 
marijuana can not longer be denied.

http://drugandhealthinfo.org/page06.php?ID=l 12 1/31/2005
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The Curse of Cancer
Diana Campbell 

Story in .rtf
Kevin ebster couldn't go outside to play in the snow, his favorite thing to do. A fever and lung 
congestion kept the active two-year old inside.

Cathy Webster, who admits she is overprotective, thought it was just a routine January cold as her eight- 
year old dayghter Chloe was sick, too.

But when Kevin didn’t get any better after Cathy £*iye him children’s cold medicine and pain reliever, 
sheJtobk him to the health clinic.

The doctors said asthma, and while prescribed medicine eased his breathing, he still didn’t seem right.

"My sister and I were noticing his hands were really white," she said o f the little boy. "He kept running a 
fever."

Cathy Webster pressed the-doctors for answers and within days, Kevin, his parents, grandmother and 
sister were, at Childrens Hospital-and Regional Center in Seattle, about l,200.miles away the family’s 
hometown of Fairbanks, Alaska.

Leukemia, the doctors said -this time, and immediately they put the cooperative liftleboy on an 
aggressive regimen of powerful drugs and tests. He will survive, doctors .predict, but must endure iliree 
and.a tiaifcyearsvOf treatment. - . ; : .

The Websters are Athabascan Indian, and their ordeal is not-new. to the Athabascan-community.of

estrepo - ~ w -r - ^ r < ^  (<r
sanctioned monitoring o f cancer. Alaska Natives, o f which.'fljfere, ^ e  just under 10.0,000 Eskimos, 
Indians.and Aleuts, now face a 30 percent higher risk than U.S. whites o f dying from cancer, the:registry
H a t a  c h n u / c  ‘ ' f-.-t ' '

 —   .—

c m  a: r ; ? " -

Kevin Webster, a two-year, old .

http://www.aliciaDatterson.org/APF2101/Campbell/Campbell.html 3/14/2005
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Athabascan boy, looks at a 
suction dart stuck to his 
grandmother’s living room 
window. Kevin had just come 
back home to Fairbanks, Alaska 
after undergoing his first round of 
chemotherapy at Childrens 
Hospital and Regional Center in 
Seattle.

Photo by Eric Engman, Fairbanks 
Daily News-Miner.

The number o f Alaska Natives with can ;r is now seven percent higher than U.S. whites and past trends 
show that number has climbed.

The statistics have changed dramatically over the last 40 years, said Dr. Anne Lanier, a founder o f the 
registry, and director o f  Alaska Native Health Research with the Alaska Native Tribal Health 
Consortium. The consortium operates an Indian Health Service funded hospital in Anchorage.

In 1950, cancer was rare and tuberculosis was the leading cause o f death for Alaska Natives, she said.

But by the mid-1970’s, Lanier and others began studying cancer rates by reviewing Alaska Native death 
certificates on the advice o f doctors who noticed an increase o f cancer among their patients, she said.

"Experienced clinicians working in tne Alaska Native health system have often reported unusual 
patterns o f disease which were later confirmed by special studies," Lanier said.

At first the studies showed Alaska Natives had a lower overall cancer death rate from U.S. whites, but 
not significantly different, she said. But what the studies did show was that rates for specifics types o f 
cancer were higher than U.S. whites.

Now about 250 Alaska Natives are diagnosed yearly with cancer, a rate that has tripled from those early 
days, according to registry' data.

Lanier is the principal investigator for the registry. National Cancer Institute officials, who funded the 
initial Alaska Native cancer studies in the 1970’s, have since sanctioned grants to further more cancer 
study and data collection, Lanier said.

"Early on the National Cr icer Institute was also interested in what was going on in this population," she 
said. The registry is now part o f NCI’s Surveillance, Epidemiology and End Result program, a

httD://www.aliciaDatterson.ore/APF2101/CamDbell/CamDbell.html 3/14/2005
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nationwide system that uses standard methodology for collecting and reporting cancer data.

^^1'hose subsequent NCI*funded studies have yielded alarming trends.

Lung cancer in Alaska Natives now exceeds the national average by 48 percent and according to the 
study Cancer Mortality Among Alaska Natives, 1994-1998, lung cancer is 30 percent o f all Alaska 
Native cancer deaths, making it the leading cause of cancer deaths.

It’s tobacco. Lamer has said repeatedly over the years.

According to the a 1997 :tudv by the Behavioral Risk Factor Surveillance System, a statew ide telephone 
health survey, at least 47 percent of Alaska Native men smoked compared to 39 percent o f  Alaska 
Native women. The U.S. tobacco use average is 26 percent for males and 21 percent for females.

Smoking among Alaska Natives has shown no signs o f  slowing down, according to the behavior 
surveys, which lead Lanier and others at the tribal health consortium to believe that lung cancer rates 
will likely exceed U.S. whites for years to come.

Tobacco isn’t the only factor contributing to the high rates of Alaska Native cancer.

According to the Alaska Native Tumor Registry 30-year report, Alaska Native men had thirty times the 
death rate risk o f U.S. whites from a particular type o f nasopharyngeal cancer, a disease that occurs in 
the back of the throat and nose. This type of cancer is so rare that little is known about the disease except 
that is it also found among Chinese. Filipino and Vietnamese populations and may be associated with 
Epstein Barr Virus, the virus that can cause mononucleosis, the National Cancer Institute reports.

Alaska Natives are five times more likely to die from stomach cancer than U.S. whites; twice as likely 
from esophagus cancer; and one and half times from liver cancer, according to the 30-ycar report. The 
reason for the high number is also unknown, but low fruit and vegetable consumption along with alcohol 
and tobacco use are suspect causes for those types o f cancer, according to the American Cancer Society.

A recent study by the Centers for Disease Control suggested that Helicobactor pylori, an infectious 
agent. ma\ be a source in stomach cancers. Hepatitis B has been linked to liver cancer.

On the flip side, some cancers rates arc still low. Data has shown that prostate cancer rates in Alaska 
Native men. uterine cancer in women, leukemia, and lymphoma are lower than U.S. whites. The reasons 
are unclear, the 30-year report said.

Both the mortality study and the 30-report suggest a plan of action.

Alaska Natives are a young population, said Gretchen Ehrsam, an epidemiologist with the Alaska Native 
Tribal Health Consortium and an author of the mortality study .

The median age of Alaska Natives is 23, while the U.S. median age is 36, she said. Since chances o f  
getting cancer increase as people age and Alaska Natives are living longer, it is likely a greater number 
of Alaska Natives w ill get cancer as they get older, placing a greater burden on families, health care and 
society, she said.

#
"Cancer is an old person’s disease," Ehrsam said. "We need to do something now."

http: www.aliciapatterson.org/APF2101 /Campbell/Campbell.html 3/14/2005
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Table 1. Average Annual Age-Adjusted! Cancer Mortality Rates per 100,000 for Alaska Natives and 
U.S. Whites. Males and Females combined, 1994-1998.

£ o f AK US Odds Lower Upper

cases Rate Rate Ratio C.I. C.I.

All Sites 597 224.5 166.7 1.3 * 1.2 1.4

Oral Cavity and Pharynx 20 7.8 2.4 2.9 * 1.9 4.6

Salivary Gland 0 - 0.2 - - -

Gum and Other Mouth 2 - 0.4 - - -

Nasopharynx 12 4.8 0.2 20.4 * 11.5 36.2

Digestive System 209 77.6 37.5 2.2 * 1.7 2.3

Esophagus 18 7.2 3.4 1,9 * 1.2 3.1

Stomach 51 17.1 3.6 4.9 * 3.7 6.4

Colon and Rectum 84 31.9 17 1.7 * 1.4 2.2

Colon 66 25.5 14.5 1.6 * 1.3 2.1

Rectum & Rectosigmoid Jxn. 18 6.4 2.5 2.5 * 1.6 4

Liver 17 6.4 3.4 1.8 * 1.1 2.9

Gallbladder 4 - 0.6 - - -

Other Biliary 1 - 0.5 - - -

Pancreas 34 12.7 8.2 1.5 * 1.1 2.1

http://www.aliciapatterson.oru/APF2101/Campbell/vJampbell.htmi 3/14/2005
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Respiratory' System 184 73.9 50.2 1.4 |* 1.2 1 . 6

• Larynx 5 1.9 1.2 1.6! 0.7 3.S

Lung and Bronchus 179 72 48.6 1.4 * 1.2 r  ~t 6
Bones and Joints 1 - 0.4 * 1— - \—

Soft Tissue 0 - 1.3 r  * *

Skin - 3.3
r1 ;

- r ~  .

Melanomas o f the Skin 3 - 2.6 - - -

Other Non-Epithelial Skin 0 - 0.7 - - -

Br. ast 3 5 1 1 . 2 13.6 0.9 0 . 6 ! 1 . 2

Female Genital System 17 1 1 . 1 14 0 . 8 0.5
1

1 . 2

Cervix 3 1 . 8 2.4 - -

Corpus and Uterus, NOS 0 - 3.2 1 - 1
•

Ovary 14 9.2 7.7
f

1 . 2 0.7 2

Male Genital System 13 1 2 22.5 0.5 * 0.3 o.s

Prostate 13 1 2 2 2 . 1 0.5 0.3 0 . 8

• Testis 0 - 0.3 - - -

Urinary System 25 10.2 7.2 1.2 0.8 1 . 8

Urinary Bladder 4 - 3.5 - 1 . .

Kidney and Renal Pelvis 21 S.4 3.6 2 * 1.3 3 . 1

Eye and Orbit 0 - 0.1 - - -

Brain and Other Nervous System 5 1.4 4.5 © * 
1

0.1 1 o.s

Brain 4 - 4 .4 |
- u

- -

Endocrine System 0 - 0 .7 , .  j >i -

Thyroid 0 - 0.4 ■ i
r

. - 1 1
Lymphoma 11 4 7.8 0.5 *1 < 0 . 3 o.s

Flodgkin's Disease 0 - 0.5 ‘ ! - -

Non-Hodgkin's 11 4 7.4 0.5 1 l 0 . 1 1 .9 ,

Multiple Myeloma 6 2.2 2.9 0.7 ; 0 . 3 !J

.  _

1 . 7 1
Leukemia 13 3.7 6.5 ! 0.6 r 0 . 4 !

[ 1 . 1

111 Defined 53 19.2 1 1 .5 , 1.6 * 1.2 * 2 . 1

+A11 rates age-adjusted 1970 U.S. population;
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95% confidence intervals for odds ratios do not include 1.

Table 2. Average Annual Age-Adjusiedt Cancer Mortality Rates per 100.000 for Alaska Natives and 
U.S. White Males 1994-1998.

* o f AK US Odds Lower Upper

cases Rate Rate Ratio C.I. C.I.
All Sites 323 261.8 201.8 1.3 * 1.1 1.4

Oral Cavity and Pharynx 16 12.7 3.5 3.4 * 2.1 5.5
Salivary- Gland 0 • 0.3 - - -
Gum and Other Mouth 1 - 0.6 - - -
.Nasopharynx 11 9 0.3 27.1 * 14.8 49.4

Digestive System 10S 85.2 47 1.8 * 1.5 2.2

Esophagus 11 9.2 5.9 1.4 0.8 2.6

Stomach 35 25.3 5.1 5.2 * 3.8 7.3

Colon ai.J Rectum 34 27.7 20.1 1.4 * 1 1

Colon 26 16.9 1.2 0.8 1.8

Rectum & Rectosigmoid Jxn. 8 5.7 3.2 3.3 * 2 5.6

Liver 10 8.1 4.8 1.6 0.9 3

Gallbladder 3 - 0.4 - - -
Other Biliary 1 - 0.6 - - -

Pancreas 14 11.1 9.4 1.4 0.9 2.3

Respiratory System 124 104.4 69.6 1.4 * 1.2 1.7

Larynx 5 3.8 2.1 1.9 0.8 4.5

Lung and Bronchus 119 100.6 66.9 1.4 * 1.2 1.7

Bones and Joints 0 - 0.5 - - -

Soft Tissue 0 - 1.4 - - -

Skin 1 - 4.7 - - -

Melanomas o f the Skin 1 3.6

http: www .aliciapatterson.org APF2I01 /Campbell/Campbell.htinl 3/14/2005
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Other Non-Epithclial Skin 0 - 1 - -

Breast 0 0.2 - -

Male Gem pi System 13 12 22.5 0.5 * 0.3

Prostate 13 12 22.1 0.5 * 0.3

Testis 0 - 0.3 - -

Urinary System 11 10.2 11.1 0.8 0.4

Urinary Bladder T - 5.7 - -

Kidney and Renal Pelvis 9 8.1 5.1 1.3 0.7

Eye and Orbit 0 - 0.1 - -

Brain and Other Nervous System 3 - 5.4 - -

Brain 3 - 5.3 - -

Endocrine System 0 - 0.7 - -

Thyroid - 0.3 - -

Lymphoma ■t 5.2 9.5 0.5 O.i

Hodgkin’s Disease 0 - 0.5 - -

Non-Hodgkin's 5.2 8.9 0 .6 0.3

Multiple Myeloma - 3.5 - -

Leukemia 4.8 8.4 0.6 0.3

111 Defined 31 23.8 13.8 1.7 * 1.2

+All rales a g e -ad ju s ted  1970 U.S. p o p u la t io n :

* 9 5 %  c o n f id e n c e  in te rv a ls  for o d d s  ratios d o  not in c lu d e  1.

0.8

0.8

1.4

2 .7

1.2

2.4

T a b le  3. A v e ra g e  .Annual A g e -A d ju s te d +  C a n c e r  M orta l i ty  R ates  p e r  100 ,000  for A la s k a  N a tiv es  and 
U .S. W hite  F e m a le s  1994-1998 .

n Of A K US O dds L o w e r U pp er

case s R ate Rate Ratio C .I . C.I.

All S ites 274 187.2 141.6 1.3 * 1.1 1.4

O ral C a v i ty  and P h a ry n x  4 - 1.4

http: www.aliciapatterson.org APF2101/Campbell/Campbell.html m 3/14/2005
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Salivary Gland 0 - 0 . 1 i -1 • -
i Gum and Other Mouth 1 - 0.3 - i - -

Nasopharynx 1 - 1.4 I *
Digestive System 1 0 1 70 29.9

-----
9 O *«.. to 1,

---
1 . 8 2.7

Esophagus *1/ 5.3 1.4 3  4  * 1 . 6 7.2
Stomach 16 8 . 8 2.5 4 * 2.5 6 . 6

Colon and Rectum 50 36.2 13.6 2 . 2  * i
r

1.7 2.9
Colon 40 29.1 14.6 2 . 1  * 1 1.5 2 . 8

Rectum and Rectosigmoid . ,xn. 1 0 7.1 -)
r

3.2 * 1.7 6

Liver 7 4.7 2.3 2  * 1 4.2
Gallbladder 1 - 0 . 8 - - -

Other Biliary 0 - 0.4 1 - -

Pancreas 2 0 14.2 7.2 1 . 8  * ! 1 . 2 2 .S
Respiratory System 60 43.3 35.6 1 . 2 0.9 1.5
Larynx 0 - 0.5 - - -

Lung and Bronchu 60 43.3 34.9 1.2 0 .9 1.5

B ones  ar.d Jo in ts 1 ~ 0.3 - -

Soft T issue 0 1.2 i - -

Skin - 2.2
T

* - , -

M e la n o m a s  o f  the S k in 2 - 1.8
f
11 - -

O th e r  N o n -E p i th e l ia l  Skin 0 - 0 .4 • i  r .  i -

B reast 35 2 2 .4 2 4 .4 0.9 j 0 .7 1.3

F e m a le  G en ita l  System 17 11.1 14 o .s 0 .5  , 1.2

C erv ix 3 1.8 2 .4
.....

* 1 -

C o rp u s  and  U terus ,  N O S 0 - 3 .2
• L I

- -
Ovary 14 9.2 7 .7 1.2 1 ! 0 .7 2

U rin ary  S y s te m 14 10.2 4 .4 2.1 j* 1 . 2  | 3.5

U rinary  B la d d e r 2 * 1.8 (
1 - 1

K id n ey  and R ena l  P e lv is 12 8.6 2 .4 3.3 * 1r. 1 1.9 1
1

5.8
Eye and  Orbit 0 - 0.1 -! I 1 ' i_ -

B rain and O th e r  Nervous Svstem 2 3.7

http://www.aliciapatterson.org. APF2101/Campbell/Campbell.hlml 3/14/2005
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Brain 1 - 3.6 - - -

Endocrine System 0 - 0 .7 - - -

Thyroid 0 - 0.4 - - -

Lymphoma 4 - 6.5 - - -

Hodgkin's Disease 0 - 0.4 - - -

Non-Hodgkin's 4 - 6.1 - - -

Multiple Myeloma 4 - 2.4 - - -

Leukemia 6 2.6 5.1 0.7 0.3 1.5

111 Defined 22 14.6 9.7 1.6 * 1.1 2.5

+A11 rates a g e -a d iu s te d  1 970  U.S. p o p u la t io n :

* 9 5 %  c o n f id e n c e  in te rv a ls  fo r  o d d s  ratios d o  not inc lude  1.

W eb R e s o u rc e s  in c lu d e :
M ilita ry  b io lo g ica l  a n d  c h e m ic a l  w e a p o n s  testing:
u v u  deploy m c iv i in k . o . s i l .m il c iirrcn i is s ik - >n.ui ■di.m mu -b in

A la sk a  N a tiv e  T r iba l  H e a l th  C o n so r t iu m
\\ w u ,.irUlu <>r_-

N a tiv e  \ ' i l l a g e  o f  T a n a c ro s s
whh n.iii c\ U.igcoibm.u rn^.i on

St. L a w ren ce  Island
W W  \*. , lk . K  M l ' ! '  I I ' . "

© 2 0 0 3 D ia n a  C a m p b e l l .  A b u s in ess  rep o r te r  fo r  the Fairbanks D aily N ew s-M iner, D ian a  C a m p b e l l  is 
look in g  at the  inc id e n ce  o f  c a n c e r  a m o n g  A la sk a  n a tives .
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DEMOGRAPHICS OF MARIJUANA USE IN 
ALASKA

I. Marijuana Use In Alaska.

•  A  n a t i o n a l  s t u d y  e s t i m a t e d  t h a t  A l a s k a  l e d  t h e  n a t i o n  

i n  1 9 9 9  a n d  2 0 0 0  i n  a v e r a g e  a n n u a l  r a t e s  o f  f i r s t  u s e  

o f  m a r i j u a n a  b y  p e r s o n s  1 2  a n d  o l d e r .  G f r o e r e r ,  J . ,  

e t . a l ,  I n i t i a t i o n  o f  M a r i j u a n a  U s e :  T r e n d s ,  P a t t e r n s , 

a n d  I m p l i c a t i o n s , D e p a r t m e n t  o f  H e a l t h  a n d  H u m a n  

S e n ' i c e s ,  S u b s t a n c e  A b u s e  a n d  M e n t a l  H e a l t h  

S e r v i c e s  A d m i n i s t r a t i o n ,  O f f ic e  o f  A p p lie d  S t u d i e s ,  

2 0 0 2 .

•  T h e  s a m e  s t u d y  e s t i m a t e d  t h a t  4 . 0 0 0  o f  t h e  5 - 7 . 0 0 0  

n e w  i n i t i a t e s  i n  A l a s k a  w e r e  a g e d  1 2 - 1 7 .  G f r o e r e r ,

J . ,  e t . a l

•  O n e  i n  e i g h t  A l a s k a  h i g h  s c h o o l  s t u d e n t s  r e p o r t s  

u s i n g  m a r i j u a n a  b e f o r e  a g e  1 3 .  2 0 0 3  A l a s k a  Y o u t h  

R i s k  B e h a v i o r  S u r v e y .

•  I n  1 9 9 5  a n d  a g a i n  i n  1 9 9 9 ,  2 9 %  o f  m i d d l e  s c h o o l  

s t u d e n t s  r e p o r t e d  h a v i n g  s m o k e d  m a r i j u a n a .  H e a l t h  

R i s k s ,  1 9 9 5  Y o u t h  R i s k  B e h a v i o r  S u n > e v  S u m m o n - , 

1 9 9 9  Y o u t h  R i s k  B e h a v i o r  S u n > e y  R e s u l t s .

•  I n  a  r e g i o n a l  s u r v e y ,  o v e r  1 0 %  o f  m i d d l e  s c h o o l  

s t u d e n t s  r e p o r t e d  u s i n g  m a r i j u a n a  e v e n  b e f o r e  t h e  a g e  

o f  1 1 .  2 0 0 3  Y o u t h  R i s k  B e h a v i o i  R e s u l t s  f o r  t h e  

N o r t h w e s t  A r c t i c  B o r o u g h  S c h o o l  D i s t r i c t .  M i d d l e  

S c h o o l  S u r v e y .



A l a s k a  n a t i v e  s t u d e n t s  w e r e  s i g n i f i c a n t l y  m o r e  l i k e l y  

( 6 9 . 7 % )  t o  h a v e  u s e d  m a r i j u a n a  t h a n  n o n - N a t i v e s  

( 4 1 . 2 % ) .  2 0 0 3  A l a s k a  Y o u t h  R i s k  B e h a v i o r  S u n e y .  

A l a s k a  n a t i v e  s t u d e n t s  w e r e  s i g n i f i c a n t l y  m o r e  l i k e l y  

t o  b e  c u r r e n t  u s e r s  ( u s e  w i t h i n  p a s t  3 0  d a y s )  ( 3 5 . 5 % )  

t h a n  n o n - n a t i v e s  ( 2 0 . 6 % )  i n  2 0 0 3 .  2 0 0 3  A l a s k a  Y o u t h  

R i s k  B e h a v i o r  S u r v e y .

I n  a  s u r v e y  o f  A l a s k a  N a t i v e  p r e s c h o o l  p a r e n t s ,  t h e  

u s e  o f  m a r i j u a n a  b y  t h e  p r e s c h o o l  p a r e n t s  i n  t h e  

p r e c e d i n g  3 0  d a y s  w a s  s e l f - r e p o r t e d  t o  b e  3  t i m e s  

h i g h e r  t h a n  t h e  n a t i o n a l  e s t i m a t e s .  ( 1 9 %  v s ,  6 . 7 % )  

S t i l l n e r ,  V ,  e t . a l . ,  D r u g  U s e  i n  V e iy  R u r a l  A l a s k a  

V i l l a g e s ,  S u b s t a n c e  U s e  a n d  M i s u s e ,  1 9 9 9 .



Initiation of M arijuana Use: 
Trends, Patterns, and Implications

J o s e p h  C .  G f r o e r e r  
L i - T z y  W u  

M i c h a e l  A .  P e n n e

D E P A R T M E N T  O F  H E A L T H  A N D  H U M A N  S E R V I C E S  
S u b s t a n c e  A b u s e  a n d  M e n t a l  H e a l t h  S e r v i c e s  A d m i n i s t r a t i o n  

O f f i c e  o f  A p p l i e d  S t u d i e s



Table 4.1 Kstimated Numbers (in Thousands) of Average Annual Marijuana Initiates, by Age Group and State: 1999 and 
2 0 0( 1  ________________________________________________________

Age C roup  (Years)
Total 12-17 18-25 26 or O lder

Prediction Prediction Prediction Prediction
Stale Estimate Interval Estimate Interval Estimate Interval Estimate Interval

Total 2,268 1,230 898 139

Alabama 34 (29 - 39) 17 (1 3 -2 1 ) 15 (12- 19) 2 (1 - 4 )
Alaska 6 (5 - 7 ) 4 ( 3 - 4 ) 2 (2 - 3 ) 0 (0 -  1)
Arizona 45 (39- 52) 29 (24 - 35) 13 (10- 17) 2 ( 1 - 4 )
Arkansas 21 (1 8 -2 4 ) II (9 -1 4 ) 8 (6 -1 0 ) 1 (1 - 2 )
California 246 (226 - 267) 135 (123 - 148) 93 (79 - 109) 17 (1 1 -2 6 )
Colorado 38 (32 -44 ) 22 (1 8 -2 7 ) 14 (10- 18) 2 (1 - 4 )
Connecticut 26 (22 - 30) 15 (12- 18) 10 (7 -1 2 ) 2 d - 3 )
Delaware 7 (6 - 8 ) 4 (4 - 5 ) 3 (2 - 3 ) 0 (0 -  1)
District o f Columbia 4 (4 - 5) 2 (2 - 3 ) 2 (1 - 2 ) 0 (0 -1 )
Florida 105 (95- 115) 59 (53 - 67) 38 (32 - 44) 7 (4 -1 2 )
Georgia 65 (56- 74) 33 (28 - 39) 28 (2 2 -3 5 ) 4 (2 - 7 )
Hawaii 10 (8 -1 1 ) 6 (5 - 7 ) 3 (2 -4 ) 0 (0 -1 )
Idaho II (10- 13) 6 (5 - 7 ) 5 (4 - 7 ) 1 (0 - 1 )
Illinois 99 (90- 108) 53 (47 - 60) 40 (34 - 46) 6 (4 -9 )
Indiana 49 (42 - 56) 26 (22 - 32) 19 (1 5 -2 4 ) 3 (2 -5 )
Iowa 26 (22 - 29) 14 (II - 17) 10 (8 - 13) 1 (1 - 3 )
Kansas 25 (22 - 29) 13 (II - 16) 11 (9 - 141 1 (1 - 2 )
Kentucky 37 (32 - 42) 19 (1 6 -2 3 ) 16 (1 3 -1 9 ) 2 (1 -4 )
Louisiana 36 (3 1 -4 2 ) 20 (1 7 -2 5 ) 13 (10 - 17) 2 (1 -4 )
Maine II (10- 13) 6 (5 - 7) 4 (3 -6 ) 1 (0 -1 )
Maryland 42 (36 - 48) 21 (1 7 -2 6 ) 18 (1 4 -2 2 ) 3 (1 -4 )

Massachusetts 60 (51 -68 ) 36 (30 - 43) 20 (1 5 -2 6 ) 3 (2 -6 )

Michigan 92 (84 - 101) 51 (46- 57) 36 (3 1 -4 2 ) 5 (3 - 8 )
Minnesota 48 (42 - 55) 24 (20 - 28) 22 (1 8 -2 7 ) 2 (1 -4 )

Mississippi 25 (2 1 -2 9 ) 12 (1 0 -1 5 ) II (9 -1 4 ) 1 (1 -3 )

Missouri 46 (40 -53) 25 (20- 30) 19 (1 5 -2 4 ) 3 (1 -4 )

Montana 9 (8 -1 0 ) 5 (4 -6 ) 3 (3 - 4 ) 0 (0 - 1)

•  •  •



Table 4.2 Average Annual Rates o f First Use of Marijuana, by Age Croup and State: 1999 and 2000

Slate

Total
Age G roup (Years)

12-17 18-25 26 o r O lder

Estimate
I’rediction 
Interval Estimate

Prediction
Interval Estimate

Prediction
Interval Estimate

Prediction
Interval

Total I.S2 6.08 5.47 0.12
Alabama 1.28 (1 .08-1 .51) 5.19 <4.09 - 6.56) 5.35 (4 .18-6 .81) 0.10 (0.06 - 0.20)
Alaska 2.32 (1 .96-2.74) 7.29 (5.96 - 8.89) 6.48 (4.95 - 8.46) 0.17 (0.09 - 0.12)
Arizona 1.82 (1 .54-2 .15) 8.16 (6.69 - 9.92) 4.69 (3 .53-6 .19) 0.13 (0 .0 7 -0 .2 ;)
Arkansas 1.32 (1.12- 1.55) 5.75 (4.65 - 7.09) 4.58 (3.58 - 5.84) 0.10 (0 .06-0 .19)
California 1.46 (1 .33- 1.61) 5.57 (5 .05-6 .15) 4.50 (3.83 - 5.29) 0.14 (0.09 - 0.22)
Colorado 2.01 (1 .69-2 .40) 7.68 (6 .19-9 .47) 7.03 (5.34 - 9.20) 0.15 (0.08 - 0.29)
Connecticut 1.59 (1.32 -1.92) 6.83 (5.45 ■ 8.53) 6.47 (4.84 - 8.60) 0.13 (0.07 -0.25)
Delaware 1.90 (1.61 -2.24) 8.32 (6.83 - 10.10) 7.01 (5 .33-9.17) 0.13 (0.07 - 0.25)
District o f Columbia 1.48 (1 .24-1 .77) 5.54 (4.34 - 7.05) 5.28 (4.06 - 6.8.3) 0.13 (0.07 - 0.26)
Florida 1.21 (1.09 - 1.34) 5.76 (5.06 - 6.55) 4.67 (3.96 - 5.50) 0.11 (0 .06-0 .18)
Georgia 1.50 (1.28 - 1.76) 5.61 (4 .67-6 .71) 5.47 (4.25 - 7.00) 0.13 (0.07 - 0.23)
Hawaii 1.65 (1.38 -1.97) 7.63 (6 .16-9 .41) 5.50 (4 .01-7.50) 0.11 (0.04 - 0.26)
Idaho 1.58 (1.33 - 1.87) 4.91 (3 .93-6 .11) 5.39 (4.20 - 6.88) 0.13 (0.07 - 0.24)
Illinois 1.56 (1.41 - 1.73) 6.17 (5.45 - 6.97) 5.61 (4.80 - 6.55) 0.12 (0.08 - 0.20)
Indiana 1.44 (1.23 - 1.69) 5.88 (4 .82-7 .15) 5.27 (4.11 -6.74) 0.12 (0.07 - 0.23)
Iowa 1.47 (1.26- 1.73) 6.17 (5.03 - 7.56) 5.24 (4 .11-6.66) 0.11 (0.06 - 0.22)
Kansas I 68 (1.42 - 1.98) 6.17 (4.96 - 7.64) 6.54 (5 .12-8 .32) 0.12 (0.06 - 0.22)
Kentucky 1.62 (1 .39- 1.89) 6.74 (5 .52-8 .21) 6.46 (5.15 - 8.06) 0.12 (0.06 -0.23)
Louisiana 1.39 (1.18 - 1.65) 5.51 (4.49 - 6.75) 4.26 (3.25 - 5.55) 0.12 (0.07 - 0.22)
Maine 1.74 (1.47-2.05) 7.12 (5.81 - 8.70) 8.07 (6.17- 10.48) 0.11 (0.06 - 0.22)
Maryland 1.52 (1.28- 1.81) 5.92 (4.77 - 7.32) 6.14 (4.80 - 7.84) 0.12 (0.07 - 0.23)
Massachusetts 203 (1.71 -2.41) 8.75 (7.17 - 10.65) 7.55 (5.73 - 9.88) 0.15 (0.08 - 0.29)
Michigan 1.83 (1.66 - 2.03) 7.10 (6.31 - 7.98) 6.90 (5.88 - 8.07) 0.13 (0.08 - 0.21)
Minnesota 1.91 (1.63 - 2.24) 6.42 (5.24 - 7.84) 7.63 (6.05 - 9.59) 0.13 (0.07 - 0.25)
Mississippi 1.49 (1.27 - 1.76) 5.26 (4.22 - 6.54) 5.32 (4.22 - 6.69) 0.12 (0.06 - 0.22)
Missouri 1.51 (1.28 - 1.79) 5.85 (4 .76-7 .17) 5.91 (4.60 - 7.56) 0.11 (0 .06-0.21)
Montana 1.73 (1.48 - 2.0.3) 7.33 (5.98 - 8.96) 6.58 (5.17 - 8.34) o . r (0.06 - 0.24)



Tahle 4.2 (continued)

Stale

Tol.il
Age C roup (Years)

12-17 18-25 26 o r O lder

Estimate
Prediction
Interval Estimate

Prediction
Interval Estimate

Prediction
Interval Estimate

Prediction
Interval

Nebraska 1.51 (1 .29-1 .77) 5.71 (4.63 - 7.03) 5.48 (4.29 - 6.98) 0.11 '0.06 - 0.20)
Nevada 1.66 (1.39- 1.98) 7.63 (6 .18-9 .37) 5.47 (4.07 - 7.32) 0.13 (0.07 - 0.26)
New Hampshire 1.92 (1.62 -2.27) 7.52 (616  9.15) 7.49 (5.65 - 9.88) 0.13 (0.07 -0.24)
New Jersey 1.39 (1.18- 1.64) 5.50 (4.53 - 6.67) 6.45 (4.96 - 8.33) 0.13 (0.07 - 0.24)
New Mexico 1.99 (1.68 - 2.35) 7.66 (6.24 - 9.37) 5.99 (4.54 - 7.86) 0.14 (0.07 - 0.27)
New York 1.43 (1.28 - 1.59) 5.64 (4.94 -6.44) 5.93 (5.01 - 7.00) 0.12 (0.0" 0.19)
North Carolina 1.50 (1.28 -1.75) 6.67 (5 .59- 7.94) 5.35 (4.16-6.86) 0.12 (0.07 - 0.22)
North Dakota 1.89 (1.64-2.19) 7.31 (6.04 - 8.81) 6.53 (5.21 -8.17) 0.10 (0.05 - 0.20)
Ohio 1.49 (1.35 - 1.65) 5.94 (5.25 - 6.72) 5.91 (5.09 - 6.86) 0.10 (0.06 - 0.17)
Oklahoma 1.47 (1.24 - 1.76) 6.58 (5.26 - 8.20) 4.14 (3.16 - 5.41) 0.12 (0.06 - 0.23)
Oregon 1.70 (1 .42-2.03) 6.50 (5.27 - 7.99) 7.10 (5.48-9.1 1) 0.15 (0.07 - 0.29)
Pennsylvania 1.32 (1.19- 1.46) 5.32 (4.71 - 5.99) 5.85 (5.03 - 6.79) 0.10 (0 .06-0.18)
Rhode Island 1.69 (1.43 - 1.99) 7.34 (5.95 - 9.03) 6.57 (5.01 - 8.56) 0.13 (0.07 - 0.26)
South Carolina 1.47 (1.25 - 1.74) 6.43 (5.24 - 7.87) 4.95 (3.82 - 6.39) 0.12 (0 06 - 0.24)
South Dakota 1.60 (1.37 - 1.88) 6.16 (5.02 - 7.53) 5.43 (4.22 - 6.96) 0.10 (0 .05-0.19)
Tennessee 1.49 (1.26 - 1.76) 6.34 (5 .17-7 .76) 5.46 (4.22 - 7.03) 0.12 (0.06 - 0.24)
Texas 1.47 (1.33 - 1.63) 5.49 (4 .88-6 .18) 4.55 (3.89 - 5.30) 0.13 (0.08 - 0.20)
Utah 1.60 (1.34 - 1.91) 4.67 (3.71 - 5.87) 3.88 (3.00 - 5.02) 0.14 (0.07 - 0.27)
Vermont 2.25 (1.91 - 2.66) 8.30 (6.89 - 9.98) 8.22 (6.33 - 10 61) 0.15 (0.07 - 0.29)
Virginia 1 40 (1.17- 1.66) 5.09 (4 .15-6 .23) 5.68 (4.35 - 7.39) 0.13 (0.07 - 0.25)
Washington 1.61 (1.37 - 1.90) 6.78 (5.58 - 8.21) 5.17 (3.99 - 6.66) 0.13 (0.07 - 0.24)
West Virginia 1.28 (1.09 - 1.50) 6.27 (5.10 - 7.70) 4.98 (3.86-6.41) 0.10 (0 .05-0 .19)
Wisconsin 1.88 (1.61 - 2.19) 7.34 (6.15 - 8.74) 6.46 (5.03 - 8.28) 0.15 (0.06 - 0.37)
Wyoming 1.83 (1.56-2.14) 6.51 (5.33 - 7.94) 6. IK <4 84 - 7.86) 0.12 (0.07 - 0.23)
Nute: Estimates arc based on a survey-weighted hierarchical Mayes estimation approach, and the 95 percent prediction (credible) intervals are generated by Markov Chain Monte 

Carlo techniques.
Source: SAMI ISA. I Mice ol Applied Studies, National Household Survey on Drug Abuse. 1999 und ?0Afl,

•  •  •



Youth Risk Behavior Survey - 2003

U s e  o f  T o b a c c o ,  A l c o h o l  o r  M a r i j u a n a  B e f o r e  t h e  A g e  o f  1 3
Among Alaska high school students, 23.2% report having had a first drink of alcohol before age 
13, a decrease from 36.7% in 1995. Alaska students reporting use of marijuana before age 13 
has risen from 11.8% in 1995 to 13.1% in 2003. Alaska boys are more likely than Alaska girls to 
report use alcohol, tobacco or marijuana before age 13.

ToDacco

Alcohol

Marijuana

01.

30 7%

36 7%

20%

□ Alaska 1995 
■ Alaska 2003
□ US 2001

40% 60%
Percentage of Students

80% 100%

*  Significant change since 1995

H e a lth y  A la s k a n s  2 0 1 0  O b je c t iv e :
► I n c r e a s e  t h e  a v e r a g e  a g e  o f  f i r s t  u s e  o f  m a r i j u a n a  a m o n g  a d o l e s c e n t s  g r a d e s  9 - 1 2  t o  17 ,4  

y e a r s  o f  a g e  ( m e a n  a g e  in  y e a r s ,  b a s e d  o n  s t u d e n t s  u s i n g  m a r i j u a n a  a t  l e a s t  o n c e  i n  
l i f e t i m e ) .

► R e d u c e  t o  4 %  t h e  p r o p o r t i o n  o f  a d o l e s c e n t s  w h o  h a v e  u s e d  i l l e g a l  s t e r o i d s  ( p e r c e n t a g e  o f  
s t u d e n t s  g r a d e s  9 - 1 2  w h o  h a v e  e v e r  u s e d  s t e r o i d s  p i l l s  o r  s h o t s ) .

► R e d u c e  t o  2 %  i n h a l a n t  u s e  a m o n g  h i g h  s c h o o l  s t u d e n t s  ( p e r c e n t a g e  o f  s t u d e n t s  g r a d e s  9-  
12  w h o  s n i f f e d  g l u e ,  b r e a t h e d  t h e  c o n t e n t s  o f  a e r o s o l  s p r a y  c a n s ,  o r  i n h a l e d  a n y  p a i n t s  o r  
s p r a y s  t o  g e t  h i g h  1 o r  m o r e  t i m e s  i n  p a s t  m o n t h ) .

► I n c r e a s e  to  6 0 %  t h e  p r o p o r t i o n  o f  a d o l e s c e n t s  n o t  u s i n g  a l c o h o l  o r  i l l i c i t  d r u g s  d u r i n g  t h e  
p a s t  3 0  d a y s  ( p e r c e n t a g e  o f  s t u d e n t s  g r a d e s  9 - 1 2  w h o  h a v e  n o t  u s e d  a l c o h o l ,  m a r i j u a n a  o r  
c o c a i n e  in  t h e  p a s t  3 0  d a y s ) .

► I n c r e a s e  t h e  a v e r a g e  a g e  o f  f i r s t  u s e  o f  a l c o h o l  a m o n g  a d o l e s c e n t s  g r a d e s  9 - 1 2  t o  16 .1  
y e a r s  ( m e a n  a g e  in  y e a r s ,  b a s e d  o n  s t u d e n t s  r e p o r t i n g  h a v i n g  a t  l e a s t  o n e  d r i n k  o f  
a l c o h o l  i n  l i f e )

FJagc 20
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- M arijuana 9503.xls Page * '

Ever Used Marijuana: "How Many Time* Hava You Uaed Marijuana?'

1995 To:a!j Usee Marijuana Never Used Marijuana
Combined Race Category__________ Respondents Estimated Percentage L a w - 555: C> Upper 9 5V  CL Estimated Percentage Lowe' 95% CL Upper 95% C i
American Indian / Alaska Native 180 2.679.70 62.708. 56.15% 68.81% I 1.594.26 37.30% 31.19% 43.85%
^ a c  /  Pacific islander 74 536.05 43.23% 32.63% 54.27%, 703.82 56.77% 45.73% 6 7 .17%
m 63 464 26 32.01% 21.96% 44.05% 966 17 67.99% 55.95% 78.04%
^^nlc (include multi-hispanic) 51 350.76 36.30% 23  52% 55.62% 564.99 61.70% 44.38% 76 46%
White 1.137 6,397.38 47 47% 44 15% 50.81% 1C.396 19 52 53% 49.19% 55.85%
Uutb-Non-Htsoanlz 59 579.57 53 42% 33.21% 72.56% 505 41 46.56% 2 744% 66.79%
Total 1 584 14,007.73 48.70% 45.67% 51.75% 14.752.83 51.30% 48.25% 54.33%

2003 Total Used Marijuana Never Used Marijuana
Combined Race Category Respondents Estimated Percentage .o w e ' 95V CL Upper 95% CL Estimated Percentage Lower 95% CL Upper 95% CL
Amencan Indian / A laska Native 280 5,332.20 69.90% 63.45% 75.65% 2,295.76 30 10% 24.35% 36.55%
Asian ! Pacific Islander 101 924.16 3365% 23.25% 45.92%, 1.822.23 66.35% 54 08% 76.75%
Black 41 302.31 47.03% 30.51% 64.24% 340 43 52.97% 35.76% 59 49%
Hispanic (include multi-hispanlc) 61 363.67 3691% 26.94% 52.39% 602.28 61.09% 47.61% 73.06%
White 886 8.774.10 41.95% 37.63% 46.19% 12,140.24 58.05% 53.81% 62.17%
Mulh-Non-Hisoamc 62 423 12 45.38% 26.93% 62.90% 509.30 54.62% 37.10% 71.07%
Total 1.4331 16.139 59 47 68% 44 12% 51.27%| 17.710.24 52.32% 4e.73% £5.68%

miics ■ Results b ased  upon less than 100 respondents
SOURCE Alaska Youth R isk Behavioral Survey. High Schools. 1995 and 2003



M arijuana 9503 .xis Page 5 -1
Ever Used Marijuana: 'How Many Time* Have You Uaed Marijuana?" 
2003

Total Used Marijuana Never Used Marijuana
Amencan Indian ■ A laska Native Respondents Estimated Percentage lows- 95% CL L 'o o e '95* CL Estimated °ercentaoe Lower 95% CL Upper 95% C l
9tn Grade B0 969 19 54.86% 42.13% 6 6 .9 8 *  797.63 45  14% 33.02% 51 67%
J ^ G r a o e 86 2.063.14 75 69% 66.60% 82.93% I 662.7B 24.31% 17.07% 33.40%

raoe 60 176 99 76.14% 65.53% 64.20% | 366 89 23.66% 75.80% 3 4 .3 7 *
l ^ ^ S r a a e 41 934.37 70.01% 55.54% 81.36% 400 19 29.99% 7664% 44 46%
Total 275 5.243.56 69.72% 63.22% 7552%  2.277.51 3C.28% 24 48% 36.78%

Total. Used Marijuana Never Used Marijuana
White Resoonaents IEstimated °e rcen :aoe Lower 95% CL Uooe- 95% CL estim ated Percemaae Lower 95% CL UDoer 95% CL
9tn Grade 3 15 1 1,668 96 26.28% 21.32% 31.92%, 4.682.15 73.72% 68.08% 76 66%
10th Grade 1 741 2.123.69 43.07% 33.50% 53.18% I 2,807.45 56.93% 46 82% 66 50%
11th Grade 217| 2.501.38 52.34% 44.06% 60.50% 2,277.83 47.65% 39.50% 55 94%
12th Graoe 182 2.480.07 51.11% 42 96% 59 19% 2.372.81 48.89% 40.81% 57 04%
Total 8S8I 8.774.10 41.958* 37.63% 46.19% : 12,140.24 56 05% 53.81% 6217%

i:ah:s ■ R esuns oaseti uoon less  than 100 respondents 
SOURCE: Alaska Youth Risk Behaviora l Survey, H igh Schools. 2003



M arimana 9503. :ls P a g e  6 ^

Ever Used 
2003

Native

Marijuana: *How Many Tima* Hava You Used MarijuanaV"

Total Lsed Marijuana Never Used Marijuana

9th Grade 80 969.19 54.06* 42.13% 66.00% 797.63 45.14% 33.02% 57.87%
'2 t|£rade 86| 2,063 14 75.69% 66.60% 02.93% J 662.78 24.31% 17.07% 33 40%
^^raoe 60 176 99 76.14% 65.63% 84 20% | 368 09 23.86% 15-80% 34.37%
^Krade 4V 934 37 70.01% 55.54% 01.36%. 400.19 29.99% 18.64% 4 4  46%
Total 275; 5.243 56 69.72% 63.22% 75 52% 2.277.51 30.28% 24 48% 36.7e%

Total Used Marijuana Never Used Marijuana
Non-Native ResDondents Estimated “ ercentaqe Lower 95% CL Upper 95% CL Estimated Percentage Lower 95% CL Uooer 95% CL
9tn Graue 416 2.126.97 25 44% 21.13% 30.28% 6.234 39 74.56% 65 72% 78.87%
tOtn Grade 217 2,573 49 43 47% 34.90% 52.45% 3.347.07 56.53% 47.55% 65 10%
11th Grade 288j 3.023.51 50.30% 43.28% 57.31% 2.987.78 49.70% 4269% 56.72%
12th Grade 2271 3.033.60 51.93% 44 38% 59.39% 2,e08 51 46.07% 40.61% £5.62%
Total 1.151, 10.791.57 41.21% 37 43% 45 10% 15.392.78 58.79% 54.90% 62 57%

Italics ■ Results based upon less than 100 respondents.
Native « American Ind ian /  Alaska Native. Non-Native *  Asian. Black o r African American. H ispanic or Latino, Native Hawaiian or Pacific Isiander, White. Multiple-H isp- 
SOURCE Alaska Youth Risk Behavioral Survey. H igh Schools. 2003.

#



P a g e  7 1

Currant Marijuana Uaer: ' I n  the Past 30 Days. How Many Timas Did You Use Marijuana?'

’ 985 T o ta l1 Currant Marijuana Users (W ith in past 30 days) No Marijuana Usa in Past 30 Days
Combine:: Race C a teoo^__________ Respondents Estimated percentaoe Low** 95% CL Upper 955. CL Estimatec s ercentaoe ,.0* 0* 98% C l  Upper 95% CL
American Indian / A laska Native 180 1.253.52 29.35% 22.34% 37.50% I 3,017.01 70.65% 62.50% 77.66%

Pacific Isiander 74 396 14 31.95% 21.01% 4532% 843 73 68 05% 54.68% 7899%
V B4 307.03 20.95% 12.94% 32.09% 1,158 49 79.05% 67.91% 87.06%
hi^nlc (include multi-Pispanic) 51 81.83 8.91% 3.73% 19.81% 634.14 9109% 80.19% 96.27%
White 1.135 5.864 72 29.71% 26.87% 32.72% 13.874.71 7029% 67.28% 73.13%
Mutti-Non-Hisoanlc 58 380.75 35.64% 25.96% 53 63% 687.55 64.35% 46.37% 79.05%
Total 1.5B2 E,283.74 28 86% 25.24% 31.63% 20,415 54 71.14% 68.37% 73.76%

2003 T o ta l' Current Mahjuane Users (W ithin oast 30 days) No Marijuana Use in Past 30 Days
Combined Race Cateoorv Respondents Estimated c ercentaoe Lower 95% CL Uooer 95% CL Estimated 3 ercentaoe Lower 95% CL Uooer 95*4 CL
American Ind ian , A laska Native 276 2.581.57 35.73% 30.19% 41 67% 4,824.31 64.27% 58.33% 69 81%
Aslan Pacific isiander 101 404.19 14.77% 9.13% 23.00% 2,333 28 85.23% 77.00% 90.67%
Black 42  j 120.81 18 39% 9 66% 32.19% 536.06 81.61% 67.81% 90 34%
Hispanic (include mult -hispamc) 61 253.37 25.70% 15.68% 39.15% 732.58 74 30% 60 85% 84 32%
White 885 , 4,445.69 21.30% 18.31% 24 62% 16.429 86 76.70% 75.38% 81.69%
l/ulti-Non-Hiscamc 62 155.35 17.09% 9 47% 26 89% 773.08 82.91% 71.11% 90 53%
Total 1,4281 6,064.98 23.94% 21 42% 26 65%: 25.629 17 76.06% 73 35% 75 58%

Italics ■ Results Da s e c  upon isss  than 100 respondents
SOURCE: Alaska Youth Risk Behavioral Survey, High Schools. 1995 and 2003.

M arijuana 9503.xls
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Current M irlju ina  User: "In the P ie t 30 Diye, How Many Time* Did You Use Marijuana?" 
2P03

To ta l[ Current Marijuana Users (W ith in past 30 Bays) , No Marijuana Use in Past 30 Days
Amencan Indian / A laska Native Resoonoent* Estimatec Percentage Lowe" 95% CL Upper 95% CL i=stimateo Percentage Lower 95% CL Upper 95°/. C .
9th Grade 78! 640,55 36.96W 2512% 50.62% 7,092.35 63.04% 49.38% 74 86%
"jmfraae 84 112.45 41.773* 31.52% 52.37% 7,557.06 58.23% 47 69% 68.08%

e SOI 435.98 2636% 16.63% 43.63% 7,707.38 71.64% 55.37% 83.17%
i^jrade 401 365 52 25.73% 1545% 45 48% 917.37 70.27% 50.52% 84.55%
Total 2701 2,622.53 35 543. 29973. 41.543) 4,75597 64 46% 58.463) 7003%

Total! Current Marijuana Users (Within past 30 days) No Marijuana Use in Past 30 Days
Wnlte Respondents Estimatec Percentage Lower 95% CL Upper 953) C l Estimated Percentaqe Lower 95% CL Upper95% CL
9tn Grade 314 865.81 13.663c 10.48% 17.623. 5.470.93 86 343) 82.383) 89 52%
10th Grade 174 1,133.80 22.993. 17.05% 30.25% 3,797.34 77.01% 69.753) 82 95%
11th Grade 216 1,357 17 2e,543. 20.363) 38 40% 3,397.61 71 46% 61.60% 79.62%
12th Grade 182 1,088 90 22 443. 17.323'. 28.55% 3.763.97 77 55% 71.453) 62.66%
Total 886, 4,445.65 21.303* 18.313) 24 62%! 16,429.86 78.70% 75.383) 81.69%

Italics ■ Results o a se e  upo n  less tnan 100 responoents 
SOURCE: Alaska Youtn Ris*. Behavioral Survey, High Schools, 2003



>-M arijuana 9503.xls P age 9*

Currant M arijuana  Uaer: “ In the  Past 30 Days, How Many T im es D id Ycu Use M a r iju an a? ' 
21)93

Total Current Marijuana Users (Within pas! 30 days) I No Marijuana Use In Pas! 30 Days
Native Resoondents Estimated Percentaoe lo  ver 95% CL UdDer 95% CL Estimated Percentaoe Lower 95% CL L ooe- 95% CL
9th Grade 78 640.55 35.96% 2572% 50. C 2% | 1,092.35 63.04% 49.38% 74.88%
^ G r a o t 84 112.45 41.77% 31.92% 52.3'% 1,551.06 58.23% 47.69% 68 08%

race 60 435.98 28.36% 16.83% 43.63% 1,101.38 71.64% 56.37% 83.17%
U... Graoe 40 385.52 25.73% 1545% 45 48% 911.31 70.27% 50.52% 84.55%
Total 270 2.622.53 35.54% 29.97% 41.54% 4,755.97 64 46% 5846% 70.03%

Total Current Marijuana Users (Within pas! 30 days) No Marijuana Use in Pas! 30 Days
Non-Netive Resoondents Estimated Percentaoe Lowe'95% CL Jooer 95% CL Estimated Percentaoe Lower 95% CL Upoe- 95% CL
9tn Grade 415 1,131.44 13.56% 1073% 16.98% 7.215.54 86 44% 83.02% 89.27%
10th Grade 217 1.284.33 21.69%, 16.31% 28.25% 4,636.24 7e.31% 71.75% 83.69%
Htn Grade 287 1.584.29 2646% 20.06% 34.03% 4,402.58 73.54% 65.97% 79 94%
12th Grade 226 1.365.36 23.35% 16.09% 29.59% 4 481.93 76.65% 70 41% 81.91%
Total 1.150| 5,38341 20.59% 17.97% 23.48%! 20,767.33 79.41% 76.52% e2.03%
Italics ■ Results based upon less tnan 100 responoents.
Native = American Indian / Alaska Native; Non-Native = Asian, Slack or African American, Hispanic or Latino, Native Hawaiian or Pacific Islander, White, Multiple-Hisp. 
SOURCE: Alaska Youth Risk Behavioral Survey, High Schools. 2003.
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JO-Oay Prevalence of Uee oA/arious Drugs by Grade
Percentage of students who smoke cigarettes on one or more of tne past thirty day: Yes

"o ta l 1995 Total 2003
Grjdes Respondents Estimated Percentaoe Lower 95% CL Upper 95% CL Respondents Estimated Percentaoe Lowe' 95% CL Upper 95% CL

482 3.018.80 35.36% 28.60% 4276% 486 1,252.15 12.54% 9.25% 16.78%
-ace 379 2,512.77 33.24% 26.59% 40.64%l 301 2.025.47 23.61% 19.05% 28.89%

..raoe 468 2.654.26 39.68% 35.71% 43.80% 342 1.422.01 18.21% 13.74% 26.21%
12th Grade 265 2.373.01 36.68% 3241% 45.35% j 261 1.609 94 23.23% 17.32% 3042%
Total 1,600 10.599.88 35 49% 3259% 40.59% * .403 6.373.60 19.26% ie.70% 22.11%

Percentage o f s tuden ts  w ho  chew ing tobacco  o r snu ff on one o r more o f the past th ir ty  day: Yes
I

Total 1995 Total 2003
Grades Responoents Estimated Percentaoe Lowe* 95% CL Upper 95% CL Respondents Estimated Percentaoe Lower 95% CL Upper 95% CL
9th Grace 492 1.255.36 14 40% 10.39% 19.62% 502 861.22 £.59% 6.27% 11.65%.
10th Grade 3B1 1,127.15 14.63% 10.73% 20.14%l 308 1.305.96 14.89% 9.20% 23.18% j
11th Grade 474 1,112.42 16.41% 12.15% 21.80% 356 1,079.69 13.92% 9 45% 20.03%|
*2!h Graoe 267 1.065.20 17.24% 12.39% 23 47% 267 464.05 6.54% 38 *% n .o -% .
Total 1.620 4.572.53 15.55% 12.72% I t .  88% 1,447 3.786.72 11.10% B 64% 14,16%

Percentage o f s tuden ts w ho  hat4 at least one d rin k  of a lcoho l on one o r more of the past th irty  day: Yes
Total 1995 Total 2033

Grades Respondents Estimatec Percentage Lowe- 95% CL Uooe' 95% CL Respondents Estimated Percentaoe Lower 95% CL Upper 95% CL
Btn Grade 477 3.857.70 4573% 38.03% 53.64% 485 2.605.43 26.29% 21 99% 31.10%
10th Graoe 386 3,077.65 42.64% 37.73% 47.70%| 302 3,120.69 36.13% 29.78% 43.00%
11th Grade 465 3,271.08 4919% 44.57% 53.83%! 345 3.3B6 90 4540% 39.22% 51.73%
12th Grade 256 3.256.05 54 68% 45.78% 62.34%: 257 3,627.31 52.91% 45 46% 60.23%
Total 1.570 13.490,15 47.53% 43.61% 51 47% | 1.398 12,756.34 38.63% 34.59% 42.82%

Percentage o f studen ts w ho  used m arijuana one o r more tim es during the past th irty  day; Yes
T otal 1995 Total 2003

Graces Resoondents Estimatec Bercentape Lowe' 95% CL Upoe- 95% CL Respondents iEstimated Percentaoe Lower 95% CL Upper 95% CL
9th Grade 488 2,402.06 27.76% 23.70% 32.22% 495 1,772.00 17 48% 13.95% 21.68%
10th Grade 375 1.916.24 25.68% 20 5951 31.53% 303 2.396.77 27.73% 22.58% 33.56%,
11th Grade 473 2,142.57 31.75% 26.35% 37.09%! 353 2,048.50 26.64% 21.22% 33.33%
12th Grade 264 1,886.86 30.65% 25.39% 36.91% 269 1.750.88 24.35% 19.07% 3C 54%

1.606 8.360.16 28.72% 26.14% 31.45% 1,431 8,034 16 23.77% 21.29% 2545%

.ttage i
i otai 1995

Grades ■ Ct
9tn Grace 494 185.64 2.13% 1.25% 3 62% 502 209.10 2.04% 1.16% 3.57%
10th Grade 36“ 141.75 1.87% 0.86% 4.02% 310 166.57 1.88% 0.83% 4.24%
11th Graoe 475 142.77 2.10% C.84% 5.13% 366 274 03 3 52% 1.99% 6.14%
' 2th Grade 266 301.17 4.90% 2.70% 8.72%' 268 220 36 3.08% 1.20% 7,65%
Total 1,622 772.34 2.62% 1.75% 3 93% | 1.452 670.66 254% 1.69% 3.81%

Percentage of studen ts w ho  sn iffed  glue, breathed the con ten ts of aerosol spray cans, o r Inhaled any pa in t o r spray one or more tim es  during  tl.e  past
th irty  day: Yes

Total 1995 Total 2003
Grades Resoondents Estimatec Percentaoe L o w e '95% CL Upp» '95% CL Responoents Estimated Percentaoe Lower 95% CL Upper 95% CL
9tn Graoe 0 501 193.01 1.88% 0.96% 3.64%
10th Grade 0 310 176.30 2.00% 6.92% 4.2e%
11th Grade 0 360 200.07 2.S"'- 1.48% 4.42% i
12th Graoe 0 269 261 44 3.63% 1.71% 7.57%!
Total 0 1.451 830.82 2.42% 1 70% 3 44%

Italics - Results based upon less than 100 respondents
SOURCE A'asKs Youth Risk Benaviora' Survey. High Schools. 2003.
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Children have never been very g o od  at listening to their elders, 
hut they have never failed to imitate them

Jam es  Baldwin.  
A m e r ic a n  writer

m



Y o u t h  R i s k  B e h a v i o r  S u r v e y  i n  A l a s k a

Sinco 1990, ihe federal Center for 
Disease Control anti Prevention has spon­
sored several Youth Risk Behavior Surveys. 
Those aie national and state surveys o f high 
school and middle school students, asking 
them how much they smoke, drink, carry 
weapons, and do Other things that endan 
ger then health and even their lives.

Ihe first time Alaska schools look part in 
the survey was in 1995. The Alaska depart­
ments o f Health and Social Sei vices and 
Education arid Early Development adminis 
teied the survey to 1,634 students at 3 1 
high schools and 1,265 students at 32 
middle schools statewide. IIle adjacent table 
si krws cl laracter istics of tl te st i k lei it s sui v» ?ycx I 
and ies|x)i ise rales.

Ihe survey was conducted again in 
1999. with 23 Alaska school districts taking 
pail Results of that survey are not yel 
available. But the And i o iage school district 
(Alaska's largest district, with more Ilian a 
third ol the state's high school students) did 
not take pail in 1999, Parents objected to 
some of the questions, feeling that they 
mfiingcd on students' and families' lights to 
piivacy So unlike the 1995 survey, the 1999 
survey will not he a statewide sample

Data from 1995 Youth Risk Behavior 
Suivey in Alaska, a jo in t pro/ect o f  the 
departments o f Health and Social Services 
and rducation and L ady Development

Y o u t h  R i s k  B e h a v io r  S u r v e y  in  A la s k a , 1 9 9 5

High Schools
Number of Paxlidpaling Schools 3 1 
Rrs|X)nse Kale from Sample of Schools 82%

Middle Schools
32

80%

Boys
Girls

Respondents 1,634* 1,265*
821 651

e
807 608

9 497 7 636
10 383 8 606
11 4 77
12 269

Unknown R
Race/HI micil y

White
Black
Hispanic or latino 
Alaska Native 
Asian/Pacific Isl 
Other

1,147
8 /
53

184
75
6 ?

