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MARIJUANA AND PUBLIC HEALTH
Mariiuana And Respiratory Health / Cancer.

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

* In persons who smoke hoth 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.

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

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



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

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

ll. Mariiuana Use Can Impact The Fetus.

 Fetal growth, gestational age, and parts of 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 of 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;
Maruuana Impairs Growth in Mid Gestation Fetuses,
Hurd, YL, et.al, Neurotoxicoloty, March-April, 2005.



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

« The rate of marijuana related ED visits by youth aged
12-17 rose 126 % between 1994 and 2001, while their
overall rate of 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% of the

cases). Id.

V. 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 Usg,
Bachs, L., et.al., Forensic Science International, Feb.,

2001.
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» Abstract
N : : : L 10
Marijuana (MJ) smoking produces inflammation, edema, and cell injury in Abﬁ’tract.
the tracheobronchial mucosa of smokers and may be a risk factor for lung Introduction
I : : Materials and Methods

cancer. Because oxidative stress may mediate some of these effects, this

study was designed to test the hypothesis that cannabinoids in MJ smoke B?SCUJFsséion

contribute to cellular oxidative stress. Oxidative stress was evaluated in an References

endothelial cell line (ECV 304) following exposure to smoke produced front

MJ cigarettes containing either 0, 1.77, or 3.95% A9-tetrahydrocannabinol (A9-THC). Briefexposure lo
smoke from 3.95% MJ cigarettes stimulated the formation of 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 of ROS. A brief, 30-min exposure to MJ
smoke, regardless ofthe A9-THC content, also induced necrotic cell death that increased steadilv up to
48 It of observation. MJ smoke passed through a Cambridge tlIter that removed particulate matter was
3.4-fold more active in ROS production compared with unfiltered smoke, suggesting that most of the
oxidative effects are produced by the gaseous phase. Alveolar macrophages obtained from habitual MJ
smokers displayed low levels of glutathione compared with macrophages from nonsmokers. We
conclude that MJ smoke containing A9-THC isa potent source of cellular oxidative stress that could
contribute significantly to cell injury and dysfunction in the lungs of smokers.

» Introduction

lutp://ajrcmb.atsjoumals.org/cgi/contcnt/full/20/6/1286 12/30/2004
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Marijuana (MJ)is one of the most commonly abused substances in the

. . Top
United States, where 3.3% o0fyoung adults 19to 28yr ofage use MJ on a A Abstract
daily basis and 54% of people between 26 anil 34 have used marijuana at v ,'\jl‘;ft‘e’?lljflg'gﬂd Methods |

least once (1). Medicinal uses ofcannabis date back thousands of years and

both crude smoke and the psychoactivc component, A™-tetrahydrocannabinol g?:cuuléssion

(A9-THC), have been used for treating migraine headache, glaucoma, v References

nausea, and anorexia (2). Despite this widespread use, little information is

available regarding toxic effects of MJ smoke. Persistent efforts to legalize MJ and political movements
advocating medicinal uses tend to promote the notion that little or no hazardous risk is associated with

MJ smoking.

<4 <«

The vast majority of research on biologic effects of cannahinoids has addressed the neurologic and
psychotropic activity of these compounds (3). Some publications, however, have documented
detrimental effects on the tracheobronchial mucosa, including mucosal edema and inflammation (4).
cellular atypia and dysplasia (5), and molecular dysregulation of genes associated with malignant
transformation ((>). MJ also appears to alter the function ofalveolar macrophages (7), key cells in the
lung's immune defenses against infection and malignancy. Moreover, several small case-scries reports
have suggested an association between regular MJ use and upper aerodigcstive-tract cancers (8- 13).
Approximately 60different cannabinoids classified as C-21 tcrpcnophenolic compounds can be found in
the smoke derived from MJ, and the cannabinoid content of an MJ plant varies considerably depending
on the type of plant and conditions of cultivation. Some reports suggest that, over the past 10to 20yr,
the cannabinoid content in MJ cigarettes may have increased severalfold (14. 15). There is little
information on toxicologic effects ofindividual constituents found in MJ smoke. In the present studies
we examined the effects of whole MJ cigarette smoke with and without AS-TIIC and of the gas phase of
the smoke on the generation of reactive oxygen species (ROS) and on levels of antioxidants in the
cultured human endothelial cell line, ECV 304. Cellular production of ROS and reduced antioxidant
activity were considered to be toxicologic markers of oxidative stress that could lead to cell injury, DNA
damage, and ultimately, malignant transformation. Human alveolar macrophages collected from the
lungs of habitual MJ smokers were also evaluated for evid.nee ofin sun exposure to oxidative stress,
and were compared with findings in macrophages from control nonsmokers.

» Materials and Methods

A
MJ cigarettes containing either 0, 177. or 3.95% A9-TIIC were obtained A /Iggtract_
from the National Institute on Drug Abuse (NIDA, Rockville, MD) with oI
characteristics as previously described (16). Cigarettes with 177 or 3.95% Y}
A9-THC were prepared at NIDA by blending MJ leaves of differing v stsgdgion
potencies, and cigarettes containing 0%A9-THC were prepared from MJ Y References

leaves that had been extracted with ethanol to remove cannabinoids.

Cigarettes weighed 700 to 900 mg and were weight-matched to within 20 mg for each experiment. For
comparison, tobacco cigarettes weighing 850 mg were purchased commercially (Marlboro Red hard-
pack filtered cigarettes; Phillip Morris. Richmond, VA). 2,7-Dichlorofluorescein diacetate (DCF-DA)

http://ajrcmb.atsjoumals.Org/cgi/content/full/20/6/1286 12/30/2004
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and monochlorobimane (MCB) were from Molecular Probes (Eugene, OR). Propidium iodide, ascorbic
acid, and pyrrolidincdithiocarbarnate (PDTC) were from Sigma (St. Louis, MO). The Promega
(Madison, W1) Apoptosis Assay Kit was used for cytotoxicity evaluation.

The endothelial cell line, ECY' 304, was obtained from American Type Culture Collection (Rockville,
MD). Methods for eransfection-mediated overexpression of the human pcroxiredoxin (Prx) gene and
characterization of antioxidant properties have been described elsewhere (17). The Prx protein confers
cellular protection against oxidative stress by consuming hydrogen peroxide (1*O-,). Cells were cultured

in RPM1 1640 media containing 10%fetal calf serum (PCS) and 1%penicillin/streptomycin/fungizone
mix (GIBCO BRL, Grand Island. NV) on poly-I -lysine dishes and multiwell plates. Cells were passaged

e\llery 74d. Prx-transfectcd cells were cultured alongside control (vector-only)-transfected cells in 24-well
plates.

l.ung alveolar macrophages were obtained by bronchoalveolar lavage from human volunteers, including
both nonsmokers and habitual smokers of MJ only as previously described (5, 7). Macrophages were
suspended in Dulbecco's modified Eagle's medium (DMEM) containing 10% PCS and 1%
penicilliiPstreptomycin/fungizone. Cells were plated at a density of 5x 10 /well in 96-well plates. Cells
were analyzed for endogenous ROS generation and reduced glutathione (GSH) content at 1and 24 h
after plating.

ECV 304 cells transfected with either hygromycin-resistunce vector DNA (vec) or a human Prx DNA
construct were treated for 2 h with various agents (ascorbate, A*-THC, ni-,0i, or control medium) in 24-

well culture plates (2 * 101 cells/well) before loading with 40 pM DCF-DA for 20 nun in Krebs-Ringer
buffer. Alter washing twice with Krebs-Ringer buffer, agents were reapplied to cells in 200 pi Krebs-
Ringer buffer and plates were placed in separate 5,000-ml chambers (Billups-Rothcnberg, Del Mar, CA)
connected to manually controlled smoking devices (Figure 1), A cigarette holder was attached lo a 50-
ml sintered glass syringe using 0.7 cm inncr-diameter tygon tubing and a three-way stopcock connector.
After aspiration of smoke into the syringe, the stopcock valve was turned and smoke expelled into the
vented chamber with brief flushing to ensure thorough distribution ofsmoke. Each chamber received

10 50-ml boluses, equivalent to smoke from a full cigarette, and remained exposed to the smoke for
5min. Separate chambers exposed to either tobacco or different potencies of MJ smoke were run in
parallel and compared with chambers containing room air as a control. Cellular oxidative stress was
measured fluorometrically by monitoring the oxidation of intracellular 2,7-dichlorofluorescein (DCF)
using a Cytolluor 2300 plate reader (PcrSeptive Biosystems, Framingham, MA) at excitation (Ex)

= 485, emission (Em) = 530as previously described (1S). Cells were then returned to their respective
chambers for a second exposure to the appropriate smoke for a period of 15 min. Alter a second
fluorescence measurement, GS1I content, cell viability, anil total cell number were measured in a
sequential manner as described previously (18). Smoke contains both gaseous and particulate phases. In
some experiments, the independent effects of the gaseous phase were determined by passing smoke
through a high-efficicncy Cambridge filter before venting it into chambers containing the ECV "4cells.

Figure 1. Apparatus used for exposin(]; cultured cells to
cigarette smoke. Culture plates (24-well) containing DCF-

http.V/ajrcmb.atsjoumals.org/cgi/content/full/20/6/1286 12/30/2004


http://http.V/ajrcmb.atsjoumals.org/cgi/content/full/20/6/1286

Oxidative Stress Produced by Marijuana Smoke . An Adverse Effect Enhanced by Canna... Page 4 of 17

loaded cells were placed into vented 5,000-ml exposure
chambers. MJ or tobacco cigarettes were inserted into holders
and lit; 50-ml puffs of cigarette smoke were delivr.ed into the
chambers by means of a three-way valve system. The
chambers were vented to allow for mixing and equilibration

of pressure.

View larger version (108K):
[in this window
[inanew window]

The capacity for MJ smoke to induce intracellular oxidative sircss was compared with its ability to
directly oxidize DCF in a cell-free environment. In these studies, 24-wcll plates were Hied with 200 pi
of Krebs-Ringer buffer containing either DCF-DA-loadcd ECV 304 cells as previously described or
5pM partially de-esterificd DCF-DA in the absence of any cells. DCF-DA was partially de-estcrificd by
diluting DCF-DA to 5pM in Krebs-Ringer buffer for 1h at room temperature before smoke exposure.
Plates were exposed concurrently to the smoke from one MJ cigarette lor 20min and scaled with Mylar
tape, and DCF fluorescence was measured at 30-niin intervals. Selected wells were treated with various
agents (ascorbale, TIIC'. 1,0,) immediately before smoke exposure to determine their roles as cither

pro- or antioxidants.

Long-term viahility studies were performed by exposing ECV 304 cells in 96-well plates to MJ smoke
with or without AM-THC for 301111lL. Control cells were exposed lo room air for a similar time period.
After smoke exposure, smoke was cleared and cells were confined to chambers containing 10%CO, at

37°C for subsequent fluorescent determination of glutathione levels and viability using MCB, propidium
jodide, and the Cytolluor 2300. Cells were r untained in serum-containing culture media throughout
these studies. Apoptotic and necrotic death was evaluated quantitatively using the Proriega Apoptosis
Assay Kit. Staining was analyzed by fluorescent microscopy and quantified using the Cytolluor

2300 plate reader.

Data were analyzed in most cases using Student's /test for paired data. Data from Figure lwere
analyzed by analysis of variance (ANOVA). Levels ¢f ROS were compared between unexposed cells
(control), cells exposed to MJ smoke, and cells exposed to 0% Al)-TIIC smoke by ANOVA, treating all
culture plates as independent measurements. Analyses were performed separately forvce and Prx cells,
and also with both types of cells combined. Multiple-comparison testing was performed between
exposure groups using Tukcy's method. Results were considered to be significant at » < 0.05. ANOVA
was performed using SAS software (SAS Institute Inc., Cary, NC).

» Results

A Top
Intracellular Effects of Smoke Exposure Abstract
Introduction

http://ajrcmb.atsjournals.org/cgi/content/full/20/6/1286 12/30/2004
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In vitro studies in which ECV 304 cells were exposed to whole unfiltered + Materials and Methods
MJ or tobacco smoke revealed rapid oxidation of intracellular DCF.

Although not statistically different, the effect of MJ smoke was generally of ~ © Bf;éﬂ;iion

greater magnitude than that of tobacco on a per-cigarcttc basis. After 20min v References

total exposure of vector-transfected cells to two MJ cigarettes, values for

DCF oxidation were 1.8-fold greater than control cells exposed to room air (p < 0.05) (Figure 2). In Prx-
transfected cells, MJ smoke increased DCF oxidation 1.6-fold. At the same time, intracellular GSH
levels were decreased to 19%of control values (P < 0.001) regardless of the presence of the Prx gene
(Figure 3). MJ cigarette smoke devoid of A*-THC produced no significant increase in DCF oxidation
relative to controls (Figure 2), despite a drop in GSII levels comparable to that caused by the a '-THC
containing MJ smoke (Figure 3). Treatment of cells with ascorbic acid (L mM) or PDTC (I mM)
suppressed the MJ-induced DCF oxidation by 100and 99%, respectively (Figure 4), without appreciably
affecting GSH levels (data not shown). Similar results were obtained using cultures of lung alveolar
macrophages obtained from bronchoscopy from nonsmoking subjects (data not shown), Exposure of
ECV 304 cells lo synthetic purified A*-THC (0.5 mg/ml) produced no significant DCF oxidation above
that of vehicle control (ethanol) (data not shown).

Figure 2. Accumulation of ROS in cultured endothelial ECV
304 cells exposed to smoke from tobacco (fob) or MJ
cigarettes. Cells transfected with either hygromicin-rcsistance
vector DNA (Vec) or human peroxiredoxin-13 (Prx) DNA
were loaded with DCF before smoke exposure. A Her
exposure to smoke from two cigarettes with porthole
ventilation, culture chambers were sealed al room temperature
for 20min. DCF fluorescence was then measured at Ex

= 485, Em = 530, subtracting a background value from a well
containing no cells. These values were then divided by values
reflecting total cell number per well, derived from propidium
jodide fluorescence (Ex = 530, Em = 560) in the presence of
160 pM digitonin to pcrmeabilize all cells. These normalized
fluorescence values were multiplied by 1,000 to give relative
measures of ROS. Left: Comparison of untreated control cells
(Con) with cells exposed to tobacco cigarette (Marlboro)
smoke (Tob) (n = 6; *p< 0.05 using Student's t test). Right:
Seloarate experiments comparing unexposed control cells with
cells exposed to smoke from MJ cigarettes with or without

Al)-THC (n = 12 *p < 005 comparing MJ smoke to control

or to MJ without A9-THC using ANOVA). Error bars
indicate standard error of the mean (SEM).

View larger version (23K):
[in this window]
[in-anew window]

Figure 3. GSH levels in cultured endothelial cells exposed to
smoke from tobacco (Tob) or MJ cigarettes as described in
Figure 1 MCB fluorescence (Ex = 395, Em = 460) was
measured as described in MATERIALS AND METHODS and
normalized to cell number per well as in Figure 1 Left: n = 6;
*p < 005 comparing tobacco with control. Right: n = 6;

http:/'; jremb.atsjoumals.org/cgi/content/full/20/6/1286 12/30/2004
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*+p < 0001 comparing control with MJ or with MJ without
A9-THC using Student's t test. Error bars indicate SEM.

View larger version (22K):
[in this window]
[in anew window]

Inhibition By Antioxidants Figure 4. ROS accumulation (expressed as relative
normalized DCF fluorescence) inhibited by 1mM Asc or
o 1mM PDTC. Values are means of five

n MJ

ONoTHe  determinations + SEM. F values were < 0.05 comparing
ascorbatc- and PDTC-treated samples with corresponding
untreated samples by Student's t test.

mucl
None Asc PDTC
Supplomont

View larger version (21K).
[in this window]
[in-a new window |

Extracellular Oxidation by Smoke

The capacity for MJ smoke to produce oxidative stress in ECV 304 cells (cellular ROS) was compared
with its oxidative effects on media alone (cell-free ROS; Figure 5). In the absence of any smoke
exposure, DCF fluorescence was 30-fold higher in wells containing DCF-loaded cells as compared with
w'ells containing DCF alone, suggesting basal generation of ROS by ECV 304 cells. After exposure to
smoke from 3.9% MJ cigarettes, there was an increase in ccll-frcc DCF fluorescence (p < 0.02), but it
was only 10%of the value observed for cellular ROS. Both the cellular and cell-free oxidation produced
by smoke exposure were inhibited by ascorbic acid (Asc), but the addition of AQ-THC directly to the
wells had no effect on either basal or smoke-induced oxidation. In contrast to the pattern of ROS that
resulted after smoke exposure, the addition of 30 mM H-,0-, directly into the wells produced a rapid

increase in DCF fluorescence that was 4-fold higher in cell-free wells than in wells containing ECV
304 cells. Similar results were observed follow ing exposure to tobacco smoke (data not shown).

Figure 5. Sn ike-induced ROS generation in DCF-loaded

http://ajrcmb.atsjoumals.Org/cgi/conlent/full/20/6/1286 12/30/2004
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ECV 304 cells (Cellular ROS) and in Kreb-Ringer buffer

containing 5pM DCE (Cell-Free ROS). Paired cellular and
cell-free plates were enclosed together in chambers infused
with room air (control; open columns), with 3.95% A9-THC

MJ smoke (filled columns), or with 0% A9-THC MJ smoke
(No THC; shaded columns). Afler 20 min exposure, plates
were sealed with Mylar tape; and DCF flourcscence was
measured after 2 h at room temperature in the dark. Specific
wells were supplemented with 04 mM Asc, 0.2 mg/ml

synthetic AS-THC (THC), or 30 mM H202 in triplicate.

Values represent means £ SEM from a single experiment that
was representative of four experiments. Addition of 30mM
11,0, to DCF-loaded cells produced a DCF fluorescence

value of 530,

View larger version (20K):
[in this window)
fin a new window)

Smoke Dose-Response

Dose-response studies for MJ smoke were performed by varying the amount of smoke delivered to ECV
304 cells in vitro over a fixed interval of time. Either two, six, or 10injections of 50 ml each were
delivered into chambers with 5-5 intervals between injections The chambers were sealed for 10 min
starting from exposure to the final bolus. Although the increases in DCF oxidation observed over the
first 25 min of exposure were not statistically different between groups, dose- and time-dependent
increases in DCF oxidation were significant by 45 min of exposure (Figure 0). After 60 min. the cells
exposed to six and 1050-ml injections displayed 25 and 38% higher levels, respectively, of ROS than
did unexposcd control cells. Exposure to only two 50-ml injections had no significant effect on ROS

generation at any time after exposure.

Figure 6. Time course and dosc-response for MJ smoke-
induced ROS accumulation. ECV 304 cells were exposed to
indicated number of 50-ml smoke puffs and chamber was then
scaled. Total time for smoke exposure was 10 min for each
[* X sample. Normalized DCF fluorescence was measured and
/Y- values from untreated control cells were subtracted. Values
A represent means of five or six determinations £ SEM. The
’ experiment was repeated twice with similar results.

View larger version (14K):
[in this window)
[inanew window]

Comparison of smoke from O, 1.77, and 3.95% A9-THC MJ cigarettes revealed a dose-dependent
relationship between cannabinoid content and ROS generation (Table 1). However, injection of pure
synthetic A9-THC in ethanol directly into 0% A9-THC cigarettes 24 h hefore smoking failed to increase

ROS generation significantly (data not shown).

http://ajrcmb.atsjournals.Org/cgi/content/full/20/6/1286 12/30/2004
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TABLE 1
View this table: THC contentand RO S generation
[in this window]
[inanew window]

Effects on Viability

The effect of MJ smoke on cell viability was examined by exposing cells to smoke for 30 min in
chambers at room temperature. Cells were exposed in the presence of complete culture media and
viability was monitored at periodic ir*"" als. MJ smoke caused a time-dependent increase in cell death
that reached 78%at 2d (Figure 7). Control cells consistently displayed low (3 to 10%) death throughout
this period. Cells exposed to 0% A<-THC smoke also displayed high levels of death (70%) at 2d. MJ
smoke caused a rapid and sustained decrease in cellular GSH level of 83%after 10min exposure and
TT%after 6 h, with little further change up to 48 h (Figure 8). Smoke lacking AU-THC lowered GSH
levels by only aslightly lesser degree (71 and 69%, respectively) al these same times. (Differences were

not significant.)

Cytotoxicity Figure 7. Time course for ECV 304 cell death following
10min exposure to smoke from a single MJ cigarette.

@ Cytotoxicity was quantitated as described in MATERIALS AND

( [SDoore METHODS. Values represent means of six

| . determinations £ SEM. The experiment was repeated twice

K with similar results.
H

ML FRL J?AH"]

View larger version (24K):
[in this window |
[In.a new window"]

Figure S. Time course for GSH levels measured as MCB
fluorescence following 10 min exposure to smoke from a
single cigarette. Values represent means of six

determinations + SEM. Experiments were repeated twice with
similar results,

View larger version (28K):
[in this window]
[in anew window]
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The majority of dead cells after 2d exposure to MJ smoke had died by necrosis. While the terminal
uridine nucleotide end-terminal labeling apoplosis assay revealed sporadic cells with strongly positive

’ staining, condensed nuclei, and fragmentation into apoptotic bodies, the majority of cells were unstained
and slightly swollen. In addition, most cells showed positive staining with propidium iodide, indicating
loss of membrane integrity. GSM levels displayed biphasic changes, initially declining after smoke
exposure and subsequently tending to increase slightly, a pattern characteristic of many oxidation-
mediated effects on the cellular antioxidant.

Filtered Smoke

To evaluate independently the gaseous and particulate phases of smoke for their ability to generate
cellular ROS, smoke was first passed through high-efficicncy Cambridge filters that remove > 98%of
particulate components but allow passage of gas-phasc components. Exposure of cells to gas-phase MJ
smoke resulted in an approximately 2-fold increase in DCF oxidation relative to whole-smoke exposure
(Figure 9). DCF oxidation caused by exposure to filtercJ smoke from ethanol-extracted MJ (0% A }-
THC) was also elevated 3-fold rcl; ive to that from exposure to unfiltcred THC-free smoke. Filtered
smoke from TUC-conlaining cigarettes caused approximately 30% higher DCF oxidation than did
filtered smoke from ethanol- extracted cigarettes. When particulate matter on filters was extracted with
dimethyl sulfoxide (DMSO) and "pplied to cultured cells, DCF oxidation by whole smoke was
attenuated by 50to 70% (data not shown). DMSO alone had no effect on either basal or MJ smoke-
induced DCF oxidation,

Figure 9. ROS accumulation following exposure to gascous-
phase MJ cigarette smoke. Smoke from two cigarettes was
filtered through Cambrid%e filters to remove particulates
before exposure to ECV 304 cells. Values represent means of
34 determinations + SEM. p < 0.005 comparing filtered
smoke with whole smoke using Student's t test

View larger version (18K):
[in this window]
[in anew window]

Alveolar Macrophages

Cultured lung alveolar macrophages obtained by bronchoalveolar lavage from habitual MJ smokers
revealed GSM levels 31% lower than levels in cells obtained from nonsmokers (/' < 0.025) (Table 2)
However, incubation of these cells with DCF revealed a lower rate of ROS production of borderline
statistical significance (p = 0,05) compared with cells from nonsmokers. Cells from hoth MJ and

http://ajrcmb.atsjoumals.Org/cgi/content/full/20/6/1286 12/30/2004
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tobacco smokers contained high amounts of dense intracellular inclusions.

_ _ TABLE 2
View this table: Lung alveolar macrophage oxidative stress

[in this window]
[inanew window]

» Discussion
¢ Top

Very little research has been devoted to the cytotoxic effects of direct a Abstra
exposure to MJ smoke. Alterations that have been found in the a Introd
tracheobronchial mucosa of habitual MJ smokers include mucosal edema
and inflammation (4), cellular atypia and dysplasia (5). and molecular a Results.
dysregulation of genes associated " ith malignant transformation (6). In vitro ' pepoen

and whole-animal studies suggest that A'-Ti IC has a direct

immunosuppressive effect on a variety of immune cells, including macrophages, natural killer cells, and
T lymphocytes (11 10). Habitual MJ smoking has also been shown to alter alveolar macrophage

morphology (20. 21). phagocytic function (7). fungicidal and bactericidal activity (7, 22). and oxidative
burst superoxide production (22).

ct .
.LI(IIOn
Materials and Methods

In the present studies wc examined the effects of short-term (5 to 30 min) exposure to MJ smoke on
generation of ROS, levels of reduced GSH, and cell viability/*/; vitro. 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 resulting from exposure to a similar amount of tobacco smoke. The attenuation of DCF
oxidation in cells overexpressing the antioxidant gene, Prx. supports the notion that pro-oxidants such as
|GO-, were responsible for some of the MJ-induccd effects. Prx is a novel antioxidant cytoplasmic

enzyme that appears to eliminate peroxides, one of the several classes of ROS known to be generated
intracellularly. In the present study, Prx-overexpressing cells displayed consistently lower DCF
oxidation than did vcctor-only-transfccted cells. However, the number of experimental determinations
for each exposure group was not sufficiently high to achieve statistical significance.

The MJ-induced ROS appeared to be cannahinoid- dependent because smoke from cigarettes lacking
AV-THC produced no increase in ROS compared with control cells exposed lo room air only. Although
the alcohol extraction procedure used to deplete MJ leaves of cannabinoids could have removed other tar
components essential for generating oxidative stress, methanol extraction of Marlboro cigarettes did not
alter ROS generation produced by equivalent volumes of smoke (data not shown). Further, MJ cigarettes
containing 177%A(-THC stimulated intermediate levels of ROS, suggesting a direct dose-response
relationship. The particulate phase of MJ smoke is qualitatively similar in composition to that of tobacco
smoke, with the major exception being that MJ tar contains A*-THC and approximately 60 other
cannabinoid compounds not found in tobacco. Conversely, tobacco tar contains nicotine not found in MJ
(7). Because purified A(-THC added to cells failed to produce significant changes in ROS, GSFf, or cell
viability, it is likely that pyrrolysis products produced in the presence of cannabinoids, rather than Ag-
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THC itself, were responsible for the observed oxidative injuries. The strong effects of MJ smoke on
GSH levels and cell viability were not appreciably influenced by A9-THC content. This disparity
suggests that DCF oxidation and GSH depletion are affected to some extent by different components in

MJ smoke.

Afler intracellular loading and de-estcrification, dihydro-DCF can be oxidized to its fluorescent
derivative, DCF, by avariety of agents including hydrogen peroxide, hydroxyl radical, and peroxynitritc
(23, 24). Evidence indicates that the fluorescent compound is not permanently retained within cells as
originally proposed (25), but is gradually released into the surrounding medium. This slow release of
dihydro-DCF could diminish the signal caused by oxidants of intracellular origin and increase signal
from extracellular oxidants adsorbed directly from smoke. However, our studies comparing cellular and
nonccllular oxidation of DCF by MJ smoke revealed that DCF in buffer solution is poorly oxidized by
direct smoke exposure, in contrast to results obtained with cellular DCF measurements (Figure 5). These
results suggest that most of the DCF fluorescence results from smoke exposure generated by cellular
mechanisms. Smoke-induced disruption of mitochondrial or endoplasmic reticular electron transport is
among the possible mechanisms for such ROS generation.

Our studies revealed that, compared with smoke generated from MJ cigarettes containing 0% A 9-THC,
unmodified MJ smoke deposited 50% higher amounts of nitrates (NO NO, /NO,*) into culture wells

(data not shown). Nitrates can generate peroxynitritc in the presence of superoxide anion. This effect
may partially account for the difference in ROS produced from MJ with or without a *-THC. However.
smoke from a tobacco cigarette of equivalent weight contained nearly twice as much nitrate as smoke
from 3.9% A9-11IC MJ cigarettes, yet produced somewhat lower ROS. Thus, smoke nitrate levels did

. not correlate directly with ROS generation.

Loss of cellular GSH can occur by two major pathways (26). Free radical-mediated oxidative activity
results in generation and/or efflux of oxidized glutathione, which we did not measure in this study.
Alternatively, nucleophiles, including aldehydes known to be prevalent in cigarette smoke (e.g.,
formaldehyde), form covalent conjugates with GSH. These reactions, catalyzed by glutathione-S-
transfcrase (GST) enzymes, result in lower MCB-detectnblc GSH levels. These reactions do not
necessarily reflect oxidative stress per se, but would partially impair cellular defenses and inhibit the
removal of ROS. MCB has been used extensively lo estimate intracellular levels of reduced GSH (27).
Although fluorescence can also be generated by protein-MCB conjugate formation (31). the rate ofthis
reaction at low (10to 100 pM) concentrations of MCB is lower than that for the complex with GSH.
Thus, limiting the reaction time to 20min allows for a more accurate estimation of GSH. Recent studies
suggest that reactivity of MCB with GSH is low in human peripheral blood monocytes compared with
reactivity with other low molecular-weight compounds (32). This low reactivity is apparently due to the
low affinity of some forms ofGSTs for MCB. In the present study, the human alveolar macrophages
displayed 20to 60% lower levels of MCB fluorescence than did the ECV 304 cell line. However, in hoth
cell types, MCB fluorescence was inhibited 80to 90%by 10min pretrcatment with 2mM
diethylmaleate, which rapidly removes cytoplasmic GSH (33).