(No question 
about race/ethnidty)

* Numbers m ay differ slightly because not all respondents answered every question 
Source: Alaska Dcpaitmenls o f Health and Social Services ami tducation and laily Development

Although information Irom the 1995 
survey is now several yeais old, il is the best 
information available, as lepoitnd hy the 
teenagers themselves Manyol Ihe suivey 
f indii iqs are woi r isoi no ■— but on I he bi ighi er 
side, the survey also shows that most ol 
Alaska's teenagers don't hiing guns to 
school or drive drunk or do other things that 
make the headlines

( )n the next lew paries we provide a 
snapshot of some of Ihe findings from tiro 
1995 suivey in Alaska Ihe published lepoit 
of survey I Hidings includes many mom 
details.'I lore we |iiM piovide a Ixoad pir line 
of suivey findings, lo help readers see the 
levels of health lisks among Alaska's tenting 
ers in the 1990s

\

&
/ >



Y o u i n  R i s k  B e h a v i o r  i n  A l a s k a  ( c o n t i n u e dt

Car and other motor vehicle crashes 
cause 30 percent of the deaths among 
Alaska's young people every year—and we 
know many crashes involve drivers who 
have been drinking. Yel 20 percent of high 
school students and nearly 25 percent of 
middle school students say they seldom or 
never use seatbelts when riding in cars. And 
neatly one third of high school students 
r ef>or 11 iding in cars wit h di iver s who I rave 
been drinking.

D r in k in g ,  D r iv in g ,  a n d  S e a tb e lt s  in  M o n t h  B e fo r e  S u r v e y
(M iddle and High School Students)

Did you drink and drive?
(MS only) 

Did you ndo in a ra t w ilh  
a diivor who 

had been dtinkinq?
Z

ho
Yes

IK
m k p

(IIS uni

Do you weai s e a lM ls  
when you 'ic  a passenger?

Always or 
Most o l lim e

Raiely 01 Nevei

J

Weapons and Fighting at School
(High School Only)

Did you Iv mu .1 w rn |m u to  h o  I_____
school w illim  past month yP5- TfTT)

W i'ii! you tlMonmueil ot m iinerl hy No 
weapon at school in past yea i1 y(!5> j

Alcohol or Drugs
(M iddle and High School studenls w lm  have used at least oure)

Wen' you in figh ls on srhuol Nn 
property in me past year? Y)>s.

'A t  least once

Seveial times in Ihe IJ S over Die past 
(ew years—inr ludmg mice in A >ka 
students have biought guns to school and 
muidered or wounded othei students or 
teachers But while wo must stop this 
horrilymq violence, it's useful lo remember 
that the overwhelming majority of schools 
icport no violence, and the overwhelming 
majority o f siudents don I bring weapons 
to school. Still, more than one in ten of 
Alaska's high-scliool students inputted 
bringing weapons (including ijuns, knives, 
or clubs) lo school at least once in the 
month before the 1995 survey. Nearly one

Alcohol1 10% • M H I 1
IN MS

IIS

Mari|uaoa I ns
MS

inhalants , r '
m s

i :ocain<> P S 1 ,r’ 
11*5% MS

mi ten leported beiiuj threatened 01 him 
hy othr i studenls wilh weapons at school 
duiing the previous year Close to one in 
five repoiled getting into one 01 moie 
fighls at school in the previous ycai.

Kesoaich has shown that teenagers who 
legulnily use alcohol 01 dmgs ate more likely 
lo fight, lo smoke, to have sex, and even lo 
consider suicide. We also know that alcohol 
and dings not only impaii judgement hut 
can damage hiain cells and even cause 
death Most of Alaska's high school and 
even middle school students have al least 
tried alcohol. Neatly half ol high school 
slur JmIts and a Ihiid ol middle school 
students have smoked marijuana And one 
in live studenls ini hiding those in middle 
school have snilled glue or used othei 
inhalants that can kill



1^Y o u t h  R isk B e h a v i o r  S u r v e y  i n  A l a s k a  ( c o n t i n u e d )l^ l<

S h a r e  o f  A la s k a  B o y s  (1 5  a n d  O ld e r )  
C h e w in g  T o b a c c o  i n  M o n t h  B e fo r e  S u r v e y

P e r c e n ta g e  o f  A la s k a  S t u d e n t s  (G r a d e s  7 -1 2 ) 
W h o  H a v e  H a d  S e x u a l  I n te r c o u r s e

Age 1S unci Uncle* | M M
16 17 1 5 i i *

m
18 nr oldBf j *

i

We know that smoking cigarettes can 
cause lung cancer, emphysema, and heart 
disease, among other tilings A giowing 
body of evidence also shows that chewing 
tobacco and snull can cause mouth and 
other cancers. One quarter of Alaska's high 
schrxil students and nearly It) percent of 
middle school students remitted smoking 
cigarettes iegularly—on at least 10 of the 30 
days before the 1995 suivey. And among 
boys who are much more likely than girls 
to chew tobacco chewing grows more 
common as they get older. About 10 |»err.nut 
ol lioys 15 or urwlei reported cl nrwir.g lobar < o 
at the lime r >1 the suivey. but neatly twice as 
mnnylxrys 1Handoldei ihewixl

Higher tobacco taxes and teenage Smoking
lo I'll/ . Alaska liipled r.iqaieile lams inismy Ihe 

lax on a | w  k ol i ignieiips Irnm »”) rents l o t i  (Ki 
Many lieallh px|mvis l>elipvf' IMgbflf taxes ip(1ix:p 
smoking hy making nyaipiies ioo expensive lot some 
|ip<i|i|p >-.penally Ippoage soiokeis to hoy (Mlins 
Ikiwpvpi disagiep atxMil wliciher liighei laxes actually 
cause people lo quit smoking Ihe Alaska l)p|viitoieol 
ol Health and Social Spivices has commissioned a sluily 
i>l IIIe pllects ol higher taxes on teenagers wlwi smoke 
The depmlmont also Itopes the results of ihe 1999 
Voutli Risk Behavior Suivey in Alaska will provide some 
inlixmation on the elfeus ol the lax increase oil 
teeoag smoking Bui sinre the survey was not 
condix.ted in the Amhrxaqo si liool distoi I. it will or it 
pn wide a statewide sample

7th ■ ■ ■ K I ■  Boys 
P I  (.ills

________ 50*
ft mem;***-!'*

Source: Stale ol Alaska fpiitemioloyy bulletin f?3 '997 Baser/ nn I9QS YRRC

loenaqors who have sexual intorcourse 
not only risk becoming pregnant (or father 
ing children), they risk being infected witli 
sexually transmitted diseases, including 
AIDS, which can kill them. And research has 
found that many younger teenage gills who 
have sex don't really want to but do so 
anyway because they feel piessured7

In Alaska, nearly one guar ter ol boys and 
more than one in ten girls in the sovi’tiUi 
grade boys and girls who are most likely 
I ? years old ie|xirt having had sox I oat 
sham climbs steadily thanigli the test ol 
middle and high school. Ihe 1995 survey 
found that the younger teenagers are when 
they st,lit having sex, the more likely they 
am lo smoko, dunk, and do other things 
that can hint them. Ry the time they ate

seniors in high cl tool, nearly two thirds of 
both Ixiys and qitls in Alaska have had sex 
l ower than half the sexually active Alaska 
teenagers re|>oited using condoms regularly 
in 1995, and only 18 peicent of sexually 
active girls said they were using birth 
control pills

“ 's.

[ 1

&
A
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1 Alaska Departments of Health and Social Services 
and Education, Youth Risk Behavior Survey Alaska  
Report 1995. February 1996

2 K. A Moore, A K Driscoll, and L. D. Lindburg, A  
Statistical Portrait o l  A dolescent Sex. Contracep­
tion, a n d  Childbearing  Ihe National Campaign to 
Prevent Teen Pregnancy
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Youth R isk  Behavior Survey-1999

9  Methodology
The 1999 YRBS was intended to be an exact replica of the 1995 Alaska statewide survey so that 
data could be compared across several years. However, the Anchorage school district chose not 
to participate in the 1999 statewide survey. As a result, the 1999 statewide survey results for 
Alaska are not comparable to 1995. However, the 1999 YRBS survey results do provide 
representative prevalence data for the state’s student population excluding Anchorage

The samples were scientifically selected with each eligible student in the school population having 
an equal probability of being selected. This sampling process is most often referred to as 
probability sampling. The size of a sample is related directly to the size of the eligible population, 
the estimated student response rate, and the desired precision of the results. The eligible student 
population was determined from the official 1998 October enrollment counts reported by the 
Alaska State Department of Education & Early Development. The enrollment count was edited to 
include only students in grades 7 through 12. The school list was edited to remove 
correspondence, home study, alternative, and correctional schools. A sufficient number of 
students were selected to give a plus or minus five percent margin of error for each question.

A two-stage sample design was used to select the actual students for participation. The first 
stage consisted of selecting schools. Schools were selected with probability proportional to the 
size of their enrollment. Alaska has a large number of small schools, which means that more

• schools were needed to obtain the number of students required for the desired level of precision. 
Once a school was selected, classes were selected as the second stage. Eligible classes were 
those where a student would be enrolled in one, and only one, class at a time. (For examDle, 
second period, or required English). This gave each student an equal opportunity of being 
selected. At any time a school district, an individual school, a student’s parents, or a specific 
student had the opportunity to decline to participate in the survey.

The numbers sampled in each stage were adjusted upward in anticipation that some schools and 
students would fail to participate. To ensure that sample results can be generalized to the total 
population, the overall participation rate (school participation rate multiplied by the student 
participation rate) must be equal to or greater than 60 percent.

At the classroom level, teachers were given a script to read to students that established 
guidelines for student privacy and anonymity, and the importance of the survey. Each student was 
given an unmarked envelope in which to seal his or her survey before turning it in. These survey 
envelopes remained sealed until received at a central state collection site.

The Centers for Disease Control and Prevention (CDC) and Westat, Inc., a CDC contractor, 
analyzed the state survey data. Analysis included the scanning of the surveys and performance of 
extensive edit checks to identify survey inconsistencies. When inconsistencies were found, 
responses were excluded from the analysis. For example, if a student reported in one question 
having never been in a physical fight, but then reported in another question being hurt in a physical 
fight, the data on that student was excluded for the two questions related to physical fighting.

Part 1-2



Youth R isk Behavior Survey-1999

Use of Drugs by High School Students
The most common drugs used by high school students in Alaska are marijuana, inhalants (glues, 
paints, and sprays), and methamphetamines (speed, crystal crank, or ice). The prevalence of 
drug use is similar among Alaska students and U.S. students, with the exception of marijuana 
use, Alaska students are more likely to report marijuana use.

Ever U sed M arijuana (a)

C urrren t M arijuana Use (b)

Ever U sed C ocaine (c)

C urren t C ocaine Use (d) jpr

Inha lan ts (e) 

'M e th a m p h e ta m in e s  (f)

'H ero in  (g) '1§| 3.9%

Crack Use (h)

S tero id  Use (i) j|

Injected Drug (j)

57.1%
47.1%

■ A la s k a :1999
■ U.S.: 1997

20 40

a) Ever used marijuana.b) Used marijuana one or more limes in Ihe 30 days preceding Ihe survey.c) Ever tried any form of cocained) Used cocaine on one or more days In Ihe 30 days prior to Ihe surveye) Ever sniffed glue, breathed contents of spray cans or inhaled paints or sprays lo ge! high.f) Ever used methamphetamines (speed, crystal, crank, or ice).g) Ever used heroin.h) Ever used crack or freebasei) Ever used illegal steroids.j) Ever used a needle to inject an illegal drug.
U.S. Data not available

60 80

P ercen t of S tu d en ts

100

High S choo l R esu lts (exc lud ing  A nchorage) Part 1-20



Youth Risk Behavior Survey-1999

Use of Alcohol, Marijuana, or Tobacco Before the Age of 13 Years
Almost 40% of Alaska high school boys report having had a first drink of alcohol before age 13 
years. Also by age 13 years, 18.8% of boys and 14.7% of girls report having tried marijuana for 
the first time, accounting for about a quarter of those who have ever used marijuana. Percentages 
of age at first use are higher for Alaska boys and girls than U.S. boys and girls in use of alcohol, 
tobacco, and marijuana.

• ff 37.1 %8$!3aBii*H5^ag35.7'/. E Alaska Boys: 1999*■ || C Rrwc- 1QQ7*
Alcohol _ _ _ _ _ _ _ _  34.7%B g B B W I I  31 1% ■ U.O DUy5 IJrUf

C Alaska Girls: 1999* 
EU.S Girls: 1997*

Marijuana
■

E 55%
Ha-.---- !147*Sill 6.7%
WttMMW&ntfg 33.1% 

31.8%Tobacco
frLnKSEtSSL zo »*,.
0 20 40 60 80 100

Percent of Students

'Use ol alcohol, marijuana, or tobacco before the age of 13 years

Year 2000 Objectives:
Increase by  at least 1 year the average age of first use of cigarettes, alcohol, and marijuana by 

adolescents aged 12-17.

Part 1-21 H igh S choo l Results (exc lud ing  Anchorage)



Youth Risk Behavior Survey-1999

Section III: Drug and Alcohol Use 
Background

Alcohol and drug abuse are major contributing factors in homicides, suicides, and motor 
vehicle crashes, which are the leading causes of death and disability among young people in 
the U.S. and in Alaska. Heavy drinkinn and drug abuse among youth are linked to physical 
fights, destroyed property, job problems, school failure, delinquency, unwanted pregnancies, 
and transmission of sexually transmitted diseases.8

An estimated 19.2% of Alaska adults report binge drinking (having five or more drinks on an 
occasion, one or more time in the past month). Alaska's rate of adult binge drinking is among 
the highest in the U.S.9

YRBS Results 

Alcohol and Drug Use (Ever Used)
Over 49% of middle school students report ever having had a drink of alcohol. The alcohol 
question excluded drinking wine for religious reasons. The next most common drugs are 
marijuana and inhalants (glue, paints, and sprays). Nearly 12% of students report ever having 
used inhalants and 28.9% report ever having used marijuana.

Injected Drug

Steroids

Inhalants
Cocaine 

(Any form)

Marijuana 

Alcohol

0 20 40 60 80 100

Percent of Students

P art  1-45 M idd le  S c h o o l  R e s u l t s  ( u n w e ig h te d )



 Health Risks
Y o u t h  R i s k  B e h a v i o r  S u r v e y



I out into »lit* willows that grew around llit* edges ol the cottonwoods.. . .  A huge brown bear 
was coming head on. hounding through the willow clumps not fifty feet away! . . .1 threw up my 
arms and yelled. That was all I could think lo do. On he came . . . .  I tripped and fell on my hack. 
And then as he loomed over me. a strange thing happened. The air swooshed out of him as he 
switched ends. Oil lie went . . .  Never once did he look back. I was shouting, encouraging him in 
his (light.

Sam Keith, from the journals of Richard I’roenueke 
Our Man's Wilderness 

Published 197.1; Reissued 199!)
Anchorage; Alaska Northwest Rooks



Y o u t h  R i s k  B e h a v i o r  S u r v e y  i n  A l a s ,

D e f in it io n  a n d  S ig n if ic a n c e

Since 1990, the U.S. Centers for Disease 
Control and Prevention have sponsored the 
Youlli Risk Behavim Survey (YRBS) at both 
I lie national and state levels. The survey asks 
middle and high-school students (jueslions 
about a broad range of health issues: use of 
tobacco, alcohol, and drugs: sexual behavior: 
diet and physical activity: and behaviors (like 
fighting and carrying weapons) dial could 
cause serious injury.

The survey is an excellent source of data 
on health risks among adolescents, allowing 
comparisons among states and w itli national 
averages and tracking changes over time.

In Alaska. Ihe survey is a joint project of 
the stale departments or Health and Social 
Services and Education and Early Develop 
ment. Alaska lias conducted the survey only 
twice— in 1995 and 1999. However, in 1999 
the Anchorage School District (by far the 
largest district in the stale) decided not lo 
take pal I in the sin vev

Anchorages decision uni to take pan 
means that we can't compare Alaska's 1995 
and 1999 survey findings. The data repurled 
here are from a sample of 1,127 high-school 
students throughout Alaska, except in 
A ik borage. Also, since Ihe response hum 
middle schools was below what is considered 
a reliable level, we report only the high school 
results When reading these results, keep in 
mine dial Anchorage (wilh roughly '10 per 
cent in die stale’s high school students) did 
uol lake part in tin- survey.

I he entire report is available online al: 
www.cpi.liss.staic.ak.u.s/publiealinns.shtml

Carrying Weapons
• High school boys surveyed In Alaska 
were more likely to leport carrying 
weapons in general and oil school 
grounds in particular during the previous 
month. Nearly 98 percent of Alaska high 
school boys said they had carried 
weapons and 18 percent said they had 
carried weapons on school grounds. That 
compares with 29 percent of boys nation 
wide carrying weapons in general and 11 
percent on school grounds.
• High school giils in Alaska were 
slightly more likely than gills nationwide 
to carry weapons in the previous month. 
About 8 percent of Alaska girls and (i per­
cent of giils nationwide reported ra llying 
weapons; about I percent of Alaska girls 
and 9 percent of giils nationwide carried 
weapons to school.

C a r r y i n g  W e a p o n s  
11999 High School Survey)’

Cailied a w eap o n ____________________
within past month A|aska gj|ls

|SC0%1J| U.S giils

18.6% ■
11.0% IJ.S Itoys

Alaska linvs
I allied a weapon 

mi school gioonds 
within past month Alaska girls

U S gills
Snuicr Ultl'l Vmilli HWt lli-li.nlnf Siuve>

Sexual Intercourse and Violence
• By ninth grade, nearly 30 percent ol 
Alaska high school students tepoil having 
sexual iiileiconrse. and that share elimlis 
to nrailv 00 percent by twelfth guide.
High school students nationwide espe 
dally younger students are somewhat 
more likely to report having inlercomse.
• A staggering number of high school 
giils in hotli Alaska and Ihe entile II S 
report being forced to have sexual iniei 
course al som° lime. Nearly one in ID 
Alaska giils in ninth grade and one in live 
giils in eleventh grade report being furred 
In have sex.
• A significant hut much smallei share 
of high sdiiiu l buys iu Alaska and nation 
wide also report having been Ibiccd In 
have sex between 5 and 8 percent al 
different grade levels

• About III 
percent of the 
girls and 12 pei 
i enl ol llic boss 
surveyed in 
Alaskan lu'gli 
schools lepntled 
being bit. 
slapped, nr nib 
erwise hint in 
Hie previous year 
by people they 
were dating A 
ligme that pai 
ticularly stands 

nut is that in twelfth grade, one iu live 
Alaska boys surveyed said their giilh lends 
had purposefully hit them.
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t o b a c c o  U s e
Smoking is about equally common 

among Alaskan and U.S. high school sin 
denis, vvilh roughly a third reporting they 
smoked al least once in lie1 month before 
die survey.
• Alaska’s high school stu 
dents are far more likely than [ 
other I J.S. students lo < lieu 
(ubacco 01 use siiull. Alaskan 
gii Is in particular are more 
likely than othei giils to ilie u  
tobacco. About 2 I peiceul ol 
Alaskan hoys said they had 
used ( hewing tobacco in the 
month before the suivey. 
compared wilh about I I per 
cent nationwide l!ui neatly 
10 percent of Alaskan high 
school girls almost I iu 
10 said lliev ( hewed tohai 
co. ( ompared with just I per 
cent I in |00 giils 
nationwide.
* Hie share of high school 
hoys nationwide and in 
Alaska who i lievv tobacco increases as 
they gel older. Ihtl among Alaskan high 
school hoys surveyed, use iu< leases imu li 
more so that hy the twelfth giade. a 
lliiid  o f Alaska hovs report chewing 
tobacco. I hat’s nearly twice the rate 
among senior hoys nationwide.

• Alaska Native studenls both hoys 
and girls—are far more likely to smoke or 
r i i e w  tobacco than are non Natives. More 
than half o f Native hoys and giils repott­
ed that they currently smoked, compared 
with 28 percent of non Native hoys and 
32 peiceul of non-Nalive giils. Nearly

double the share of Native hoys (32 per­
cent) as non-Native hoys (IK peiceul)
( hew tobacco. And Ihe  share of Native 
girls who chew (21 percent) is nearly five 
limes the rale among non Native 
girls (5 percent).

T o b a c c o  U s e  A m o n g  A l a s k a  a n d  U .S .  H i g h  S c h o o l  S t u d e n t s
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« Close lo one in six high 
scliool students in both Alaska 
and (In* U.S. report sniffing nine 
in oilier inlialanls al least onre.
* After marijuana, melhaiii 
phelamines and cocaine are (lie 
most widely used illegal drugs 
among liig li school studenls. 
with nearly I in II I reporliug al 
least one use.

• A bigger share of Alaskan high school 
students Ilian oilier U.S students ippoil
li ving Morion almost 'I in 100 Alaskan 
students, compared with just over ?. i r  11)1) 
nationwide.

Five in 100 Alaskan high school slu 
dents have used steroids, compared wilh 
lower than I in lilt) nationwide.
• More than 3 iu 100 Alaskan students 
surveyed reporl using needles to inject 
drugs at least once a share twice as large 
as among U.S. students in general

Drug and Alcohol Use
About ihe same pen outages ol 

Alaskan and U.S. high si liool students 
drink alcohol. F.iglit out of 10 high school 
students surveyed in Alaska and the U.S. 
reported that they have tried alcohol at 
least nine, and ahuul half said llicv had 
drunk at least time iu the month befoip 
the survey. A tliiid  reported hinge diink 
mg in the mouth before the survey.
• Marijuana is the most commonly used 
illegal ding among high sc liool students 
iu both Alaska and the U.S. hut a bigger 
share of Alaskan teenagers use marijuana. 
About 57 peiceul of Alaskan teens and 17 
percent of U.S teens report using mari 
juana at least once: 31 port ent of Alaska 
students and 27 percent of U.S. teens 
reported using marijuana in the mouth 
before the survey.

IV ic .e iil.ige o f A laskan m id U.S. H igh Sc hoo l 
Students Using Illega l Uu igs
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sharply increasing cigarette taxes and 
belter enforcing laws against selling 
cigarettes to minors. Preliminary 
research shows that these changes may 
he helping.’

In recent years Alaska sc hools 
have been more vigilant about trying 
lo keep weapons out anil In show that 
lliey won’t luleiale lighting Students 
who don't light nr c arry weapons or 
intimidate othei studenls need In he 
liellei piolec led hum those who do 
And violent students should not only 
be disciplined, Iml helped In change 
(heii behavior.

VVe need lo lintl heller ways of 
protec ting leettageis espec ially giils 

hut hoys as well from being piessmed cm

Alaska and U.S. Students Honor!ing 
Suicide Thoughts, Plans, and A ttem pts 

(In Percentages)

2 0  2 t n

AK linyj U.S. Buys AK ('.Ills tISC iils
Vilom l* llomghl AInniI SiiKtilr M»»lo 9 Hill Alffflip iH  Stllchle

Sonin* IfMlO Youlli Rltk Krkivlor Stnvry

Suicide Thoughts and Attempts
As we saw in (lie section on injuiies to 

children (pages 50-52). rales of suicide and 
attempted suicide are disconcertingly high 
among Alaska’s teenagers, especially in north­
ern and southwest Alaska The Youth Risk 
Behavior Survey asked high school students 
iu Alaska and nationwide whether they had 
thought about or attempted suicide The adja­
cent figure shows that

• I lie shares ol high sc hool students 
who have ihonghi nboul, planned, iii 
attempted suicide are remarkably Similar 
iu Alaska and across tin1 country
• lligh-scliool giils are far more likely 
than hoys lo report thinking aliuul ni 
attempting suit iclc*. (However, Alaska sia 
listics tell us that teenage hoys espec ial 
ly Alaska Native buys are f.u mure likely 
than girls in actually c ommit suicide.1)
• A surprising one iu four high school 
giils surveyed iu both Alaska and Ihe U.S. 
said llicv had thought seriously ahum 
committing suicide. Approximately one iu 
five said they had made plans lo kill 
themselves, and roughly one in ten had
ac (unity attempted suicide.

Among Alaska hoys. 12 5 percent said 
they had thought seriously about commit 
ting suic ide, I I perc ent said they had 
made plans, and 5 percent had attempted 
suicide. Rales are similar among U.S. 
hovs, although siighlly more (13.7 per­
cent) reported having suicidal thoughts.

I )is< iisstc in A iuiim  S i 'KVT.y H i si i is

I'lie H)!)fl Youth Risk Rehavioi Survey in 
Alaska found that many high school students 
are doing just line, not pulling their health m 
theii lives at risk. Bui a significant miuihei aie 
doing dangerous things And some report that 
fellow students have hurt them, sc ared them, 
or forced them to do things against their will,

A staggering one in five girls in Ihe 
eleventh grade repent being Ion eel to have 
sexual intercourse lliev did not want Mine 
than half ul all Alaska Nalive students sm 
veyod repented regularly smoking c igarette's. 
Nearly one in five high-school hoys leporled 
carrying weapons on school grounds. Mine 
than three in chip hundred .students surveyed 
said they had injected thugs with needles.

Parents, schools, and communities need In 
find belter ways to keep teenagers safe. Al.cska 
lies taken steps to curb teenage smoking by

physically Ion ed In have sexual relations they 
don’t want VVe need active elluits to prevent 
assaults and so called ''date tape ’

I he gnud news hum the suivey is that 
must high sc lined studenls are on llic ii wav to 
being responsible, piuduc live adults We need 
to fine I more ways to help all students make 
Ihe most ul theii lives.
Not t s  t ok H im  i i i Risks S it iion
'See Matthew Bet man and l.inda I cask 
“Violent Death ill Alaska.' in Alaska Rnivw ul 
Snriiil anil I iiiiiiiinii Ciiiiililiniis. Unlveisily of 
Alaska Am huiage. Institute of Social and 
Fronnnw  Kosranh. I'ebniary 151!)I.
'See Alaska Dcpailmeiil ol Revenue and Health 
and Social Services. Imparl of//re HI97 liilinirii 
/.Tv lliilr In n ra sr  in M a s h ,  lime 301)1). Available 
online at: www.hss.slale.ak.ns

http://www.hss.slale.ak.ns
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V030U Percentage of students who tried marijuana for the first time before age 11

Total Males Females
Percentage 95%

Confidence
Interval'

n Percenlage 95%
Confidence

Interval*

n Percentage 95%
Confidence

Interval*

n

Total 10 2% < 9.8% 10.5% 1 128 f - ) 62 ( 1 66
Age

11 or younger t 1 3 3 t 0
12 1 ) 20 14 1 6
13 t ) 60 1 - ) 22 t ) 37
14 or older t 1 45 23 I ) 22

Grade
6th ( 1 6 6 I 1 0
7th t 1 75 t - \ 34 I 1 41
8th 1 1 47 t - J 22 I 1 24

Race/Ethnicity**
American Indian/Alaska Native 10.7% / 10 3% -11.2% ) 121 ( - ) 60 ( 1 60
Asian ( 1 2 I - ) 1 1 ) 1
Black t 1 1 / . ) t) 1 j 1
Pacific Islander ( 1 0 ( . ) 0 t I 0
Hispanic I ) 1 0 t 1
White I ) 8 ( * ) 1 ( ) 7

Note: 7 hero were 4 students who were excluded from this analysis or who did not provide usable data for 03U
Unweighted means that a 60% resfKinse rate was not obtained in selected classes Data may not be representative of all dishict students

n = Number of unweighted obseivations 
Blank = Fewer than 100 observations.

* A  9 5 %  confidence interval will contain the true mean 95 times out of 100 if additional samples of size n arc drawn hum this student population 
** An individual can be of more than one raco/ethmcity.

8/13/2003 Page 24 of 45
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Drug Use in Very Rural Alaska 
Villages

Verner S tilln e r,' R obe rt F. K raus ,' Carl G. Leuke fe ld ,1 and 
David H a rdenbe rgh2

'Department ol Psychiatry arid Center on Drntj an<l Alcohol Research. University ol 
Kentucky, Lexington, Kentucky, USA 

7RurAL CAP, AnclioraQe, Alaska, USA

ABSTRACT

The Alaska Native Preschool Project was centered in the I lent) Start 
Programs of two typical Alaska native villages near the Rering Sea I Jala 
were collected over 5 years, 1990 to 1995. from preschool parents (N  -  
142) with surveys, a panel of villagers ( N  -  25 to 30) using qualitative 
interviews; villagers using participant observation; and a limited review 
of public records. The villages typify the changing life of Alaskan vil­
lagers who live in the Bering Straits area. Qualitative data indicated that 
a number of problems wctc associated with drug and alcohol use in the 
villages. The level of smokeless tobacco use from surveys in die previ­
ous month among preschool parents (41%) was se,r reported to be al­
most 10 times greater than the national level reported in the 1995 Na­
tional Household Survey. The use of marijuana reported by preschool 
parents in the previous month was almost 3 times higher than the 1995 
National Household Survey estimates (19 vs 6.7%). Tobacco use in the 
previous month w as repotted at over 56%, a level that was over I'A times 
the level of use at 74 7% estimated from Ihe 1995 National Household 
Survey. Tor 26 -34 year olds, previous month alcohol use was lower for 
ihe village parents than estimated from the 1995 National Household 
Survey (38 vs 63%). The self repotted levels of other dtug use among 
preschool parents were very low compared with overall United Slates
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rates. (Translations aic provided in the International Abstracts Section
of this issue.)

K e y  w o rth .  Alaska; Native Alaskans; Substance abuse 

INTRODUCTION

Alcohol and drug use arc social and public health concerns in circumpolar 
areas like Alaska Iu fact. Alaska Native leaders have characterized the alcohol 
problem among Alaskan Natives as a "plague” and as an ''epidemic (Alaska 
Federation of Natives. 198V). State officials also recognize Uiis concern. How­
ever. like many other slates and particularly rural stales, there is a minimal sys­
tematic and statewide capability for collecting and re fu tin g  alcohol and drug 
data.

The piit|Kisc ol this article is to describe the levels o f scir-rc|X)ttcd drug use 
and related behaviors o f Nalive Alaskans iu two very rural Alaskan villages. 
Available data, qualitative data, and survey data arc presented front a panel of 
key informants and a purposive sample o f preschool parents of Head Start stu 
dents. H ie  data were collected as part of the Alaska Native Preschool Project, lliis 
educational approach to alcohol and drug use was funded by the ( enter for 
Substance Abuse Prevention (CSAP) and was concentrated in the Head Start 
Programs of two native villages in the Bering Strait area o f Alaska which arc typi­
cal of life in the Alaska bush.

According to the National Institute on Alcohol Abuse and Alcoholism 
(1994), the rales of alcohol use and "abuse" as well as related problems were 
highest among Native Americans. Urcms (19% ) recently reviewed selected sub 
stance use. mental health, and health data for Alaska and concluded that the high 
incidence of substance "abuse" appeared to Ik1 a reality across all o f Alaska. More 
s|x*i ifically, drug and alcohol-use associated problems were (ouml iu significant 
proportions in the Alaska population as a whole with specific drug and alcohol 
rates several times higher than the national average. For example, per capita al- 
cohol consumption iu Alaska, as measured iu gallons per person per year, was 
the fourth highest in the United Stales —12 %  of Alaskan adults have alcohol-use- 
associated problems compared to 5.9% in the United States overall population 
(Nrcms, 19%). Ibis population of Alaska was estimated try Hie Census bureau 
to lie only 599,200 in 1993 with 500,00i (83%) nonnative and 99,139 (17%) 
Native Alaskans.

The alcohol related death rate among Alaska natives war. 33.7 per 100,000 
as compared to ihe overall United Slates rale of 140 per 100,000. Ul particular 
concern were Ihe high rates of alcohol use among Alaska Native women with 
rales up to twice as high as the United States general population and a lower age

}M) ST1LLNER F T  A t- D R U G  USK IN VERY RU RA L ALA SK A  VILLAGES SRI

ol onset at 10 years of age compaicd with 15 lo 19 years of age in the general 
United States popi.latiott (Asbury cl al., 1992).

In addition, Alaska Natives who comprise 171, of ihe Alaska population 
accounted for 47% of patients seen in state-funded alcohol and drug-user treat­
ment centers (Brems, 1996). It should be noted that llic.se data wctc limited since 
only publicly funded treatment centers were included. The drug o f choice for 
Alaska Natives admitted lo these treatment centers was alcohol at 92%. The sec­
ond drug of choice for Alaskans was marijuana at 35%. Injection drug use was 
not limited to urban areas in Alaska, with one study reporting that almost three 
in ten rural drug users reported injecting (Fisher and Booker, 1990).

Data presented by die Alaska Native Commission (1994) ami others pointed 
out that the alcohol mortality rate lor natives during the 1980-1989 period was 
3.5 times higher than the corresponding rate foi Alaska non-Natives. Overwhelm­
ingly. Native deaths occurred among young men and women, which is a revcr 
s.d of ihe overall United Stales pattern hi addition, the homicide death rate among 
Alaska Natives was four times the United Stairs rate for nil race-ethnic groups 
with the majority of these deaths related to alcohol. Accidental deaths and injtt 
ries, the majority alcohol related, were also a major problem am ong Natives. 
These included snow machine accidents, gunshots, and freezings.

PARENT SURVEY DATA COLLECTION

Data were collected twice a year when the villages wete visited fiom 1991) 
lo 1995. I he status of alcohol/drug use and related behaviors were assessed I he 
approach involved collecting survey data from Head Start parents, interviews with 
a panel of villagers, participant observation in public and private settings, and a 
limited records review During the project’s live years, there wete changes in the 
prevention project staff. I he Ptojecl Director changed three items. I lie two lull 
time project staff {Hisitions wete filled by five different persons and the part-time 
position was tilled by two different individuals.

After the study was described and explained, subjects were told that the study 
could provide culturally  specific information that would be helpful in  prevent 
ittg substance misuse. In addition, subjects were informed that the in fo rm a t io n  
could lie useful in their village in developing other prevention programs. Twenty- 
one percent refused to participate in Ihe study.

Head Start parents tilled out questionnaires on their own drug use at the. I lead 
Start Program before or after school. Respondents wete given incentives for com 
plctiug questionnaires which tanged from tee shirts to life preservers at each data 
collection time. Respondents were informed that their responses were conliden 
tial, that their names and answers to specific questions were separated which 
resjiondcnts did after completing each questionnaire and that their names m



specific identifying information would not be linked or identified wilh die study. 
Data were also collected from 25 to 30 key inf jim anis in each village. Selected 
key informants comprised an ongoing panel o f  villagers who were interviewed 
al each data collection time. Key informants were selected for their village lead­
ership roles. Key informants included magistrates, school teachers, village po 
lice, clergy, village mayors, council members, village health aides, parents, store 
clerks, city managers, native corporation leaders, public officials in village of­
fices, and village elders.

THE V ILLAGES

At the start of the study, the villages were selected because ol their similari­
ties which included being almost the same size, their location near a major liver, 
their close proximity to each other, being surrounded by tundra, and ordinances 
which prohibited alcohol in villages. However, one village grew about one-fourth 
faster than the othei and the overall growth rate of Alaska. The large majority of 
inhabitants o f both villages were natives who spoke one Eskimo dialect. There 
was continuous daylight in the summer and continuous darkness in midwinter. 
A major river svas a central venue in (he villagers' lives for it was a highway lor 
boats in the summer and snowmobiles in the winter. The river regularly took the 
lives o f natives in all seasons o f the year from dmwnings and boating accidents.

Both villages were governed by a city council, and the Native Alaskan popu­
lation was represented by a five member Alaska Native Council. A state public 
health nurse and physician visited both villages periodically to provide medical 
services. According to die 1990 Census, the populations of the villages were 642 
and 674, and had grown from 567 and 5X t, respectively, in the 1980Census. The 
population was young wilh median ages or 21.9 and 20.1 years. Eighty-seven 
percent and 92%  of the villages' populations were Alaska Natives.

There was seasonal cash employment, mostly associated wilh commercial 
fishing. Traditional subsistence activ ities liel|H-d provide additional income. I1ie.se 
subsistence activities included hunting, fishing, gathering, and trapping There 
were a small number of year-round wage positions in each village. Public jobs, 
mostly in die school system, werr die main source of employment. A small iium 
her o f  year-round positions were also available in city government, law enforce 
ntent, health cate, and the lew local stores, ltoth villages had a seasonal fishing 
economy. Although the fish industry was rash based, the number of "openings” 
for die fishing decreased after die United States signed treaties with Canada Over 
half the population was employed. It was estimated by a key informant that over 
80% o f  the population received public assistance, The per capita income fell 
below the federal poverty level. Many of die village housing units were eon* 
stunted within die past decade using Housing mid Urban Development (HUD)

Jg2  S T IL L N R R C T A C

funds. Die water and sewer systems wete associated with marked decreases in 
illnesses.

Rased on interviews witli school officials, the villages school dropout rates 
were Itigh, with a little over one-fourth graduating from high school. School of­
ficials also indicated that drinking and tobacco use were common among chil 
dien and au,descents, and children from alcoholic families contributed to many 
school behavior and disciplinary problems, A treatment center, r ’tout an hour 
away by air, provided residential ticatmcnt for diug and alcohol users, The treat 
incut philosophy was founded on Nalive Eskimo traditions, and telephone fol­
low-up treatment was provided to residents alter they returned to the village.

Hie prevention program included two overall areas of interventions to en­
hance resiliency lactors and to reduce risk factors. The first approaches targeted 
individuals and families wilh parent training classes, the Spirit of the Family 
Ptograin, and the Healing Circle which wete designed to strengthen the commu­
nity and family unit culturally. I he second approach focused on education and 
information which was village specific, including a newsletter and drug and al­
cohol information hioadcast on village media.

It was extremely difficult to obtain official village-specific criminal activity 
and arrest data l.ocnl Village Public Safety Officers indicated that the data were 
maintained in Anchorage hy the Stale Police. These data wete reported by region 
rather than hy village due to the small numbers. Information from the Village 
Public Safety Officers, who do not retain copies o f local arrest data, indicated that 
there were I.KMJ to 1.2(H) police contacts per year per village. It was estimated 
that about one-fifth of these contacts were ditcclly related to alcohol, or about 
14 |>ei month. It was also estimated that there were about two to eight suicide 
attempts per month, with the majority related to alcohol ami drug misuse. Among 
adolescent suicide attempts, a majority were dcscrilrcd as Ireing associated with 
alcohol ami drugs. Although substance misuse was described as being associated 
with suicide among youth, no other infortunium was available. Violent deaths in 
the hum  of accidents, suicides, homicides, and others were directly attrilnitnblc 
to alcohol as the leading cause of moilalily iu the villages. Major accidents were 
also frequently alcohol related

Village Health Aides, who were part ol the Native Health Service, estimated 
that llicic wcic over .KM) contacts made by villagers each month. Major health 
problems were treated away Imm the village at the Regional Hospital and the 
Alaska Native Medical Center. I Icnlih Aides leported that many accidents, about 
2 per month per village, were alcohol related. In addition, accidents associated 
wilh abuse and violence frequently involved alcohol. The Women's Shelter in one 
of the villages was used sporadically try women and their children. I Ire W omen's 
.Shelter was established to provide a place lor women and their children to reside
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and obtain counseling related to physical and emotional abuse. Key informants 
indicated that much o f the abuse was related to alcohol use.

V ILLAGE SOC IAL CONTEXT

To understand die village contest, a panel o f interviewees which ranged from 
20 to 30 villagers, depending on their availability, were followed over the five 
years. These "key informant” panel members were mostly natives, and interviews 
were conducted twice a year. Based on interviews and observations it was esti­
mated that die majority of nonnalives were employed by the educational system, 
tended to live within Uieir own social enclaves. and were disinterested in, and at 
times had distorted and even hostile views of. the native community. Over time 
it was possible to establish rapport widi middle-aged and older Native wom en and 
men called elders who had a historical, generational view of dicir village and its 
strengths as well as its problems. The general status of alcohol/drug use and 
"abuse” was assessed through these panel interviews. Repeated inquires were 
made conced ing  certain behaviors held to be indicators of alcohol and drug-use- 
associati ohlctns. Among these were suicides and suicide attempts, acciden­
tal death end in juries ,  hom icides and related behaviors such as assaults, crime, 
family dysurnction, domestic violence, spouse and child abuse, and school or
academic problems.

Several senior education officials and one clergyman with decades o f expe­
rience in various Alaska Native communities suggested that, in terms of the sc 
verity o f the alcohol and drug usc-nssociatcd problem, the villages selected for 
the study were somewhere in the midrange when compared to other villages in 
Alaska. A num ber of people did not drink and many drank only moderalcly. In 
(lie course o f this study it was observed that respondents were keenly aware of 
the difficulty caused by alcohol in their village and were sincerely and construc­
tively dedicated to its resolution. The discussion of drinking and drug-using hc- 
haviors in this article should be evaluated within the overall positive and construc­
tive context o f  com mitted efforts to address these issues which includes the 
Alaska State-Wide Native Sobriety Movement.

PRACTICES AND  ATTITUDES ABO UT ALCOHOL AND DRUG
USE

I'lic fullowiug practices and altitudes toward alcohol use and "abuse” were
based on interview data from village key informants.

It is important to keep in mind that the formal structure o f village govern­
ments with a mayor, city manager, village council, and budget was a template 
which was superimposed from the dominant Western culture. These roles and

names have no analog in the traditional native culture which is still active and 
which constitutes the informal level of governance. 'Traditionally, consensus was 
laboriously achieved through discussion among the elders of large, extended 
families. Ihis continued to l>e tlie rule; however. Ihe traditional values of coop­
eration, coitimunalisin, and prohibitions against aggression were attenuated 
Based upon interviews, it was found that relationships lietwecn powerful extended 
families were very coni|>eli(ive and involved rivalries, particularly where scarce 
economic resources and competition for employment was concerned.

The tolc of the native leader in the formal structure was a complex and stress­
ful one. Control was tenuous, power was limited, and Ihe designated lender of­
ten found him/herself in (he inisition of having lo pass judgment on family mem 
hers. Commitment was much stronger and more pressing to  fam ily than 
commitment to the governmental role. Added to this was the native altitudes 
toward n person who acted as through he/she were "the boss," since "boss" is a 
pejorative term in the Eskimo culture. The Eskimo concept of leadership related 
more to leadership by consensus and by example as op|ioscd to the Western 
model of the leader who gets out front and gives directions. When one consid 
crs this, it was easier to see the multiple stresses that impinge on village leaders, 
and it helps explain, in part, the high rates of leadership attrition. Ibis was also 
reflected in attitudes toward drinking and bootlegging. The village leader may 
himself or herself drink, and villagers involved in drinking or bootlegging may 
have I'ccu relatives to those lie or she owed support and allegiance.

Within the context of village pn bib (ion, attitudes toward alcohol and the 
enforcement o f the law differed between the villages. One village had a history, 
dating hack to the decade licfote the study, of active opposition to bootlegging 
under the leadership of a senior male. Al that tune, accotding In reports, boot­
leggers would come down the liver in Imats, land on the heach, and unload whole 
boatloads of illegal alcohol. ‘Ilte leader spearheaded resistance to this, and pro 
moled a vigorous cnfoiccinent ol the village's diy laws. Ibis action involved 
some dramatic, and probably dangerous, physical confrontations between the 
bootleggers and villagers. Ihe result was that bootlegging in that village was 
undesirable, against the law, and would be prosecuted I'lius, the altitude in (hat
village tended to lie one of outrage and active opposition lo bootlegging. In Unit 
village, although bootlegging continued lo occur, it was viewed negatively and 
arrests were made

The other village lid not have the tradition of active community op|iusitioii 
to bootlegging and indiseriminant drinking. Informants from the second village 
stated icjicatedly that drinking and liootlcgging hail permeated the culture of the 
village and "the bootleggers were in control." Since bootlegging ami alcohol 
appealed to permeate all levels of the government, there was an attitude of cyni­
cism. powcrlessness. and fatalism concerning the alcohol ami drug problem.
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Ilie school system was a major institution in both villages. Its significance 
and impact upon tlic villages goes far beyond the provision of educational ser­
vices. In both villages, schools were a major source of cash from salaries and 
investments. Through lunch programs, the schools made a major contribution to 
the nutrition of the young people. Schools also contained the only libraries. The 
athletic facilities were a major source of recreation for both boys and girls. It was 
a key area for meeting and socialization in both villages. School tended to be seen 
as the "safe" place to go and to socialize. Normative teachers' knowledge of the 
native culture, perception o f  it, and willingness and ability to work within it varied 
widely. A minority o f natives were teachers. The majority o f school staff were 
natives who tended to be viewed with mixed feelings hy other villagers because 
ol their cash employment.

It was difficult to gather specific, systematic data on substance use in the 
general school population. The nonnative faculty had a wide range o f opinions 
which ranged from outrage and shock to minimization and bland denial. There 
was a consensus of concern about the use of snuff, tobacco, inhalants, marijuana, 
and nlcohol by students. Teachers reported (lie use of these substances was re­
lated to absences, tardiness, appearing at school smelling of alcohol, and appear­
ing at school hung over. In addition, teachers expressed concern that these Ire 
haviors were appearing in younger children. For instance, third and fourth gradcis 
weic described as using snuff and tobacco. Alcohol "abuse" was reported in 
eleven and twelve year olds.

In both villages there was concern about children and adolescents roaming 
the village at all hours of the night. The most common explanation for this l»c- 
hnvior was that parents were drinking. A rccinieni theme in discussions with city 
officials was the need for recreational facilities for teenagers and the need for 
more efficient measures to control their behavior. In one village a sense of fa­
talism and helplessness was noted when discussing child and adolescent behav­
iors. A subjective impression was that alcohol-use-rclated behavior was far more 
frequent. School officials and citizens had some rather unpleasant tales about 
sexual and aggressive acting out on the part of children and adolescents associ 
ale with alcohol. “Tlic kids take over the town every night and nobody does any­
thing about it " Moth schools reported behavioral problems, acting out, and "dis­
respect" lor teachers and those in authority. In one village this appeared to l>c a 
set of behaviors that was not tolerated and was in fairly good control. In Ihe other 
village, as verified by direct observation, the lack of behavioral control appeared 
lo be more frequent and more extreme, which often leads to physical violence 
and injury in (lie schools and in the village.

Reports from police and law officials in both villages had a tlrcinc which was 
repeated over and over and which might be summarized by the statement, "If it 
wasn't for alcohol, I w ouldn't have a job." Patterns o f consumption varied with

r
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the economy. During fishing season, drinking (ended to decrease because people 
were busy. When the cash economy was more robust, people tended to drink 
distilled liquor. When the economy was down and cash was scarce, people thank 
home-brewed alcohol. A minority o f families, in which parents and children all 
drnnk, constituted the majority o f village problems. A prototypical “dangerous” 
drinker was a young male in his late teens or early 20s who "holds it all in for a 
long lime, drinks, and goes wild." There w eir accounts o f llicsc situations and 
the dangers involved. "D on't believe that stuff about those little Eskimo guys. 
T hey're tougher than hell. Sometimes it takes five guys to get them under con 
tiol and restrain them." The police regularly patrolled, especially in the winter, 
looking for intoxicated individuals who had fallen iu the snow and ice. These 
individuals were placed in "protective custody." T he pursuit of booPeggcrg and 
manufacturers of home brew was an ongoing [xrlicc activity. .Severn! |x>lice of­
ficers familiar with tnc situation in both villages stated that the “drinking prob 
Icm" in terms of amount and frequency ol drinking, public drunkenness, and 
alcohol-use-related offenses was worse iu the more permissive village. In both 
villages there was concern expressed each year about drinking. "W e used to 
worry about the high school kids. Now it seems as if high school is too late."

Health erne in both villages was provided hy a village health clinic. Staffed 
by native health aides wlio varied in number from Ihiec to live. These aides, who 
were all women, were responsible for primary health care, tended to l>e highly 
respected, anil were seen as valued members o f the village. In all interviews, these 
women were tactful, circumspect, and guarded in llieir communication. Un sev­
eral occasions, always in an interview with a single aide and while .strict confi 
dciilialily was maintained, insights were obtained into the stresses under which 
these women worked and the associated problems. The aides wete all aware o f 
alcohol problems in the community. However, villagers seldom went to  the clinic 
seeking help for alcoholism. Rather, they saw associated problems like battered 
women from tune to lime and a vnriety of medical and psychological problems 
related to neglect try drinking parents.

PRESCHOOL PARENTS

Data wete collected from 342 pteschool I lead Start parents over the project's 
five years I’arents with more than one child in the Head Start Program were in 
eluded only once. When these data were examined, several tilings w ete appar­
ent. An important consideration to keep in mind when looking at these data is that 
about two thirds (64%) of respondents wete female and over o f 10 were Alaska 
Natives (see T able I ), It should Ik- noted that, although comparisons with United 
States data may not Ixr as realistic for these native villages as they are for othei
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Tabic I.

Selected Demographics of Hoad Start Parents (N = 342)

%

Female 64
Race/ethnicity:

Alaska Native 93
Education:

Less than Grade S 34
Completed Grade 8 3
High school 53
Some college 10

Employed 42
Religion:

Catholic 69
Protestant I I
Other 5

le isu re  lime activities:
Watch TV  ami videos 96
Play bingo 38
Play basketball 31
Snow machine racing I I

Attitudes anil problems associated w ith  substance use: 
Attitudes:

Wrong to take drugs 86
Wrong to sir ink a lot 86
W iong for someone to force you lo drink 86
Wtong to take something 89
Wrong to lie 88

Ever encountered problems related to drinking
Hunting accidents 2
Snow machine accidents I I
Pour wheeler accidents 6
Got attested tor drinking 14
Had money problems 16
Passed out 29
Memory loss 32

Parent se lf-rrpo ited alcohol and ding use 
.Substance use in previous month

Any alcohol 18
Gotten drunk 15
Marijuana 19
Inhalants 0 2
Tobacco 56
Snuff 41

(amiinunt)
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Table I .  Continued

%

Alcohol use in the previous year:
Any alcohol 63
Gotten drunk 41
Weekend parties 31
At night w ith friends 32
A t home 36
Awnv from villnge 25
At fish camp 7

Other dntg use in Ihe previous year
Marijuana 79
Inhalants 0 7
Tobacco 57
Snuff 45

1’ iug use ten limes ot more in previous year.
Alcohol 14
Marijuana I I
Tobacco 78
Snuff 19

areas of (lie United Slates, comparisons aie made to provide at least otic frame- 
of-refcreHcc.

Over half (53%) of the Head Start parents involved in Ihe study completed 
high school and 42% repotted they were employed. Almost nine out o f  ten par 
cuts said they were religious, with 09% saying they were Catholic. Almost e v ­
eryone (96%) reported they watched TV or v ideos. Other leisure time activities 
included playing bingo (3H%) and playing basketball (31%).

There was a strong sense that using drugs and alcohol was wrong. Almost 
nine out of ten parents (86%) icpoitcd it was wrong to take drugs, to drink a lot. 
or tor someone to force another person to drink. Stealing and lying were also 
reported as being wrong, at 89 and 88% respectively. There were a number of 
individual problems which were related lo drinking. Specific problems reported 
by about one-th ird  of the patents and related to their own diinking were memory 
loss (32%) and passing out (29%). Other drinking-related problems included 
money pioblems for 16% of patents and being attested fot their own dunking 
lor 14% of parents Alcohol and ding use wete also IC|Kitted to lie dangerous. This 
included accidents on snow machines for 11%, (out wheeler accidents for 6%. 
and boating accidents lor 2% of these patents.

Alcohol use. iu the previous month, rrported at t8%, was less than estimated 
for the 26 34 yeni olds iu the National Household .Survey al 61%. or about two-
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thirds less use. Fifteen percent reported that they had gotten drunk in the previ­
ous month. Almost two-thirds (63%) icported that they had used alcohol in the 
previous year, with almost one-third reporting that they had used at weekend 
parties (31%). 32% at home with friends, 36% at home. 7% at fish camps, and 
one-fourth away from the village. Forty-one percent indicated that they had gotten 
drunk in the past year.

The level of smokeless tobacco use, reported as snuff use, in the past month 
was over 41%. When compared with the 4.4% estimated current users of smoke­
less tobacco in die 1995 National Household Survey for 26-34 year olds, this was 
almost 10 times more use by these Head Start parents. Tobacco use in the picvi- 
ous mouth was also more (56%) or at a level that was over one and one half times 
greater than the level of use (34.7%) estimated from the 1995 National House 
hold Survey. Ihe use of marijuana reported in the previous month at 19% was 
higher than estimates from the 1995 National Household Survey for 26-34 year 
olds at 6.7% - a level almost three times more than national estimates. 'Die re­
potted levels of oilier drug use, such as inhalants as 0.2%, was so small that com­
parisons with household data were not meaningful.

These data confirm an impression from key informants that there was more 
overall substance use by the preschool parent respondents than estimated in the 
1995 National Household respondents except for alcohol. In other words, these 
data confirm the notion that the level of substance use was higher by villagers 
than self-reported use in othei United States households. Most notably wete the 
high levels o f snuff use, marijuana use, and tobacco use.

DISCUSSION

It must be noted that there arc limitations to the data presented in this article. 
The data were collected from a purposive sample of villagers and parents who 
do not represent all parents or adults in the two villages or other Alaskan native 
villages. However, using 1990 Census data, 342 (26%) of 1,316 villageis partici­
pated in the preschool survey. The villagers included in the key informant panel 
were purposivcly selected because they agreed to provide information and be­
cause of their status and tole. In addition, the villages were purposivcly selected. 
However, there arc similarities between the two villages and other villages in 
Alaska including their isolation, the economic conditions, the anecdotically te- 
pottcd number of issues related to alcohol and drug use, and the identified needs.

The findings suggest that, according In observations and the panel of key 
informants, along with modem technology and other changes has come move­
ment away from traditions which bound many villagers to their culture. There was 
a consensus ol concerns about Ihe use of snuff, tobacco, inhalants, marijuana, ami 
alcohol hy students. Key informants indicated that the use of substances was ol>-
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scrvable for lower aged children with absences, tardiness, appearing at school 
smelling of alcohol, appearing at school hung over, and students accounts ol their 
own behavior. Key informants described the use of alcohol and drugs as being 
related to a number of accidents and other "problem bchaviois."

Findings from preschool parents indicated that Ihe level of smokeless tobacco 
self reported • sc in the previous month was over 41%. When compared wilh 
4.4% estimated current users of smokeless tobacco in the 1995 National House­
hold Survey for 26 34 year olds, use was almost 10 l ln i f s  g rea ter  for these Head 
Start parents. The use of marijuana rc|H>r(ed in the past month hy preschool | .it­
ems was higher at 19% when compared with 6.7% from the 1995 National House 
hold Survey estimates for 26-34 year olds. This level was almost th r e e  t im es  
g rea te r  than national estimates. Tobacco use in the past month was reported at 
over 56% or at a level that was o v e r  o n e  a n d  one  h a l f  t im es  the level o f use at 
34.7% estimated from die 199.5 National Household Survey. Alcohol use in the 
past month, reported at 58%. was to w er  tha n  tha t  e s t im a ted  for the 26 -34  yeat 
olds from the 1995 National I louschold Survey at 63.0% or about two thirds less 
use. In addition, the reported levels of other drug use w ere  so  low  that compari­
sons with national household data are not meaningful.

These data suggest that die levels oT drug use among preschool parents in 
these two very remote Alaska villages wete at substantial levels These data were 
complimented by kes informant information which indicated that alcohol and 
drug use in these "diy” villages were associated with problem behaviors. Iu ad­
dition, dm g and alcohol use and associated behaviors should lie targeted with 
culturally specific prevention interventions. Developing targeted prevention in 
tcrvcntions should In- a policy priority.

I here is a lack ot consistent policy focused on prevention ami interventions 
for Native Alaskans. There is a need for funding intervention programs and a need 
for staff training lo /nplemeiit prevention piograms. In addition, there is a need 
to sn s itize  policymakers about the requirements o f people who live in vciy ru ­
ral areas For example, very rural and rural populations need resources to  develop 
tailored prevention interventions l ikewise, criteria should he developed to ex 
amine both process and outcome measures in order to implement successful pre­
vention programs which are culturally relevant. Thus, policies should lie devel 
oped for planning, implementing, and examining interventions There is also a 
need for targeted and formative research to develop culturally bound prevention 
interventions in addition lo examining the effectiveness ol interventions. Clearly, 
nn implication lot policymakris is the need to .sustain ongoing interventions iu 
remote places.

In dosing we would like to stress that there were thoughtful, responsible, and 
dedicated Native Alaskans in both villages who were: keenly aware of the ptob 
Icms created hy alcohol and drugs and who were committed to their resolution.
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This commitment was evident in the indigenous native initiatives which have 
arisen to support sobriety for Alaska Natives.
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THE IMPACT OF MARIJUANA ON 
PARENTS AND CHILDREN

I. Marijuana is the primary substance abused in a 
significant number of homes generating reports of 
harm and C1NA cases due to illegal drug abuse.

•  A  1 9 9 8  n a t i o n a l  s u r v e y  f o u n d  t h a t  c h i l d r e n  w h o s e  

p a r e n t s  a b u s e  d r u g s  o r  a l c o h o l  w e r e  a l m o s t  t h r e e  

t i m e s  ( 2 . 7 )  l i k e l i e r  t o  b e  p h y s i c a l l y  o r  s e x u a l l y  

a s s a u l t e d  a n d  m o r e  t h a n  f o u r  t i m e s  ( 4 . 2 )  l i k e l i e r  t o  b e  

n e g l e c t e d  t h a n  c h i l d r e n  o f  p a r e n t s  w h o  a r e  n o t  

s u b s t a n c e  a b u s e r s .  C h i l d r e n  o f  S u b s t a n c e - A b u s i n g  

P a r e n t s ,  ( 1 9 9 9 )  c i t i n g , S e d l a k ,  A . J . ,  &  B r o a d h u r s t ,  

D . D .  ( 1 9 9 6 ) .  T h i r d  N a t i o n a l  I n c i d e n c e  S t u d y  o f  C h i l d  

A b u s e  a n d  N e g l e c t :  F i n a l  R e p o r t .  U . S .  D e p t ,  o f  

H e a l t h  a n d  H u m a n  S e r v i c e s ,  A d m i n i s t r a t i o n  f o r  

C h i l d r e n ;  a n d . N a t i o n a l  C e n t e r  o n  C h i l d  A b u s e  a n d  

N e g l e c t ,  ( 1 9 9 8 ) .  L i v i n g  A r r a n g e m e n t s  o f  C h i l d r e n  

U n d e r  1 8  Y e a r s  O l d :  I 9 6 0  t o  t h e  P r e s e n t :  U . S .  

A d v i s o r y  B o a r d  o n  C h i l d  A b u s e  a n d  N e g l e c t .  ( 1 9 9 3 )  

N e i g h b o r s  h e l p i n g  N e i g h b o r s .

•  2 0 . 5 %  o f  t h e  9 1 5  s o c i a l  w o r k e r s  a n d  f a m i l y  c o u r t  

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

s u b s t a n c e  o f  a b u s e  i n  c h i l d  a b u s e  o r  n e g l e c t  c a s e s  

i n v o l v i n g  i l l e g a l  d r u g s .



M ajo r  d rug  bust rids Q u in hagak
o f  dope hub

by K.J. Lincoln
After a couple months of investigation and cooperation with villagers, Alaska State 
Troopers were successful in seizing a pound and a half of marijuana and SI 7.020 in cash 
from a residence in the village of Quinhagak, and closing down a central hub for 
marijuana.
“Lach vacuum-sealed bag had 2 ounces of marijuana," said Western Alaska Alcohol and 
Narcotics Team Investigator Joe Hazelaar. “1 1/2 pounds of marijuana at S50 a gram 
equals a $28,000.00 street value. This amount is not uncommon in villages.”
The success of the drug bust can be attributed to the citizens of Quinhagak who worked 
with the local village police, calling in tips and complaints. The overwhelming calls 
about the house were enough grounds to issue a search warrant.
“It was done in reference to the support we’ve gotten from the citizens and the Chief of 
police," said Trooper Sgt. Anthony April. "The tips from the local villagers led to the 
execution of the search warrant.”
Community members had stepped forward and asked to help with the investigation, 
including going undercover and making drug purchases.
“They helped rid the village of a pretty prominent problem of the drug dealers,” I lazelaar 
said.
Four adults have charges pending against them as a result of the bust, said Hazelaar. 
“They were very uncooperative during the raid," he said. I heir case is being forwarded to 
the District Attorney and if will be handled federally, instead of through the state.
The four adults were not the only ones in the house.
“There were three small children at the time of the search warrant,” said Hazelaar. “An 
18-month old baby was sleeping less than a foot away from a pound of marijuana.”
The children, who have been taken into protective custody, had also been present during 
the transactions when the undercover informants purchased marijuana.
The house, which was also seized, will be donated back to the City of Quinhagak. “We're 
hoping the village will currently find a family that is need of a house," said I lazelaar. “I 
can’t say thanks enough for the community involvement.
“I f a community would just ban together and drive the dealers out - think about what that 
money could do for that community. The only one getting rich off the deal is the dealers," 
he added.