Cannabinoids, including THC, contribute substantially to the particulate mass of MJ smoke comprising
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20to 30% of the total tar weight for cigarettes containing 3.9% A*-THC (13). To dctcmiine whether the
increased particulate material in MJ smoke was responsible for the enhanced DCF oxidation, MJ
cigarette smoke was passed through Cambridge filters before exposure to cells. Such filters trap > 98%
of particulate material but permit passage of all gaseous elements. This procedure not only failed to

. attenuate DCF oxidation, but also greatly stimulated oxidation in both unmodified MJ and THC-
delicient smoke. This stimulation was consistent with reports of strong oxidizing activity of the gaseous
phase of tobacco cigarette smoke after removal of particulates by filtration. For example, in studies on
the role of tobacco smoke in atherosclerosis, oxidation oflow-density lipoprotein (LDL) has been
observed with filtered smoke but not whole smoke (34). Filter-trapped particulates can inhibit LDL.
oxidation induced by cupric chloride or azo-his (2-amidinopropane), and it has been suggested that
anlioxidants, such as polyphenolic compounds found in smoke particulate fractions, may be responsible
for inhibition of LDL oxidation (35, 30). In the present studies, the concept that paniculate components
of MJ smoke had antioxidant properties was further supported by the finding that DMSO extracts ofa
Cambridge filter pad absorbed with MJ smoke particulates suppressed ROS generation. Thus, the level
ofsmoke-induced cellular ROS appears to be a function of the relative amounts of gaseous-phase pro-
oxidants and particle-phase antioxidants.

The cannabinoids present in the particle phase of MJ smoke, including A9-THC and cannabinol. have
been reported to have antioxidant properties as measured by cyclic voltametry and by their ability to
prevent FLOi-mcdiatcd oxidation ofa fluorescent probe (37). This is consistent with their known

structure, which includes hydroxyl groups and aliphatic lings. Ilowcver, the addition ofa -THC to our
assays before smoke exposure did not provide any measurable antioxidant protection, suggesting that
this effect is relatively weak compared with the pro-oxidant activity induced hy smoke.

Preliminary studies with cultured lung alveolar macrophages from human MJ smokers demonstrated
lower levels of GSII in these cells than in alveolar macrophages from nonsmokers. These results suggest
that habitual exposure to MJ smoke causes a sustained decrease in GSI 1-dependent oxidative defenses.
Such adecrease could be due to inhibition of GSH synthetic or recycling enzymes concomitant with
depletion of cytoplasmic GSH. Inhibition of GST could also contribute to diminished MCB fluorescence
because this enzyme accelerates MCB-GSf 1conjugation. The observed decrease in rate of ROS
production in cells from MJ smokers relative to nonsmokers is, seemingly, paradoxical. One explanation
consistent with the cytotoxic effects of MJ smoke is that chronic in vivo exposure of cells to this smoke
produced general metabolic impairments diminishing either mitochondrial electron transport or

oxidative burst capacity.

The generation of ROS has several undesirable consequences, including the impairment of cellular
energetic (38) and defense (39) systems and the promotion of malignant transformation (40). Cell death
induced by MJ smoke is largely necrotic. These deleterious effects of MJ smoke could have serious
implications for tissues in direct contact with cannabinoid-containing smoke, including lung
macrophages and surface epithelial cells in the upper aerodigcstive tract and the tracheobronchial
mucosa. Such effects need to be taken into consideration when evaluating risk-henefit factors associated

‘ with MJ consumption.
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OBJECTIVE: Although a numbrr ol studies have examined the respl

r.itorv Impact t§ marijuana smoking. such studies have grnruilly used
convenience samples of marijuana and tobacco users The current
studv examined respiratory effects ol inartjuana and tobacco use In a
nationally representative sample while < nimlling for .inc. gender. and
current asthma

DESIGN: Analysis of lhe nationally representative lhird National
Health and Nutrition Kxarulnullon Survey INHANKS IIl)

SETTING: U S households

PARTICIPANTS: A total ul 6.728 adults arte 20 to 59 who completed
the (hurt, lohacco, and health vertlons ={the NIIANES IIl 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

MEASUREMENTS AND MAIN RESULTS: 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 bronrhllls (/'= 02|, couitliinK
on most days |P» IKIIl. idilrrtnt pristm-linn IP* t)0O)5|, whee/tng
IPs 00011, and chest sounds without a cold |P« 021

CONCLUSION: The Impact ol marijuana siriokinrton rrsplratoiy health
has some significant similarities to lhal o| tobacco smoking Klimts to
prevent and reduce maniuana use. such as advising patients to quit
and providing rrlenala lot Sl.pporl and assistance, may have siiljslan

Hat puldlc health benefits associated with decreased resjilratory health
problems

KEY WORDS: marijuana, tobacco, smoking: respiratory symptoms,
epidemiology
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M arijuana smoking remains the second most widely

smoked substance in the United Stales, with conser-
vative estimates Indicating lhal more than 11 million pcoplr
si toked marijuana during the lasl month, and approximately
20% ol these smoke almost dally.1™ Marijuana smoke con-
tains similar levels of lar as tobacco smoke and tip lo 50%
more carcinogens.'lr Marijuana users smoke unlllicrcd mate-
rial. Inhale lThe smoke more deeply, and hold Ihe smoke longer

AcccploflJiyr pnblimfuin Ju/u- / 2004

There ore no possible oort/ltd.x of mlcrc.vl Zor oni/o/Ihe authors
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snenll/Ic meetiruj oj ihe College on Problems 0j Drug Dc/tendence. Hal
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than tobncco smokers, resulting In substantially grealer tar
deposits in lhe lungs than tobacco smokers.*0 Reports from
clinical samples suggest that marijuana smokers exhibit a
range ofchronic rrspiratory symptoms.10 15although it Is tin
dearwhether lhe.se symptoms arc representative of marijuana
smokers as a whole, In addition, marijuana users have greater
utilization of outpatient medical services for respiratory and
other lllnesses 14 Moreover. lhe histopathologic and molecular
abnotmalttics observed In marijuana smokers are almostiden-
tical lo that observed In tobacco smokers 11 17 Cellular nb-
uormalitles Include reductions In the number of ciliated
epithelial cells lining the Iraeea and bronchi These histo-
pathologic alterations are associated with a range of potential
lung disorders such as chronic bronchitis, chronic obstructive
pulmonary disease, and cancer Although Hie exlcnt of the
problem remains tint lear. the current literature of case reports
and clinical samples suggests that mart|tiaua -related resplini
lory ptoblems may constitute a significant public health bur-
den lli.it could be prevented or treated by general Internists

Only two studies have attempted lo quaiilih.tlvely define
the odds ol respiratory symptoms among mariiuana users In
the general papulation. One examined respiratory symptoms
in marijuana-dependent 20 year olds In a longitudinal sample
ftom New Zealand.” The oHicr examined non-tobacco smok-
ing individuals In alongitudinal study In Arizona.1l1Hoth stud
les found increased odds of respiratory symptoms such as
cough, wheezing, and sputum production among users. How-
ever. the first focused only on young maniuana dependent In
dlviduals tn New Zealand The second wax limited lo Tucson.
AZ and did tiol specifically locus on marijuana use but rathci
on "non tobacco™ cigarette use, which was assumed lo be |>re
dorntnalely marijuana. The purpose of Hie present report Is to
provide estimates of respiratory symptoms for current mart-
Junna use In n nationally representative sample In the United
Slates with a broader range of ages and marijuana exposure
The third National Health and Nutrition Examination Survey
(NI LANES Il was used lo examine Hie Independent roritrthu
Hons ol marijuana use and tobacco use while controlling for
gender, age. and current asthma.

METHODS

Sample

Tlie NHANES ill. conducted between 1988 and 1994, used a
multistage probability design wllti oversampling of African
Americans and Mexican Americans lo obtain a nationally
representative sample of Hie U.S. population.18 Household
members were Initially selected and requested lo complete a
general health survey. Eighty-six percent of selected Indlvidu
als were Interviewed In person and all were invited to partic-
ipate in the medical exam. All respondents signed an Informed
33
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consent, which guaranteed that Information was kept In strict-
est confidence. Seventy-eight percent of Invited Individuals
completed Die mclical exam. The medical exam Included an
Interview that asked a range ol general health questions re-
garding marijuana and tob." cco use. a physician'srxnin. and a
spirometry comjxment. A Isage 20 lo 59 who completed the
drug and tobacco sections A the NHANES Il medical exam
questionnaire were selccte. for this study. NIANES Il re-
stricted drug use questions to Individuals younger than 60
Individuals were asked first whether they had ever used mar-
lJuana. Individuals who rc|>or(rd ever using marijuana were
asked. 'About how many t mes in your lifetime have you used
marijuana.” willi the fall wing response categories: "1 or 2
times." "3 to 10 times." 11 to 99 times." and "100 or more
times."

Individuals who rc, orted lllellme use were also asked.
"During the past month, on how many days did you use mar
IJuana?" Individuals provided a number responsr between 0
and 30 Current marijuana use was defined as self-reported
100* lifetime uses and it leas'. 1day ofuse in the past month
Individuals were not . ked about their dally quantity or fre
quenry of use. For " >uccu cigarette use. Individuals 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 5days?" Currcn' tobacco use was defined as sell-reported
lifetime history of smoking 100* tobacco cigarettes and cur-
rent use as an average of | or more tobacco cigarettes per day.
The criterion of 10'i+ lifetime uses lor both marijuana and lo-
hurro was linplen.< ntcd to exclude experimental user, ol el
ther substance. N'-nsmokers had never used marijuana and
had not smoked mbaceo cigarettes more than 100 times. The
total sample ecu -ixted ol 0.728 Individuals -1.789 nonsmok
ers. 1.525 lobar >only smokers, and <U-1 marijuana smokers
1320 also smok Itobacco).

Outcome tleasures

Kesplralorv viiiptoms were asked about as part ol the general
household uivey. Hie f "owing respiratory symptoms were
examined: fi onlc bronci.ais. frecpieni phlegm, shortness of
hrealh. freq i nl wheezing. chest sounds without a cold, and
pneumonia | "c Table | for the specific questions used lo tie
terminc tin + symptoms). In addition. lhe medical exam pro-
vided an ov rail chest finding and spirometry measures. The
overall chrs finding summarized whether the physician noted

any rcsplra‘ory abnormality such as decreased breath or ad-

ventitious sounds in eiiher lung. For the spiromriry data, we
calculated Ihe FEV1/FVC ratio and used a cutoff of « 70% as

Table 1. NHANES Ill Questions lor Respiratory Symptoms

Mas a doeii.r ever told you Ihal yuu had chronic bronchitis?

Do you usually couch on mosl days for Gronsreullvr months or more
during the year?

Doyou bring up plilegrn on mosl days for 3ronsreullvr months or more
durtn . tlir year?

Are you troubled by shortness of brralh 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 1? months, have yon had pneumonia?

NI AMES IlI. third National Health mid Nutrition Examination Survey

on Indicator ofobstruction.IB Height was also controlled In the
analysts of the FEVL/FVC ratio cutoff,

Data Analysis

All analyses wrrr plcted using SAS. version 8.2 (SAS In-
stitute, Cary. NC) w.dl callable SUDAAN. version 8.0 (Research
Triangle Park, NC). SUDAAN was used lo adjust ihe standard
errors In accordance with the variable selection probabilities
Including noncovcrage and nonresponse associated with the
survey sampling frame.  For demographics. yv tests wrre
used to examine weighted proportional differences among ¢ .t
rgonral variables and ANOVAs were used for continuous
measures Demographic variables available In The NHANES
Il dataset Included gender, age. race, education, marital sta-
tus, and Income. l.oglstic regression was employed to compare
marijuana users to nonsmokcrs with each respiratory symp-
tom while controlling for gender, age. and lobaeco cigarettes
smoked per day Although marijuana users differed on other
demographic variables In addition t0 gender and age. these
variables were highly correlated with age and gender, such
that marijuana users did not differ on the other demographic
variables when age and gender were controlled. The analysis of
resriratory symptoms also controlled for current asthma. Cur
mil asthma was statistically controlled because It Is more
likely lo tie a preexisting condition, and marijuana smokers
may have used marijuana to treat or control their asthma. For
Individuals who reported that a doctor had told them they had
asthma, current asthma was defined by whether participants
reported that they still had asthma

RESULTS

Marijuana smokers reported smoking on an average of 10,2
days (standard error |5E). 0.84) of die previous 30 days, with
16% (n = 68) reporting daily or near daily use (28 or more
days) Marijuana smokers were more likely to be male, while,
younger, and single llian nonsmokcrs (seeTable 2). They were
also more likely to have lower education levels and earn less
Income than nonsmokcrs. Seventy-seven percent of marijuana
smokers also smoked tobacco. Among marijuana smokers, the
mean number of tobacco cigarettes smoked per day (19.22;
SE. 1.05) did not differ significantly from that of tobacco-only
smokers (19.27: SE. 0.64). Tobacco-only smokers were more
likely to be male, white, older, have less education, and earn
less Income than nonsmokers.

Table 3 presents the unadjusted comparisons ol the mar-
ijuana and tobacco users and nonusers on respiratory symp-
toms. Compared to nonuscrs, both marijuana and tobacco
users had higher rales of chronic bronchitis (odds ratio (OR|.
2.68, 95% confidence interval |CI|, 1 47 to 4.89 for marijuana
users and OR. 2.69. 95% CI. 187 to 3.86 for tobacco users,
respectively), cough on most iys (OR. 7.05. 95% Cl. 4.84 to
10.26 and OK. 6.17, 95% Cl, 4.54 t0 8.38). phlegm production
(OR.5.54.95% CI. 3.70 t0 8.30. and OR. 4.67. 95% Cl, 3.19 lo
6 82). shortness of breath (OR. 1.79.95% CI. 1.14 to 2.81. and
OR. 2 89. 95% CI. 2.36 to 3.541. wheezing (OR. 6 24. 95% Cl.
451 to0 8.62. and OR. 3 13. 95% Cl. 2 42 to 4 05). and chest
sounds (OR. 4 96. 95% Cl. 3.4) to7.21. and OR, 3 88.95% 01.
3.01 to 5.01). Asignificantly higher proportion of lobaeco us-
ers were found lo report pneumonia In the past year (OR, 2.06.
95% CI. 1.15to 3.72). Tobacco users were also more likely lo
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Tobl«?. Characteristics ot Nonsmokers. Tobacco-only Smokers,
and Mariiuana Smokers: NHANES Ill, 1988 to 1994

Tobacco Modlunna

Nonsmokers Smokers Smokers

Variable (>—4,789) <n- 1525) (0-414)
(lender. % male*' 366 500 71.0
Race. % while*' 653 736 78 8
EducaUon*'
<12 year* 220 349 276
12 years 324 392 39.2
>)2 years 456 259 33 i
Mean age.y |i SE)™ 34.7 10311 4 5&0 52) 3) 2 (] 65)
Manliil Main*. 83 7 750 79,8

% married™"
Income, H”
-810.000 158 223 *7.8
510.0001i 820.000 342 3T 49.7
830.000 1>859.000 231 196 182
.'859.000 26.9 203 145

'‘Nonsmokcrs iv-rsus maniuana smokers. P-..()5

‘Nonsmokers versus lobacto smokers. P* 05

NHANES Il tlurd National Health and Nutrition Examination Stirvetj.
SE. staadanl error,

have some respiratory abnormality as iiicllralcr) by the phvsl-
rlan's overall r-hest finding (OK. 8 94. 05% CI. -1 01 to 16.29).
while marijuana users clitl not differ significantly from norms-
ers (OK. 2.b9. 95% CI. 0.05 lo 8 75) Compurcd to nonusers,
both marijuana and tobacco users had a higher proportion of
Individuals with an FEV1/fV C ratio <70% (OR, 2.56. 95% CI.
| 54 1o 4 35and OK. 6 25.95% CI. 4.70 lo 8.33. respectively)
Direct comparisons between tobacco and marijuana users in-
dicated Ihal a greater proportion ol tobacco users had short
ness ol breath, chest findings, and evidence of airway
obstruction as indicated by an FEVL/FVC ratio <70%. while
marijuana users evidenced greater wheezing

In general, marijuana smokers showed Increased rates ol
respiratory symptoms similar to those of tobacco smokers. For
example. 16.9% of marijuana users reported frequent phlegm
production, which corresponds lo a national estimate ol
1.084.000 individuals, Table 3 also presents the number
needed to harm (NNII) for both marijuana and tobacco users.
This measure indicates how many usets would be expected for
each case that exhibited the symptom. For marijuana users.
NNII values ranged from 3.3 (wheezing) to 20.3 (chronic bran
chilis). For tobacco users, NNII values ranged from 5.4 (short-
ness of breath) to 37.0 (current asthma).

Because a large number of marijuana users also used to-
bacco. and marijuana and tobacco users differed on demo-
graphic characteristics, odds ratios for respiratory symptoms
were computed comparing marijuana users to controls, con-
trolling for gender, age, current asthma, and tobacco cigarettes
used per day LTable 4). The odds of res iratorK symptoms of
chronic bronchitis, coughing on most days, phlegm produc-
tion. wheezing, and chest sounds without a cold were greater
lor marijuana users. However, marijuana use was not associ-
ated with greater odds of shortness of breath, pneumonia, ot
objective measures of respiratory functioning, including the
physician's respiratory findings and the FEVI/FCV ratio. To-
bacco use was associated wtlh Increased odds ofall respiratory
variables (all P<.0001 with one exception. Tobacco use was
not associated with greater odds of pneumonia when age, gen-
der. and current asthma were controlled.

L3

Table 3. Percent of Nonsmokers. Tobacco-only Smoker;. and

Marijuana Smokers with Respiratory Symptoms: NHANE'S Iit
198810 1994

Vorioble Nonsmokers Tobocco Moriiuana

Smokers Smokers

(n-4789) (n-1525) (n-414)
Ik X NNH % NNH
Current asthma* 38 65 37.0 58 500
Chronic branch ills* 32 82 200 81 204
Cough: mosl days*' 38 195 g4 217 36
Phlegm™*' 35 146 90 169 1.5
Shortness ol bn-nlh*’1 148 334 54 237 112
Whre/mg*'l 9.7 252 65 401 33
Chrsl sounds™* 5.8 194 14 235 50
Pneumonia* 17 3.5 556 28 i’
Overall chest finding*’ 11 90 127 31 500
KEV1/FVC ratios7%%*" 38 200 e2 91 198

“Nonsmofcrrs nrrsus tobacco stnokers. |1+ 05

‘Nonxmotrr-rs oersu.s mnrJ/rjririrs Smokers. P<.05.

ITobacco smokers irrsu* maryiumn smokers. P- .05.

NHANES Il third National Health anil Nutrition Einrninoliori Sun* /£
NNII' number needed tn harm

Dlrrrt comparisons of mn  unna anti tobacco users with
tobaci o-onlv users were also conducted controlling for age.
gender, and current asthma. The pattern of findings was ihe
same as Ihe results examining marijuana use while controlling
for cigarettes pet day Although both groups smoked a similar
number of tobacco cigarettes, smoking both marijuana and
tobacco was associated with grealer odds of chronic bronchitis
(OR. 2 10. 95% CI. 107 to 4 15: /= 031 coughing on most
days (OK, 187, 95% CI. 1.24 to 2.83: P=.<>04), phlegm pro
duction (OR. 1.60. 95% CI, 1.02 lo 2 50; P= 041. wheezing
(OR. 2 38.95% CI, 1.57 t0 3.61: /'= 00011, and chest sounds
withoutacold (OR. 1.90. 95% CI. 1.06 to3 39: /'=.031, but not
shortness of breath (OR. 1 10. 95% CI, 0 72 lo 1.69; P=.65],
pneumonia (OR. 2.66. 95% CI. 0.79 108.98; P =1 1), ihe over-
all rhesi linding (OK. 0.49, 95%. CI. 024 lo 110, 1'm.08L. oi
the FEV1/FVC ratio (OR. 0.89. 95% Cl, 0.40 lo 2.00; P= 781

DISCUSSION

In a nationally representative samjile. marijuana use was as-
sociated with a variety of respiratory problems including
chronic bronchitis, coughing on most days, phlegm produc-
tion. wheezing, and chest sounds without a cold, even when
gender, age. tobacco use, and current asthma were controlled.
When examined categorically, marijuana users had similar
rates of respiratory symptoms as tobacco cigarette users even
though they were 10 years younger. These rates of respiratory
j.roblems constitute a potentially large national public health
burden. For example, based on the current analyses, an esti-
mated | million marijuana users had phlegm production on
most days for 3 consecutive months or more during Ihe year.

These findings, replleated in a nationally representative
sample, are consistent with oilier studies examining respira-
tory symptoms between marijuana and tobacco smok-
ers lo 13 However, rales of specific respiratory symptoms
were generally lower in the current study. Tills may he due to
our inclusion ofall marijuana users rather than the restriction
lo marijuana dependence as was done in the Taylor ei nl
study.13Taken logeiher. Ihesc findings suggest Ihal marljua-
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Toble4 Odds Ratios and 95% Confidence Intervals lor Respiratory Symptoms lor Mori)uono Users and Tobacco Users Versus Nonsmokers
Controlling lor Gender. Age. and Current Asthma

Respiratory Vorlable

Chronic bronchitis
Cough: most iluys

Shortness ot brr.ith
Whrrvmg

Chest sounds
Pneumonia

Overall rhesi finding
FEVI/FVC rallo-'70%

’For man/uuna USers, 1/ir numl»*r 0j cigarettes i» rlinij urns also controlled.

rut use Is associated with a range of respiratory problems that
are likely greater with marijuana dependence.

Of note, although unadjusted eornparlsons Indicated lliat
marijuana users evidenced Increased airway obstruction as
Indicated by an FEV1/FVC ratio --TO0!), marijuana use was
not associated with the objective indicators of respiratory fum
tinning when age. gender, current asthma, and cigarette use
were controlled. While the analyses were intended to control
for group differences and examine the contribution of man
Juana use. ihe sample of marijuana users was significantly
younger and reported only art average ol 10 days of use In the
past 30 days. Ihe current luiditigx may be Indicative of an
earlier siagr of respiratory problems for whic h self reported
symptoms are more sensitive rims, It may be Important for
physicians to ask niarljuiiiia using patients about symptoms
such as whee/mgor rough in addition lo a jihysical respiratory
exam Inorder to provide a more complctc picture ol respiratory
functioning

Smoking hoth marijuana and tobacco was common
among marijuana users (77%) This prevalence was higher
than that noted in other studies of niarljuana and tobacco
use, which may be due to clitferenl definitions of marijuana
and tobacco use across studies 121 However, individuals who
smoked both marijuana and tobacco were found to have greater
prevalence of respiratory symptoms llian those who smoked
only tobacco. Unfortunately. Information regarding the amount
of marijuana smoked per day or week was not available, Amore
detailed analysis of the Incremental Impncl of marijuana smok
ing on resptra‘ory health Is still needed. Nonetheless, the gen-
erally high prevalence of tobacco use among marijuana smokers
apjxrars to pose increased risk for respiratory lliness due to po
cntinl additive effects of smoking b,.ih substances.1522

Four methodological limitations warrant mention regard-

ing the marijuana use Infoi inatlon available from NHANES II|
First, only three questions about marijuana use were Included
in the survey. No Information was available regarding Ihe fre-
quency and amount used per clay, nor are there specific ques
lions on the history of marijuana use, such as the total number
ofyears of use AIthou?h wc attempted lo exclude casual users
by limiting the sample to individuals who used marijuana
more than 100 limes, the current measure of days used In
the past month provides only an estimate of an Individual's
marijuana use. Although there is no evidence Ihal Ihe measure
Is biased, the measure lacks the detail and specificity of meas-
ures of tobacco use. The fact that the 1or more days of use in
the past month alone was significantly associated with so
many respiratory symptoms is somewhat surprising, and sug-
gests that a more detailed assessment of use is needed lo pro-

Morlluono Users*

2 17(1 11 to 4.261. P= 02
200 (1.32 lo 3 01). P* 001
Ililegrn 189fl.39102.eei. P- 0005

129 (081 to203L P* 26
298 (2.05in 4 341, Pc.0001

20611 18in 3 Oil. P* 02

1471054103 97|, P- 44

067 (022 10 199). P- 46

101 (051101941 P- 99

Tobacco Users

2 4411 66to 3 57). P< 0001
502 (358 to 7 04). P< 0001
3 71 (24510 5 62). P< 000!
270 12 16 to 3 37|. P< 000|
3391254 to 4 531 P- 0001
4.25(3 06 o 5.91). Pc.0001
157|098 to 2 511. P -.06

6 48 (382 lo 10.991. P< 0001
117 1303 to 5 681 P¢c 0001

vide an ojllltnal dosc-response relationship Second, Ihe lllegal
nature of marijuana use maﬁ/ have led to underreporting, as
these data were based on self report However this would re-
sult in a greater number ol marijuana users being classified as
nonusers and tobacco users, and thus decrease Ihe chance of
finding differences between marijuana users and lhe compar-
ison groups. Third, no Information was available on the mo-
dality of marijuana use. Although the method of use ol
marijuana Is overwhelmingly smoking. I Is possible that In
the current sample marijuana was used In other manners
Ic g . ingestion), Finally. Uie sample was restricted to adults
age 20 lo 50 because NHANES Il did not ask individuals 00
and older drug use questions Thus. lhe marijuana related
respjrator* effects correspond loa relatively young imputation,
particularly lor the marijuana-smoking groups who were
found to be younger llian the tobacco only smokers and non

users Although the current analyses controlled for age. rates
of respiratory problems would be expected lo be higher for an
older population of marijuana users As a whole, these limita-
tions suggest that (lie findings are conservative estimates of
marijuana's respiratory effects.

In summary, marijuana use was associated with In-
creased risk of many respiratory symptoms Ihal arc associat-
ed with disorders common lo lobaeco use such as chronic
bronchitis, chronic obstructive pulmonary disease, and can
rer 2>2324 |n n(iditlon. marijuana smoking may Increase risk
ol respiratory exposure by Infectious organisms, such as fungi
and molds, as rannabts plants are contaminated with a range
offungal spores.25-26 Because more than 2 million adult Anier
leans are heavy marijuana smokers,3 these risks represent a
potentially large health burden. Marijuana smokers use more
medical services for respiratory problems, and such demands
are likely (o Increase as lhe population of heavy marijuana
smokers ages.H Efforts to prevent and reduce marijuana use.
such as advising patients lo quit and providing referrals for
gupp?rt gnd assistance. iay have substantial public health

enefits.2-
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THE IMPACT OF CANNABIS SMOKING ON
RESPIRATORY HEALTH

INTRODUCTION

Cannabis is die most widely con-
sumed illegal drug in the UK.
Recent media coverage has
focussed on the public and polit-
ical debate around issues such as
reclassification of cannabis and
how the police should deal with
those who sell or arc found to be
in possession ofvarying amounts
of the substance.

What has been consistendy
missing from the public debate
on the safety or otherwise of
cannabis as compared to other
illegal drugs is the impact of
smoking cannabis on respiratory’
health and the possible link with
nicotine addiction in the form of
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
which require further research.

The aim of this report is to
ensure that those taking part in
the debate on cannabis and those
engaged in promoting health
education to our voung people
have the fullest possible informa-
tion on the medical and scientific
evidence of the impact of cannabis
smoking on respiratory health.

Many young people will make
decisions about whcdier they
wish to use cannabis or not -
regardless of its legal status. We
have a duty to ensure diat dicy do
so with full knowledge of the risks
associated widi smoking cannabis.

Cannabis sativa leaf .
Image by LPX, © 2002 Erowid.org



SUMMARY OF FINDINGS AND
RECOMMENDATIONS

While there is a wealth of research into the health
impact of tobacco smoking, there is relatively lit-
tle on the effects of cannabis smoking.

Research investigating whether the inhalation of
cannabis smoke causes damage to the lungs and
airways focuses on whether this effect is inde-
pendent of the effects of tobacco smoke or not
In general, the studies indicate that there is an
increased negative health impact on those who
smoke cannabis compared to those who do not
smoke at all. When cannabis is smoked together
with tobacco then the effects arc additive
However, what is not clear is whether it is the
addition of the cannabis or the tobacco which is
more harmful or whether this is the result of the
combined effects of equally harmful substances.

Some key findings emerge from the research:

« The cannabis smoked today is much more
potent that that smoked in the 1960s. The aver-
age cannabis cigarette smoked in the 1960s con-
tained about 10mg of tctrahydrocanabinol (THC),
the ingredient which accounts for the psvchoac-
tive properties of cannabis, compared to 150mg
of THC today. This means that longitudinal stud-
ies earned out in the 1960s and 1970s may not be
indicative of the effects of cannabis cigarettes
smoked today.

« Studies comparing the clinical effects of habitu-
al cannabis smokers versus non-smokers demon-
strate a significandy higher prevalence of chronic
and acute respiratory symptoms such as chronic
cough and sputum producuon, wheeze and acute
bronchids episodes.

+ 3-4 Cannabis cigarettes a day arc associated with
the same evidence of acute and chronic bronchi-
ds and the same degree of damage to the
bronchial mucosa as 20 or more tobacco ciga-
rettes a day.

A Smoking Gun?

+ Cannabis tends to be smoked in a way which
increases the puff volume by two-thirds and
depth of inhaladon by one-third. There is an
average fourfold longer breath-holding time with
cannabis than with tobacco This means that
there is a greater respiratory burden of carbon
monoxide and smoke parnculatcs such as tar than
when smoking a similar quantity of tobacco.