Wasllla /  Drunken driving

At 1:40 a.m . Sunday, Alaska S ta te  Troopers a r r e s te d  Alfred A. Shelde age 44, of 
Wasllla on suspicion of drunken driving and leaving the scene of an accid nt. Troopers 
contacted Sh< iden a t his Glacier Drive hom e after receiving a report th a t le w as drlvint 
impaired in his 1990 Ford Tempo and, after a disturbance a t a Serrano Drive residence 
sideswiped a 2000 Ford Ranger parked there. Shelden was held at th e  Mat-Su Pre-Trial 
Facility in lieu of $2,000 ball. Damage to the Ford Ranger w as estim ated  at $200, and 
there  was no dam age to the Ford Tempo. No injuries were reported.

Wasllla /  Drunken driving

At 3 :47 a.m . Thursday, Alaska State Troopers stopped a vehicle for dr lin g  over the 
centerline and speeding. The driver, Sovala Raylene Tapley, 44, of Wa.illa was a r r e s te  
on suspicion of felony drunken driving and driving with a revo*ed licerse . Tapley was 
held a t the Mat-Su Pre-Trial Facility in lieu of $15,000 cash-only bail.

Wasilla /  Drunken driving

At 4 :59 a.m . Friday, Alaska S ta te  Troopers a r r e s te d  Lofia T. Satlni 25, of Anchorage < 
suspicion of drunken driving and driving without a valid license Satmi was stopped in a 
1998 Chevrolet Malibu near th e  intersection of the Parks Highway and  South Seward 
Meridian Road for erratic driving. He was held at th e  Mat-Su Pre-Trial Facility in lieu of 
$1,500 cash-only bail.

Wasllla /  Drunken driving

At 12:45 a.m . Friday, Alaska S ta te  Troopers a r r e s te d  Angela ft. Moehring, 28, of 
Wasilla on suspicion of drunken driving. Moehring was stopped or erratic  driving, driftii 
from the fog line to th e  centerline of the  roadway. Moehring was held at the Mat-Su Prt 
Trial Facility until sober.

Houston /  Drunken driving

At 12:37 a.m . Saturday, Alaska State Troopers stopped a e iicle a t Jc sons Road ant 
th e  Parks Highway in Houston for speeding. The driver, N> j I  Scott Bridgewater, 42, of 
Houston was a r r e s te d  on suspicion of drunken driving anu i>eld at th e  Mat-Su Pre-Trla 
Facility in lieu of $2,500 bail.

Wasilla /  Drunken driving

At 3:25 a.m . Sunday, Alaska S ta te  Troopers a r r e s te d  Vaughn Nogle, 29, of Wasilla on 
suspicion of drunken driving. Nogle was stopped for falling to stop a t a steady red light 
a t Crusey S treet and Bogard Road and for drifting from the fog I'ne to  the  centerline. 
Nogle was held at the Mat-Su Pre-Trial Facility until sober

Wasilla /  Drunken driving

At 1:11 a.m . Friday, Alaska S ta te  Troopers a r r e s te d  Giles Jackson, 26, of Wasilla on 
suspicion of drunken driving. Troopers stopped Jackson near the  intersection of the Par 
Highway and Church Road for crossing the  centerline. Jackson was held at the Mat-Su 
Pre-Trial Facility until he was released to a sober adulc.

Wasilla /  Growing m a riju a n a

At 8 p ~n. Thursday, Alaska S ta te  Troopers a r r e s te d  Jim A. Gardner, 47, of Wasllla for 
growing m a riju a n a  and reckless endangerm ent. Troopers contacted Gardner a t his 
hom e near Beverly Lakes Road in Wasilla after receiving a tip about a person with an 
a rrest w arrant possibly located there. Troopers found G ardner had app 'ox im ately  173

driving with a revoked license.
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live m a r iju a n a  plants a t his hom e, where his young child lived with him. The Mat-Su 
Narcotics Team was called to the residence, eradicated the m a r iju a n a  and seized the  
related equipment. Charges are being forwarded to th e  district attorney 's office for 
review.

Wasllla /  Domestic assault

At 12 :42 a.m. Jan. 26, Alaska S tate Troopers responded to a domestic disturbance nea 
Tw iligh t Drive and Horizon Drive in Wasilla. They a r re s te d  Richard M. Cassler, 40, and 
his ex-w ife , D iane M. Juel, 43, on charges o f assault on one ano ther. Juel was taken to  
she lter for the night. Charges for each will be forwarded to the d is tric t a tto rney.

Wasilla /  Stolen property

At approx im ate ly 8:24 p .m . Friday, Alaska S ta te Troopers received a report o f stolen 
p roperty from a residence on Machen Drive in Wasilla. Joshua Morris, 26, o f Wasilla 
reported a snowmachlne m oto r sto len out o f his 1999 Polaris 700 RMK. The estimated 
value o f the sto len p roperty is $2,000. Investigation is con tinu ing .

Wasilla /  Collision with moose

At 10 :38 p.m. Saturday, Alaska S ta te Troopers in Palmer responded to a m o to r-veh lde  
collision with a moose nea r the in te rsection o f Wasilla Fishhook Road and Lake View 
Drive in Wasilla. The moose stepped Into the lane and struck th e  driver's side o f a 1997 
Chevrolet pickup driven by Phillip A. Irre r, 41, o f Wasllla. The moose died o f its in ju ries 
Irre r was wearing his sea t belt and was not in ju red . Tota l damage to the vehicle is 
estimated at $2 ,000. The moose was salvaged by a local charity.

Wasilla /  Assault

A t 11:34 p.m. Friday, Alaska State Troopers in Palmer a r r e s te d  Joseph H. Bussard Jr., 
63, o f Wasilla on suspicion o f assault and crim ina l m ischief. Troopers responded to a 
home on Country Fair D rive , where Bussard was reported to  have assaulted a fam ily 
member and caused damage to the  residence. Total damage was estimated at 
approximate ly $200. Bussard was a r re s te d  fo r fourth -degree assault and crim inal 
m ischief. He was held a t the Mat-Su Pre-Trial Facility w ithou t ba il. $ {ILLUSTRATION : +
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In fobox

${COPYRIGHT: +

Copyright (c) 2005, Anchorage Daily News}

http: nl.newsbank coin nl-scarch/wcvA*chives?p action=doc&p <Joci(J=I0805F2D7ABE... 3/13/2005



ADNSearch.com Police Scanner Page 4 o f  4

http, nl newsbank.com nl-search we Archives'/p action=doc&p docid=10805F2D7ABE.. 3 13 2005



Child ren o f Substance-Abusing Paren ts
January- 1999 
Funded by:

The Edna McConnell Clark Foundation 
PRIMER1CA Financial Services, Inc.
Samuel M. Sorcf and Helene K. Soref Foundation

Board o f  Directors  
Joseph A .  Califano, Jr.
Chairman and President of CASA 
Kenneth I .C henault
President, Chief Operating Officer and Director, American Fxpicss Company 
James Dirnon 
Mary Fisher
Founder of Family AIDS Network. Inc.
Douglas A. Fraser
Professor of Labor Studies at Wayne State University (former President of United 
Auto Workers)
Leo-Arthur Kelmenson
Chairman of the Board of Bozell Worldwide, Inc.
Donald R. Rcough
Chairman of the Board of Allen and Company Incorporated (former President of 
Tlic Coca-Cola Company)
David A. Kessler, M.D.
Dean of Yale University School of Medicine 
LaSalle I). Leffall, Jr., M.D., F.A.C.S.
Charles R. Drew Professor of Surgery, Howard University Hospital 
(Past President of the American Cancer Society and Past President of the 
American College of Surgeons)
Manuel T. Pacheco,  Ph.D.
President of The University of Missouri 
Joseph J. Plumeri, II
Chairman and CEO. Primerica Financial Services 
Nancy Reaganv nFormer First Lady 
E. John Rosenwald, Jr.
Vice Chairman of The Bear Stearns Companies Inc.
George Rupp, Ph.D.
President of Columbia University
Michael P. Schulhof
Michael A. Wiener
F o u n d i n g  D i r e c t o r s  
Jam es E. B urke (1992-1997)



welfare of the nation's children. 1 remember discussing this project with Mrs. 
Helene Soref in Florida in 1996 and I regret that she did not live to see this 
product of her generosity and concern for children.
Jeanne Reid, M.P.A., a distinguished CASA senior research associate, was the 
principal investigator for this effort and she has done a typically brilliant and 
thoughtful job. Throughout the effort, she was most ably assisted by Peggy 
Macchetto, J.D. David Man, Ph.D., CASA's librarian, and library assistant Amy 
Milligan were a big help. Marcia Lee. M.P.P., my Special Assistant, edited the 
manuscript. Herbert Kleber, M.D., Executive Vice President and Medical 
Director, William Foster, Ph.D., Senior Vice President and Chief Operating 
Officer, Susan Foster, M.S.W., Vice President and Director of Policy Research 
and Analysis, Patrick Johnsor Ph.D., Deputy Director of Medical Research and 
Practice Policy, Lawrence Murray, M.S.W., Senior Program Associate, and 1 
reviewed the report. Jane Carlson, as usual, handled the administrative chores with 
efficiency and good spirit.
The Advisory Board, a distinguished group of experts, were invaluable in guiding 
this effort and reviewed a draft of this report. But responsibility for the analysis 
and findings sits with CASA.
I. Introduction and Executive Summary
The number of children in America who are abused or neglected has more than 
doubled from
1.4 million in 1986 to about 3.0 million in 1997.J As child welfare officials have 
responded by focusing on investigating a flood of new cases, chronic child abuse 
and neglect has surged and the number of children dying while under the watch of 
the nation's child welfare system has risen. Without a concerted effort to assess 
and treat substance abuse, the tragic consequences for the nation's children will 
continue to accumulate.
This report is a comprehensive analysis of the deep and complex connection 
between substance abuse and child maltreatment. It exposes how child welfare 
agencies and family court* systems struggle lo handle the critical decision of child 
custody when a parent is a drug or alcohol abuser, and it recommends substantial 
changes in practice to safeguard our nation's children. The most significant 
findings of our two-year analysis are:

• Substance abuse and addiction severely compromise or destroy the ability
of parents to provide a safe and nurturing home for a child.

• Substance abuse and addiction confound the child welfare system's ability
to protect children.

• Timely and comprehensive treatment can work for substance-abusing 
parents, and such treatment is cost effective.



• Only a major overhaul of the child welfare system and dramatic changes in 
child welfare practice can make real progress against this formidable 
problem.

• In this report, "maltrcatmcnf means abuse and/or neglect of a child. Abuse includes both physical and sexual abuse 
unless otherw ise stated. Neglect includes abandonment, expulsion, delay or refusal of healthcare, inadequate 
supervision, inadequate nutrition (starvation), emotional neglect (such as witness to chronic/extremc spouse abuse) and 
other omissions of proper care.
t In this report, "family court" includes any court thai hears cases involving child abuse and/or neglect. In some states 
or counties, these courts are referred to as juvenile courts or dependency courts._________________________________________
"It's s ca ry . It's  s c a r y  to  n o t  h a v e  y o u r  m om  there , to h a v e  to  w o r r y  w h e re  y o u 'r e  g o n n a  

g e l y o u r  nex t m e a l a n d  w h o 's  g o n n a  c h a n g e  y o u r  d ia p e r ,  w h o 's  g o n n a  fe e d  y o u  a n d  

w ho 's g o n n a  p u t  y o u  to  b e d  at n ig h t. D a d  t r ie d  to  s ta b  h im s e lf  w hen  h e  w as d r in k in g  a n d  

h ig h  on  d ru g s . It w a s  r ig h t  in  f r o n t  o f  me. I  w a s  s ca re d . "2

_________________________________________________________ — Melissa, age 14
As pan of this two-year analysis, CASA conducted a targeted, national survey of 
professionals who work in child welfare agencies or family courts to learn their 
perceptions of the extent of the substance abuse problem, how they decide who 
will care for the children in cases involving substance abuse and the changes that 
they believe would benefit the nation's children. The key findings:

• Three of four (71.6 percent) cite substance abuse as one of the top three 
causes for the dramatic rise in child maltreatment since 1986, followed by 
better reporting of child maltreatment (35.4 percent) and poverty
(31.8 percent).

• Most survey respondents ( 7 9 . 6  percent) report that substance abuse causes 
or contributes to at least half of all eases of child maltreatment; 39.7 percent 
say it is a factor in over 75 percent of the cases.

■ Almost all survey respondents (S1.6 percent) say that parents who abuse or 
neglect their children most commonly abuse a combination of alcohol and 
drugs; 7.7 percent cite alcohol alone.

• Overall, S9.3 percent of all respondents recognize alcohol as a leading 
substance of abuse among parents.

• 45.8 percent of all respondents say that cases of illegal drugs involve crack.
One in five (20.5 percent) respondents say that cases of illegal drugs 
involve marijuana.

• Three of four survey respondents (75.7 percent) say that children of 
substance-abusing parents are likelier to enter foster care, and 73.0 percent 
say that children of substance- abusing parents stay longer in foster carc 
than do other children.

• Almost half (42 percent) of all case workers say either they are not required 
to record the presence of substance abuse when investigating child 
maltreatment or do not know whether they are required to do so.

• 61.3 percent of respondents say that what treatment is "available" 
determines what treatment is "appropriate" for the parent.



• Only 5.8 percent of survey respondents say that there is no wait for parents 
who need residential substance abuse treatment. Only 26.0 percent say that 
there is no wait for outpatient treatment.

• Respondents overwhelmingly (85.8 percent) name lack of motivation as the 
number one barrier to getting parents into substance abuse treatment, 
followed by lack of residential treatment (53.0 percent), lack of insurance 
coverage for treatment (50.7 percent), lack of outpatient treatment (35.4 
percent ) and lack of child care (28.5 percent). It is not possible to determine 
from the survey how much the perceived lack of motivation is influenced 
by these other barriers.

• A copy of the questionnaire and a description of the survey methodology appear in Appendices A and B. A total of 
3,486 surveys were distributed; 915 responses were recorded The overall response rate ts 26.4 percent
In addition to the survey, CASA reviewed more than 800 technical articles, books 
and reports covering medical, social science, legal and substance abuse literature 
relevant to child maltreatment when parents arc abusing alcohol and drugs. We 
interviewed numerous caseworkers, judges and other professionals. We conducted 
six case studies to identify promising innovations in the field to address substance 
abuse among parents who abuse or neglect their children and reviewed numerous 
other innovations. Together, the CASA survey, literature review and case studies
provide the foundation for the following key findings._____________________________
It's a w fu l in  the lo n g  run ... W hen y o u  g ro w  u p  y o u  h a v e  to  d e a l w ith  a  lo t  m o re  

p ro b le m s , 'cause  w hen  y o u 'r e  lit t le  y o u  d o n 't  r e a l iz e  e v e ry th in g  th a t's  h a p p e n in g , a n d  

vo u  t ty  to u n d e rs ta n d  a n d  y o u  don 't. A n d  them w hen  y o u  g e t  o ld e r, it 's  s o  h a r d  to th in k  

th a t y o u r  m om  w o u ld  d o  th a t  to you . I  m ean  s h e ' l l  t e l l  y o u  th a t sh e  lo v e s  y o u  a n d  th a t  

sh e  'II h e lp  y o u  in  a n y  w ay sh e  can  - -  bu t sh e  doesn 't. She  tr ie s , bu t sh e  c a n 't;  the d ru g s  

fu s t ta ke  o ve r. A n d . I  d on 't know , it 's  ju s t  h a rd . I t 's  r e a l ly  h a r d

__________________________________________________________— Brandy, age 16
Substance abuse and addiction are the primary causes of the dramatic rise in 
child abuse and neglect and an immeasurable increase in the complexity of 
cases since the mid-1980s. In both CASA's survey and other research, child 
welfare and family court officials report that substance abusc-alcohol, crack 
cocaine and other drug use—is responsible for the dramatic rise in cases. Children 
whose parents abuse drugs and alcohol are almost three limes (2.7) likelier to be 
abused and more than four times (4.2) likelier to be neglected than children of 
parents w ho are not substance abusers.4 Substance abuse and addiction is almost 
guaranteed to lead to neglect of children.5 Further fueling the number of cases, the 
rate of repeated abuse or neglect appears to be increasingly driven by alcohol and 
drug addiction."
* A description of the case study methodology appears in Appendix C,
Crack cocaine was responsible for at least the initial spike in the caseload. While 
new crack use appears to have subsided nationally in the 1990s, the child welfare 
caseload has held steady. In some areas, child welfare officials report no decline in 
crack use by parents. A judge in Washington, D.C. reported that, "The crack





SB 74 - Findings and Authority

(1). marijuana has been for many years and continues to be the most 
commonly used illegal controlled substance in the United States.

• Tab “C”: LEGALIZATION OF MARIJUANA: POTENTIAL IMPACT 
ON YOUTH, AMERICAN ACADEMY OF PEDIATRICS, "Marijuana is 
the illicit substance most commonly abused by adolescents”

• Tab “D”: RESPIRA TOR Y EFFECTS OF MARIJUANA AND TOBA CCO 
USE IN A US SAMPLE, "Marijuana smoking remains the second most 
widely smoked substance in the US with conservative estimates 
indicating that more than II million people smoked marijuana during 
the last month and approximately 20% o f these smoke almost daily. "

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

• Tab “C” (Behaviorial Health) and Tab “D” (Public Health)

• Tab “C” LEGALIZA TION OF MARIJUANA: POTENTIAL IMPACT ON 
YOUTH, AMERICAN ACADEMY OF PEDIATRICS, TECHNICAL 
REPORT, 2004 "Scientists h ave  d e m o n s t r a t e d  that  the e m o t io n a l  
stress  c a u s e d  by w i th d r a w a l  from  m a r i ju a n a  is l inked  to 
c o r t ic o tro p in -r e lea s in g  factor ,  the  s a m e  bra in  c h e m ic a l  that  has  
been l inked  to anxiety and  stress  d u r in g  op ia te ,  a l coh o l ,  a n d  c o c a in e  
w i t h d r a w a l ” . O th e rs  report  that  t e t r a h y d r o c a n n a b i n o l ,  the  ac t ive  
in g r e d ie n t  in m a r i ju a n a ,  s t im u la te s  re lease  o f  d o p a m i n e  in the  
m e s o l im b ic  area o f  the  bra in ,  the  s a m e  n e u r o c h e m ic a l  p r o c e s s  that  
re in forces  d e p e n d e n c e  on o th er  a d d ic t iv e  d r u g s .”

• Tab “C” ALASKA ST A TE PLAN FOR DRUG ABUSE PREVENTION,
FY 77 (57 marijuana treatment admissions in FY 75) compared to an 
average o f about 420 a year now) SAMHSA Treatment admissions data 
set. On average in 2000, 2001, 2002. 2003 there were about 20 heroin 
admissions a year.



(3). in addition to concerns about marijuana use generally, the legislature is 
particularly concerned with rates of use bv voung people and Alaska 
Natives which exceed national averages.

• Tab “E” 2003 ALASKA YOUTH RISK BEHA VIOR SUR VEY RESUL TS, 
(13.1% o f Alaska students reporting use before age 13 vs. national 
figures o f 9.9%); (Alaska native students 69.7% ever tried marijuana, 
35.5% current users: All Alaska students 47.5% ever tried marijuana, 
24% current users vs. 41% and 22.4% nationally); (In a survey o f pre­
school parents in two rural Alaska villages, rates o f use were three times 
as high as the national average).

• Addendum. In another survey o f rural Alaskans admitted to treatment 
facilities, 17.9% o f male Alaska Natives were found to have a marijuana 
disorder; Average age o f first use for American Indian /Alaska Native 
population group has slipped down to 14 years old. (vs. 16 for Alaska as 
a state)

(4). earlv exposure of children to marijuana increases the likelihood of 
lifelong health and social problems, and makes it more likely that the 
person will go on to use more potent illegal controlled substances.

• Tabs “C” and “D”

• Tab “C’\ Table 5.1b, marijuana treatment admissions for youth aged 12- 
17 made up 63% of all treatment admissions in 2003.

• Tab "C" INITIATION OF MARIJUANA USE: TRENDS. PATTERNS. 
AND IMPLICATIONS. 2002, Joe Gfroerer, SAMHSA, (Early initiation 
o f marijuana use was associated with a greater risk o f other drug use 
behaviors at age 26 or older, such as heroin use, cocaine use, etc., and 
with a greater risk o f illicit drug dependence or abuse al age 26 or 
older) (6.3% percent o f those initiating marijuana use at age 14 or 
younger were recent heavy users o f other illicit drugs in comparison 
with the less than 1 percent o f adults who had never used marijuana 
that reported heavy use o f other illicit drugs).

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



• Tab “A”, OFFICE OF NATIONAL DRUG CONTROL POLICY, 
ANCHORAGE, ALASKA, PROFILE OF DRUG INDICATORS, 69.2%

(6). marijuana use by children is associated with an increased risk of 
attempting suicide.

• Tab “C”, ADOLESCENT DEPRESSION AND SUICIDE RISK. 
ASSOCIA TION WITH SEX AND DRUG BEHA VIOR, (Youth engaging 
in risk behaviors such as marijuana use are at increased odds for 
depression, suicidal ideation, and suicide attempts)

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

• Tab “A”, Tab “C’\ and Tab “D”

• LEGALIZATION OF MARIJUANA: POTEK1AI IMPACT ON 
YOUTH, AMERICAN ACADEMY OF PEDIATRICS, TECHNICAL 
REPORT. 2004, "Some o f the significant neuropharmocologic, 
cognitive, behavioral, and somatic consequences o f acute and long-term 
marijuana use are well known and include negative effects on short­
term memory, concentration, attention span, motivation, and problem 
solving, which dearly interfere with learning, adverse effects on 
coordination, judgment, reaction time, and tracking ability which 
contribute substantially to unintentional deaths and injuries among 
adolescents, and negative health effects with repeated use similar to 
effects seen with smoking tobacco.



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

• Tab “ D” , and Addendum. BRITISH LUNG FOUNDA TION, A 
SMOKING GUN

(9). potency of marijuana ...

• Tab “A” - Mississippi Monitoring Project Graphs and Charts

(10). treatment admissions ...

• Tab “C” - Treatment admissions data from SAMHSA.

(11). Alaska ranks in ton 10 for indoor growing states...

• Tab “A” - DEA Domestic Cannabis Eradication/Suppression Program 
Statistical Reports.

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

• Tab “A” and Tap “B”

(13). marijuana use by a parent has been, and will continue to be. a major 
contributing factor to children having e^sv access to and using 
marijuana.

• Tab “C” - State of Alaska Adolescent Health Survey, 1990 (Children in 
homes where parents used marijuana frequently were more likely than 
children in homes where parents did not use marijuana frequently to use 
themselves. (22.6% vs. 5%); Among youth perceiving parents would 
strongly disapprove of using marijuana only 5.4% had used marijuana 
in the past month vs. 28.7% in homes where the youth believed that 
their parents would only somewhat disapprove or neither approve or 
disapprove of their trying marijuana.



(14). criminal penalties /or marijuana possession and education efforts are 
effective in reducing marijuana use and limiting its access by 
children.

• Addendum.
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Drug Impaired Driving

D i d  y o u  k n o w ?

• If you are in the 5- to 24-year-old age group, you have a 
much greater chance of dying in a motor vehicle crash 
than dying from homicide, suicide, a fall, cancer, or heart 
disease.

• The Bureau of the Census estimates that there were 
more than 22 million young people ages 15 to 20 in the 
United States in 1996. The number of licensed drivers in 
this age group was estimated at just under 12 million. By 
the year 2005 the youth population is expected to have 
increased by almost 14 percent.

• There is a Presidential Initiative that establishes zero 
tolerance for drugs when possessed, used, or abused 
by youth.

• Alcohol, marijuana, cocaine, and inhalants are drugs 
commonly abused by youth.

• Research shows that marijuana is harmful to the brain, 
heart, lungs, and immune system. It limits learning, 
memory, perception, judgment, and complex motor skills 
like those needed to drive a vehicle.

• People under the influence of cocaine become easily 
confused and lose the ability to concentrate or to think 
clearly for any length of time.

• Inhalants can cause damage to the heart, kidneys, liver, 
brain, and other organs, depending on the types of 
inhalants used.

• Alcohol and other drugs create a serious highway safety 
problem among the general driving population. The 
National Highway Traffic Safety Administration (NHTSA) 
estimates that drugs are used by approximately 10 to 22 
percent of drivers involved in crashes, often in 
combination with alcohol.

• In a 1990-91 NHTSA study 
of 1,882 fatally injured

http:/A vw w .nhtsa.dot.gov/people/outreacV safesobr/15qp/w eb/iddrug.htinl 3/10/2005
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drivers from 7 states, alcohol was found in 51.5 percent 
of the drivers, and other drugs were found in 17.8 
percent of the drivers.

• Studies of drivers injured in crashes or cited for traffic 
violations also show that many of those drivers have 
used drugs. In an ongoing NHTSA study of non-fatally 
injured drivers in Rochester, New York, 12 percent of all 
drivers tested positive for drugs other than alcohol (43 of 
360 cases), and 23.5 percent of drivers less than 21 
years old tested positive for drugs other than alcohol (4 
of 17 cases). Stud'es of drivers taken for medical 
treatment have shown positive drug rates ranging from 
below 10 percent to as high as 30 to 40 percent. Studies 
of drug incidence among drivers arrested for motor 
ve'-icle offenses have found drugs in 15 to 50 percent of 
drivers. The higher rates typically are more prevalent 
among drivers who have been arrested for impaired or 
reckless driving but who were not impaired by alcohol, 
as shown by low blood alcohol concentration (BAC) 
levels.

Self-reported information confirms that teenagers use 
marijuana in driving situations. PRIDE’S 9th Annual Survey of 
Students, an annual self-administered questionnaire given to 
students in grades 6 through 12, sampled 129,560 students in 
26 states during the 1995 16 school year. Twelfth grade 
students who reported that they smoke marijuana in a car 
equaled 20 percent; 16.3 percent drink beer in a car; 12.5 
percent drink liquor in a car; and 9.5 percent drink wine 
coolers in a car. When all senior high school students were 
asked if and where they use marijuana, they reported: 23.9 
percent at a friend’s house, 15.9 percent in a car, 11.6 percent 
at home, 6.5 percent at school, and 19.5 percent in other 
places.

The evidence from nationally recognized surveys clearly and 
consistently indicates that drug use by youth is well below the 
peak levels attained in the late 1970’s, but it has risen steadily 
in the 1990's.

Have you thought about this?
It is illegal in all states to drive a motor vehicle under the 
influence of alcohol, drugs other than alcohol, or a 
combination of alcohol and other drugs.

The Drug Evaluation and Classification (DEC) Program trains

httn://www.nhtsa.dot.eov/neonle/outreach/safesobr/15an/web/iddrue.html 3/10/2005
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law enforcement officers in advanced impaired driving 
detection techniques to remove drug impaired drivers from the 
highway.

The DEC process is a systematic, standardized, posl-arrest 
procedure used to determine whether a suspect is impaired 
by one or more categories of drugs. It is a systematic process 
because it is based on a variety of observable signs and 
symptoms proven to be reliable indicators of drug impairment.

Officers who have completed the extensive DEC training 
program are certified as Drug Recognition Experts (DRE's). 
DRE's learn to observe a suspect’s appearance, behavior, 
performance of psychological tests, eye movements in 
different lighting conditions, and vital signs to ascertain what 
category or categories of drugs are causing the impairment.

Thirty-two states using the DEC Program have officers trained 
to remove drug impaired drivers. Information about drug 
impaired driving cases and training are available for 
prosecutors and judges.

Following are some examples of DRE’s effectiveness in 
removing young drivers who were impaired by drugs:

• In 1995, 8 percent of the evaluations conducted in New 
Mexico were on arrestees under age 21 (the state does 
not routinely test for marijuana).

• In a study of 500 DRE cases in Arizona, 10.4 percent of 
arrestees were under age 21.

• In 1996, Maine reported 27.6 percent of the DRE 
evaluations conducted were on subjects under age 21.

• In the fir:t 5 months of 1996, New York State Police 
data indicate that 29.8 percent of DRE evaluations were 
under age 21.

• In the first 9 months of 1996, Oregon State Police 
reported that 14.6 percent of the evaluations were 
conducted on subjects under age 21.

Take action:
• Evaluate the effectiveness of your state laws that 

prevent youth from possessing and using alcohol and 
other drugs.

h ttn 7 /w w w  n h tsa  Hnt o n v /n e n n le /n n trp a r .h /sa fp sn h r /l S n n /w eh /iH rln m  h tm l • v i n / 7 0 0 4;
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Provide materials that convey practical information 
about drugs, the health risks of drug use, how drugs 
impede safe driving, and the driving sanctions for drug 
impaired driving and other drug law violation''

Implement an intervention program for drug impaired 
drivers that incorporates assessment, drug education, 
counseling, and other treatment as needed.

Contact your State Highway Safety Office or NHTSA to 
obtain additional information on drug impaired driving.

U f f n * / / n n i n i r  n U f p n  A r \  ♦ n r t i » / n o A n l o  I  r\ \ i f r o o ^ U  / n o  1 C n r \ / n  / i r l r l n i r r  l i f m l



A N  O P E N  L E T T E R  T O  P A R E N T S :

HERE'S WHAT THE EXPERTS SAY 
ABOUT MARIJUANA AND TEENS.
■ 'M arijuana is not a benign drug. Use im pairs learning and ju d g m e n t, and may lead to  the 
developm en t o f  m ental health problem s.*

A m e r ic a n  M e d ic a l  A s s o c ia t io n

■ 'S m o k in g  m arijuana can Injure or destroy lung tissue. Ir. fact, m arijuana sm ok e  con ta in s  
5 0  to 7 0  percent more o f som e cancer causing chem icals than d o es  tob acco  sm o k e .’
- A m e r ic a n  L u n g  A s so c ia t io n

■ "Teens who are h igh on  marijuana are less able to  m ake safe, sm att d ec is io n s  ab ou t se.x- 
in c lu d in g  saying no. Teens who have used m arijuana are four tim es m ore lik e ly  to  have been  
pregnant or go tten  som eone pregnant than teens w'ho havent."

N a t io n a l  C a m p a ig n  to P re v e n t Teen P regnan cy

■ "M arijuana can im pair perception and reaction tim e, p u ttin g  you n g  drivers, their  p assen ­
gers and others on the road in danger. Teens, the h igh est risk d riv ing  p o p u la tio n , sh ou ld  
avoid anyth in g  that m ight Impair their ab ility  to operate a v eh icle  safely.*
- A m e r ic a n  A u to m o b ile  A s so c ia t io n

■ ‘ M arijuana use may trigger panic attacks, paranoia, and even p sych oses, esp ec ia lly  if  you  
are suffering from  anxiety, depression or ha ring th in k in g  problem s.*
• A m e r ic a n  P s y c h ia t r ic  A s so c ia t io n

■ 'M arijuana can im pair concen tration  and the ab ility  to retain in fo rm a tio n  during  a teen's 
peak learning years.’

N a t io n a l  E d u c a t io n  A s so c ia t io n

■" R ecent research has indicated  that for som e people there is a correla tion  b etw een  frequent 
m arijuana use and aggressive or v io len t behavior T h is  sh ou ld  be a con cern  to  parents, 
com m u n ity  leaders, and to all Am ericans.*
- T he  N a t io n a l  C r im e  P re v e n t io n  C o u n c i l

And. according to the N ational In stitu te  on D rug Abuse m arijuana can be a d d ic tiv e  In fact, 
more teens are in treatm ent w ith  a primary d iagn osis of m arijuana d ep en d en ce  than for al) 
other illic it  drugs com bined .

Teens say their parents are the single m ost im p ortant in flu en ce  when it co m es to drugs. 
Know their friends. Ask them  where they are go in g  and w hen they  will be h o m e. Take tim e  
to listen . Talk to your teens about m arijuana,

P A R E N T S .
t H t  A N T j . D R U G .
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Utah has the lowest rate of past month use of illicit drugs in the nation, as well as the 
lowest rale for binge drinking, the Substance Abuse and Mental Health Services Administration 
(SAMHSA) revealed today. Alaska has the highest rate of illegal drug use, while North Dakota 
has the highest rate for binging on alcohol.

The data are from “State Estimates of Substance Use from the 2002-2003 National 
Surveys on Drug Use and Health” SAMHSA combined two years of data from the annual 
National Survey on Drug Use and Health to enhance the precision of estimates for Ihe less 
populous states. The report estimate., state rates of use of illegal drugs, binge drinking, serious 
mental illness and tobacco use.

“State-by-state data is a powerful lool for policymakers at the federal, state and local 
levels to identify needs and target prevention and treatment resources. While we as a nation arc 
making overall progress in reducing illicit clri t  ise among youth, it is clear from the findings 
that illicit drug, alcohol and tobacco use vary substantially among states and regions,” SAMI ISA 
Administrator Charles Curie said. “To help continue to build on the gams wc have made,
SAMI ISA announced last year a total of S230 million over five years to implement its Strategic 
Prevention Framework in 19 States and two territories to advance community-based programs 
for substance abuse prevention, mental health promotion and mental illness prevention. More 
awards are expected this year."

Estimates of past month use of any illicit drug ranged from a low of 6.3 percent in Utah 
to a high of 12.0 percent in Alaska for all persons ages 12 and older. Other states with high past 
month use of any illicit dn g include Colorado, Montana, Oregon, Nevada, New Mexico. New 
Hampshire, Rhode Island, Vermont and the District of Columbia.

Utah had the lowest rate in the nation for binge alcohol use in tlic past month among all 
persons ages 12 or older, 15.9 percent. Binge alcohol use is defined as drinking five or more 
drinks on the same occasion on at least one day in the 30 days prior to the survey. North Dakota 
had the highest rate, 31.4. Colorado, Montana, South Dakota, Nebraska, Minnesota, Iowa, 
Wisconsin, Massachusetts and Rhode Island also had high rales of binge drinking.

'J Substance Abuse and Mental Health Services Administration

The report estimates that Tennessee has the lowest rale of past year dependence on or 
abuse of alcohol, 6.0 percent. The highest rate of alcohol dependencc^rabtt5C3 ^ itih?$ 3?vnv in

http://www.samhsa.gov
http://WWW.SAMHSA.GOV


North Dakota. The District of Columbia had the highest rate of past year illicit drug dependence 
or abuse, 4.0 percent. This compares with Kansas and Iowa, which had the lowest rate of 
dependence or abuse. 2.5 percent.

New Mexico had the highest percentage of persons ages 12 or older needing treatment for 
an illicit drug use problem, but not receiving it. 3.5 percent. Montana, Nebraska, New Mexico, 
and South Dakota all ranked in the top fifth of states for all three age groups for needing but not 
receiving treatment for an alcohol problem.

For specific drugs, Tennessee had the lowest rate, 7.4 percent, for marijuana use among 
those ages 12 and older in the past year, while Alaska had the highest rate, 16.7 percent. This~ 
compares lo the national rate of 10.8 percent for marijuana use in the past year. For current use -  
use in the past month—Utah had the lowest rate, 4.0 percent of the population ages 12 and older, 
while New Hampshire had the highest rate, 10.2 percent. The national current use rate for 
marijuana was 6.2 percent.

The highest rate of past year cocaine use among persons ages 12 or older was found in 
Colorado, 3.9 percent. The lowest rate was found in Idaho, 1.6 percent. Arizona and Colorado 
were the only two states that ranked in the top fifth for all three age groups, 12-17, 18 to 25 and 
26 or older.

Kentucky had Ihe highest rate of past month tobacco use among persons ages 12 or older, 
39.8 percent. Utah had the lowest rate, 19.7 percent.

Rhode Island had the highest rate of serious mental illness among persons aecs 18 or 
older, 11 percent, while Hawaii had the lowest rate in the nation at 7.2 percent.

The report is available on the web at www o a s . s a m h s a  uov

SAM HSA, is a public licallh agency within ihe Department o f  Health and Human Sendees. The agency is 
responsible for improving the accountability, capacity and effectiveness o f  the nation's substance abuse prevention, 
addictions, treatment and mental health sendee delivery system
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P U B L IS H E R  A B S T R A C T  A B  O b j e c t iv e .  T o  e n u m e r a t e  d r o w n in g  f a t a l i t ie s  in A la s k a  in o r d e r  to  
id e n t if y  r isk  f a c t o r s  a n d  a r e a s  fo r  in te r v e n t io n . M e th o d s .  In fo r m a tio n  fr o m  d e a th  c e r t i f ic a te s ,  
s t a t e  t r o o p e r s '  r e p o r t s ,  a n d  m e d ic a l  e x a m in e r  r e p o r t s  w e r e  a b s t r a c t e d  a n d  a n a ly z e d .  R a te s  
w e r e  c a l c u l a t e d  u s i n g  1 9 9 0  c e n s u s  f ig u r e s  a s  d e n o m in a t o r  d a ta .  R e s u l t s .  T h e r e  w e r e  5 4 2  
d r o w n in g  f a t a l i t ie s  in  A la s k a  fo r  t h e  y e a r s  1 9 8 8  t o  1 9 9 2 . T h e  2 0 -2 9  a g e  g r o u p  h a d  th e  
h ig h e s t  f r e q u e n c y  a n d  r a te  o f  d r o w n in g s .  T h e  in c id e n c e  r a te  fo r  t h e  s t a t e  w a s  2 0  d r o w n in g s  
p e r  1 0 0 ,0 0 0  p o p u la t io n  p e r  y e a r , a lm o s t  10  t im e s  h ig h e r  th a n  t h e  o v e r a ll  U .S . r a te  o f  2 .1 1  p e r
1 0 0 .0 0 0  p e r  y e a r .  I n c id e n c e  r a t e s  w e r e  h ig h e s t  a m o n g  a d o l e s c e n t  m a le s  (1 0 -1 9 ) , y o u n g  a d u lt  
m a le s  (2 0 -2 9 ) ,  A la s k a  N a t iv e s ,  a n d  rural r e s id e n t s .  A la s k a  N ath  a m a le s ,  a g e s  3 0 -3 9  a v e r a g e d  
1 5 9  d r o w n i n g s  p e r  1 0 0 ,0 0 0  p e r  y e a r ,  t h e  h ig h e s t  d r o w n in g  r a ta ., in  th e  s t a t e .  C o n c lu s io n s .  
D r o w n in g  i s  a  m a jo r  p u b l ic  h e a lt h  c o n c e r n  in A la s k a . P e o p le  w h o  f is h  c o m m e r c ia l ly  a n d  
y o u n g  N a t iv e  m a le s  a r e  g r o u p s  a t n ig h  r isk  fo r  d r o w n in g . I n te r v e n tio n  e f f o r t s  s h o u ld  b e  c o n ­
c e n t r a te d  o n  t h e s e  t w o  p o p u la t io n s .

Drowning is the second leading cause of injury death in Alaska.(FNI) In the United 
States as a whole, drowning ranks fourth among unintentional injury deaths after motor 
vehicle-related deaths, poisonings, and falls, based on data from the National Center 
for Health Statistics. Drowning is the second leading cause of injury death among chil­
dren and young adults ages 1 to 24 years.(FN2)

Alaska has the highest drowning rate of any state. During the years 1984 to 1990, 
the United States had an age-adjusted drowning rate of 2.11 per 100,000 population 
per year, while Alaska experienced an age-adjusted rate of 11.03 per 100,000 per 
year, more than five times higher than the national rate.(FN2) A previous study of 
causes of death in Alaska for 1980-1989 found an average drowning rate of 22 per
100.000 per year.(FNI) For this same time period, drowning was the leading cause of 
injury death among Alaska Natives, with an age-adjusted drowning rate of 51.9 per
100.000 per year.(FNI) Additionally, for the years 1990 to 1992, drowning was the 
leading cause of occupational fatalities in Alaska, according to statistics maintained by 
the Alaska Field Station of the National Institute for Occupational Safety and Health.

Despite these high rates and the potential to learn about a serious national problem 
by studying the worst-case state, there has not been a comprehensive drowning study 
for the state of Alaska since 1979. In 1993, the Alaska Area Native Health Service of 
the Indian Health Service and the Alaska Field Station, Division of Safety Research, 
National Institute for Occupational Safety and Health, undertook a collaborative study 
to enumerate drowning fatalities in Alaska. The goal of the study was to identify poten­
tial risk factors and possible interventions.

Alaska encompasses 586,412 square miles, is twice the size of Texas, and has 
more coastline than the rest of the continental United States combined— 6640 miles, 
including islands. However, the state ranks 47th among the 50 states in total road 
miles. Alaska has more than 3000 rivers and three million lakes, but only 13.485 miles 
of roads. Only five of the state's urban centers are connected by road.(FN3) Alaskans, 
especially in the outlying communities, use rivers and coastal waterways as highways 
both in the summer (by boat) and winter (as ice roads) for travel, commercial pur­
poses, subsistence (including hunting, wood gathering, and berry picking), and recre­
ation.
M E T H O D S

Drowning fatalities weie identified by reviewing death certificates for the state of 
Alaska for the years 1988 through 1992. Demographic data, cause of death (including
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E-code when available), and circumstances surrounding the incident (including location, 
activity, use of safety equipment) were recorded from certificates that cited drowning, 
immersion injury, or hypothermia with immersion as a cause of death.

To validate the resultant drowning database, we compared it with a computer listing 
obtained from the Alaska Bureau of Vital Statistics. The listing was sorted according 
to the following International Classification of Diseases (ICD) External Cause Codes 
(E-codes):

E 830 accident to watercraft causing submersion [for example, injury resulting from 
vessel overturning, sinking, or burning]

E 832 other accidental submersion or drowning in water transport accidents
E 910 accidental drowning and submersion
E 954 suicide by submersion [drowning]
E °54 assault by submersion [drowning]
E 984 submersion [drowning], undetermined whether accidentally or purposely 

inflicted.
We also compared our drowning database for 1988-1992 with the Alaska Occupa­

tional Injury Surveillance System (AOISS) database that records occupational fatalities 
occurring in the state. AOISS collects information from a variety of agencies, including 
the United States Coast Guard, the state of Alaska’s Department of Epidemiology, and 
the Bureau of Vital Statistics. AOISS includes data from 1990 on, so only the years 
1990, 1991, and 1992 coula be validated. Forty-four percent (108) of the occupational 
fatalities recorded in AOISS for the years 1990 to 1992 were drownings or presumptive 
drownings.

After the data were abstracted, the fatalities were classified by geographic location, 
whether the injury occurred while working, occupation of those injured at work, and 
activity at time of incident. Fatality rates were calculated by age group, racial catego­
ries, and gender. Denominators for the incidence rates were based on the 1990 Alaska 
population.(FN4) Medical examiners’ and public safety officers’ reports were used to 
assess use of personal flotation devices (PFDs) and toxicologic evidence of alcohol or 
drug consumption.
R E S U L T S

A total of 542 fatal drownings occurred in Alaskan waters from 1988 through 1992. 
Of these, 60% occurred during the months of May through September, while 221 
(40%) occurred from October through April. The frequency of drownings varied by age 
and sex (see Figure 1), with the highest frequency and the highest rate in the 20-29 
age group. This group accounted for 168 (31%) of the total drownings, equivalent to 
a rate of 35.5 drownings per 100,000 per year. The 30-39 age group also had 168 
drownings (31% of the total), representing a rate of 28.6 drownings per 100,000 per 
year. During the five-year period, there were 497 male drowning victims (92%) and 45 
females (8%). The greatest number of victims, 148 (27%) were fishing commercially 
when they drowned: 124 (23%) were using boats for nonrecreational purposes, and 38 
(7%) deaths were attributed to falls from docks (Figure 2).

For the five-year period, we calculated the average annual drowning rate for the 
state as 20 per 100,000 population per year. Of the victims, 335 (62%) were white, 
186 (34%) were Alaskan Native, and 21 (4%) were neither white nor Alaska Native. 
The drowning rate for Alaska Natives was 43 per 100,000 per year. The combined rate 
for all non-Natives was 15 per 100,000 per year.

Alaska Native males (78 per 100,000 per year) and females (8 per 100,000 per 
year) had fatal drowning rates almost three times those for non-Native males (27 per
100,000 per year) and non-Native females (2 per 100,000 per year) (Figure 3). Alaska
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Native males ages 10 to 19 had a drowning rate of 74 per 100,000 per year, those 
ages 20 to 29 had a rate of 140 per 100,000 per year, and those in the 30 to 39 age 
group had a rate of 159 per 100,000 per year.

Of the drowning victims, 326 (60%) drowned in salt water and 199 (37%) drowned 
in fresh inland waters. The other 3% drowned in bathtubs and hot tubs. Thirty-eight 
percent of the drownings were work-related, 72% of these among commercial fishing 
industry workers.

Information on PFD use was available on fewer than 10% of the death certificates. 
Medical examiner and state trooper reports were requested for all of the drownings. 
These ieports contained information on PFD use and on alcohol and drug involvement. 
Of the 542 total drownings detected by our surveillance, 349 drownings were not pre­
sumptive; a body was recovered and a medical examiner's report should have been 
filed. Of these, 186 medical examiner reports were located, with all of these victims 
having been tested for alcohol: 113 (61%) had detectable blood alcohol. In 94 (51%) 
of these people the level was above 100 milligrams per deciliter (mg/dl). Alcohol testing 
was completed on 54% of the Alaska Native victims and on 53% of the non-Native 
victims. Of the 100 Alaska Native decedents tested. 49 (49%) had detectable blood 
alcohol levels of more than 100 mg/dl for the 86 non-Natives tested, 41 (52%) had a 
blood alcohol level of more than 100 mg/dl. In addition, 162 victims were tested for 
illicit drugs: 18 (11%) victims had detectable cannaboids, one victim had detectable 
cocaine metabolites, one had detectable amphetamine metabolites, and another had 
detectable opiate and cannaboid metabolites. Thirteen (8%) victims had both detectable 
alcohol and one of the drug metabolites.

We divided the drowning incidents into census boroughs and calculated the drown­
ing rate for each borough. The geographic region with the highest drowning rate was 
the Lake-peninsula Borough in Southwest Alaska that includes the villages of llliamna, 
Nondalton, and Chignik. The drowning rate for this area was 160 per 100,000 per year. 
The Aleutians East Borough had a rate of 110 per 100,000 per year, and the 
Dillingham Borough and the Aleutians West Borough each had a rate of 90 per
100,000 per year.

In validating the drowning database with the AOISS database, we detected seven 
(1%) additional presumptive drownings that were unaccounted for in the death certifi­
cate database. We notified the Alaska Bureau of Vital Statistics of these missing certifi­
cates, and the missing cases were added to our drowning database for analysis.
D IS C U S S IO N

The incidence of drowning is extremely high among Alaska Natives residing in rural 
areas and among Alaskan commercial fishing workers, likely reflecting the very high 
exposure to water hazards in these populations.

For the study period, the Alaskan drowning rate was approximately ten times the 
national incidence rate of 2.11 drownings per 100,000 population per year, and the 
Alaska Native population had a rate 20 times higher than the national rate.(FNI) The 
drowning rate of Alaska Native males was three times as high as the combined rate 
for non-Native males. The rate ratio of Alaska Native males (78.1 per 100,000 per 
year) to non-Native males (26.7 per 100,000 per year) was 2.9:1. Alaska Native males 
of all ages had very high rates: the rate of the 30-39 age group was 35 times higher 
than the national average, for the 20-29 group it was 66 times higher, and for the 
10-19 group it was 75 times higher.

To combat drownings in rural native villages, the Alaska Area Native Health Service 
has developed programs in which flotation coats are sold at or below cost. There are 
currently seven active floatcoat sales programs located in hub communities across the



Jennifer M. Lincoln; Ron Perkins; Freddie Metton; George A. Conway: Drowning In 4

state. More than 3500 floatcoats were sold in the first three years (1991 to 1993) of 
the program. The Yukon/Kuskokwim Health Corporation in southwest Alaska has been 
the most active of the seven programs, accounting for rm re than 70% of the floatcoat 
sales. From October 1992 to September 1993, at least 16 people in this region 
attested that their floatcoats saved their lives.(FN5)

Blood alcohol concentration (BAC) studies in decedents must be regarded with 
some caution. Blood alcohol levels in corpses can be exaggerated by alcohol produced 
by the decomposition process. One study showed a difference of 18% in those testing 
positive for alcohol depending on length of time in the water 29% positive BACs 
among victims who had been submerged six hours or less and 47% positive BACs 
among victims who had been submerged up to 12 hours.(FN6) Whether parallel differ­
ences would be observed in arctic and subarctic conditions and cold waters is 
unknown because fermentation is a temperature-dependent process.

The problem of alcohol interacting with cold water hazards to cause drowning is by 
no means limited to Alaska. A review of 36 studies on drownings from 1947 to 1986 
found that 21% to 47% of those who drowned had positive BACs.(FN7) There are 
several reasons to suspect alcohol as a contributing factor in drownings. Alcohol may 
hamper the ability to avoid dangerous circumstances. The warm sensation that alcohol 
creates may make some victims misjudge their heat loss, resulting in hypothermia. The 
risk for caloric labyrinthitis, an inner ear disturbance that disorients the swimmer, may 
be increased by intoxication.(FN6) Alcohol may also affect sober people since they 
may drown as a result of an intoxicated person's actions.

Commercial fishing contributes significantly to the national and regional economies. 
In 1989, the United States harvested one-fifth the world’s total of fish. Alaska accounts 
for nearly 50% by volume and almost 40% by value of the total U.S. harvest. In the 
1980s, Alaska's largest private employer was the fishing industry.(FN8)

U.S. Coast Guard casualty data show that the west coast of the United States 
accounted for the greatest share of total vessel losses and fatalities. Alaska ranked 
second in the nation in total vessel losses and fatalities.(FN8)

Strategies are currently being developed to reduce commercial fishing fatalities in 
Alaska by correcting instability problems, such as overloading, that cause vessels to 
sink or capsize and by using PFDs and "man overboard" alarms to prevent workers 
from drowning when falling overboard. It has been previously demonstrated that when 
fishers who drowned or were presumed to have drowned were compared with those 
who survived incidents in which at least one other fisher drowned, 63% of those 
wearing PFDs survived but only 12% of those not wearing PFDs survived.(FN9) 

Nationally, the hazards of commercial fishing have also captured the attention of 
Congress, which enacted the Commercial Fishing Industry Vessel Safety Act (CFIVSA, 
P.L. 100-424) of 1988. These safety measures were implemented between 1990 and 
1993. Two of the present authors analyzed U.S. Coast Guard statistics for Alaskan 
commercial fishing vessel casualties from 1991 to 1994.(FN10)

The number of vessel casualties (vessels lost) has remained relatively constant, as 
has the number of people on board (number at risk), while remarkable progress has 
been made in the case-fatality rate in these vessel casualties, which has dropped from 
24% in 1991 to 2% in 1994. This impressive progress in reducing mortality has 
occurred primarily by keeping seamen who have evacuated capsized or sinking vessels 
afloat and warm (using immersion suits and life rafts) and being able to locate them 
readily, via emergency position indicating radio beacons (EPIRB's) all of which are 
required by the CFIVSA.(FN10)

Some possible sources of error and limitations of our data are worth noting. Out-of- 
state deaths of Alaskan residents were not included in this sfudy. However, residents



Jennifer M. Lincoln; Ron Perkins; Freddie Melton; George A. Conway: Drowning In 5

of other states who drowned in Alaska, usually commercial fishing industry workers 
from out of state, were ir eluded. Since the denominators used to calculate rates were 
based on Alaskan 1990 census data, this inclusion could have resulted in artificially 
inflating drowning rates in the West Aleutian and East Aleutian districts, where most of 
these workers died. Death certificates reveal very little about circumstances surrounding 
the drownings.

Of the 542 people who died by drowning, 148 (27%) were commercially fishing at 
the time they drowned. Because most commercial fishing activities occur on salt water, 
more people drowned in salt water than in fresh water. Alaska Natives were most often 
using boats for transportation or subsistence or other non-recreational activities when 
they drowned. The National Institute for Occupational Safety and Health Alaska Fielo 
Station is focusing drowning prevention efforts on the commercial fishing industry—  
specifically on the acceptance and wearing of PFDs and the possible utility of man- 
overboard alarms. An ongc.ng surveillance system has been set up by the Alaska Field 
Station in collabora4'on with the Alaska Area Native Health Service and the Alaska 
Bureau of Vital Stai,sties to collect information on all drownings in Alaska regardless 
of occupational status This database is linked to the AOISS database mentioned 
above.

Drowning continues to be a major public health problem in the United States and 
particularly in Alaska. In Alaska, further surveillance and detailed investigation of fatal 
and nonfatal immersion events via hospital records and medical examiners’ and state 
troopers' reports are essential to increase information on risk factors such as alcohol 
and PFD usage. Studies focusing on specific geographic regions would permit more 
detailed analysis of the problem. Such information is critical for developing and target­
ing intervention e ^ r ts  to reduce drownings.
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Figure 1. Drownings by age and gender, Alaska, 1988-1992 (N=542)
Figure 2. Drownings by activity, Alaska, 1988-1992 (N=542)
Figure 3. Drowning rates for Alaska Natives and non-Natives by gender, Alaska, 
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3 .  T r e n d s  in  M a r i j u a n a  I n c i d e n c e

3 .1  I n t r o d u c t i o n

E s t im a te s  o f  m a r iju a n a  in c id e n c e ,  o r  t h e  n u m b e r  o f  n e w  m a r i ju a n a  u s e r s  d u r in g  a  g iv e n  y e a r ,  p r o v id e  a n  im p o r ta n t  m e a s u r e  o f  th e  N a t io n 's  

m a r iju a n a  u s e  p ro b le m . T h e y  c a n  s u g g e s t  e m e r g in g  p a t t e r n s  o f  u s e ,  g iv e  c lu e s  a b o u t  th e  c h a n g e s  in  th e  p r e v a le n c e  o f  u s e ,  id e n t ify  a t - r is k  s u b g r o u p s  

fo r  t a r g e t in g  p r e v e n t io n  p r o g r a m s ,  a n d  s u g g e s t  s u b s t a n c e  a b u s e  t r e a t m e n t  n e e d s  fo r  t h e  N a t io n .

T h is  c h a p t e r  p r e s e n ts  in c id e n c e  e s t im a t e s  o f  m a r i ju a n a  u s e  b a s e d  o n  d a ta  f ro m  t h e  1 9 9 9  a n d  2 0 0 0  N a t io n a l  H o u s e h o ld  S u r v e y s  o n  D r u g  A b u s e  

( N H S D A s ) .  T h e s e  in c id e n c e  e s t im a t e s  a r e  b a s e d  o n  th e  N H S D A  q u e s t io n s  o n  a g e  a t  f ir s t  u s e ,  y e a r  a n d  m o n th  o f  f ir s t  u s e  fo r  r e c e n t  in it ia t e s ,  th e  

r e s p o n d e n t 's  d a t e  o f  b ir th ,  a n d  th e  in t e r v ie w  d a te .  U s in g  th is  in fo r m a t io n ,  a lo n g  w ith  e d it in g  a n d  im p u ta t io n  w h e n  n e c e s s a r y ,  a n  e x a c t  y e a r ,  m o n th ,  

a n d  d a y  o f  f ir s t  u s e  w a s  d e t e r m in e d  fo r  e a c h  s u b s t a n c e  u s e d  b y  e a c h  r e s p o n d e n t .  B e c a u s e  t h e s e  d a ta  w e r e  c o l le c t e d  o n  a  r e t r o s p e c t iv e  b a s is ,  

in c id e n c e  e s t im a t e s  w e r e  a lw a y s  1 y e a r  b e h in d  th e  d a ta  o n  c u r r e n t  u s e .  F o r  a g e - s p e c i f i c  in c id e n c e  ra te s ,  th e  p e r io d  o f  e x p o s u r e  w a s  d e f in e d  fo r  e a c h  

r e s p o n d e n t  a n d  a g e  g r o u p  fo r  th e  t im e  th a t  a r e s p o n d e n t  w a s  in  a n  a g e  g r o u p  d u r in g  a  c a le n d a r  y e a r .

T h e  a v e r a g e  a g e  o f  n e w  u s e r s  in  e a c h  y e a r  a ls o  w a s  e s t im a t e d .  T h e s e  r a te s  a r e  p r e s e n t e d  in  th is  r e p o r t  a s  th e  n u m b e r  o f  n e w  m a r i ju a n a  u s e r s  p e r  

1 ,0 0 0  p o te n t ia l  n e w  u s e r s  b e c a u s e  th e y  in d ic a te  th e  r a te  o f  n e w  u s e  a m o n g  p e r s o n s  w h o  h a d  n o t  y e t  u s e d  th e  d ru g  ( i .e . ,  p o te n t ia l  n e w  u s e r s ) .  M o r e  
p re c is e ly ,  t h e  r a t e s  a r e  a c t u a l ly  t h e  n u m b e r  o f  n e w  u s e r s  p e r  1 ,0 0 0  p e r s o n  y e a r s  o f  e x p o s u r e .  T h e  n u m e r a t o r  o f  e a c h  r a te  is  t h e  n u m b e r  o f  p e r s o n s  

in th e  a g e  g r o u p  w h o  f ir s t  u s e d  th e  d ru g  In th e  y e a r .  T h e  d e n o m in a t o r  is  th e  p e r s o n  t im e  e x p o s u r e  m e a s u r e d  in  t h o u s a n d s  o f  y e a r s .  E a c h  p e r s o n 's  
e x p o s u r e  t im e  e n d s  o n  th e  d a t e  o f  f ir s t  u s e .  F o r  a g e - s p e c if ic  e s t im a t e s ,  e x p o s u r e  is  l im it e d  to  th e  t im e  d u r in g  th e  y e a r  th a t  th e  p e r s o n  w a s  in  th a t  

a g e  g r o u p .  P e r s o n s  w h o  f ir s t  u s e d  th e  d r u g  in  a  p r io r  y e a r  h a d  z e r o  e x p o s u r e  to  f ir s t  u s e  in  th e  c u r r e n t  y e a r ,  a n d  p e r s o n s  w h o  s t ill  h a d  n e v e r  u s e d  th e  

d ru g  b y  th e  e n d  o f  t h e  c u r r e n t  y e a r  h a d  1 fu ll y e a r  o f  e x p o s u r e  to  th e  r is k .

B e c a u s e  t h e s e  in c id e n c e  e s t im a t e s  w e r e  b a s e d  o n  r e t r o s p e c t iv e  r e p o r t s ,  t h e y  w e r e  s u b je c t  to  s e v e r a l  b ia s e s ,  a s  d is c u s s e d  in  C h a p t e r  2 . It is  p o s s ib le  

th a t  s o m e  o f  t h e s e  b ia s e s ,  p a r t ic u la r ly  t e le s c o p in g  a n d  u n d e r r e p o r t in g  b e c a u s e  o f  f e a r  o f  d is c lo s u r e ,  m a y  a f fe c t  e s t im a t e s  fo r  t h e  m o s t  r e c e n t  y e a r s  

m o r e  s ig n if ic a n t ly .  H o w e v e r ,  fu r th e r  a n a ly s is  is  n e e d e d  to  u n d e r s t a n d  th e  m a g n it u d e  o f  t h e s e  b ia s e s .  In a d d it io n ,  th e  e s t im a t e s  in  th is  r e p o r t  w e r e  
b a s e d  o n  th e  n e w  CA1 d a t a ,  a n d  th e  e s t im a t io n  m e th o d o lo g y  fo r  t h e s e  e s t im a t e s  w a s  d if fe r e n t  f ro m  th a t  u s e d  in  N H S D A s  p r io r  to  1 9 9 9  ( i .e . ,  b a s e d  o n  

p a p e r - a n d - p e n c i l  in t e r v ie w in g  [P A P I|  m e th o d o lo g y ) .  T h e  r e v is e d  m e t h o d o lo g y  h a d  a n  im p a c t  o n  a g e - s p e c if ic  r a t e s  ( G f r o e r e r  e t a l. ,  in  p r e s s )  T h u s ,  

c o m p a r is o n s  w ith  p r io r  N H S D A  e s t im a t e s  s h o u ld  n o t b e  m a d e .

E s t im a te d  t r e n d s  a n d  in c id e n c e  r a te s  o f  m a r i ju a n a  u s e  r e p o r te d  in  th is  c h a p t e r  w e r e  b a s e d  o n  th e  c o m b in e d  s a m p le  o f 1 9 9 9  a n d  2 0 0 0  C A I  d a t a .

T h e s e  e s t im a t e s  a r e  p r e s e n te d  b y  th e  o v e r a l l  s a m p le ,  c o m b in e d  a g e  g r o u p s  a n d  g e n d e r  f e . g . ,  12 to  14 m a le ,  12 to  14 f e m a le ,  15 to  17  m a le ,  15 to  
17 fe m a le ,  18 to  2 0  m a le ,  18  to  2 0  fe m a le ,  21 o r  o ld e r  m a le ,  a n d  21  o r  o ld e r  f e m a le ) ,  a n d  r a c e / e th n ic it y  ( e .g . ,  w h ite ,  b la c k ,  H is p a n ic ,  A s ia n / P a c if ic  

I s la n d e r / N a t iv e  H a w a iia n ,  A m e r ic a n  I n d ia n / A la s k a  N a t iv e ,  a n d  p e r s o n s  r e p o r t in g  m o r e  th a n  o n e  ra c e ) .

nio://C:\DOCUMIf~l\RuaroR\LOCALS~l \Tcmp\6X2TR9HJ.htm 3/20/2005



Page 2 of 16

T a b le  3 .1  s u m m a r iz e s  th e  e s t im a te d  n u m b e r  o f  n e w  m a r iju a n a  u s e r s ,  m e a n  a g e  o f  f ir s t  u s e ,  a n d  a n n u a l  in c id e n c e  r a te s  f ro m  1 9 9 9  a n d  2 0 0 0  N H S D A  

d a ta .  A n  e s t im a t e d  2 .0  m ill io n  A m e r ic a n s  a g e d  12 o r  o ld e r  u s e d  m a r i ju a n a  f o r  th e  f ir s t  t im e  in 1 9 9 9 , w h ic h  w a s  fe w e r  th a n  t h e  e s t im a t e d  n u m b e r  o f  

n e w  u s e r s  in  1 9 9 8  ( a p p r o x im a te ly  2 .5  m ill io n  A m e r ic a n s ) ,  b u t  s t i ll  a b o v e  t h e  1 9 8 9  a n d  1 9 9 0  le v e ls  (1 .4  m ill io n  e a c h  y e a r ) .  F ig u r e  3 .1  s h o w s  th a t  t h e  

ra te  o f  m a r i ju a n a  in it ia t io n  in c r e a s e d  d u r in g  t h e  la te  1 9 6 0 s  a n d  e a r ly  1 9 7 0 s , w ith  a  p e a k  in  1 9 7 6  a n d  1 9 7 7  ( 2 1 .0  p e r  1 ,0 0 0  p o te n t ia l  n e w  u s e r s ) .  

A fte r  th a t  p e r io d ,  t h e  ra te  o f  n e w  m a r iju a n a  u s e  d e c r e a s e d  to  8 .5  in  1 9 9 0 , f o l lo w e d  b y  a n  in c r e a s e  to  1 6 .8  in 1 9 9 6 , t h e n  a d e c r e a s e  t o  1 3 .6  in  1 9 9 9 .  

T h e  m e a n  a g e  a t f ir s t  u s e  w a s  19  y e a r s  in  th e  e a r ly  1 9 7 0 s  a n d  d e c r e a s e d  to  17  y e a r s  in  th e  1 9 9 0 s .

|l)jckiotop*|

3.2 Trends in Marijuana Incidence

F i g u r e  3 .1  M a r i j u a n a  I n c i d e n c e  R a t e s ,  b y  Y e a r

Y e a i
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N o te :  T h e  n u m e r a t o r  o f  e a c h  r a t e  is  t h e  n u m b e r  o f  p e r s o n s  w h o  f ir s t  u s e d  m a r i ju a n a  in  th e  y e a r ,  w h ile  th e  d e n o m in a t o r  is  t h e  p e r s o n - t im e  e x p o s u r e  

m e a s u r e d  in  th o u s a n d s  o f  y e a r s  fo r  p e r s o n s  a g e d  12 o r  o ld e r .

* E s t im a t e d  u s in g  2 0 0 0  d a t a  o n ly .

S o u r c e :  S A M H S A ,  O f f ic e  o f  A p p lie d  S t u d ie s ,  N a t io n a l  H o u s e h o ld  S u r v e y  o n  D ru g  A b u s e ,  1 9 9 9  a n d  2 0 0 0 .

3 .3  T r e n d s ,  b y  A g e  a n d  G e n d e r

O v e r  th e  y e a r s ,  r a t e s  o f  m a r i ju a n a  in o d e n c e  w e r e  g e n e r a l ly  h ig h e r  a m o n g  m a le s  th a n  a m o r g  f e m a le s  ( T a b le s  3 .2  a n d  3 .3 ,  F ig u r e  3 .2 ) .  A m o n g  m a le s ,  
th e  r a te  in c r e a s e d  d r a m a t ic a l ly  f r o m  4 .9  in  1 9 6 5  to  2 2 .9  in 1 9 7 1 . T h e  h ig h e s t  p e a k  w a s  n o te d  in  1 9 7 6 - 1 9 7 7  ( c lo s e  to  2 4 ) .  A f t e r  th e  la te  1 9 7 0 s ,  

in c id e n c e  r a te s  fo r  m a le s  d e c l in e d  to  a r o u n d  1 0  in th e  la te  1 9 8 0 s , fo l lo w e d  b y  a p e r io d  o f  in c r e a s e  d u r in g  th e  1 9 9 0 s  to  1 9 .3  in  1 9 9 7 . F o r  fe m a le s ,  t h e  

in c id e n c e  r a te  in c r e a s e d  s t e a d i ly  f ro m  3 .3  in  1 9 6 5  to  1 8 .9  in  1 9 7 6 . S im ila r  t o  th e  p a t te r n  o f  m a le s ,  th e  ra te  w a s  lo w e r  d u r in g  th e  1 9 8 0 s , fo llo w e d  b y  

a n  in c r e a s e  d u r in g  th e  e a r ly  1 9 9 0 s .  T h e  m o s t  r e c e n t  p e a k  fo r  f e m a le s  w a s  in  1 9 9 6  (1 5  5). F o r  b o th  g e n d e r s ,  t h e  ra te  in  1 9 9 9  ( 1 5 .5  a n d  1 2 .1 ,  

r e s p e c t iv e ly ,  fo r  m a le s  a n d  f e m a le s )  w a s  lo w e r  th a n  t h e  ra te  in  1 9 9 6 - 1 9 9 8 .

T h e  e s t im a t e a  m e a n  a g e  a t  F irst m a r iju a n a  u s e  g e n e r a l ly  h a s  b e e n  s l ig h t ly  y o u n g e r  in  m a le s  th a n  in  fe m a le s .  F o r  m a le s ,  th e  m e a n  a g e  a t f ir s t  

m a r i ju a n a  u s e  r a n g e d  f r o m  1 8 -1 9  y e a r s  d u r in g  la te  1 9 6 0 s  to  1 6 -1 7  y e a r s  In r e c e n t  y e a r s .  F o r  fe m a le s ,  t h e  m e a n  a g e  a t  f ir s t  m a r iju a n a  u s e  d e c r e a s e d  

f r o m  2 0  y e a r s  d u r in g  la te  1 9 6 0 s  tc a r o u n d  17 y e a r s  in  r e c e n t  y e a r s .  T h e  a v e r a g e  a g e  o f  n e w  m a r iju a n a  u s e r s  in  1 9 9 9  w a s  1 6 .4  y e a r s  fo r  m a le s  a n d  

1 7 .6  y e a r s  fo r  fe m a le s .

D e ta i le d  d a t a  o n  a g e -  a n d  g e n d e r - s p e c if ic  in c id e n c e  r a te s  a r e  s u m m a r iz e d  in  T a b le  3 .4 .  T h e  d a ta  in d ic a te  th a t  t r e n d s  o f  in c id e n c e  r a te s  p e a k e d  at 
d if f e r e n t  p e r io d s  fo r  y o u t h s  a n d  a d u lt s .  A m o n g  y o u th s  a g e d  12  to  1 7 , a n n u a l in c id e n c e  r a t e s  r e a c h e d  p e a k s  d u r in g  th e  la te  1 9 7 0 s  a n d  la te  1 9 9 0 s , a n d  

th e  p a t t e r n  w a s  s im ila r  f o r  b o th  g e n d e r s .  A m o n g  a d u lt s ,  p a r t ic u la r ly  m a le s ,  a  p e a k  ra te  o f  in it ia t io n  w a s  r e a c h e d  d u r in g  th e  la t e  1 9 6 0 s , w ith  ra te s  
r e m a in in g  h ig h  th r o u g h o u t  th e  1 9 7 0 s , b e fo r e  d r o p p in g  s ig n if ic a n t ly  in  th e  1 9 8 0 s . In a d d it io n ,  a m o n g  a d u lt s  a g e d  21 o r  o ld e r ,  th e  d a ta  d id  n o t  s h o w  a  

p e a k  in  n e w  u s e  d u r in g  th e  la te  1 9 9 0 s , w h i le  p e r s o n s  a g e d  1 8  to  2 0  d id .

pack to top~q

F i g u r e  3 . 2  M a r i j u a n a  I n c i d e n c e  R a t e s ,  b y  G e n d e r  a n d  Y e a r
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Y e a r

M a le s  ± —  F e m a le s

N o te :  T h e  n u m e r a t o r  o f  e a c h  ra te  is  th e  n u m b e r  o f  p e r s o n s  w h o  f ir s t  u s e d  m a r i ju a n a  in  th e  y e a r ,  w h i le  th e  d e n o m in a t o r  is  th e  p e r s o n - t im e  e x p o s u r e  

m e a s u r e d  in  t h o u s a n d s  o f  y e a r s  fo r  p e r s o n s  a g e d  12 o r  o ld e r .

* E s t im a te d  u s in g  2 0 0 0  d a t a  o n ly .

S o u r c e :  S A M H S A ,  O f f ic e  o f  A p p l ie d  S t u d ie s ,  N a t io n a l H o u s e h o ld  S u r v e y  o n  D r u g  A b u s e ,  1 9 9 9  a n d  2 0 0 0 .

3 . 4  T r e n d s ,  b y  R a c e / E t h n i c i t y

T h e  t r e n d s  o f  m a r i ju a n a  in c id e n c e  a ls o  v a r ie d  a c r o s s  r a c ia l/ e t h n ic  g r o u p s  ( T a b le s  3 .5  to  3 .7 ) .  In  1 9 9 9 , a n  e s t im a t e d  1 .4  m ill io n  n e w  m a r iju a n a  u e rs  

w e r e  w h it e ;  t h e r e  w e r e  0 .2 5  m ill io n  b la c k  in it ia te s ,  0 .2 5  m ill io n  H is p a n ic  in it ia te s ,  0 .0 4  m ill io n  A s ia n  in it ia t e s  ( in c lu d in g  o t h e r  P a c if ic  I s la n d e r s  a n d  

N a t iv e  H a w a i ia n s ) ,  0 .0 3  m ill io n  A m e r ic a n  I n d ia n / A la s k a  N a t iv e  in it ia te s ,  a n d  0 .0 3  m ill io n  in it ia t e s  w h o  r e p o r te d  m o r e  th a n  o n e  ra c e .  E x c e p t  fo r  

A m e r ic a n  I n d ia n s / A la s k a  N a t iv e s ,  t h e  e s t im a te d  n u m b e r s  o f  n e w  u s e r s  w e r e  lo w e r  in  1 9 9 9  th a n  in 1 9 9 8 . In r e c e n t  y e a r s ,  A m e r ic a n  I n d ia n s / A la s k a  
N a t iv e s  a p p e a r e d  to  h a v e  a y o u n g e r  m e a n  a g e  o f  f ir s t  m a r i ju a n a  u s e  (1 4 .1  y e a r s  in 1 9 9 9 )  th a n  m e m b e r s  o f  o t h e r  r a c ia l/ e th n ic  g ro u p s .  In 1 9 9 9 , th e  

m e a n  a g e  o f  m a r i ju a n a  in it ia t io n  w a s  1 7 .2  y e a r s  f o r  w h it e s ,  a b o u t  1 6 .4  y e a r s  fo r  b la c k s  a n d  H is p a n ic s ,  1 8 .8  fo r  A s ia n s  ( in c lu d in g  o th e r  P a c if ic  

I s la n d e r s  a n d  N a t iv e  H a w a i ia n s ) ,  a n d  1 5 .8  we a rs  fo r  p e r s o n s  r e p o r t in g  m o r e  t h a n  o n e  ra c e .
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A m o n g  w h it e s ,  t h e  t r e n d  p a t t e r n  w a s  g e n e r a l ly  c o n s is t e n t  w ith  t h e  o v e r a l l  t r e n d  s e e n  in  T a b le  3 .1 .  P r o b a b ly  b e c a u s e  o f  s m a ll  s a m p le s ,  m o r e  v a r ia t io n  

w a s  n o te d  fo r  n o n - H is p a n ic  m in o r it y  g r o u p s  ( A m e r ic a n  I n d ia n s / A la s k a  N a t iv e s ,  A s ia n s / P a c if ic  I s la n d e r s / N a t iv e  H a w a i ia n s ,  a n d  p e r s o n s  r e p o r t in g  m o re  

th a n  o n e  ra c e )  a n d  f o r  y e a r s  b e fo r e  1 9 9 0 . I n c id e n c e  r a te s  b e tw e e n  1 9 9 0  a n d  1 9 9 9  f o r  th e  r a c ia l/ e th n ic  g r o u p in g s  a r e  d is p la y e d  in  F ig u r e  3 .3 .

A m o n g  b la c k s ,  th e  a n n u a l  in c id e n c e  ra te  ( p e r  1 ,0 0 0  p o te n t ia l  n e w  u s e r s )  in c r e a s e d  f r o m  8 .0  in  1 9 6 6  to  1 6 .7  in  1 9 6 8 ,  r e a c h e d  a  p e a k  a t  a b o u t  th e  

s a m e  t im e  a s  w h it e s  ( 1 9 .4  in  1 9 7 6 ) ,  th e n  r e m a in e d  h ig h  th r o u g h o u t  t h e  la te  1 9 7 0 s .  F o llo w in g  th e  lo w  r a te s  in  th e  1 9 8 0 s , r a te s  a m o n g  b la c k s  r o s e  

a g a in  in  th e  e a r ly  1 9 9 0 s ,  r e a c h e d  a  p e a k  in  1 9 9 7  a n d  1 9 9 8  ( 1 9 .2  a n d  1 9 .1 ,  r e s p e c t iv e ly ) ,  t h e n  d r o p p e d  to  1 4 .0  in  1 9 9 9 . S im ila r  t o  th e  g e n e r a l  

p a t te rn  fo r  w h it e s  a n d  b la c k s ,  H is p a n ic s '  a n n u a l in c id e n c e  ra te  r o s e  d u r in g  la te  1 9 7 0 s  a n d  1 9 9 0 s , w ith  a p e a k  in  1 9 9 8  ( 1 7 .8 )

A s ia n s  ( in c lu d in g  o t h e r  P a c if ic  I s la n d e r s  a n d  N a t iv e  H a w a iia n s )  t y p ic a l ly  h a d  lo w e r  a n n u a l  In c id e n c e  r a te s  t h a n  th e  o t h e r  r a c ia l/ e th n ic  g r o u p s .

H o w e v e r ,  th e  s a m p le  s iz e  d id  n o t  a l lo w  fo r  t h e  g e n e r a t io n  o f  r e l ia b le  e s t im a t e s  fo r  t r e n d  d a ta  p r io r  to  1 9 8 5 . A m o n g  r e c e n t  in it ia te s ,  r a t e s  o f  f ir s t  

m a r iju a n a  u s e  b y  r a c ia l/ e th n ic  g r o u p s  w e r e  g e n e r a l ly  lo w e r  in  1 9 9 9  th a n  in  1 9 9 8 ,  w ith  th e  e x c e p t io n  o f  A m e r ic a n  I n d ia n s / A la s k a  N a t iv e s .  E s t im a t e s  
fro m  T a b le  3 .7  s u g g e s t  a  h ig h e r  r a te  o f  n e w  m a r i ju a n a  u s e  in  r e c e n t  y e a r s  a m o n g  A m e r ic a n  I n d ia n s / A la s k a  N a t iv e s  a n d  a m o n g  p e r s o n s  r e p o r t in g  

m o re  th a n  o n e  ra c e .  T h e  a n n u a l  in c id e n c e  r a te  a m o n g  A m e r ic a n  I n d ia n s / A la s k a  N a t iv e s  w a s  2 1 .2  ( p e r  1 ,0 0 0 )  in  1 9 9 5  a n d  h a d  r is e n  o v e r  t h e s e  y e a r s  

to  a  r a te  o f  4 6 .5  in  1 9 9 9 .  S im ila r  to  t h e  r a te s  fo r  A m e r ic a n  I n d ia n s / A la s k a  N a t iv e s ,  in c id e n c e  r a te s  a m o n g  p e r s o n s  r e p o r t in g  m o r e  th a n  o n e  r a c e  w e re  

h ig h e r  th a n  a m o n g  o t h e r  r a c ia l/ e th n ic  g r o u p s  d u r in g  th e  1 9 9 0 s . T h e ir  in c id e n c e  ra te  r a n g e d  f r o m  2 6 .2  to  3 5 .4  b e tw e e n  1 9 9 5  a n d  1 9 9 9  c o m p a r e d  

w ith  a r a te  b e lo w  2 0 .0  a m o n g  w h ite s ,  b la c k s ,  H is p a .. ic s ,  a n d  A s ia n s / P a c if ic  I s la n d e r s / N a t iv e  H a w a iia n s .

|hack to top

F i g u r e  3 . 3  M a r i j u a n a  I n c i d e n c e  R a t e s ,  b y  R a c e / E t h n i c i t y  a n d  Y e a r
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W h i t e s  

B la c k s  

H is p a n ic s  

A s ia n s / P a c i f l c  I s la n d e r s / N a l iv t  H a w a i ia n s  

A m e r ic a n  I n d ia n s  o r  A la s k a  N a t i/ e s  

P e r s o n s  R e p o r t in g  M o r e  T h a n  O n e  R a c e

— I------------ 1------------- 1------------- 1------------- 1-------------1------------- 1------------- 1------------- 1------------- 1—
1 9 9 0  1 991 1 9 9 2  1 9 9 3  19 9 4  1 9 9 5  1 9 9 6  1 9 9 /  1 9 9 8  1 999*

Y e a r

N o te : T h e  n u m e r a to r  o f  e a c h  ra te  is  t h e  n u m b e r  o f  p e r s o n s  w h o  f ir s t  u s e d  m a r i ju a n a  in  th e  y e a r ,  w h i le  th e  d e n o m in a to r  is  th e  p e r s o n - t im e  e x p o s u r e  

m e a s u r e d  in t h o u s a n d s  o f  y e a r s  fo r  p e r s o n s  a g e d  12  o r  o ld e r .

* E s t im a te d  u s in g  2 0 0 0  d a ta  o n ly .

S o u r c e :  S A M H S A ,  O f f ic e  o f  A p p lie d  S t u d ie s ,  N a t io n a l  H o u s e h o ld  S u r v e y  o n  D ru g  A b u s e ,  1 9 9 9  a n d  2 0 0 0 .

|batk to top

I*
|Fi

a b l e  3 . 1  E s t i m a t e d  N u m b e r s  ( i n  T h o u s a n d s )  o f  P e r s o n s  W h o  F i r s t  U s e d  M a r i j u a n a  D u r i n g  t h e  Y e a r s  1 9 6 5  t o  1 9 9 9 ,  T h e i r  M e a n  A g e  a t  
i r s t  U s e ,  a n d  t h e  A n n u a l  I n c i d e n c e  R a t e s  o f  F i r s t  U s e  ( P e r  1 , 0 0 0  P e r s o n - Y e a r s  o f  E x p o s u r e ) ,  f o r  A l l  A g e s

Y e a r N u m b e r  o f  I n i t i a t e s  ( 1 , 0 0 0 s ) M e a n  A g e  a t  F i r s t  U s e I n c i d e n c e  R a t e s 1
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1 9 6 5 II 553 II 20.4 11 4.0
1 9 6 6 1 975 19.2 7.0
1 9 6 7 i r ~ 1,385 19.5 9.7
1 9 6 8 ) [— 1,738 r 19.4 12.0 I

1 9 6 9 r 2,123 ii ■■ 19.0 14.5
1 9 7 0 ir 2,51,2 n r 18.7 17.5
1 9 7 1 ( 2,789 ~i 18.7 18.7
1 9 7 2 L  . 2,819 18.8 18.8
1 9 7 3 II 2,854 ■ i 18.6 19.0
1 9 7 4 2,853 r 17.9 18.9
1 9 7 5 :l 2,874 ■ . ii. 18.3 19.0
1 9 7 6 r 3,184 18.5 | 21.0
1 9 7 7 3,163 i 18.3 20.9
1 9 7 8 i _ 2,967 . ~ i _  _ 18.1 19.5
1 9 7 9 2,859 ...... II: 18.1 18.7
1 9 8 0 2,522 T 19.2 16.4
1 9 8 1 1,867 17.9 12.0
1 9 8 2 .... 2,021 18.8 12.8
1 9 8 3 r 1,865 ] 18.2 11.7
1 9 8 4 2,012

■ ■— 1 " 1 —— —
18.3 12.4

1 9 8 5 1,865 18.1 11.4
1 9 8 6 1,753 1 17.6 10.6
1 9 8 7 1,588 r 17.6 9.5
1 9 8 8 1,550 r 17.4 9.2
1 9 8 9 1,447 i 17.7 8.7
1 9 9 0 1,407 * 18.3 8.5 I

1991 1,485 18.0 9.1
1 9 9 2 1,599 16.7 9.8
1 9 9 3 1,954 17.2 12.2
1 9 9 4 2,187 16.7 13.8
1 9 9 5 2,357 i 16.5 15.1
1 9 9 6 2,590 17.1 16.8 I
1 9 9 7 2,494 17.0 16.5 J
1 9 9 8 2,488 '' i 17.4 | 16.7

1 9 9 9 2 2,028 17.0 13.6r ~  .  . . .  . . , _ (
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1 T h e  n u m e r a t o r  o f  e a c h  r a te  is  t h e  n u m b e r  o f  p e r s o n s  w h o  f ir s t  u s e d  m a r i ju a n a  in  t h e  y e a r ,  w h ile  th e  d e n o m in a t o r  Is t h e  p e r s o n - t im e  e x p o s u r e  

m e a s u r e d  in  t h o u s a n d s  o f  y e a r s  fo r  p e r s o n s  a g e d  12  o r  o ld e r .

2 E s t im a t e d  u s in g  2 0 0 0  d a t a  o n ly .

S o u r c e :  S A M H S A ,  O f f ic e  o f  A p p lie d  S t u d ie s ,  N a t io n a l  H o u s e h o ld  S u r v e y  o n  D r u g  A b u s e ,  1 9 9 9  a n d  2 0 0 0 .

|badtio top*]

T a b le  3 . 2  E s t i m a t e d  A g e - G e n d e r  N u m b e r s  ( i n  T h o u s a n d s )  o f  P e r s o n s  W h o  F i r s t  U s e d  M a r i j u a n a  D u r in g  t h e  Y e a r s  1 9 6 5  t o  1 9 9 9

N u m b e r  o f  I n i t i a t e s  ( 1 , 0 0 0 s )

M a le s F e m a l e s M a le s F e m a l e s M a le s F e m a l e s M a le s F e m a l e s

Y e a r 1 2 - 1 4 1 2 - 1 4 1 5 - 1 7 1 5 - 1 7 1 8 - 2 0 1 8 - 2 0 2 1  + 2 1  +

1 9 6 5 4 1 * 114 3 6 72 8 4 7 0 9 8

1 9 6 6 6 4 * 1 5 9 8 6 2 7 1 1 2 9 1 42 102

1 9 6 7 1 1 3 54 2 0 0 9 8 3 1 2 1 4 9 3 1 4 132

1 9 6 8 9 8 38 2 4 8 1 0 9 5 5 2 1 9 5 2 9 3 184

1 9 6 9 1 1 5 78 3 7 2 2 1 6 4 8 8 2 6 1 2 6 6 2 9 1

1 9 7 0 1 9 7 187 4 3 5 3 2 8 4 9 6 2 7 9 3 3 3 3 0 3

1 9 7 1 2 6 6 2 1 0 4 0 5 2 8 3 4 8 6 3 2 0 3 5 8 3 9 5

1 9 7 2 2 6 4 148 4 9 6 4 5 3 4 1 4 3 0 8 3 8 5 3 2 6

1 9 7 3 2 6 1 2 2 5 5 6 5 3 8 5 3 6 5 3 2 0 3 5 3 3 0 6

1 9 7 4 2 4 5 2 7 1 5 8 4 4 6 8 3 2 9 3 0 1 2 5 3 3 0 7

1 9 7 5 3 0 9 2 7 5 4 6 9 4 9 3 3 3 9 2 7 0 2 3 5 4 0 4

1 9 7 6 2 1 3 2 0 8 6 6 5 6 0 3 4 1 4 3 1 7 3 0 3 4 2 0

1 9 7 7 2 9 2 2 7 2 6 3 3 5 5 9 3 9 6 3 0 9 2 9 1 3 5 4

1 9 7 8 2 6 3 2 2 1 6 9 1 5 4 2 3 1 7 3 4 1 2 3 0 2 9 6

1 9 7 9 2 8 7 2 3 7 6 2 7 5 2 2 3 6 2 3 0 0 1 7 6 2 7 4

1 9 8 0 1 8 4 1 6 5 4 8 6 5 3 1 2 1 5 2 9 7 2 4 9 3 1 2

1 9 8 1 1 5 6 144 3 5 7 3 8 3 2 1 2 2 0 3 1 2 0 2 2 1

1 9 8 2 1 8 9 132 3 8 5 3 9 1 2 5 4 2 1 5 1 5 4 2 5 8

1 9 8 3 1 8 2 152 3 9 4 3 2 9 197 1 7 2 2 4 1 128

1 9 8 4 2 3 7 1 7 6 3 8 2 3 8 5 2 0 9 2 0 7 1 6 0 2 * 5

1 9 8 5 1 8 4 1 5 5 3 7 0 3 7 1 2 3 2 194 2 0 4 1 1 8

1 9 8 6 1 5 5 134 3 6 1 3 8 2 2 1 2 1 8 3 1 5 9 1 1 8

1 9 8 7
r~ i

8 5
................  T

1 0 9 3 4 0
---  I

3 8 6
------------------------------r

2 5 0
--- - ' ■ 1

1 8 9
' 1

7 5
t

124
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1 9 8 8 1 3 2 8 0 ll 3 4 8 3 2 7 2 1 0 1 6 4 112 1 3 6

1 9 8 9 1 2 2 9 6 , 3 2 6 2 8 0 1 7 5 1 7 5 116 9 9

1 9 9 0 1 3 0 9 4 3 0 9 2 4 0 1 9 7 1 3 5 103 1 4 8

1 9 9 1 15*. 9 6 3 0 2 2 6 5 180 1 7 1 160 101

1 9 9 2 1 8 5 1 5 9 3 4 7 2 5 8 'I 2 2 2  "  ' 1 7 3 104 8 2

1 9 9 3 2 4 4 2 2 2 3 6 4 3 5 5 2 2 9 2 1 0 124 1 3 6

1 9 9 4 2 7 6 2 6 1 4 5 0 3 9 4 2 4 2 2 3 4 123 121

1 9 9 5 3 3 6 2 7 4 5 1 0 4 0 1 2 2 6 2 5 6 137 141

1 9 9 6 3 5 0 2 9 4 5 2 3 5 2 3 2 3 5 2 6 8 138 2 0 2

1 9 9 7 3 2 9 3 1 3 5 4 7 4 7 8 2 6 6 2 2 7 145 1 3 9

1 9 9 8 3 3 4 3 1 3 5 1 9 4 6 7 2 3 6 2 5 0 154 1 7 5

1 9 9 9 1 2 9 1 2 5 5 4 4 6 3 9 9 151 1 7 5 124 1 5 9

* L o w  p r e c i s io n ;  n o  e s t i m a t e  r e p o r t e d .

1 E s t im a te d  u s in g  2 0 0 0  d a t a  o n ly .

S o u r c e :  S A M H S A ,  O f f ic e  o f  A p p lie d  S t u d ie s ,  N a t io n a l  H o u s e h o ld  S u r v e y  o n  D r u g  A b u s e ,  1 9 9 9  a n d  2 0 0 0 .

|l)jckiotop*j

T a b le  3 . 3  E s t i m a t e d  N u m b e r s  ( i n  T h o u s a n d s )  o f  P e r s o n s  W h o  F i r s t  U s e d  M a r i j u a n a  D u r in g  t h e  Y e a r s  1 9 6 5  t o  1 9 9 9 ,  T h e i r  M e a n  A g e  a t  

F i r s t  U s e ,  a n d  t h e  A n n u a l  I n c i d e n c e  R a t e s  o f  F i r s t  U s e  ( P e r  1 , 0 0 0  P e r s o n - Y e a r s  o f  E x p o s u r e ) ,  b y  G e n d e r

N u m b e r  o f  I n i t i a t e s  

( 1 , 0 0 0 s ) M e a n  A g e  a t  F i r s t  U s e I n c i d e n c e  R a t e s 1

Y e a r M a le s F e m a l e s M a le s F e m a l e s M a le s F e m a l e s

1 9 6 5 3 1 5 2 3 9 1 8 .1 2 3 .4 4 .9 3 .3

1 9 6 6 6 4 2 3 3 3 1 8 .8 1 9 .9 9 .8 4 .5

1 9 6 7 9 5 2 4 3 3 1 9 .1 2 0 .4 1 4 .4 5 .7

1 9 6 8 1 ,2 1 2 5 2 7 1 9 .0 2 0 .1 18 .1 6 .8

1 9 6 9 1 ,2 6 4 8 5 9 1 8 .6 1 9 .5 1 8 .7 1 0 .9

1 9 7 0 1 ,4 7 9 1 ,1 1 2 1 8 .6 1 9 .0 2 1 .7 1 3 .9

1 9 7 1 1 ,5 7 0 1 ,2 1 8 1 8 .4 1 9 .0 2 2 .9 1 5 .1

1 9 7 2 1 ,5 6 0 1 ,2 5 8 1 9 .2 1 8 .3 2 2 .7 1 5 .5

1 9 7 3
r  -,i

1 ,5 8 7
1

1 ,2 6 7
i

1 8 .6 1 8 . b
-----

2 3 .1
i

1 5 .5
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1 9 7 4 1 ,4 9 3 1 ,3 6 0 1 7 .7 i| 1 8 .1 2 1 .7 1 6 .6

1 9 7 5 1 ,4 0 5 1 ,4 6 9 1 7 .7 1 8 .9 2 0 .4 1 7 .8

1 9 7 6 1 ,6 2 5 1 ,5 5 9 1 8 .2 1 8 .8 2 3 .6 1 8 .9

1 9 7 7 1 ,6 4 7 1 ,5 1 7 1 8 .0 1 8 .5 2 3 .9 1 8 .4

1 9 7 8 1 ,5 5 6 1 ,4 1 1 1 7 .6 1 8 .7 2 2 .5 1 7 .0

1 9 7 9 1 ,5 0 7 1 ,3 5 2 1 7 .5 1 8 .7 2 1 .7 1 6 .2

1 9 8 0 1 ,1 8 7 1 ,3 3 5 1 9 .0 1 9 .4 1 7 .0 1 5 .9

1 9 8 1 8 9 6 971 1 7 .2 1 8 .6 1 2 .6 1 1 .4

1 9 8 2 1 ,0 1 4 1 ,0 0 7 1 7 .9 1 9 .7 1 4 .1 1 1 .7

1 9 8 3 1 ,0 4 9 8 1 5 1 8 .9 1 7 .4 1 4 .4 9 .4

1 9 8 4 1 ,0 2 0 9 9 2 | 1 8 .3 1 8 .2 1 3 .8 1 1 .3

1 9 8 5 1 ,0 2 1 8 4 4 1 8 .2 1 7 .9 1 3 .6 9 .5

1 9 8 6 9 2 5 8 2 8 1 7 .8 1 7 .4 1 2 .1 9 .2

1 9 8 7 7 7 3 8 1 5 1 7 .3 1 7 .9 1 0 .0 9 .0

1 9 8 8 8 3 4 7 1 6 1 7 .1 1 7 .9 1 0 .8 7 .9

1 9 8 9 7 8 7 6 6 0 | 1 7 .5 1 7 .8 1 0 .3 7 .3

1 9 9 0 7 7 4 6 3 3 1 7 .5 1 9 .4 1 0 .2 7.1

1 9 9 1 8 3 7 6 4 8 1 8 .1 1 7 .8 1 1 .2 7 .3

1 9 9 2 9 0 9 6 9 0 1 6 .6 1 6 .8 1 2 .3 7 .8

1 9 9 3 1 ,0 0 9 9 4 5 1 6 .8 1 7 .6 1 3 .8 1 0 .8

1 9 9 4 1 ,1 5 2 1 ,0 3 5 1 6 .7 1 6 .8 1 6 .0 1 1 .9

1 9 9 5 1 ,2 5 4 1 ,1 0 3 1 6 .4 1 6 .7 1 7 .7 1 2 .9

1 9 9 6 1 ,2 8 4 1 ,3 0 6 1 6 .4 1 7 .7 1 8 .5 1 5 .5

1 9 9 7 1 ,3 1 8 1 ,1 7 6 1 7 .0 1 6 .9 1 9 .3 14 .1

1 9 9 8 1 ,2 6 8 1 ,2 2 0 1 7 .6 1 7 .2 1 8 .9 1 4 .9

1 9 9 9 2 1 ,0 3 4 9 9 3 1 6 .4 1 7 .6 1 5 .5 1 2 .1

1 T h e  n u m e r a to r  o f  e a c h  r a te  is  t h e  n u m b e r  o f p e r s o n s  w h o  f ir s t  u s e d  m a r i ju a n a  in  t h e  y e a r ,  w h i le  th e  d e n o m in a t o r  is  t h e  p e r s o n - t im e  e x p o s u r e  

m e a s u r e d  in  th o u s a n d s  o f  y e a r s .

E s t im a t e d  u s in g  2 0 0 0  d a t a  o n ly .

S o u r c e :  S A M H S A ,  O f f ic e  o f  A p p lie d  S t u d ie s ,  N a t io n a l H o u s e h o ld  S u r v e y  o n  D r u g  A b u s e ,  1 9 9 9  a n d  2 0 0 0 .

|liack to to p i)
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T a b le  3 . 4  E s t i m a t e d  A n n u a l  A g e - G e n d e r  S p e c i f i c  I n c i d e n c e  R a t e s  o f  F i r s t  U s e  ( P e r  1 , 0 0 0  P e r s o n - Y e a r s  o f  E x p o s u r e )  o f  P e r s o n s  W h o  

F i r s t  U s e d  M a r i j u a n a  D u r in g  t h e  Y e a r s  1 9 6 5  t o  1 9 9 9  __  ________

Y e a r

A g e - G e n d e r  S p e c i f i c  I n c i d e n c e  R a t e s 1

M a le s
1 2 - 1 4

F e m a l e s

1 2 - 1 4

M a le s

1 5 - 1 7

F e m a l e s

1 5 - 1 7

M a le s

1 8 - 2 0

F e m a l e s

1 8 - 2 0

M a le s  

2 1  +
F e m a l e s  

2 1  +

1 9 6 5 7 .2 * 2 1 .5 5 .9 1 8 .2 1 6 .0 3 .0 3 .4

1 9 6 6 1 1 .1 ' * "  ' ' 3 0 .5 1 4 .7 6 0 .9 2 2 .3 5 .8 3 .3

1 9 6 7 1 9 .7 8 .8 3 7 .7 1 7 .2 6 8 .0 2 4 .0 1 2 .4 4 .1

1 9 6 8 1 7 .1 6 .1 4 6 .9 1 8 .8 1 2 5 .6 3 4 .0 1 1 .0 5 .4

1 9 6 9 1 9 .1 1 1 .9 7 1 .2 3 7 .4 1 2 1 .7 4 9 .1 9 .6 8 .2

1 9 7 0 3 0 .9 2 8 .6 8 6 .4 5 7 .5 1 2 4 .6 5 4 .8 1 1 .6 8 .2

1 9 7 1 4 1 .3 3 2 .3 8 3 .0 4 8 .9 1 2 5 .5 6 4 .1 1 2 .2 1 0 .3

1 9 7 2 4 3 .6 2 2 .5 9 9 .5 7 7 .0 1 0 8 .3 6 4 .5 1 2 .8 8 .2

1 9 7 3 4 3 .9 3 3 .5 1 1 0 .6 6 8 .0 9 8 .2 6 8 .3 1 1 .4 7 .5

1 9 7 4 4 0 .0 4 2 .0 1 1 8 .6 8 4 .6 8 9 .7 6 4 .1 8 .0 7 .3

1 9 7 5 4 8 .3 4 4  4 9 9 .4 8 8 .5 9 3 .2 5 8 .2 7 .2 9 .4

1 9 7 6 3 4 .1 3 4 .0 • 4 2 .5 1 0 9 .6 1 1 4 .5 7 1 .3 9 .1 9 .5

1 9 7 7 4 9 .9 4 4 .5 1 3 1 .6 1 0 8 .3 1 1 7 .5 7 2 .6 8 .5 7 .8

1 9 7 8 4 8 .4 3 7 .6 1 4 1 .2 1 1 0 .5 1 0 0 .0 8 1 .3 6 .6 6 .4

1 9 7 9 5 7 .0 4 1 .6 1 3 3 .2 1 0 6 .3 1 1 4 .3 7 3 .7 4 .9 5 .8

1 9 8 0 3 7 .2 2 9 .9 1 1 0 .3 1 0 9 .1 6 6 .0 7 8 .0 6 .8 6 .5

1 9 8 1 3 0 .9 2 6 .2 8 2 .9 7 9 .7 6 0 .3 5^ .4 3 .2 4 .5

1 9 8 2 3 6 .3 2 3 .7 9 3 .4 8 3 .0 7 2 .3 5 7 .6 4 .0 5 .2

1 9 8 3 3 4 .5 2 6 .9 9 6 .2 6 9 .6 5 8 .4 4 4 .9 6 .2 2 .5

1 9 8 4 4 6 .5 3 1 .4 9 0 .7 8 2 .2 6 3 .5 5 3 .3 4 .0 4 .1

1 9 8 5 3 8 .1 2 8 .8 8 5 .8 7 9 .2 7 3 .7 5 0 .5 5 .0 2 .2

1 9 8 6 3 3 .4 2 6 .5 8 3 .6 8 0 .6 6 7 .2 4 7 .5 3 .8 2 .2

1 9 8 7 1 8 .5 2 2 .0 8 0 .8 8 1 .6 7 6 .0 5 0 .0 1 .8 2 .2

1 9 8 8 2 9 .0 1 6 .7 8 5 .9 7 1 .4 6 2 .2 4 3 .0 2 .6 2 .4

1 9 8 9 2 6 .3 1 9 .6 8 2 .9 6 4 .3 5 1 .7 4 5 .3 2 .6 1 .7

1 9 9 0 2 7 .2 1 9 .1 7 9 .7 5 5 .3 5 8 .6 3 4 .5 2 .3 2 .5

1 9 9 1 3 1 .5 1 8 .6 7 7 .3 6 2 .2 5 6 .5 4 4 .3 3 .5 1 .7

1 9 9 2 3 6 .1 2 9 .3 8 8 .3 5 9 .6 7 0 .9 4 6 .6 2 .2 1 .4

1 9 9 3 4 5 .6 3 9 .6 9 0 .5 8 2 .5 7 5 .2 5 7 .4 2 .6 2 .2

1 9 9 4 4 9 .6 4 6 .8 1 1 2 .7 8 9 .1 8 0 .5 6 7 .3 2 .5 1 .9

1 9 9 5 6 1 .2 4 9 .9 1 2 6 .8 9 0 .3 7 6 .9 7 4 .6 2 .8 2 .2
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1 9 9 6  || 6 5 .1  i| 5 5 .0 | 1 2 7 .0 1 1 7 .8 8 0 .5  | 8 0 .4 2 .8 3 .1

1 9 9 7  | 6 0 .2  f  5 9 .2 1 3 0 .5 1 1 0 .3 9 4 .0  | 6 7 .7 2 .8 2 .1

1 9 9 8  I f  5 9 .9  | 5 8 .8 1 2 7 .4  l| 1 1 1 .5 8 3 .9  | 7 5 .2 3 .0 2 .6

19992 5 1 .3  4 8 .1 1 1 2 .2 9 7 .9 5 3 .0  5 2 .1 2 .3 2 .4

* Low p r e c is io n ;  n o  e s t im a t e  r e p o r te d .
1 T h e  n u m e r a t o r  o f  e a c h  r a te  is  th e  n u m b e r  o f  p e r s o n s  w h o  f ir s t  u s e d  m a r i ju a n a  in  t h e  y e a r ,  w h ile  t h e  d e n o m in a t o r  is  th e  p e r s o n - t im e  e x p o s u r e
m e a s u r e d  in  t h o u s a n d s  o f  y e a r s .

2 E s t im a t e d  u s in g  2 0 0 0  d a ta  o n ly .

S o u r c e :  S A M H S A ,  O f f ic e  o f  A p p lie d  S tu d ie s ,  N a t io n a l  H o u s e h o ld  S u r v e y  o n  D ru g  A b u s e ,  1 9 9 9  a n d  2 0 0 0 .

jback to top~H

T a b le  3 . 5  E s t i m a t e d  N u m b e r s  ( i n  T h o u s a n d s )  o f  P e r s o n s  W h o  F i r s t  U s e d  M a r i j u a n a  D u r in g  t h e  Y e a r s  1 9 6 5  t o  1 9 9 9 ,  b y  R a c i a l / E t h n i c  
S u b g r o u p s

Y e a r

N u m b e r  o f  I n i t i a t e s  ( 1 , 0 0 0 s )

W h i t e B la c k H i s p a n i c

A s i a n  /  P a c i f i c  

I s l a n d e r  /  N a t i v e  

H a w a i i a n

A m e r i c a n  

I n d ia n  /  

A l a s k a  N a t iv e

M o r e  T h a n  

O n e  R a c e

1 9 6 5 4 2 7 * * * * *

1 9 6 6 8 0 4 113 *
* * *

1 9 6 7 1 ,1 8 0 128 4 9 * * *

1 9 6 8 1 ,4 1 7 2 4 6 6 2 * * *

1 9 6 9 1 ,8 3 4 175 6 3 * ♦ 4

1 9 7 0 2 ,2 6 4 180 73 3 8 * 21

1 9 7 1 2 ,3 1 3 2 2 8 1 7 7 ♦ 14 4

1 9 7 2 2 ,4 1 3 2 4 4 111 12 2 2 17

1 9 7 3 2 ,4 4 2  | 2 6 0 91 *
*

1 9 7 4 2 ,3 4 3 2 5 6 2 1 3 12 ♦ 19

' 1 9 7 5
2 ,3 7 7 2 9 6 171 12 ♦ ♦

1 9 7 6 2 ,6 1 5 3 1 7 172 1 31 ♦

1 9 7 7 2 ,6 0 8 2 7 7 163 74 4c
J 2 8

1 9 7 8 2 ,3 7 0 2 9 7 2 0 6 '  7 7  | \ 12

1 9 7 9 2 ,3 8 8  | 2 7 5 1 2 7 * 8 2 3

1 9 8 0 2 ,0 6 7
II

2 3 5 1 6 8 * *
4

I ir
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| 1981 ;| 1,518 || 195 120 l|  *___________  ||___________ 6____________|
1 9 8 2

1 - f — -w

i! 1 ,6 4 0 164 1 6 5 * 16 1 7

1 9 8 3 ]  1 ,4 5 9 1 4 9 1 8 7 3 9 11
*

1 9 8 4 1 1 ,6 3 3 2 3 2 9 8 !| 8 1 7

1 9 8 5 1 1 ,4 3 7 1 7 9 1 6 5 6 5 7 12

1 9 8 6 1 ,3 7 5 186 1 3 0 | 2 5 24 13

1 9 8 7 I f  1 .2 4 2 1 4 0 1 3 4 5 2 10 12

1 9 8 8 1 ,2 2 2 1 3 7 1 3 2  ” 2 0 24 15

1 9 8 9 1 ,0 7 4 137 1 8 3 21 16

1 9 9 0 1 1 ,0 5 7 144 1 4 4 4 9 8 5

1 9 9 1 ] 1 ,0 9 2 164 1 4 6 5 0 14 2 0

1 9 9 2 1 1 ,1 5 4 1 9 9 ►
-

00 2 7 13 2 7

1 9 9 3 1 ,3 8 8 2 5 6 2 2 5 34 23 2 8

1 9 9 4 || 1 ,5 8 2 2 7 3 2 5 0 41 16 2 4

1 9 9 5 T  1 ,7 1 1 2 8 2 2 5 9 54 16 3 5 1
1

1 9 9 6 | 1 ,8 4 8 3 0 3 3 0 7 7 5 19 3 9

1 9 9 7 1 ,7 3 3 3 4 5 3 0 8 44 2 0
1

4 3

1 9 9 8 1 ,7 0 2 3 3 6 3 2 0 8 0 19 31

1 9 9 9 1 1 ,4 3 6 2 4 8 2 4 6 3 9 30 fS
J

00

* L o w  p r e c i s i o n ;  n o  e s t i m a t e  r e p o r t e d .

1 E s t i m a t e d  u s in g  2 0 0 0  d a t a  o n ly .

S o u r c e :  S A M H S A ,  O f f i c e  o f  A p p l i e d  S t u d i e s ,  N a t io n a l  H o u s e h o ld  S u r v e y  o n  D r u g  A b u s e 1 9 9 9  a n d  2 0 0 0 .

lhack to top

T a b le  3 . 6  E s t i m a t e d  M e a n  A g e s  a t  F i r s t  U s e  o f  P e r s o n s  W h o  F i r s t  U s e d  M a r i j u a n a  D u r in g  t h e  Y e a r s  1 9 6 5  t o  1 9 9 9 ,  b y  R a c i a l / E t h n i c  

S u b g r o u p s

1

Y e a r

M e a n  A g e  a t  F i r s t  U s e

W h i t e B la c k H i s p a n i c

A s i a n  /  P a c i f i c  

I s l a n d e r  /  N a t i v e  
H a w a i i a n

A m e r i c a n  

I n d ia n  /  

A l a s k a  N a t i v e

M o r e  T h a n  

O n e  R a c e

1 9 6 5 2 1 .3 * * * * *

1 9 6 6 1 9 .3 1 9 .2 * * * *

1 9 6 7 1 9 .7 1 8 .5 2 2 .0 * *
— ,

*
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1 9 6 8 1 9 .3 | 1 9 .6 2 0 .2 II
♦

1

1 9 6 9 1 9 .0 1 9 .0 1 8 .6 * * *

1 9 7 0 1 8 .9 | 1 7 .1 1 1 7 .1  if " 1 8 .0  || *
*

1 9 7 1 1 8 .8 | 1 8 .4 1 7 .9 *
* *

1 9 7 2 1 8 .8 1 8 .0 2 1 .2 * 1 9 .5 *

1 9 7 3 1 8 .7 1 8 .4 1 8 .0 1
* *

1 9 7 4 1 7 .9 1 8 .4 1 7 .1 1
* 1 6 .6

1 9 7 5 1 8 .5 1 7 .3 1 8 .1  J ' | *
*

1 9 7 6 1 8 .4 | 1 9 .8 1 7 .7 - -  .  -  L 1 6 .8 1 6 .4

1 9 7 7 1 8 .4 1 8 .0 1 8 .1 1 7 .7 1 6 .6 *

1 9 7 8 1 7 .9 1 8 .5 2 0 .1 1 7 .9 * (

1 9 7 9 1 8 .2 1 7 .7 1 6 .7 ♦ 1 4 .5 1 5 .2

1 9 8 0 1 9 .4 1 8 .8 1 7 .9 1 7 .1 *
*

\

1 9 8 1 1 8 .0 1 8 .6 1 5 .9 * ' -  || *
J L

1 9 8 2 1 8 .8 2 0 .8 1 7 .0 * 1 8 .1

1 9 8 3 1 8 .2 1 8 .2 1 8 .8 1 8 .5 1 6 .2 1 4 .0

1 9 8 4 1 8 .0 2 0 .3 1 4 .7 2 9 .5 1 0 .8 1 3 .5

1 9 8 5 1 8 .2 1 7 .6 1 7 .4 1 7 .1 1 4 .8 1 9 .1

1 9 8 6 1 7 .8 1 7 .4 1 6 .9 1 6 .1 1 4 .5 1 4 .9 |

1 9 8 7 1 7 .7 1 6 .6 1 7 .3 1 9 .2 1 9 .6 1 8 .3

1 9 8 8 1 7 .4 1 6 .5 1 8 .0 1 7 .9 2 1 .8 1 5 .1 □

1 9 8 9 1 7 .9 1 7 .2 1 7 .0 1 7 .3 1 6 .5 1 5 .5
1

1 9 9 0 1 8 .6 1 7 .8 1 7 .7 1 7 .5 1 9 .3 1 4 .9

1 9 9 1 1 8 .3 1 7 .5 1 6 .0 1 7 .7 2 2 .2 1 6 .5

1 9 9 2 1 6 .8 1 7 .0 1 5 .7 1 7 .5 1 5 .4 1 6 .0

1 9 9 3 1 7 .1 1 7 .9 1 6 .7 1 8 .1 2 2 .7 1 4 .4

1 9 9 4 1 6 .8 1 6 .9 1 6 .2 1 6 .5 1 5 .8 1 5 .2

1 9 9 5 1 6 .5 1 6 .8 1 6 .0 1 8 .3 15 .1 1 4 .9

1 9 9 6 1 7 .1 1 7 .6 1 6 .7 1 7 .3 1 4 .5 1 6 .0

1 9 9 7 1 7 .0 1 7 .7 1 6 .0 1 6 .6 1 5 .8 1 5 .9

1 9 9 8 1 7 .8 1 7 .2 1 6 .0 1 7 .6 1 4 .6 1 7 .0

1 9 9 9 1 1 7 .2 1 6 .5 1 6 .4 1 8 .8 14.1 1 5 .8

* L o w  p r e c is io n ;  n o  e s t im a t e  r e p o r te d .

1 E s t im a t e d  u s in g  2 0 0 0  d a ta  o n ly .
S o u r c e :  S A M H S A ,  O f f ic e  o f  A p p lie d  S t u d ie s ,  N a t io n a l  H o u s e h o ld  S u r v e y o n  D ru g  A b u s e ,  1 9 9 9  a n d  2 0 0 0 .
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Iback to top "^

T a b l e  3 . 7  E s t i m a t e d  A n n u a l  I n c i d e n c e  R a t e s  o f  F i r s t  U s e  ( P e r  1 , 0 0 0  P e r s o n - Y e a r s  o f  E x p o s u r e )  o f  P e r s o n s  W h o  F i r s t  U s e d  M a r i j u a n a  

D u r in g  t h e  Y e a r s  1 9 6 5  t o  1 9 9 9 ,  b y  R a c i a l / E t h n i c  S u b g r o u p s  ___  J

R a c i a l / E t h n i c  S p e c i f i c  I n c i d e n c e  R a t e s 1

Y e a r W h i t e B la c k H i s p a n i c

A s i a n  /  P a c i f i c  

I s l a n d e r  /  N a t i v e  

H a w a i i a n

A m e r i c a n  

I n d ia n  /  

A l a s k a  N a t i v e

M o r e  T h a n  

O n e  R a c e

1 9 6 5 4 .0 ♦ ♦ * ♦ *

1 9 6 6 7 .5 8 .0 ♦ ♦ ♦ *

1 9 6 7 1 0 .8 8 .9 4 .1 *
* ♦

1 9 6 8 1 2 .8 1 6 .7 4 .9 *
♦ ♦

1 9 6 9 1 6 .4 1 1 .7 4 .9 * * ♦

1 9 7 0 2 0 .2 1 1 .8 5 .4 7 .3 * 2 1 .3

1 9 7 1 2 0 .6 1 4 .7 1 2 .7 *
11 2 0 .0

1 9 7 2 2 1 .5 1 5 .5  | 7 .7 2 .2 3 1 .6 1 7 .7

1 9 7 3 2 1 .8 1 6 .3 6 .2 * ' ..................... •'1 * *

1 9 7 4 2 1 .0 1 5 .9 1 4 .1 2 .0 1 * 1 8 .8

1 9 7 5 2 1 .3 1 8 .2 1 1 .1 2 .0 1
* *

1 9 7 6 2 3 .5 1 9 .4 1 0 .9 * 1 4 1 .5 3 4 .0

1 9 7 7 2 3 .5 1 6 .8 1 0 .1 1 1 .7 * 2 7 .0

1 9 7 8 2 1 .4 1 7 .8 1 2 .5 1 2 .2 1
* 1 1 .6

1 9 7 3 2 1 .6 1 6 .3 7 .5 *
1 1 0 .3 2 1 .3

1 9 8 0 1 8 .6 1 3 .7 9 .7 *
1

* *

1 9 8 1 1 3 .5 1 1 .1 6 .8 *
1

*

1 9 8 2 1 4 .5 9 .1 9 .2 * 1 9 .7 5 .8

1 9 8 3 1 2 .8 8 .1 1 0 .1 5 .7 1 1 4 .1 *

1 9 8 4 1 4 .2 1 2 .4 5 .2 *
1 9 .3 5 .5

1 9 8 5 1 2 .4 9 .4 8 .6 9 .1 1 8 .0 9 .2

1 9 8 6 1 1 .7 9 .6 6 .6 3 .4 2 8 .5 9 .2

1 9 8 7 1 0 .5 7 .1 6 .7 7 .0 1 1 .4 8 .2

1 9 8 8 1 0 .3 6 .9 6 .5 2 .7 2 8 .8 1 0 .3

1 9 8 9 9 .2 6 .9 9 .1 2 .9 * 1 0 .9

1 9 9 0 9 .1 7 .3 7 .3 6 .6 1 0 .2 3 .4

1 "II 1 ' ' 1 I 1 1
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1 9 9 1 9 .5 8 .4 H 7 .4 6 .9 1 6 .9 1 3 .9

1 9 9 2 1 0 .1 1 0 .3 9 .1 3 .7 1 7 .1 1 9 .5

1 9 9 3 1 2 .3 1 3 .4 II 1 1 .6 4 .7
_ _  --------

2 9 .3 2 0 .9

1 9 9 4 1 4 .2 1 4 .5 II 1 3 .1 5 .7 2 1 .8 1 8 .3

1 9 9 5 1 5 .6 1 5 .2 1 3 .7 7 .6 2 1 .2 2 7 .1

1 9 9 6 1 7 .1 1 6 .6 1 6 .5 1 0 .5 2 5 .8 3 1 .2

1 9 9 7 1 6 .3 1 9 .2
— 1

1 6 .8 6 .2 2 8 .8 3 5 .4

1 9 9 8 1 6 .3 1 9 .1 1 1 7 .8 1 1 .6 _ 2 8 .6 2 6 .2

1 9 9 9 2 1 3 .8 1 4 .0 1 3 .5 5 .6 4 6 .5 2 6 .4

* L o w  p r e c is io n ;  n o  e s t im a t e  r e p o r te d .

1 T h e  n u m e r a t o r  o f  e a c h  ra te  is  t . ie  n u m b e r  o f  p e r s o n s  w h o  f ir s t  u s e d  m a r i ju a n a  in  th e  y e a r ,  w h i le  t h e  d e n o m in a t o r  is  th e  p e r s o n - t im e  e x p o s u r e  

m e a s u r e d  in  t h o u s a n d s  o f  y e a r s .

2 E s t im a t e d  u s in g  2 0 0 0  d a ta  o n ly .
S o u r c e :  S A M H S A ,  O f f ic e  o f  A p p lie d  S t u d ie s ,  N a t io n a l  H o u s e h o ld  S u iv e y  o n  D r u g  A b u s e ,  1 9 9 9  a n d  2 0 0 0 .

TOC

U .S. D epartm ent o f  Click to  Return to OAS H om e Page
H e a lt h  a n d  H u m a n  S e r v ic e s

Substance Abuvc and Mniul Health Click to  Email OAS Data Q u estion s
Services Administration (SAMHSA)

ww w .sam hsa.gov Click For N on -fram es /  tex t version  of s ite

T h is  p a g e  w a s  la s t  u p d a te d  o n  D e c e m b e r  3 0 , 2 0 0 3 .

S A M H S A ,  a n  a g e n c y  in  t h e  D e p a r t m e n t  o f  H e a l t h  a n d  H u m a n  S e r v i c e s ,  i s  t h e  F e d e r a l  G o v e r n m e n t ' s  l e a d  a g e n c y  f o r  

i m p r o v i n g  t h e  q u a l i t y  a n d  a v a i l a b i l i t y  o f  s u b s t a n c e  a b u s e  p r e v e n t i o n ,  a d d i c t i o n  t r e a t m e n t ,  a n d  m e n t a l  h e a l t h  s e r v i c e s  in

t h e  U n i t e d  S t a t e s .

Ibucii to top I| p n v a C y  s t a t e m e n t  | S it e  D is c la im e r  | A c c e s s ib i l i t y

fi le://C:\DOCU MH~1 \RuaroRU .OCA LS~ 1 \Ternp\6X2TR9BJ.htm 3/26/2005

http://www.samhsa.gov


JOURNAL Or
h ea lth

ECONOMICS
ELSEVIFR Journal o f Health Economics 20 (2001) 51 -68 ' " ' —

www.elsevier.nl/localteconbase

The joint demand for cigarettes and marijuana: 
evidence from the National Household Surveys on 

Drug Abuse
Matthew C. Farrelly*, Jeremy W. Bray, Gary A. Zarkin.