+ Cannabis smoking is likely to weaken the
unmunc system Infections of the lung are due to
acombinadon of smoking-related damage to the
cells lining the bronchial passage (the fine hair-like
projection on these cells filter out inhaled micro-
organisms) and impairment of the principal
immune cells in Ihc small air sacs caused by
cannabis.

« The evidence concerning a possible link
between cannabis smoking and Chronic
Obstrucuvc Pulmonary Disease (COPD) has not
yet been conclusively established. A number of
studies indicate a causal relationship between the
two whereas others contradict these findings

« Research linking cannabis smoking to the devcl
opment of respirator)’ cancer exists although
there have also been conflicting findings. Not
only does the tar in a cannabis cigarette contain
many of the same known carcinogens as tobacco
smoke but the concentrations of these are up to
50°/0 higher in the smoke of a cannabis cigarette.
It also deposits four times as much tai on the res-
piratory tract as an unfiltered cigarette of the
same wieght. Smokers of cannabis and tobacco
have shown a greater increase in cellular abnor-
malities indicating a cumulative effect of smoking
both.

« The THC in cannabis has been shown to have a
short term bronchodilator effect. This has lead to
suggestions that THC may have therapeutic ben-
efits in asthma. However, the noxious gases,
chrome airway irtitation or malignancy after long
term use associated with smoking would seem like-
ly to negate these benefits.
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RECOMMENDATIONS

From a clinical perspective the main effects of
smoking cannabis on the lungs are increased risk
of pulmonary infections and respiratory cancers.
Bcnzpyrene, a known constituent of the tar of
cannabis cigarettes has been shown to promote
alterations in one of the most common tumour
suppressor genes, p53, hence facilitating the
development of respiratory cancer. Gene p53 is
thought to play arole in 75% of all lung cancers.

The British Lung Foundation recommends
a public health education campaign aimed
at young people to ensure that they are fully
aware of the increased risk of pulmonary
infections and respiratory cancers associat-
ed with cannabis smoking.

The increased potency of the cannabis smoked

today compared to the cannabis smoked twenty-
thirty years ago suggests that earlier studies may
underestimate the effects of cannabis smoking.
In addition the lack of conclusive evidence con-
cerning the link between cannabis smoking and
Chronic  Obstructive Pulmonary Disease
(COPD) underlines the need for further
research.

The British Lung Foundation recommends
that further research is undertaken to take
into account the increased potency of
today’s cannabis and to establish what link
(if any) there is between COPD and cannabis
smoking.
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THE EFFECT OF CANNABIS SMOKING
ON RESPIRATORY HEALTH

1. SCCFE OF THIS REPORT AND BACKGROUND
115 report surveys the current medical and scien-
tific research into the direct effects of smoking
cannabis - both alone and in combination with
tobacco - on the smoker’s respiratory health. The
report is divided into two parts the first part out-
lines the constituents of cannabis, the amount of
cannabis smoked and the dynamics of smoking
cannabis compared with tobacco. The second
part surveys the findings of the existing published
research into the biological effects on respiratory
health of cannabis which is smoked, both in the
short-term and long-term. Full references to the
individual publicauons arc included at the end of
the report.

Prevalence of cannabis smoking in UK

Cannabis is the most widely consumed illegal drug
in the UK. by gross weight (it is estimated that
486,224kg were consumed in 1998 —this is rough-
ly the weight of 7,000 people put together)* It is
often smoked together with tobacco although it
can also be ingested in the form of ‘hash cookies’

or taken as cannabis oil.

Percentage of 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 Siluation 2001.
Drug Scope, London

Constituents of cannabis

The smoke of the same quantity of cannabis and

tobacco smoke contains the same constituents and

quantities of chemicals known to be toxic to respi-
rator)’ tissue as tobacco smoke, apart from nico-
tine2 3 This includes carbon monoxide, bronchial
irritants, tumour initiators, tumour promoters and
cancer-producing agents4. Tar from cannabis cig-
arettes contains up to 50% higher concentrations
of the carcinogens bcnzanthracenes and bcen-
apyrencss than tobacco smokes 78.

There arc three main species of cannabis,
Cannabis sativa, Cannabis indica and Cannabis
ruderalis. The plant is also known as hemp. As a
drug of abuse it is either taken in the form of
herbal cannabis (marijuana) which consists of the
dried leaves and female flower heads or as
cannabis resin (hashish) which is the resin secret-
ed by the leaves and flower heads and may be
compressed into blocks.

Cannabis contains over 400 compounds includ-
ing 60 different cannabinoids (plant derivatives
unique to cannabis) the most abundant of which
is tetrahydrocanabinol (TI11Q. Tins accounts for
the psychoactive properties of cannabis. It is
highly soluble in fats and rapidly absorbed in die
respirator)’ and gastrointestinal tract lintng. The
intoxicaung effects depend on the way in which
cannabis is taken - blood concentrations after oral
ingestion arc onlv about 25-30% to those obtained
when cannabis is smoked9. About 50% of die
THC in a cigarette of herbal cannabis is inhaled in
the mainstream smoke, nearly all of which is
absorbed dirough the lungs, rapidly entering the
bloodstream and reaching the brain within minutes.

A greater amount of tar is inhaled from the
cannabis cigarette butt rather than its dp. There is
also a higher concentradon of carbon monoxide
and THC in the smoke from the butt end. The
effect of the carbon monoxide is to produce high
concentrations of carboxyhaemoglobin in the
blood10, which interferes with the transport of
oxygen around the body, lids is likely to be due
to decreased filtration of insoluble particles and
differential burn rates. The clinical implication of
this is that smoking cannabis cigarettes down to
the butt is more harmful than smoking a similar
quantity of cannabis cigarettes to a longer butt length.



Other cannabinoids which interact with THC
although arc not actually psychoactivc in them-
selves are cannabidiol and cannabinol. The
amounts and proportions of the various cannabi-
noids in each plant vary from strain to strain, and
can be adjusted by breeding.

Caption

Amount of Cannabis smoked

THC is present in varying concentrations in the
stalks, leaves, flowers and seeds of the plant as
well as the resin secreted by the female plant. This
has an impact on the potency of different
cannabis preparations. Furthermore, sophisticat-
ed cultivation has increased the potency of
cannabis products over the last 20 years. Whereas
the average cannabis cigarette of the 1960s and
1970s contained about IOmg of THC today it may
contain up to 150mg of THC, or 300mg if laced
with hashish oil". This means that the modern
cannabis smoker may be exposed to greater doses
of THC than in the 1960s and 1970s1* "mwhich
in turn means that studies investigating the long-
term effects of smoking cannabis have to be inter-
preted cautiously.

Cannabis and tobacco

Cannabis resin, the most commonly used form of
cannabis in die United Kingdom, is often smoked
mixed with tobacco. Although this can confound
research on the respiratory effects of smoking
pure cannabis, the well-documented conse-
quences of smoking tobacco need therefore also
be considered in the evaluauon of the effects of
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cannabis smoking on respiratory health.

It has been calculated that smoking 3-4 cannabis
cigarettes a day is associated with the same evi-
dence of acute and chronic bronchitis and die
same degree of damage to the bronchial mucosa

as 20 or more tobacco cigarettes a dayi4 1S,

Dynamics of smoking cannabis vs tobacco
Significant differences have been noted in the
dynamics of smoking cannabis and tobacco
including an approximately two-thirds larger puff
volume, a one-third greater depth of inhalauon
and a fourfold longer breath-holding time with
cannabis than with tobaccol6. This means that
there is a greater respiratory burden of carbon
monoxide and smok particles than when smok-
ing a similar quantity of tobacco. Similarly with
tar, it has been estimated that smoking a cannabis
cigarette results in a fourfold greater amount of
~irinhaled and retention in die respiratory tract or
onc-'hird more tar dian smoking a tobacco ciga-
rettet7 (due to the longer breath holding time for
cannabis and differences in filtering characteristics
of the two types of cigarette).
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2. EFFECTS OF SMOKING CANNABIS ON
RESPIRATORY HEALTH

The British Medical Association estimates that
smoking a cannabis cigarette containing only
herbal cannabis leads to an approximately fivefold
increase in blood carboxyhaemoglobin concentra-
tion (which is formed by carbon monoxide react-
ing with the oxygen carrying particle haemoglobin
in red blood cells, thereby reducing the transport

of oxygen.)'8

Within minutes of smoking cannabis significant
decreases in airway resistance and increases in spe-
cific airway conductance have been observed in
healthy individuals, which persist for at least one
hour'9 This is caused by THC wliich has subse-
quently been investigated for its possible thera-
peutic use in diseases such as asthma (see below).

From a clinical perspective, the main effects of
smoking cannabis on the lungs arc pulmonary
infections and respiratory cancer.

Immune responses
Several studies indicate that smoking cannabis has
anegative effect on die immune system. THC has
been shown to decrease the function of several
white blood cells (T cells, natural killer cells and
macrophages) that help protect the lungs against
micro-organisms20. Alveolar macrophages in par-
ticular are important in regulating lung immunity
and their central location in die lung’s air sacs
means that they are exposed to very’ large amounts
of cannabis smoke.

Twice as many alveolar macrophages as normal
have been found to be produced in the lungs of
cannabis smokers and three times as many in
cannabis & tobacco smokers2'. These
macrophages have been found to be considerably
larger and contain more ingested particles dian is
the case in non-smokers22. They are also func-
tionally impaired in diat they are less likely to kill
tumour target cells2s and a variety Ca g
fungal organigRs [

d bactegja saﬂé_
4 and . can cause

dirush), b (can cause pneu-

monia) and ureus27 (can cause food
poisoning). Macrophagal ability to produce avari-
ety of chemicals that play a key role in the immune
response to infection and malignancy has also
shown to be impaired2*

A decreased immune function may explain why
there appears to be an association between
cannabis use and opportunistic bacterial and fun-
gal pneumonias in patients with cancerz and
transplantso 3t patients as well as diose with
human immunodeficiency virus (FIIV) tnfcction32

Inflammation

Visual inspection of the central airway of
cannabis smokers has shown increased redness,
swelling and mucous secretion by comparison to
non-smokersss Smoking tobacco in conjunction
with cannabis appears to have an additive effectss
33 An increase in the number and size of small
blood vessels and replacement of the normal cili-
ated surface lining cells (with hair-like projections)
by mucus-secreting cells have also been observed.
Tliis may explain why cannabis smokers tend to
suffer from chronic cough and phlegm as there
may not be sufficient ciliated cells to remove the
mucus from the airways.

t

Caption

Chronic Obstructive Pulmonary Disease,
COPD

COPD is an umbrella term for conditions such as
emphysema and chroruc bronchitis. The evidence
that COPD j mosdy smoking related is already
well established. Currcndy more dian 32,000 peo-
ple die from COPD every’ year in die UK.



There is a lot of evidence that the long-term
effects of habitual cannabis smoking include asig-
nificantly higher prevalence of chronic and acute
respiratory symptoms such as chronic cough,
chronic sputum production, wheeze and acute
bronchitis episodes3s 57 3a 3> by companson to
non-smokers. There is evidence of a cumulative
effect of smoking cannabis and tobacco in two
studies4o 41 although not in another42.

Some studies indicate that yout g cannabis smok-
ers may be at risk of developing obstructive air-
way disease in later life43 44. This is supported by
animal snidics in which dogs43, monkeys4s and
rats47 48 have been exposed to varying doses of
cannabis for 12-30 months and suffered damag-
to die smaller airway which is a major site ofinjury
in tobacco-related COPD as well as acute and
chronic pneumonia. However, other studies con-
tradict a causal relationship between smoking
cannabis and COPD40 30 3L Regular cannabis
smoking has been associated with emphysema in
some studies32 33 bin not so in others34 33 . These
studies arc. however non-conclusive as they did
not distinguish between smoking only cannabis
and smoking cannabis together with tobacco.
They also only involved a relatively small number
of participants. A further study involving ".its
exposed to increasing doses of cannabis for 6
months did not display any evidence of cmphyse
ma although this was the case in rats exposed to
tobacco smoke36.

Purtlier rcsca.ch in this area is necessary to pro-
vide more conclusive results.

Respiratory c.mcer
More people @ : of lung cancer in the UK than
from any other cancer - more than 34,000 people

die every year in die UK.

As already mentioned, the tar from a cannabis
cigarette contains many of the same (and even
higher concentrations of) carcinogenic com-
pounds found in cigarette smoke and deposits
four times as much tar on the respiratory tract in
comparison to an unfiltcred cigarette of the same
weight. This amplifies the exposure of cannabis
smokers to particles diat are known to be involved
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in the development of lung cancer.

'liicre arc a number of case studies (over 75)
reporting cancers of the acro-digesdve tract in
young adults with a history of cannabis use 37 38
5900 61 6263 Which are rare in adults under the age
of 60 although the exact cause of these cancers is
not clearly identifiable as many of the cases also
used alcohol and tobacco. A retrospective study
undertaken in the United States6*did not find a
link between smoking cannabis and tobacco-relat-
ed cancers but it has been suggested that the time
span investigated may not have heen sufficient to
study the long-term effectses There is clearly a
need for more epidemiological research in this area

As it is, the devclopme L. cancer is a mulustcp
process composed of sequential alterations tr
genomic DNA (die genetic material contained i*.

Caption

cells) which rue promoted and/ or interact with
environment; 1 nd genetic factors. It is therefore
often not cleat what die exact cause of a particu-
lar cancer may be.

Research suggests that cannabis might con-
tribute to cancer by manipulating the genetic
makeup of cells. For lung cells to transform into
cancerous cells, a specific combination of genes
that regulate cell growth must be activated (in the
case of oncogenes) and/ or mutate (in the case ot
tumour suppressor genes). THC has been shown
to increase the p-oduction of a chemical particle
(CYP1A1) that is responsible for causing bcn-
zpyrene (a consiit lent of cannabis smoke) to pro-
mote alterations in one of the most common
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tumour suppressor genes, p53 thereby facilitating
the development of respiratory canceles 67. The
gene p53 is thought to play arole in 75% of all
lung cancerses and has been found to be expressed
in 11% of individuals who smoke cannabis and

tobaccosd  Other studies looking at the effect of

tar in cannabis smoke on animals7o 71 72 also indi-

cate a correlation between cannabis and respirato-
ry cancer.

An increase in cellular abnormalities las also
been observed in cannabis smokers by compari-
son to non-smokers73 74 Abnormalities include
an increase in the production of mucus producing

cells (goblet cells) and reserve cells, transforma-

tion of ciliated cells into cells that resembic skin
(squamous metaplasia), an accumulation of
inflammatory cells and abnormalities in the cell

nuclei. Nuclear alterations and squamous meta-

plasia have been described as precursors to the
development of lung cancer in tobacco smokers 5
In addition, smokers of cannabis and tobacco
have shown a greater increase in cellular abnor-
malities indicating an additive effect.

Oral soft tissues

The effects of tobacco smoking on oral soft tis-
sues have been well documented but there is little
data available on the effects of cannabis smoking.
However, there are some case reports that heavy
cannabis use is associated with cancer of the

tongue7e 77 larynxrs and lung'9.

Other lung conditions

There have been isolated reports of spontaneous
pneumothorax (breaches of the lungs causing gas
in the lung cavity leading to compression of the
lungs) and pneumomediastinum (breaches of the
lungs causing gas in the cavities of the respiratory
tract) associated temporally with the use of
cannabisso 81 82 which are thought to be caused by
deep inhalation of cannabis smoke to enhance
absorption of THC and hence the intoxication
caused by it83. Deep inhalation coupled with
direct pulmonary toxicity from components in
cannabis in susceptible smokers has also been

implicated with the formanon of large lung bullae
(watery blisters) in the upper respiratory aread.

Contamination of cannabis

There has been a report of chronic cannabis
smoking leading to necrotizing pulmonary granu-
lotnata (these are changes in the lungs at cellular
level which may prevent the lungs from working as
they should)gg as a result of possible fungal con-
tamination ﬁcannabis.

Health care utilization by cannabis smokers
This has been assessed tit an -pidcmiological study
inwhich cannabis smokers who had never smoked
tobacco were compared with non-smokers86.
Frequent cannabis smokers showed a slight
increase in outpatient visits for respiratory and
othci illnesses compared with non-smokers as well
as a small increased risk of hospitalization.

Potential therapeutic benefits

The bronchodilator effects of TIIC in cannabis
have also heen found in the case of asthmatics
with mild to moderate airway obstruction
although not to the same extent as in healthy peo-
plegr This has led to suggestions that T1 I1C might
have therapeutic benefits in asthma. Ilowcvcr, the
noxious gases, chronic airway irritation or malig-
nancy after long-term use associated with smoking
would seem likely to negate these benefits over the
long term. Oral intake of THC has also shown to
cause unwanted side-effects such as central nerv-
ous system intoxication and an excessive increase
in heart ratess 89 Furthermore, tolerance to the
bronchodilator effects of THC has been demon-

strated after several weeks of use90.
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Pulmonary hazards of smoking marijuana as compared with

tobacco.
Wu TC, Tashkin DP, Djahed B, Rose JE.

Department of Medicine, University of California, Los Angeles School of
Medicine 90024,

To compare the Pulmonary hazards of smoking marijuana and tobacco, we
quantified the relative burden lo the lung ofinsoluble particulates (tar) and
carbon monoxide from the smoke of similar quantities of marijuana and
tobacco. The 15subjects, all men, had smoked hoth marijuana and tobacco
habitually for at least five EXears. We measured each subject's blood
carboxyhemoglohin level before and afler smoking and the amount of tar
inhaled and deposited 1 the respiratory tract from the smoke of single filter-
tipped tobacco cigarettes (900 to 1200 mg) and mari«'uana cigarettes (741 to
935 mg) containing 0.004 percent or 124 percent delta 9-tetrahydrocanabino
As compared with smoking tobacco, smoking marijuana was associated with
nearly fivefold greater increment in the blood carboxyhemoglobin level, an
approximately threefold increase in the amount of tar inhaled, and retention 1
the respwatorg tract of one third more inhaled tar (P less than 0.001).
Significant differences were also noted in the dynamics of smoking marijuan
and tobacco, among them an a?prommately two-thirds larger puffvolume, a
one-third greater depth of inhalation, and a fourfold longer breath-holding lir
with marijuana than with tobacco (P less than 0.01). Smoking dynamics and
the delivery of tar during marijuana smoking were only slightly influenced b
the percenta?e of tctrahydrocanabinol. We conclude that smoking marijuana,
regardless of tetrahydrocannabinol content, results in a substantially greater
respiratory burden of carbon monoxide and tar than smoking a similar quanti

oftobacco.
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Pulmonary complications of smoked substance abuse.

Tashkin [>P.

Department of Medicine, University of California, School of Medicine, Los
Angeles 90024,

After tobacco, marijuana is the most widely smoked substance in our society
Studies conducted within the past 15years in animals, isolated tissues, and
humans indicate that marijuana smoke can ir&jure the lungs. Habitual smokin
of marijuana has been shown to he associated with chronic respiratory tract
symﬁ)toms, an increased frequency of acute bronchitic episodes, extensive
tracheobronchial epithelial disease, and abnormalities in the structure and
function of alveolar macrophages, key cells in the lungs' immune defense
system. In addition, the available evidence strongly suggests that regularly
smoking marijuana mafé predispose to the development of cancer of the
respiratory tract, "Crack" smokingi has become increasingly prevalent in our
society, especially among habitual smokers ofmariH'uana. New evidence is
emerging implicating smoked cocaine as a cause of acute respiratory tract
symptoms, lung dysfunction, and, in some cases, serious, life-threatening act
lung injury. A strong physician message to users of marijuana, cocaine, or be
concerning the harmful effects of these smoked substances on the lungs and
other organs may persuade some of them, especially thos” with drug-related
respiratoiy complications, to quit smoking.
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From Nil I/National Institute on Drug Abuse

Concurrent tobacco and
marijuana use may hamper

cigarette smoking cessation

Tobacco smokers who also smoke marijuana may be less likely to
quit smoking tobacco and less likely to try to quit than those who do
not smoke marijuana, according to a study by researchers at flic
Johns Hopkins University Dr. Daniel Ford and colleagues
interviewed 431 adults who had reported being current tobacco
smokers in a study conducted 13years earlier. In the baseline
interview, more than 40 percent of the participants reported having
smoked marijuana, with more than 25 percent reporting using it
within the previous 30days (recent use) and nine percent reported
daily use for two weeks or more. At the 13-gcar follow-up. 79 percent
of participants who had reported smoking tobacco at baseline were
still smoking it.

Recent and daily use of marijuana at baseline were 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 Iikelj to continue to smoke tobacco 13years later compared
those who did not use marijuana within the preceding 30 days. Those
who reported daily marijuana use were over three times more likely
to still smoke tobacco. About 06 percent ofrecent marijuana users
reported trying to quit tobacco during the following 13years
compared to 80 percent of those who had never used marijuana.

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.
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Page i 0f2

21212005


http://www.scienceblog.eom/communitWolder/2003/F/20034209.html

Concurrent tobacco and marijuana use may hamper cigarette smoking cessation

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

The National Institute on Drug Abuse (NIDA) is acomﬁonent 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 dru? abuse and addiction. The Institute
carries out a Iargie vanetK 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 arc available in English and Spanish. These fact
sheets a; J further information on NIDA research and other activities
can he found on Ihe NIDA home page at http://www.drugahuse.gov.

This article comes from Science Blog. Copyright < 2004

hitp.V/www.scienceblog.com/community

Archives 2003 F

http:/Avww.scienceblog.com/community/oldcr/2003/F/20034209.html

Page 2 0f2

21212005


http://www.scienceblog.com/community
http://www.drugahuse.gov

ScicneeDircct - Drug and Alcohol Dependence : The pharmacological activity of inhalati... Page 1 0f2

SCIENCCf |, direct Register or Login: [user name Password:| |Go|
HQma.lfc3ournajs Books | Abstract Databases.!! Mv Profllg"LAterts 1 <2)Help
Quick Search: | within |All Full-text Sources Cod 0 SearchTied welcome quest "

Drug and Alcohol Dependence
Volume .63, Issue 2, 1July 2001, Pages 107-116

doi-io.ioi6/s037fc-e776(00 OMB2 O Cite or Link Using DO This Document
Copyright © 2001 Isevier Scem > Ireland Itd. All righls reserved. »Abstract
o Full Text + Links

The pharmacological activity of inhalation A’thoaz(m K)

exposure to marijuana smoke in mice v E-mail Article

Aron H. Lich'mal ~ Justin 1,, Poklis1, Alphonse I'0klisI** David M. Wilson¥and Billy It

Martinll

a Department of Pharm.icnlogy and Toxicology, MCV Campus, Medical College of Virginia, Virginia
Commonwealth univei div. P.O. Box 980613 Richmond, VA 23298-0613, USA

h Department of Pathol > . Medical College of Virginia, Virginia Commonwealth University,
Richmond, VA 23298 3 USA

Received 2 August 1) .iceopted 21April 2000 Available online 22 May 2001

Abstract

Although the majoni> of cannabinoid users smoke marijuana, the preponderance of
laboratory animal ic arch is based on administration of A9-tetrahydrocannabinol (A9-MIC)
or other cannabinoid agents via injection. The aim of the present study was to evaluate the
impact of inhaling marijuana, or ethanol-extracted placebo smoke in the mouse model of
cannabinoid actix it\ by assessing inhibition of spontaneous acti\iiy, antinociception,
catalepsy, and bod\ temperature. In order to detemnnc dosimetry, blood levels of AS-THC
were obtained follow mg either ma juana exposure or intravenous injection of A -THC.
Inhalation exposure to marijuana produced dose-related increases in antinociccption and
catalepsy, with esiimaied KD20 doses of AS-THC of 24 and 38 mg/kg, respectively.
However, hypotheimia and locomotor depression occurred in both the placebo- and
marijuana-exposed mue. TheCBj receptor antagonist, SR 141716A antagonized the
antinociceptive effects of marijuana (ADS)=0.6 mg/kg), hut only slightly decreased
marijuana-induced catalepsy, and failed to alter either the hypothermic or locomotor
depressive effects. In contrast, SR 141716A antagonized the antinociceptive, cataleptic, and

hypothermic effects of intravenously administered A9-THC in mice that were exposed to air
alone, though all subjects exhibited locomotor depression, possibly related to the restraint. In
accordance with reports of 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 of action and arc consistent

with the notion that A9-THC is mainly responsible for this effect.
Author Keywords: Marijuana smoking; Cannabinoid; A9-THC; SR 141716A;
Antinociccption; An. lgesia; Catalepsy; Hypothermia
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Researchers At LICI A's Jonsson Cancer Center Report Smoking
Marijuana May increase Risk Of Head And Neck Cancers

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

Results of a . epidemiological study of more than 340 people arc outlined in an article published in
today’s (Dec. 17) edition of Ihe peer-reviewed journal Cancer Epidemiology Bioniarker and Prevention.

Previous laboratory and clinical studies have indicated that marijuana use may be related to molecular
alterations in the respiratory tract, changes that may lead to cancer. This is the first study to examine
whether smoking marijuana increases risk of head and neck cancers, said Dr. Zuo-Fcng Zhang of
UCLA’s Jonsson Cancer Center, a prof:ssor in the Department of Epidemiology in the UCLA School of
Public Health and director of the cancer epidemiology training program at 1-TLA.

"Most people don't think about marijuana in relationship to cancer," said Zhang, lead author of the
journal ar' -Ic. "The carcinogens in marijuana arc much stronger than those in tobacco. The big message

here is that marijuana, like tobacco, can cause cancer."

Zhang studied the relationship between marijuana use and head and neck cancers in 173 patients
diagnosed with those diseases. He compared those findings to 176 cancer-free control patients, and
found that those who habitually smoked marijuana were at higher risk for head and neck cancers.

'lhe epidemiolo?ical data was collected using a structured questionnaire, which queried patients about
their histories ot tohacco smoking, marijuana smoking and alcohol use. Zhang said researchers were
able lo evaluate the data on marijuana smoking independently from data on tobacco smoking and
alcohol use, which also increase the risk of certain cancers.

The results of the study arc particularly important now, Zhang said, as habitual marijuana smokers from
the 1960s reach older ages. Because head and neck cancers —cancers of the mouth, tongue, larynx and
pharynx —take many years to develop, people who smoked large amounts of marijuana in tho 1960s

mayjust now be contracting head and neck cancers, Zhang said.

"In the '60s, we had very high numbers of pe_ogle in their ZOssmoking marijuana,” Zhang said. "These
people arejust now getting to the ages at which they will get head and neck cancers. This is the time to

study a risk like this."

The more times per day a person smokes marijuana, the greater his or her risk of head and neck cancers,
according to the study. Additionally, ﬁeople who use marijuana habitually for many years also increase
their risk of head and neck cancers, Zhang said. ,

Qrifeoar* :
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"1fyou smoke a little, your risk increases a little,” Zhang said. "1fyou smoke a lot, your risk increases a
lot."

Marijuana is the most commonly used illegal drug in the United States, Zhang said. It is estimated that
about 31 percent of the U.S. population 12 years or older has used marijuana, according to the journal

article.

Zhang's research builds on previous studies of marijuana and cancer risk. An article by UCLA cancer

researchers published in the Aug. 19, 1998. issue of the Journal of the National Cancer Institute stated
that habitual smoking of marijuana and crack cocaine causes the same kinds of molecular changes that
precede the development of lung cancer in cigarette smokers.

"Now we have evidence that may link marijuana smoking to head and neck cancers,"” Zhang said. "Manv
people may think marijuana is harmless, but it's not."

In addition, the epidemiological study and the subsequentjournal article also touch on the inter, 'ay
between marijuana smoking and the genetic defect that prevents DNA from repairing itself Some
marijuana smokers with this genetic defect might not have the ability to repair DNA damage prompted
by the habit. Zhang said these people are about 16 times more likely to develop head and neck cancers
than non-marijuana smokers whose DNA repair function is operating normally.

Zhang said larger epidemiological studies are needed to replicate the results obtained by IJCLA cancer
researchers. One such study, funded by the National Institutes of 1llealth, is being conducted now at

UCLA.

This story has been adaptedfrom a news release issued by University Of California. Los Angeles Health
Sciences.
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Abstract
y . . . . - Top
Marijuana is the mosl commonly used illegal drug in the United Slates. In i I\ Itistaailt_
some subcultures, it is widely perceived to he harmless. Although the * patntiatd Methods

carcinogenic properties of marijuana smoke are similar to those of tobacco, no * Results
epidemiological studies of the relationship between marijuana use and head § gésfg‘g;'gens

and neck cancer have been published. The relationship between marijuana use

and !cad and neck cancer was investigated by a case-control study of 173 previously untreated cases
with pathologically confirmed diagnoses of squamous cell carcinoma of the head and neck and 17b
cancer-free controls at Memorial Sloan-Kettering Cancer Center between 1992 and 1994
Epidemiological data were collected by using a structured questionnaire, which included history of
tobacco smoking, alcohol use, and marijuana use. The associations between marijuana use and head and
neck cancer were analyzed by Mantel-Haenszel methods and logistic regression models. Controlling for
age, sex, race, education, alcohol consumption, pack-years of cigarette smoking, and passive smoking,
the risk of squamous cell carcinoma of the head and neck was increased with marijuana use [odds ratio
(OR) comparing ever with never users, 2.6; 95% confidence interval (Cl), 1.1 6.6). Dose-response

¥
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relationships were observed for frequency of marijuana use/day ( 3 for trend < 0.05) and years of
marijuana use (p for trend < 0.05). These associations were stroi >er for subjects who were 55 years of
age and younger (OR, 3.1; 95%Cl, 10-9.7). Possible interaction effects of marijuana use were observed
with cigarette smoking, mutagen sensitivity, and to a lesser extent, alcohol use. Our results suggest that
marijuana use may increase the risk of head and neck cancer with a strong dose-response pattern. Our
analysis indicated that marijuana use may interact w'ith mutagen sensitivity and other risk factors to
increase the risk of head and neck cancer. The results need to be interpreted with some caution in
drawing causal inferences because of certain methodological limitations, especially with regard to

interactions.

» Introduction

* lo
Marijuana is the second most commonly smoked substance in the United Absract _
States after tobacco (I , 2). It is estimated that 31%of the United States o
population 12years or older in 1992 had ever used marijuana (3). Studies » Results

+ Discussion

conducted within the past two decades in experimental animals and humans W R

. .. . . eferences

indicate that marijuana smoke can injure the lung and respiratory tract (4). In

humans, habitual smoking of marijuana has been shown to be associated with symptoms of chronic
bronchitis, an increased frequency of acute bronchitic episodes, extensive tracheobronchial epithelial
histopathology including alterations correlated with the subsequent development of malignancy in
tobacco smokers (5), DNA injury (6), and abnormalities in the structure and function ofalveolar
macrophages, key cells in the immune defense system of the lung (7, 8). Further evidence also suggests
that marijuana may predispose to the development of cancer of the respiratory tract (9). For example,
the tar phase of marijuana smoke contains some of the same carcinogenic compounds found in tobacco
smoke, such as phenols and polycyclic aromatic hydrocarbons, including ben/o[t/]pyrene, which is
present in «50% higher concentration in marijuana tar than in the tar from a comparable amount of
unfiltered tobacco (10). In addition, a single marijuana cigarette deposits four times as much tar in the
respiratory tract as [hal deposited from a single filtered tobacco cigarette of approximately the same
weight (11). The higher content ofcarcinogenic polycyclic aromatic hydrocarbons in marijuana smoke
and the greater deposition of marijuana tar in the lung act together to amplify exposure of the marijuana
smoker lo carcim gens in the particulate phase. Finally, preliminary in vitro studies involving mixed
reactions of antigen-presenting dendritic cells and T lymphocytes (12) and tn vivo studies using a murine
model of an immunogenic carcinoma of 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 exhibited more molecular genetic
abnormalities than nonsmokers (14). The study suggested that smoking marijuana and or cocaine, like
tobacco smoking, exerts field canceri/ation effects on bronchial epithelium, which may place
marijuana/cocaine smokers at increased risk for the subsequent development of lung cancer.

The above-cited biological evidence pointing to a carcinogenic role for marijuana is supported by
several case-series reports, indicating an unexpectedly large proportion of marijuana users among

http://eebp.aactjoumals.org/cgi/content/full/s/12/1071 3/14/2005
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selected cases of upper aerodigestive tract cancer. Since 1986, a total of 74 anecdotal cases of head and
neck cancer with a history of manjuana use have been reported in medical literature (15, 16, 17, 18, 19
20, 21, 22, 23, 24). The characteristics of these marijuana-exposed malignancies of the upper
aerodigestive tract include young age at diagnosis (<55 years old), extensive field cancerization, and
aggresr:ve biological behavior. Although causal inference cannot be made directly from uncontrolled
case-series studies, these case reports suggest a need for in-depth epidemiological investigations of ihe
relationship between marijuana use and the risk of cancers of the upper aerodigestive tract.

In the only published epidemiological study of marijuana use and cancer incidence, the authors reported
positive associations hetween lifetime marijuana use (six or more occasions) and both prostate and
perhaps cervical cancer among nonsmokers of tobacco cigarettes. No association was observed betw een
marijuana use and all tobacco-related cancers (25). Unfortunately, the specific relationship between
marijuana use and cancers of the head and neck, those sites most likely to be affected by marijuana use
along with lung, was not explored independently. Moreover, subjects in the latter study (25) may not
have been followed long enough for adequate assessment of an effect of marijuana on cancer risk. In
addition, there may not have been enough exposure to marijuana to observe an effect in this population.

The aim of the present case-control study was to examine the association between marijuana use as
derived from questionnaire data and head and neck cancers, ontrolhng for other known risk factors for
the disease, including cigarette smoking and alcohol drinking. We also examined the possible gene-
environment interaction between marijuana use and mutagen sensitivity, as well as interactions with
other known risk factors for head and neck cancer. Mutagen sensitivity is considered a predisposition
marker of cancer risk (26.27, 28, 29). Defects in one or more steps of the DNA repair process may play
a significant role in environmental carcinogenesis, and the extent of such defects may be partially
responsible for susceptibility or resistance to environmental mutagens (30). Mutagen sensitivity tests
are indirect indicators of DNA repair competence. Bleomycin, a radiomimetic agent, was used as the lest
mutagen to evaluate the rates of induced chromosome breakage as a crude indicator of the response to a

genotoxic agent (31, 32).

Patients and Methods

* o
Cases and Controlls. . . . _ _ . _ * Abztract_
Untreated new patienL with a histologically confirmed diagnosis of first :'I,”attfigdfscyr?é‘ Methods
primary squamous cell carcinoma of the head and neck, seen at Memorial Resuﬁs

Sloan-Kettering Cancer Center from 1992to 1994 were considered as cases in ~ * Discussion

this study. We approached 192 patients, and 173 agreed to participate. Sites of ~ ™References

disease were classified by the American Joint Committee on Cancer criteria and coded by the
International Classification of Diseases Version 9(ICD-9). The tumor sites included lip (1CD-9, 140; it
2), tongue (1CD-9, 141; « = 52), salivary glands (ICD-9, 142;//= 1.metastatic lesion, squamous cell
carcinoma), gum(ICD-9, 143;//= 13), floor of mouth (ICD-9, 144;//= 15), other parts of 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 cavity (ICD-9, 149, /= 2), esophagus (ICD-

http://cebp.aacijoumals.Org/cgi/content/full/8/12/1071 3/14/2005
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9 150 A= 1) nasal cavities (ICD-9, 160;«= 1), and larynx (ICD-9, 161 n = 48). Age- and scx-
frequency matched controls were identified for this study. Controls were without a history of cancer and
were identified from the Blood Bank Center of Memorial Sloan-Kettcring Can”r Center during the
same period. We approached 196 hlood donors, and 176agreed to participate in the study.

Data Collection.
The study was approved by the Institutional Research Board on Human Subjects of Memorial Sloan-

Kettering Cancer Center. All cases and controls were asked to sign an informed consent form if they
agreed to participate in the study, to complete a structured questionnaire, and to donate a sample of
blood. The questionnaire requested information on the following variables: age, gender, race, year and
place of birth, religion, family income, and education; average number of tobacco cigarettes
smoked/day, years of smoking, age at initiation of smoking; exposure to environmental tobacco smoking
(at home and at w'ork); alcohol consumption, types and frequency of alcohol consumption; occupational
and environmental exposures; family history of cancer; sexual history; medical history; and oral
hygienic history. In addition, all subjects w'erc asked if they had ever used marijuana. If they responded
yes, subjects were asked the average number oftimes they smoked/day and the number ofyears of

marijuana use.

Mutagen-Scnsitivity Assay.

A total of 91 patients and 131 controls provided a blood specimen for the assessment of mutagen
sensitivity. |lie mutagen-sensitivity assay used in this study has been described in detail previously

(33) . A peripheral blood sample (10 ml or less) was collected from cases and controls in a heparinized
lube prior lo initiation of lymphocyte culture. The standard lymphocyte culture procedure used RPMI
'640, supplemented with 15%FCS and phytohemagglutinin, in a ratio of blood:mcdium of 1:9. At 67 h
of incubation, one set of cultures was treated with bleomycin (0.03 unit/ml) for 5h. Colcemid (0.04
mg/ml) was added in the last hour to induce mitotic arrest prior to harvesting. A conventional cell-
harvesting procedure followed. The cells were treated with hypotonic KCI (0.975 M KCI) solution for
15 20 min. fixed, washed with a freshly prepared mixture of methanokacetic acid (3:1), and air-dried on
wet slides. The slides were stained with Giemsa solution without banding. Fifty well-spread meiaphascs
were examined from coded slides. Chromatid aberrations recorded w'ere frank chromatid breaks or
exchang s Bleomycin tends to induce few chromatid exchanges (which, if present, are considered as
two breaks). Chromatid gaps or attenuated regions were disregarded. The frequency of breakage was
expressed as breaks/cell. The reliability of cytogenetic scoring has been evaluated previously by
comparing four separate blood samples from a respective donor with a minimum interval between
samples of | w'eck. Mutagen sensitivity appeared ,ibe stable and representative in a random-effect, one-

way ANOVA model (30).

Statistical Analysis.
The effects of marijuana use on the risk ofliead and neck cancer were estimated with ORs" and their

95%Cls, derived from logistic regression analysis (34). Continuous variables, such as years of
marijuana use and frequency of use, were first analyzed as continuous variables and then divided into
three groups according to their marginal distributions: frequency of use (marijuana use/day) was
categorized as never, less or equal to once per day, and more "han once per day; and years of use was

http://cebp.aacijoumals.Org/cgi/content/full/8/12/1071 3/14/2005
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categorized as never use, | 5Syears, and >5 years. For eight cases and nine controls who reported
previous manjuana use but failed to repon frequency of use, the median value of once per day was used
to replace the missing values for the continuous variable and for the categorical variable. For five cases
and five controls who reported previous use but provided no information on years of use. the median
value of Syears was used for the continuous vanablc and 1 5years category for the categorical variable.
Results of both replacing missing data with median values and excluding missing data are presented in
the results. Dummy variables were used in logistic regression analysis to estimate ORs for each category
of exposure. Trend tests for ordered variables were peiformed by assigning the scorej to theyth
exposure level ofa categorical variable (wherej = 1,2,...) and treating the categorical variable as an
interval predictor in unconditional logistic regression. Three models were used to assess marijuana
effects: (a) no covariates (crude analysis); (A) statistical adjustment for pack-years of cigarette smoking
(continuous variable); (c) statistical adjustment for pack-years of cigarette smoking plus age (continuous
variable), sex (male, female), race (white, nonwhite), education (.high school, college, >coilege),
passive smoking (no, yes), and heavy alcohol drinking (<100 drinks/month; .100 dnnks/month).
Stratified analysis was used to assess departures from additive effects between manjuana use and other
known risk factors for head and neck cancer, including cigarette smoking, alcohol drinking, and mutagen

sensitivity.

» Results
. . . = |op
The overall prevalence of lifetime marijuana use was 9.7% in controls and » Abstract
139%in cases. The highest prevalence of marijuana use was found in cases * ° ,0*Methods
with squamous cell carcinoma of the larynx (#/ - 48; 22.9%) and tongue (ti . Ucsuiis
52; 19.2%). The distributions of marijuana use among cases and controls, © References

stratified by demographic characteristics, cigarette smoking, alcohol drinking.

and mutagen sensitivity, are shown in Table 1G. Age was strongly associated with marijuana use; large
proportions of marijuana smokers were found in younger age groups for both cases and controls. No
obvious differences in marijuana use were found between categories of gender, race, or education.
Tobacco cigarette smoking was generally independent of marijuana use in both cases and controls,
except for those variables related to age such as pa-k-years of tobacco cigarette smoking, years of
smoking, and age at smoking initiation in cases. Heavy alcohol drinking and mutagen hypersensitivity
were not related to marijuana use in cases or controls. Passive smoking, not associated with marijuana

use in controls, was related to marijuana use in cases.

View this table: Table 1The distribution of marijuana use (number and percentage of users
m this umdow | and nonusers) in cases and controls, by category of selected demographic
linaneu umdow factors, smoking, alcohol, and mutagen sensitivity

The estimated crude OR for the effect of lifetime marijuana use (ever versus never) on the risk of head
and neck cancer was 15(95% Cl, 0.8 2.9). Adjusting for age, gender, race, education, heavy alcohol
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drinking, pack-years of tobacco cigarette smoking, and passive smoking increased the OR to 2.6(95%
Cl, 1.1-6.6; Table 2®). Strong dose-rcsponse relationships were observed for the effects of frequency of
marijuana use and years of use. The adjusted ORs were 21 for those who smoked marijuana once per
day and 4.9 for those who smoked manjuana more than once per day (p for trend = 0.0358) when
missing values were replaced by median values. After excluding those with missing information on
frequency of marijuana use, the adjusted ORs were 4.0(0.9 24) and 54 (0.9 33) for those who smoked
once per day and more than once per day. respectively (p for trend = 0.0214). Of those who smoked
marijuana for 1 Syears, the adjusted OR was 19(0.6 5.9); for individuals who smoked marijuana >5
years, the adjusted OR was 4.3 (0.99 19 when missing values were replaced by median values (p for
trend = 0.0325; Table 2® ). After excluding those with missing infonnation on years of marijuana use,
the adjusted ORs were 3.9 (0.99-15) and 4.9 (0.8 29) for those who smoked 1-5years and >5 years,

respectively (p for trend = 0.0134).

View this table: Table 2 Estimated effects of marijuana use (OR and 95% Cl) on the risk of
Im this wuninw |~ [Lca() an(] cancer, by covariates selected for adjustment”
|m anew window |

The observed association between marijuana use and head and neck cancer was stronger among younger
subjects. When the analyses were restricted to 55 cases and 65 controls <55 years, the adjusted OR
increased to 3.1(95% CI, 1.0-9.7, Table 3® ). Dose-response relationships were also stronger for the
effects of frequency of marijuana use and years ofuse, controlling for the same covariates. When the
analysis was further restricted to those hetween the ages of 40and 55, the magnitudes of the estimated
effects were still persistent. No association was observ ed between marijuana use and head and neck

cancer for those 55 years or older.

View this table: Table 3 Estimated effects of marijuana use (OR and 95% Cl) on the risk of
[in this window J head and neck cancer for individuals <55 years by covariates selected for

|lin i new window | adjustment"

Table 4® shows the combined effects of lifetime marijuana use (ever versus never) and each of three
potential effect modifiers: tobacco cigarette smoking, alcohol use, and mutagen sensitivity. For these
analyses, we used > 1.0 breaks/cell as the cutoffvalue to define hypersensitivity and having 100 or more
drinks per month as a cutoff point for heavy drinking, and we categorized tobacco cigarette smoking into
never smoking, former smoking, and current smoking. These variables were further stratified by
marijuana use. The effects of marijuana use and cigarette smoking were more than multiplicative; the
adjusted OR for thejoint category of current tobacco cigarette smokers and marijuana users was greater
than the product of the two component effects for those two exposures, i.e., 361 > 36 x 26= 94,
Similar interaction effects (greater than multiplicative) were found for marijuana use and mutagen
sensitivity. The adjusted OR forjoint category of marijuana use and mutagen sensitivity was greater than
the product of two component effects, ie. 77.1>6.1 x 11 = 6.7. The effects of marijuana use and
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alcohol consumption appeared more than additive but less than multiplicative, i.e., 4.3 (alcohol only) +
2.7 (marijuana only) - I =6.0< 9.6 (both exposures) < 43 x 27 = Il .6. In each case, however, power
for testing each null hypothesis (effects are additive or multiplicative) and for comparing the fits of
additive versus multiplicative models was low,

View this table: Table 4 Estimated combined effects (OR and 95%CI) of lifetime marijuana

[in this window | use (ever versvs never) and each of three potential modifiers (ci%arette

[in i new umdow j smoking, heavy alcohol use. and mutagen hypersensitivity) on the risk of head
and neck cancers by covariates selected for adjustment

» Discussion

. Tq)
This study has several possible limitations. One limitation is potential selection - Ahstracf .
y P D . ﬂroﬂuctm

bias, which might have resulted in an overestimate of the marijuana effect _ Patients and Methods
(bias aw'ay from null). The controls lor this study were blood donors and * Results
* Discussion

possibly less likely to be substance abusers. If use of marijuana were inversely Referanchs
associated with blood donation, the selection bias would lead to an

overestimate of the marijuana effect. The blood donors at Memorial Sloan-Kcttcring Cancer Center had
to be between the ages of 17and 75 weigh 110 pounds or more, and be in good health. Ihe prospective
donors were asked to give a health history and take a physical examination lo ensure the greatest
possible safely for both donors and recipients. Nevertheless, the only question directly related to drug
abuse was: "Have you used illegal drugs with a needle?" Although marijuana is not generally injected,
marijuana use and injected drug use could he positively associated, which might lead to an overestimate
of the marijuana effect. Nevertheless, because the observed prevalence in our controls was similar to the
expected prevalence based on national data, the selection of blood donors as controls probably did not
affect the association under study (Tahle 5KS.

View this table: T-'ble 5Lifetime prevalence (%) of marijuana use in the study controls (no. of
[in this window ] user 'total) and the United States population, 12years and older, from 1991 to

[m anew wmdow J 1993, by binh cohort"

When wc evaluated the interaction between marijuana smoking and mutagen sensitivity (Table 4)®, the
possible selection bias might exist because those with blood samples for mutagen assay may be different
from individuals without blood samples. A total of 20.1% of controls and 46.8% of cases refused to
provide a blood sample for the bleomycin in this study. We have compared the differences between
those with and without blood samples on selected variables. This attempt is crucial to show whether
there is selection bias attributable lo missing samples that may threaten the validity of the interaction
between marijuana smoking and mutagen sensitivity. No obvious difference was found between those
with and without blood samples in terms ofage, gender, race, education, and marijuana smoking. Only a
board-line difference for cigarette smoking between those with and without blood samples in head and
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neck cases was det< cted (p = 0.05), which indicates that the subjects with blood samples might not be a
selected group for smoking habits from the original study population. The association between tobacco
smoking and risk of head and neck squamous cell can :r was stronger in people with mutagen data then
those without mutagen data, which might lead to a stronger confoundcr effects on the association
between marijuana smoking and head and neck cancer. However, when the interaction between mutagen
sensitivity and marijuana use was evaluated, the point estimates ofthe crude ORs were pretty similar to

those after controlling for pack-ycars (Tabic 4)51

A second limitation is differential misclassification of marijuana use, which may also bias the estimated
marijuana effect. Because marijuana smoking is illegal, cases and controls might tend to underreport
their history of marijuana use, but the degree of underreporting might have been greater for controls than
cases who might want to rationalize their disease. Thus, the estimates of marijuana effects could he
positively biased. On the other hand, cancer patients, under some duress because of their illness, could
underreport their history of marijuana use more than controls, which would negatively bias the estimated
marijuana effects. To address this potential source ofbias, we compared the reported lifetime prevalence
of marijuana use in controls with the corresponding prevalence in the United States population during
the same period, stratified by gender and year of birth (Table 5ffl; Ref. 3 ). Wc¢ found that the overall
(crude) lifetime prevalence of marijuana use in each gender of the controls was approximately equal to
the corresponding prevalence in the United States population standardized lo the birth-cohort
distribution ofthe controls. For the majority of controls bom before 19561 (/= 152, 86%), the lifetime
prevalence of marijuana use was similar to estimates for the United States population. For a small
fraction ofthose controls bom since 1961 (#  24; 14%), however, there is some indirect evidence for
systematically underreporting of marijuana use. When we reanalyzed the data by excluding those cases
and controls bom since 1951 we found little change in the estimated marijuana effects. Because we
cannot address issues of either over- or underreporting by cases, it is difficult to evaluate the direction of
bias by differential misclassification of past marijuana use on the association under study. The possible
limitation of using mutagen sensitivity assays in case-conlrol study was discussed by Caporaso (29).
Cultured cells obtained from patients with cancer or control subjects in a hospital setting can differ for
abnormal nutrition, secondary metabolic alterations of neoplastic disease, and effect of treatment,
hospitalization, inactivity, or stress, which will allow bias attributable to differential misclassification.
However, a recent paper by Cloos et al. (28) reported a high hcritability estimate of the susceptibility to
bleomycin-induced chromatid breaks, which indicates that a clear genetic basis for mutagen sensitivity-
related cancer susceptibility may exist in the general population. If the mutagen sensitivity is highly
inherited, the differential misclassification bias for this assay might be minimal.

The third limitation is low power and precision The relatively small sample size and low fr juency of
marijuana use limits our ability to estimate the effects precisely, especially when analyzing specific sites
or when assessing interaction effects with other risk lactors.

A fourth possible source ofbias is no differential error in measuring confounders of the association
under study. It has been shown, for example, that no differential misclassification ofa strong confoundcr
will cause the investigator to underestimate both the impact of the confounder on effect estimate and the
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association of the confoundcr with the factor under study (35, 36). How ever, even if the association of
major confounders. such as alcohol and tobacco with marijuana, arc stronger than they appear, they
appear so weak as to represent an unlikely source ofhias.

Possible confounding effects also need to be addressed. Wc have evaluated the possible confounding
effects to identify the potential confounders that induced the large changes in point estimates of ORs and
Ps. Our results showed that age was a major confounder, which causes the largest changes in point
estimates of OR and p for marijuana smoking after controlling for it. In addition, passive smoking and
pack-ycars of smoking are positive confounders, and alcohol drinking is a negative confoundcr on the
association between marijuana and head and neck cancer.

This is the first epidemiological study to report an effect of marijuana use on the risk of head and neck
cancer. Not only did we find an elevated cancer risk among marijuana users, but we also observed dose-
response associations for frequency and years of marijuana use. adjusting for several potential
confounders.

Marijuana use in the United States increased dramatically among teenagers and young adults in the mid-
to-late 1960s, i.e.. among persons bom between 1941 and 1955. Assuming marijuana use is associated
with cancer risk with an induction/latency period 0f 20 30 years, this cohort will be the earliest possible
group to experience and clinically manifest elevated risks ofhead and neck cancer. This suggests that
observed risks should be greater among subjects younger than 55 years. Our analyses, restricted to the
younger population (<55 years old) with only 32% of our cases (/= 55) and 36% of controls (/= 63)
suggested a stronger marijuana effect in the subpopulation of younger subjects than in the population as
awhole. Ihe dose-response relationships were also stronger in younger subjects. No association was

observed for subjects 55 years or older

Others have speculated that the uniquely characteristic technique of smoking marijuana might influence
the tumor site of development (19, 20). The more rapid and deeper inhalation technique ofmarijuana
smoking may lead to earlier and more pronounced deposition of carcinogens in the particulate phase of
the smoke at relatively narrow sites in the upper airway, such as the larynx, as well as in the central
portions of the tracheobronchial tree, because of turbulence and inertial impaction (11, 37). At the same
time, the prolonged inhalation time might permit larger particles in the tar phase lo deposit in the oral
cavity, especially on the tongue. Because of the limited sample size, w'c would not be able to analyze
marijuana use and head and neck cancer stratified by tumor site. Future studies with larger sample size

are warranted to explore this aspect.

Possible interaction effects were suggested between marijuana use and other risk factors for head and
neck cancer. The interplay between carcinogens and intrinsic host susceptibility is an important factor in
environmental carcinogenesis. Mutagen hypersensitivity, an indirect marker for DNA repair, interacts
with tobacco smoking in head and neck cancer risk (38, 39,40, 41). Synergy between mutagen
hypersensitivity and marijuana use was suggested in this study because the effects were more than
additive, which suggests that the development of the upper aerodigestive cancers may be affected by
gene-environment interaction. Synergy (greater than additive effects) was also suggested between
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marijuana use and tobacco smoking. These results suggest that the carcinogenic properties of marijuana
may include not only the carcinogens present in tobacco but also other potential carcinogens and/or other
factors that might particularly predispose marijuana smokers to cancer development, such as the A9-
tctrahydrocannabinol-rclated impairment of antitumor immunity (12). Because of the low power for
testing these interactions, however, the present findings will need to be replicated in future studies.

In summary, this is the first epidemiological report that marijuana smoking is associated with a dose-
dependent increased risk ofhead and neck cancer. This association is supported by a series of case
reports and by experimental studies that provide a biologically plausible basis for the hypothesis that
marijuana is a risk factor for human head and neck cancer. Given the long induction/latency period of
head and neck cancer and the first wave of marijuana use in the 1960s in the United States, it is now
time to examine the association between marijuana use and cancer risk. Large epidemiological studies
are needed to replicate our results, to examine the relationships between manjuana use and increased
risk ofcancer, and to assess potential interactions between marijuana use and other risk factors.
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A-9-Tetrahydrociinnabinol Enhances Breast Cancer Growth
and Metastasis by Suppression of the Antitumor
Immune Responsel

Robert J. McKallip,1* \litzi 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
MCF-7 and MDA-MB-231 and the mouse mammary carcinoma 4T1 express low to undetectable levels of cannabinoid receptors,
CBI and CB2, and Ihal these cells are resistant to AwTIIC-induced cytotoxicity. Furthermore, exposure of mice lo AWTHC 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 ( I1l. Furthermore, exposure
to A*-THC led lo increased production of Il.-4 and I1.-I0, suggesting that A'-THI' exposure may specifically suppress the
cell-mediated |hl 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 AVTHC. Finally, injection of anti-Il .-4 ami anti-Il.-I0 mAbs led to a partial reversal of the A'-THC-induccd
suppression of the immune response to 4T1, 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 Ihal do not express cannabinoid
receptors and are resistant to A'- | 111 -induced apoptosis. The Journal aj Immunology, 2005, 174: ."2X1-32X9.

M anjuana is one of the most common diugs of abuse and In contrast In these potentially henchcial properties, the use ol

it medicinal use is the subject of current debate Ad
tetrahydrocannahinol (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
rew with the discovery of two cannahinoid receptors, CBI and CB2
?3. 4). CBI 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
Fharmacologlcal actions of A*-THC have also been discovered Such
igands were designated endocannahiiicids 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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manjuana has been associated with unwanted effects such as in-
creased Miseeptibility to infections ill 13), and increased inci-
dence of head and neck cancers m humans ( 14t and lung cancer m
mice tI5) A'-THC possesses significant immunomodulatory
properties For cxuniple. exposure of macrophages to A'-THC led
to decreased production of TNF-a and NI) 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 Her-
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, |
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
I1.-5 promote a Th2 response. In addition, a number of cytokines
possess suppressive activity For example. 1L-10 has been shown
to suppress the Till response. In previous work, it was demon-
strated Ihal exposure to AVTHC 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 examining |he potential USE ot 3I'THC and other
cannabinoids fOI’ the treatment Ofcancers relies on the expression
Of CBl and/or CBZ by the targeted tumor. However, little is
known abOUt the effect of 3I'THC exposure on the generation,
growth, or response to tumors with low to no expression of CBI
andlor CB2 Because CBI 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*THC 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 a a higher risk for developing
cancer, | or example, iliere is an increased incidence of Kurjxist
sarcoma. non-Hoagkins lymphoma. Burkin lymphoma, and cervi-
cal cancer in AIDS patients 827). In addition, there have been
reports of increased susceptibility to sanous lymphomas and cu-
taneous neaplasms following organ transplantation (28 30). Inter-
estingly. there is evidence that de novo btcast cancer incidence
may Increase following liver transplantation (31). sugPestin% the
possibility Inal 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 cannnhi-
noid receptors

Materials and Methods
Mice

\dnlt lenuir IIAI.LH/1 mice weic purctiascd Irnmihe Njiioiiji |. .;,iultv *4
Health SCID-NOD rime wcte purchased from The Jackson Laboratory
Ilie nine were housed in polyethylene cages and given rodent chow and
water ad litilum Mice were housed in rooms maintaining a icmperaiurc ol

ﬁ o 2 i and on a 12-h lighlAlaik cycle

A" 111" was obtained Irom the National Instiiule on lirug Abuse and was
initially dissolved in DMSO iSigma-Aldnchi lo a conccnlration of 20 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 SRI4I7IbA and
SR144528 weie obtained Irom Sanob Recherche Ann Il 4 mAbs
I1'IB I1) 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|1 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<el()iLilc Technologies | abora

lories) supplemented with 5°f I-CS, It) mM HbI'LS. | mM gluiamme 40
pg/inl gentamicm sulfate, and SOjxM 2 ML

UNA isolation and RT-TCR

RNA was isolated from | x lo" cells using the RNeasy Mini kil (Qia
genl As CBI and CB2 arc encoded by single exons, a DNase digestion
was included in ihe isolation procedure lo Inml the possibilily of PCR
ainplihcalion of CI) | and CIO Irom genomic DNA cDNA was prepared
csilh Ihe Qiagen OinmScnpl RT kil using | Zig ol RNA as lernplalc lot first
strand synthesis Mouse and human CBI seas amplified using primers H
CHI U (5'-CGTGGGCAGCCTGTTCCTCA-J'lund It CBI L (5-CAT
GC'GGGCTTGGTCTGG-3'l,, which yield a product ol 403 bp Human
CB2 wes amplified using primers 1= CH2 If (D-CGCCGGAAGCCCT
CATACC-3) and H Cll2 L (5 -CCTCATTCGGGCCATICCTG-3").
which yield a producl of 522 bp Mouse CB2 seas amplified using M CB2
(S CCGGAAAAGAGGATGGCAATGAAT-3'land M CB2 (5-CTGCT
GAGCGCCCTGGAGAAC-3' | which yields a producl of 479 bp /3-Acun
was used as a positive control Iprimcrs M BA U (5'-AAGGCCAACCGT
GAAAAGATGACC-)’) and M BA I. 15'sACCGCTCGTTGCCAAT

A’-THC-INDUCFD SUPPRESSION OF ANTITUMOR IMMUNITY

AGTGATGA 3'), product sire of 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
GeneAmp 9700 The resulting PCR products were separated on a |*

agarose gel
-THC 'mEdlated cell death in vitro

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

Detection o f

Quantification of the effect of 3"-THC exposure on 4T1 tumor

growth and metastasis in vivo

Groups of BALB/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 | wk lo various doses 0f 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 widthl x O 52 In addition, the level ot mcUslusis was determined
by directly quantifying lhe 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

In vivo anlitumor immune response

BALB/c mice .sere fnsi sensitized lo 4T1 by injecting ifiem i p with | x
10" irradiated 47 | 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 1 X [I)' nrudialcd 4f | lumor cells or | X 10 irradiated EMTfi
lumor cells (negative control) Groups of mice were then treated i p wiih
carious doses of 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 |he role uf anti-IL-4
mAbs and anti Il It) mAbs. mice received a single injection ol 5mg or 5
mg/kg of mAbs. respectively, which was previously shown lo effectively
reduce If 4 and IL-10 concentrations 115, 32)

In vitro proliferation assay

The spleens and lymph nodes from control or 3" TIIL' treated mice were
placed mio 10 ml of Rf'MI 1640 (Life Technologies Laboratories) supple

merited with 100 PCS. 10 mM HEPES. | 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 ItIVml in
complete medium. The spl rocylcs and lymph node cells |5 X 10" in 100
jil/sselfi were culiuicd in 9<>well flat-bottom plates and stimulated wiih
various concentrations ol irradiated 4 11 lumor cells for 4days During the
hnal Xli ol culture, the cells were pulsed with 2 p('i of I'HJthynudinc

DNA synthesis was determined by bcla scintillalion counting 133, 34)

Cytokine detection

BAI.B/c mice were lusl sensitized 10 4TI by injecting ihenti p with | x
10* irradiaied 411 tumor cells twice ai 2-ssk intervals. Two weeks follow
mg the hnul sensitizsuon injection the mice were injrcied sc into iheii icai
liMitpads wiih | 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
mp ) Four days following the challenge with the irradiated tumor cells ihe
draining lymph node were removed and adjusted lo 25 x 10*/ml in RPMI
| (40 containing IDS- FCS. The lymph node cells were culiuicd in a 96
well llal-bollom plate 12ti> pl/well) for 24 h. after which ihe levels of
I'N y. TGF-0, IL 4, IL 10. and TNF sscrc determined using the methods
described in ihe Quanlikmc M ELISA kits (RAD Systems)

Microarray analysis of 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 | 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 Thl, 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 0.1x 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 soliware program
lo convert the data into numerical data Finally, data analysts was per

formed using die Gil-Array Analyzer data analysis software (StiperArray)

Data was normalized using housekeeping genes including ff actin.