Brett W. Wendling
Center fo r Economics Research. Research Triangle Institute,

3041) Cornwallis Road, Research Triangle Park. NC 2770V. USA

Received ! January 1999, received in revised form I June 2000; accepted 5 June 2000

Abstract
Recent studies have shown that efforts to curb youths' alcohol use, such as increasing the price of 

alcohol or limiting youths’ access, have succeeded but may have had the unintended consequence 
of increasing mari juana use. This possibility is troubling in light of the doubling of teen marijuana 
use from 1990 lo 1997. What impact will recent increases in cigarette prices have on the demand 
for other substances, such as marijuana'1 To better understand how the demand for marijuana and 
tobacco responds tc changes in the policies and prices that affect their use. we explore the National 
Household Survey on Drug Abuse (NHSDA) from 1990 to 1996. VVe find evidence that both higher 
fines for marijuana possession and increased probability of arrest decrease the probability that a 
young adult will use marijuana. VVe also find that higher cigarette taxes appear lo decrease the 
intensity of marijuana use and may have a modest negative effect on the probability of use among 
males. C 2001 Elsevier Science BA' All rights reserved.
JEL classification 11
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1. In troduc tio n

Marijuana use among youths continues to rise despite community, state, and national 
efforts to educate and inform individuals o f the harmful effects o f drug use and abuse. For 
example, between 1990 and 1997, marijuana use among 12 17-year-old more than doubled,
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increasing from a prevalence o f  4.4-9.7%  (SAMHSA. 1998). The dramatic increase in 
marijuana use poses new challenges lo decision makers developing policies to curb drug 
use among youths. During this same time period, current cigarette use has steadily increased 
among 8th. 10th. and 12th graders (MTF, 2000). Epidemiological studies indicate that licit 
drug use (e.g tobacco and alcohol) may serve as a gateway to illicit drug use (Kandel, 1975; 
Kandel and Faust, 1975; Kandel and Yamaguchi, 1993; Duncan et al., 1998). Ifcigarctte use 
is a gateway to marijuana use, recent policies directed at curbing current youth smoking may 
also lead to declines in marijuana use. Other studies have demonstrated interdependence 
between policies directed at curbing alcohol and marijuana use (DiNardo and Lcmieux. 
1992; Model. 1993; Chaloupka and Laixuthai, 1997; Pacula, 1998a,b),

All of these studies emphasize the importance o f understanding the interdependence o f  
widely used substances, such as alcohol, tobacco, and marijuana and suggest that policies 
affecting one substance may have unintended consequences on the others. Understanding 
these interdependencies is especially relevant in light o f  the USS 0.45-pcr-pack cigarette 
price increase announced in November 1998 in response to the USS 206 billion tobacco 
industry settlement with 46 states. Policy makers must understand whether proposals in­
tended to reduce smoking among youths have unintended consequences among youths and 
the general population that may cause marijuana use and other substance use to rise.

The goal o f this paper is to further explore the interdependencies between tobacco and 
marijuana using a rich database on drug use, the National Household Survey on Drug 
Abuse (NHSDA). The NHSDA is a nationally representative survey o f the US nonin­
stitutionalized population aged 12 and older. The detailed questions on substance use 
contained in the NHSDA allow us to better understand how marijuana use responds to 
changes in policies that affect the price and availability o f  marijuana and tobacco. We focus 
our analyses on youths aged 12-20. We chose this age group for several reasons. Recent 
trends show dramatic changes in marijuana use for youths aged 12-20 but not for adults 
aged 21-30. Also, many children first experiment with tobacco and marijuana in their 
teens.

The specific aim of this paper is to estimate the demand for marijuana and tobacco as 
a function o f  the policies and prices that affect their use. Often, empirical demand models 
o f marijuana use are not a function o f own prices because marijuana prices are not con­
sistently available. The only time series data available for marijuana prices come from the 
Drug Enforcement Administration. Unfortunately, these data cover a limited number of 
cities throughout the US, and have very few price observations in each city in any 1 year, 
with only a few exceptions In the absence o f the price o f marijuana, much o f the litera­
ture (discussed below) includes policies that serve as a proxy for the price o f marijuana. 
We follow this practice, We constructed a measure o f the probability' o f  being arrested for 
marijuana possession by dividing total annual marijuana possession arrests in a state by 
an estimate of the total number o f  marijuana users in the state (by age group). We also 
include state marijuana laws that specify fines and jail sentences for possession, rather than 
a simple indicator that marijuana use is decriminalized, because there has been nearly no 
change in marijuana decriminalization dunng the study period. Finally, we include the price 
o f cigarettes to capture the possibility that tobacco is an economic complement or substitute 
with marijuana. We estimate comparable models for cigarette demand — both participa­
tion and demand conditional on use. Because o f  our concern that unobservable state-level



M. C Family et al. 'Journal of Health Economic1 20 (200!) 5I-6S 53

variables may bias the coefficients on the policies and price variables, all marijuana and 
tobacco models include state fixed effects.

The results o f  this paper will help guide the creation of comprehensive polices that 
curb the use o f marijuana in two ways. First, wc quantify the effects o f  policies aimed at 
curbing the use o f  marijuana, allowing policy makers to evaluate alternative policy options. 
For example, we provide estimates o f  the impact o f police efforts to enforce marijuana 
possession laws and the impact of state-level marijuana possession fines. Second, we present 
results that clarify the cross-price effects between tobacco demand and marijuana use. With 
an understanding o f  this interdependency, policy makers can take into account bow policy 
changes directed at one substance affect the demand for the other

2. Previous studies

In this section, we discuss previous studies that have examined the interdependence o f  
marijuana and tobacco use. There is an extensive literature on the relationship between 
cigarette and marijuana use, focusing primarily on tobacco use as a ’gateway' to other drug 
use, including marijuana. Cigarette smoking is considered a gateway drug by some because 
youths who start with tobacco and alcohol use are more likely to progress to marijuana 
and other drug use (Kandel, 1975; Kandel and Faust. 1975; Ellickson et ai„ 1992; Kandel 
and Yamaguchi, 1993; Duncan et al.. 1998). The seminal work by Denise Kandel in 1975 
involved tracking licit and illicit drug use by 7250 high school students in New York over 
a 2-ycar period. Kandel divides drug use into six categories — legal drugs, marijuana, 
pills, LSD, cocaine, and heroin —  and finds that drug use tends to be cumulative. In other 
words, youths in any one category have used all ‘lower-ranked’ drugs. In subsequent work, 
Yamaguchi and Kandel (1984) find that current alcohol and cigarette use are both strong 
predictors o f  initiation o f  marijuana use. In more recent work. Duncan et al, (1998) find 
that cigarettes are a stronger predictor o f  future marijuana use than alcohol and that higher 
levels o f cigarette use are predictive o f  greater future marijuana use.

From a physiological perspective, two studies suggest that marijuana may be a substitute 
for cigarettes among current users o f  both substances. Simmons and Tashkin (1995) ob­
tained detailed marijuana and cigarette smoking histories from 467 adult regular smokers o f  
marijuana an dor cigarettes and found that those who smoke both cigarettes and marijuana 
smoke significantly fewer cigarettes per day than those who do not smoke marijuana. How­
ever. marijuana use is not significantly different for smokers and nonsmokers of cigarettes. 
Of those who smoke both, 49° <, began smoking cigarettes first, while 33% smoked marijuana 
first. Similarly, a controlled experiment of current marijuana and cigarette users illustrates 
the interdependence o f  marijuana and cigarettes among current users. Kelly et al. (1990) 
find that active marijuana smoking (placebo versus active marijuana cigarettes were used) 
significantly decreased the number o f  daily cigarette smoking bouts, increased inter-bout 
intervals, and decreased inter-puff intervals. Although these studies illustrate the potential 
correlation between marijuana and tobacco, they are both based on relatively small samples 
o f subjects.

Recent studies by economists have also explored the gateway effect and other relation­
ships among licit and illicit dnig use behaviors by examining how changes in prices and
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policies can affect the use o f  the targeted substance as well as potentially related substances 
(DiNardo and Lemieux, 1992; Model, 1993; Thies and Register, 1993; Chaloupka and 
Laixuthai, 1997; Pacula. 1998a,b; Saffer and Chaloupka, 1998; Chaloupka et al., 1999). 
However, among these studies, only three have examined the relationship between mari­
juana and tobacco (Pacula, 1998a,b; Chaloupka et al., 1999). A limitation o f all o f  these 
studies is that they lack data on the price o f  marijuana and hence must rely on proxies for 
the price o f  marijuana. The only readily available data on the price o f  marijuana come from 
Drug Enforcement Administration databases. These databases capture purchase' made by 
undercover federal agents nationwide and police officers in Washington, DC. Because fed­
eral interdiction efforts focus primarily on cocaine, heroin, methamphetamines. and other 
illicit substances other than marijuana, there are relatively few' price observations for mari­
juana in any 1 year in a given city, with the notable exception o f Washington, DC. For 
example, between 1988 and 1997, there were an average o f  44 price observations for DC, 
but only three observations on average in other stales. For this reason, this and previous 
studies do not include the price o f  marijuana.

In the only published article on the relationship between marijuana and tobacco use, 
Pacula (1998a) analyzes the 1984 wave o f  the National Longitudinal Survey o f Youth 
(NLSY) to estimate the joint demand for alcohol and manjuana using a sample o f  roughly 
8000 individuals. Pacula estimates separate demand models for alcohol and marijuana 
demand and shows that increasing beer taxes decreases the prevalence and consumption of 
alcohol and decreases the prevalence of mai juana use. She also finds that respondents are 
more likely to use marijuana in states that have decriminalized marijuana and le likely to 
use marijuana in states with relatively high cigarette taxes. However, neither o f  these results 
is statistically significant.

In a continuation o f  this research. Pacula (1998b) analyzes two waves o f the NLSY and 
estimates the effect o f current and past cigarette prices on current marijuana use. She finds 
that the two substances are economic complements — higher cument and past prices reduce 
the probability o f  current marijuana use.

Finally, in a recent working paper by Chaloupka et al. (1999), the authors examine the 
relationship between marijuana and tobacco use by 8th-, 10th-, and 12th-graders, using 
cross-sectional data from the 1992-1994 Monitoring the Future Surveys (MTF). They find 
that higher cigarette prices lead to a decrease in the probability and frequency o f  marijuana 
use. Surprisingly, the respective cross-price elasticities are -0 .7 3  and -0 .8 4 , for a total 
elasticity o f —1.57. This is larger than the own-price elasticities from their cigarette demand 
equations, which yielded a participation elasticity o f -0 .4 2  and a conditional demand 
elasticity o f  - 0  71. for a total cigarette price elasticity of  -1 .13 .

As noted, a complication o f this literature is that there is no reliable pnee data for mar­
ijuana. Chaloupka et al. (1999) used several variables to proxy for the price o f  marijuana 
(e.g. state marijuana law fines and penalties and state decriminalization of marijuana) and 
found that youths are more likely to use marijuana and to use marijuana more frequently if 
they live in a state that has decriminalized the possession o f  small quantities o f  marijuana. 
Higher fines for marijuana possession were associated with reduced frequency o f  manjuana 
use but did not affect the probability o f use. The authors did not include state-level fixed 
effects because there was not enough variation within states over the relatively short time 
frame o f the data to identify price/policy effects.
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In summary, the results o f  these studies provide some evidence that marijuana and tobacco 
are economic complements. However, it is difficult to draw strong conclusions from these 
studies for two reasons. First, all three studies that focus on manjuana and tobacco use 
rely on relatively few years o f  time-series cross-sectional data, which limits the variation 
in cigarette prices. Second, because o f  the limited number o f  cross-sections, none o f these 
studies controlled for unobserved, state-specific charactenstics. In the absence o f  state fixed 
effects, it is unclear whether the estimated effects reflect the preferences o f individuals in 
the state or capture the effect o f  an exogenous policy change. For example, these studies rely 
on an indicator variable for states in which marijuana is decriminalized, without controlling 
for state fixed effects. It is not clear whether this indicator variable captures the effect o f  
decriminalization on use or other state-specific characteristics that may be correlated with 
use, such as the willingness to accept alternative behaviors or lifestyles. The same may be 
true for cigarette prices, because they too may capture unobserved characteristics o f  the 
state. Failing to control for these unobserved characteristics may bias the estimate o f the 
effects o f all state policy and price variables.

The purpose o f  this paper is to examine the effects o f  cigarette taxes and nonpricc mari­
juana policies on both marijuana and cigarette use. We are able to control for state effects 
using 7 years o f  pooled cross-sections and have a richer database o f  marijuana policies 
than have been used before. To proxy for the price o f  marijuana, we constructed an annual 
measure o f  the probability o f  being arrested for marijuana possession in each state In addi­
tion, for selected years, we collected data on state fines and jail terms for violations o f state 
marijuana laws to proxy for the price o f marijuana. By including these state policies and 
state fixed effects, we are better able to distinguish the effects o f state policies and prices 
from the effects o f  unobserved state characteristics. Finally, given die changes in cigarette 
tax policies across states and over time between 1990 and 1996, we are able to identify the 
effects of cigarette taxes on both the probability’ and frequency o f marijuana use.

3. Data

In this study, wc used data from the NHSDA. The NHSDA is a key national indicator o f  
the nation’s drug use behavior and problems. The National Institute on Drug Abuse (NIDA) 
sponsored the NHSDA from 1974 to 1992. and the Substance Abuse and Mental Health 
Services Administration (SAMHSA) has sponsored the surveys since 1992. The NHSDA 
is designed to provide data on the extent o f drug use and abuse by the noninstitutionalized 
civilian population aged 12 and older in the US (SAMHSA. 1992, 1994).

We combined data from the 1990-1996 NHSDA to provide estimates o f  the own- and 
cross-price and policy effects on the demand for marijuana and tobacco. The NHSDA used 
identical survey questions in all 7 years for the prevalence o f  past-month use o f  marijuana 
and tobacco and the same five-stage area probability sample design. Sampling weights were 
computed based on the probability o f  selection at each stage, and these weights were used 
in all analyses.

Because o f the sensitive nature o f  the survey topic, self-administered answer sheets 
were used for manjuana use questions to increase the confidentiality and anonymity o f  
the respondents' answers. This fonnat was designed to minimize underreporting o f sub­
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stance use, which is a potential limitation o f  self-reported surveys (Hoyt and Chaloupka, 
1993). In a 1990 field test o f  various survey instruments, Turner et al. (1992) found that 
the self-administered format o f  the NHSDA decreases the underreporting o f  substance use 
compared to an intervicwer-adminislt.ed format. The NHSDA was revised in 1994 so that 
tobacco use questions were also reported using a self-administered questionnaire, resulting 
in some noncomparability o f  pre- and post-1994 estimates. In particular, youth tobacco use 
increased dramatically as a result o f  this change. For this reason, we include an additional 
indicator variable for the 1994-1996 surveys in the youth tobacco demand equations.

Although the NHSDA is the only survey that provides detailed and consistent data on drug 
use among members o f  the household population in the coterminous US, the NHSDA has a 
number o f limitations. First as mentioned above, the data are self-repons o f  drug use, so their 
value depends on respondents' truthfulness and memory. Although the sclf-administcrcd 
format o f  the NHSD/» decreases the underreporting of substance use in general, any given 
individual’s propensity to report substance use may be affected by the degree o f  privacy 
during the interview. To examine the sensitivity o f our results to the degree o f  privacy, 
we include the interviewer’s report o f  the degree o f privacy during the interview as a 
supplemental covariatc in our demand equations. The interviewer indicates the degree o f  
privacy on a scale from I (completely private) to 9 (constant presence o f another). We 
included an indicator that represented no significant interruptions (value o f 4 or less).

Second, a small proportion (roughly 1%) o f  the US population is excluded from the 
surveys. With the exception o f  1991, the subpopulations excluded are those residing in non- 
institutional group quarters (e.g. military installations, college dormitories, group homes), 
those in institutional group quarters (e.g. prisons, nursing homes, treatment centers), and 
those with no permanent residence (e.g. the homeless and residents o f single room in ho­
tels). In 1991. the target population was extended to all 50 states and included residents 
o f noninstitutional group quarters and civilians living on military' bases. If the drug use of 
excluded groups differs from that o f the household f ooulation. the NHSDA may provide 
slightly inaccurate estimates o f  drug use in the total population. This may be particularly 
true for the homeless and prison populations.

3 .I. A n a ly s is  va r iab le s

The dependent variables used in our analyses include indicator variables for any past-month 
use o f marijuana, any past-month use o f  cigarettes, the frequency o f  marijuana use in the 
past 30 days (1 30 days) conditional on use, and cigarettes per day conditional on use. 
The demographic controls used in our analyses are all self-reported measures from the 
NHSDA public use files. These controls consist o f  gender, age, number o f people living in 
the household, number ofchildren under age 12 in the household, marital status, race, family 
income, current school enrolment status, education, and size o f  the metropolitan statistical 
area (MSA) o f  residence. In addition to these self-reported variables, we also included two 
interviewer-reported variables: urban/rural status o f  the respondent's current residence and 
an indicator for the degree o f  privacy during the interview.

We merged state-level data on prices and policies that affect the use o f  marijuana and 
cigarettes wit, he NHSDA. These data include cigarette excise taxes (state +  federal), 
manjuana possession arrest information for manjuana violations, and state fines and jail
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terms for manjuana possession law violations. Unlike other studies, wc do not include an 
indicator for states that have decriminalized marijuana possession because there is essen­
tially no variation in this variable within states over time dunng 1990-1996. In addition, the 
concept o f decriminalization is subsumed in our data on state marijuana possession fines 

Marijuana possession anest data for youths and adults come from county-level Uniform 
Crime Reports for 1990-1996. Using these data and marijuana use data from the NHSDA. 
we created two measures o f the probability of being arrested. The first measure is the state 
marijuana possession arTests for youth divided by the number o f  current manjuana users 
aged 12-20 in that state. This measure provides an estimate o f  the probability o f  being 
arrested for youth. The second measure is similar to the firsi but is calculated for all ages 
12 and older, not just youth, by dividing the total marijuana possession arrests for all ages 
in a state by the number o f marijuana users in that state. For both age groups, state-level 
measures o f  marijuana use were estimated by taking the weighted prevalence o f current 
marijuana use state-by-state. We then multiplied this prevalence by the population in the 
respective age group from the NHSDA to estimate the total number o f  users in a state. The 
purpose o f the first measure is to have a youth-specific measure o f  the probability o f  arrest. 
However, because the denominator, youth state marijuana use. may induce some negative 
correlation with the dependent variable in the marijuana demand equations, we also use the 
second measure for all ages to provide a lower and upper bound o f the results.

Because the NHSDA was not designed dunng this time period to support state repre­
sentative data, some states have small samples (therefore, state-level estimates will not be 
reported). The limited sample sizes should only increase the standard errors o f  our estimates 
and not bias our -esults o f  the effect o f  the probability o f  arrest on u se .1

We also have state manjuana law data on fines for various quantities o f manjuana posses­
sion for 1990 1996 that we collected from state legal code books. The marijuana possession 
laws specify the minimum and maximum monetary fines and jail terms for varying amounts 
o f manjuana possession. In other words, states usually specify fines and penalncs for an 
ounce o f marijuana and then another set o f  penalties for some larger quantity. To charac- 
tenze these penalties and document changes in the levels of fines withm states over time, it 
is necessaiy to obtain the legislative histories of the state laws. This is a research-intensive 
process. We were able to successfully code all states with the exception o f North Carolina, 
North Dakota, and Tennessee for 1990 1996 and New Hampshire, New York, Rhode Island, 
and Vermont for 1990 1993. Observations for these states and years were dropped from 
the analysis.

Characterizing state marijuana laws also poses some challenges not only because the 
penalties for possession o f  a given quantity vary from state to state, but also because there 
is not a standard schedule o f quantities that trigger increased sanctions. In essence, the 
marijuana penalties in each state form a step function where, for example, between any 
positive quantity and I pound, some states may have three distinct penalty levels, while

1 In previous specifications, we used total state marijuana arrests divided by total arrests as a proxy measure lor 
the probability o f being arrested for marijuana possession The ke\ concept behind this measure is that police have 
scarce resources tb't they can choose to devote lo drug crimes or other crimes. This is consistent with measures 
used by Benson and Rasmussen (Benson and Rasmussen, 1991, Benson et al., 1992, Rasmussen and Benson, 
1994) Overall, the results presented in this paper are consistent with this alternative measure
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others have only one. To capture these differences, we chose to estimate models with the 
minimum and maximum penalties for the first and second quantity categories (e.g. typically 
any positive quantity up to 1 ounce and then 1-4 ounces). In addition to these measures, 
we include a variable that indicates the height or change in the penalty o f  this first step and 
an indicator variable for states with only one level o f  penalties for all quantities. To reduce 
the potential for multicollineanty, we chose a final specification that includes the average 
o f the minimum and maximum penalties for each quantity.

Data on cigarette excise taxes and prices come from the Tax Burden on tobacco, an annual 
report from the Tobacco Institute that contains state-level information on state and federal 
excise taxes and average state cigarette retail pnees (Tobacco Institute, 1997). Summary 
statistics (mean and standard deviation) o f  both NHSDA survey data and state-level policy 
and price data are listed in Table 1.

Tabic I
Deicnptive statistics for ages 12-20, NHSDA 1990-19%

N = 50535 
Mean Standard deviation

Age 1599 2.57
Family size 4.27 1.71
Male 51.1% 50.0%
Divorced 0.4% 64%
Mamed 2 .8% 16.5%
White 69.1% 46 2%
Black 14.5% 35.2%
Hispanic 12.1% 32.7%
Other race 4.2% 20 .1%
Keal family income $37446 81 532557.38
Enrolled in school 80.2% 39.9%
High school graduate 15.6% 42.9%
Some college education 9.2% 289°/,
College graduate 0 .2% 4.3%
Some gradualc school education 0.03% 1.8%
MSA > 1000000 42.2% 49.4%
MSA 250000- 1COOOOO 23.6% 42.5*.,
MSA < 250000 9.8% 29.7%
Rural resident 14 9% 35.6%
Interview wills no significant interruptions 76.2% 42.6%
Real lax on cigarettes S0.575 $0 159
Probability o f arrest — youth 2 .6% 2.5%
Probability o f arrest - all ages 5.2% 4.3%
Average fine — lowest level o f quantity poss'ssed $9186 30 $62604.24
Average fine — next level o f quantity possessed $2764 75 $10388,09
Difference between minimum quantity for first and 597.2 43470

second possession levels (in grams)
Percent living in stales with only one possession level 20.5% 40.4%
Cigarette use in the past month 20 .2% 40.2%
Manjuana use in the past month 8 .6% 28.0%
Number o f cigarettes in past month (smokers! 9.508 9 *n*>
Frequency of past month manjuana use 8 743 9.298
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4. Methods

This section describes our study methodology using pooled independent cross-sections 
o f  the 1990-1996 NHSDAs Because we are concerned with the contemporaneous effects 
o f  prices and policies on marijuana and tobacco use, we define current users o f  manjuana 
and cigarettes as those who have had any use in the past month.

In this paper, we focus on the decision to use marijuana and the frequency o f  marijuana 
use in the past month, defined as the number o f  days of any use. To address the impact of 
cigarette taxes and policies on manjuana use, we estimate the following demand specifica­
tion for marijuana:

prob(A/ > 0) =  dM/3o +  f t  +  ftYear +  ftState +  f tf t iM  +  f t / \ t c )  (1)

where A/is cunem marijuana use (past 30 days), <P the standard normal cumulative density 
function, and X  a vector o f  the sociodemographic variables described above, / ’mm repre­
sents the effect o f  the marijuana ‘price’ variable where price is measured by the probability 
o f being arrested for marijuana possession, and / ’ m c  >s the price o f cigarettes (using stale 
excise taxes). We expect the sign o f  f t  to be negative so that as the probability o f  getting 
arrested increases, individuals will be less likely to consume marijuana. If f t  <  0. then high 
cigarette prices lead to a lower likelihood o f  smoking manjuana. If this is true, then mari­
juana and cigarettes arc economic complements. We also estimate the demand for cigarettes 
by estimating Eq. (2) below, using similar notation:

prob(C > 0) =  <P(6o +  6| X  -I- 3;Year 4- ftState +  84Pc m  +  5̂ P (X )  (2)

From Eqs. (1) and (2), we constructed demand elasticities for participation (any use in the 
past month) that indicate how sensitive demand is to pnees and policies.; P c m  represents 
the cross effect for the probability o f  arrest in the cigarette demand equation, and P ec rep­
resents the own-price effect for cigarettes. Although it is not a price elasticity, we calculated 
elasticities for the probability o f  arrest for marijuana because having a ‘unitless' measure 
facilitates comparisons o f  the results across regressions. Comparable Eqs. to (1) and (2) 
for both the frequency o f marijuana use and cigarettes smoked per day by current users are 
estimated using linear regression models.

The prevalence atiu intensity o f  marijuana and cigarette use may vary from state to state 
because o f  characteristics about the state not captured by the policy variables above. To 
account for this variation, we include state indicator variables or fixed effects. Analyses 
without state fixed effects may improperly attnbute the effects o f unobserved stale charac­
teristics to the policy variables. Therefore, in the absence o f  state fixed effects, the results 
inferred from state-level data on prices and policies may reflect a combination o f both unob­
served state characteristics and the effects o f  the price and policy variables. The advantage 
o f including stale effects in a pooled independent cross-sectional data set is that we con-

'  Wc calculate participation elasticities as follows, the marginal effect for thc/th variable is calculated as 
where ; = and p  is the sample mean of the response variable (i.e. indicator variable for smoker), p , the
probit coefficient, <S> the standard normal probability density function, and <!> 1 the inverse of the standard normal 
cumulative density function
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trol for all unobserved state differences, including attitudes, preferences, and other state 
idiosyncratic characteristics that may affect demand.

Despite the advantages o f  including state effects, many previous studies have not included 
them in addition to state-level prices because o f  concerns over the amount o f  within-statc 
variation in prices and policies over time. Without sufficient variation in the pncc/policy vari­
ables o f interest within a state over time, it is not possible to identify both the state-specific 
effect and the price/policy variable. In response to this concern, researchers have often omit­
ted state effects in favor o f  regional effects. While this is a reasonable approach given data 
limitations, results from these models should be interpreted carefully. When estimating the 
effects o f  state policies, regional effects models may simply reflect a correlation between 
tobacco/marijuana use and prevailing attitudes and behaviors within a state rather than the 
behavior changes that may result because o f these policies. In this paper, we focus on the 
effect o f cigarette excise taxes and marijuana law enforcement —  policies ti.it have experi­
enced significant changes in the 1990s (e.g. the probability o f arrest has almost tripled from
1.5 to nearly 4.5%). We chose not to examine the demand for alcohol in this paper because 
state beer taxes remained nearly constant in real terms over the study period. Because beer 
constitutes the majority o f  alcohol use, we determined that there was not sufficient variation 
in beer prices within states over time to identify own- and cross-price effects for alcohol

To include the effects o f  national policies (e.g. changes in the national excise taxes on 
alcohol, increased national efforts to curb the supply o f  drugs entering the US) and other 
secular trends in our analyses, we included year indicator variables in the pooled indepen­
dent cross-sectional data set. Although it is difficult to attribute changes in the national 
prevalence and intensity o f  marijuana and tobacco from year to year to specific policy 
changes, the inclusion o f  year indicators captures a combination of the effects o f  national 
policies and other nationwide secular trends. As noted above, we also include an indicator 
for the years 1994-1996 in the youth tobacco demand model to reflect the design change 
that occurred in 1994, causing the prevalence o f  tobacco use among youths to nearly double 
(SAMHSA, 1996).

5. Results

5.1. Base models

The results o f  our two-pan models for marijuana and cigarettes are presented in Tables 2 
and 3, respectively, with a focus on the key covariates o f  interest — state cigarette taxes 
and the probability o f arrest for marijuana possession. The full models are presented in the 
Appendix A. State fixed effects models are presented in the top half o f  the tables. In both 
tables, specifications 1 and II differ only by the way in which we specify the probability 
o f arrest vanable. Specification I uses state aggregate measures o f youth arrests and youth 
marijuana demand. Given that the denominator is aggregate youth use, this may bias the 
results to yield larger (more negative) effects. As a result, we also present specification II, 
which uses aggregate measures o f both arrests and use for all ages. This specification is 
likely to bias the results toward zero. Hence, together the two specifications give upper and 
lower boundaries for the actual effect o f  the probability o f  arrest. Across both models, the
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Specification 1 Specification 11
Participation 
(N =  49239)

Conditional demand
(N = 3327)

Participation 
IN = 49499)

Conditional demand
(A' = 3327)

Stale effecta
Real tax on cigarettes -0.008 -6 .613 - 0.0001 -00641

(P  at 0.635) (P  = 0.006) (P  = 0 .38 ) (P  =  0.008)
1-0.050] [—0.436] [-0 .0979] [ - 0  441]

Probability o f arrest -1 .240 1.474 -0,4475 7.2838
(P = 0 .000 ) (P  =0.912) (P  = 0.000) (P  =  0 304)
[-0 .3608 ] [0,0044] [-0 .276] [0.0417]

Pseudo K squared 0.113 0 1164 0.1087 0.1366
Regional effects

Real tax on cigarettes 0.007 -2.187 - 0  0001 - 0.0222
(P  =  0.443) (P  = 0.076) (P  = 0.186) (P  = 0 .068 )
[-0 .0430] [-0 .1443] [-0 .0767] [-O .I53J

Probability o f arrest -0.921 -2 .894 -0.3196 -2.5073
(P  = 0.000) (P  = 0.791) (P  = O.OOO) (P  = 0.666)
[-0 .2681] [—0.0086] [ - 0  1971] [-0 .0144 ]

Pseudo R squared 0.1079 0.0989 0.1037 0.1084
No state or regional effects

Real tax on cigarettes 0.011 -1 .750 - 0.0001 -00181
(P  =  0.104) (P  =0.077) (P  = 0.129) (P  = 0.064)
[—0.0741] [-0 .1155] [-0 .0717 ] [-0 .1248]

Probability o f anesi -0.890 -1.098 -0.3605 -3.8753
(P  =  0.000) IP  =  0,913) (P  = 0 000) (P  = 0.449)
[-0 .2591] [-0 .0032] [-0 .2224] [ - 0 .0222]

Pseudo R squared 0.1049 0.096 0.1021 0.1035
* Own- and cross-pnce'policy effects, NHSDA 1990-1996 marginal effect (P-valuel (elasticity].

state fixed effect results suggest that marijuana and cigarettes are complements (the regional 
and no fixed effects models are discussed below). The cross-price effect for cigarettes in 
the marijuana participation and conditional demand models is negative, but statistically 
significant in only the conditional demand equation. Similarly, the probability o f arrest, 
which can be thought o f as a proxy for the price o f marijuana in the absence o f  reliable 
price data, is negative and statistically significant in both parts o f  the two-part model for 
cigarettes for specification I (although small in magnitude, as one would expect).

The estimated cross-price elasticity o f  demand for cigarettes in specification 1 (II) of  
the marijuana equations is -0 .0 5  ( -0 .1 0 )  and -0 ,4 4  (-0 .4 4 )  in the participation and 
conditional demand models, respectively, assuming that cigarette taxes are fully passed on in 
the form o f higher prices. The own-effcct for the probability o f  arrest is -0 .3 6  in specification 
I and somewhat smaller in absolute value in specification II, -0 .2 8 , as anticipated. In both 
conditional demand specifications, the probability of arrest is statistically insignificant. 
Therefore, a 10% increase in the probability that a marijuana usei is arrested for possession 
decreases the probability o f use by roughly 3%.
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Specification i Specification if
Participation 
(/V =  49253)

Conditional demand
(N =  7678)

Participation 
( t f  =  49513)

Conditional demand 
IN =  7648)

Stale effects
Real lax on cigarettes -0 .032 0.832 -0.0005 0.013

(P  =  0.269) (P  = 0.594) (P  = 0 .116 ) (P  =  0.408)
[-0 .0866 ] [0.0519] [-0 .128 ] [00768]

Probability o f anest -0.582 -18971 -0.4032 -1.7228
(P  = 0.000) (P  =  0.001) (P  =  0.000) (P  = 0.622)
[-0 .0712] [-0 .0530 ] [-0 .104 ] [—0.0095]

Pseudo ft squared 0.1389 0.2031 0 1391 0.2106
Regional effects

Real tax on cigarettes -0 .036 -0 .990 -0.0005 -0.0127
(P  =  0.013) (P  = 0.205) (P  =0.001 ) (P  = 0.101)
[-0 .0986 ] [-0 .0617] [-0 .140 ] [-0 .0754]

Probability o f arrest -0 .552 -1 9 2 9 8 -0.3234 -2.8578
(P  =  0.000) (P  = 0.000) (P  =0.000 ) (P  =  0.33)
[—0.0675] [-0 .0539] [-0 0 8 3 6 ] [-0 .0158 ]

Pseudo It squared 0.1361 0.1918 0.1361 0.1953
No state or regional effects

Real tax on cigarettes -0.051 -1 .014 -0.00071 -0.0132
(P  = 0,000) (P  = 0.105) <P =  0.000) (P  =  0.035)
[-0 .1398] [-0 .0632] ( - 0  1862] [-0 .0783]

Probability o f arrest -0 .532 -24.345 -0.2788 -4.4668
(P  = 0 .000 ) (P  = 0 .000 ) (P  =  0 .000) (P  = 0.098)
1-0.0650] [-0 .0680 ] [-0 .0721] [-0 ,0248]

Pseudo ft squared 0.1346 0,1893 0.1345 0.1906
* Own- and cross-pricc-'policy effects, NHSDA 1990— 1996 marginal effect (/'-value) [elasticity]

With respect to cigarette demand, the own-pricc elasticities in both parts o f  the two-part 
model are imprecisely estimated (Table 3). Estimating cigarette demand for this age group 
is problematic during the 1990-1996 time period because the method to collect tobacco use 
among 1 2 -17-year-old changed in 1994 from an interview format to a self-administered 
questionnaire (as was done for illicit drugs dunng the entire study period). Although we 
attempted to capture this effect with an indicator variable for the post-1993 period (and with 
pnee times the post-1993 indicator in another specification), we were not able to replicate 
standard price elasticities for youth. Based on recent estimates for this age group, one would 
expect total elasticities o f  demand from - 0 .4  to - 0 .6  (Evans and Huang, 1998; Farrelly 
and Bray, 1998; Tauras and Chaloupka, 1999).

The results from Table 3 yield a participation elasticity for cigarettes for specification 1(11) 
o f -0 .0 9  ( -0 .1 3 )  in models with state fixed effects. The corresponding conditional demand 
models result in positive and statistically insignificant conditional elasticities. However, the 
probability o f  arrest in the cigarette demand equations is consistently negative, statistically 
significant, and small in magnitude across all state fixed effects specifications. This latter 
result confirms the pattern o f complementarity found in Table 2.
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Tables 2 and 3 also demonstrate the sensitivity o f the estimates across various fixed 
effects models. Focusing first on the manjuana demand models, the effect o f  cigarette taxes 
on panicipation is statistically insignificant in all models. In specification 1. the coefficient 
on taxes is negative in the state fixed effects models and becomes positive in the models 
with either regional or no fixed effects. In specification II, the result remains negative across 
the regional and no fixed effects specifications.

In contrast, the effect o f  cigarette taxes on conditional marijuana demand remains negative 
and statistically significant across all specifications, but the elasticity drops considerably as 
we move from the state to regional and no fixed effects models. This suggests that states 
with high levels o f  marijuana use have higher levels o f  cigarette taxation. The estimated 
effect for the probability o f arrest remains relatively stable across all specifications.

In the cigarette demand models, the coefficient on taxes remains stable across all partic­
ipation equations, while the standard error decreases from the state to regional to no fixed 
effects models, becoming statistically significant in the latter two models. However, in the 
conditional demand models, taxes remain imprecisely estimated in all specifications, with 
the exception of the no fixed effects model for specification II.

5.2. G ende r d ifferences

To further explore the effects o f the probability o f  arrest and cigarette taxes on marijuana 
demand, we rccstimate our models by gender (Table 4) using the probability' o f  arTcst 
defined for youth (specification I). These models reinforce the notion that manjuana and

Table 4
Demand for cigarettes and manjuana by gender*

Manjuana Cigarettes
Participation Frequency Panicipation Frequency

Male
Real tax on cigarettes -0.040 -13.470 -0 0 7 0 2 441

IP = 0.119) IP = 0 .000 ) IP = 0.092) (/> = 0.283)
[-0 .223] [ - 0  788] [-0 .185] [0.144]

Probability o f anest -1  367 7.799 -0.838 -14.314
IP = 0 000) I f  = 0.6811 IP =0.000) IP =0.107 )
[-0.337J [0 .020 ] [-0 .099] [-0 0 3 8 ]

Number o f observations 24319 1879 24326 4013
Adjusted R squared 0  1202 0.1048 0.1513 0.2245

Female
Real tax on cigarettes 0.024 0.061 0.017 -1.095

( P = 0 .22$) (/» =  0 984) [P = 0 .66 ) IP = 0 605)
[0.191] [0050] [0049] [-0 .073]

Probability o f arrest -1.076 -3.074 -0.381 -20.850
(P = 0 000) ( P = 0.867) IP = 0.005) \P =0.003)
[-0 .386] [ - 0 .011] [-0 0 4 9 ] [-0 .062]

Number o f observations 24900 1448 24920 3635
Adjusted R squared 0.1129 0.1349 0.139 0.1908
* Own- and cross-pncc policy effects, NHSDA 1990-1996 marginal cffccl (/'-value) [elasticity).



64 M.C Family et al. /Journal o) Health Economics 20 f2001) 21-68

cigarettes are economic complements among males. For males, the effects o f  cigarette taxes 
on marijuana demand increase considerably relative to the results for the overall sample, 
while the effects for the probability o f  arrest remain stable. These results aiso show that the 
only result that remains robust for females is the deterrent effect o f  the probability o f  arrest 
on marijuana participation

Turning to cigarette demand, the tax coefficient remains imprecisely estimated in all 
models with the exception o f the participation model for males, where taxes arc statistically 
significant at the 10% level and yield a reasonable price elasticity o f  roughly -0 .2 .

5.3. M a r iju a n a  p ossess ion  la* 's

When deciding whether or not and how frequently to use marijuana, youths may also 
consider the penalties for marijuana possession in addition to the probability o f arrest. As 
noted above, state marijuana laws generally take the form o f a step function that is at the 
discretion o f  state legislators. To quantify the effect o f  these penalties on use, we rccstimated 
our marijuana demand models including the average penalties (average o f  the minimum 
and maximum fines) for the first two steps in the penalty functions o f  states.3

Each step is characterized by the quantity interval (generally starting with any positive 
quantity up to I ounce and then ffom 1 to 4 ounces ) and the penalty for possession o f these 
amounts. Because a few states have one set o f  penalties for all possession violations, we also 
include an indicator variable for these states. Finally, because the height o f  this first step — 
or the difference in the penalty between the first and second quantity interval — vanes from 
state to state, we also include the amount in grams required to trigger the second level of 
penalties. In theory, this variable is important because it captures the effect o f  more or less 
stringent penalty scales. One would expect, cete.is paribus, requiring greater quantities of 
manjuana to tnggcr a higher level of fine might encourage more and/or more frequent use.

Table 5 shows that higher penalties for possession arc correlated with a lower probability 
of use in the past 30 days. Both the average fine for the lowest quantity level and next 
highest quantity level are negative and statistically significant. However, higher fines do not 
appear to affect the frequency o f  marijuana use among young adults. The amount required 
to tngger a higher penalty level (the difference between the first and second amounts) had 
no effect on the probability o f use.

Therefore, both a higher probability o f arrest and higher fines decrease the probability o f 
use, but not the frequency' o f use. Consistent with the results for the probability o f arrest, 
higher penalties discourage the probability o f  marijuana use in the past 30 days but do not 
discourage the frequency o f use. In addition, the effect o f higher cigarette taxes on frequency 
o f manjuana use remains robust in this alternative specification.

We also estimated the effects o f  these penalty variables in cigarette demand and. once 
again, confirmed a pattern of complementanty. However, none o f the effects were statisti­
cally significant (data not shown).

5 Wc also estimated models including both the minimum and maximum fines, and although the results were 
qualitatively similar, the individual minimum and maximum variables were not precisely estimated, possibly due 
to a high degree o f correlation among the penalties for the first two quantity categories As a result, we chose to 
present only those models with average fines
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Table 5
Effects o f marijuana possession fines on manjuana use, NHSDA 1990-1996

Participation (S' = 44659) Frequency (S' -  3013)
Minimum and maximum fines 

Real cigarette tax 0 0155 -9.2915
(/> =  0.365) [P = 0 .000 )

Average fine — lowest amount -0.00327 0.25
(P = 0.062) (P =  0.298)

Average fine — next highest amount —6.07E-05 -0.00429
(P =  0.042) (P = 0 .286 )

Quantity difference between first and second amounts 0.000448 0.597
(P =  0.902) (P =  0.239)

Indicator for one penalty level 0.0081 -1.2559
(/* = 0.541) (P =  0.544)

Pseudo K squared 0.1036 0.1362

6. Conclusion

Two clear policy implications emerge from the various models that we present in this 
paper. First, higher cigarette taxes decrease the intensity o f  marijuana use and may have a 
modest effect on the probability o f  use, especially among males. Overall, the total marijuana 
demand cross-price elasticity for cigarettes indicates that a 10% increase in cigarette prices 
would lead to a 5.4% decrease in total manjuana use (with a 95% confidence interval o f  
0 11 %). We also found that these cross-price effects were driven by the males in the sample. 
For males. 10% increase in cigarette prices would lead to a 10% decrease in total marijuana 
demand (95% confidence interval of 3-19%). Therefore, although some have suggested 
that increases in cigarette ,'rices may lead to an increase in marijuana use, the evidence 
presented in this paper suggests that these fears may be unfounded. All o f  the evidence 
in this paper supports that there is a complementary relationship between marijuana and 
cigarettes and that policies that arc aimed at reducing cigarette use are likely to also reduce 
marijuana use. Second, both higher fines for manjuana possession and increased probability 
o f arrest decrease the probability that a w ung adult will use marijuana, but these policies 
have little effect on the frequency o f  use.

Finally, in policy analyses o f  this sort, it is critical to recognize the importance o f  dif­
ferences in the social and political environments across states and that these differences 
may be correlated with both public policies and aggregate behavior (e.g. cigarette excise 
taxes are extremely low, while smoking rates arc high). As a result, we note the sensi­
tivity o f our results to whether or not state-specific indicator vanables are included in 
the specifications to control for these cross-sectional differences. We conclude that spec­
ifications with these state-specific indicator variables yield the most reliable estimates. 
This approach ensures that the estimated policy effects are driven by correlations between 
changes in policies and behavior over time within states, rather than spurious cross-sectional 
correlations.
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Appendix A

The full models are presented in Table 6 

Table 6
Basic participation model with own- and cross-price/policy effects for youths*

Cigarettes (A' =  49253) Marijuana (A’ =• 49239)
Real tax on cigarettes -0.032 -0 .008

(A = 0.269) (A = 0.635)
Probability of arrcst-youth -0.582 -1.240

IP = 0 .000) (A = 0.000)
Age 0.171 0.120

IP = 0 .000 ) (A =  0 .000 )
Age squared -0.004 -0.003

(P =  0.000) (A = 0.000)
Family size - 0.011 -0 .006

(A = 0.000) (A = 0.000)
Divorced 0.088 0.044

(A = 0 .001) ( A = 0.003)
Mamed -0.026 -0.037

(P = 0.004) 1A = 0 .000)
Male 0.013 0.023

(A = 00 0 0 ) (A = 0.000)
African American —0.124 - 0.012

(A = 0.000) (A = 0.000)
Hispanic -0.064 -0.017

(A = 0.000) (A = 0.000)
Other race -0.056 -0.034

(A =0.000) (A = 0.000)
Real family income 0.000 0.000

(A = 0.000) (A =0.000 )
Student —0.113 - 0.021

(A = 0 .000 ) (A = 0  000)
High school dropout 0.080 0.024

(A =0.000) (A = 0.000)
Some college -0.045 0.002

(A =0.000) (A =0.561)
College graduate -0 .036 -0.026

(A = 0.29) (A =0.184 )
Some graduate, professional school —0.120 

(A =0.064)
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Table 6 (ContinuedI

Cigarettes tN  = 49253) Marijuana (N  =  49239)
MSA < 250000 0.011 -0.008

(P  =  0.176) (P =  0.072)
MSA 250000-1000000 0.018 0.005

(P  =  0.012) (P  =  0.245)
MSA > 1000000 0 007 0.006

(/> =  0.316) (P =  0.126)
Rural resident -0.023 -0.024

(P  =  0.001) (P =  0.000)
Interview with no significant interruptions 0.010 0.007

(P = 0.019) (P = 0.004)
Pseudo R squared 0.1389 0.113

' Also included bul not shown: state and year effects, and a dummy variable for year >1994
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T a b le  15 . P e r c e n t a g e  o f  A l t e r n a t iv e  H ig h  S c h o o l  S t u d e n t s  W h o  U s e d  S e l e c t e d  D r j g s  b y  

S e x ,  R a c e / E t h n ic l t y ,  a n d  G r a d e ,  1 9 9 8

Sex Race/Ethnicity Grade Level

Drug use behavior
Male Female

White,
non-
His­

panic

Black,
non-
HIs-

panic

His­
panic

9m 10"' 11* 12*
All

Groups

Lifetime marijuana 88.0 82.1 89.4 77.7 84.0 81.0 85.3 86.0 86.8 85.4
Current marijuana' 58.2 46.7 56.7 47.2 50.6 51.2 52.9 55.7 51.2 53.0
Lifetime cocaine use2 38.6 33.0 43.8 5.7 46.4 32.7 36.4 37.8 36.5 36.1
Current cocaine use’ 17.1 13.1 17.7 3.6 19.4 14.8 16.6 15.9 14.1 15.3
Lifetime crack or 
freebase use 23.5 19.4 26.2 3.5 26.8 20.9 22.9 24.2 18.9 21.6
Lifetime use of illegal 
steroids 9.6 7.4 10.5 6.6 6.9 12.0 9.6 6.9 7.6 8.7
Lifetime injected drug 
use 6.8 4.4 7.0 4.1 4.5 7.6 5.6 5.4 4.9 5.7

Episodic heavy 
drinking3 55.4 42.9 58.7 284 52.4 43.8 48.1 51.5 51 7 49.8

Current cigarette' 67.7 59.8 78.6 43.3 53.0 64.5 64.3 64.8 62.2 64.1
— Data not available.
'Used one or more times during the past 30 days.
2Ever tried any form of cocaine, including powder, crack, or freebase.
3Drank five or more drinks of alcohol on at least one occasion on one or more days during the past 30 days.
Source: "Youth Risk Behavior Surveillance—National Alternative High School Youth Risk Behavior Survey, United 

States, 1998," Morbidity and Mortality Weekly Report iters for Disease Control and Prevention, Public 
Health Service. Department ot Health and Human Serv.-es.
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T ab le  C .5  A ve rage  Age at F irs t M a r iju a n a  Use A m ong  Persons R ep o rtin g  F irs t Use o f  M a r iju a n a  at A ge  25 o r  Y ounge r in 1995 to 1997, by S ta te : 1999

State Average Age 95% C.I. State Average Age 95% C.l.
National 16.2 (16.1 -16.4) Missouri 16.2 (15.3-17.0)

Alabama 16.6 (15.6-17.6) Montana 15.1 (14.5-15.7)
Alaska 16.0 (14.8-17.2) Nebraska 16.1 (15.0 -17.1)
Arizona 15.3 (14.4-16.2) Nevada IS.I (14.3-15.8)
Arkansas 15.9 (15.4-16.4) New 1 lampshire 16.5 (14.7-18.2)

California 16.1 (15.8-16.4) New Jersey 16.9 (16.0-17.7)

Colorado 15.9 (15.2-16.6) New Mexico 15.9 (15.1 -16.7)
Connecticut 16.8 (15.1 -18.6) New York 16.7 (16.1 -17.3)
Delaware 16.2 (15.2 -17.1) North Carolina 16.1 (15.6-16.7)
District o f  Columbia 16.4 (15.0-17.8) North Dakota 16.9 (16.0-17.7)
Florida 16.1 (15.6-16.6) ( )hio io.6 (16.2-17.0)

(icorgia 15.8 (15.1 -16.6) ( Ikluhoma 15.9 (14.9-16.8)

Hawaii 16.5 (14.7-18.4) Oregon 16.0 (14.8-17.2)
Idaho 16.7 (15.8-17.6) Pennsylvania 16.6 (16.2 -16.9)
Illinois 15.7 (15.4-16.0) Rhode Island 16.3 (15.1 -17.5)

Indiana 16.3 (15.7-17.0) South Carolina 16.0 (15.1 -16.8)

Iowa 16.9 (16.2-17.7) South Dakota 16.8 (15.5-18.1)

Kansas 15.7 (15.0-16.5) Tennessee 16.9 (15.3-18.4)

Kentucky 16.5 (15.8-17.2) Texas 16.1 (15.8-16.5)

Louisiana 16.0 (15.2 -16.9) 1 it ah 15.6 (15.0-16.2)

Maine 17.1 (15.5 -18 7) Vermont 16.7 <15.1 -18.2)

Maryland 16.0 (14.9-17.1) Virginia 16.5 (15.4 -17.6)

Massachusetts 16.2 (15.2-17.2) Washington 15.8 (15.3-16.3)

Michigan 16.6 (16.0-17.2) West Virginia 16.3 (15.5 -17.1)

Minnesota 15.6 (15.0-16.2) Wisconsin 16.6 (15.4 -17.7)

Mississippi 16.8 (16.1 -17.5) Wyoming 15.9 (15.2 -16.6)

•l.ow precision; no estimate reported.
Source: SAMHSA, Office of Applied Studies, National Household Survey oil Drop Abuse, 1999 ('Al



Mental Disorders of Eskimos Seen at a Community Mental Health 
Center in Western Alaska
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T he charts o f  343 Eskim os seen  at 
a com m unity m en tal health  c e n ­
ter in north w estern  Alaska w ere

Dr. Aoun Is a fellow in child psychiatry in 
the division of child and adolescent psy­
chiatry of the department of psychiatry at 
the University of Minnesota Hospital and 
Clinics in Minneapolis. Dr. Gregory is 
associate professor in the department of 
psychiatry at the State University of New 
York Health Science Center, 750 East 
Adams Street. Syracuse. New York 13210.

rev iew ed , and  data on  d e m o ­
graphic characteristics, D S M - I1 I -  

R  d iagnoses, and history o f  su i­
c id e  a ttem p ts w e r e  c o lle c te d . 
Substance u se  disorders w ere  the  
m ost com m on group o f  m ental 
disorders. Substance use patterns 
d iffered  substantially  accord ing  
to age  and gen der . B oth children  
and adults had high rates o f  a t­
tem p ted  su icide (66 p ercen t and  
67 p ercen t). Rates o f  bipolar d is­
order and eating d isorders w ere

su b sta n tia lly  lo w er  than those  
se e n  in m en tal hea lth  clin ics serv­
ing th e  g en era l U .S. population. 
( P s y c h ia t r i c  S e r v ic e s  4 9 :1 4 8 5 -  
1487, 1998).

R
apid sociocultural changes in 
Native American communities 
are reflected in the nature and extent 
of mental health problems in these 

populations (1). Several community 
surveys have reported high rates of 
psychiatric di: <rders. Using struc-
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Psychiatric diagnoses of adult Eskimo patients evaluated at a community mental 
health center in Nome, Alaska1

Table 1

Diagnosis

AU patients
(N—255)

Men
(N-115)

Women 
(N—140)

N % N % N %

Substance abuse or dependence2 189 74.1 98 85.2 91 65.0
Alcohol 129 50.6 57 49.6 72 51 4
Cannabis 33 12.9 20 17.4 13 9.3
Polysubstance3 26 10.2 20 17.4 6 4.3
Inhalant 1 .4 1 .9 0 -

Mood disorders4 117 45,9 35 30.4 82 58.6
Major depression, unipolar5 95 37.3 27 23.5 68 48.6
Dysthymia 15 5.9 6 5.2 9 6.4
Bipolar disorder 7 2.8 2 1.8 5 3.6

Psychotic disorders6 47 18.4 28 24.4 19 13.6
Schizophrenia7 29 11.4 21 18.3 8 5.7
Schizoaffective disorder 13 5.1 5 4.4 8 5.7
Other psychotic disorders 5 2.0 2 1.7 3 2.1

Personality disorders 32 12.6 13 11.3 19 13.6
Anxiety disorders 31 12.2 9 7.8 22 15.7

Panic disorder 16 6.3 4 3.5 12 8.6
Posttraumatic stress disorder 14 5.5 4 3.5 10 7.1
Generalized anxiety disorder 1 .4 I .9 0 -

Adjustment disorder 25 9.8 12 10.4 13 9.3
Organic disorder 15 5.9 9 7.8 6 4.3

Dementia or delirium 11 4.3 6 5.2 5 3.6
Mental retardation 4 1.6 3 2.6 I .7

Eating disorders 4 16 0 - 4 2.9
Other diagnoses* 5 2.0 I 9 4 2.9

1 AU statistical tejl reports are for comparisons between men and women.
1 x2* 12.9. d f - l .  p< 001 
1 x2*JO-5, d f - l .  p< 005 
4 X1 19.1. d f - l .  p<.001 

d f» l.p <001  
• x2=4.18, d f - l ,  p<.05 
7 X2- 8 .6. d f - l .  p<.005
' Includes somatoform disorders, pedophilia. mallngcnng. and multiple personality disorder

tured diagnostic interviews. Kinzle 
and associates (2) found that 69 per­
cent of the adult population in an 
American Indian village had a defi­
nite or probable mental disorder, 
compared with 32 percent in the Epi­
demiologic Catchment Area study of 
the general U.S. population (3). 
Rates of addictive diseases and d e ­
pression are especially high (2.4.5). 
For example, lifetim e prevalence 
rates of alcohol dependence or abuse 
within selected  American Indian 
communities range from 27 to 51 
percent (2.6).

Most epidemiological surveys in 
Native American populations have 
used problem checklists or question­
naires to measure psychopathology 
(4,5). Some have used structured di­
agnostic interviews to classify Ameri­
can Indian subjects using a modern

diagnostic system (2,6), but sample 
sizes have been small and such stud­
ies have not been performed in Eski­
mo populations.

During his clinical work at the re­
gional community mental health cen­
ter in Nome. Alaska, one o f the au­
thors (RJG) noted a low rate of bipo­
lar disorder (manic-depressive ill­
ness) and eating disorders among Es­
kimo patients attending the clinic. 
This observation, along with the lack 
of studies measuring rates among Es­
kimos of psycnopathology according 
to our current diagnostic Classifica­
tion system, prompted the study de­
scribed in this paper. We report the 
rates of psychiatric disorders among 
Eskimos attending a community 
mental health center in Western Alas­
ka and offer possible explanations for 
these findings.

Methods
The Eskimos in the Bering Straits re­
gion of Alaska are members of four 
distinct ethnic groups: Inuit. Inupiat. 
Yupik, and Siberian Yupik. Although 
the people retain much o f their tradi­
tional values and life style, almost all 
are literate in English.

Any person in the region is eligible 
to receive services at the community 
mental health center (CMHC) in 
Nome. Many patients are referred by 
their local medical piovider.

The study population Includes all 
Eskimo patients evaluated by the staff 
psychiatrist (RG) at the CMHC b e­
tween October 1990 and April 1993. 
Charts were reviewed retrospectively, 
and data on demographic characteris­
tics. D S M - l l I - R  diagnoses, and histo­
ry of suicide attempts were collected. 
Between-group differences were ana­
lyzed using two-tailed chi square tests 
with Yates correction.

Results
Over the two years of the study. 343 
Eskimo patients- 88 children and 
adolescents between the ages of six 
and 17 years and 255 adults age 18 
and older- were evaluated. Among 
the children and adolescents there 
was a slight preponderance of females 
(N=49). The mean age of the children 
and adolescents was 14 ±2.3 years. 
The mean age of the adult patients 
was 37±I5 years.

Most youths had problems with 
substance use disorders (N=49). but 
females most frequently used alcohol, 
and males surprisingly were more 
likely to have problems with inhal 
ants. Eating disorders were infre­
quent (N=3).

Table 1 outlines the distribution of  
diagnoses among the adult patients, 
Substance use disorders were preva­
lent. especially among men. Whereas 
inhalant use was much less frequent 
among adults compared with chil­
dren, alcohol and cannabis use were 
much more frequent.

Most surprising was the low fre­
quency o f bipolar disorder (manic- 
depressive illness) and eating disor­
ders. One would expect that approxi­
mately equal numbers of patients 
would have bipolar disorder as would 
have schizophrenia in a mental health 
clinic (7). but less than 3 percent of
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these Eskimo patients received a di­
agnosis of bipolar disorder.

Sixty-six percent o f the children and 
67 percent o f  the adults reported a 
previous suicide attempt. An Interest­
ing finding was that the two age 
groups differed in the gender distrib­
ution of the suicide atiempters (x*=
11.6. d f= l. pc.001). with females re­
porting higher rates among youths 
and aduit men and women reporting 
approximately equal rates. This dif­
ference suggests that suicide may 
have different etiologies in different 
age groups.

D iscussion  and conclusions
Perhaps our most striking finding is 
the high prevalence of substance use 
disorders in both children and aduits 
attending the mental health clinic. The 
substances of choice appeared to be 
alcohol, cannabis, and inhalants, and 
preference varied by age and by gen­
der. Although striking, the finding was 
not unexpected, as high rates of sub­
stance use have been noted in surveys 
fairly consistently across Nalive Amer­
ican ethnic groups (8). Reasons for 
these consistent findings are unknown, 
but may include biological, psycholog­
ical. and sociocultural factors (2,4).

Of concern was a 67 percent rate of 
reported suicide attempts. This rate 
compares with rates o f  4 to 25 per­
cent reported in other mental health 
clinics (7). Suicide rates vary widely 
among Native American tribes and 
subgroups (8). Acculturation and high 
rates o f alcoholism have been the 
most common explanations given for 
Native American suicide (9). but a 
more recent study in this Eskimo 
population suggested that early pa­
rental loss and limited grieving mech­
anisms are important factors (10).

This study supported our prediction 
of low rates o f eating disorders and 
bipolar disorder. In the general U.S. 
population, an outpatient mental 
health clinic might expect that approx­
imately 8 percent of its adult patients 
would have bipolar disorder (7). In 
contrast, we found a rate of 3 percent 
in our clinic. To our knowledge, this is 
the first time that a low rate of bipolar 
disorder has been reported in a Native 
American population.

A low rate o f eating disorders is 
ily explained by culturally based dif­

ferences In attitudes towards body 
weight and appearance. It is more dif­
ficult to explain the low rate of bipo­
lar disorder. One possibility is sam­
pling b ias- that is. the expected  
number of persons with bipolar disor­
der lived in the community, but they 
did not come to our clinic. We believe 
this explanation is unlikely given the 
disabling nature of the Illness and the 
lack of alternative mental health re­
sources In the region.

Another possible explanation Is that 
our subgroup, or Native Americans as 
a whole, have low genetic loading for 
bipolar disorder or a different pheno­
typic expression of the illness. For ex­
ample. high rates of cannabis use may 
have led to a psychotic diathesis of a 
bipolar predisposition, thereby caus­
ing a predominantly psychotic mani­
festation of bipolar illness. In support 
of this explanation, we found that 
cannabis use was highly correlated 
with assignment of a psychotic disor­
der (xz=23.6. df= l. pc.OOl). In addi­
tion, our clinical observation was that 
many of the patients that were diag­
nosed with schizophrenia appeared to 
respond to mood stabilizers.

The limitations o f the study include 
its use of retrospective analysis and 
assignment of diagnoses based on the 
clinical evaluations of a single psychi­
atrist. This study highlights the need 
for similar ste iie s  in other Native 
American clinic populations, as well 
as systematic community surveys em ­

ploying structured diagnostic inter­
views and a modem diagnostic classi­
fication system. ♦
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Abftract

Marijuana (Cannabis saliva) is the most commonly used illicit drug by pregnant women, but information is limited about the effects of 
prenatal cannabis exposure on fetal development. The present study evaluated the influence of early maternal marijuana use on fetal 
growth. Women electing voluntaty saline-induccd abortions were recruited at a mid-gestational stage of pregnancy (weeks 17-22), and 
detailed drug use and medical histories were obtained Toxicological assays (maternal urine and feta! meconium) were used in conjunction 
with the maternal report to assign groups. Subjects with documented cocaine and opiate use were excluded Main developmental outcome 
variables were fetal weight, foot length, body length, and head circumference; ponderal index was aiso examined Analyses w ee adjusted 
for maternal alcohol and cigarette use. Marijuana (n**44)- and nonmarijuana (n~95)-exposed fetuses had similar rates of growth with 
increased age. However, there was a 0.08-cm (95% Cl — (j.j5 to —0.01) and I4.53-g (95% Cl —28.21 to 0.86) significant reduction of 
foot length and body weight, respectively, for marijuana-exposed fetuses. Moreover, fetal foot length development was negatively 
correlated with the amount and frequency of marijuana use reported by the mothers. These findings provide evidence of a negative impact 
of prenatal marijuana exposure on the mid-gestational fetal growth even when adjusting for maternal use of other substances well known 
to impair fetal development 
C 2004 Elsevier Inc. All rights reserved

Ke)'words: Fetal growth; Cacnibii; Alcohol; Intrauterine growth; Nicotine

1. Introduction

Cannabis is the most commonly used illegal drug among 
young women of childbearing age in most western societies. 
For example, 13-23% o f females aged 16-24 report 
marijuana use in the UK [4], Approximately 4% of women 
in the USA report using illicit drugs (i.e., marijuana, 
cocaine, heroin, hallucinogens, inhalants, nonmedical psy­
chotherapeutic) during pregnancy, with marijuana being the 
most commonly (75%) used drug among pregnant women

• Corresponding »uthor. Tel.: +46 8 3177 2379; fax: +46 8 346563. 
E-mail address: Yasraio.hurd@cniki.se (Y.L. Hurd).