GAPDII. cyclophilm A and nhusomul proiein | !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

Results
Expression of CBl and CB2 in human and murine breast cancer
cells

|lie expression ol ('HI and OH2 mKNA was ilelemiiiied by RT
PCR Tlte resulis showed that splenocyics expressed hoth recep-
tors, while in the 4T breast cancer cells, CBI and CB2, inRNA
was liat delectable (Fig 1/0. 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 I(T In qns €x
perimeni. Jutkat cells were used as a positive control for CB2
expression and ihe human glioma U87 was used as a positive con-
trol for CBI expression. Ihe results demonstrated that in both
human breast cancer cell lines there was very low delectable os
presston o1 C'BI while CH2 expression was not delected

Sensitivity a] 41' iiinl MCI "to X THC induct'd mll 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 BAI.B/c mice were cultured lot 24 It in RI'MI

ol f
o .
(\ JHit

Spievn
ico1

K JL_J p-actm N

W8 MR~ MAMZL

CB2
T — 1 Jtactin

Juikal MOR7 MOAMBZ3L

FIGURE 1. Human and murmc breast cnncci cells expression ol (Il

and 012 and sensitivity to A* THC-induced cytotoxicity The expression
of CD | and CB2 inRNA was determined In RT PCR analysis Toial RNA
was isolated from mouse spleen cells. 4T1. Jurkal. MCF-7. MDA-MB-231.
and 1387 lumor cells niRNA was rvvcisc lunscribed jnd aniplilied by PCR
wiih pinneis specific lor CB I, CB2. and ff actin A photograph ol clindium
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 53 FCS The cell
viability was determined by trypan blue dye exclusion The data were
expressed as percent of control viable cell number ill and 0).
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1640 containing 5% FCS in the presence of various concentrations
of A4THC (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 killin?, 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 A4THC as
low as 5 jiM In addition, we examined whether tite 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 5 FCS in the presence of various con-
centrations of A”-THC ?0. 5. 1t), or 20 //M) and the viable cell
number was determined by trypan blue dye exclusion (Fig. I/».
The results showed that while the Jurkal cells wete sensitive to
A'-THC-mcdiated Killing a 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 oj the 4TI breast
aimer 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 sc. 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
1125. 25, or 50 mg/kg). Tumor growth was monitored and the data
revealed that exposure to 25 mg/kg A'-TIIC led to a significant
increase in tumor mass This effect was even mote pronounced in
mice treated with 50 mg/kg A'-THC

AA4-TTIC 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 sc. 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 Ihal 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 (Fiig. 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-
ether. these results suggested that A4-THC-exposure increased
the metastasis of ATI tumor to the lungs

The effect of X' THt exposure on 4TI tunioi growth in
SCID-NOD mice

Next, the role of the immune system in the observed increase m
ATI tumor growth and metastasis following A”sTHC was evalu-
ated using the SCID-NOD model. SCID-NOD mice are devoid of
an antitumor immune response. Therefore, any effect of AVTHC



3264

= b»

12.8mglkg THC

SOmg/kg THC

s Numyfcy TC
FIGURE 2. A" THC exposure leads to an increase in number and size
ol 4TI tumors metastasizing (o the lungs in vivo Mice injected sc with

3 X 10" 4TI lumor cells were treated with various concentration ol A“-

THC every other day for 21days Local minor volume was determined M |
The lungs weie harvested and the inelaslases were quantified {ll and O
Sections ol the lungs were stained with If&E (O) The arrows indicate lhe
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 mglkg 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

A’-THC-INDUCED SUPPRESSION OF ANTITUMOR IMMUNITY

FIGURE 3. The effect Of A’-THC exposure on 4TI tumor growth in
SCID-NOD mice SCID-NOD mice were injected s.c with 3X 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 of exper
imenlal groups containing lour mice The experiment was repeated three
times with similar results

A’-'[]1(’ 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
ATI hy injec.mg them twice, sef)arated by 2 wk, with irradiated
ATI lumor cells Two weeks following the final sensitization in-
jection. the mice were rechallen%ed 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 inAection, 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 toa
significant and measurable immune response and that exposure to
A’-THC & concentrations as low as 25 mg/kg significantly sup-
pressed the antitumor immune response against 4T1. In addition,
grouPs of mice sensm/ed against 4T received a challenge with an
unrelated syngeneic mammary carcinoma (EMT6). and such mice
showed no si?nificant immune response Ldata nol shown), dem-
onstratin? Inal 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
wasi .mined and the data showed that exposure to A’-THC led to
quicker appearance of detectable tumors FFig. 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 |umor can be immunogenic and
that exposure to A’-THC can suppress the immune response
againsi 4T tumor, which may account for enhanced lumor growth
and metastasis.

A’-TT7IC exposure lends to suppression of 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 KI 4 A" MICexposure directly suppresses the inmiuncresponse
lo 411 in vivo 4TI sensitized mite were (h.illcngcu it in iheir looipjds
wiih irradiated 411 tI X 1(1' vcllm Alic which die mite were iiruicd
daily fin 4 dayvwith C'BlI ISR14171e>Ai CB2 (SR 144521* antagonists. oi
vehicle | hIx-Imc exposure in A’ TIC (2' mghtgi |lit immune response
wan assayed In tlcleimining (lie nitre, -cin Isinplt nude m,ivs it i .md tell
immhci ill) mmpaied wiih unchallenged mite . Sl.iintit.illv significant
dillcrentc (i 003) when compared with ihe ¢- irols fhc clfccl of A*
THC exposure on the growth and metastasis ol *TI lumoi tells in 411
sensitized nine wav examined To ihis end. -ITI-sensitized mice were in
jccled st wiih | x io' live 4TI tells The mite were treated every other
day Ini 10 days with vehicle oi A’ THC i25 nr SO nigZkg| The lumoi
incidence iC). lumor mass it>), and nuuibt-i ol mcluvlinlit lesions in ihe
lungs were determined (£). The results are rcprcsenlalive data ol cxpen

menial groups containing lour mice lhe 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-
lsparFF of splcnocyies (Fig 5.4) and lymph nodes cells (Fig 5/i)
0

Tlitmeffect nf CHI mid CB2 antagonist on Av-THC-induced
suppression of the immune response to 4TI m vivo

To invesli?ale the role ol CBI and CB2 in A™-IT 1C-induced sup
presston of the antitumor immune response to4 T . sensitized mice
were challenged sc. in their footpads with irradiated 4TI Next,
the mice were treated daily for 4 days with CBI (SR1417 1ivA).
CB2 (SRM4528) antagonists (20 mg/kg), or vehicle | It before
exposure to A'-THC (25 mglkg) 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 CBI antagonist, could significantly
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1-Kit.XKIs 5. A" THC exposure leads lo suppression of lhe 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 (Il were lurvevted und cultured trt vitro lor 4 days with irradiaied
411 tumor tells Various responder (splcnoeytes or lymph node cells | to
stimulator (irradiated 4TIl tumor cells! were tested The proliferative re

vponvc was determined by |'llJih>midlnc uptake the experiment wav re

pealed three times with similar resulis . Statistically vignifit.ini ihlleienve
i/i » UO5) when compared wiih the tomruls

levcise the A TH1 -induced suppression «t the immune response
against 4T1. suggesting a prominent role lor CB2 in the observed
A" I'fIC mediated suppression of the aitliiumot immune response

Av TIIC exposure alters evlokotc production

Previous reports have indicated that exposure to A’-1 HC can alter
the production of various cytokines (45. 4(3 Because the antitu-
mor immune response is primarily mediated by Hi 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,
4Tl-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 mgl/kg) Four days following the chal-
lenge wiih 4T1, the lymph nixie cells draining the sile of injection
were harvested, counted, and cultured tIx  10* cells/well) for 24 h
m o6-Well plates. Next, the supernatants were tested for the pres-
ence of various Thl and Th2 cytokines (Fig, 7/1), The resulis
showed Ihal exposure 1o 25 mglkg 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 Il N-y were found to be elevated following exposure lo
A’-THC. Interestingly, exposure to 50 mg/kg A’-THC led to a
si%nificant reduction in IL-4. IFN-y, and IL-10 compared with the
vehicle or 25 mglkg A’-THC groups, suggesting the possibility
that a 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 anti-IL-10 mAbs partially prevent
2C-THC-induced suppression of 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) + antl-



JsSX. o'« i«..'.ct nc-.d:

lIt.1IK1 & Thedied of ( Il and CR? antagonist on J¥ I TIC induced
suppression nl ihe Immune response in 411in vivo 4TI sensmred mite
were challenged u- in ilicir fouipads with inadiated | « in" irradiaied
JlIl tells Next 'lie mite were Healed daily foi 4 days with (111
ISH 1417 1A% r1)2 iSR 144528> antagonists (20 mg/kg). in sehitle 1 h
before exposure In A" T1IC (25 mg/kg | Ihe immune resPonse was assayed
In deIeruﬁnnl{! ihe increase in lymph ihkic mass QAI, tell number ill) and
una Synthesis icy compared wiih Irmph nodes from unchallenged mite
The resulis arc representative duli of expciimeniul groups c_ontamm? foul
mite The experiment was repealed three limes with similar results .
tStat|st||cally ygniheani difference <= 005) when tomparrd wiih the
omrols

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
mess and cell number of the lymph nodes draining the site ol 41 |
injection (Hg. 7/). The resulis showed |hal exposure lo A’-THC
led lo a significant reduction in the lymph node mess However, il
the mice were treated with anti-IL- If) mADbs. or to a lesser extent.
anti-IL-4 mAbs. the A'-THC-mduced reduction in lymph node
mess could he partially reversed. Together, these results lurcher
suggested atole lor IL-4 and 11.-1d in the A’-THC-induced sup-

pression of the immune response lo 4TI

lhe effeci of X9-THC exposure of fitne expression in twiph
node lells draining the site of dT1 injection

Next, using cDNA array analysis, we screened for alterations in
the expression of genes involved in ihe Th1 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-Ireated
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 1) Included in the group ol down-
regulaled genes were the Thl-associated genes, IL-1R. and the

A' THC-INDUCED SUPPRESSION OP ANTITIJIMOR IMMUNITY
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FHil «i 7, A'TIC exposure leads lo alteration m cytokine prrnfuc
.. 11" xenMti/ed mice were challenged si with | X 1r-irradiated 4T,
cells and then received daily injection willi carious doses ol A'-THC (ve-
hicle .'5 and SOmglkg) Four days following the challenge with 41 1. the
lymph node cells draining the sue of injecnon were harvested, counted and
cultured i1 w 10"1cells/well) lor 24 1i'in 96-well plulcs Nexl, (he super
lial.mis were icsird for the presence ol various Till and Th2 cytokines (A) .
Statistically significant increase 1p » 005 1when comEared with ilk- untreated
comml ~ Siiisiically significnni decrease ip ¢ 005) when compared with
the imirejled control. To examine Ihe effects of Abs against IL-4 or IL-10 on
A" ITIC induced su Fression. 0l The immune response, 4TI-sensni/cd mice
were first challenged it then ie.ii footpads with irradiated ATl cells (I * 10°
cells) Groups ol mice were then were healed wiih schicle control > isolyjw
>ontml mAbs, AvTIIC 525 mg/kg/dax) t tsoiype control mAbs, A¥TIIC <%
mg/kg/day) t anti IL 4 mAbs. or A'-THC (25 mg/kg/da)g +ann-L 10

bs The immune response wax assayed 4 days later by etermining Ihe
mossand cell number of the lymph nodes draining the silc of 4T1 injection 1)
* Statistically significant differences (> < 005? when compared with mice
treated with A'-THC alone
TNFK superfamily members L>R6and 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, Il I3R. IL-4, IL-4R, IL-5, GATA binding protein 3 and
growth factor independent | In addition, the expression of anum-
ber of transcriptional regulators including, suppressor of cytokine
signaling (SOC.S)2, SOCS5. SOCSY. and Fos-like Ag 2 was in—
creased. Taken together, the results from tite cCDNA analysis fur-
tliter 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 . conA array analysis of Thl/Th2-associutfd gene expression in 4Tlslimulaltd lymph node cells from vehicle or X’-THC-treated 4TI-

sensitised mice"

Cene Name Description Function Accession Nurmber Fold Change* vs Vehicle
Cota Class Il trniaclivalor Th2 NM.00757S +21
K\al Vriiiasin Stnall chemokinc ligand 1 Th? U26426 +194
ILISRA2 Interleukin-13 receptor. n2 Th2 UBS747 +4.4
11,4 Interleukin 4 Th? M?2:'892 48
IL-4ni Interleukin-4 receptor, 0 TH NM.010557 +44
113 Inlerteukm-$ , Th2 NM.010558 +2.9
GATAI GATA hinding_protein 3 Th? NM 008091 L A
Gfil Growth l.wlor”independent 1 Th? NM.010278 ®5
socs2 $0Cs? Trans rc NM.007706 +20
socss S0CS5 Trans rcg. NM.019654 €3
socs? S0CST Tums re« NM .08084.3 €0
recsi2 Fos like antigen 2 Trans teg. NM.008U37 ®)
I, IK Interleukin-T'receptor Thl gl43673 146
IR TNF receptor supcrfamtly member Th F322069 -5.3
4-1HH TNF receptor superfamdy member PH 04492 -5.7
Jund Jun prolooncugcne related gene d Trans reg NM.010592 117
INKK2 MAP kinase kinase MKKT | Trans, rcg U74463 -2.9
INK1 Milogen uclivuicd protein kinase 8 Trans rcg A13005663 -2.9

Summar?/ ol gene tiprriuitn llul wav Imind It> he increased or decreased in splenic cells nutated hunt d 'n U hcjlril pieiininum/cd mice foltoviiny stimulation with

irradiaied 4T

cells mice compared to the gene cspressnin In splenic cells isolated fami sehictcirraicd premummired mice following cumulation miill iiTadiaied 471

Fold change icj>fesenls Ihe change m gene expression follomng normalization with b-jciiu gene cxpicssion

Trans Reg. Transcriptional regulalor

c.ucinnma This is in contrast io out previous finding in which we
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-mediated killing
jtul dial the effects of A' THC 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 atumor io A'-THC may be directly relaied 10 the level
of CBI and CB2 expression Importantly, these results would sug—
gest that, although A’-THC may lie effective a 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 CBI antagonists led lo the partial reversal of
the anandamide-induced suppression of the proliferation of the
HFM-19 cell line, the expression of CBI or CB2 was nal 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
thet 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 4Tl mammary
cell i .nome. In addition, we demonstrated that 4TI cells ex—
press high levels of vanilloid receptor | (data nol shown). There—
fore. because anandamide is also know to act as potent agonist for
the vanilloid receptor | (39-41), it is possible that the breast can—

cer cells may be more sensitive to anandamide compared with
A'-THC 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 dases of A’-THC up to 50 tng/kg.
Importantly, there is evidence to suggest that the doses of A’-THC
used mthe current study are pharmacologically relevant. Azorlosa
ct a. showed that levels as high as | jiM could be obtained in the
plasma of humans (42), and in separate report it wes 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 AMin
some tissues alter recreational use. In an earlier study. Chan et al.
showed that rats injected with 50 mg/kg body weight of A’-THC
led to a serum concentration of 10 of A’-THC within 101t of
administration (44). Moreover, it has been proposed thet the use of
higher dases may be necessary morder for A’-THC to be effective
medicinally. Therefore, use of up to 50 ng/kg of A’-THC should
lead to physiologically relevant concentrations that correlate to the
potential concentrations following recreational use thd may also
correlate with the concentrations necessary for some of the pro-
posed clinical uses.

The 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 wes
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
wes 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 ledto an

incomplete Th2 skewing of the response as seen in other lumor
models (48) or to the activation of cells such as NKT ot | 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 11.-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 amurine lung cancer in which
it wes shown that the A’-THC-tnduced suppression ol the antnu-
inor immune response wes due to aA'- 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
Tcell and NK cell functions and increased levels of TG~/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
fromour laboratory have shown that A'-THC & doses of S0mg/kg
can lead lo the induction of apoptosis in the thymus and spleen of
naive mice Previously, we demonstrated that concanavalin A-ac-
livaied splenocyics and |.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. CDId  mice had asig-
nificantly elevated response to the 4Tl tumor in vivo (55)
Following stimulation. NKT can rapidly produce large quantities
of IL-4 and IL-10and 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—

is the CD4‘CD25' regulatory T cell Interestingly.
CD4 " CD25* regulatory Tcells have been reported to suppress the
aniiilumor 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

A’ -THC-INDUCED SUPPRESSION OF ANTITUMOR IMMUNITY’

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 sarcome. 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
hes not been fully elucidated, it hes 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
(8. 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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Prenatal tobacco and marijuana use among adolescents: effects
on offspring gestational age, growth, and morphology.

Cornelius MD. Taylor PM, Geva D, Day NL.
Department of Psychiatry. Western Psychiatric Institute. Pittsburgh. PA. US.-

OBJECTIVE. This longitudinal study examined the effects of tobacco and
manjuana use during pregnancy on the gestational age. growth, and
morphology of 310 offspring of adolescents. Data were collected during 199'
through 1993. METHODOLOGY. The adolescents were drawn from a prena
clinic in Pittsburgh. PA. They were interviewed at mid-pregnancy and at
deliver}' to obtain information on tobacco, marijuana, and other substance us
before and during pregnancy. Infants were examined 24 to 36 hours after bin
RESULTS. The average maternal age was 16.1 (range 12 tc 18 years); 70%
were African-American. Prenatal tobacco use was associated with reduced
birth weight, length, head and chest circumferences, and ponderal index, but
not gestational age or the number of morphological abnormalities. Prenatal
marijuana exposure was associated with reduced gestational age. .Among
whites, first trimester marijuana exposure was associated with an increased r.
of minor physical anomalies. Prenatal marijuana exposure was not associatec
with any growth outcomes. CONCLUSIONS. These effects of prenatal tobac
and marijuana use were prominent despite lower levels of prenatal exposure
the offspring of adolescent mothers as compared with the offspring of adult
mothers from the same clinic. Young maternal age may increase the offsprin.
risk of negative effects from prenatal tobacco and marijuana exposure.

PMID: 7724314 [PubMed- indexed for MEDLINE]
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» Abstract

investigate the possible long-term consequences of gestational exposure ~ lop

£ cannabinoids on cognitive functions, pregnant rats were administered with * Abstract
v Introduction
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the CBI receptor agonist WIN 55.212-2 (WIN). at a dose (0.5 mg;kg) that A Materials and Methods
causes neither malformations nor oven signs of toxicity. Prenatal WTN

ANposure induced a disruption o f memory retention in 40- and 80-day-old A Discussion
offspring subjected to a passive avoidance task. A hyperactive behavior at the Refg.renER
ages of 12 and 40 days was also found The memory impairment caused by
the gestational exposure to WIN was correlated with alterations of hippocampal long-term potentiation
(LTP) and glutamate release. LTP induced in CA3-CA1 synapses decayed faster in brain slices of rats
bom from WIN-treated dams, whereas posttetanic and short-term potentiation were similar to the control
croup. In line with LTP shortening, in vivo microdialysis showed a significant decrease in basal and K~-
evoked extracellular glutamate levels in the hippocampus ofjuvenile and adult rats bom from WIN-
treated dams. A similar reduction in glutamate outflow was also observed in primary cell cultures of
hippocampus obtained from pups bom from mothers exposed to WIN. The decrease in hippocampal
glutamate outflow appears to be the cause of LTP disruption, which in turn might underlie, at least in
nan. the long-lasting impairment of cognitive functions caused by the gestational exposure to this
cannabinoid agonist These findings could provide an explanation of cognitive alterations observed in
children bom from women who use marijuana during pregnane}

» Introduction

Even though mariiuana is the most wide!} used illegal drug among women at f‘lggtract

roductive ase. repons dealine with the effects of prenatal exposure to this *Introduction
Substance 0 abuse on the Iengtn~ofgestation, letal growth, and offspri’ng " Majeriols and .Methods
behav ior are still controversial (1-4 ). Confounding factors, such as possible N Results
impurities in the drug and concomitant tobacco smoking, may be responsible ~ ~R”rInccs
for inconsistencies in fne results reported in studies to date (4. £). It is likely
that many of these conflicting results are due to methodological problems such as the measurement of
neonatal outcomes and the context in which the research is conducted. More complex and less
understood is the scenario concerning the possible long-term consequences of in utcro exposure to
cannabis derivatives on cognitive functions. In fact, data on this issue are sparse, and the identification of
alterations in brain development anc adult expression of cognitive and behavioral functions is far from
definitive. These inconclusive results may depend on ethical, practical, and interpretative difficulties
surrounding research with human subjects (4). In this regard, animal models provide a useful tool for
examining the possible developmental and long-term effects of prenatal exposure to cannabinoids (CBs).

Studies performed in adult rats have demonstrated the involvement of a specific CB receptor (CBI)
highly expressed in man}' brain regions t6) in the reinforcing effects of CBs (?) and also in the disruptive
effects of either *-tetrahydrocannabinol (*-TH Ct or the synthetic agonist WIN 55.212-2 (WIN) (8)

on cognitive processes (9).

inparticular, it has been reported that deficits of cognitive functions induced by marijuana use during
APulthood could be mainly attributable to the activation of CBI receptors located in the hippocampus (6,
[Q-I'i : £brain region crucial for certain forms of learning and memory. In this regard, it has been

http:/fwww.pnas.org ‘cgi‘content/full, TOO/S/4915 1/2/2005
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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
Apmory (1. 16).

Accordingly, the CBI 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 of CBs on cognitive

functions (11.1£).

The aim of the present study was to determine the effect of long-term prenatal exposure to WTN on
cognitive function, hippocampal LTP. and hippocampal glutamate release injuvenile and adult rats.
Cognitive function, evaluated with a passive avoidance task, was tested 40 and 80 days after birth. LTP
was studied in hippocampal slices obtained from 40-day-old rats. Glutamate release was measured by
microdialysis in 40- and 80-day-old rats as well as in hippocampal primaiy cel! cultures obtained from

pups bom from dams exposed to WIN.

Furthermore, because previous clinical findings have reported abnormal motor activity in children of
mothers who used maniuana dunng pregnancy (3.19). the effect of prenatal WIN exposure on
spontaneous motility was analyzed in infant (12-day-old), juvenile (40-day-old), and adult (80-day-old)
offspring.

A Materials and Methods
‘mlap

Animal Care. « Abstract
“m|ntroduction

Experiments were performed in accordance with the guidelines issued b> the ~ * Mate-ials and .Methods

Italian Ministry of Health Oecreto Legislativo 116'92) and fDecreto Results
Legislative 111'94-B). the Declaration of Helsinki, and th: Guide for the w Discussion
~ References

Care and Use of Laboratory .Animals as adopted and promulgated by the
National Institutes of Health.

Animals and Exposure Conditions.

Primiparous Wistar female rats (Harlan SRC. Milan! weighing 250-280 g were housed for 1 week
before exposure to males at constant room temperature (20 + 1°C) and humidity (60%) with lights on
12 h aay (0800 to 2000 h) and food and waier available ad libitum. Pairs of females were then placed
with single male rats in the late afternoon. Vaginal smears were taken the following morning at 0900 h.
The da\ on which sperm were present was designated as the gestation day 0 (GD 0).

Pregnan; rats were treated daily with WIN (0.5 mgLg) from GD 5to GD 20. This dose was chosen on
the basis of our piioi studies, which showed that prolonged prenatal exposure to a higher WIN dose
ANO mglkg) significantly affected reproduction parameters such as dam and pup weight gain as well as
Mier size at birth. The drug was suspended in 0.3% Tween 80/saline and injected s.c. at the volume of

1.0 ml/ke. Control rats were injected with the vehicle.

http ://www.pnas.org/cgi/contentTull/] 00/8/4915 1/2/2005
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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
A|sre 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 of age. Each male pup was used only for a single test and tested once.

Reproduction Data.

Body weights of 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 otor activin.

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; al. (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 of the cage (depending on the size of the animal) and

an equivalent number of receivers located on the opposite walls. A further line of emitter receiver pairs

was located ~5 cm (depending on the size of the animal i above the floor of the cage to detect vertical
Anovements (i.e.. rearings). Each interruption of a beam generates an electnc impulse scored by a digital
ANunter.

Procedure.

The amount of lime spent in ambulatory activity was analyzed by using AL'TO-TRACK. software
(Columbus Instruments. Columbus. OH). Ambulatory activin.’was defined as a trespass of three
consecutive photo-beams, whereas other movements ie.g.. repeated interruption of 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 mleasured by recording the number of horizontal beams that were broken by the rearings of the
animal.

Tests (5-min sessions) were carried out in a 1* 1 * 2m sound-attenuating cabin (Amplifon G-type
cabin) illuminated by a 20-W white light source suspended 2 m above the apparatus. Background noise
0f42 dB sound pressure level was produced by a fan. Different groups of animals were tested at
12.40. and SO days of age. Experimental groups: (/) vehicle-treated groups (10 animals) and (ii) \YIN-
treated groups (8 animals). Tests were carried out between 0900 and 1400 h.

Passive avoidance behavior.

0 k "step-down" apparatus was used according to the method extensively described by Trabace ct al. (21).
consisted of a compartment (25 = 24 24 cm) constructed of black Plexiglas and equipped with a grid

httpi/Avww.pnas.org/cgi/content'full "100/8-4915 1/2/2005
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floor i0 Which an elevated compartment (13 * 24 x ]6 m) with asolid Plexiglas floor was attached. A
guillotine door (9 * 10 cm) separated the opening between the elevated compartment and the iarge

AMmpanment. 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 cabini
that was dark except for illumination of the elevated compartment of the apparatus

Procedure.

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 iand 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
lavoidance latency) the dark compartment was recorded and assumed to be ameasure of memory
retention. Both acquisition and retention trials lasted for a maximum observation time of 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.

ANectropliysiological 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 of 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 iAxon Instruments Inc., Foster City. CA). The
evoked f-EPSPs were measured as the slope of their rising phase after the presynaptic volley. .An VO
curve was constructed for each siice by plotting increasing single stimulus intensity (scan: 50 to

AP>00 uA) 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.

https//www ,pnas.org‘cgi‘content/ful 1 100/8 4915 1/2/2005
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Samples of f-EPSP were taken every 5 min, averaging 10 consecutive responses (22)- Tetanization
consisted of rwo trains of stimuli (100 Hz for 1.0 s at 25-s intervals) delivered after at least 30 min of
ANaseline. Responses were followed up to 180 min and were considered potentiated if their slope was

>20% of baseline.

The three temporal phases of -EPSP changes, i.e., posttetanic potentiation (PTP), short-term
potentiation (STP), and LTP expression (or maintenance) were distincuished as indicated (15. 1£. 22.
211

Neurochemical Studies. Microdialvsis.

P vivo experiments were performed in the offspring of WIN-treated and vehicle-treated dams, a: the age
0f 40 and 80 days. Under naiothane anesthesia <1.5% mixture of halothane air), animals were mounted
ina 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.

Procedure.

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 MgCU?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.

Histology.

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.

Hippocampal cell cultures.

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 of 2.5 =06 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 of plating to prevent glial cell replication. The cultures were used in
AMceriments after 8 days in vitro.

Procedure.

http://lwww.pnas.org/cgi/content/fulL| 00/8'4915 11212005
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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
ANution (400 pi) every 30 min. The first three samples were used to assess basal glutamate levels while,
l0 evoke endogenous glutamate, cells were treated with an isotonic Krebs solution containing 20 mM

KCI, applied 20 mm before the end of the fourth fraction.

Endogenous glutamate assal\.

Endogenous glutamate was quantified by using ar. HPLC fluonmetric detection system, including
precolumn derivatization o-phtaldialdeihvde reager  id a Chromsep 5 (CI 8) column. The mobile phase
consisted of 0.1 M sodium acetate. 10°,0methanol, 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 ANOY As 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 ANQOYAs followed by post hoc tests
(Tukey's test).

Mann-Whitney 1 test was used to analyze the passive avoidance data. The electrophvsiological results
47 re evaluated by atwo-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. A Abstract
Introduction
General reproduction data are reported in Table 1 Overall one-way A Materials and Methods
ANOY As showed that prenatal treatment with WTN did not significantly . Res, its

affect dam weight gain [F= 3.65. d f- 120. not significant <n.s.)]. pregnancy  w Discussion
th {F= 033, df= 1'20, n.s.). and litter size at birth (F = 1,71 df= 1'20. * Referent
'I'J.;. Moreover, an overall two-way ANOVA for repeated measures showed that prenatal exposure to

http://www.pnas.Org/cgi/content/i.nl/I 00/8(4915 1/2/2005
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the CBI receptor agonist did not influence male pup weight gain: (“eatments = 0.01, at= 1'20, n.s.:
= 1638, df= 21ar, P < 0.001; vtreamentsxages m0.52, df= 2A0.n.s.). Finally, Fisher's exact test

Sealed 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 otor aetixm .

An overall two-way ANOVA for repeated measures of the ambulatory time (Fig. H showed the
following effects: mtreatments = 1272°¢t= 1 ¢ 0.005; = 10018 df= 2 32.p < 0.001;

F treatmentsyaces = 7 P <0.001. Individual comparisons (Tukey's testi revealed that prenatal

treatment with WIN significantly increased the ambulatory time of the offspring at both postnatal da\
(PND) 12 (p< 0.05) and 40 (p < 0.011 No significant differences were observed in ambulator) activin

between the two groups at 80 days of age

Fig. 1 Effects of prenatal treatment with WIN on motor

a

f5 j P activity in 12-, 40-, and 80-day-old rats (. vehicle; O. WIN).
! i Each point represents the mean = SEM of the ambulatory
. Y time (AT) spent by rats in 5-min trials, n was 10 and 8 for

% er | vehicle- and WIN-exposed rats, respectively. *.p < 0.05; **
< %) P <0.01 (vs. controls; Tukey's multiple companson test).

5]

M t

of

View larger version IHKi:
[in this window]
[in a new window

Furthermore, overall two-way ANOVAs for repeated measures of 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).

Passive avoidance behavior.

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

http://wwmw.pnas.org'Cgi/content/full/100'8 '4915 1"? onng;
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u test).

Fig. 2. Effect of prenatal WIN exposure on approach
latency (A) and avoidance latency (8) measured 24 h later

(retention) of 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).

NIf

»kr>>

Vlew Iar er version (23K):
[isdhis window]
[in a new window]

Electrophvsiological Studies. synaptic excitability

Changes in basal synaptic excitability in hippocampal slices from 40-da\-old rats were investigated,
comparing the current intensity required to produce 50% of maximal response (excitatory current 50)
before tetanization in both groups and by the evaluation of the number of slices exhibiting PTP.

Although the ECSq in slices from WIN-treated rats (WIN-slices) was found to be slightly higher than it

Nas in controls, no statistical significance was reached (Student's t test). This result indicates that the
Rponsiveness of CA3-CAL synapses to electrical stimuli was not affected b\ the treatment.

Moreover, the first potentiation, which immediately follows tetanization (PTP). was found to be
comparable in the two groups [255.90= 18.07 and 229.18 = 23.43%. for vehicle- and WIN-treated
animals, respectively (Student's t test)]. Furthermore, the occurrence of slices showing aPTP of at least
200% was similar [22/22 and 21/21 in slices from control and WIN-treated eroup. respectively (Table

2)]-

Table 2. Number of slices from 30- to 40-day-oid offspnng showing PTP.
View this table: STP. and LTP of f-EPSP
[in this window]
[inanew window]

Taken together, these results indicate that no alterations in basal synaptic excitability were evident in
slices from prenatallv WIN-exposed rats.

Time course of STP and LTP.

ja control slices the decay of f-EPSP potentiation after tetanization followed a typical biphasic curve
*ig. 3.4). Thus, in agreement with previous studies (15.16. 23. 27). the f-EPSP slope in control slices
showed a first fast decremental phase lasting 15 to 20 min (STP).' 'hich then slowly decayed over the

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

Fig. 3. Prenatal WIN selectively suppresses LTP
maintenance but not its induction. (a) Time course of the
averages of f-EPSP slopes from slices obtained from 40-day-
old offspring of vehicle-treated (¢) and WIN-treated dams (
0). Values of f-EPSP slopes have been normalized to the
_ _ pretetanus period. Each point represents the average + SEM
View "arger version (16K):  of 10 consecutive responses taken every 5 min. Just after
[inthis_wi tetanization (given at rime -5 min). the values of f-EPSP first
[in a new.window" potentiation (i.e., the PTP) were 255.90 = 18.07 and

229.18 = 23.43% for vehicle- and WIN-treated groups,
respectively (not significant. Student’s t test). (8 ) 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 avalue 0f-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 | testy

ir line with the PTP results (see above), the time course of the early phase of f-EPSP de-potentiation
(STP) was similar in both treated and control groups (Fig. 34). 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 ir < 0.01. two-

way ANON'A).

Moreover, whereas a typical time course of LTP was seen in 20'22 tested slices from control animals,
the potentiation remained above -*20% for >60 min inonly 3 of 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®0, 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. Hippocampal cell cultures experiments.

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 animals bom from mothers exposed to WIN during pregnancy than in those bom from

http:/ww.pnas.0rg/cgi/cOntent/full/100/8/4915 1'2 2005
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vehicle-treated mothers.

Fig. 4. Effect of prenatal exposure to WIN on basal (A and

B) and K~-evoked (C and o) extracellular hippocampal
glutamate levels in cell cultures (» and c) and in vivo at

40 and 80 days of age (8 and p). Each column represents the
mean = SEM obtained from 22 and 11 replications for in
vitro and in vivo experiments, respectively. =+, p <0.01 vs.
vehicle (Student's t test).

"ie>v larger version (39K):
[mjhis.window]
[inaneu window]

Bath application of KCI (20 mM) increased glutamate extracellular levels in both cell cultures.
However, the increase was significantly lower (P < 0.01; Student's I test) in cultures of rats borr. from
WIN-treated mothers than in those obtained from control pups (Fig. 4C)

crodialysis in vivo.

Basal extracellular hippocampal glutamate levels, evaluated as the mean of three stable dialvsates. were
significantly lower (P <0.01; Student's rtest)in both 40- and 80-day-old rats bom from mothers treated
with WIN during pregnancy than in those bom from mothers treated with the vehicle (Fig. 4B).

A 10-min pulse of high K* (50 mM) solution significantly increased glutamate efflux in both groups of
animals. However, the K~-evoked glutamate efflux from the hippocampus of rats bom from mothers
exposed to WIN during pregnancy, was significantly lower (P < 0.01. Student’s | test) than the
enhancement observed in rats bom from mothers treated with vehicle during pregnancy (Fig. 4D\.

» Discussion

=0
The present study, by combining different methodological approaches, AbF;tract

provides evidence that maternal exposure to the CB 1 receptor agonist WIN “wmintroduction
. . , . e : . Materials and Methods
induces impairment of memory retention capacities in the offspring. This
impairment ir associated with alterations of hippocampal LTP and glutamate  a Results
outflow + Discussion
' References
[TN-exposed offspring were also characterized by motor hyperactivity during infantile and juvenile, but

tadult, periods.

http:/Avww.pnas.org/cgi/content/full/l 00/8/4915 1/2/2005
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Memory impairment in prenatally WIN-exposed rats, assessed by the disruption in the retention of a
passive avoidance task, seems to be a persistent condition, present at both 40 and 80 days of age,

ANemory impairment does not appear to be attributable to alterations of a nonassociative nature, because
approach latency, measured during the acquisition trials of the learning task, remained unchanged.

WIN-treated dams did not show hypothermia, catatonia, or hvpomotility. which are typically induced by
the high and or moderate exposure to CBs (8). Moreover, the dose of WIN used in the present studs

(0.5 mg/kg/die s.c.) produced neither gross malformations nor overt signs of toxicity*, and it failed to
alter reproductive parameters, such as dam and pup weight and weight gain. Furthermore, litters of
WIN-treated dams were assigned to untreated dams to avoid confounding factors generated during
lactation as well as malnutrition.

However, memory deficit produced by prenatal WIN may be dissociated from the hyperactivity, which
has beer, reported to be caused postnatally by WIN (28), because the latter was present at 40 but not at
80 days of age, whereas the former was present at both periods.

Memory impairment observed in offspring exposed prenatally to WIN was correlated to alterations ir.
both hippocampal LTP. awidely accepted cellular and molecular model for learning and memory (15.
I£). and hippocampal glutamate release.

LTP was assessed in brain slices from 40-day-oid rats, whereas spontaneous and K~-evoked glutamate
MMcjease was measured in vivo at 40 and 80 days of age. as well as in cell cultures obtained from 1-day -

mid pups.

Slices from WIN-treated animals showed areduced ability to maintain LTP over time, whereas basal
synaptic excitability and LTP induction phases (PTP and STP) were normal.

These results are in agreement with previ s observations made in brain slices from adult rats showing
that bath application of low concentrations of » '-THC selectively reduced LTP duration but not the
extent of PTP (12).

However, other authors have reported that CBI receptor activation by WIN. in slices from adult rodent
brain, suppressed both early (induction) and late (maintenance expression) phases ol'LTP in
hippocampal CA3-CA1 synapses (11..14, 29). The inhibitory effect of CBs on hippocampal LTP has
been attributed to the reduction in presynaptic glutamate release and the consequent suppression of .V-
methyl-D-aspartate-mediated entry of postsvnaptic Ca- . necessary for LTP induction, rather than to a
direct modulation of postsvnaptic ionic channels (H. 14. 30).

According to this hypothesis, the microdialvsis data have shown that basal and K'-stimulated
extracellular hippocampal glutamate release was significantly lower in animals bom from WIN-treated

dams than in control animals.

Aherefore. it might be suggested that in rats exposed prenatally to WIN. glutamate release is sufficiently
preserved to activate .V-methyl-D-aspartate receptors responsible for LTP induction, but it is not

hup:/iwww.pnas.org/cgi/content/full/100/5/4915 1/22005
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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 (li).

AThe reduced glutamate outflow seems to be a precocious and persisting consequence of prenatal
exposure to the CB agonist; it is already present in cell cultures, obtained from 1-day-old WIN-exposed

pups, and persists unmitigated at 40 and 80 days of age.

Although the reduction of glutamate outflow could explain the disruption of LTP induced by gestational
exposure to the CBI receptor agonist, the electrophysiological alterations may. in turn, represent a
neuronal substrate responsible for the selective retention deficit (reduction of avoidance latencies in a
passive avoidance task) that was observed in the offspring of mothers treated with WIN during
pregnancy.

Thus, it may be hypothesized that gestational exposure to the CB produces an irreversible alteration to
endogenous CBI systems in the developing brain (29. 31). possibly leading to a long-term disruption of
hippocampal function. Accordingly, CBI receptors are already measurable at GD 14 in a variety of brain
structures including hippocampus (32),

Additional studies are needed to clanfy whether the effects caused by WIN are reproduced by »-THC
and whether they may be prevented by CB 1receptor antagonists such as SR 14] “ 16.

Concerning the clinical relevance of the present study, it is important to estimate, by extrapolation,
Ajhether the dose of WIN administered compares with that of /A~ THC absorbed by cannabis users.

Previous studies have estimated that 5 mg Lg * g-THC in rats corresponds to a moderate exposure of the
drug ir. humans, correcting for the differences in route of administration and body weight surface area

(00. M. -Q)

However. WIN has been found to be 3-10 times more potent than » QTHC. depending on the
administration route and the endpoints considered (£, 26, 22). This estimate is consistent with the
relative  ofeach compound for CBI receptors in brain membranes, i.e.. 2-12 nM vs. 35-80 nM for

WIN and ~ 9-THC. respectively (38). Based on these considerations, the dose of WIN used in the present
study might correspond to a moderate, or even to a low, exposure to cannabis in humans.

The present results are in line with clinical data showing that the consumption of marijuana by women
during pregnancy has negative consequences on the cognitive functions of their children. In particular,
memory has been reported to be negatively associated with daily mariiuana use, and this statistical
association remained after checking for confounding variables (39).

Moreover, the increased motor activity observed in both infant and juvenile offspring of WIN-treated
dams is consistent with data showing that children prenatally exposed to marijuana were rated, at a
Drepuberty age, as hyperactive, inattentive, and particularly impulsive (3,19).

vvhalever the mechanism of action of prenatal exposure to WIN, our results suggest that alterations of

http:/Avww.pnas.org/cgi/content/full/| 00/8/4915 1/2/2005
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hippocampal glutamategic function may underlie, at least in part, the subtle impairment of cognitive
processes induced by gestational marijuana exposure (1, 4. 22).
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Marijuana Use and Birth
Defects

When parents abuse alcohol or drugs, the consequences can be devastating for
their children. Children of alcoholicor drug-dependent parents can suffer neglect,
developmental hindrances, and emotional and physical abuse. However peoE(I)e
who abuse substances can also damage the health of their unborn children. For

example, a woman

who smokes marijuana during pre?nanpy can put the fetus at

risk for a host of dangerous problems, such as low birthweight, developmental

difficulties, and even drug acdiction.

pregnant—perhaps before she even realizes

%

a woman who drinks alcohol while

e's pregnant—ean cause heart

defects, g?rowth retardation, and serious neurologllzcal injury to the fetus

(commonly known as fetal alcohol syndrome, or

AS).

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 Dr
dru% Use.among pre?nant women found that
d

use
used tobacco,[l]

u5q Abuse stud
Sp

illicit drugs while pregnant, 18.8 percent used alcohol, and 20.
|] These figures are even higher for teen mothers. In another

on alcohol and other
ercent of the studX parUuPants
percen

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]

th statistics like these, it's important that teens understand the

2
additional risLs of alcohol and drug use, particularly if they are sexually active.

Specifically, how does marijuana affect the fetus? Like alcohol and tobaccoone

marijuana use has been linked to low birth weight and

premature babies.

study showed that marijuana use by the mother is assqciated with slow embryo
rowth and spontaneous abortion i the early stat%es of pregnancy. Other studies

%ave shown that marijuana causes FAS-like Symp Wi
d heads, small size, and nervous-system difficulties. Research

abnormally shape

oms In néwhorns, such as

also suggeésts that the fetuses of teen mothers, as opposed. to those of adult

mothers,” may. be espe(:laII%/ Vulnerable to the
rimester (when the teen may not even know she's

[2] Symptoms such as excessive trembling and withdrawal-like

especiaII%/ during the first
pregnant).

Irritability inewhorns have also been associated wi

the mother.

d

amage mari {uana causes,

heavy marijuana use by
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In addition, THC, the active component in marijuana, can be passed from mother
to infant throu?h_breastfeed_mg.l:)%] This chemical is more concentrated in the
mother's breastmilk than it is in‘her blood, and use of marijuana by breastfeeding
Imothers has been linked to motor development problems in newbarns.

In (I;eneral, It is important to remember that the fetus can be exposed to anything
that_enters the mother's bc_)d%. 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 Tetal birth weight, or other health problems.

B3][ Also, “simply smoking marijuana around a pregnant woman could endanger
h the woman and the fetus if she inhales the secondhand smoke.

0
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 indicCate that
female drug users usually reduce their drug intake after they discover they are
Pregnant, ut they oftendo not or cannot quit completely.[4] This is a testament
0 just how addictive drugs can bg, 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.

IMake sure your teen knows_that substance abuse can.permanently damage the
life chances of his future children. The National Council on Alcoholism an Dru?
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 Iprenatal exposure' to alcohol and drugts. This 1sone 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 more information, see the following sites:

The National Council on Alcoholism and Drug Dependence, "Alcohol- and
Other Drug-Related Birth Defects."

Marijuana Interferes With Early Pregnancy

Sources:

1] The Substance Abuse and Mental Health Services Administration's (SAMHSA'S)

lational Clearinghouse for Alcohol and Drug Information (NCADI). "Making the
Link: Alcohol, Tabacco, and Qther Drugs and Pregnancy and Parénthood," 1995,
www. health.org/govpubs/mlOlO/index:htm, last Teferenced April 16, 2001. |
m Ahout.com.”"Marijuana and Your Baby: Research in Pregnancy and Lactation,"
ttp://babyparenting.about.com/parentirig/babyparenting/library/blmarij3.htm?
terms:marHuana_{rpregnancy, quoting Marie DI Cornelius, et al., "Parental
Tobacco and Marijuana Use Amor g Adolescents: Effects on Offspring Gestational

g, Growth, and Morphology," Pediatrics, May 1995, last referenced April 16,

12001,
[3] Alaska Department of Health and Soc il Services' Division of Alcoholism and

http://w\vw.prevlink.org/getthefacts/facts/marijuanababy.htnil
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In utero marijuana exposure associated with abnormal amygdal
dopamine D2 gene expression in the human fetus.

Wang X, Dow-Edwards D. Anderson V, Minkoff H. Hurd YL.

Department of 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, of 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 were 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.

PMID: 15601599 [PubMed - in process]
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Marijuana impairs growth in mid-gestation fetuses.
Hurd YL, Wang X, Anderson V, Beck O, Minkoff 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 of 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 &
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% CI -0.15 to -0.01) and 14.53-g (95% ClI
28.21 10 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 knowr

to impair fetal development.

PMID: 15734273 [PubMed - in process]
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M arijuana-related
Visits by Y outh

In Brief

m 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.

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

m From 1994 to 2001, youth age 18 to 19 had the
highest rates of 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.

m The rate of marijuana-related ED visits' among
youth has been increasing. For youth age 12 to 17,
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Emergency Department

the rate of mariiuana-related ED visits rose 126
percent Irom 1994 to 2001, while their overall rate of
drug-related ED visits was stable. For youth age 18 to
19, the rate of marijuana-related visits increased

149 perccent over this time period.

More than half of mariiuana-related ED visits among
youth age 12 to 17 involve other drugs,3particularly
alcohol, cocaine, and amphetamines.

When marijuana alone was implicated in the ED
ViSit, psychic effects Was the most commonlv cited
motive for using the drug (in 60% of cases for
youth age 12 to 17), and unexpected reaction Was
the most commonly cited reason tor the ED visit
(40% of cases).

" The number of DAWN, visits docs not represent individual* because a patient
may make mutiple viststoanED~ o

2 [(a&}eérg{]cpexpressed & the number of ED visits per 100,000 population in the

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

Marijuana in ED visits related to drug abuse, by age: 2001

Rates per 100,000 population
Al ages

12-17

18-19

20-25

26-34

35-97
25 50

87

5 100 125 150



Marijuana is more
frequently reported
than other drugs in ED
visits among youth.

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

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

In 2001. youth age 12 to 17 made
an estimated 16,516 ED visits
related to the abuse of 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 1in 4 drug-related ED
visits among youth (27% of 61,695
visits for age 12 to 17, and 29% ol
34,578 visits for age 18 to 19).

Youth account for

a disproportionate
number of marijuana-
related ED visits.

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

" Offit, oprPhed Stucies, Substance Abuse anti
Ment..' Health Services Administration (8/2002).
Resuits from the 3001 National HausehoU
0N Drug Aouse (NHSDA): Volurre 1 Detailed
Tadesuﬂockwlle, MD.

5 Up to 4drugs plus alcolH may be reported for a
single visit
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Marijuana-related ED visits, by age group:

1994 to 2001

Rates per 100,000 population

150

146 Age 18-19

From 1994 to 2001. manjuana-relaied ED visits
increased significantly for an age groups, even

125 after adjusting for population size
In 2001. the rate for youth age

18 to 19 was 146 visits per
100.000 population, more

100 than 3 times the average
rate of 44 visits

6

50

25

Age 35-97

1994 1995 10 1987 1998 1989 2000 2007

Vouth age 18 to 19 accounted for
9 percent of mariiuana-related

visits and 14 percent of marijuana-

only visits. This age group was
only 3 percent of the population
and 5 percent of DAWN ED visits

overall

Marijuana-related
ED visits are highest
for youth age 18

to 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 of 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 of
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).

Marijuana-related ED
Visits are increasing
faster than drug-

related visits overall.

Mariiuana-related ED visits have
been increasing much faster than
drug-related visits overall, with
increases evident in every age group.
The rate of 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 of drug abuse-
related ED visits overall increased 3
mere 12 percent, with many age
groups showing no increase at all.

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

Among youth age 18 to 19, the rate
of mariiuana-related visits increased
149 percent from 1994 lo 2001,
while the rate of drug abuse visits
overall increased only 20 percent.



Marijuana is often
reported with other
drugs.

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

In 2001, almost half (46%) of
mariiuana-related visits among
youth age 12 to 17 involved
mariiuana as the only drug
reported. In 1994, this number
was 35 percent1 (Figures).

Despite this growth in mariiuana-
only visits, over half of 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. Among youth age
12 to 17, alcohol was present in
more than a quarter (26%! of
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 of all marijuana visits that
involved multiple drugs.

In terms of 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 methamphetamine (444)
(Table 1, page 4).
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Marijuana-related ED visits, age 12 to 17:

1994 to 2001

I Gt st e

visits, marijuana alone1

15678 16,516

1994 1995 1996 1997 1998 1999 2000 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,

Why marijuana leads

to ED visits is unclear.

When multiple drugs arc involved,
it is not possible to know which
drug (or combination)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 of the
number of drugs involved.

However, the reason for the visit
can be determined in cases where
mariiuana is the only drug. Among

reported, psychie effects (60%)
was the most frequently cited
motive for the marijuana use.
Dependence WaS cited ir 15
percent of cases.

Unexpected reaction (40%) was

the most frequently reported reason
for these ED visits. overdose (10%)
chronic effects (6%), accident/injury
(4%), seeking detoxification (3%),
and withdrawal (2% were less
frequent reasons.

These patterns differ somewhat

for the multi-drug visits. For
motive, multi-drug visits tended

to include more suicide attempts
and overdoses, with proportionately
fewer psychic effects and
unexpected reactions.

The ptoporuon for youth ae 18 to 19.did not youth age 12 to 17 in 2001, where

change; Tt wes 3! pefcent in 1994 and 2001 marijuana was the only drug

The DAWN Report iS pLidlisned periocic %Q/ (\/\ﬁilﬁd Sudies. Sustance Aouse and IVental Halth Services Adhinistration s
(SAVHRA). Ths issue wes witien by L @ Joysl (SN\/I-BAIOASHg ect Chicerl Al aten daxsgrllﬁrgln
rgoort ks inthe pudic domainand néy ke (ranecwtmxmnmmfrunsél\/l-m tion of the source is aopred




TABLE 1
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Top 20 drugs mentioned with marijuana in ED visits, youth age 12 to 17:

1994 and 2001

Substance mentioned with marijuana
aicohol-in-combination
LSD (lysergic acid diethylamick)
cocaine _
methamphetamine
amphetamine
(phen chdme?] _

acetaminophen-diphenhydramine
diazepam
da_II%rCa;/gauveolens

ilocybin

nzodliazepmes-NOS _
anxiolytics, sedatives, and hypnotics-NOS
acetaminophen

roxetine

ydrocodone
mescaline
clonazepam
sertraline
caffeine
amitriptyline

1994
1936
783
699
528
216
229
198
159
126
14
9
82
I
16
12
10
69
66
64
60

\  US. DEPARTMENT COF HEALTH & HUMAN SERVICES

Substance Abuse and IVental Heelth Servicss Adinistration

[y Office of Applied Stucies
500 Ashers Larg, Rom 16:1(6
Rodkuille. MD 20867

Cffcal Busingss
Penelty for Privete Use S0

Substance mentioned with marijuana 2001

alcohol-in-combination 4313
cocaine 1
amphetamine 760
benzodiazepines-NOS 668
narcotic anaigesics-NOS 626
LD (lysergic acid diethylamice) 519
methamphetamine 444
heron ~ 282
tricyclic antidepressants-NOS 264
(phencyclidine) 252
acetaminophen 234
ilocybin 212
hiturates-NOS 206
IVDMVA (Ecstasy) 198
alorazolam 181
sertraline 14
clonazepam _ 152
acetammophen-chlorpheniramme 134
flunitrazepam 119
arug unknown m

FIRST CLASS MAIL
POSTAGE & FEES PAID

SAMHSA
PERMIT NO G-283
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TRENDS IN
MAJOR SUBSTANCES OF ABUSE

his section presents annual estimates from DAWN for total drug-related ED episodes and
T mentions of major substance: of abuse.

"Major substances of abuse" include the most common illicit drugs reported to DAWN,
alcohol reported in combination with any other substance reported to DAWN, and lower
frequency drugs of particular policy interest (e.g., club drugs such as MDMA (Ecstasy), and
GHB). The specific terms (including street names) reported to DAWN for each drug category
are listed, with corresponding mentions from 1995 to 2002. in Table 2.4.0 (full-year estimates)
and Table 12.4.0 (full-year rates per 100.000 population). Corresponding half-year tables are
Tables 2.3 0 and 12.3.0, respectively.

One ED episode can include mentions of one drug alone or mentions of multiple drugs
Major substances of abuse, such as cocaine, heroin, and marijuana, are often reported in
combination with other drugs. Alcohol is reportable to DAWN only when present in combination
with another reportable drug. Therefore, the total number of drug mentions exceeds the number
of episodes Mentions for individual drugs, which may be recorded only once per episode, are
equivalent to episodes For example, the number of cocaine mentions is equivalent to the
number of episodes in which cocaine was mentioned

The following discussion focuses primarily on comparisons of final estimates for 2002 with
2001. Tables also show statistical tests comparing 2002 estimates with those for 2000 and. for
long-term trends, 2002 estimates with those for 1995 (the earliest year shown in the tables). In
addition, long-term trends in drug-related ED episodes overall and for those involving the most
frequently mentioned illicit drugs and alcohol-in-combination are shown in Figure 3.

DAWN estimates for 2002 are based on data from a nationally representative sample of
437 responding hospitals (Table 1.1).

TOTALDRUG-RELATED ED EPISODES

m In 2002. there were 670,307 drug abuse-related ED episodes in the coterminous U.S..
with 1,209.938 drug mentions (on average. 1.8 drugs per episode) (Table 2.2.0).

m There were no significant increases from 2001 to 2002 in total drug-related ED
episodes or in ED drug mentions (Table 2.2.0). Total ED visits (that is, ED visits for
any reason) increased 2 percent (from 100.5 million to 102.8 million) during this period.

m In 2002, drug abuse-related ED visits occurred at the rate of 261 ED episodes per
100,000 population inthe coterminous U.S. (Table 12.2.0).

m From 2001 to 2002. among the most common major substances of abuse, only
amphetamines showed a significant increase (17%, from 18,555 to 21,644). Mentions
of alcohol-in-combination (207,395 in 2002), cocaine (199,198). marijuana (119,472),
heroin (93,519), and methamphetamine (17,696), were all statistically unchanged.
There were no significant decreases among these substances (Table 2.2 0).

ED Trends From DAWN 49
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Among the less frequently mentioned major substances of abuse, only 2 had
significant increases from 2001 to 2002. Mentions of inhalants rose 187 percent (from
522 to 1.496), returning tc the level obsei jd in 2000. and mentions of PCP rose 25
percent (from 6,102 to 7,648). Mentions of LSD decreased (-68%, from 2,821 to 891).
MDMA (Ecstasy) (4.026). GHB (3,330), miscellaneous hallucinogens (1.428). and
Ketamine (260), were statistically unchanged from 2001 to 2002. Mentions of
flunitrazepam (Rohypnol) and illicit combinations NTA were too imprecise for

publication (Table 2.2.0).

Among the major substances of abuse, the highest rates of ED drug mentions in 2002
occurred for the following substances (Table 12.2 0):

Alcohol-in-combination (81 mentions per 100,000 population),
Cocaine (78),

Marijuana (47), and

Heroin (36).

ALCOHOL-IN-COMBINATION

»

Alcohol-in-combination was mentioned in 31 percent of ED drug episodes in 2002
(207,395 mentions) and remains the most common substance reported in drug-related
ED visits (Table 2.2.0 and Figure 3). Alcohol is reported to DAWN only when present
in combination with another reportable drug, so the actual number of alcohol-related
ED visits is higher than the DAWN estimate for alcohol-in-combination episodes

Mentions of alcohol-in-combination were statistically unchanged from 2001 to 2002, but
have increased 24 percent (from 166.897 mentions) since 1995 (Table 2.2.0 and

Figure 3).