0892-0362/S - see front matter O 2004 Elsevier Inc. All rights reserved. 
doi:10.1016/j.ntt2004.11.002

[43]. Significant advances have been made in recent years as 
to the biology o f  the cannabis system, including identifica­
tion o f the cannabis receptors, their distribution in the brain 
and periphery, pharmacology, and signaling pathways 
[28,40]. Despite the growing interest in the biological 
actions of cannabis, there are still only few studies regarding 
the consequences o f  cannabis exposure, especially in 
relation to the development o f  the human fetus. Such 
information is essentia! when considering the current 
debates as to the potential legalization o f marijuana in 
many western societies and the establishment o f  national 
policies related to marijuana’s effects on health.

Prenatal effects o f maternal drug use on fetal develop­
ment are primarily assessed by measures o f  fetal growth.

http://www.elicviei.com/locJte/ncuieri
mailto:Yasraio.hurd@cniki.se
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There is evidence in the literature that marijuana-exposed 
infants at birth have reduced weight [15,21,25,50] and/or 
head circumference ’15,19], as well as decreased ges­
tation length [6,20,21,25]. These findings are not, 
however, unequivocal since some studies have foiled to 
document significant effects o f in utero cannabis exposure 
on fetal development [17,39] or gestation length [32,48]. 
There has also been a report of increased birthweight in 
association with prenatal marijuana use, primarily asso­
ciated with marijuana use during the third trimester [8]. 
Multiple reasons could account for the discrepant find­
ings, such as the stringency of the control group, the 
accuracy o f  drug use, genetic and social differences of 
the populations investigated, and the developmental time 
period when growth parameters are evaluated. Another 
important consideration for the conflicting results in the 
literature may relate to confounding effects o f  maternal 
use of other drugs, such as cigarette and alcohol. Animal 
studies in which experimental conditions can be well 
controlled have documented reduced weight in associa­
tion with prenatal cannabis exposure [1,3], thus substan­
tiating the findings in humans o f  a negative impact of 
maternal marijuana use in fetal growth. The potential 
long-term prenatal effects o f  marijuana exposure have 
also been examined in longitudinal studies. Such inves­
tigations have documented specific abnormalities in 
cognitive (e.g., verbal skills, memory) and behavioral 
(impulsivity, inattention, social disturbances) functioning 
in offspring o f women who used marijuana during 
pregnancy [14,18,22,41].

Despite increasing evidence o f developmental impair­
ment, as well as behavioral disturbances with in utero 
marijuana exposure, there is still a virtual lack o f  
information as to the influence of early prenatal marijuana 
exposure on human fetal growth. Only few studies to date 
have investigated the prenatal effects o f marijuana, and 
those have mainly evaluated newboms, which make it 
difficult to dissociate the influence o f  early versus late in 
utero drug exposure. Since women are more likely to 
discontinue their drug use during the early stages of 
pregnancy, evaluation o f an early to mid-developmental 
time period is o f particular importance, To assess devel­
opmental events prior to the third trimester, the cunent 
project examined standard measures o f development in 
aborted fetuses. The study focused on the early to mid­
gestation (weeks 17-22) developmental period since it is 
the latest stage during which normal specimens can be 
obtained from voluntary abortions. Thus, in comparison to 
most investigations that have examined the cumulative 
impact o f  cannabis exposure throughout the entire prenatal 
developmental period, the present study sought to identify 
the influence o f  early to mid-gestational marijuana 
exposure on fetal growth. We hypotiresized that indices 
o f fetal growth, particularly body weight, would be 
reduced in association with maternal marijuana use during 
early to mid-gestation pregnancy.

2. Methods

2.1. Sam ple co llection

Pregnant women who bad elected to carry out a 
voluntary saline-induced abortion at Kings County Hospi- * 
tal, Brooklyn, NY, between January 2000 and December 
2002 were the focus group o f the project The study was 
approved by the Institutional Review Boards o f Kings 
County Hospital Center and SUNY Downstate. Women 
were recruited for the study if  they were estimated (based 
on ultrasound and/or maternal physical exam) to be at a 
mid-gestational stage (weeks 17-22) o f  pregnancy. The 
women provided written consent to participate in the study 
that entailed completion of a verbal questionnaire (requir­
ing about 45 min to obtain demographic and drug use 
information) and urine analysis. Participants could with­
draw at any time from the study The questionnaires, 
maternal urines, and fetal samples were given coded 
identifiers, and no patient identifiers, such as the person’s 
name, remained on any of the data sheets or drug screening 
results. Fetuses were included in the study i f  the 
postmortem interval did not exceed 24 h. The fetus was 
examined by the pathologist and/or study coordinator for 
routine physical measures, such as gender, birth weight (g), 
body length (supine length on a horizontal, flat surface; 
cm), foot length (cm), and occipital-frontal head circum­
ference (cm). Meconium was also collected for subsequent 
toxicological analysis. An estimate o f  symmetrical fetal 
development was determined by ponderal index ([weight 
(g)/length (cm)3 x 100]).

2.2. M a te rn a l dem ographic, d rug  use, and m ed ica l h istory  
assessment

Mothers were interviewed by a study coordinator using 
a standardized interview format established by Drs. Nancy 
Day and Gale Richardson (Department o f Psychiatry and 
Epidemiology, University of Pittsburg, PA) [41]. The 
interview included information pertaining to maternal 
demographic status (e.g., race, age, educational level), 
maternal substance use (illicit and prescription drugs), and 
medical history. The substance use questions were 
structured to assess drug use patterns prior to pregnancy 
and during pregnancy. In addition to the amount and 
pattern o f marijuana use, the interview included questions 
related to the use of cigarettes, beer, wine, liquor, cocaine, 
crack, amphetamines, heroin and other opiates, halluci­
nogens, and inhalants. The questions included information 
regarding tire number of joints smoked per day (blunts 
were calculated to be equaled to three joints), number o f  
cigarettes smoked per day, and number o f standard drinks 
consumed per day. Standardization o f  the number o f  
drinks for each type o f alcohol (i.e., beer 12 oz, wine 5 
oz, and liquor 1.5 oz) and calculation o f the total amount 
of drug usage for each substance during prepregnancy
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(the year prior to pregnancy) and ir. pregnancy were 
calculated according to established published protocols 
(see below).

2.3. Tox ico log ica ! assessment

Maternal urine screening for illicit drug use was 
performed by EM lf® (Dade-Bchring. Irvine, CA) with a 
cut-off o f  50, 300, and 300 ng/ml for cannnbinoid, cocaine, 
and opiate, respectively. Meconium toxicology was carried 
out at the Karolinslca hospital to screen (immunoassay) for 
cannabis, cocaine, opiates, and amphetamine using CED1A 
urine screening reagents (Microgenics, CA, USA; Hitachi 
917; Roche Diagnostics, IN, USA). Immunoassay response 
greater than the limit o f detection (approximate limits: 
cannabis 10 ng/g, opiate 75 ng/g, cocaine 15 ng/g, amphet­
amines 50 ng/g, benzodiazepines 40 ng/g, phencyclidine 1 
ng/g) was taken as a positive indication, and a second 
analysis was carried out using gas chromatography-mass 
spectroscopy (SIM-GC-MS).

Subjects were included in the cannabis-exposed group 
based on positive toxicology (urine and/or meconium) and/ 
or positive maternal self-report The remaining subjects 
were assigned to the non-cannabis-cxposed group.

2.4. D a ta  ana lys is

The presence and extent o f marijuana use was assessed 
using two approaches: a dichotomized variable, positive 
maternal report and/or positive toxicology, and as continu­
ous variables, number o f  joints normally used and frequency 
''times/week) o f  maternal use. Maternal marijuana use was 
expressed as average daily joint (ADJ) to dissociate the 
contribution o f  the pattern o f marijuana exposure on fetal 
development; only subjects who provided detailed drug use 
history were included in such analyses. Weekly drug use 
was converted to daily use based on the yearly pattern o f  
use; for example, seven joints per week was converted as 7 
joints/weekx4 weeks/month)/(31 days/month)=0.89 joint/ 
day. Marijuana users were divided into four groups: no use, 
light users (0>ADJ<0.4), moderate users (0.4kADJ<0.89), 
and heavy users (ADJ^0.89) according to the character­
ization by Goldschmidt et al. and Richardson et al. [22,41]. 
An ADJ o f 0.4 is approximately three joints/week. The 
influence o f other drags was also assessed as to maternal use 
(yes/no) and the amount of use. For alcohol use, 1 drink=l2 
oz. can beer, 4 oz. glass wine, 1.5 oz. shot o f liquor, and 
average daily volume (ADV, drink/day) o f  1 drink/day=0.5 
oz. absolute alcohol [41],

Four fetal outcome measures (body weight, body length, 
foot length, and head circumference) were assessed. Out­
liers, as assessed by residual plots, Cooks Distance 
Influence, and normality plots, were excluded from analysis 
to minimize the influence o f a few cases or. the results. An 
examination o f the normal residual distribution was carried 
out for each dependent variable; no transformation o f the

data was carried out since the residuals were normally 
distributed. Univariate nonparametric analyses were earned 
out to obtain an overall estimate o f  the general character­
istics o f the groups. Univariate analyses do not consider the 
influence o f  other variables, thus, such analyses were not 
used when assessing specific significant effects o f  prenatal 
drug exposure. General linear models were conducted with 
confounding variables (e.g., gestation age, fetal gender, 
maternal age, maternal education, and married status) for the 
initial model testing. Cannabis exposure was always 
included in the model since this was the primary question 
of interest. Backward selection regression was carried out 
sequentially deleting the variables that had the weakest 
effect on the equation. Except for maternal alcohol and 
cigarette use, only variables with a p<0.10 correlation with 
the dependent variable were included in the final statistical 
analysis. Linear modeling was also performed to assess the 
amount and frequency o f marijuana use on the devel­
opmental outcome variables. Data related to women who 
reported no marijuana use but whose toxicology revealed 
positive cannabis exposure were excluded from all analyses 
that evaluated the pattern and frequency o f  drug use. 
Statistical analyse: were carried out using JMP (5.1) 
software package (SAS Institute, Cary, NC, USA). Stat­
istical significance was set as p< 0.05 and trends considered 
for p<  0.10.

3. Results

3.1. M a te rn a l characte ristics o f  the m arijuana-exposed  and  
nonexposed groups

Tj. -re was an approximately 30% refusal rate for 
participation in the study by pregnant women who fulfilled 
the project criteria. A total o f 139 subjects gave informed 
consent, co- ieted the questionnaire, and were included in 
the study (demographics in Table 1). In this cohort, 31.7% 
had evidence, from either toxicology and/or maternal 
report, o f manjuana use during pregnancy. O f the women 
in the cannabis-use group who admitted marijuana intake, 
81.8% reported using marijuana at a rate o f  1 .39±0.4  ADJ 
before pregnancy, a pattern that decreased to 0 .85±0.2  
during pregnancy. There were no significant demographic 
differences between die groups in regard to race (approx­
imately 80% Black), maritai status (predominandy unmar­
ried), or maternal age (Tabic I). To minimize the potential 
bias o f  fetal growth deficits associated with young 
mothers, fetuses from 15-year-old and younger (four cases) 
subjects were excluded from analyses regarding drug 
effects on fetal growth. The noncannabis group was 
slightly more educated (11.9 vs. 11.3 years; p =0.0264). 
The groups also differed in regard to the use o f cigarettes 
and alcohol. Women in the cannabis-use group had an 
approximately fourfold higher rate of cigarette smoking 
and twofold higher amount o f  alcohol intake during
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Tibia 1
Maternal characteristics o f marijuana utm (documented marijuana use 
before and/or dunng pregnancy) ind nonuten u  determined by positive 
toxicology ind/or potidve mitcmsl iclf-report_______________________
Variables Nonuiera Users p-value
N 95 44
Maternal age (yean) 23.4 ±0.7 22.4X0.6 0.8380
Maternal education ll.» ± 0.2 11.3X0.2 0.0192

0**n )
Race/ethnicity
White 3 0

0.0753

Black 80 (84.254) 35 (79.554)
Hispanic 9 9

Married status 7 (7.454) 4 (9.1%) 0.4295
Cigarette use before 28 (2954) 32 (70.5%)

pregnancy
Avenge amount/day 11 ±0.4 S.9X0.9 <0.0001

Clgarece use during 17 (1854) 17 (39%)
pregnancy

Average amount/day 1.2+0.3 4 .9 * 0 1 0 .0 0 0 1
Nonimcker 83 V
*S3 cigarettes/day 11 1
5 to 10 cigarettea/day 5 10
210  cigarettes/day 2 6

Alcohol use before 28 (2954) 27 (70%)
pregnancy

Average daily volume 0.30±0.i 0.45X0.1 0.0005
(drink/day)

Alcohol use during 22(2354) 24 (54%)
pregnancy

Average daily volume 0.22x0.09 0.42+0.1 <0.0001
(drink'day)

None 73 20
Light 13 11
Moderate 4 8
Heavy 5 5

Use o f other illicit drugs* 6 0
during pregnancy

The values represent meaniSE; percentsge o f some viriib lei in 
psrentheies.
p-Vilues for nominil ind ordinal variables are based on Chi-squutd tests, 
and continuous variables are based on eonparametric univiriate analyses. 
ADV— average drinks/day; light—ADV S0.4 drink/day; moderate—  
O.OADV<1 drink/day; heavy— ADV>1 drink/day. ‘ Cocaine and opiate.

pregnancy (Table 1). Both groups reduced their cigarette 
use dunng pregnancy with a greater decrease reported by 
the noncannabis group (44% vs. 17%). The use o f alcohol 
decreased for 27% during pregnancy in the noncannabis 
group but only 5% in tlic cannabis users. Overall, few 
women reported moderate-to-heavy cigarette smoking 
(5.8% o f the cannabis group) or heavy alcohol use 
(7.2% o f the cannabis group) as characterized as >10 
cigarettes/day and i>l drink/day, respectively. Many 
women (45.3% in the control group; 50% in the cannabis 
group) reported morning sickness or heartburn during the 
first trimester o f pregnancy that purportedly affected their 
eating pattern and lead to weight loss. There was no 
statistical difference (j?=0.550) between the cannabis and 
control groups in relation to the number o f subjects 
reporting weight loss during pregnancy as a consequence 
of morning sickness or heartburn.

3.2. Tox lco logtca l evidence

Toxicological evidence was not found to match die 
maternal self-report in all cases. O f the cannabis-exposed 
group, eight (18.2%) had a positive toxicology although the 
mothers failed to report marijuana use during pregnancy 
(Table 2). In addition, 10 subjects (23% o f the group) had 
negative toxicological evidence for cannabis exposure, but 
the mothers reported marijuana use during pregnancy 
(predominantly light; 0.37±0.15 ADJ). Women who were 
identified as heavy users were more likely to have 
toxicological evidence o f recent marijuana use (50%) as 
compared to women who were identified as light users 
(16.7%). Women who reported heavy marijuana use also 
smoked approximately twice as many cigarettes both before 
and during pregnancy than women reporting light marijuana 
use. Heavy marijuana users reported having approximately 
double alcohol consumption before pregnancy but reported 
similar alcohol intake during pregnancy as the light 
marijuana users. None of the women in the marijuana-use 
cohort had toxicological or self-report evidence o f  cither 
cocaine or opiate use. There were six cocaine/opiate cases 
(two subjects using both drugs) users in the noncannabis 
group. Due to the sample size o f  the cocaine and heroin 
subjects, the influence of these drugs could not be evaluated 
in the statistical analyses, and these subjects were excluded 
from all analyses regarding marijuana effects on fetal 
growth.

3.3. Fe ta l characteristics

The overall characteristics of the fetuses in the cannabis- 
exposed and nonexposed groups are presented in Table 3. 
The average gestational age at the time o f  the voluntary 
abortion was similar between the nonexposed (19.8±0.2  
weeks) and cannabis-exposed (20.0±0.3 weeks) groups. 
There was also no significant difference in the gender of the 
fetuses, 53.6% and 59.1% males in the nonexposed and 
cannabis-exposed groups, respectively. There was a very 
strong correlation (Spearman p-0 .898 to 0.958) between the 
primary growth outcome measurements. Head circumfer­
ence was the least correlated with the other developmental

Table 2
Prevalence o f cannabis use reported for the "cannabis users" group
Cannabis users Before pregnancy During pregnancy
Frequency o f cannabis 0.43X0.1 0.35X0.1

use (time/day)
No. reporting nonuse 8 8 ‘
No. reporting light use 17 13
No. reporting moderate use 4 7
No. reporting heavy use 15 10
ADJ 1.39X0.4 0.85 m 0.2
•  Negative maternal report but positive cannabil toxicology. ADJ—avenge 
number o f joints/day: light use—0>ADJ<0.4; moderate use— 0.42ADJ< 
0.89; heavy use—ADJ20.89.
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Table 3
General overall comparison of the fowsea in tne cancibis and noocannabis 
group*___________________________________________ ___
Variablea Non cannabis Cannabis
Gestation age (weeks) 19.840.2 20.04 02
Fetal gender fmtWfbnale) 51/44 26/18
Fetal weight (grams) 2742411.7 2722418.7
Fetal foot length (cm) 3.07+0.1 3.040.1
Fetal body length (cm) 03.140.4 23.03 4 02
Fetal bead circumference (cm) 16.14+02 15.78=02
Ponderal index 2.1440.04 2.09+0.05
Tlic values are expressed as met: H.

measures, but the correlation was nevertheless strong 
(Spearman p  approximately 0.90). There was, however, a 
very weak correlation between the fetal growth measures 
and tire secondary outcome variable, ponderal index. The 
correlations with ponderal index ranged from 0.0382 (non­
significant) for body length to 0.2990 O>-0.008) for head 
circumference. Statistical analyses revealed that gestation 
age had the greatest impact on all outcome measures o f fetal 
growth (approximately 59-73% prediction); thus, this 
variable was always included in the general linear models. 
All developmental measures increased with increasing 
gestational age though lower growth was evident in the 
cannabis-exposed group (Table 4); body weight cannabis 
exposed, £*=0.756; nonexposed, £*” 0.747; body length: 
cannabis exposed, £*=0.693; nonexposed, £*-0.729; foot 
length: cannabis exposed, £*=0.694; nonexposed, 
£ * -0 .7 2 0 ; head circumference: cannabis exposed, 
£*-0.610; nonexposed, £*=0.722. Ih e  estimated growth 
pattern over the developmental period examined is consis­
tent with published [2,11,47] fetal growth rates o f approx­
imately 64 g, 0.32 cm, 1.79 cm, 1.31 cm increase o f  fetal 
weight, foot length, body length, and head circumference, 
respectively, for the 17-22 weeks age range. There was only 
a weak association between ponderal index and gestational 
age: cannabis exposed, £*-0.233; nonexposed, £*-0.0259.

Other than gestation age and drug exposure (see below), 
no other variable obtained from the maternal report, such as 
initial weight loss as a consequence o f  morning sickness or 
heartburn, illness, injury, or radiation (X-ray) during 
pregnancy or family history of medical problems (e.g., 
mental retardation or birth defects), was associated with the 
measurements of fetal growth.

3.3.1. Cannab is  exposure on fe ta l grow th
Cigarette smoking and alcohol intake were always 

included as confounding variables in the final statistical 
models due to the greater abundance o f these substances in 
women in the cannabis-use group and the known influence 
o f these substances on fetal development [9,26],

Cannabis-exposed fetuses were lighter in weight with an 
estimated 14.53 g difference as compared to the non­
cannabis fetuses (p-0 .037; Table 4). O f the other sub­
stances, only maternal alcohol use contributed significantly 
to fetal weight growth (estimated 13 g reduction; Table 4).

Maternal marijuana use before pregnancy was also exam­
ined in an attempt to ascertain the potential cumulative 
effects o f very early drug exposure on fetal development. 
Only a trend for reduced fetal weight was observed when 
the cumulative pre- and pregnancy marijuana history was 
evaluated for cannabis (p -0.093) and alcohol (p  =0.056) 
exposure (Table 5). Examination o f the pattern o f  marijuana 
intake during pregnancy revealed a trend (p =0.085) for 
increased amounts o f  maternal marijuana use during 
pregnancy to be associated with reduced fetal body weight 
No significance was observed in regard to the frequency o f  
marijuana use (Table 6).

Foot length growth was also significantly influenced (0.08 
cm reduction) by maternal marijuana use, as well as by 
alcohol and cigarette exposure during pregnancy (Table 4). 
The cumulative pre- and pregnancy exposure period was 
similarly associated with a significant negative impact o f

TUile 4
Estimates and 95% confidence interval* (Cla) o f the effect o f maternal 
cannabis use (poiitive toxicology and/or maternal report) during pregnancy 
on parameters o f fetal development adjusting for maternal cigarette and 
alcohol use (yet/no)______________________________________________

X1 Estimate C l lower Cl upper p -value
Weight

Gestation age
0.764

64.33 5723 71.13 <0.0001
M. cannabis use -14.53 —282: 0.86 0.0374
M. cigarette use -7 .94 -2 1 2 4 5.45 02425
M. alcohol use -13.33 -24.97 -1 .69 0.0252

Foot length 

Gestation age
0.761

0.32 0.29 0.36 <0.0001
M. cannabis use -0 .08 -0.15 - 0.01 0.0227
M. cigarette use -0.09 0.02 0.16 0.0168
M. alcohol use -0 .07 -0.13 0.01 0.0214

Body length 

Gestation age
0.671

1,79 126 2.02 <0.0001
M. cannabis use -0.03 -0.41 0.52 0.8245
M. cigarette use -0.08 -0.53 0.37 0.7266
M. alcohol use -0 .44 -0.84 0.04 0.0299

Head circuwference
0,722

Gestation age 1.31 1.15 1.47 <0.0001
M. cannabis use -0 .07 -0.42 0.28 0.6927
M. cigarette use -0.03 -0.36 0.30 0.8664
M. alcohol use - 0.22 -0.49 0.05 0.1072

Ponderal Index 

Gestation age
0.079

0.04 0.01 0.06 <0.0001
M  cannabis use -0.03 -0.09 0.02 0.2501
M. cigarette use -0.03 -0.03 0.08 0.3114
M. alcohol use - 0.00 -0.05 0.05 0.9539
Reference group=nonuseri.
V -85 for the noncannabis group; -V“ 38 for the cannabis group. 
M.-M«temal.
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Tibie J
Barimatea ind 9SS confidence intervili (CIi) o f the effect of combined 
mammal manjuana uae (yet/no) reported before and during pregnancy on 
parameters o f f a i l  development__________________________________

R1 Estimate D  lower Q  upper p-vtlue
Weight

Gestation age
0.357

64.74 57.83 71.64 <0.0001
M. cannabis use -10.41 -22.39 1.77 0.0931
M. cigarette use -1 .54 -13 .46 10.38 0.7982
M  alcohol use -10.65 -21.58 0.29 0.0562

Foot length 

Gestation age
0.736

0.33 029 0.36 <0.0001
M. cannabis use -0 .08 -0 .14 - 0.01 0.0181
M. cigarette use - 0.02 -0 .04 0.08 0.5061
M. alcohol use -0 .07 -0.13 0.01 0.0204

Body length 

Gestation age
0.696

1.82 1.59 2.04 <0.0001
M. cannsbis use - 0.22 -0.61 0.18 0.2773
M. cigarette use - 0.11 -0 .49 028 0.5868
M. alcohol use —029 -0 .65 0.06 0.1053

Head circumference
0.682

Gestation age 120 1.04 1.35 <0.0001
M. cannabis use -0 .16 -0 .45 0.14 02973
M  cigarette use - 0.00 - 0 2 9 0.30 0.9661
M. alconol use -0.31 -0 .58 0.04 0.0251

Ponderal Index 

Gestation age
0.076

0.04 0.014 0.07 <0.0032
M. cannabis use -0 .03 -0 .07 0.02 0.3092
M. cigarette use - 0.00 -0 .05 0.05 0.9025
M. alcohol use - 0.01 -0 .0 J 0.04 0.8107
Reference group«nom»en.
,V=84 for the noncannebii group; V-44 for the cannibis group. 
M.“ Mat*mal.

maternal marijuana use on foot length (0.08 cm; jp-0.018; 
Table 5) and alcohol use (0.07 cm; p m0.020). There was a 
significant negative association with the amount and fre­
quency of maternal marijuana use during pregnancy and the 
fetal foot length measures (Table 6). Fetal subjects exposed to 
moderate maternal marijuana use/day (0.40i>ADJ<0.89) 
during pregnancy bad significantly (/? =0.036) reduced foot 
growth with a trend (p-0.082) observed for subjects with 
heavy marijuana exposure (ADJ>0.0819; Table 6).

Maternal cannabis use during pregnancy or during the 
cumulative pre- and during pregnancy period failed to show 
a significant association with body length development 
(Tables 4 and 5). Consistently, there was no significant 
contribution of the jattem o f marijuana use reported during 
pregnancy on body length (Table 6). However, maternal 
alcohol use during pregnancy was associated with a 
significant reduction o f fetal body length (0.44 cm; 
p “ 0.029; Table 4).

Head circumference was not significantly associated with 
maternal marijuana, cigarette, or alcohol use during 
pregnancy (Table 4). However, the cumulative maternal 
alcohol use reported before and during pregnancy revealed a 
significant effect o f alcohol exposure on head circumference 
measures in this sample (p“0.025; Table 5). There were no 
significant effects evident for the amount or frequency o f  
marijuana use on head circumference (Table 6).

Ponderal index was not significantly associated with 
maternal use o f  marijuana, cigarette, or alcohol either during 
pregnancy or when considering the cumulative prepreg­
nancy period (Tables 4-6).

Table 6
Fetal development in regard to the amount (no. o f joints normally used) and 
frequency (times/week) o f maternal marijuana uae reported during 
pregnancy after adjusting for gestation age, as weil as the reported amount 
o f maternal alcohol and cigarette use*_________________

Estimate Cl lower Cl upper p -value
Weight
Amount -9 .34 -21 .05 128 0.0850
Frequency -34.98 -80.32 10.36 0.1290
0>ADJ<0.40 -15.09 -53 .71 23.52 0.4399
0.4iADJ<0.89 -54.19 -103.59 -4.78 0.0319
ADJi0.89 -22.17 -65 .90 21.54 0.3167

Foot length
Amount -0.08 -0 .14 - 0.02 0.0071
Frequency - 0 2 7 -0 .50 -0.03 0.0257
0>ADJ<0.40 - 0.10 -0 .30 - 0.10 0.3270
0.4iADJ<0.89 -0.28 -0 .J4 - 0.02 0.0362
ADJi0.89 - 0.20 -0 .43 0.03 0.0819

Body length
Amount - 0 1 8 -0 .55 0.19 0.3465
Frequency -0 .47 -1 .92 0.99 0.5273
0>ADJ<0.40 -0 .09 - 1 2 9 -1 .29 0.8766
0.41s ADJ<0.89 -1 .13 -2 .73 -0 .46 0.1618
ADJi0.89 -0 .15 -1 .56 1.27 0.8386

Head c/tvum,
Amount - 0.11 -0 .42 021 0.5146
Frequency -0 .14 —124 1.06 0.8137
0>ADJ<0.40 -0 .14 -1 .03 0.75 0.7574
0.4iADJ<0.89 -0 .33 -1 .58 0.90 0.5904
ADJi0.89 - 0.02 -1 .19 1.16 0.9741

Ponderal index
Amount 0.00 -0 .05 0.05 0.9713
Frequency - 0.12 -0 .30 0.06 0.1911
0>ADJ<0.40 -0.05 - 0.11 020 0.5450
0.4SADJ<0.89 - 0.10 -0 .32 0.11 0.3357
ADJ2S0.89 -0 .06 -0 .25 0.12 0.5052

The pattern o f marijuana use is also presented in regard to the categorized 
groups for the average number o f joints/day (ADJ) as compared to the 
reference nonuser group (ADJ-0).
;V=85 for the nonuser group; jV-30 for the group reporring marijuana use 
during pregnancy (A'-13, 7, and 10 for light, moderate, and heavy use, 
respectively).

* Subjects reporting nonuse but had positive cannabis toxicology were 
excluded.
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Consistent with previous evaluations o f  the trend o f drug 
use in the innercity community currently investigated [35], 
pregnant women in this population had a high rate o f  
marijuana use (31.6%) with a lower incidence o f  cocaine 
(4%) and opiate (2.2%) intake. The high use of marijuana in 
many communities [4,43] is disturbing in light o f the current 
findings revealing an adverse influence o f  early prenatal 
cannabis exposure on various indices o f  fetal growth. 
Despite the strong correlations apparent between tlic four 
primary developmental measures, body weight and foot 
length were the variables that that were significantly 
associated with maternal marijuana use in the mid-gestation 
fetuses.

The present data extend previous observations of a 
harmful influence of maternal marijuana use on fetal growth 
evaluated in newborns by documenting that the negative 
impact o f marijuana exposure is already apparent by mid- 
gestational fetal development. A number o f  investigations 
have provided evidence that the pattern o f marijuana 
exposure is an important variable in regard to fetal growth. 
Newborn infants with frequent and regular marijuana 
exposure throughout pregnancy have significant reductions 
in birth weight as compared to those with infrequent 
exposure to the drug [15]. Fried et al. [20] also reported 
reductions o f  fetal growth in subjects with >5 joints/week. 
In addition, increasing frequency o f marijuana use was 
found to be directly associated with increasing decrements 
in birth weights in one cohort of women; the findings were 
not, however, replicated in a second cohort in that 
investigation [30], The current study provides evidence 
which substantiates that the pattern, particularly the amount, 
o f maternal marijuana use is linked with a greater reduction 
o f fetal growth, primarily for foot length in this population. 
Although one would predict that heavy maternal marijuana 
use would be most associated with the greatest impairment 
o f fetal growth, significance was only primarily evident for 
those with moderate, regular marijuana exposure o f  approx­
imately three to six joints/week. It is impossible, however, 
to exclude the impact of heavy marijuana exposure given 
the small sample size in our population.

As compared to body weight and foot length, there was 
no significant effect o f maternal marijuana use on fetal body 
length and head circumference in the present study. Positive 
relationships between utero marijuana exposure and head 
circumference [17,39] or body length [50] have been 
documented in newborns. Thus, these growth parameters 
may be more sensitive to marijuana exposure during later 
stages o f pregnancy. The greater sensitivity currently 
observed for foot growth with early prenatal marijuana 
(and cigarette) exposure could be related to the special 
feature of fetal blood flow which makes the lower limbs 
particularly sensitive to hypoxia [31]. It is well established 
that intrauterine hypoxia is induced by cigarette and 
marijuana exposure which could therefore account for the

4. D iscussion greater impact of these substances on fetal foot length 
growth. Although ponderal index is widely used as an 
indicator o f  fetal growth, this variable was only weakly 
correlated to the other fetal growth measures and to 
gestational age in the early developmental period studied. 
The lack o f  significant effect observed for the ponoeral 
index is not unexpected since variables o f  direct growth 
measures, such 8' tv>dy weight, have been shown to be n 
better predictor of i„ utero growth retardation than ponderal 
index [23], and ponderal index, which reflects symmetrical 
growth, is more sensitive to disturbances in late pregnancy 
[42]. Moreover, no alterations in ponderal index have 
previously been observed in association with prenatal 
marijuana exposure [16,19].

Consistent with findings from other investigations, 
women in the current marijuana group were more likely 
to smoke cigarettes and drink alcohol during pregnancy 
[10,20,48]. Of these substances, alcohol use had the most 
significant adverse impact on all primary growth measures 
perhaps due to fewer women reducing their alcohol intake 
as compared to cigarette smoking dunng pregnancy. 
Although both nonusers and marijuana users tended to 
decrease their cigarette smoking approximately twofold 
during pregnancy, the same was not apparent for alcohol 
use. Alcohol intake during pregnancy was reported in 54% 
and 23% o f the marijuana and nonuser groups, respec­
tively. Moreover, the number of subjects with moderate 
and heavy cigarette use was quite low which also could 
account for the weak contribution observed for maternal 
cigarette smoking on fetal development in this population. 
The lack o f  significant effect o f cigarette on fetal growth 
parameters, except for foot length, is most likely due to the 
findings that cigarette smoking during early pregnancy has 
a weaker impact on fetal growth as compared to cigarette 
smoking in the later stages o f pregnancy [33,38,45]. 
Nevertheless, the fact that significant marijuana-related 
effects were revealed when adjusted for both maternal 
cigarette and alcohol use emphasize an important contri­
bution o f marijuana exposure during the first half of 
pregnancy on fetal growth.

Consideration o f the cumulative prepregnancy history of 
marijuana use revealed similar but weaker influence on all 
growth measures compared to drug exposure limited to 
pregnancy. It would thus appear that drug exposure during 
the very early stages o f pregnancy, where maternal drug use 
patterns frequently mimic the prcprcgnancy period, had 
minimal contribution to the developmental effects currently 
observed. A  limitation o f any study of this kind is the 
reliance on die self-report o f  drug use. It is generally 
acknowledged that self-report of illicit drug use is more 
biased than the self-report o f  legal substances, such as 
alcohol and cigarettes. Underreporting o f drug use is 
particularly evident during pregnancy [13,29]. The fact that 
women in the present study were already in tire process o f  a 
voluntary abortion at the time o f recruitment for the study 
might lend itself to more accural, drug reporting. In line
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with this speculation, 23% o f women admitted marijuana 
use during pregnancy although the drug toxicology was 
negative. However, we also determined that approximately 
18% o f the women in this study denied marijuana use 
during pregnancy but had a positive toxicology. It is quite 
likely that the number o f subjects with early light marijuana 
use could be misjudged if there is a long time span between 
the mother's last marijuana use and the lime o f  testing. Such 
limitations make it likely that there is an underestimation of 
the influence of marijuana in the present study since there 
may be marijuana users in the nonuser group. Moreover, 
light and chronic marijuana users would be expected to 
metabolize cannabinoids at different mtes [34] which could 
also confound the interpretation of the urine analyses.

Other considerations should be noted about the current 
study It included only women who were in the process of a 
voluntary saline-induced abortion, were within the mid- 
gestation stage of pregnancy, provided a detailed report of 
their drag use and medical history, and had a fetal expulsion 
time 524 h (required for subsequent neurochemical/molec­
ular analyses being carried out on tine fetal brain specimens). 
As such, the sample size in this study was small and limited 
the statistical power. Another limitation o f  the present 
investigation is the lack o f direct information regarding 
maternal nutrition [36,49] and body weight measurement 
[12] which can impact fetal growth. Furthermore, fetal 
growth is also influenced by maternal weight gain dunng 
pregnancy [37,44], but this could not be assessed in the 
current study because maternal contact only occurred at a 
single time period. Nevertheless, information obtained from 
maternal interviews revealed that a similar percentage 
(between 45% and 50%) o f women in the marijuana user 
and nonuser groups had morning sickness and/or heartburn 
that negatively affected their eating habit and weight gain 
during the first trimester of pregnancy. Moreover, there was 
no significant correlation between the reported early maternal 
weight loss and the fetal growth measures. The fact that tire 
stati: deal analyses covaried for maternal nicotine and alcohol 
use, which are often associated with poor nutrition [7,24], 
would also appear to discount general deficits in maternal 
nutrition as a major factor for the fetal growth impairments 
documented in the marijuana-exposed group.

The consequences of the long-term impact o f  prenatal 
marijuana effects on fetal development on health and 
behavior are still being evaluated. Follow-up studies of 
children exposed to marijuana during pregnancy have found 
inconsistent long-lasting impairments in growth parameters 
beyond infancy [5,19]. However, longitudinal studies have 
generally documented significant associations of in utero 
marijuana exposure with impairments o f cognitive develop­
ment and behavioral disturbances, such as inattention, 
hyperactivity, and impulsivity [18,22,41], Thus, early 
exposure to marijuana that appears to affect fetal growth 
could potentially have an impact on brain development. 
Several studies have documented an association between 
small birth weight and impaired neurobehavioral function

(e.g., see R ef [27]). Our recent studies have revealed that 
mid-gestation fetuses exposed to tparijuana have discrete 
molecular alterations in brain regions that are important for 
emotional function and behavior [46].

Overall, the current investigation provides data suggestive 
o f detrimental effects o f  early maternal marijuana intake on 
the mid-gestation fetus. The results also emphasize that the 
pattern o f maternal marijuana use is of importance to fetal 
foot length and body weight growth. Thus, in addition to 
alcohol and cigarettes, information should be given to women 
about the potentially harmful effects on fetal development nf 
smoking even marijuana during early pregnancy.
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Abstract

The present study investigated whether maternal cigarette smoking and marijuana use during pregnancy were associated with an increased 
risk of initiation and daily/regular use of such substances among one hundred fifty-two 16- to 21-year-old adolescent offspring. The 
participants were from a low risk, predominately middle-class sample participating in an ongoing, longitudinal study. Findings indicated that 
offspring whose mothers reported smoking cigarer.cs during their pregnancy were more than twice as likely to have initiated cigarette 
smoking during adolescence than offspring of mothers who reported no smoking while pregnant. Offspring of mothers who reported using 
marijuana during pregnancy were at increased risk for both subsequent initiation of cigarette smoking (OR“2.58) and marijuana use 
(OR-2.76), as well as daily cigarette smoking (OR“2J6), as compared lo offspring of whose mothers did not report using marijuana while 
pregnant There was also evidence indicating that dose-response relationships existed between prenatal exposure to marijuana and offspring's 
use of cigarettes and marijuana. These associations were found to be more pronounced for males than females, and remained after 
consideration of potential confounds. Such results suggest that maternal cigarette smoking and marijuana use during pregnancy are risk 
factors for later smokirg and marijuana use among adolescent offspring, and add to the weight of evidence that can be used m support of 
programs aimed at drug use prevention and cessation among women during pregnancy.
O 2004 Elsevier Inc. All rights reserved.

Keywords: Cigarettes; Marijuana; Prenatal; Adolescent, Initiation and regular use o f drugs; Gencer differences

1. Introduction

Cigarettes and marijuana are two o f  the most commonly 
used non-medicinal drugs that are taken during pregnancy 
[13,34]. Results from several epidemiological studies 
indicate that maternal cigarette smoking during pregnancy 
might induce a predisposition in offspring to initiate 
cigarette smoking later in life [9,25,30], In a retrospective 
study o f two separate cohorts, the authors reported 
approximately a 4-fold increased risk o f tobacco use and 
persistence in tobacco use among female (but not male) 
offspring who were exposed to tobacco prenatally; this 
association was found to be independent o f mothers’ 
postnatal smoking and the child’s age [30], In another 
report, it was found that maternal cigarette smoking during

•  Corresponding author. Tel.: -1  613 520 2677; fax: -1 613 520 3667. 
E-mail address: aporath@ccj.carleton.ca (A.J. Porath).

0892-0362/S - sec front matter O 2004 Elsevier Inc. Al! rights reserved. 
doi:l 0.1016/j.ntt.2004.12.003

pregnancy was significantly associated with higher levels o f  
child behaviour problems and that these behaviour problems 
increased the likelihood of smoking among daughters 
between the ages o f  9 and 17 [25], Results from a 
prospective study o f  lower class 10-year-o!d children also 
suggest that maternal cigarette smoking during pregnancy 
heightens the risk for tobacco experimentation [9]. Children 
exposed to tobacco at the level o f at least one-half pack o f  
cigarettes per day during gestation had a 5.5-fold increased 
risk for early tobacco experimentation, after controlling for 
prenatal exposure to other substances and their mothers' 
cumcnt smoking habits. The only factor that produced a 
greater risk of early experimentation was exposure to 
smoking within the child's peer group [9]. These above 
studies suggest a positive association between maternal 
cigarette smoking during pregnancy and risk o f  subsequent 
smoking initiation among offspring that is independent of 
the mother’s postnatal smoking.

mailto:aporath@ccj.carleton.ca
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Recent results from a 30-year prospective study indicate 
that maternal cigarette smoking during pregnancy is also a 
risk factor for subsequent nicotine dependence among 
offspring [4]. In this report, offspring whose mothers 
reported smoking a pack or more of cigarettes per day 
while pregnant were significantly more likely to meet the 
D iagnostic a n d  S ta tistica l M anual o f  M enta l D isorders— 
Third E dition [3] criteria for lifetime tobacco dependence 
than offspring of mothers reporting no maternal smoking 
during pregnancy. This association remained significant 
after adjustments for offspring's gender and age, and 
maternal socio-economic status (SES) and age at pregnancy. 
In contrast to the finding pertaining to lifetime tobacco 
dependence, this prospective study reported similar odds of 
ever smoking and becoming a regular smoker (defined as 
smoking daily for 30 days or more at some point during 
one’s lifetime) for offspring of maternal smokers and non- 
smoken [4]. This latter observation is inconsistent with 
previous reports from other investigators (e.g., Refs.
[9,25,30]). It is of interest to note that data on offspring’s 
postnatal exposure to cigarette smoke was not collected or 
considered in this study [4].

While the mechanisms underlying the association 
between maternal cigarette smoking during pregnancy 
and subsequent smoking among offspring remain to be 
determined, a physiological explanation is plausible. 
Nicotine and other substances in cigarette smoke cross 
the placental barrier. The nicotine that passes from tire 
mother to the ferns stimulates nicotinic receptors, which 
are reported to be present in the fetal brain as early as the 
first tnmester [26]. Since nicotine stimulates the actions of 
cholinergic neurons and enhances activity in dopaminergic 
systems involved in addictive behaviour [1 1 ], it has been 
suggested that nicotine and other substances released by 
maternal smoking may affect the fetus, perhaps through 
the nicotine input into the mesolimbic dopaminergic 
reward system, so as to predispose the brain in a critical 
period of its development to tire subsequent addictive 
influence of nicotine consumed later in life [7,10,30, 
31,33,36]. These effects, which may occur even at low 
nicotine doses and in the absence of notable fetal 
abnormalities [35], may result in a greater liability to 
nicotine dependence than in those offspring who have not 
been prenatally exposed to cigarette smoke [4].

Although several studies have examined the effects of 
prenatal marijuana exposure on birth outcomes [39], growth 
measures [8,20], and cognitive and attcntional deficits 
[15,18,19,24], none have assessed the effects of such 
exposure on subsequent marijuana or cigarette use in 
offspring. Since nicotine and marijuana both activate tire 
mesolimbic dopaminergic pathway [11,22,41], maternal 
marijuana use during pregnancy may heighten the risk for 
the initiation and daily use of cigarettes among adolescent 
offspring. In a similar vein, an association between prenatal 
exposure to cigarette smoke and subsequent marijuana use 
among offspring is also plausible. One study [4] has

investigated this hypothesis, but found no evidence of such 
an association. Given the slight overTepresentation of lower 
income levels in this study’s cohort, however, it is unclear 
whether this result should be interpreted as possibly 
representative of only other lower-class samples or If it 
can be generalized to those that are middle-class.

The objectives of the current study were to determine 
whether maternal cigarette smoking and marijuana use 
during pregnancy increased adolescent offspring's risk for 
(a) initiating cigarette smoking and marijuana use; and (b) 
developing patterns of daily cigarette smoking and regular 
manjuana use. The possibility that dose-response relation­
ships exist between prenatal exposure to cigarettes and 
marijuana and offspring’s use of these substances was 
also assessed. This article reports findings from the 
Ottawa Prenatal Prospective Study (OPPS), an ongoing 
longitudinal investigation that was initiated in 1978, 
which has examined the neurobehavioural and devel­
opmental effects of prenatal exposure to cigarettes and 
marijuana in a low-risk cohort assessed from birth 
through adolescence.

Tlic OPPS is designed to explore tlic effects on offspring 
of maternal soft drug use during pregnancy in a predom­
inately low-risk, White, middle-class sample. Participants in 
the OPPS have previously been the focus of a number of 
inquiries, with cigarettes and marijuana being the primary 
drugs of interest in recent reports. A total of 698 pregnant 
women initially volunteered to participate in the OPPS after 
learning of the study through their doctors, or through 
notices posted in the waiting rooms of the prenatal clinics in 
four of the largest hospitals in the Ottawa region. The study 
was described as an investigation of the influence of 
prenatal lifestyle habits on tlic developing fetus [17]. In 
order to obtain tine necessary information, interviews were 
conducted, usually in the mother-to-be’s home, during each 
trimester remaining in the pregnancy at the time of entrance 
into the study. The same interviewer was used throughout 
the entire pregnancy and this, combined with the repetition 
of interviews, appeared to enhance the rapport between the 
participant and the interviewer, while also providing an 
opportunity to assess tlic consistency of the self-report data 
[17]. Data were collected on a number of variables including 
the amounts and patterns of maternal ding use, maternal 
age, parents’ level of education, and the family’s SES. For 
cigarette use, a nicotine score was derived by multiplying 
die daily average of the number of cigarettes smoked by the 
nicotine content of the brand specified. Marijuana use was 
recorded in tetms of the number of joints smokeu per week. 
Measurement of alcohol consumption included beer, wine, 
and liquor use: both the quantity and the pattern of

2. Methods

2.1. O ttaw a pren a ta l prospective  stu dy  co h o rt
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consumption were recorded and converted to ounces of 
absolute alcohol (AA) per day.

Of the 698 pregnant women who were interviewed, a 
cohort of 190 children was selected for follow-up studies 
beyond birth. Included in this cohort were children of 
women who reported any use of marijuana during preg­
nancy, children of women who drank alcohol beyond a daily 
average of 0.85 ounces AA, and children whose mothers 
smoked an average of at least 16 mg of nicotine (equivalent 
to one package of cigarettes of average strength) per day 
during pregnancy. In addition to these 140 you*, children 
of 50 women who were non-users of marijuana, who 
abstained or drank little alcohol, and who were non-smokers 
were randomly selected to also be included in follow-up 
studies for comparison purposes.

Of these 190 participants who were initially selected for 
follow-up studies, 152 adolescents ranging in age from 16 to 
21 years inclusive were available to participate in the 
present study. Of the remaining 38 not tested, most involved 
families had moved out of the Ottawa area. In addition, two 
families withdrew from the study and a few adolescents 
were unavailable for testing. No differential loss of 
participants with respect to drug variables occurred. The 
final sample of 152 adolescents consisted of 85 males and 
67 females, with Sve 16-year olds, seventy-seven 17-year 
olds, forty-two 18-year olds, nineteen 19-year olds, seven
20-year olds, and two 21-year olds.

2.2. Instrum ents a n d  procedure

As part of an overall neuropsychological assessment, an 
extensive battery of tests was administered to the 
participants by a trained female assessor who was blind 
with respect to maternal drug history. Informed consent 
was obtained from all of the participants, and all testing 
was conducted in controlled conditions in the laboratory at 
Carleton University, Ottawa, Canada. Included in the 
battery was a D ru g  H istory  Q uestionnaire (DHQ). This 
questionnaire was developed for use in this research and 
was adapted from that used in the Monitoring the Future 
Study (MTF), a longitudinal survey focusing on the 
lifestyles, attitudes, and preferences of American youth 
[28]. The DHQ was intended to serve as a measure of 
participants’ history of use, as well as their current use of a 
number of both licit and illicit substances including 
cigarettes and marijuana. Variables of interest in the 
current study from the DHQ include adolescents’ initiation 
and daily (in the case of cigarettes)/regular (in the case of 
marijuana) use of cigarettes and marijuana, tire average 
number of cigarettes smoked per day, and the mean 
number of joints smoked per week.

Cigarette smoking initiation referred to adolescents’ ever 
use of cigarettes (beyond just trying out one or two) and it 
was dickotomously coded (i.e., never smoked cigarettes vs. 
have smoked cigarettes). Daily cigarette smoking was 
defineu as smoking cigarettes at least once per day and

was similarly coded as a binary variable (i.e., not smoking 
cigarettes at least once per day vs. smoking cigarettes at 
least once per day). The initiation of marijuana use was 
defined as the ever use of this substance and was coded os a 
dichotomy (i.e., never tried marijuana vs. have tried 
marijuana). Regular marijuana use, however, was defined 
as using this substance at least once per week, and was 
similarly coded as a binary variable (i.e., not using 
marijuana at least once per week vs. using marijuana at 
least once per week).

A urine sample was obtained from the participants during 
the neuropsychological assessment, and was immediately 
frozen until later analyzed by immunoassay for the presence 
of cotinine (a major degradation product of nicotine 
metabolism), cannabinoids, cocaine, opiates, and amphet­
amines. This allowed for a direct, objective validation of the 
self-report measures of recent drug use. Each urine speci­
men was analyzed under blind conditions according to the 
manufacturer's instructions using sensitivity measures that 
distinguished concentrations from zero with at least 95% 
confidence. For all assays, the dilution of urine was 
corrected for by creatinine adjustment,

2.3. S ta tistica l procedu res

2.3.1. Group categoriza tion
For analytic purposes, maternal cigarette smoking 

(average use across pregnancy) was categorized into two 
groups: non-smoking and smoking (>0 cigarettes/day). 
Similarly, maternal average marijuana use across preg­
nancy was also categorized into two groups: no use and 
use (>0 jointsAveek). In the case of cigarettes, the control 
group was comprised of non-smokers, For marijuana, the 
control group included mothers reporting no use of 
marijuana during their pregnancies. Prenatal drug expo­
sure was dichotomized in order to increase the sample 
size of individual cells, which allowed for a satisfactory 
subject to variable ratio and a reasonable amount of 
statistical power for the logistic regression analyses [40]. 
Using two categories for the two prenatal drug exposure 
variables, a sample of 152 allowed for the detection of a 
medium effect size (/=,025) with approximately 87% 
power [6].

2.3.2. C onfounding variables
Because this study is a quasi-experimental design, 

random assignment to groups was not possible. As a result, 
there was a risk that observed differences would represent 
only the pre-existing differences in history and background. 
A number of variables, therefore, were examined as 
potential confounds prior to conducting any statistical 
analyses, as has been done in previous publications 
involving the OPPS (e.g., Refs. [16,21]). Variables that 
were examined included family income during pregnancy, 
average level of parental education, postnatal passive 
cigarette and marijuana smoke exposure, parity, gender of
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the offspring, maternal use of alcohol and caffeine dunng 
pregnancy, and the offspring's age at time of testing. 
Mother's age at t'le time of the child’s birth was also 
considered since .vomcn who smoke cigarettes dunng 
pregnancy tend to be younger than non-smokers [12].

Using one-w y analyses of variance, each of the 
potentially confounding variables were tested for an 
association with prenatal cigarette smoke and marijuana 
exposure, respecti /ely, using an alpha level of .10. Variables 
that were found to significantly relate to either drug at an 
alpha level of *0 or less were then further examined for an 
association w >i each of the outcome variables. Those 
variables that ere found to be significantly related to the 
outcome variable of interest at an alpha level of .05 or less 
were subsequently included as covariates in the analysis 
[27]. Hence, the covariates differed from one analysis to 
another depending on which potential confounds met the 
aforementk ned criteria. Maternal alcohol use during preg­
nancy anr. the maternal use of the drug that was not 
considered to be of primary interest (i.e., in tire case of 
cigarette; use of marijuana) were statistically controlled in 
all analysis.

2.3.3.. -alysis
A cries of logistic regression analyses for analysis of 

covr aice [38] were performed in order to assess the 
cor ibition of prenatal exposure to cigarettes and mar- 
ij_ is on adolcc mis* initiation and daily/regular use of 
tlu e substances, while controlling for any potential con- 
fouicing variables. Separate logistic regression models were 
con., cted for the initiation of cigarette smoking and 
mar rana use, respectively, as well as for the daily/regular 
use >f these two substances. Each of these models was then 
recalculated separately for male and female offspring in 
order to examine possible gender differences. AU logistic 
regression models included two binary predictor variables: 
one representing maternal cigarette smoking during preg­
nancy and the other representing maternal marijuana use 
during pregnancy. An alpha level of .05 was used to test the 
significance of the omnibus tests for each of the logistic 
regression models. The significance of each predictor 
variable was then tested using the Wald test [40] with an 
alpha level of .05. For the gender-specific analyses, these 
procedures were followed separately among samples of 
male and female offspring.

Multiple regression was also utilized to examine the 
predictive relation of the amount of prenatal exposure to 
cigarettes (mg nicotine/day) and marijuana (joints/week) to 
offspring’s average use of cigarettes (per ch.y) and marijuana 
(joints/week). Separate regression models were conducted 
for offspring's use of cigarettes and marijuana, and each of 
these models were then recalculated by gender in order to 
test for possible sex differences. In all of these analyses, 
maternal cigarette smoking and marijuana use during 
pregnancy, as well as offspring’s use of these substances, 
were treated as continuous variables.

Assumptions regarding independence of errors absence 
of multicoUinearity and outliers, normality, linearity, homo­
geneity of regression slopes (and regression planes and 
byperplanes in the case of two or three covariates, 
respectively), adequacy of expected frequencies, and line­
arity in the logit wete satisfied for all statistical analyses. 
Maternal cigarette smoking and marijuana use, as well as 
subjects' use of cigarettes (in terms of amount of nicotine 
consumed per day), marijuana, and alcohol were all log 
transformed prior to statistical analyses to reduce positive 
skewness. Maternal alcohol use was normalized using an 
inverse transformation, while passive exposure to nicotine at 
assessment was normalized using a square root trans­
formation [40].

3. Results

The Pearson correlation between tire number of cigarettes 
reported being smoked on average per day and the amount 
of metabolite detected in the urine was found to be .73 
(p<0.0001). A Pearson correlation of .71 Q7<0.0001) was 
obtained for the concordance between the number of joints 
reported being smoked on average per week and the amount 
of metabolite detected in the urine. These high concordance 
rates validated using self-reported drug use in the statistical 
analysis as well as lending credence to the self-report 
information provided on the DHQ that could not be tested 
by the pharmacological analysis of the urine.

Drug usage and demographic characteristics of the 
sample across levels of maternal cigarette ..rooking and 
marijuana use during pregnancy are presented in Table 1. 
Annual family income, parity, and mother’s age at time of 
birth are similar to those of women who gave birth in the 
Ottawa region at the time that participants in the OPPS 
sample were recruited for the study [14]. More than half 
(52.6%; /i=80) of the adolescents in the OPPS reported 
having initiated cigarette smoking at some point in their 
lifetime, with the mean age of initiation being 13.99 years 
{SD “  1.75). No significant gender differences were found 
with respect to the initiation of cigarette smoking, xJ(U 
N=152)«=.32, p=0.57. i  those 80 youth who reported 
initiating cigarette smoking, 87.5% (n=70) reported daily 
smoking at some point in their lifetime, with such use first 
occurring at the mean age of 14.72 years (SZ)=1.61), There 
was also no significant gender difference found with respect 
to daily cigarette smoking among the adolescents in the 
OPPS, x2(l, JV=152)=.08, p“0.78.

In terms of marijuana use, the majority (73.7%; n=112) 
of youth reported having initiated the use of this substance 
at some point in their lifetime, with the average age of 
initiation being 14.64 years (SD=1.57). No significant 
gender difference was found with respect to the initiation 
of marijuana use, *J(1, ;V“152)=.02, p=0.89. Of those 112 
youth in tlic OPPS who reported initiating the use of 
marijuana, only 27.6% (n=31) reported having used
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Table I

Cigarettes (mg nicoBne/ilsy) Marijuana (joints/week)
Not exposed (0) Exposed (X)) Not exposed (0) Exposed t>0)

Sample size 65 87 103 49

Family characteristic!

Annua! income (x  CANS! 000/ 35.93 28.50** 36J3 21.90****
Mother's age* 29.66 J6.85**** 29.54 24.92****
Avenge parent education*^ 3.02 129**** 2.82 2.15****
Parity 2.02 1.78 2.03 1J7”

Prenatal substance exposure

Nicotine (mg/day) .00 1.01 •*•• .55 .64
Marijuana (joints/week) .21 JO .00 .80****
Alcohol (oz AA/day) .86 .87 87 .86

Postnatal substance exposure

Passive exposure to nicotine until sge 15 25 ,66**** .42 .58
(no. o f yean exposed s i  a proportion o f sge)*

Passive exposure to nicotine at assessment 2.36 3.64*** 2.74 3.83**
(no. o f hours exposed both in and out o f home)

Passive exposure to marijuana 1.23 121 1.05 1.57**
at useasmenff

Offspring characteristics

Sex, % female 42.00 46.00 44.00 45.00
Age at assessment (years) 18.01 18.07 18.04 18.06
Age o f cigarette smoking initiation 14.19 13.89 14 02 13.94

(years)

Cigarettes smoked/day 2.39 3.92 2.50 4.89**
Nicotine (rag/day)* .31 48 .33 .57*
Age o f marijuana use 14.68 14.61 14.77 14.42

initiation (years)
Joints smoked/week .23 ,24 .14 .42****
Sole. Statistical tests were one-way between-subjects analytes o f variance.

' Values are based on figures obtained at birth o f offspring.
b Education coded as: l*=did not finiab high school; 2-gtaduated high school; i “ graduated college or university; 4-pcst-graduate degree 
° Data for only 80 subjects on this variable.
e Coding for passive exposure to marijuana: 1-more than one month ago; 2-bctween 1 week and 4 weeks ago; 3“ between 2 and 6 days ago; 4—yesterday; 

5-today.
* Calculated by multiplying the number o f cigarettes smoked per day by the nicotine content o f the brand specified.
• p-0.05.
«* p-0.01.

p-O.OOl.
-̂0.0001.

marijuana on a regular basis at some point, with such use 
first occurring at the mean age of 15.30 years (5/3=1.67). 
No significant gender diUr-nce was found with respect to 
using marijuana on a regular basis, j(2(l, jV=1 52)= 1.17,
p=0.28.

3.1. C orrelates o f  cigarette sm oking  behaviour

Offspring of mothers who reported smoking cigarettes 
while pregnant were more than twice as likely to have 
initiated smoking later in adolescence, compared to 
offspring of non-sraokers (referent group) after adjusting 
for maternal marijuana and alcohol use during pregnancy, 
maternal age at time of pregnancy, and family income

(Table 2). Results also revealed that offspring who were 
prenatally exposed to marijuana had almost three times the 
odds of initiating cigarette smoking during adolescence 
compared to offspring whose mothers reported no use of 
marijuana while pregnant. In terms of gender differences, 
male offspring of mothers who reported smoking cigarettes 
while pregnant were more than three times as likely to 
have initiated smoking during adolescence compared to 
offspring of non-smokers (Table 3). The association 
between maternal marijuana use during pregnancy and 
male offspring's initiation of cigarette smoking was found 
to be even more pronounced, with offspring exposed in 
utero to marijuana being almost five times as likely to 
have initiated cigarette smoking. The associations between
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Table!

Associations between prenatal exposure lo cigsrettea tad marijuana tod 
offspring's cigarette smoking initiation and daily cigarette smoking
Offspring Cigarette Smoking 
3ebaviour (AM 52)

N B SB OR (93% CD*

Cigarette smoking initiation* 

Prenatal cigarette exposure 
Not exposed 
Exposed

65
87 .77* .36

:.oo
2.16 (1.06, 4.39)

Prenatal marjuana exposure 
Not exposed 
Exposed

303
<9 .93* .43

1.00
2.58 (1.11, 6.00)

Daily cigarette smoking’ 

Prenatal cigarette exposure 
Not exposed 
Exposed

65
87 .34 .40

1.00
1.41 (.65, 3.06)

Prenatal marijuana exposure 
Not exposed 
Exposed

103
49 .86* .44

1.00
2.36 (1.00, 5,57)

JVote. il-ur.star.dardized regression coefficient; SE-standard error, 
OR«cddi ratio; Cl-confidence interval.