COCAINE, HEROIN, MARIJUANA

50

Cocaine continues to be the most frequently mentioned illicit substance, present in 30
percent of ED episodes (199,198 mentions) in 2002. Cocaine was followed in
frequency by marijuana (18%, 119,472 mentions), and heroin (14%, 93,519 mentions)

(Table 2.2.0 and Figure 3).

Cocaine, heroin, and marijuana mentions were statistically unchanged from 2001 to
2002 (Table 2.2.0).

About one-fifth of the cocaine mentions in 2002 (2"'%, 42,146 mentions) were
attributed to "crack.” This number has been stable since 1995. Most cocaine mentions
(78%, 155,381) were reported to DAWN simply as "cocaine,” and it is not possible to
determine what proportion of these might be crack. Mentions that were reported
simply as “cocaine” increased 54 percent from 1995 to 2002 (from 101,043 to
155,381), but did not increase from 2000 to 2002, or 2001 to 2002 (Table 2.4 0).

Taking changes in population into account, from 1995 to 2002, cocaine mentions
increased 33 percent (from 58 to 78 mentions per 100.000 population). Also during

ED Trends From DAWN
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this period, heroin mentions increased 22 percent (from 30 to 36). and marijuana
mentions increased 139 percent (from 19 to 47) (Table 12.2 0).

AMPHETAMINES AND METHAMPHETAMINE

In2002, amphetamines and methamphetamine were each mentioned in 3 percent of
drug abuse-related ED episodes (21.644 mentions of amphetamines; 17,696 mentions
of methamphetamine) (Table 2 2.0) Only rarely were they reported together in the
same ED visit, and ks not possible to know the accuracy of distinctions between them
Most mentions of a. onetammes (93%) are reported simply as “amphetamine,” while
methamphetamine mentions are most frequently identified as “methamphetamine”
(66%) or “speed” (13%; (Table 2.4.0). Together amphetamines and methamphetamine
accounted for 39,340 mentions in 2002

m From 1995 to 2002, mentions of amphetamines increased 126 percent (from 9.581 to

21.644), and the rate of amphetamine mentions increased 105 percent (from 4 to 8
mentions per 100,000 population). From 2001 to 2002. mentions of amphetamines
rose 17 percent (from 18.555), and the rate of men' ons of amphetamines increased 15
percent (from 7 to 8 mentions) (Table 12 2.0). Methamphetamine mentions were
statistically unchanged from 2001, 2000, or 1995 This stability masks a period of
great fluctuation in methamphetamine ED mentions during the late 1990s

CLUB DRUGS
m No significant changes from 2001 to 2002 were evident for the club drugs MDMA

(Ecstasy) (4,026 mentions in 2002), GHB (3.330), or Ketamine (260) (Table 2 2.0).

m The percentage changes in MDMA and GHB mentions from 1995 to 2002 are very

large because of very small numbers in 1995 (Table 2.2.0). Both drugs remain
relatively infrequent in ED visits, with no more than 2 mentions per 100,000 population

in 2002 (Table 12.2.0).

Estimates for flunitrazepam (Rohypnol) have been too imprecise for publication every
year from 1995 through 2002 (Table 2.2.0 and Figure 4)

OTHER TRENDS

m  Among the less frequently mentioned major substances of abuse (Table 2.2.0):

Mentions of inhalants increased 187 percent (from 522 in 2001 to 1.496 in 2002)
returning to the level observed in 2000.

Mentions of PCP increased 25 percent (from 6,102 to 7,648) from 2001 to 2002.

Mentions of LSD continued to decline, with a 68 percent decrease from 2001 to
2002 (from 2,821 to 891).

No significant changes were evident for miscellaneous hallucinogens from 2001 to
2002 (from 1.788 to 1,428).

ED Trends From DAWN 5
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For the 15 major substances of abuse (displayed in Figure 4), relative standard errors
(RSEs) in 2002 range from a low of 10.0 for alcohol-in-combination to a high of 78.9 fo;
combinations NTA. Any DAWN estimate with an RSE exceeding 50 percent is considered
too imprecise for publication and is therefore suppressed in the tables. In2002, estimates
for methamphetamine. Ketamine. miscellaneous hallucinogens, flunitrazepam (Rohypnol).
GHB. inhalants, and combinations NTA all had RSEs greater than 20 percent Only the
RSE for flunitrazepam (Rohypnol) exceeded 50 percent (66%) (Table RSE-2.4 0).

ED Trends From DAWN
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Figure 3
ED drug-related episodes and alcohol-in-combination, cocaine, heroin, and
marijuana mentions: 1995 through 2002

Total episodes Alcohol-in-combination  —s—Cocaine  —w-Heroin -0 - Marijuana

Figure 4
Relative standard errors (RSEs) for major substances of abuse: 2002
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TRENDS IN
OTHER SUBSTANCES OF ABUSE

D AWN also receives reports of ED episodes involving the nonmedical use of legal drugs.
These can involve deliberate abuse of prescribed or legally obtained over-the-counter
(OTC) medications or of pharmaceuticals diverted for abuse Accidental overdoses or

adverse reactions to OTC or prescription drugs taken as directed are not reportable to DAWN

unless they were present in combination with an illicit drug.

These "other substances of abuse' are tabulated first by categories composed of similar
substances (Tables 2.2.0 and 12.2 0 for full-year estimates and rates, respectively) and then by
generic drug name for the largest categories: psychotherapeutic agents (Tables 2.6.0 and
12.6.0). central nervous system (CNS) agents (Tables 2 8.0 and 12.8.0). respiratory agents
(Tables 2.10.0 and 12.10.0). and cardiovascular agents (Tables 2 12.0 and 12.12.0).
Corresponding half-year tables (2.5.0, 2.7.0, 2.9.0 and 2.11 0 for estimates and 12.5.0. 12.7.0.
12.9.0 and 12.11.0 for rates) are reported in this publication as well.

By design, all drug mentions in DAWN are tabulated either as major substances of abuse or
as other substances of abuse. There is no double counting, and the deliberate assignment of
drugs into major substances is the result of specific interest in such substances

Drugs are presented in DAWN publications by generic names (e.g. acetaminophen, rather
than Tylenol), and DAWN estimates should not be attributed to drugs marketed under particular
brand (trade) names. DAWN data are extracted from medical records produced inthe course of
health care delivery (no patient is ever interviewed), so DAWN case reports contain information
about particular substances as that information was documented in the ED medical record. Any
prescription or OTC drug may be reported to DAWN by its brand (trade) name, generic name, or
chemical name, depending on what was documented inthe source record. There is no way to
discern whether the brand names in the medical record are always accurate or how frequently
particular brands might have been recorded by generic name. Therefore, brand names are
recoded into generic names, and we do not publish estimates by brand. An index linking brand
to generic names is available online at http://DAWNinfo.samhsa.gov/. The index is provided
solely as an aid to readers who may be unfamiliar with generic names.

This discussion focuses mainly on comparisons of estimates from 2001 to 2002.

OTHER SUBSTANCES OF ABUSE

m DAWN estimates that other substances of abuse (527,981 mentions) comprised 44
percent of total ED drug mentions in 2002 (Table 2.2.0). Although the vast majority of
these other substances are marketed legally by prescription or OTC, it is impossible to
know from DAWN the number of ED visits related tc the abuse of prescription drugs by

patients with a legitimate prescription.

m ED mentions of other substances of abuse in 2002 were most concentrated in 2
categories—CNS agents (227,342 mentions) and psychotherapeutic agents (223,481
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mentions)—in nearly equal proportions (19% and 18% of total ED mentions,
respectively) (Table 2.2.0).

m The particular drugs involved in ED visits are sometimes unknown or unknowable. In
2002. there were 30.544 such mentions (3% of total mentions) (Table 2.2 0).

PSYCHOTHERAPEUTIC AGENTS

m Overall, mentions of psychotherapeutic agents were statistically unchanged from 2001
to 2002 (Table 2.2.0).

m Mentions of psychotherapeutic agents were up 9 percent since 2000 (from 204.527 to
223,481) and 18 percent since 1995 (from 190,270) (Table 2.2.0)

m Psychotherapeutic agents in DAWN are broken into 4 subcategories: antidepressants,
antipsychotics: anxiolytics, sedatives, and hypnotics: and CNS stimulants

Antidepressants
»  Antidepressants (5% of total ED mentions, 62,635 mentions) were the second most

frequent psychotherapeutic agents mentioned in drug-related ED visits in 2002. and as
a category have remained statistically unchanged in recent years (Table 2.2.0) This
category includes.

MAQO inhibitors (14 mentions),

SSRI antidepressants (27,914),

Tricyclic antidepressants (11,546), and

Miscellaneous antidepressants (23,161)

MAOQ Inhibitors

m From 1995 to 2002, mentions of MAO inhibitors overall decreased 95 percent (from
303 to 14), but no significant change was evident from 2000 to 2002. or from 2001 to
2002 (Table 2 6.0).

SSRI Antidepressants

m From 1995 to 2002, mentions of SSRI antidepressants overall increased 29 percent
(from 21,585 to 27,914), but no significant change was evident from 2000 to 2002
(Table 2.6.0).

m From 2001 to 2002. no significant changes were evident for any of the SSRI
antiJepressants. In 2002. the most frequently mentioned SSRIs (Table 2.6.0) were:

Citalopram (5,313 mentions), which rose 54 percent from 2000 to 2002,

Fluoxetine (5,770), down 39 percent from 1995 to 2002, and down 27 percent from
2000 to 2002,
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Paroxetine (9.443), up 67 percent from 1995 to 2002, and
Sertraline (7,214). which has remained relatively stable in recent years.

Tricyclic Antidepressants

m Overall, mentions of tricyclic antidepressants decreased 41 percent (from 19,429 to
11.546) from 1995 to 2002. but have remained stable in the last 3 years (Table 2 6 0)

m From 2001 to 2002. no significant changes were evident for any of the SSRI
antidepressants, and from 2000 to 2002. only amitriptyline mentions changed
significantly In 2002. the most frequently mentioned tricyclic antidepressants (Table
2.6 0) were

Amitriptyline (4 436 mentions), down 50 percent from 1995 and down 31 percent
from 2000 to 2002.

Doxepin (868). down 68 percent since 1995.
Imipramine (242), down 90 percent since 1995
Nortriptyline (424). down 82 percent since 1995, and

Tricyclic antidepressants not identified by name (noted as "not otherwise specified"
or “NOS") (5.397), with no change from 1995, 2000 or 2001.

Miscellaneous Antidepressants

m  Overall, mentions of miscellaneous antidepressants increased 86 percent (from 12,447
to 23,161) from 1995 to 2002. but remained stable from 2000 to 2002. and from 2001

to 2002 (Table 2.6.0).

m  Among the miscellaneous antidepressants, only veniafaxine mentions changed
significantly during the 3 years from 2000 to 2002. In 2002. the category of
miscellaneous antidepressants (Table 2 6 0) included:

Buproprion (4.074 mentions), up 226 percent since 1995,
Mirtazapine (2,222).
Nefazodone (923), up 294 percent since 1995.

Trazadone (9.560),

Veniafaxine (5.501), up 345 percent since 1995. up 48 percent since 2000, and up
38 percent since 2001; and

Unnamed antidepressants (antidepressants-NOS) (875), up 508 percent from 1995
to 2002.
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Antipsychotics

m  Mentions of substances classified as antipsychotics were statistically unchanged from
1995, 2000 and 2001. In 2002, this category included 4 subcategories, but more than
90 percent of mentions fell into the single subcategory of miscellaneous antipsychotic

agents.

« In 2002, there were 18.492 ED mentions of miscellaneous antipsychotic agents. This
estimate was statistically unchanged from 2000 but 67 percent higher than in 1995
(Table 2.6.0). However, the trends for the individual antipsychotic agents in this
category varied considerably; they include.

Haloperidol (911 mentions), down 67 percent since 1995,

Lithium (2,231). down 67 percent since 1995. down 40 percent since 2000. and
down 35 percent since 2001,

Olanzapine (4.207), unchanged over the periods 1995. 2000 and 2001 to 2002.
Quetiapine (6,508), up 116 percent since 2000 and up 50 percent since 2001. and

Risperidone (3.566). up 248 percent since 1995

m  Other significant long-term trends in antipsychotics included thioridazine which
declined 98 percent (from 2.566 to 48 mentions), fluphenzaine. which declined 95
percent (from 792 to 42). prochlorperazine which declined 66 percent (from 555 to
191), and chlorpromazine which declined 64 percent (from 2.202 to 795 mentions)
from 1995 to 2002 (Table 2 6 0) Thioridazine also significantly decreased from 2000
to 2002, down 94 percent from 782.

Anxiolytics, Sedatives, and Hypnotics

m  Anxiolytics, sedatives and hypnotics (137.350. or 11% of total ED mentions) were the
most frequent psychotherapeutic agents mentioned in drug-related ED visits in 2002
(Table 2.2.0). This category includes 3 subcategories, none of which posted significant
changes from 2001 to 2002

Barbiturates (1%, 9.783 mentions), with an increase of 38 percent from 2000 to
2002,

Benzodiazepines (9%, 105,752). with a 16 percent increase from 2000 to 2002. and

Miscellaneous anxiolytics, sedatives and hypnotics (2%, 21,816). which were
statistically unchanged since 2000

Barbiturates

« From 2001 to 2002. ED mentions of the barbiturates, individually and as a class, were
statistically unchanged (Table 2.2 0).

[ Ergrg) 1995 to 2002, barbiturate mentions rose 44 percent (from 6,793 to 9,783) (Table
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m [n 2002, the most frequently mentioned barbiturates were unnamed (barbiturates-NOS,
with 7,579 mentions) (Table 2.6.0), Mentions of barbiturates-NOS increased 56
percent from 2000 to 2002, and 110 percent from 1995 to 2002.

»  Phenobarbital, the second most frequently mentioned barbiturate in 2002 with 1,217
mentions, decreased 58 percent from 1995 to 2002 (Table 2.6.0).

Benzodiazepines

m [n 2002. mentions of benzodiazepines (105,752) accounted for 9 percent of all ED drug
mentions Overall, mentions of benzodiazepines increased 16 percent (from 91.078)
from 2000 to 2002 (Table 2.2.0 and Figure 5). Since 1995. mentions of
benzodiazepines have risen 38 percent (from 76.548).

m  From 2001 to 2002, ED mentions of the benzodiazepines, individually and as a class
were statistically unchanged.

m In 2002, the most frequently mentioned benzodiazepines (Table 2.6 0 and Figure 6)
were:

Alprazolam (27,659 mentions),

Clonazepam (17.042).

Diazepam (11,193),

Lorazepam (11,042),

Temazepam (2 219), and

Unnamed benzodiazepines (i.e.. benzodiazepmes-NOS. 34.697).

m From 1995 to 2002. among the most frequently mentioned benzodiazepines (Table
2.6.0 and Figure 6):

Mentions of benzodiazepines-NOS rose 199 percent, alprazolam rose 62 percent.
and clonazepam 33 percent, while

Mentions of diazepam, lorazepam, and temazepam remained stable

m From 2000 to 2002, all the benzodiazepines except alprazolam and benzodiazepines-
NOS were statistically unchanged (Table 2.6.0).

Mentions of alprazolam rose 25 percent (from 22,105 to 27.659),
Mentions of benzodiazepines-NOS increased 55 percent (from 22,376 to 34,697)

m Mentions of 2 of the less frequently mentioned benzodiazepines decreased from 1995
to 2002 (Table 2.6.0):

Chlordiazepoxide (-74%, from 2.661 to 696), and

Triazolam (-77%, from 776 to 175).
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Figure 13
ED mentions of alcohol-in-combination, cocaine, heroin, and marijuana:
1995 through 2002

250 T

Alcohol-in-combination Cocane Heroin -*—Marijuana

Figure 14
ED mentions of marijuana among patients age 12 to 17 and age 18 to 25:
1995 through 2002
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Abstract

We 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.

Hrwords — Cannabis, Toxicity, Teirah'-arocannahinol; 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 [1L 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 a 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 20mg THC), blood concentration of
THC rises quickly and reaches peak levels before the end
of the smoking period. Ihe 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

Corresponding author Tel.: +47-22-04-27-00,
fax +47-22-38-32-33 _
E mail address liliana.nachs@labmed.uio.no (L Bachs).

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/L and higher. Whole blood levels I hafter smoking
20-25 mg THC will typically be in the range 5-10 ug/l [9L

2. Case reports
21. 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 whole 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

0379-0738/01/§ - sec front matter £ 2001 Elsevier Science Ireland Lid. All rights reserved
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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 tothe 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-blockerl, doxazosine
(an 3-blocker) 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 anearlier infarction. Toxicological analysis revealed 2 pg/
1THC in whole blood. Urine was not available. There were
no other toxicologicul findings.

24 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 inwhole blood and 0 ""4%ethanol There were no other
toxicological findings, except THC acid in urine.

25 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.

26 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 |
Clauificttion of death cause in cases having cannabis as the major
*oxicolopcs! finding

Cause of death Cooes
Suicide (excluding poisoning i 9
Accide.nt(. °F ’ 9
Somatic illness (any type) 1
Unknown cause isudden death 6
Murder 3
Missing data 1
Total 3

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 andfor HPLC
for a broad spectrum of drugs Confirmatory analysis of THC
and THC acid are performed by GC-MS (10.19)

4, Results

In the period from 1995 to 1999, cannabis was detected in
a total of 180 blood samples out of 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%e) 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 1),
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
jjuana 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
sannabinoids. 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). Two

Arterial vasospasm

Tachycardia
Penphcra! vasodilaianon
Penphcral vascular reflex

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,
where 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 Tollow 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 western 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 sympathetic activity fhetaadrener ical stimulation)
Interferencé with die periphera

vascular reflex IESPONSeS.

Parasympathetic blockade”

Increased myocardial oxygen
demand ,
Decreased oxygen delivery

ISCHAEMIA

Fig 1 Cardiovascular mechanisms of cannabis.
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6. Conclusions

Several repons 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 Intl 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 Xl cases, cannabis intake was
documented by blood ar il’ scs To our information there
were no heavy drug add cts < iour material and the deceased
individuals seemed tr be ccasionul cannabis users. Cor-
onary pathology was r ealed by the autopsies in some
cases. Further investigr >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 hy
marijuana than have been reported to date. With ti ese oata, acute cardiac deaths from
marijuana can not longer be denied.

http://drugandhealthinfo.org/page06.php?1D=1 12 1/31/2005
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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 | were noticing his hands were really white," she said of 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 1,200.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 endurelllree

and.a tiaifcyearsvOf treatment. o

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

JAN

estrepo -~W - r<
sanctioned monitoring o?cancer Alaska Natives, of which.'fljfere, e just urnder 10.0,000 Eskimos,
Indians.and Aleuts, now face a 30 percent hlgher risk than U.S. whites of dying from cancer, the:registry
Hata chnu/¢c '

cm ar;?"-

Kevin Webster, a two-year,old .
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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 of Alaska Natives with can ;ris 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 of the
registry, and director of 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 of 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 of doctors who noticed an increase of cancer among their patients, she said.

"Experienced clinicians working in tne Alaska Native health system have often reported unusual
patterns of 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 of
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 of NCI’s Surveillance, Epidemiology and End Result program, a

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

AN1'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 of 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 of 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 of 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 of U.S. whites from a particular type of 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 of 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 of
getting cancer increase as people age and Alaska Natives are living longer, it is likely a greater number
of Alaska Natives will 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.

£ of AK US Odds Lower  Upper
cases  Rate Rate Ratio C.l. Cl
All Sites 597 2245  166.7 13 * 12 14
Oral Cavity and Pharynx 20 7.8 2.4 29 * 19 4.6
Salivary Gland 0 - 0.2 -
Gum and Other Mouth 2 : 0.4
Nasopharynx 12 4.8 0.2 204 * 115 36.2
Digestive System 209 71.6 37.5 22 * 1.7 2.3
Esophagus 18 7.2 3.4 19 * 12 31
Stomach 51 171 3.6 49 * 3.7 6.4
Colon and Rectum 84 31.9 17 L7 * 14 2.2
Colon 66 25.5 145 16 * 13 2.1
Rectum & Rectosigmoid Jxn. 18 6.4 2.5 25 * 1.6 4
Liver 17 6.4 3.4 18 * 11 2.9
Gallbladder 4 - 0.6
Other Biliary 1 - 0.5
Pancreas 34 12.7 8.2 15 * 11 2.1

http:/Aww.aliciapatterson.oru/APF2101/Campbell/vJampbell.htmi 311412005
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Respiratory" System 184 73.9 50.2 14 |* 1.2 1.6
Larynx 5 19 12 1.6! 0.7 3.5
Lung and Bronchus 179 72 48.6 14 * 12r ~t 6

Bones and Joints 1 - 0.4 e -

Soft Tissue 0 .13 o *

Skin - 33 ’ T~
Melanomas of the Skin 3 - 2.6 - -

Other Non-Epithelial Skin 0 - 0.7
Br. ast 35 11.2 13.6 0.9 0.6 ! 1.2
Female Genital System 17 11.1 14 0.8 0.5 1 1.2
Cervix 3 1.8 2.4
Corpus and Uterus, NOS 0 . 3.2 ; -1 .
Ovary 14 9.2 1.1 1.2 0.7 2
Male Genital System 13 12 22.5 05 * 0.3 0.5
Prostate 13 12 22.1 0.5 0.3 0.8
Testis 0 - 0.3
Urinary System 25 10.2 1.2 12 0.8 1.8
Urinary Bladder 4 - 3.5 -1

Kidney and Renal Pelvis 21 S4 3.6 2 * 13 3.1
Eye and Orbit 0 0.1 .

Brain and Other Nervous System 5 14 4.5 o * 01, 0.8
Brain 4 4.4] -

Endocrine System 0 0.7, ) F
Thyroid 0 04 - 1 |

Lymphoma u 4 1.8 05,* < 0.3 0.8
Flodgkin's Disease 0 0.5 ‘]

Non-Hodgkin's n 4 74 051 0.1 19,
Multiple Myeloma 6 2.2 2.9 0.7 ; 0.3J!' 1Ty
Leukemia 13 3.7 6.5 ! 0.6 r 0.4[| 1.1
111 Defined 53 19.2 11.5, 16 * 12 * 2.1

+Al1 rates age-adjusted 1970 U.S. population;

http://www.aliciapatterson.org/APF2101/Campbell/Campbell.html 3/14/2005
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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.

*of AK usS Odds Lower  Upper
cases Rate Rate  Ratio C.lL C.l.
All Sites 323 2618  201.8 13 * 11 14
Oral Cavity and Pharynx 16 12.7 3.5 34 * 2.1 55
Salivary-Gland 0 . 0.3 -
Gum and Other Mouth 1 - 0.6
.Nasopharynx il 9 0.3 211 * 14.8 49.4
Digestive System 10S 85.2 47 18 * 15 2.2
Esophagus 1 9.2 59 14 0.8 2.6
Stomach 35 25.3 51 52 * 3.8 7.3
Colon ai.J Rectum 34 21.7 20.1 14 * 1 1
Colon 26 16.9 12 0.8 18
Rectum & Rectosigmoid Jxn. 8 5.7 3.2 33 * 2 5.6
Liver 10 8.1 4.8 16 0.9 3
Gallbladder 3 - 0.4
Other Biliary 1 - 0.6
Pancreas 14 111 9.4 14 0.9 2.3
Respiratory System 124 1044 69.6 14 * 12 17
Larynx 5 3.8 2.1 1.9 0.8 4.5
Lung and Bronchus 119  100.6 66.9 14 * 12 17
Bones and Joints 0 0.5
Soft Tissue 0 14
Skin 1 4.7
Melanomas of the Skin 1 3.6

http: www .aliciapatterson.org APF2101 /Campbell/Campbell.htinl 311412005
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Other Non-Epithclial Skin 0 - 1

Breast 0 0.2

Male Gem pi System 13 12 22.5 05 * 0.3 0.8
Prostate 13 12 22.1 05 * 0.3 0.8
Testis 0 0.3

Urinary System il 10.2 111 0.8 0.4 1.4
Urinary Bladder T 5.7
Kidney and Renal Pelvis 9 8.1 51 13 0.7

Eye and Orbit 0 0.1

Brain and Other Nervous System 3 54

Brain 3 5.3

Endocrine System 0 0.7
Thyroid - 0.3

Lymphoma - 5.2 9.5 0.5 Qi 2.7
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 12

11 Defined 3l 23.8 138 17 * 12 2.4

+All rales age-adjusted 1970 U.S. population:

* 95% confidence intervals for odds ratios do not include 1

Table 3. Average .Annual Age-Adjusted+ Cancer Mortality Rates per 100,000 for Alaska Natives and
U.S. White Females 1994-1998.

n Of AK us Odds Lower Upper
cases Rate Rate Ratio C.I. C.l.
All Sites 274 187.2 141.6 13 * 11 1.4
Oral Cavity and Pharynx 4 - 1.4

http:  www.aliciapatterson.org APF2101/Campbell/Campbell.html m 311412005
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Salivary Gland
I Gum and Other Mouth

Nasopharynx
Digestive System
Esophagus

Stomach

Colon and Rectum

Colon

Rectum and Rectosigmoid .,xn.

Liver

Gallbladder

Other Biliary

Pancreas
Respiratory System

Larynx

Lung and Bronchu
Bones ar.d Joints
Soft Tissue
Skin

Melanomas of the Skin

Other Non-Epithelial Skin

Breast
Female Genital System
Cervix
Corpus and Uterus, NOS
Ovary
Urinary System
Urinary Bladder
Kidney and Renal Pelvis
Eye and Orbit

Brain and Other Nervous Svstem

101

16
50
40

10

20
60

60

35
17

14
14

12

70
5.3
8.8

36.2
29.1
71
4.7

14.2

43.3

433

22.4
111
1.8

9.2
10.2

8.6

0.1 j
0.3
14
29.9
14
2.5
13.6
14.6

2.3
0.8
0.4
1.2
35.6
0.5
34.9
0.3
1.2
2.2
1.8
0.4
24 .4
14
2.4
3.2
1.7
4.4
1.8
2.4
0.1
3.7
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Brain
Endocrine System
Thyroid
Lymphoma
Hodgkin's Disease
Non-Hodgkin's
Multiple Myeloma
Leukemia 2.6
11 Defined 22 14.6
+Al11 rates age-adiusted 1970 U.S. population:

~ O O

o B~ B~ O

*95% confidence intervals for odds ratios do not include 1

Web Resources include:

Military biological and chemical weapons testing:
Uvu deploy meciviink.o.si.mil ciirreni issik- >n.ui mim mu

Alaska Native Tribal Health Consortium
Wwu irlllu < -

Native \'illage of Tanacross
whh niii ¢\ U.igcoibm.u rn”.ion

St. Lawrence Island
WW VoK ML

-bin

3.6
0.7
0.4
6.5
0.4
6.1
2.4
51
9.7

0.7
16 *

Page 14 of 14

0.3
11

15
2.5

©2003Diana Campbell. A business reporter for the Fairbanks Daily News-Miner, Diana Campbell is

looking at the incidence of cancer among Alaska natives.
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DEMOGRAPHICS OF MARIJUANA USE IN
ALASKA

Marijuana Use In Alaska.

A national study estimated that Alaska led the nation
in 1999 and 2000 in average annual rates of first use
of marijuana by persons 12 and older. Gfroerer, J.,
et.al, Initiation o fM arijuana Use: Trends, Patterns,
and Im plications, Departm ent o fHealth and Hum an
Sen'ices, Substance Abuse and Mental Health
Services Adm inistration, O ffice o fA pplied Studies,
2002.

The same study estimated that 4.000 of the 5-7.000
new initiates in Alaska were aged 12-17. G froerer,
J., et.al

One in eight Alaska high school students reports
using marijuana before age 13. 2003 Alaska Youth
Risk Behavior Survey.

In 1995 and again in 1999, 29% of middle school
students reported having smoked marijuana. Health
Risks, 1995 Youth Risk Behavior Sun>=ev Sum m on -,
1999 Youth Risk Behavior Sun>ey Results.

In a regional survey, over 10% ofmiddle school
students reported using marijuana even before the age
of 11. 2003 Youth Risk Behavioi Resultsfor the

Northwest Arctic Borough School District. M iddle

School Survey.



Alaska native students were significantly more likely
(69.7% ) to have used marijuana than non-Natives
(41.2% ). 2003 Alaska Youth Risk Behavior Suney.
Alaska native students were significantly more likely
to be current users (use within past 30 days) (35.5% )
than non-natives (20.6% ) in 2003. 2003 Alaska Youth
Risk Behavior Survey.

In a survey of Alaska Native preschool parents, the
use of marijuana by the preschool parents in the
preceding 30 days was self-reported to be 3 times
higher than the national estimates. (19% vs, 6.7% )
Stillner, V, et.al., Drug Use in Veiy Rural Alaska

Villages, Substance Use and Misuse, 1999.