* The reference category for all oddi ratioi is offspring who were not 
prem telly exposed to the drug o f interest

b Based on a logistic regression mode] including maternal alcohol use 
during pregnancy, maternal age at time o f pregnancy, and family income as 
covariates.

1 Based on a logistic regression model including maternal alcohol use 
during pregnancy, maternal age at time o f pregnancy, family income, and 
average parental education as covariates.

• pS0.05.

prenatal exposure to cigarettes and marijuana and smoking 
initiation were found to be generally less pronounced for 
female offspring (Table 3).

With respect to the correlates of daily cigarette smoking, 
the results showed that offspring of mothers who reported 
using manjuana during pregnancy were more than twice as 
likely to smoke cigarettes at least once per day during 
adolescence compared to offspring whose mothers did not 
report using marijuana while pregnant, after controlling for 
maternal marijuana and alcohol use during pregnancy, 
maternal age at time of pregnancy, family income, and 
average parental education (Table 2), No significant 
association was observed between prenatal exposure to 
cigarettes and later daily cigarette smoking (Table 2), and 
similar results were yielded from the sex-spccific analyses 
(Table 3), However, the results did show that male offspring 
of mothers who reported using marijuana while pregnant 
had more than three times the odds of smoking cigarettes at 
least once per day as an adolescent compared to offspring of 
non-users (Table 3). No significant association was 
observed between in utero exposure to marijuana and daily 
cigarette smoking among female offspring.

When prenatal exposure to cigarettes (mg nicotine/day) 
and marijuana (joints/week), and offspring’s use of ciga­
rettes (per day) were treated as continuous variables, 
regression analyses revealed a significant positive associa­
tion between mother's use of marijuana during pregnancy 
and the average number of cigarettes smoked per day by 
offspring (r-.23,/><0.01), controlling for maternal alcohol 
and cigarette use during pregnancy, family income, and 
mother's age at time of pregnancy (Table 4). Although 
prenatal exposure to cigarettes was also positively related to 
offspring's average number of cigarettes smoked per day, 
this result only approached statistical significance (r- 15,

Table 3
Gencer-speanc tssoci iron s betwer- prenatal exposure to cigarettes and m irijmna a n a  offspring's initiation end daily cigarette smoiung
Offspring Cigarette Smoking 
Behaviour (.V-152)

Males Females
N B SE OR (95% Cl)* ,V 3 SE OR (95% CD*

Cigarette smoking Initiationb
Prenatal cigarette exposure
Not exposed 38 1.00 27 .59 1.30
Exposed 47 1.19* .51 3.28 (1 JO, 8.95) 40 .33 1.39 (.44, 4.44)

Prenatal marijuana exposure
Not exposed 58 1.00 45 1.00
Exposed 27 1.48* .62 4.37(1.31, 14.64) 22 .41 .63 1.51 (.43, 5.38)

Daily agantle smoking’

Prenatal cigarette exposure
Not exposed 38 1.00 27 1.00
Exposed 47 ,77 .55 2.17 (.75, 6.31) 40 -.10 .67 .90 (.24, 3.37)

Prenatal marijuana exposure
Not exposed 58 1.00 45 1.00
Exposed 27 1.27* .62 3.56 (1.06, 11.97) 22 .44 .69 1.55 (.40, 5.95)

Note. fl-unstandiidiaed regression coefficient; SE-standard error, OR-odds ratio; Q-confidence interval.
* The reference category for all odds ratios is offspring who were not prenatally exposed to the drug of interest
b Based on a logistic regression mode! including mttemal alcohol use during pregnancy, maternal age at time o f pregnancy, and fam ily income as 

covariates.
* Based on a logistic regression model including maternal alcohol use during prcgnsncy, maternal age at time o f pregnancy, fam ily income, and average 

parental education as covariates
* psQ.OS,
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Table 4
Multiple rcgreuion analyses predicting oftpring's evenge use o f cigarettes 
end marijuana jointa from prenatal exposure to cigarettes and m iriju tns
Offspring Substance
Use (AM 52)

B SE P (95HO)

Cigarettes/da/
Prenatal cigarette 

exposure*
09 .73 .16 (.06, 2.83)

Prenatal manjuana 
exposure*

JoiiiuAvethf

2.85* 1.00 .25 (86. * 83)

Prenatal cigarette 
exposure*

-.08 .06 -.12 (-.20, .03)

Prenatal marijuana 
exposure*

.30** .07 J * CIS. .44}

Mott, JJ-unstanderdized regression coefficient; SE“ standard error; 
^-standardized regression coefficient; Cl-confidence interval.

* Based on a regression model including maternal alcohol use dunng 
pregnancy, family income, end mother's age at time o f pregnancy a i 
covariates.

b Expressed in arms of mg nieotise/dey.
' Expressed in terms o f joints/week.

Based on a regression model including maternal alcohol use during 
pregnancy, family income, mother's age at time o f pregnancy, and average 
parental education a i covariates.

• pS.01.
”  psO.OOOl.

p - 0.06; Thble 4). Wbcn gender differences were examined, 
the results indicated that prenatal exposure to both cigarettes 
(r=.25, p< 0 .0 5 ) and marijuana (r=.24, p < 0.05) were 
significantly associated with increases in the number of 
cigarettes smoked per day by male offspring, after control­
ling for potentially confounding variables (Table 5). No 
significant associations were observed, however, between 
prenatal drug exposure and the number of cigarettes smoked 
per day by female offspring (Table 5).

No significant interactive effects of prenatal cigarette and 
marijuana exposure were noted in any of the above 
analyses.

3.2. C orrela te j o f  m arijuana use b eh a v io u r

In terms of offspring's marijuana use, findings indicated 
that offspring of mothers who reported using marijuana 
while pregnant were almost three times as likely to have 
initiated the use of marijuana during adolescence compared 
to offspring of non-users, and this was found to be 
independent of maternal cigarette and alcohol use during 
pregnancy (Table 6). However, no significant association 
was observed between prenatal exposure to cigarettes and 
offspring's initiation of manjuana use. When gender differ­
ences were examined, the results indicated a significant 
relationship between maternal use of marijuana during 
pregnancy and die subsequent initiation of marijuana use 
during adolescence among males. Specifically, male off­
spring of mothers who reported using marijuana while 
pregnant had nearly four times the odds of initiating 
marijuana use compared to offspring whose mothers did 
not report using marijuana during pregnancy (Table 7). In 
contrast, no significant associations were observed between 
prenatal drug exposure and marijuana use initiation among 
female offspring. Moreover, there was no evidence of a 
significant association between offspring's regular use of 
marijuana during adolescence and prenatal exposure to 
either cigarettes or marijuana for either gender (Table 7).

When prenatal exposure to cigarcnes and marijuana and 
offspring’s use of marijuana were treated as continuous 
variables, results from a multiple regression analysis 
indicated a significant positive association between mater­
nal use of marijuana during pregnancy and offspring's 
average number of joints smoked per week (;•=.29, 
p<0.0001), independent of mother's use of cigarettes and 
alcohol during pregnancy, family income, mother’s age at 
t:me of pregnancy, and average parental education (Table 
4). No significant association was noted between prenatal 
exposure to cigarettes and the average number of joints 
smoked per week by offspring (Table 4). Results from the

Table J
Gender-specific multiple regression antlyses predicting offspring's average use of cigarettes and marijuana.  ts from prenatal exposure :o cigarettes and 
marijuana __________________________________________________________________________________________
Offspring substance use (AM 52) Males (n«85) Females (n-67)

B SE 0 (95* Cl) B SE P (95* Cl)
Cigarettes/day’

Prenatal cigarette exposure? 2.30* .93 .26 (.44, 4,15) 1.05 0 7 .12 (21. 2.63)
Prenatal marijuana exposure* 2.82* 1.22 .26 (.40, 5.24) 2.66 1.76 .21 (.59, 7.56)

Joints/wtti?

Prenatal cigarette exposure1’ -.01 .09 -.01 (-.18, .16) -.16 .08 -31 (-.32. -.01)
Prenatal marijuana exposure* .38** .10 .42 (.18, .58) .13 .11 .18 (- 08, .35)
Note. 5-unstandardized regression coefficient; SE-sur.daid error, ^-standardized regression coefficient; O con fid en ce  interval.

* Baaed on a regression model including maternal alcohol use during pregnancy, family income, and mother's age at time o f pregnancy as covariates. 
b Expressed in terms o f mg nicotine/day.
* Expressed in '.emu o f joints/week.
d Based on a regression model including maternal alcohol use during pregnancy, family income, mother's age at time o f pregnancy, and average parental 

education as civariates.
* pSO.OS.
•• pSO.OODl.



274 AJ. Porath. PJL Fried /  Neuwtonooiogy m i  Teratology 27 (3003) 267-177

Table 6
A u o c i to o r . i  b e tw ee n  p ren a ta l e x p o su re  to  c ig a re tte s  in d  m a r iju a n a  in d  
o ffsp rin g 's  in itia tion  e n d  reg u le r  o w  o f  m a riju a n a

Offspring M irijuan i Use 
Behaviour (AM52)

N a SE OR (95H O f

Marijuana use tnitiationb
Prenatal cigarette

exposure
Not exposed 65 1.00
Exposed 87 .13 38 1.14 (-S3.5.41)

Prenatal marijuana
exposure

Not exposed 103 1.00
Exposed 49 1.02* .46 2.76(1.11. 6.86)

Regular marijuana us**
Prenatal cigarette

exposure
Not exposed 63 1.00
Exposed 87 -25 42 1.29 (.57, 2.93)

Prenatal m irijuan i
exposure

Not exposed 103 1.00
Exposed 49 -.23 .45 .79 (.33. 1.90)

Sola. B-unttandardiied regression coefficient; SE"itandard error;
OR-odds ratio; Cl-confidence intervil.

* The reference categoty for ail oddi ratios it offspring who were not 
prenatally exposed to the drug o f interest

“ Based on a logistic regression model including maternal alcohol use 
during pregnancy as a covariate.

• p<3.05.

gender-specific analyses demonstrated that prenatal expo­
sure to manjuana was significantly associated with 
increases in tire number of joints smoked per week by 
male offspring (r-,36, p<0.0001), after controlling for 
potentially confounding variables (Table 5). There was no 
significant evidence, however, indicating that a similar

relationship existed among female offspring (Table 5). 
Findings also failed to suggest that maternal use of 
cigarettes during pregnancy was significantly related with 
offspring's average number of joints smoked per week for 
either males or females (Table 5).

No significant interactive effects of prenatal cigarette and 
marijuana exposure were noted in any of the above 
analyses.

4. Discussion

The results in this report continue the presentation of 
findings arising from the OPPS—a long-term prospective 
study of the effects of in utero exposure to cigarettes and 
marijuana. The current investigation was undertaken to 
examine the effects of maternal cigarette smoking and 
marijuana use during pregnancy on subsequent initiation 
and daily/regular use of these two substances among 16- to
21-year-old offspring. Findings indicated that approximately 
53% of offspring reported initiating cigarette smoking, 
which is consistent with results from various prevalence 
studies in Canada and the United States [2,5,28]. In contrast, 
about 46% of the OPPS sample reported daily cigarette 
smoking, which is considerably higher than rates reported 
by the MTF Study [28] (i.e., 24%) and the Youth Risk 
Behavior Surveillance (YRBS) Study [5] (i.e., 16%). The 
74% rate of marijuana use initiation in the present work was 
also substantially higher than corresponding rates reported 
by other investigators (i.e., 45% in the MTF Study [28] and 
40% in the YRBS [5]). Finally, about 20% of offspring in 
the present study reported regular use of marijuana. 
Although this rate appears to be similar to that reported 
by the MTF Study [28] and the YRBS [5], it should be

Table 7
Gender-specific a llocations between prenatal exposure to cigarettes and marijuana and offspring's initiation and regular use o f marijuana
Offspring Marijuana Use M iles Females
Behaviour (AM 52)

N 3 SE OR (95% Cl)* .V 3 SE OR (95% Cl)*
Marijuana use Initiationb 

Prenatal cigarette exposure 
Not exposed 
Exposed

38
47 .40 .51

1.00
1.49 (.54, 4.06)

27
40 -.18 .59

1.00
.84 (.27, 2.63)

Prenatal marijuana exposure 
Not exposed 
Exposed

58
27 1.30* .68

1.00
3.67 (.97, 13.88)

45
22 .75 .65

1.00
2.11 (.59,7.56)

Regular marijuana useb 

Prenatal cigarette exposure 
Not exposed 
Exposed

38
47 27 .53

1.00
1.31 (.47, 3.69)

27
40 .36 .72

1.00
1.43 (.35, 5.81)

Prenatal marijuana exposure 
Not exposed 
Exposed

58
27 —.14 .56

1.00
.87 (.29,2.61)

45
22 -.36 .75

1.00
.70 (.16, 3.01)

Non. S-umtandardized regression coefficient; SE“ itandard error; OR-odbs ratio; CI“ conCdcnce interval.
* The reference category for all odds ratios is offspring who were not preoatally exposed to the drug o f interest 
b Based on a logistic regreasion model including maternal alcohol use during pregnancy as a covariate.
• pS0.05.
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noted that the definition of regular manjuana use in the 
current investigation (i.e., at least once per week) is more 
conservative than that of the MTF Study (i.e., use in the past 
30 days) and tire YRBS Study (i.e., use at least once during 
the past 30 days). Thus, the rate of regular marijuana use, 
like daily cigarette smoking, is actually higher in the current 
work compared to both of these national prevalence studies 
[5.28].

A number of unique findings were observed in the 
current study. Most notably was the evidence of a 
positive association between maternal marijuana use 
dunng pregnancy and risk of subsequent marijuana use 
initiation among adolescent offspring. Although no sig­
nificant association was observed in relation to offsoring's 
regular use of marijuana, this finding should be inter­
preted with some caution as this observation was based 
on only 31 offspnng reporting regular use of marijuana. 
When the drug use variables were treated as continuous 
variables, there appeared to be a dose-response relation­
ship between the number of joints smoked per week by 
the . icither while pregnant, and those later consumed by 
her offspring. Interestingly, the impact of prenatal 
marijuana exposure on offspring's marijuana use was 
found to be stronger for male than female offspring. The 
present work is also the first to suggest that the impact of 
maternal marijuana use during pregnancy is not specific 
to subsequent marijuana use. That is, the results revealed 
a positive association between prenatal exposure to 
marijuana and offspring's risk of both cigarette smoking 
initiation and daily smoking during adolescence, with the 
impact of such exposure also being more pronounced 
among male offspring. A dose-response relationship was 
also noted between mother's use of marijuana during 
pregnancy and the number of cigarettes smoked per day 
by offspring.

The present findings are also consistent with earlier 
investigations (e.g., Reft. [9,25,30]) reporting a positive 
association between maternal cigarette use during preg­
nancy and risk of subsequent cigarette smoking initiation 
among adolescent offspring. However, there was no 
significant evidence in the current work suggesting that 
prenatal exposure to cigarette smoke increases offspring’s 
risk of daily smoking during adolescence, and this result 
is congruent with findings pertaining to regular cigarette 
smoking from other researchers [4], Although Kandel and 
colleagues [30] reported that maternal cigarette smoking 
during pregnancy increased female offspring’s odds of 
persisting in cigarette smoking, their definition of 
persistent smoking (i.e., smoking in last three months) 
differed from that used for daily smoking in the present 
study (i.e., smoking at least once per day), which was 
adapted from the MTF Study [28]. Results from the 
present investigation also indicate that the impact of 
maternal cigarette smoking during pregnancy on off­
spring's smoking initiation is stronger for males than 
females. While this result is in accordance with the

findings concerning the impact of prenatal marijuana 
exposure, it is inconsistent with the results of other 
investigators [30] who have reported a greater maternal 
effect of cigarette smoking for females. It is unclear why 
this discrepancy has occurred, but it may possibly be the 
result of differences between the OPPS sample and the 
cohorts of youth studied by Kandel et al. [30]. While the 
OPPS sample is predominately White and middle-class, 
Kandel et al. studied a cohort of youth that is 
representative of adolescents in New York State public 
high schools during 1971-72, and another cohort that is 
representative of youth bom from 1957 through 1963 in 
the coterminous United States.

Consistent with the results of other investigators [4], the 
current work did not find evidence supporting an association 
between maternal cigarette smoking during pregnancy and 
risk of later marijuana use among offspring. Such findings 
suggest that the impact of prenatal cigarette smoke exposure 
is specific to subsequent cigarette smoking and that any fetal 
perturbances associated with maternal smoking during 
pregnancy do rot affect adolescent marijuana use. This 
observed specificity is also in accordance with other studies 
suggesting a pathophysiological pathway between prenatal 
exposure to cigarettes and smoking initiation (e.g., Refs.
[29,30]), and suggests that the pathophysiological pathways 
for marijuana use are different from those for cigarette 
smoking [4], Interestingly, these findings regarding the 
specificity of cigarettes are the opposite of what was 
observed with respect to marijuana, with the current study 
indicating that maternal marijuana use during pregnancy is 
associated with subsequent manjuana and cigarette use 
among adolescent offspring.

The present findings indicate that fetal exposure to 
cigarettes and marijuana may have a significant impact on 
tlic initiation of cigarette smoking and marijuana use in 
adolescent offspring, and a number of mechanisms may 
contribute to this relationship. In utero cigarette exposure 
may cause physiological changes resulting in increases in 
nicotine receptors that may increase susceptibility to later 
cigarette use [7,10,31,33,36]. Such exposure to cigarettes 
and marijuana may also predispose the brain via the 
mesolimbic dopaminergic reward system to the subsequent 
addictive influence of nicotine consumed later in life [30]. 
Interestingly, results from a recent animal study [1] 
indicate that maternal cigarette smoking during pregnancy 
alters offspring's subsequent response to nicotine in 
adolescence, suggesting that biological mechanisms under­
lie the association between prenatal cigarette smoke 
exposure and adolescent smoking in offspring. As data 
indicates that tlic cannabinoid receptors are present in the 
placenta [37] and the fetal and neonatal brain [23], it is 
possible that prenatal exposure to marijuana also sensitizes 
the brain to the subsequent influence of marijuana 
consumed later in life. The transmission of a genetic 
predisposition for drug use, or other conditions such as 
depression or anxiety that are associated with smoking and
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marijuana use [9,29], ii yet another potential explanation 
for the observed association between maternal cigarette 
and marijuana use during pregnancy and offspring's 
subsequent use of these two substances.

In interpreting and generalizing die present findings, 
several caveats must be considered. The relatively small 
sample size, particularly for the gender-specific analyses, 
may lead to instability in the coefficients. The current work 
was also unable to statistically control for the effect of 
postnatal tobacco exposure, os there was an excess of 
missing data on this variable. In addition, this study did not 
collect data on parent’s current use of cigarettes or other 
substances. Finally, since the OPPS is comprised of a 
predominately White, middle-class, low-risk sample, the 
findings from the current work may not be generalizable to 
other ethnic groups or other samples of youth that are not 
similarly low-risk.

In summary, the present findings indicate differential 
effects of maternal cigarette smoking and marijuana use 
during pregnancy on risk of subsequent substance use 
among adolescent offspring. While prenatal exposure to 
cigarettes appears to be linked with offspring’s cigarette 
smoking initiation, the data suggest that in utero exposure to 
marijuana is associated with cigarette smoking and mar­
ijuana use initiation, as well as daily cigarette smoking in 
offspring. There also appears to be dose-response relation­
ships between prenatal exposure to marijuana and off­
spring’s use of cigarettes and marijuana. In contrast to 
reports from national prevalence studies [5,28], the current 
investigauon yielded substantially higher rates of daily 
cigarette smoking and the initiation and regular use of 
marijuana among adolescent offspring of maternal drug 
users. Therefore, from a public health perspective, a 
reduction in rates of cigarette smoking and marijuana use 
may not only yield direct health benefits for the substance 
users themselves, but it may also have unanticipated 
benefits for their offspring including reduced risk of 
subsequent cigarette smoking and marijuana use later in 
life which may in effect influence the use of other illicit 
substances [32],
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PRICE AND ENFORCEMENT EFFECTS ON COCAINE 
AND MARIJUANA DEMAND

JEFF DESIMONE and MATTHEW C. FARRELLY*

T h is  ar tic le  e s tim a te s  e q u a tio n s  f o r  p a s t  y e a r  c o c a in e  a n d  m a r iju a n a  u se  a m o n g  
a d u lt  a n d  ju v e n i le  re sp o n d e n ts  o f  th e  1 9 9 0 -9 7  N a t io n a l  H o u s e h o ld  S u rv e ys  o n  D ru g  
A b u s e . U n lik e  m o s t  p r e v io u s  stu d ie s , w e c o n tro l f o r  th e  m o n e ta r y  p r ic e  o f  m a r iju a n a ,  
p r o b a b ilitie s  o f  arrest f o r  m a r iju a n a  a n d  c o c a in e  p o sse ss io n , a n d  s ta te  f ix e d  effec ts. 
R e s u lts  in d ic a te  th a t  c o c a in e  p r ic e s  a re  inverse ly  re la ted  to  a d u lt  c o c a in e  a n d  m a r ­
iju a n a  d e m a n d  b u t  a re  u n re la te d  to  ju v e n ile  d ru g  d e m a n d , m a r iju a n a  p r ic e  e ffe c ts  
a re  a lw a ys s ta tis tic a lly  in s ig n ifica n t, e s tim a te d  p r ic e  e ffe c ts  a re  in f la te d  w h en  s ta te  
e ffe c ts  a re  o m itte d , a n d  in crea ses in  ea c h  arrest p ro b a b ility  d im in is h  b o th  ty p e s  o f  
d ru g  use. (.1 E L  K42,118, D12)

I. INTRODUCTION
The responsiveness of cocaine and mari­

juana demand to changes in their prices is a 
key determinant of the effectiveness of illegal 
drag enforcement policy. By harassing sell­
ers and seizing drags, enforcement attempts 
to reduce the consumption of illegal drugs 
by restricting their supply and thereby rais­
ing their prices. Even if cnfoi cement is j\>le 
to increase drug prices, its success ;n reduc­
ing illegal drag use depends on the elas­
ticity of drug demand with respect to drug 
prices. Reciprocally, unless this elasticity is 
close to zero, legalization of cocaine and
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marijuana would likely increase their con­
sumption substantially by drastically reducing 
their prices.

A complementary goal of enforcing 
cocaine and marijuana possession violations 
is to reduce their demand at prevailing prices. 
This occurs through both incarceration of 
drag users who will no longer be able to pur­
chase drags and deterrence of drag consump­
tion by potential users. Price and enforce­
ment effects may be dissimilar if consumers 
respond differently to changes in their bud­
get constraints than to changes in expected 
punishment. In particular, the relative mag­
nitudes of the responses iu drag demand to 
changes in possession arrest probabilities and 
prices is an important determinant of how 
enforcement resources can most efficiently be 
allocated between buyers and sellers. But in 
spite of this policy relevance, there is little 
direct evidence on the relationship between
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arrest probabilities for cocaine and marijuana 
possession and demand for these drugs.

Meanwhile, the relationship between the 
consumption of cocaine and marijuana is 
both theoretically and empirically uncertain. 
In theory, cocaine and marijuana act as 
substitutes in the production of intoxica­
tion but also can provide complementary 
intoxicating effects. Empirically, this relation­
ship determines whether policies designed to 
reduce demand for one drug have effects on 
the other that reinforce or counteract the 
impacts of policies designed specifically for 
that other drug. For instance, marijuana pos­
session arrests more than doubled nation­
ally between 1990 and 1997, both in num­
ber and as a fraction of total arrests. This 
might have reinforced any effect of cocaine' 
possession enforcement on cocaine use if the 
two drugs are complements but had an unin­
tended counteractive effect if they are substi­
tutes.

This study provides evidence on the 
impacts of cocaine and marijuana prices 
and possession violation enforcement on the 
demand for these drugs. We analyze data 
on past year cocaine and marijuana use 
among 12- to 39-year-old respondents to 
the annual 1990-97 National Household Sur­
veys on Drug Abuse (NHSDA). Along with 
various individual characteristics, the set of 
explanatory variables includes regional prices 
of cocaine and marijuana, state-level mea­
sures of the probability of arrest for cocaine 
and marijuana possession, and fixed effects 
for states and years. Our goals are to esti­
mate the size of the response in the demand 
for cocaine and marijuana to changes in their 
prices, to do the same with respect to changes 
in possession violation enforcement intensity, 
and to examine whether unmeasured state 
characteristics can potentially bias estimated 
price and enforcement effects.

The analysis is novel in several ways. Most 
important, it is the first study of cocaine 
demand to control for state fixed effects in 
nationally representative data. Previous stud­
ies impute cocaine prices at the state level 
and use both cross-state and temporal vari­
ation in prices to identify price effects. But 
it is possible that a substantial component 
of cross-state price variation is explained by 
unobservable, time-invariant state-level fac­
tors that a.oO explain cross-state variation 
in illegal drug use. For instance, states with

more permissive attitudes regarding drug 
use are likely to have both lower cocaine 
prices and higher drug prevalence rates than 
antidrug states. Cocaine price elasticities esti­
mated from analyses that ignore these fixed 
state effects might overstate the impact of 
an exogenous price change on the change in 
drug use within an average state, which is the 
true elasticity of interest.

The inclusion of state fixed effects neces­
sitates constructing our cocaine prices dif­
ferently than previous studies. Motivated by 
evidence from Rhodes et al. (1994) and 
Caulkins (1995) that region and population 
size are the crucial geographic determinants 
of cocaine prices, we calculate cocaine prices 
that vary by census division and metropolitan 
area size. This allows for the temporal price 
variation necessary to simultaneously identify 
cocaine price effects and fixed state effects. 
In addition, our analysis is the first to exam­
ine the effect of marijuana prices on cocaine 
demand and to explicitly estimate the effect 
of cocaine possession arrest rates on cocaine 
and marijuana demand and of marijuana pos­
session arrest rates on cocaine demand.

The article proceeds as follows. The 
next section reviews the relevant litera­
ture. Section III discusses the NHSDA 
data as well as separate data on cocaine 
and marijuana prices and possession arrests 
with which we merge the NHSDA data. 
Section IV presents our empirical methodol­
ogy. Section V reports and examines the esti­
mation results, and section VI summarizes 
our conclusions.

II. PREVIOUS STUDIES
Several recent' studies estimate elastici­

ties of cocaine and marijuana demand with 
respect to the price of cocaine. Typically 
the dependent variables in these studies 
are binary indicators of whether or not the 
respective drug is used, so that estimated 
price elasticities are with respect to partici­
pation in drug use rather than actual drug 
consumption.1

1. Some of the reviewed studies also estimate equa­tions for the number of times cocaine or manjuana is 
used by users and then calculate a price elasticity of consumption frequency by adding the elasticities of par­
ticipation and frequency conditional on participation. Although it is possible that prices and arrest rates have differential effects on these two decisions, we confine
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The first published analysis of the price 
elasticity of cocaine demand is by DiNardo 
(1993) using state cross-sections aggregated 
from the 1977-87 Monitoring the Future 
(MTF) surveys. DiNardo (1993) finds that 
past month cocaine participation by high 
school seniors is not related to the price of 
cocaine, and that neither cocaine demand 
nor price are related to Drug Enforcement 
Administration (DEA) cocaine seizures.

CauUrins (1996) indirectly estimates 
cocaine participation price elasticities from 
estun. -s of the price elasticity of the per­
cent rrrestees testing positive for cocaine. 
Invo' conservative assumptions about 
the frujuons of drug users testing positive 
and of arrests attributable to drug use, drug 
spending, and other causes, his estimated 
elasticities range between -1.48 and —2.08.

Two 1999 studies by Saffer and Chaloupka 
(1999a, 1999b) estimate past year partici­
pation equations for cocaine and marijuana 
in pooled d-.ta from 1988, 1990, and 1991 
NHSDA respondents age 12 and older. Aver­
aging across five specifications, Saffer and 
Chaloupka (1999a) estimate a cocaine price 
elasticity of —0.40 and a positive relation­
ship between marijuana use and living in a 
state where marijuana is decriminalized. Esti­
mated cross-price and cross-decriminalization 
effects indicate complementarity between 
cocaine and marijuana. Saffer and Chaloupka 
(1999b) divide the same sample into seven 
demographic groups and estimate past year 
participation elasticities for each. The esti­
mated cocaine price elasticity is insignifi­
cant for blacks and A::ans, -1.83 foi Native 
Americans, and betw ten -0.5 and -0.8 
for white males, Hispanics, women, and 
youth. Marijuana decriminalization is posi­
tively related to mariju ina participation for 
all groups except Native Americans. How­
ever, cross-price and c- >ss-decriminalization 
relationships are each insignificant for six
oux analysis to drug participation for various reasons related to data quality. Hrst, the only frequency mea­sures available in the NHSDA are the number of days in 
the past month, which is a continuous variable but does 
not match the time frame of our participation variable, 
and frequency of use in the past year, which is a cate­gorical variable with intervals ranging from “1-2 days in 
the past year" to "3-6 days per week." Second, frequency measures are more likely to be affected by recall error 
than the binary participation decision. Third, because few respondents report using illegal drugs, particularly cocaine, the sample sizes for analyses of frequency con­
ditional on participation are small.

groups, wilh each indicating complementarity 
for the remaining group. A major limitation 
of these studies is that they do not control for 
fixed state or regional effects.

Chaloupka et al. (1999) estimate equa­
tions for past year cocaine and marijuana 
participation by high school seniors in the 
1982 and 1989 MTF surveys. The estimated 
cocaine price elasticity is - 0.88 in the com­
bined sample but only -0.24 in the 1989 sam­
ple. The impact of cocaine possession fines is 
also negative in 1989. Similarly, decriminal­
ization increases marijuana use and increases 
in marijuana possession fines decrease mari­
juana use. Fines for sales do not impact the 
use of either drug.

Finu'ty, Grossman and Chaloupka (1998) 
use a rational addiction framework, ir v u;ch 
current consumption depends on bo at pa;t 
and future consumption, to estimate price 
elasticities of past year cocaine participation 
among 18- to 27-year-olds in the 1976-85 
MTF panels and associated follow-ups. In a 
model with person-specific fixed effects, esti­
mated short- and long-run price elasticities 
are -0.42 and -0.54, respectively. The anal­
ogous model without these fixed effects yields 
short- and long-run elasticities of —0.72 and 
—1.40. Mai juana decriminalization increases 
cocaine use, again implying that cocaine and 
marijuana are complements.

Because of deficient marijuana price data, 
only two previous studies have estimated the 
elasticity of marijuana demand with respect 
to its price.2 Nisbet and Vakil (1972) surveyed 
UCLA students regarding quantities of mar­
ijuana purchased at current Drices and after 
various hypothetical price changes. Their esti­
mated price elasticities ranged from -0.40 
to -1.51. The only study tc use actual price 
data is Pacula et al. (2001) ir. 1985-96 MTF 
data on high school seniors. Controlling for 
state effects, their estimated past year partic­
ipation elasticity is —0.33 when time effects 
are omitted but only -0.06 when time is 
entered quadratically.

2. Our review of marijuana decriminalization effects covers only those studies that analyze cocaine demand. Pacula et al. (2001) summarize the ex ensive literature examining the effect of decriminalization on marijuana 
demand, which has yielded mixed results. We cannot empirically identify decriminalization .tfects because we control for state-fixed effects and no st.:te has changed 
its decriminalization policy in the past decade.
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The only stuay besides DiNardo (1993) to 
directly examine the effect of drug enforce­
ment on drug consumption is Farrelly et al. 
(2001). Controlling for state fixed effects 
in 1990-96 NHSDA panels, they find that 
increases in the probability of arrest for mari­
juana possession decrease the probability that 
12-20-year-olds will use marijuana. Mean­
while, using annual data on 29 larg U.S. 
cities from 1981-95 and controlling for fixed 
city and year effects. DeSimone (2001) i- 
mates a positive relationship between ine 
price of cocaine and the numh of cocaine 
purchases per capita by unuercover drug 
enforcement agents. Further results indicat­
ing a negative relationship between crime 
rates and cocaine prices suggest that cocaine 
consumption is price-elastic.

In sum, cocaine consumption appears to 
respond to cocaine price changes, but the 
range of elasticity estimates is wide, and 
all except those from the Grossman and 
Chaloupka (1998) models that hdude indi­
vidual fixed effects come from m- Is that 
fail to control for geographic fixed effects.3 
Few studies have examined the relationship 
between drug demand and either marijuana 
prices or intensity of drug possession law 
enforcement.

III. DATA
This study analyzes pooled 1990-97 cross- 

sections from the NHSDA, administered 
annually to a nationally representative sam­
ple of the U.S. household population aged 
12 and higher.4 We restrict our sample to 
respondents aged 39 and younger, because 
the overwhelming majority of illegal drug 
use occurs in this age group,3 and conduct 
separate analyses for those aged 12-17 and

3. As long as respondents do not move, geographic fixed effects drop out of an individual fixed effects model 
because they are time-invariant.4. The NHSDA excludes individuals with no perma­
nent residence and who reside in group quarters, cate­
gories that include the homeless and residents of home­less shelters, prisons, and college dormitories. Although 
drug use among NHSDA respondents is thus likely to be disproportionately low relative to the U.S. population, the excludeu group represents only about 1% of U.S. 
residents.5. For instance, in 19"7, Ihe fraction of respondents
reporting past year cocaine (marijuana) us. is 12%(15.8%) among 12-17-year-olds, 3.6% (17.1%) among 
18-39-year-olds, and 0.7% (3.2%) among 40+-year-olds. The specific choice of age 39 as the cutoff corresponds to 
the 5-year age groupings reported by SAMHSA (1997).

18-39 because of the different treatments ol 
these two age groups by the legal system. In 
that spirit we henceforth refer to the former 
group as juveniles and the latter as adults.

D e p e n d e n t V ariables

; We specify two dependent variables, one 
corresponding to cocaine use and the other to 
marijuana use. Both are binary indicators of 
past year participation in drug consumption.6

C o ca in e  P rice

• A measure of the average cocaine price 
per pure gram faced by the respondent is 
appended to the NHSDA data.7 Cocaine 
price data are collected by undercover drug 
agents, mostly from the DEA, and recorded 
by the DEA in their System to Retrieve 
Information from Drug Evidence (STRIDE). 
These prices are expected to be relatively 
accurate because an unreasonable price offer 
by an agent would invoke suspicion by the 
seller and thus endanger the agent. Trans­
action sizes must be standardized because, 
as Caulkins and Padman (1993) and Rhodes 
ct al. (1994) show, sizable quantity discounts 
exist for cocaine.

We impute cocaine prices from STRIDE 
data using the ordinary least squares regres­
sion
(1) log P rice  =  b0 + b l { log P re d ic ted  P u rity  

-t- log W eight) -f b ,A r e a  

+ b l Y c a r ~ b i A re a  x Y e a r - w ,

where purity represents the weight of actual 
cocaine in the purchase divided by the total 
weight, P re d ic ted  P u r ity  is the predicted value 
from a regression of purity on the other

6. NHSDA interviews are conducted throughout the 
year, so that the time interval implied by “past year” varies from almost entirely the previous calendar year 
for January interviews to almost entirely the current cal­
endar year for December interviews. Because the price 
variables represent the current calendar year and the 
consumption time frame extent to the previous calen­dar year, the time intervals for the pnee and consump­
tion variables do not strictly match. This is done for sim­plicity, imitates the practice of many previous studies, and should not affect the results much because current 
and past year prices are highly correlated.7. All nominally valued variables are converted to 1990 dollar terms using the Consumer Price Index for all 
urban consumers.
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explanatory variables, W eigh t is the total grain 
weight of the purchase, A r e a  is a vector of 
indicators corresponding to 28 geographic 
areas in the United States that we assume 
have distinct cocaine prices, Year is a vec­
tor of year indicators, and A r e a  x Y ear repre­
sents a complete set of interactions between 
the A r e a  ai ' Year vectors. For a particular 
area and year our predicted cocaine price is 
cxp(b0 + hj + 63 + b4), which represents the 
median price of one gram of 100% pure 
cocaine in the area and year with correspond­
ing indicators set equal to one in the A r e a  
and Y ea r vectors. We follow Caulkins (1994) 
in excluding outliers before estimating equa­
tion (1 ).'

Our methodology assumes that prices vary 
by census region or division and metropoli­
tan statistical area (MSA) size. Appendix 
Thble A-l lists the census regions and divi­
sions and the states encompassed by each. 
MSAs containing more than 1 million people 
are grouped together within each census divi­
sion. This creates eight distinct areas, because 
the East South Central division contains no 
MSAs of this size. Similarly, MSAs contain­
ing between 500,000 and 1 million people are 
grouped together within each division, creat­
ing nine additional areas. Because there are 
fewer STRIDE observations from less popu­
lated areas, we divide the South census region 
into the South Atlantic and South Central 
divisions, which partitions the United States 
into three census regions and two census 
divisions. Within each of these five regions, 
grouping together MSAs containing between

8. STRIDE contains prices for 35,674 cocaine pur­
chases made during 1990-97. We begin by eliminating
the 780 observations with purity less than or equal to 
.001% or greater than 100%, because these values rep­
resent cither data errors or purchases containing trivia) amounts of the actual drug. Then we estimate an initial 
price standardized by tola! weight as the predicted price from a regression of log Price on log Weight and Year. For 
each year, we throw out observations with standardized prices that are less than one-eighth of ot greater than eight times the mean price for that year. We then recom­
pute the mean for each year and throw out observations 
with standardized prices that are less than one-fourth 
of or greater than four times the mean price for that 
year. Finally we calculate an alternative price per pure 
gram from observed values of price, weight, and purity and eliminate observations with a price per pure gram 
of greater than 53,000. Overall .these latter three steps eliminate only an additional 546. or 1.6%, of the remain­
ing STRIDE observations. Estimated price effects are 
slightly less precise but otherwise quite similar to those 
reported here when these latter 546 STRIDE obser l- 
tioas are not eliminated.

250,000' and 500,000 people and MSAs/rural 
areas containing fewer than 250,000 people 
creates 10 additional price areas. Finally, the 
District of Columbia is considered a separate 
area because abundant STRIDE data are col­
lected there. In each year, therefore, there 
are 28 different predicted prices correspond­
ing to 28 geographic areas.9 Each NHSDA 
respondent is assigned the cocaine price for 
their area of residence among these 28.

This methodology differs in two important 
ways from that used by previous researchers. 
The first is that previous methodologies 
impute city-level prices by including city 
rather than area indicators in equation (1 ) 
and then calculate a state-level price as the 
population-weighted "’'erage of prices from 
each city represented it STRIDE from each 
state. This ignores evidence from Rhodes 
et al. (1994) and Caulkins (1995) that prices 
increase as the distance from points of entry 
into the United States increases, because 
of lateral transaction costs, and as market 
size decreases, because of economies of scale 
associated with distribution. For example, 
therefore, the price of cocaine in Greenville, 
North Carolina, is likely to be closer to the 
price in Charlottesville, Virginia, which is in 
a different state but the same census division 
and population category, than that in Char­
lotte, North Carolina, which is in the same 
state but has a much larger population.

The second departure of our method is 
that previous methods have not included an 
interaction vector analogous to our A r e a  x 
Year interaction vector. This is because data 
are insufficient to identify a complete set of

9. Not surprisingly, the number of STRIDE obser­
vations in each price region varies greatly across both 
population size and census division. Washington, DC, has tin largest sample size, averaging 746 observations annu­ally during the analysis period. Average annual sample 
sizes range from 102 to 435 for the remaining 8 areas 
formed from populations greater than 1 million, from 30 to 215 for MSAs with between 500,000 and 1 million peo­
ple, from 23 to 94 for MSAs with between 250,000 and 
500,000 people, and from 17 to 130 f Jr areas with less than 250,000 people. The lower ends correspond to the 
West North Central division for the two larger popula­
tion sizes and to the Northeast for the two smaller pop­ulation sizes, whereas the higher ends correspond to the 
South Atlantic for all population categories. The sample 
size is less than 10 in only three cases, all in the North­east for the smaller population categories, with a mini 
mum of four. In the aggregate, the temporal variation is reasonably small, with the average number of STRIDE 
observations per area ranging from 106 in 1993 to 196 in 1991.
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interaction terms when prices are estimated 
for individual cities rather than broader 
areas. An advantage of our methodology is 
that it allows for geographic variation in 
intertemporal price changes, making detec­
tion of price effects in drug demand equa­
tions possible c  ~i when state Axed effects 
are included.

For more direct comparison with estimates 
from previous studies, wc also obtain results 
with a state-level cocaine price measure. The 
regression used to construct this variable is 
equation (1) with A r e a  representing .a vector 
of state indicators, rather than of the 28 price 
regions described, and bA set to zero. Models 
estimated with the state-level cocaine price 
measure exclude state fixed effects, which are 
no longer identified.

M a r iju a n a  P rice

A measure of the price of marijuana 
faced by the respondent is a o appended 
to the NHSDA data. Because DEA agents 
concentrate on cocaine and heroin traffick­
ing, STRIDE contains insufficient marijuana 
price information with which to construct 
regional price estimates. We instead follow 
Pacula et al. (2001) by constructing a mari­
juana price estimate from prices listed in the 
I lleg a l D ru g  P rice/P urity  R e p o r t, a publication 
of the DEA Intelligence Division. This report 
contains quarterly estimates of the minimum 
and maximum marijuana price in 19 cities for 
both pound and ounce purchases of two dif­
ferent types of marijuana, commercial-grade 
and sinsemilla-grade.

Our price variable is the average price 
per gram of a pound purchase of commer­
cial grade marijuana. Wc choose the pound- 
level commercial series because it is by far 
the most complete of the four series.10 For

10. P .ccs of commercial grade marijuana are likely 
more jlevant than those of the more potent sin- seoiillr. variety given evidence from National Narcotics 
Intcll.gence Consumers Committee (1998) that com­mercial marijuana dominates the U.S. market. In con­
trast, because purchases of a pound likely represent wholesale purchases by low-level dealers whereas pur­
chases of an ounce likely represent retail purchases by 
a typical user, in principle ounce-level prices arc more 
appropriate for the analysis than pound-level prices. 
Results from Pacula et al. (2001) indicate that multi­plying the estimated marijuana price regression coeffi­
cients by 0.5 yields a rough estimate of the response of drug demand to retail price changes. This is because 
Sd/dr — (dd/dw)(Sw/dr)—where d  is drug use, r is the

each city, a quarterly price is obtained by 
taking the midpoint of the reported price 
range for each quarter, and an annual price 
is obtained by averaging all quarterly prices 
that are reported for that year.11

Our NHSDA data indicate the state of res­
idence of each respondent but nothing more 
specific regarding location of residence. Of 
the 19 cities for which marijuana prices are 
constructed, 14 are the only city reporting 
a price in that state. Each of these states 
is assigned the price of its reporting city. 
Annual prices for the two cities in Texas and 
the three cities in California are averaged in 
each year to form annual prices for those 
states. Each remaining state of residence in 
the NHSDA, which sampled all states except 
Vermont and Wyoming during 1990-97, is 
assigned the price from the closest of these 
16 states that is in the same census division 
as the state. Thus the United States is divided 
into i 6 regions, each of which is assigned 
a different marijuana price series. Appendix 
Table Al lists these 16 regions according to 
the cities that contribute prices and the states 
that are assigned the price from each region.

C o c a in e  a n d  M a r iju a n a  E n fo r c e m e n t

Variables representing the probability of 
arrest for cocaine and marijuana possession 
violations in the state of residence of the 
respondent are also appended to the NHSDA 
data.12 For each drug, we proxy for the annual 
possession arrest probability with a variable 
equ. :ng the number of possession arrests in 
the state divided by the number of drug users 
in the state that year. Drug possession arrest 
information comes from the Uniform Crime 
Reporting system of the Federal Bureau of
retail price, and w is the wholesale price—the estimated marijuana demand regression coefficient is 3d/Sw , and 
their estimated Du>/3r from a regression of the wholesale 
price on the retail price is 0.5.11. This typically represents all four quarters because pound-level commercial-grade prices arc rarclv missing. Also, we cannot control for potency because only one 
national potency average is reported for each year.12. A concern regarding the price and enforcement 
variables is that they measure local prices and enforce­
ment levels faced by respondents with error. If these measurement errors are random, estimu.ed price and enforcement effects are biased toward zero. The extent 
to which measurement error plagues the estimates, how­
ever, is mitigated by fact that NHSDA responses, price observations, and arrests all disproportionately occur in 
large population centers.
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Investigation (FBI).13 Because there arc no 
published estimates of the number of drug 
users by state, wc construct the denomina­
tor by multiplying the unweighted percent­
age of state respondents who use the drug 
by the 1 July Census estimate of the state 
population.14 The logic behind these arrest 
rate variables is that the probability of appie- 
hending a given crimin tl falls as the level of 
police resources devot d to enforr’ng the cor­
responding crime fall , and, as Ehrlicb (1973) 
argues, the numbr r f criminals rises.

However, bee use the denominator pf the 
arrest rate varnblt is by construction pos­
itively correlated vith the dependent vari­
able, the effect c the arrest rate for a drug 
on the demand .'or that drug is likely to be 
overestimated in magnitude for two reasons. 
First, the variab.e is statistically endogenous. 
In particular, e erse causality may result in 
a reduction in the arrest probability from 
an increase in the number of users. Sec­
ond, errors in measurement of the num­
ber of users re negatively correlated with 
errors in me. iarement of the arrest rate. 
Overestimates • r the number of users, as 
expected in suics with lower than average 
true drug use rates, generate underestimates 
of arrest rates, with the opposite occurring 
in states with higher than average true drug 
use rates. If the actual elasticity of the num­
ber of drug users with respect to arrest rates 
is less than one n absolute value, measure­
ment error reduces observed arrest rate dif­
ferences across states by a greater proportion 
than observed dru  ̂use rate differences, mak­
ing smaller changes in arrest rales appear to 
induce larger changes in drug use.13

To reduce the extent of the endogeneity 
and measurement error problems, each arrest 
rate variable is constructed using all ages in

13. The cocaine arrest van ble numerator represents 
total arrests for possession of cocaine and opium deriva­
tives, because the FBI does not separately report cocaine 
and opium-related arrests.

14. This denominator is multi; lied by the percentage of the state population covered by local agencies from 
which the FBI obtains arrest data, which is 100',. for later years but around 90% on average for earlier years. 
We also considered an alternative denominator calcu­lated as the sample-weighted sum of respondents in each 
state using the drug. Although this measure yields similar results, it is potentially problematic because the NHSDA sample weights arc not designed to represent individual, 
states.

15. We thank an anonymous referee for pointing outthis measurement error issue, a mathematical derivation
of which is available from the authors.

both the numerator and denominator rather 
than separately for each age group.16 Further­
more, we also obtain results using alternative 
arrest probability variables that instead spec­
ify total »ypc 1 arrests in the state, which are 
also reported by the FBI, as the denomina­
tor.17 Previous studies such as Benson and 
Rasmussen (1991) use this variable to mea­
sure enforcement of drug crimes relative to 
nondrug crimes. The advantage of this vari­
able is that it is neither statistically endoge­
nous by construction nor affected by errors 
in measurement of the number of drug users. 
The disadvantage is that it is a less direct 
proxy for the arrest probability, because the 
denominator is not a measure of drug con­
sumption activity. For example, if the number 
of cocaine arrests and users increase by iden­
tical proportions while the number of type I 
arrests does not change, this arrest rate mea­
sure increases even though the percentage of 
cocaine users arrested, a much closer proxy 
for the probability of arrest for cocaine pos­
session, does not.

O th e r  E x p la n a to ry  V ariables

We control for a variety of additional 
explanatory variables. Other continuous mea­
sures include age and age squared, family 
size, and real family income. The remain­
ing variables are indicators for males, blacks, 
Hispanics, other races, marriage, divorce, 
enrollment in school, four levels of edu­
cational attainment (high school graduate, 
some college, college graduate, some grad­
uate school), the interview not being inter­
rupted,18 whether the interview interruption 
variable is missing, three MSA population 
categories (population greater than I mil­
lion, between 500,000 and 1 million, and 
between 250,000 and 500,000), and rural 
residence. Age squared and indicators for 
divorce, college completion, and graduate

16. Farrelly et al. (2001) constructs this variable for 
marijuana and estimates similar effects on marijuana use 
by 12-20-year-olds regardless of whether the variable is 
calculated only for 12-20-year-olds or encompasses all ages.

1/. Type I crimes are tbe major nondrug crimes: mur­der, rape, aggravated assault, robbery, burglary, larceny, and motor vehicle theft
18. The degree of privacy during the interview is 

coded on a scale from 1 (completely private) to 9 (con­stant presence of another). Our indicator of no inter­ruptions represents values of 4 or less for this nrivacy variable.
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school attendance are not included in the 
juvenile regressions.

S a m p le  C h ara c ter is tics

Table 1 lists separate summary statistics 
for adults (18-39-year-olds) and juveniles 
(12-17-year-olds). Marijuana use is consider­
ably more prevalent than cocaine use for both 
age groups, and use of each Is higher among 
adults than juveniles. The average cocaine 
price over the period is about $120 per pure 
gram, which is substantially higher than the 
average marijuana price of S2.65 per gram.19 
The percentage of users arrested for cocaine 
possession is about four times the percentage 
arrested for marijuana possess, n. However, 
the arrests per type I arrest easures show 
that possession arrests occur slightly more 
frequently for marijuana than for cocaine.

IV. EMPIRICAL METHODOLOGY
Because the dependent variables are 

binary indicators, the cocaine and marijuana 
participation equations arc estimated with 
probit regressions. The full model is

(2) D , — b0+bj P f + b2P ^ + b ) A f  

+ b ^ A * 1 -+- b . X j  + Sf

where for respondent i, D t is a binary indi­
cator of past year cocaine or marijuana 
use; P f  and P f  arc real prices of cocaine 
and marijuana, respectively; A f  and A f  
are probabilities of arrest for possession of 
cocaine and marijuana, respectively: X ,  is a 
vector of other relevant socioeconomic vari­
ables; 5, is a vector of binary variables repre­
senting each state indicating whether or not 
the respondent lived in the particular state; 
Y , is a vector of binary variables for each year 
from 1990 to 1997 indicating whether or not 
the respondent was interviewed in the partic­
ular year; and et is a random error term. All 
regressions are weighted using the NHSDA 
sampling weights.

For both cocaine and marijuana use, six 
variants of equation (2) are estimated sep­
arately for both adults and juveniles. The

19. A crack vial contains roughly 0.1 pure gramof cocaine; a line of powder cocaine has about 0.02 pure grams. A marijuana joint typically contains about 
0.4 grams of marijuana.

first regression excludes the arrest variables. 
The second includes only the own-arrcst vari­
able, the third includes only the cross-arrest 
variable, and the fourth includes both arrest 
variables, which is the complete equation (2) 
model. Comparing these specifications might 
reveal the impact of any collinear etween 
price and arrest variables and be. -en the 
individual arrest measures. The fifth is identi­
cal to the fourth except that it substitutes cen­
sus division effects for state effects; the sixth 
entirely excludes fixed geographic effects.

A major departure from the previous lit­
erature, other than Farrelly et al. (2001) 
and Pacula et al. (2001), is the inclusion of 
state fixed effects. Cocaine prices vary at the 
regional level, whereas marijuana prices and 
arrest probabilities vary at the state level. 
Unobservable state-level factors, such as pub­
lic willingness to accept alternative behav­
iors or the political environment, may thus 
simultaneously affect both illegal drug con­
sumption and the price and arrest variables. 
The inclusion of state fixed effects controls 
for variation in unobservable state-level char­
acteristics, eliminating bias-inducing spurious 
correlation between illegal drug use and the 
price and arrest variables. Put differently, 
controlling for state effects reduces the like­
lihood that differences in cocaine and mari­
juana use across states resulting from unob­
served variation in attitudes and preferences 
are incorrectly attributed to variation in drug 
prices and arrest rates.

V. RESULTS
We first report results for cocaine and 

marijuana use by adults and then proceed to 
the analogous models for juveniles. Regres­
sion sample sizes are 92,784 for adults, 42,464 
for juvenile cocaine use, and 43,147 for juve­
nile marijuana use.20
C o c a in e  U se b y  A d u l t s

Column (1) of Table 2 shows that when 
the two arrest variables are excluded from

20. In each cell of each table, the first row indicates 
the change in probability of drug use resulting from a unit change in the explanatory variable, the second row 
Indicates the standard error of the first row estimate (in parentheses), and the third row indicates the elasticity . 
computed from the weighted sample means (in brack­ets). All regressions include the additional explanatory 
variables listed in Thbles 1 and A2.
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CABLE 1
Descriptive Statistics

Variable Age 18-39 (n « 92,784) Age 12-17 (n m 43,147)
Cocaine use past ytur .044 .015

(.205) ,122)
Marijuana use past year .157 .118(.364) (.322)
Cocaine price per pure gram 118.38 119_54

(35.12) (34.98)
Marijuana price per gram 2.653 2.658

(.789) (.793)
Cocaine arrests per user .041 .040(.035) (.035)
Marijuana arrests per user .011 .011(.007) (.007)
Cocaine arrests per type I arrest .120 .115

(.078) (.077)
Marijuana arrests per type I arrest .136 .139

(.073) (.073)
Interview without interruptions .822 .712

(.382) (.453)
Interview without interruptions—missing .016 .022(.126) (.148)
Age 29.05 14.49(6.28) (1.68)
Male .491 .512

(.500) (.500)
Black .122 * .143

(.327) (.351)
Hispanic .112 .122

(-315) (.328)
Other race .043 .044(.204) (.205)
Married .522 .003

(.500) (.056)
Divorced .092

(.289)
Family size 3.50 4.47

(1.62) (1.56)
Enrolled in school .200 .927(.400) (.260)
High school graduate .351 .013(.477) (.112)
Some college education .262 .001

(.440) (.031)
College graduate .146

(353)
Some graduate school education .075

(.263)
Family income (1,000s) 34.24 30.78(23.54) (24.90)
MSA population > 1 million .463 .417(.499) (.493)
MSA population between 500,000 & 1 million .230 .237(.421) (.425)
MSA population between 250,000 & 500,000 .089 .097

(•384) (.296)
Rural .131 .166

(.338) (.372)
Notes: Standard deviations are. in parentheses. The sample size for ■'ast year cocaine use is 42,464. Statistics are weighted using NHSDA sample weights.
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TABLE 2
Probit Estimates for Past Year Cocaine Use by 18-39-Year-Olds

Variable (1) O) (3) (4) (5) (6)
Cocaine price 

(x 1,000)
-.152"
(.062)

[-410]
—,132“
(.057)

(-.356]
-.149"
(061)

(-.402]
-.132"
(.057)

[—•357]
-.113*
(.059)

[-.304]
-234-
(.061)

[-631]
Marijuana price

>100, 1
.172

(-232)
(.104]

-.064
(.232)

(-.038]
.080

(,S J
-.074
(.231)(-.044)

—.349*
(211)1-210]

-.335"
(144)

(-.202)
Co ainc arrests 

per user
-.453*“
(.067)

1-425]
-.430—
(.071)

[-.403]
-200—
(.047)

(-.187|
-.131-
(.036)

[-•123)
Marijuana arrests 

per user
-1.084—

(.277)
(-266]

-252
(296)

I-.062]
-.168
(.232)

[-041]
-.529-
(.187)

[-.130]
Log likelihood -15,401 -15.326 -15283 -15225 -15,447 — 15,505
Geographic fixed 

effects
State State State State Division None

Notes: In each cell, the first row indicates the marginal effect on the probability of cocaine use, the second row 
indicates the standard error (in parentheses), and the third row indicates the implied elasticity (in brackets). The sample size is 92,784. Ail equations include the variables listed in Appendix Table A2 along with year indicators. 
Regressions are weighted using NHSDA sample weights.*, ", and — Indicate significance at the 90%, 95%, nnd 99% levels, respectively.

The estimates are from models that con­
trol for state fixed effects. When division 
effects replace state effects in column (5), 
the marijuana price elasticity increases by a 
factor of 5 and becomes significant, but the 
cocaine arrest rate elasticity halves. Omit­
ting geographic fixed effects entirely doubles 
the cocaine price elasticity and triples the 
marijuana arrest rate elasticity while further 
decreasing the cocaine arrest rate elasticity. 
This pattern is also repeated in Tables 3-5.

M a r iju a n a  U se b y  A d u l t s

Table 3 shows that the cocaine price has a 
significant negative effect on adult marijuana

22. Throughout Tables 2-5, replacing state effects with division effects has little impact on cocaine price 
coefficients nut large and significant effects on mari­
juana price coefficients. A possible explanation is that marijuana prices axe not measured precisely enough for identification of coefficients in state fixed effects mod­els because they vary primarily across groups of states 
within census divisions, and in contrast cocaine prices 
vary both across census divisions and within divisions by metropolitan area size. One might therefore argue that 
geographic fixed effects are more appropriately speci­fied at the division than the state level. We prefer the 
more conservative interpretation that state effects mod­
els offer for the source of cross-state price variation and 
argue that differences in arrest rate coefficients between state and division effects models show the importance of 
controlling for state effects.

the equation, adult cocaine demand is sig­
nificantly negatively related to the cocaine 
price with an elasticity of —0.41 but is unre­
lated to the marijuana price.21 The next 
three columns reveal that these results are 
unchanged from adding the arrest variables 
except for a slight decrease in the cocaine 
price elasticity when the cocaine arrest rate is 
included. The cocaine arrest rate has a highly 
significant elasticity of around -0.4 regard­
less of whether the marijuana arrest rate is 
also included. However, the negative effect 
of the marijuana arrest rate falls by 75% 
and becomes insignificant when the cocaine 
arrest rate is also included. This provides 
weak evidence of complementarity between 
the two drugs and suggests some collinearity 
between the arrest rate variables. However, 
the fact that the arr-st rate standard errors 
inflated only slightly in column (4) indicates 
that multicollinearity is not too severe. As 
expected, the elasticity of the cocaine arrest 
rate is larger than that of the marijuana arrest 
rati, even without controlling for the former. 
These patterns are repeated in Tables 3 and 
4 and to some extent in Table 5.

21. In all regressions, price coefficients are 
unchanged when only one of the two price variables is 
included.
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TABLE 3
Probit Estimates for Past Year Marijuana Use by 18-39-Year-Olds

Variable (I) (2) P) (4) (5) (6)
Marijuana price .107 -.387 -.082 -.412 -1.699- -1.437—(xlOO) (-594) (.536) (.610) (.543) (.490) (335)(.018] [—.065] [-.014] [-070] [-.287] [-.243]
Cocaine price —.284“ -.252“ -.264“ -.248“ -.305“ -.314—(x 1,000) (.136) (.125) (-135) (.125) (.132) (.113)[-.215] 1-191] [-.199] [-.188] [-.2301 [-.238]
Marijuana arrests -5.871- -5.630— -4.006— -3.969—per user (.839) (.853) (.666) (.494)

(-.404) (-.388) [-.276] [-273]
Cocaine arrests -.457— -.110 -.007 ,044per user (.164) (.125) (.107) (.085)[-.120] [-.029] [-.002] [.Oil]
Log likelihood -36.935 -36,802 -36,907 -36,800 -36,953 -36,987
Geographic fixed State State State State Division Noneeffects

Notes: In each cel), tbe first row indicates the marginal effect on the probability of marijuana use, the second row indicates the standard error (in parentheses), and the third row indicates the implied elasticity (in brackets). The 
sample size is 92,784. All equations include the variables listed in Appendix Table A2 along with vear indicators. Regressions are weighted using NHSDA sample weights.

\  and — indicate significance at the 90%. 95%, and 99% levels, respectively.

TABLE 4
Probit Estimates for Past Year Cocaine Use by 12-17-Year-Olds

Variab le (1) (2) (3) (4) (5) (6)
Cocaine price .005 .012 .006 .013 .020 -.010(x 1,000) (.040) (.036) (.039) (.036) (.038) (.036)[.040] [.096] [,046j [-099] [.158] [-.078]
Marijuana price -.058 -.152 -.074 -.152 -.303“ —268—(xlOO) (.136) (.134) (.136) (.133) (.140) (.082)[-.102] [-.266] [-129] [-267] [-.530] [-470]
Cocaine anests -.165— -.180— -.101— —069-per user (.036) (.041) (.024) (.017)[—.437] [-.475] [-.268] [-183]
Marijuana arrests -.259* .117 -.061 -.199*per user (.146) (.160) (.115) (.106)[-188] [.085] [-045] [-.145]
Log likelihood -2,915 -2,8°< -2,912 -2,894 -2,942 -2,951
Geographic fixed State Stutr Stale State Division Noneeffects

Notes: In each cell, the first row indicates the marginal effect on the probability of cocaine use, the second row 
indicates the standard error (in parentheses), and the third row indicates the implied eiasu'city (in brackets). The sample size is 42,464. .All equations include the variables listed in Appendix Table A2 along with year indicators. Regressions are weighted using NHSDA sample weights.

\  “, and "" indicate significance at the 90%, 95%, and 99% levels, respectively.
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TABLE 5
Probit Estimates for Past Year Marijuana Use by 12-17-Year*01ds

Variable (1) (2) (3) (4) (5) 16)
Marijuana price -.007 -.264 -.293 —389 -1.295" —747“

(xlOO) (•588) (-582) (.598) (-593) (-515) (-357)
[-.002] [-060] [-066] [-.088] [-392] [-.169]

Cocaine price .013 .023 .044 .043 -011 -.198'
(xl.000) (.130) (.126) (.129) (.126) (.121) (.115)

(.013] 1-024) [.045] (.043] M il] (-.201)
Marijuana arrests -1.066— -2.171— -1314" -2.289-

per user (.660) (.659) (310) (.394)
[-.287] 1-3041 [-.114] [-315]

Cocaine arrests -573- -.40. " -352- -205“
per user (.156) (-150; (.110) (.094)

[-195] [-.137] [-120] [-070]
Log likelihood -13,795 -13,767 -13,767 -13,755 -13,832 -13375
Geographic fixed State State State State Division None

effects
Notes: In each cell, the first row indicates the marginal effect on the probability of marijuana use, the second row indicates the standard error (in parentheses), and the third row indicates the implied elasticity (in brackets). The 

sample size is 43,147. Al) equations include the variables listed in Appendix TUble A2 along with year indicators. 
Regressions are weighted using NHSDA sample weights.\  ", and indicate significance at the 90%, 95%. and 99% levels, respectively.

demand with a magnitude about half as large 
as its effect on cocaine demand. However, 
adult marijuana demand is not related to its 
own price. The marijuana arrest rate has a 
strong negative effect regardless of whether 
the cocaine arrest rate is included, but the 
cocaine arrest rate effect indicates comple­
mentarity only when the marijuana arrest rate 
is omitted. Removal of state effects again has 
a large impact. The cocaine price elasticity 
increases by one-quarter, and the marijuana 
price elasticity rises by a factor of four and 
becomes highly significant.

It thus appears that drug demand is higher 
in states with lower drug prices, but states 
with lower drug prices have other unobserv­
able characteristics leading to higher drug 
demand. These unobservable factors are the 
predominant reason for the negative corre­
lation between marijuana prices and drug 
use. In contrast, arrest rates for posses­
sion of drugs, particularly cocaine, might be 
higher in states where drug use is greater, 
whereas additional drug enforcement reduces 
use within states over time. In other words, 
state fixed effects control to some extent 
for the endogenous enforcement response to 
drug use that is apparent from estimates rely­
ing on variation across states at a given time.

C o c a in e  U se b y  J u v e n ile s

Table 4 reveals that the main difference 
between juvenile and adult cocaine demand 
is that the former is not responsive to cocaine 
price changes. The effects of the marijuana 
price and drug arrest rate variables are simi­
lar for juveniles and adults. Removal of state 
effects again inflates the marijuana price elas­
ticity and allows it to attain significance.

M a r iju a n a  U se b y  J u v e n ile s

Table 5 indicates that juvenile mari­
juana demand is similar to juvenile cocaine 
demand in that neither price affects demand. 
T 'c difference from earlier results is that 
both arrest rates significantly unpact juve­
nile marijuana demand even when both are 
simultaneously included in the equation, pro­
viding more convincing evidence of comple­
mentarity between the two drugs. The effect 
of the marijuana arrest rate is comparable 
with that found by Farrelly et al. (2001). The 
impact of removing state and then division 
effects is consistent with previous results.

Various potential explanations exist for 
the insignificant effect of the cocaine price 
on juvenile drug demand despite its signifi­
cant negative effect on adult drug demand.
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TABLE 6
Probit Estimates with State-level Cocaine Price Measure

Cocaine use Marijuana use
Variable (2) (3) <4) (5) <«)
18-39-year-oids

Original cocaine price measure 
(xl,000)

-.228-
(.061) 

[-.61S]

-.156“
(.062)

[-.421]
-J09—
(.114)[-.234]

—.313“
(.124)

[-239]
State-level cocaine pries measure 
(x 1,000)

-.218—
(.055)

[—.701)
-.167—
(.058)

[-537]
-.084
(.104)

[-.075]
.015

(013)
12-17-year-olds

Original cocaine price measure 
(x 1,000)

-.011
(.037)

[-.089]
.013

(.038)
[.101]

-.175
(.116)

[-179]
-.135
(.118)

[-138]
State-level cocaine price measure 
(x 1,000)

-061“
(.027)

[-569]
-.065”
(.031)

[-.605]
-.140
(.111)

[—.169]
-.099
(.115)[-.120]

Notes: In each cell, the first row indicates the marginal effect on the probability of cocaine or marijuana use, the 
second row indicates the standard error (in parentheses), and the third row indicates the implied elasticity (in brackets). 
The sample size is 92,136 for the top part, 42,179 for cocaine use the bottom half, and 42,794 for marijuana use in the bottom half. These are slightly smaller titan in the earlier tables because state-level prices cannot be 'mputed for several of the least-populous states. All equations include the variables listed in Appendix Table A2 and year indicators but exclude geographic fixed effects. Regressions are weighted using NHSDA sample weights.

\  “, and indicate significance at the 90%, 95%, and 99% levels, respectively.

First, some juveniles might use their parents' 
money to purchase cocaine. Second, if as 
Koch (2000) argues sellers find it profitable 
to give the. drug away to young initiators in 
an attempt to hook them and charge them 
higher prices when they become addicts, or 
if kids share cocaine with their friends, some 
juvenile users might not pay the market price 
for cocaine. Third, sample statistics in Table 1 
showing that prevalence for adults relative to 
juveniles is three times as high for cocaine 
but only one-third larger for marijuana sug­
gests that a substantial proportion of cocaine 
initiation occurs after age 17. As Kandel and 
Yamaguchi (1993) report, tobacco is gen­
erally initiated before marijuana, which is 
initiated before cocaine. This could explain 
why evidence, as reviewed in Chaloupka and 
Wechsler (1997), generally shows that the 
cigarette own-price elasticity is higher for 
teens than adults, and we find the reverse for 
cocaine.

S ta le -L e v e l  C o c a in e  P rice  M e a su re
i

To evaluate more directly the extent to 
which our cocaine price construction method­
ology accounts for the difference between our

results and those of previous studies, Table 6 
presents results of models in which the state- 
Icve! cocaine price measure described earlier 
is used in place of our preferred cocaine price 
measure. For each age group and drug type, 
we estimate three regressions specified iden­
tically to column (6) of Tables 2-5: one with 
our price measure, one with the state-level 
price measure, and one that includes both 
price measures.23 These models exclude geo­
graphic fixed effects because state effects arc 
not identified when the state-level price mea­
sure is included. For cocaine, the state-level 
price has a similar effect on adult use and a 
stronger negative effect on juvenile use than 
does our price measure. But in both cases, 
when the state-level variable is included, the 
effects of our price variable are nearly iden­
tical to those with state effects included, as 
indicated in column (4) of Tables 2 and 4. 
This suggests that state fixed effects are effec­
tively embedded into the state-level price

23. The coefficients of the models including only our original price variable are slightly different than those shown in column (6) of Tables 2-5 because the Table 6 
regression samples exclude respondents from a few low- population states for which Insufficient data exist to con­
struct state-level prices and are thus slightly smaller.
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series, so that at least some of the estimated 
state-level price coefficients represent fixed 
state effects rather than the true impacts of 
price changes. Indeed, the R 2 from a regres­
sion of the cocaine price on a set of state indi­
cators is 0.30 for our price measure but 0.61 
for the state-level measure. Meanwhile, for 
marijuana, our price measure has a stronger 
effect on adult use and a Very similar effect 
on juvenile use.

A lte r n a tiv e  A rre s t  M e a su re

Table 7 shows results for the alternative 
arrest rate variable that uses total type I 
arrests as the denominator. The cocaine 
arrest rate has a consistent significant neg­
ative effect on both cocaine and marijuana 
demand for both adults and juveniles regard­
less of whether the marijuana arrest rate is 
also controlled for, with own-arrest elastici­
ties slightly larger than cross-arrest elastici­
ties. In contrast, the impact of the marijuana 
arrest rate is consistently insignificant. These 
results reinforce the conclusion that cocaine 
possession enforcement reduces demand for 
both drugs and that marijuana possession 
enforcement does not affect cocaine demand.

They also suggest that the earlier results 
showing a negative effect of marijuana arrests 
on marijuana demand could to some extent 
be a product of endogeneity of the arrest rate 
variable.

The limitation of the alternative arrest rate 
variable is that it is not as close a proxy for 
the probability of arrest for drug possession 
as the version specifying the number of users 
in the denominator. Thus the theoretical link 
between the alternative arrest variable and 
drug demand is weaker. For instance, if drug 
arrests and type I arrests both increase by the 
same percentage because of an increase in 
resources devoted to Inw enforcement while 
the number of drug users holds constant, the 
corresponding increase in drug arrest proba­
bility is reflected by our original arrest rate 
variable but not by the type I arrest rate mea­
sure. This is a potential alternative explana­
tion for the weaker effects of the own-arrest 
rate for marijuana. Furthermore, because 
possession of cocaine is considered more seri­
ous than that of marijuana, it is possible 
that enforcement agencies divert resources 
from type I arrests to cocaine but not mar­
ijuana arrests, making standardization by 
type I arrests more relevant for cocaine than

TABLE 7
Probit Estimates of Alternative Drug Arrest Measure

Cocaine use Marijuana use

Variable (1) (2) (3) (4) (5) (6)
18-39-year-olds

Cocaine arrests per type I arrest -.126”
(.061)

[-344]
-.154"
(.072)

[-420]
-.490“*
(.169)

[-.374]
-.445"*
(.170)

[-340]
Marijuana arrests per type I arrest 

12-17 year-olds

-.003
(.033)

[--010]
.039

(.039)
[-123J

-.181
(.115)

[—.157]
-.061
(.114)

[-.053]
Cocaine arrests per type I arrest -.069"

(.032)
[-.524]

-.074"
(.036)

[-560]
—331"
(.130)

[-.323]
—358"
(.152)

[-349]
Marijuana arrests per type I arrest -.016

(.018)
[-.148]

.005
(.021)
[•050]

-.057
(.079)

[-067]
.034

(.093)
[.040]

Notes: In each cell, the first row indicates the marginal effect on the probability of cocaine or marijuana use, the second row indicates the standa d error (in parentheses), and the third row indicates the implied elasticity (in brackets). The sample size is 92,784 tor the top, 42,464 for cocaine use in the lower half, and 43,147 for marijuana use 
in the lower half. All equations include the variables listed in Appendix Table A2 along with state and year indicators. Regressions are weighted using NHSDA sample weights.

*, ", and "* indicate significance at the 90%, 95%, and 99% levels, respectively.
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marijuana. In any event, the combined results 
for the two arrest variable specifications rep­
resent strong evidence that cocaine arrests 
are negatively related to both cocaine and 
marijuana demand.

O th e r  D e te r m in a n ts

Appendix Table A2 contains estimates for 
the full set of explanatory variables in the 
complete equation (2) models reported in 
column (4) of Tables 2-5. For adults, drug 
demand falls as education, family size, and 
family income rise and is lower for females, 
nonwhitcs, married respondents, students, 
and rural residents. As age increases, cocaine 
demand increases at a declining rate until age 
27 and then decreases, whereas marijuana 
demand falls. Among juveniles, drug demand 
increases with age, decreases with family 
income, and is lower for nonwhite non- 
Hispanic respondents and students. Interview 
interruptions and MSA size have no consis­
tent effect on drug demand.

VI. CONCLUSION
This article estimates the effect of cocaine 

and marijuana prices and probabilities of 
arrest for cocaine and marijuana possession 
on past year participation in cocaine and mar­
ijuana use, controlling for various socioeco­
nomic variables as well as state fixed effects. 
The results indicate that adult cocaine and 
marijuana demand are each sensitive to the 
price of cocaine but not to that of mari­
juana, and juvenile drug demand is not price 
sensitive at all. Meanwhile, for both cocaine 
and marijuana, increases in the probability 
of arrest for possession of the drug reduce 
the probability that the drug is used. Esti­
mated cross-arrest effects, particularly those 
of cocaine arrests on marijuana demand, sug­
gest complementarity between the two drugs.

Three important conclusions emerge. 
First, caution is advised when interpreting 
results of similar analyses that do not con­
trol for geographic fixed effects. Although 
cocaine demand is indeed responsive to 
cocaine price changes, as such analyses have 
shown, the magnitude of price responsive­
ness is overestimated when state fixed effects 
are excluded. Moreover, marijuana prices 
appear to affect both cocaine and mari­
juana demand for both adults and juve­
niles when state fixed effects are omitted.

This suggests that state variation in drug 
use rates is partially explained by unob­
served state characteristics that are also cor­
related with drug prices. Second, enforce­
ment of drug possession violations reduces 
drug demand separately from any effects of 
enforcement on drug prices. Third, both price 
and arrest probability results provide evi­
dence that cocaine and marijuana arc com­
plements.

Data limitations restrici our analysis to 
pooled cross-sections rather than longitudi­
nal observations. This might be one reason 
that our estimated price and policy effects 
fail to account for the substantial increase 
in past year marijuana and cocaine preva­
lence among high school students during our 
period of analysis, as indicated by MTF sur­
vey responses summarized Johnston et al. 
(2001). Past year participation rates among 
high school seniors increased from nadir:. of 
3.1% for cocaine and 21.9% for marijuana in 
1992 to 5.5% for cocaine and 38.5% for mar­
ijuana in 1997. Yet possession arrests rates, 
which are significantly negatively related to 
use of both drugs by juveniles, almost dou­
bled in per user terms during 1992-97, from 
.033 to .060 for cocaine and from .009 to .018 
for marijuana. Changes in arrest rates during 
1992-97 predict percentage point decreases 
of 0.4 in cocaine participation and 3.0 in 
marij mna participation among juveniles dur­
ing this time, rather than increases in each.* 
Clearly, factors other than prices and arrests 
are important in determining changes in 
drug use across cohorts.25 Potential demand 
shifters that have been suggested include a 
decrease in the perceived risk of using drugs, 
as indicated in Johnston et al. (2001), the 
introuuction of the Internet as a forum for

24. Prices per gram declined slightly during this time, from $119 to $101 for cocaine and from S2.91 to S2.65 for marijuana. But prices are not significantly related to juvenile use; regardless, the predicted participation 
changes are unchanged when price effects are taken into 
account. In addition, because some high school seniors arc age 18 or older, it is technically inappropriate to 
use our juvenile regressions to predict behavior for an 
entire cohort of high school seniors. However, simi­
lar prevalence rate increases are apparent for 8th- and 
lOth-grsders 'urveyed by MTF.25. Indeed, year coefficients from the juvenile regres­sions indicate that, controlling for all other explanatory 
variables, cocaine participation increased by 1.2 percent­age points from 1992 to 1997 and marijuana participa­
tion increased by 13.3 percentage points during the same 
period.
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drug information dissemination, an increas­
ing glamorization of drugs in popular culture, 
and decreased parental supervision because 
of the increased divorce rate and proportion 
of single-parent families.

An additional data limitation is the impre­
cision of our local drug prices and posses­
sion arrest probability measures. Still, our 
improvements over past methods strengthen 
the reliability of our results and their asso­
ciated policy inaplica jns. In particular, the 
added temporal variation provided by our 
methodolog; for estimating regional cocaine 
prices allows for the detection of price effects

even when controlling for fixed state effects, 
which is difficult when state-level prices are 
used. Our methodological changes reveal that 
increases in marijuana and cocaine prices 
do not decrease drug demand as much as 
many previous studies have estimated. But 
these changes also establish that even though 
unobserved time-invariant differences across 
states account for some of the negative cross- 
sectional correlation between drug use and 
its cost, in terms of monetary prices and 
expected punishment, drug enforcement pol­
icy that increases prices and arrest rates still 
has the potential to reduce drug use.

APPENDIX TABLE Al
Census Divisions and Marijuana Price Regions

Census region Census division States
Northeast New England Connecticut. Maine, Massachusetts, New Hampshire, Rhode Island

Middle Atlantic New Jersey, New York, Pennsylvania
North Central East North Central Illinois, Indiana, Michigan, Ohio, Wisconsin

West North Central Iowa, Kansas, Minnesota, Missouri, Nebraska, North Dakota. South Dakota
South South Atlantic Delaware, DC, Florida, Georgia, Maryland, North Carolina, South Carolina.

Virginia, West Virginia
East South Central Alabama, Kentucky, Mississippi, Tennessee
West South Central Arkansas, Louisiana, Oklahoma, Texas

West Mountain Arizona, Colorado, Idaho, Montana, Nevada, New Mexico, Utah
Pacific Alaska, California, Hawaii, Oregon, Washington

City or state in which marijuana price is reported States assigned marjjuunu price from this city/state
Atlanta Georgia, North Carolina, South Carolina
Boston Connecticut, Maine, Massachusetts, New Hampshire,

Rhode Island
California (Los Angeles, San Diego, California, Hawaii

San Francisco)
Chicago Illinois. Indiana, Wisconsin
Denver Colorado, Idaho, Montana, Nevada, Utah
Detroit Michigan, Ohio
Miami Florida
New Orleans Alabama, Arkansas, Kentucky, Louisiana, Mississippi,

Tennessee
New York City New York
Newark New Jersey
Philadelphia Pennsylvania
Phoenix Arizona, New Mexico
Seattle .Alaska, Oregon. Washington
St. Louis Iowa. Kansas, Minnesota, Missouri, Nebraska, North Dakota,

South Dakota
Texas (Dallas, Houston) Oklahoma, Texas
Washington, DC Delaware, DC, Maryland, Virginia, West Virginia
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APPEN D IX  TABLE A2
Probit Estimates for Past Year Cocaine and Marijuana Use: Full Models from Column (4), Tables 2-5

Cocaine M a r iju a n a  Cocaine M a r iju an a
V ariab le  ages 18-39 ages 18-39 ages 12-17 ages 12-17

Cocaine price (x 1,000) -.132“ -.248" .013 .043
(.057) (.125) (.036) (.126)

Marijuana price (xlOO) -.074 -.412 -.152 —.389
(•231) (-543) (443) (.593)

Cocaine arrests per user —.430*" -.110 -.180- -.403—
(.071) (.125) (.041) (.150)

Marijuana arrests per user -.252 -5.630- .117 -2.171—
(.296) (.853) (.160) (.659)

Interview w/o interruptions -.000 .002 -.000 .025“(.002) (005) (.001) (.005)
Interview w/o interruptions-—missing -.008 .000 -.005“ .022

(.005) (.014) (.001) (.017)
Age .006- -.008" .004— .043—

(.001) (.004) (.000) (.001)
Age squared (xlOO) -.010- .006

(.002) (.006)
Male .023- .067— -.001 .012—

(.002) (.004) (.001) (.004)
Black -.004* -.027— -.005- -.011*(.002) (.005) (.001) (.005)
Hispanic -.013— -.081— .003 -.006

(.002) (.005) (.002) (.006)
Other race -.014— -.078— -.003* -.039"*(.004) (.007) (.002) (.009)
Married -.031— -.091— -.002 .029

(.003) (.005) (.006) (.041)
Divorced .004* .006

(.003) (.007)
Family size -.001" -.010— -.001- -.008—(.001) (.001) (.000) (.001)
Enrolled in school -.015- -.023— -.017- -.038-(.002) (.005) (.004) (.009)
High school graduate -.014— -.037'“ -.004 -.028"(.002) (.005) (.002) (.011)
Some college education -.017— -.043— .121— .087(.002) (.005) (.087) (.114)
College graduate -.026"' -.075-

(.002) (.006)
Some graduate education -.028- -.069-

(.002) (.008)
Family income (x 10,000) -.002- -.004— -.001- -.004-

(.000) (.001) (.000) (.001)
MSA pop. > 1 million -.001 .014 -.002 .016*(.004) (.009) (.002) (.010)
MSA pop. between 500,000 & .001 .016* .001 .027-

1 million (.004) (.010) (.002) (.010)
MSA pop. between 250,000 Jt .005 .010 -.001 .017500,000 (.005) (.011) (.002) (013)
Rural -.010— -.030— -.002 -.024—

(.003) (.008) (.002) (.007)
Sample size 92,784 92,784 42,464 43,147Log likelihood —15,325 -36,800 -2,894 -13,755

Notes: In each cell, the first row indicates the marginal effect on the probability of cocaine or marijuana use and the 
second row indicates the standard error (in parentheses). All equations include state and year indicators. Regressions are weighted using NHSDA sample weights.

*, ", and "* indicate significance at the 90%, 95%, and 99% levels, respectively.



DESIMONE & F-.RRF.Ijy-. COCAINE AND MARIJUANA DEMAND 115

REFERENCES
Benson, B. L, and D. W. Rasmussen. "Relationship between Illicit Drug Enforcement Policy and Prop­erty Crimes." Contemporary Policy Issues, 9(4), 

1991,106-15.
CauUc’ns, J. P. Developing Price Series for Cocaine. Santa 

Monica: RAND. 1994.
 “Domestic Geographic Variation in Illicit DrugPrices.” Journal o f Urban Economics, 37(1), 1995, 

38—56.
 "Estimating Elasticities of Demand for Cocaineand Heroin with DUF Data.” Working Paper, 

Carnegie Mellon University, 1996.
Caulkins, J. P., and R. Padman. “Quantity Discounts 

and Quality Premia for Illicit Drugs.” Journal o f  
the American Statistical Association, 88(423), 1993, 
748-57.

Chaloupka, F. J., and H. Wechsler. “Price, Tobacco Control Policies and Smoking among Young Adults." Journal o f  Health Economics, 16(3), 1997, 
359-73.

Chaloupka, F. J., M. Grossman, and J. A. Tauras. "The Demand for Cocaine and Marijuana by 
Youth,” in The Econometric Analysis o f  Substance 
Use and Abuse: A n  Integration o f  Econometric 
and Behavioral Economics Approaches, edited by 
F. J. Chaloupka, M. Grossman, W. K. Bickel, and 
H. Saffer. Chicago: University of Chicago Press, 
1999.133-55.

DeSimone, J. "The Effect of Cocaine Prices on Crime." 
Economic Inquiry, 39(4), 2001, 627-43.

DiNardo, J. “Law Enforcement, the Price of Cocaine, 
and Cocaine Use." Mathematical and Computer 
Modeling, 17(2), 1993, 53-64.

Ehrlich, I. "Participation in Illegitimate Activities: A 
Theoretical and Empirical Investigation.” Journal 
o f  Political Economy, 81(3), 1973, 521-65.

Farrelly, M. G, J. W. Bray, G. A Zarkin, and B. W. Wendling. “The Joint Demand for Cigarettes and 
Marijuana: Evidence from the National Household 
Surveys on Drug Abuse.” Journal o f  Health Eco­
nomics, 20(1), 2001, 51-68.

Grossman, M., and F. J. Chaloupka. “The Demand for Cocaine by Young Adults: A Rational Addiction

Approach.” Journal o f  Health Economics, 17(4), 
1998, 427-74.

Johnston, L. D., P. M. O'Malley, and J. G. Bachman. 
Monitoring the Fu.ure National Survey Results on 
Drug Use, 1975-2000, Volume I: Secondary School 
Students. Bethesda, MD: National Institute on 
Drug Abuse, 2001.

Kandel, D., and K. Yamaguchi. "From Beer to Crack: 
Developmental Pattc of Drug Involvement" 
American Journal o] .iblic Health, 83(6), 1993, 
851-55.

Koch, S. F. “Reducing Consumption by Razing Regula­
tion.” Working Paper, Georgia Southern Univer­
sity, 2000.

National Narcotics Intelligence Consumer Committee. 
The Supply o f  Illicit Drugs to the United States. 
Washington, DC: Drug Enforcement Administra­
tion, 1998.

Nisbet, C. T, and F. Vakil. “Some Estimates of Price and 
Expenditure Elasticities of Demand for Marijuana 
among UCLA Students.” Review o f  Economics and 
Statistics. 54(4), 1972, 473-75.

Pacula, R. L, M. Grossman, F. J. Chaloupka, P M. O’Malley, L. D. Johnston, and M. C. FarTeliy. 
“Marijuana and Youth," in Risky Behavior among 
Youth A n Economic Analysis, edited by J. Gru­
ber. Chicago: University of Chicago Press, 2001, 
271-326. .

Rhodes, W., R. Hyatt, and P. Scheiman. “The Price of Cocaine, Heroin, and Marijuana, 1981-1993." Jour­
nal o f  Drug Issues, 24(3), 1994, 383-402.

Saffer, H., and F. J. Chaloupka. “The Demand for Illicit 
Drugs.” Economic Inquiry, 37(3), 1999a, 401-11.

 . "Demographic Differentials in the Demand for
Alcohol and Dlicit Drugs,” in The Econometric 
Analysis o f  Substance Use and Abuse: A n  Inte­
gration o f  Econometric and Behavioral Economics 
Approaches, edited by F. J. Chaloupka, M. Gross­
man, W. K. Bickel, and H. Jaffer. Chicago: Univer­
sity of Chicago Press, 1999b, 187-211.

Substance Abuse and Mental Health Services Adminis­
tration (S \MHSA). National Household Survey on 
Drug Abuse: Population Estimates. Rockville, MD; 
U.S. Department of Health and Human Services, 
1997.



We
COPYRIGHT INFORMATION

TITLE: Price and Enforcement Effects on Cocaine and Marijuana 
Demand

SOURCE: Econ Inq 41 nol Ja 2003 
WN: 0300103492007

The magazine publisher is the copyright holder of this article and it 
is reproduced with permission. Further reproduction of this article in 
violation of the copyright is prohibited.

Copyright 1982-2003 The H.W. Wilson Company. All rights reserved.



Data from Monitoring the Future Survey, Dec. 2001 
www.monitoringthefuture.org

Marijuana Use and Perceived Risk

25

http://www.monitoringthefuture.org


Y o u t h  R is k  B e h a v io r  S u r v e y -1 9 9 9

Use of Alcohol, Marijuana, or Tobacco Before the Age of 13 Years
Almost 40% of Alaska high school boys report having had a first drink of alcohol before age 13 
years. Also by age 13 years, 18.8% of boys and 14.7% of girls report having tried marijuana for 
the first time, accounting for about a quarter of those who have ever used marijuana. Percentages 
of age at first use are higher for Alaska boys and girls than U.S. boys and girls in use of alcohol, 
tobacco, and marijuana.

Percent of Students

'U se  o l a lcoho l, mar^uana, or to bacco  befo re Ihe age o l 13 years

Y e a r 2 0 0 0  O b j e c t i v e s :

I n c r e a s e  b y  a t  l e a s t  1 y e a r  t h e  a v e r a g e  a g e  o f  f i r s t  u s e  o f  c ig a r e t t e s ,  a lc o h o l ,  a n d  m a r i ju a n a  b y  
a d o l e s c e n t s  a g e d  12-17.
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Chapter 3: Juvenile offenders

Change in students' use of 
marijuana and alcohol is tied to 
their perception of possible harm 
from use

The annual Monitoring the Future 
Study, in addition to collecting infor­
mation about students' use of illicit 
drugs, alcohol, and tobacco, also 
collects data on students' percep­
tions regarding the availability of 
these substances and the risk of 
harm from using them.

Between 1975 and 1998, the propor­
tion of high school seniors report­
ing use of marijuana in the 30 days 
prior to the survey fluctuated, peak­
ing in 1978 and then declining con­
sistently through 1992. Since then, 
reported use has increased, but the 
1998 rate was still far below the 
peak level of 1978. When the per­
ceived risk of “great harm" from ei­
ther regular or occasional use of 
marijuana increased, use declined; 
when perceived risk declined, use 
increased. The perception that ob­
taining marijuana was "fairly easy” 
or “very easy" remained relatively 
constant between 1975 and 1998.

Students' reported use of alcohol 
also shifted from 1975 to 1998. After 
1973, alcohol use declined through 
1993. Alcohol use fluctuated within 
a limited range thereafter, but the 
1998 rate was far lower than the 
19"3 rate. As with marijuana, when 
the perceived risk of "great harm" 
from either weekend “binre" drink­
ing or daily drinking increased, use 
declined; when nerceived risk de­
clined, use increased.

Over the past 20 years, while availability remained constant, 
changes in marijuana and alcohol use reflected changes in 
perceived harm

Percent of seniors

AvailaDility: Percent saying fairly easy or very easy to get. 
Risk; Percent saying great risk of harm in regular use. 
Use: Percent using once or more in the past 30 days.

Percent of seniors

Risk; Percent saying great risk of harm in having five or more dnnks once or 
twice each weekend.
Use: Percent using once or more in the past 30 days.
Note: The survey  question  on alcohol u se  w as  rev ised  in 1993 to indicate tha t a  ’drink’ 
m ean t ’m ore than a  few sips ’ In 1993 half the sam p le  respon ded  to the original question. 
In 1994 through 1998, all resp o n d en ts  w ere  ask ed  the revised question.
S ource: A uthors' adap tation  of Jo hnston . O'Malley, and  B achm an's Drug use by American young people begins to turn downward.
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EU centre calls 
for policies to 
help fem ale 
drug users
Rorv Watson Hruiuh

Patterns o f d ra g  m isuse in  the 
European U n ion are changing, 
with a ch ron ica lly  ageing popu­
lation am ong hero in  add icts and 
a w ider use o f  cocaine, cannabis, 
and com binations o f am pheta­
m ines, ecstasy, and medicines.

The picture is conta ined in 
d ie  annua l report o f the Euro­
pean Union's European M on i­
toring Centre fo r D rugs and 
D rag A dd ic tion  in L isbon . It 
estimates that the num ber o f 
d rug  addicts has rem ained stable 
at a round 1.5 m illion , bu t w ith in 
that f ig u re  lie d iffe ren t trends.

The num bers o f people start­
ing treatm ent fo r  hero in are 
decreasing and users tend to be 
o lder w id i serious social and 
psych iatric p rob lem s. In  con­
trast. new  adm issions for cocaine 
o r cannabis use are rising, espe­
cia lly am ong the young

Among schoolchildren, expe­
rience o f  cannabis ranges from

5-7% in PortugaJ and Sweden to 
30-40% in  the Republic o f Ire ­
land. the Nedierlands. and the 
United K ingdom .

The centre makes a plea fo r 
more tailor-made responses to 
take account o f  fcmaJe drug users 
who fear they may lose their ch il­
d ren  if  they enrol for treatment. It 
a lso highlights the need for po li­
cies addressed at women who 
finance their habit through the

sex industry. A lthough 12 F.U 
countries have specific p ro­
grammes in this area, Belgium. 
Finland, and Sweden do  not.

T lic  report draws attention to 
the d ru g  prevention schemes in 
Austria. Germany, and Sweden 
d irected at very young women 
and schoolg irls to prevent them 
from p icking up  (lie lia b it from 
o lder bovfriends.

G iven that at least 45 m illion

people in  the European Union 
have tried  cannabis at least once 
and that around 15 m illion  have 
done so in  d ie past year, it is not 
surpris ing that policymakers arc 
targeting the phenomenon.

But the European monitoring 
centre's director, Georges Estieve- 
nart, criticised a zero tolerance 
approach. "No one rcailv sees tlus 
as a crim e to be repressed with 
an iron fist. ' he said Z

Marijuana has potential for m isuse Reactions to the cannabis study
M artin  Jarvis , professor o f  health psychology a t University 
College London said that to suggest that the potential fo r m isusing 
marijuana is as great as with drugs such as cocaine and heroin is 
ptobab lv overstating the case. He said that m isuse is "a judgm en t best 
made by looking at patterns o f actual human use.” He continued; "We 
shouldn't assume that unreasonable behaviour in society follows 
from the observation o f bra in reward behaviour in anim als alone".
Ian  S to le rm an , professor o f behavioura l phannaco logy at the 
Institu te o f Psychiatry in  London, agreed: 'T h is is an important 
study because fo r the first time it provides a method fo r studying 
d irectly the in take o f TH C  by a laboratory an im al and thus models 
a key behavioura l feature o f  add icdve states generally. It w ill lead  
to studies o f  how  and where THC works in the bra in to generate 
d rug  abuse. I t  does show that TH C  shares properties with o ther 
d rugs o f abuse, b u t whether it is rea lly as poten tia lly abusive as 
cocaine and hero in  is no t so  dear."

A bi B ctgc r BM]

M an juana has d ie  potentia l for 
m isuse , accord ing to a study 
from  the Untied States. New ev i­
dence that monkeys se lf adm in ­
ister the active com ponent o f 
m arijuana has been shown by 
D r Steven G o ldbe rg  and Iris 
team at d ie National Institu tes 
o f  Health in Baltimore (Mature 
Meurosaei., * 1000:3: 1073-4).

O ne o f  the criteria used to 
help  dec ide if a d rug  has the 
poten tia l for m isuse is w hether 
an im als w ill work to obta in  it. 
Th is Ls known as s e lf adm in istra­
tion. V irtua lly  a ll psychoactive 
d rugs m isused by hum ans, 
in c lud in g  nicoune, have been 
shown to be se lf adm in istered bv 
an im als, bu t up to now  a postuve 
s e lf adm in istra tion test has been 
e lusive whenever TH C  (dclta-9- 
te trahydrocannabino l). the acuve 
part o f m anjuana . has been test­
ed . Th is has led to some peop le 
co n du d in g  that m anjuana is less 
like ly to lead  to d rug  m isuse

than other illega l substances.
Dr Go ldberg , a phannacolo- 

gist at the National Institu te o f 
D rug Abuse, has shown now 
that monkeys can be trained to 
se lf adm in ister TH C . In  this 
study the team used a low-bu t 
d in ica llv  re lcvan t-dosc o f  TH C  
adm in istered in travenously in a 
dear so luuon. Th is so lution 
rap id ly d istribu ted  TH C  to the 
bra in . Previous attempts to show 
se lf adm inistration, u s ing  m uch 
h igher doses o f  THC held in a 
suspension, fa iled . O ne reason 
fo r this may be  that, a lthough 
h igher (loses were u s e d  the su s­
pension resu lted in less bra in 
penetration.

In  tliis study d ie  monkeys 
had previously been tra ined to 
se lf adm in ister cocaine by press­
in g  a lever 10 times. W hen saline 
was substituted for cocaine, se lf 
adm in istration stopped. When 
TH C  replaced the saline, the 
monkeys qu ick ly started to press

the lever again. The monkeys 
gave d iem se lvcs about 30 in jec­
tions du rin g  an hour long  ses­
sion. which equates rough ly with 
d ie dose received by a person 
sm oking a m anjuana jo u it .

The team went on to con finn  
that g iv ing  the monkeys a sec­
ond d ra g  that d irectly blocks 
cannabinoid receptors in the 
brain cou ld  prevent se lf adm in ­
istration. This suggests that THC 
antagonists may be usefu l in

combating m arijuana addiction 
in humans. Dr Goldberg's team 
w ill next be trying their 
approach in "naive" monkevs 
(animals that have not previous­
ly  been exposed to o ther psv- 
choactive drugs) to see if  this 
a lters d ie animals' behaviour.

Dr Goldberg's team con­
c ludes from  its observations that 
TH C  "has as much potentia l for 
abuse as o ther d rug s o f abuse, 
such as cocaine and heroin." C
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teased or reduced smoking before surgery compared 
w ith  less than  10% o f those in  the contro l g ro u p "  The 
in terven tion  group was m uch less likely to experience 
postoperative cunipUcatiom. especially wound healing 
and cardiovascular complications, and to need second­
a ry  surgery. A Cochrane review  found that intensive 
behavioura l in tetventions w ith patients adm itted to hos­
p ita l were associated with h igher quit rates when linked 
in  follow u p  contact for at least a m onth ."

G iven this evidence. It is arguable that resources 
ex|vended on  smoking rooms m ight be bcttei used to 
fum l a concerted effort to implement a stnokuig ban 
and  to expand sm oking cessation activities Hopefully 
o ther hospita ls f i r in g  a s im ila r situation w ill act 
d ifferently in  the future
M artin  M cKee prafuurr of European public health
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C o m p a rin g  cannabis w ith tobacco
S m o k m g  c a n n a b i s , l i k e  s m o k i n g  to b a cco , c a n  b e  a  m a jo r  p u b l i c  h e a l th  h a z a r d

B r ita in  now has I ", m illio n  tobacco smokers. T h is 
num ber has been vtcad ilv decreasing d ue  to 
p ub lic  awareness o f  the harm  caused by 

tobacco sm oking. A t d ie  sam e tim e the num ber o f  can ­
nab is sm okers is increasing. Between 1999 and 2001, 
t lic  n um be r o f  14-15 vear o ld s who had tr ied  cannabis 
ro se from  19% to 29% in  boys .in d  18% to 25% in g irls, 
and  a Hom e O flicc  docum en t estimates that 3 2 
m illio n  peop le in B rita in  smoke cannabis.1' I Iowevcr. 
the ha rm fu l effects o f  sm oking cannabis are w ide ly 
known and have re> Jy been h ig h lig h te d .' ' A lthough 
the active ingred ien ts o f  d ie cannabis p lan t d iffe r from  
d to sc  o f  t lic  tobacco p lan t, each pr< duccs a lm ut 4000 
chem ica ls when smoked and d ic se  a e large ly iden tica l. 
.A lthough cannabis cigarettes are smoked less frc- 
quendy d ian  n ico tine cigarettes, Uteir m ode o f inha la ­
tion  is very d ifferen t. C om pared w ith sm oking tobacco, 
sm ok ing cannabis en ta ils a two durds la rger p u ff 
vo lum e, a on e  th ird larg t  inha led  vo lume, a fo u rfo ld  
lon ge r lim e ho ld in g  the breath, and  a five fo ld  increase 
in  concennu tion s o f cartooxyliaemoglobtn. The p ro d ­
ucts o f  com bustion  from  cannabis arc thus retained to 
a m uch  h ighe r degree. How is th is likc lv to translate 
in to  adverse effects on health?

We already know d ia t regu lar use o f cannabis is 
associated w id i an increased incidence o f m e n u l 
illnesses, most notably sch izopltren ia and depression.' 
b u t it  is .ilso worth exam in ing its potential to cause odter 
illnesses, especia lly (host o f d ie heart and respiratory 
system.

A t p re sen t there is an understandab le  d ea rd i o f  
ep idem io log ica l ev idence o f  ca rd iopu lm ona ry  harm  
from  caiu tab is, because its use is a re la tive ly new 
phenom enon and its p o icncv  is chang ing  The am ount 
o f  the mam active co n stitu en t tetr.thvdrocannab ino l 
(THC). in cannabis lia s increased from about 0.3% 20 
vcars ago to nearer 5% at present in B rttaui, whereas 
"N'ederweed" (d ie variety smoked in d ie  Netherlands) 
has an average o f 10-11 % tetrahydrocannabino l. A t d ie  
s.une time litt le  studv has been undertaken  o f any con- 
com  ant change in th e  conten t o f tar. Casc-control 
stud ies are d ifficu lt to pe rfo rm  since cannabis 
c igarettes do  no t come in  standard  sizes, which makes 
dose-response re la tions d iff icu lt to  estab lish . Further­
m ore, most users o f cannabis a lso smoke tobacco, 
wh ich makes it d ifficu lt to d issect out in d iv id ua l risks. 
.As w ith tobacco, there w ill be a latent p eriod  between 
the onset o f  sm oking and the deve lopm en t o f lun g  
damage, card iovascu lar disease, o r m .d ig iian t change.

Tobacco smoking is responsib le for 120 000 excess 
deaths each year in B rita in , 46 000 from  cancers, 
34 000 from  ch ron ic resp ira to ry d isorders, and 40 000 
from  diseases o f  the heart and circu la tion . However, 
d tere are ind ica tions d ia l smoked cannabis may cause 
s im ila r effects to sm ok ing  tobacco, w id i m anv o f  them  
appearing at a younger age. Sm ok ing cannab is c ’ uses 
ch ron ic bronch itis , em physema, and o th e r iu n g  
d iso rders, w h ich  were recendy sum m arised  in  a review 
released by d ie  B ritish L ung  Foundation .' A strik ing  
feature o f cannabis sm oking is that it is associated w ith BMj ZIXI.S:3'.'li5H(-S
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buUoiu lung disease in young people.' Inflamr.itory 
lung changes, enrome cough, and chesi infections am 
similar to those in cigarette smokers, bit nuv also be 
commoner in vounger people.1'' Pi malignant 
changes have been shown in die pulmonary cpidic- 
bum. and there are reports of lung, tongue. and other 
cancers in cannahu smokers.

Tetrahydrocannabinol lias laxdiocvscular clTccts. 
and sudden deaths have heen attributed to smoking 
cannabic1' Myocardial infarction is 4.2 times more likely 
to occur witliin an hour of smoking cannabis." However, 
despite these alarming facts, there is no evidence at 
present on whether smoking cannabis contributes to die 
progression of coronary artery disease, as smoking ciga­
rettes docs. More studies of the cardiovascular and 
pulmonary effects of cannabis are essential.

I t  may be  argued tha t the extrapo lation from sm all 
num bers o f  in d iv idua l studies to poten tia l huge sca le 
effects am ounts to scaremongering. For example, o ne 
co u ld  ca lcu la te that i f  cigarettes cause an annua l excess 
o l 120 000 deaths am ong 13 m illio n  smokers, the co r­
respond ing f ig u re  fo r deaths am ong 3.2 m illion  canna­
b is smokers would b e  30 000, assum ing ecjualitv o f  
effect. Fven i f  the num ber o f d ea l > .ittn liu tah ic  to can ­
nab is tu rned o u t to be a  fraction o f  that figu re , smoking 
cannabis wou ld  stilj b e  a m ajor pub lic hea lth  hazard. 
However, when the like ly  m enta l h ca ld i burden is 
added  to the poten tia l fo r m orb id ity  an d  premature 
death from card iopu lm onary  disease, these signals 
canno t he ignored. A  recent com m ent said that 
preven tion and cessation arc d ie iwo principal 
strateg ies in the ba ttle  against to b a cco "  At present.

there is no batdc against cannabis and no clear public 
health message.
John  A H rn rv  proftuor
Acxtallk Drvwtnwm "I AokVnl <nU E.inn(rr»> Stcclu i 
Imprrul School ,4 MnUoiw Si Stars', lto»p,ul.L,4un
W2 IVY gahcvirv̂ kac.uii
William L G Oldfield specialist rtgutm i 
Onn Min Ron ronxultan;
Df|MlUMtlt rl Rr»pir.,torr MnSuw, St M m HfMptt.il 
Com peting in t r r n u  None tie c ia rrd
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People m issing as a result o f arm ed co n flict
S t a n d a r d s  a n d  g u i d e l i n e s  a r e  n e e d e d  f a r  a l l , i n c l u d i n g  h e a l th  p r o fe s s io n a l s

M ass graves from  past o r  present Conflicts, 
massacres in the Balkans, d isappearances— 
South Am erican  stv lc—and the m issing in  

action are po litica lly  sensitive. O ne reason is d ia l they 
usua lly  entail v io la tions o f  in ternationa l hum an itarian 
law (the w artim e ru les that protect people who are not 
in com bat o r no  longer in combat) or hum an rights 
law. Im crtiado n a l criirun .il tribuna ls to u y  ind iv idua l' 
be lieved to lie  responsib le  for the v io la tions attract 
et|ual a tten tion . Whv tlie.se events an ti d ie  reactions to 
them  by d ie  in ternationa l com m unity ire  o f  d irect 
concern  to health p ro fessionals is not im m ed ia te ly  
obv ious, a lthough it has been w ide ly  rei ogn ise tl that 
they have an im portan t part to p lay in  upho ld in g  such 
laws.' ' However, the specific roles, responsib ilidcs, and 
expertise o f  the profession e ither in ascerta in ing d ie  
(ate o f  the m iss ing or in  he lp ing affected fam ilies have 
not been as w ide ly recognised.

The story o f  people unaccoun ted for as a resu lt o f  
a rm ed conflic t o r in te rna l vio lence is to d  d ifferendv 
acco rd ing  to the narra to r's d isc ip line . Each d isc ip line 
has its own work and objectives. Lawyers upho ld  inter- 
nationaJ law and attempt to p rosecute d ie  perpetrators 
o f v io lauons; forensic specia lists id cnu fy  remains, con­
tr ibu te  to the reconstruction  o f events su n o u n d in g  the 
death, and estab lish  the cause o f death. Psycho log ists 
address the k ind o f m enta l to rtu re  associated w idi

uncerta in ty o f  the whereabouts o f  a fam ily  member. 
M ilitary IhhJics emphasise d ie  im portance o f  measures 
such as (he wearing o f iden tifica tion  tags a n ti register­
ing deaths o f  d ie ir  personnel. Red C ross woikers 
te s jx in d  to fam ilies' requests lo  trace a m u s in g  person 
and to  visit and register p risoners o f  war, Tins is an 
incomplete l is t  and each d isc ip lin e  has w orked largely 
ui its own sphere. F u rd ien n u re  in  a given situation 
there are d iffe ren t actors each em p loying , m an ipu la t­
ing, o r even h inde rin g  d ie  work o f the d ifferen t 
d iscip lines. These actors m ay be the governm ents, m ili­
tary bodies, in ternationa l o rgan isa tions in c lud in g  d ie  
Un ited Nations, and  non-governmental o rgan isations. 
C learly i t  is tune fo r standards and gu ide lin e s on best 
practice fo r all p rofessionals.

T lic  In ternational Comm ittee o f  the Red Cross has 
lieen forced in to  undertaking an in itiative, ' Ih e  
Missing," which has taken d ie  form  o f  a series o f  expert 
workshops .u id studies and a  review o f  its own practice 
over tune and by continent. Ih e  outcom e has revealed 
ainbiguiry alwiut the legal and  ethical basis o f  any action 
involving forensic specialists, d ie lack o f  best practice 
guidelines in gu ide  these specialists, the d ifficu lty  o l 
accommodating loca l custom s and cu ltu re  in .in tnvcsn- 
gution. and recognition o f  an inconsistency o f the In ter­
national Comm ittee o f the Red C ross's own practice 
with regard to m issing people. A t cen tre stage however,
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Drug Related News and Announcements

Marijuana may affect blood flow in brain
Study s u g g e s ts  u se rs  of drug have narrow ed arteries

Reuters: February 7, 2005

WASHINGTON - Marijuana users have faster blood flow In their brains, even after a month 
of not smoking, U.S. researchers reported Monday.

The findings suggest they have narrowed arteries, similar to patients with high blood 
pressure and dementia, and could help explain reports that heavy marijuana users have 
trouble on memory tests, said the researchers at the National Institute on Drug Abuse in 
Baltimore.

Ronald Heming and Jean Lud Cadet tested 54 marijuana users, who smoked anywhere between two and 350 joints a w 
and 18 non-smokers

They used Doppler sonograms to measure blood flow in volunteers' brains at the beginning of the study and a month lat 
everyone agreed to abstain from marijuana for the four weeks.

The smokers had faster blood flow, both at the start and after a month of abstinence, Heming and Cadet reported in the 
Neurology.

The smokers also had a higher pulsatility index score, or PI, which measures the amount of resistance to blood flow. Th> 
researchers believe the higher PI is caused by narrower blood vessels.

'The marijuana users had PI values that were somewhat higher than those of people with chronic high blood pressure ai 
diabetes," Heming said in a statement.

“However, their values were lower than those of people with dementia. This suggests that marijuana use leads to abnorr 
in the small blood vessels in the brain."

They found that blood flow improved in people who smoked up to 70 marijuana cigarettes a week -  people they defined 
moderate users -  after a month of avoiding cannabis.

Heavy users, who smoked up to 350 joints a week, saw no change in blood flow even after a month, the researchers sai

Researchers at Montreal’s McGill University have reported that chronic consumers of cannabis lose molecules called CE 
receptors in the brain's arteries.

This reduces blood flow to the brain, causing attention deficits, memory loss, and impaired learning ability.

http://www.dpna.org/resources/current/02-08-5.htm 3/12/2005

http://www.dpna.org/resources/current/02-08-5.htm


%
• . I

Internship Piogram 
• • • •

f
i t ito t'nl'thy

state convention. The Governor may declare to honor an 
anniversary of the association in conjunction with the 
convention.
• Another exception may be made when a national 
organization is holding a national meeting in Tennessee 
(e.g. NAACP National Conference). The Governor may 
declare "NAACP Week in Tennessee" in honor of the state 
and national organization in conjunction with its 
convention.

• Proclamations are n o t  issued in honor of people, living or dead 
unless required by Tennessee Code Annotated (TCA).

• Requests will be accepted no more than 6 months in advance anc 
will not be issued more than 3 months in advance of the event.

• A 14 business day notice is required to provide proclamations. If 
notice is given the Governor's office reserves the right to decline.

• Because of cost involved in writing and printing proclamations, a 
maximum of 5 originals of issued proclamations will be sent per ye. 
per constituent.

■ Any draft language provided may be edited or rewritten at the 
discretion of the Governor's ofi :e.

• All proclamation requests must be in writing and can be submitte 
online via webform or via mail or fax and sent to:

C ar a W i l s o n
State Capitol 

Nashville, TN 37243 
615-532-4562 phone 

615-532-9712 fax

lennessfie.sQVLMQroe I Search_Tennessee.gov I A to Z Directory | Policies I Survey: I Help I Site
Map I Contact

Governor's Office 
Tennessee State Capttoi 

Nashville, IN 37243-0001 
615.741.2001

http://www.tennessee.gov/govemor/citizens/requests/proclamations.htm 3/12/2005

http://www.tennessee.gov/govemor/citizens/requests/proclamations.htm


Abjut OMHRC 
From the Director 

Outdo to OMHRC 

FAQ

Closing the Gap 

Join our Mailing List 

Sign our Quest Book 

Contact Ua

f& f1

N a t io n a l I n i t l t u t n  o f  H ea lth  
N a t io n a l In s t i t u te  on D ru g  A b u i r

F O R  IM M E D IA T E  R E L E A S E  
O c to b e r  IS , 2000

C O N T A C T ; 
B e v e r ly  J a c k io n  

M ic h e l le  Mutta 
(3011 4*13-6245

ISIDA R esearchers Find T h a t A nim als Exposed to 
M a riju a n a 's  A ctive C o m ponen t W ill S elf-A din in ister the 

D rug

Scientists at the National Institute on Drug Abuse have demonstrated 
that laboratory animals will self- administer marijuana's psychoactive 
component, delta-9-tetrahydrocannabinol, in doses equivalent to 
those used by humans who smoke the drug. Self-administration of 
drugs by animals, long considered a model of human drug-seeking 
behavior, is characteristic of virtually all addictive and abused drugs.

"This study is simple and its findings are clear," says NIDA Director 
Dr. Alan I. Leshner. "Animals will work to get THC. This 
emphasizes further the similarity between marijuana and other 
abusable, addicting substances. Both animals and humans will work 
to acquire access to marijuana in the same way that both animals and 
humans change their behavior to get other drugs of abuse, like 
cocaine and heioin."

Dr. Steven Goldberg and colleagues at NIDA's Intramural Research 
Program in Baltimore, Maryland, report in the current issue of 
"Nature Neuroscience" that squirrel monkeys will self-administer 
intravenous injections of THC.

"This is the first study in which it has been possible to show that 
monkeys or other miearch animals will self- administer THC. There 
are many factors which may explain this behavior, including the fact 
that in our study we used doses of THC that are directly comparable 
to doses in marijuana smoke inhaled by humans," Dr. Goldberg says.

Before the study began, the scientists first established self­
administration behavior in squirrel monkeys that received repeated 
intravenous injections of cocaine after pressing a lever 10 times for 
each injection. At the start of the study, the researchers replaced 
cocaine with saline solution and the animals' self-administration 
stopped. When saline was replaced with THC in a solution that would 
rapidly pass from blood to the brain, the animals resumed self­
administration, rapidly pressing the lever to obtain on average 30

http://www.omhrc.gov/wwwroot/omhrc/pressreleases/2000pressl015.htm 1/30/2005
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injections o f THC during each of a series of 1 - hour sessions. 
Treatment with a compound that prevented THC from binding to 
cannabinoid receptors on brain cells almost completely eliminated 
self-administration of THC, but had no effect in another group of 
monkeys self-administering cocaine under identical conditions, 
according to Dr. Goldberg.

"The drug-seeking behavior in these animals was comparable in 
intensity to that maintained by cocaine under identical conditions, 
and was obtained from a range of doses comparable to those self- 
administered by humans smoking a single marijuana cigarette," Dr. 
Goldberg says. "This finding suggests that marijuana has as much 
potential for abuse as other drugs of abuse, such as cocaine and 
heroin."

NOTE TO REPORTERS: The full text of the brief communication 
about this study is available in "Nature Neuroscience 2000", volume 
3, pgs 1073-74 or at www .neurosci.naturexom.

The National Institute on Drug Abuse is a component of the National 
Institutes of Health, U.S. Department of Health and Human Services. 
NIDA supports more than 85 percent of the world's research on the 
health aspects of drug abuse and addiction. The Institute carries out a 
large variety of programs to ensure the rapid dissemination of 
research information and its implementation in policy and practice. 
Fact sheets on the health effects of drugs of abuse and other topics 
can be ordered free of charge in English and Spanish from NIDA 
Infofax at 1-888-NIH-NIDA (644-6432) or 1- 888-TTY-NIDA (889- 
6432) for the deaf. These fact sheets and further information on 
NIDA research and other activities can be found on the NIDA home 
page at vvww.drugabuse.gov.
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3. Trends in Marijuana Incidence - Initiation o f Marijuana Use: Trends, Patterns, and Implications Report Page 9 o f 16

1988 132 1 80 348 327 210 164 1 12 136
1989 122 r 96 326 280 175 175 116 99
1990 130 1 94 309 240 197 135 103 148
1991 154 1 96 302 265 180 171 160 10 1
1992 185 ! 159 347 258 222 173 104 82
1993 244 1 222 364 355 229 210 124 136
1994 276 261 450 394 242 234 123 12 1
1995 336 274 510 401 226 256 137 141
1996 350 I 294 523 523 235 268 138 202
1997 329 313 547 478 266 227 145 139
1998 334 •I 313 519 467 236 250 154 175
19991 291 255 446 399 151 175 124 159

* Low precision; no estimate reported.
1 Estimated using 2000 data only.
Source: SAMHSA, Office of Applied Studies, National Household Survey on Drug Abuse, 1999 and 2000.

M  in  T o r 4

Table 3.3 Estimated Numbers (in Thousands) of Persons Who First Used Marijuana During the Years 1965 to 1999, Their Mean Age at 
First Use, and the Annual Incidence Rates of First Use (Per 1,000 Person-Years of Exposure), by Gender

Number of Initiates 
(1,000s) Mean Age at First Use Incidence R ates1

Year Males Females Males Females Males Females
1965 315 239 18.1 23.4 4.9 3.3
1966 642 333 18.8 19.9 9.8 4.5
1967 952 433 19.1 20.4 14.4 5.7
1968 1 ,2 12 527 19.0 20.1 18.1 6.8
1969 1,264 859 18.6 19.5 18.7 10.9
1970 1,479 1 , 1 1 2 18.6 19.0 21.7 13.9
1971 1,570 1,218 i8.4 n r 19.0 22.9 15.1
1972 1,560 1,258 j| 19.2 18.3 22.7 15.5
1973■ -- 1,587 1,267 1

|
18.6 18.6 23.1 15.5
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Year

Note: The numerator of each rate is the number of persons who first used marijuana in the year, while the denominator is the person-time exposure 
measured in thousands of years for persons aged 12 or older.

* Estimated using 2000 data only.

Source: SAMHSA, Office of Applied Studies, National Household Survey on Drug Abuse, 1999 and 2000. 

jback to topT]

Table 3.1 Estimated Numbers (in Thousands) of Persons Who First Used Marijuana During the Years 1965 to 1999, Their Mean Age at 
First Use, and the Annual Incidence Rates of First Use (Per 1,000 Person-Years of Exposure), for All Ages

vear | Number of Initiates (1,000s) Mean Age at First Use Incidence Rates1



| 1974 II 1,493 | 1,360 1 17.7 18.1 II 21.7 | 16.6
1975 ll 1,405 1,469 17.7 18.9 20.4 17,8
1976 I- 1,625 1,559 18,2 18.8 23.6 18.9
1977 1 1,647 1,517 18.0 00 23.9 18.4
1978 1,556 1,411 17.6 18.7 22.5 17.0
1979 il 1,507 1,352 17.5 18.7 21.7 16.2
1980 1 1,187 1,335 19.0 19.4 17.0 15.9
1981 1 896 971 17.2 18.6 12.6 11.4
1982 1 1,014 1,007 17.9 19.7 14.1 11.7
1983 1 1,049 815 18.9 17.4 14.4 9.4
1984 1 1,020 992 18.3 18.2 13.8 11.3
1985 1 1,021 844 18.2 17.9 13.6 9.5
1986 1 925 828 17.8 17.4 12.1 9.2
1987 773 815 17.3 17.9 10.0 9.0
1988 834 716 17.1 17.9 10.8 7.9
1989 787 660 17.5 17.8 10.3 7.3
1990 774 633 17.5 19.4 10.2 7.1
1991 837 648 18.1 17.8 11.2 7.3
1992 909 690 16.5 16.8 12.3 7.8
1993 1,009 945 16.8 17.6 13.8 10.8
1994 1,152 1,035 16.7 16.8 16.0 11.9
1995 1,254 1,103 16.4 16.7 17.7 12.9
1996 1,284 1,306 16.4 17.7 18.5 15.5
1997 1,318 1,176 17.0 16.9 19.3 14.1
1998 1,268 1,220 17.6 17.2 18.9 14.9

19992 1,034 993 16.4 17.6 15.5 12.1
1 The numerator of each rate is the number of persons who first used marijuana in the year, while the denominator is the person-time exposure 
measured in thousands of years.
2 Estimated using 2000 data only.
Source: SAMHSA, Office of Applied Studies, National Household Survey on Drug Abuse, 1999 and 2000.
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1965 553 | 20.4 | 4.0
1966 975 19.2 7.0
1967 1,385 19.5 9.7
1968 1,738 19.4 12.0
1969 2,123 19.0 14.5
1970 2,592 18.7 17.5
1971 2,789 18.7 18.7
1972 2,819 18.8 18.8
1973 2,854 18.6 19.0
1974 2,853 I** 9 18.9
1975 2,874 18.3 19.0
1976 3,184 ’9.5 21.0
1977 3,163 18.3 20.9
1978 2,967 18.1 19.5
1979 2,859 18.1 18.7
1980 2,522 19.2 16.4
1981 1,867 17.9 12.0
1982 2,021 18.8 12.8
1983 1,865 18.2 11.7
1984 2,012 18.3 12.4
1985 1,865 18.1 11.4
1986 1,753 17.6 10.6
1987 1,588 17.6 9.5
1988 1,550 17.4 ! 9.2
1989 V

J 17.7 8.7
1990 1,407 18.3 8.5
1991 1,485 18.0 9.1
1992 1,599 16.7 9.8
1993 1,954 17.2 12.2
1994 2,187 16.7 13.8
1995 2,357 16.5 15.1
1996 2,590 17.1 16.8
1997 2,494 17.0 16.5
1998 2,488 17.4 16.7

19992 2,028 17.0 13.6
1
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