Initiation of Marijuana Use:
Trends, Patterns, and Implications

Joseph C. Gfroerer
Li-Tzy Wu
Michael A. Penne

DEPARTMENT OF HEALTH AND HUMAN SERVICES
Substance Abuse and Mental Health Services Administration
Office of Applied Studies



Table 41 Kstimated Numbers (in Thousands) of Average Annual Marijuana Initiates, by Age Group and State: 1999 and

200(1
Age Croup (Years)
Total 12-17 18-25 26 or Older
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 (13-21) 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 (18-24) Il (9-14) 8 (6-10) 1 (1-2)
California 246 (226 - 267) 135 (123 - 148) 93 (79- 109) 17 (11-26)
Colorado 38 (32 -44) 22 (18-27) 14 (10- 18) 2 (1-4)
Connecticut 26 (22 - 30) 15 (12- 18) 10 (7-12) 2 d-3)
Delaware 7 (6-8) 4 (4-5) 3 (2-3) 0 (0- 1)
District of Columbia 4 @-5) 2 (2-3) 2 (1-2) 0 (0-1)
Florida 105 (95- 115) 59 (53 - 67) 38 (32 - 44) 7 (4-12)
Georgia 65 (56- 74) 3 (28 - 39) 28 (22-35) 4 (2-7)
Hawaii 10 (8-11) 6 (5-7) 3 (2-4) 0 (0-1)
Idaho Il (10- 13) 6 (5-7) 5 (4-7) 1 (0-1)
[llinois 99 (90- 108) 53 (47 - 60) 40 (34 - 46) 6 (4-9)
Indiana 49 (42 - 56) 26 (22 - 32) 19 (15-24) 3 (2-5)
lowa 26 (22-29) 14 (I - 17) 10 (8- 13) 1 (1-3)
Kansas 25 (22 -29) 13 (11 - 16) 1 (9- 141 1 (1-2)
Kentucky 37 (32 - 42) 19 (16-23) 16 (13-19) 2 (1-4)
Louisiana 3 (31-42) 20 (17-25) 13 (10- 17) 2 (1-4)
Maine Il (10- 13) 6 (5-7) 4 (3-6) 1 (0-1)
Maryland 42 (36 - 48) 2 (17-26) 18 (14-22) 3 (1-4)
Massachusetts 60 (51 -68) 36 (30 - 43) 20 (15-26) 3 (2-6)
Michigan 92 (84 - 101) 51 (46- 57) 36 (31-42) 5 (3-8)
Minnesota 48 (42 - 55) 24 (20 - 28) 22 (18-27) 2 (1-4)
Mississippi 25 (21-29) 12 (10-15) Il (9-14) 1 (1-3)
Missouri 46 (40 -53) 25 (20- 30) 19 (15-24) 3 (1-4)
Montana 9 (8-10) 5 (4-6) 3 (3-4) 0 (0-19



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

Slate

Total
Alabama
Alaska
Arizona
Arkansas
California
Colorado
Connecticut
Delaware
District of Columbia
Florida
Georgia
Hawaii
Idaho
[linois
Indiana
lowa
Kansas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi
Missouri
Montana

Estimate
1.52
1.28
2.32
1.82
1.32
1.46
2.01
1.59
1.90
1.48
121
150
1.65
1.58
1.56
144
147
| 68
1.62
1.39
174
152
203
183
191
1.49
151
1.73

Total

I'rediction
Interval

(1.08-1.51)
(1.96-2.74)
(1.54-2.15)
(1.12- 1.55)
(1.33- 161)
(1.69-2.40)
(1.32 -1.92)
(161 -2.24)
(1.24-1.77)
(1.09 - 1.34)
(1.28 - 1.76)
(1.38 -1.97)
(1.33 - 187)
(141 - 1.73)
(1.23 - 1.69)
(1.26- 1.73)
(1.42 - 1.99)
(1.39- 189)
(1.18 - 165)
(1.47-2.05)

Estimate

6.08
519
7.29
8.16
5.75
5.57
7.68
6.83
8.32
5.54
5.76
561
7.63
491
6.17
5.88
6.17
6.17
6.74
551
7.12
5.92
8.75
7.10
6.42
5.26
5.85
7.33

12-17

Prediction
Interval

<4.09 - 6.56)
(5.96 - 8.89)
(6.69 - 9.92)
(4.65 - 7.00)
(5.05-6.15)
(6.19-9.47)
(5.45 w8.53)
(6.83 - 10.10)
(4.34 - 7.05)
(5.06 - 6.55)
(4.67-6.71)
(6.16-9.41)
(3.93-6.11)
(5.45 - 6.97)
(4.82-7.15)
(5.03 - 7.56)
(4.96 - 7.64)
(5.52-8.21)
(4.49 - 6.75)
(581 - 8.70)
(4.77-732)
(7.17 - 10.65)
(631 - 7.98)
(5.24 - 7.84)
(4.22 - 6.54)
(4.76-7.17)
(5.98 - 8.96)

Age Group (Years)

Estimate
5.47
5.35
6.48
4.69
458
4.50
7.03
6.47
7.01
5.28
4.67
5.47
5.50
5.39
5.61
5.27
5.24
6.54
6.46
4.26
8.07
6.14
7.55
6.90
7.63
5.32
5.91
6.58

18-25

Prediction
Interval

(4.18-6.81)
(4.95 - 8.46)
(3.53-6.19)
(3.58 - 5.84)
(3.83 - 5.29)
(5.34 - 9.20)
(4.84 - 8.60)
(

26 or Older
Prediction
Estimate Interval
0.12
0.10 (0.06 - 0.20)
0.17 (0.09 - 0.12)
0.13 (0.07-0.2;)
0.10 (0.06-0.19)
0.14 (0.09 - 0.22)
0.15 (0.08 - 0.29)
0.13 (0.07 -0.25)
0.13 (0.07 - 0.25)
0.13 (0.07 - 0.26)
0.11 (0.06-0.18)
0.13 (0.07 - 0.23)
0.11 (0.04 - 0.26)
0.13 (0.07 - 0.24)
0.12 (0.08 - 0.20)
0.12 (0.07 - 0.23)
0.11 (0.06 - 0.22)
0.12 (0.06 - 0.22)
0.12 (0.06 -0.23)
0.12 (0.07 - 0.22)
0.11 (0.06 - 0.22)
0.12 (0.07 - 0.23)
0.15 (0.08 - 0.29)
0.13 (0.08 - 0.21)
0.13 (0.07 - 0.25)
0.12 (0.06 - 0.22)
0.11 (0.06-0.21)
0.r (0.06 - 0.24)



Tahle 4.2 (continued)
Age Croup (Years)

Tol.il 12-17 18-25 26 or Older

Prediction Prediction Prediction Prediction
Stale Estimate Interval Estimate Interval Estimate Interval Estimate Interval
Nebraska 151 (1.29-1.77) 5.71 (4.63 - 7.03) 548 (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 192 (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) 550 (4.53 - 6.67) 6.45 (4.96 - 8.33) 0.13 (0.07 - 0.24)
New Mexico 199 (1.68 - 2.35) 7.66 (6.24 -9.37) 5.99 (4.54 - 7.86) 0.14 (0.07 - 0.27)
New York 143 (1.28 - 1.59) 5.64 (4.94 -6.44) 593 (5.01 - 7.00) 0.12 (0.0" 0.19)
North Carolina 150 (1.28 -1.75) 6.67 (5.59- 7.94) 535 (4.16-6.86) 0.12 (0.07 -0.22)
North Dakota 1.89 (1.64-2.19) 731 (6.04 - 8.81) 6.53 (5.21 -8.17) 0.10 (0.05 - 0.20)
Ohio 149 (1.35 - 1.65) 5.9 (5.25 - 6.72) 591 (5.09 - 6.86) 0.10 (0.06 - 0.17)
Oklahoma 147 (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 132 (1.19- 1.46) 5.32 (4.71 - 5.99) 5.85 (5.03 - 6.79) 0.10 (0.06-0.18)
Rhode Island 169 (143 - 1.99) 7.34 (5.95 - 9.03) 6.57 (5.01 - 8.56) 013 (0.07 - 0.26)
South Carolina 147 (1.25 - 1.74) 6.43 (5.24 - 7.87) 4.95 (3.82 - 6.39) 0.12 (006 -0.24)
South Dakota 160 (1.37 - 1.89) 6.16 (5.02 - 7.53) 5.43 (4.22 - 6.96) 0.10 (0.05-0.19)
Tennessee 149 (1.26 - 1.76) 6.34 (5.17-7.76) 5.46 (4.22 - 7.03) 0.12 (0.06 - 0.24)
Texas 147 (1.33 - 1.63) 5.49 (4.88-6.18) 455 (3.89 - 5.30) 0.13 (0.08 - 0.20)
Utah 1.60 (1.34 - 1.9 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 - 1061) 0.15 (0.07 - 0.29)
Virginia 140 (1.17- 1.66) 5.09 (4.15-6.23) 5.68 (4.35 - 7.39) 0.13 (0.07 - 0.25)
Washington 161 (1.37 - 1.90) 6.78 (5.58 - 8.21) 517 (3.99 - 6.66) 0.13 (0.07 - 0.24)
West Virginia 128 (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 183 (1.56-2.14) 6.51 (5.33 - 7.94) 6. K <4 84 - 7.86) 0.12 (0.07 - 0.23)
Nute: Estilmattesha,rc based on a survey-weighted hierarchical Mayes estimation approach, and the 95 percent prediction (credible) intervals are generated by Markov Chain Monte

arlo techniques.

Source: SAMIISA. I Mice ol Applied Studies, National Household Survey on Drug Abuse. 1999 und 20A,



Youth Risk Behavior Survey - 2003

Use of Tobacco, Alcohol or Marijuana Before the Age of 13
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.

30 7%
ToDacco
36 7% Alaska 1995
Alcohol mAlaska 2003
us 2001
Marijuana
0L. 20% 40% 60% 80% 100%

Percentage of Students

* Significant change since 1995

Healthy Alaskans 2010 Objective:

» Increase the average age of firstuse of marijuana among adolescents grades 9-12 to 17,4
years ofage (mean age inyears, based on students using marijuana atleastonce in
lifetime).

» Reduce to 4% theproportion ofadolescents who have used illegal steroids (percentage of
students grades 9-12 who have ever used steroids pills orshots).

» Reduce to 2% inhalantuse among high school students (percentage ofstudents grades 9-
12who sniffed glue, breathed the contents ofaerosol spray cans, orinhaled any paints or
sprays to get high Lormore times inpast month).

» Increase to 60% the proportion ofadolescents notusing alcohol orillicitdrugs during the
past 30 days (percentage of students grades 9-12 who have not used alcohol, marijuana or
cocaine in the past 30 days).

» Increase the average age of firstuse ofalcohol among adolescents grades 9-12 to 16.1
years (mean age in years, based on students reporting having at least one drink of
alcohol in life)

Ragc 20
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- Marijuana 9503.xls Page *'
Ever Used Marijuana: "How Many Time* Hava You Uaed Marijuana?’
Never Used Marijuana

1995 To:al] Usee Marijuana

Combined Race Category Respondents Estimated Percenta g7 Law- 555: C> Upper 95V CL Estimated Percentage Lowe' 95% CL Upper 95% Ci
American Indian / Alaska Native 180 2.679.70 62.708. 56.15% 68.81%| 1.594.26 37.30% 31.19% 43.85%
Nac | Pacific islander 74 536.05 43.23% 32.63% 54.21%, 703.82 56.77% 45.73% 67.1%
m 63 464 26 32.01% 21.96% 44.05% 966 17 67.99% 55.95% 78.04%
~nlc @ddemulti-hispanic) 51 350.76 36.30% 23 52% 55.62% 564.99 61.70% 44.38% 76 46%
White 1137 6,397.38 47 41% 44 15% 50.81% 1C.396 19 52 53% 49.19% 55.85%
Uutb-Non-Htsoanlz 59 57957 53 42% 33.21% 72.56% 505 41 46.56% 2744% 66.79%
Total 1584 14,007.73 48.70% 45.67% 51.75% 14.752.83 51.30% 48.25% 54.33%
2003 Total Used Maruuana Never Used Marijuana

Combined Race Category Respondents Estimated Percentage .owe' 95V CL Upper 95% CL Estimated Percentage Lower9g% CL Upper 95% CL
Amencan Indian / Alaska Native 280 5,332.20 69.90% 63.45% 75.65% 2,295.76 30 10% 36.55%
Asian! Pacific Islander 101 924.16 3365% 23.25% 45.92%, 1822.23 66.35% 54 08% 76.75%
Black 41 30231 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 14331 16.139 59 47 68% 44 12% 51.27%)| 17.710.24 52.32% 4e.73% £5.68%

miics mResults based upon less than 100 respondents
SOURCE Alaska Youth Risk Behavioral Survey. High Schools. 1995 and 2003



Marijuana 9503.xis Page 51

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

2003
Never Used Marijuana

Total Used Marijuana
Amencan Indian mhlaska Native ~ Respondents Estimated Percentage lows-95% CL L'ooe'95* CL Estimated °ercentaoe Lower 95% CL Upper 95% Cl
9nGrade B 9019 54.86% A2.13% 66.98*  797.63 45 14% BA%6 51 6/
JGraoe 86 203314 75 69% 66.60% 8293%1 66278 24.31% 17.07% RA%
raoe O 16X 76.14% 65.53% A 36D 23.66% 75.80% 34.37*
[*Sraae 4 9ATZ 7001 55.54% 8.3 401 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 [Estimated °ercen:aoe  Lower 95% CL Uooe- 95% CL estimated Percemaae Lower 95% CL UDoer 95% CL
9tn Grade 3151 1,668 96 26.28% 21.32% 31.92%, 4.682.15 73.72% 68.08% 76 66%
10th Grade 1741 2.123.69 43.07% 33.50% 53.18% 1 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% 50 19% 2.372.81 48.89% 40.81% 57 04%
Total 8S8l 8.774.10 41.958* 37.63% 46.19%: 12,140.24 56 05% 53.81% 6217%

i:ah:s mResuns oaseti uoon less than 100 respondents
SOURCE: Alaska Youth RSkBehavioral Survey, High Schools. 2003
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Ever Used Marijuana: *How Many Tima* Hava You Used MarijuanaV"

2003

Never Used Marijuana

Total Lsed Marijuana
Native
ShGrace N 9P 54.06* 4213 66.00%  797.63 45.14%
2t|Erade 86| 2,034 75.69% 66.60% 0293%J) 6x2.78 24.31%
~Mraoe 60 169 76.14% 65.636 8420m| 368 09 23.86%
~Krade 4 A3 70.01% 5.5 01.36%. 4019  29.99%
Total 25; 5243 56 69.72% 63.22% 7552% 227151 30.28%

Total Used Marijuana Never U
Non-Native ResDondents Estimated “ercentage  Lower 95% CL Upper 95% CL Estimated Percentage
9tn Graue 16 2.126. % 21.13% 30.28% 6.234 39 74.%6%
tOtn Grade 217 257349 43 47% 34.90% 52.45% 3.347.07 56.53%
11th Grade 2885 302351 50.30% 43.28% 57.31% 2.987.78 49.70%
12t Grade 2271 3.033.60 51.93% 44 38% 59.39% 2,608 51 46.01%
Total 1151, 10.791.57 41.21% 37 43% 45 10% 15.392.78 58.7%
IHrsmisults besed upon kess tten 100

33.0%%
17.0%%
15-80%
18.6%%
24 48%

sed Marijuana

Page 67

57.8/%
3B40%
A.3M%
44 460
36.7e%

Lower 95% CL Uooer 95% CL

65 72%
47.55%
4269%
40.61%
54.90%

18.81%
65 10%
56.72%
£5.62%
62 57%

Native « American Indian / Alaska Native. Non-Native * Asian. Black or African American. Hispanic or Latino, Native Hawaiian or Pacific Isiander, White. Multiple-Hisp-
SOURCE Alaska Youth Risk Behavioral Survey. High Schools. 2003.



Marijuana 9503.xls Page 71

Currant Marijuana Uaer: 'In the past 30 Days. HOW Many Timas Did You USe Marijuana?*

"985 Totall  Currant Marijuana Users (Within past 30 days) No Marijuana Usa in Past 30 Days
Combine:: Race Cateoo® Respondents Estimated percentaoe  Low** 95% CL Upper 955. CL Estimatec sercentaoe ,.0*0*98% C| Upper95% CL
American Indian / Alaska Native 180 1.253.52 29.35% 22.34% 37.50% | 3,017.01 70.65% 62.50% 77.66%
Padific Isander A 3B 31.95% 211% 4532% 843 73 (s3{05:%) 5463%% 7899%
(27N 0740 ¢ 20%% 129%% 206 113349 PB 67.91% 87.08%
Hi~nic (inducke muiti-Fisparic) 51 81.83 8.91% 373 108% 63414 910%% 0190 B2P%6
White 1135 5.864 72 29.71% 26.87% 32.12% 13.874.71 7029% 67.28% 73.13%
Mutti-Non-Hsoeric 58  380.75 H.640 25.96% 5363%  687.55 64.3B%0 26.3%0 79.05%
Total 1582 E283.74 28 86% 25.24% 31.63% 20,415 54 71.14% 68.37% 73.76%
2003 Total' Current Mahjuane Users (Within oast 30 days) No Marijuana Use in Past 30 Days
Combined Race Cateoorv Respondents Estimated cercentaoe Lower 95% CL Uooer 95% CL Estimated 3ercentaoe Lower 95% CL Uooer 95% CL
American Indian, Alaska Native 276 2.581.57 35.73% 30.19% 41 67% 4,824.31 64.27% 58.33% 69 81%
Aslan Pacific isiander 100 404.19 14.77% 9.13% 23.00% 2,333 28 85.23% 77.00% 90.67%
Bladk 42 1081 B 9630 19% 5606 81.61% 67.81% 90 34%
Hsperic (inducke mut-higen) 6 23337 25.70% 15636 DB TR Ao 80T A%
White 885, 4,445.69 21.30% 18.31% 24 62% 16.429 86 76.70% 75.38% 81.69%
l/ulti-Non-Hiscamc ® 1&B3 17.09% 947% 2689% 77308 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 mResults Dasec upon isss than 100 respondents
SOURCE: Alaska Youth Risk Behavioral Survey, High Schools. 1995 and 2003.
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Current Mirljuina User: "In the Piet 30 Diye, How Many Time* Did You Use Marijuana?"

2P03
Total Current Marijuana Users (Within past 30 Bays) | No Marijuana Use in Past 30 Days
Amencan Indian / Alaska Native ~ Resoonoent* Estimatec Percentage Lowe" 95% CL Upper 95% CL i=stimateo Percentagbe Lower 95% CL Upper 95°/. C.
%th Grace 8 0% 36.96W 2512% 50.62% 7,092.35 49.38% 74 80%
"jmfrace M 1mws 41773 31L.5% 52.37% 7,557.06 58.23% 476%% 68.08%
e O 43598 2636% 16.63% 43.63% 7,707.38 71640 5.3 83.17%
iNjrade 401 3B 5.7k 1545% 4548% 91737 70.27% 50.52 84.55%
Tot 2701 2,622.53 35543. 29973. 41543) 4,75597 64 46% 58.463) 7003%
Totall  Current Marijuana Users (Within past 30 days % No Marijuana Use in Past 30 Days
Whlte Respondents Estimatec Percentage Lower 95% CL Upper 953) C| Estimated Percentage  Lower 95% CL 95% CL
9n Grade 314 86581 13.663c 10.48% 17.623. 5.470.93 86 343 82.383 89 5%
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 26,543 20.363) 38 40% 3,397.61 71 46% 61.60% 79.62%
12th Grade 182 1,088 %0 22443 17.323. 28.55% 3.763.97 77 55% 71453 62.66%
Total 886, 4,445.65 21.303 18.313) 24 62%! 16,429.86 78.70% 75.383 81.69%

Italics mResults oasee upon less tnan 100 responoents
SOURCE: Alaska Youtn Ris*. Behavioral Survey, High Schools, 2003



>-Marijuana 9503.xls Page 9*

Currant Marijuana Uaer: “In the Past 30 Days, How Many Times Did Ycu Use Marijuana?'
21)93

. Total  Current Marijuana Users (Within pas! 30 da sg IE _ No Marijuana Use In Pas! 30 Days
Native Resoondents Estimated Percentaoe 1o ver 95% CL UdDer 95% CL Estimated Percentace  Lower 95% CL L ooe- 95% CL
AhGrace 7B 64055 BB 2572% D% 1L,e2H  63.04% 2938 748
AGraot % 1ms MTM 31.9% 23% 15|06  53.2% 47.6% 6308%
race 600 4598  28.3% 16.83h 43.63 1L101B  71.6M 56.37% 83.1%%
U... Grace 0D B B 1545 448 A3l 70.2% 50.52% 84.55%
Total 210 2.622.53 35.54% 29.97% 41.54% 4,755.97 64 46% 5846% 70.03%

. Total  Current Marijuana Users (Within pas! 30 da 53 . 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
9n Grade 415 113144 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% 2050% 4481.93 76.65% 70 41% 81.91%
Total 1.150| 5,38341 20.59% 17.97% 23.48%! 20,767.33 79.41% 76.52% £2.03%

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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JOCayPrevalence of Uee o&arious Drugs by Gk

Rercartage of studerts who ke dgarettes anae or noe d tre et thirty chy. Yes

Grides

-ace

.faoe

12th Grade
Total

Grades

9th Grace
10th Grade
11th Grade
*21h Graoe

"otal 1995 Total
Respondents Estimated Percentace  Lower 95% CL Upper 95% CL  Respondents Estimated Percentaoe
482 3.018.80 35.36% 28.60% 4276% 486 1,252.15 12.54%
379 2,512.17 33.24% 26.59% 40.64%I 301 2.025.47 23.61%
468  2.654.26 39.68% 35.71% 43.80% 342 142201 18.21%
265 2.373.01 36.68% 3241% 45.35% | 261 1.609 %4 23.23%
1,600 10.599.88 35 49% 3259% 40.59% * 403 6.373.60 19.26%
Percentage of students who chewing tobacco or snuff on one or more of the past thirty day: Yes
Total 1995 Total
Responoents Estimated Percentaoe Lowe* 95% CL Upper 95% CL  Respondents Estimated Percentaoe
492 1.255.36 14 40% 10.39% 19.62% 502 861.22 £.59%
3BL 1,127.15 14.63% 10.73% 20.14% 308 1.305.96 14.89%
474 1,112.42 16.41% 12.15% 21.80% 356 1,079.69 13.92%
267 1.065.20 17.24% 12.39% 23 47% 267 464.05 6.54%
1.620 4.572.53 15.55% 12.72% It.88% 1,447 3.786.72 11.10%

Total

Percentage of students who hatdat least one drink of alcohol on one or more of the past thirty day: Yes

Grades

Btn Grade

10th Graoe
11th Grade
12th Grade
Total

Percentage of students who used marijuana one or more times during the past thirty day; Yes

Graces

9th Grade
10th Grade
11th Grade
12th Grade

tage |

Grades

9tn Grace

10th Grade
11th Graoe
" 2h Grade
Total

Total 1995 Total

Respondents Estimatec Percentage Lowe-95% CL Uooe'95% CL  Respondents Estimated Percentaoe
477 4573% 38.03% 53.64% 485 2.605.43 26.29%
386 3,077.65 42.64% 37.73% 47.70%| 302 3,120.69 36.13%
465 3,271.08 4919% 44.51% 53.83%! 345 3.3B6 90 4540%
256 3.256.05 54 68% 45.78% 62.34%: 257 3,627.31 52.91%
1.570 13.490,15 47.53% 43.61% 51 47% | 1.398 12,756.34 38.63%

Total 1995 Total
Resoondents Estimatec Bercentape Lowe' 95% CL Upoe- 95% CL  Respondents Estimated Percentaoe
488 2,402.06 27.76% 23.70% 32.22% 495 1,772.00 17 48%
375 1.916.24 25.68% 20 5951 31.53% 303 2.396.77 27.73%
473 2,142.57 31.75% 26.35% 37.09%! 353 2,048.50 26.64%
264 1,886.86 30.65% 25.39% 36.91% 269 1.750.88 24.35%
1.606 8.360.16 28.72% 26.14% 31.45% 1431 8,034 16 23.77%
i ofai 1995
it
494 185.64 2.13% 1.25% 362% 502 209.10 2.04%
36 14175 1.87% 0.86% 4.02% 310 166.57 1.88%
475 14277 2.10% C.84% 5.13% 366 274 03 352%
266 301.17 4.90% 2.70% 8.72%' 268 220 36 3.08%
1,622 77234 2.62% 1.75% 393%| 1452 670.66 254%

Pape 11 m

2003

Lowe' 95% CL Upper 95% CL
9.25% 16.78%
19.05% 28.89%
13.74% 26.21%
17.32% 3042%
ie.70% 22.11%

2003

Lower 95% CL Upper 95% CL
6.27% 11.65%.
9.20% 23.18%
945% 20.03%|
38*% n.o-%.
B64% 14,16%

2033

Lower 95% CL Upper 95% CL

21 99%
29.78%
39.22%
45 46%
34.59%

2003

31.10%
43.00%
51.73%
60.23%
42.82%

Lower 95% CL Upper 95% CL

13.95%
22.58%
21.22%
19.07%
21.29%

1.16%
0.83%
1.9%%
1.20%
1.69%

21.68%
33.56%,
33.33%
3C 54%
2545%

3.57%
4.24%
6.14%
7,65%
3.81%

Percentage of students who sniffed glue, breathed the contents of aerosol spray cans, or Inhaled any paint or spray one or more times during tl.e past

thirty day: Yes

Grades

9tn Graoe
10th Grade
11th Grade
12th Graoe
Total

Total

Resoondents Estimatec Percentaoe

oo o

Italics - Results based upon less than 100 respondents
SOURCE A'asKs Youth Risk Benaviora' Survey. High Schools. 2003.

1995

Lowe'95% CL Upp»'95%CL

Total
Responoents Estimated Percentaoe
501 193.01 1.88%
310 176.30 2.00%
360  200.07 2.8"-
269 261 44 3.63%
1451 830.82 2.42%

2003

Lower 95% CL Upper 95% CL

0.96%
6.92%
1.48%
1.71%
170%

3.64%
4.2e%
4.42%i
1.57%!
344%



Youth Risk Behavior Survey



Children have never been verygood at listening to their elders,
hut they have never failed to imitate them

James Baldwin.
American writer



~Sinco 1990, ihe federal Center for

Disease Control anti Prevention has spon-
sored several Youth Risk Behavior Surve%s.
Those aie national and state surveys of 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,

Ine first time Alaska schools look part in
the survey was in 1995. The Alaska depart-
ments of Health and Social Seivices and
Education arid Early Development adminis
teied the survey to 1,634 students at 31
high schools and 1,265 students at 32
middle schools statewide. Ille a,d,{acent table
skrws cllaracteristics of tl te Stik lei its Suiw 3|
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 }(ell _
available. But the Andioiage school district
(Alaska's largest district, with more llian 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, ajoint pro/ect of the
departments of Health and Social Services
and rducation and Lady Development

Y outh Risk Behavior Survey in Alaska

Youth Risk Behavior Survey in Alaska, 1995

High Schools Middle Schools
Number of Paxlidpaling Schools 31 K%
Rrs|X)nse Kale from Sample of Schools 82% 80%
Respondents 1,634* 1,265*
21
3 %
497 I 036
10 383 8 606
11 a7
iV 269
Unknown R
Race/HI micily (I\blo uestiC}nth 4
. anout race/etnni
hl&e 1,147 )
Blay

Cl 8/
[spanic or Jatino 53
E‘a@ﬁg Nat{ve 184
Ashan/Pauﬁc 9 1)
Other 67

*Numbers may differ slightly because not all respondents answered every question
Source: Alaska Dcpaitmenls of Health and Social Services ami tducation and laily Development

Although information Irom the 1995
survey is now several yeais old, il isthe best
information available, as lepoitnd hy the
teenagers themselves Manyol Ihe suivey
findii igs are woi risoi nommbut on 1he biighier
sice, 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 he fmdm?_s from tiro
1995 suivey in Alaska |he published lepoit
of su.rver |Hidings includes manr mom
details. lore we [iM piovide a [xoad pir line \
of suivey flndm%s, lo help readers see the
levels of health lisks among Alaska's tenting
ers in the 1990s

/>
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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 o
middle school students say they seldom or
never use seatbelts when Tiding in cars. And
neatly one third of high school students
refor Luiding in cars with diiverswho Irave
been drinking.

Weapons and Fighting at School

(High School Only)

Did you lvmu twrnjmu to  ho |
school willim past month yP5- TTTT)

Wit you tiMonmueil ot miinerl hy  No
weéapon at school in past yedlily(I5> |

Wen' you in fighls on srhuol . Nn
prgperty imme past year? Yps

'At least once

Seveial times in Ine J'S over Die past
(ew years—inr ludmg mice in A >
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 of siudents don | bring weapons
to school. Still, more than one in ten of
Alaska's high-scliool students inputted
bringing weapons (including ijuns, knives,
or cIubs% lo school at least once in the
month before the 1995 survey. Nearly one

Risk Behavior in Alaska (continuedg

Drinking, Driving, and Seatbelts

in Month Before Survey

(Middle and High School Students)

Did you drink and drive?
(MS only)

Did you ndo in a rat wilh
a diivor who

had been dtinking?

(IIS uniz

ho K
Yesmkp

Alwa>(_s or
Do you weai sealM|s Most ol fime
when you'ic a passenger?

Raiely a. Nevei

Alcohol or Drugs
(Middle and High School studenls wim have used at least oure)

Alcoholl 10% M H IS
cono INMS
: Ins
Mariluaoa MS
inhalants I
ms
i:ocan<>P S 1r
11¥5% 'MS

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

Kesoaich has shown that teenagers who
lequlnily use alcohol o1 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 impai Audgement 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



Share of Alaska Boys (15 and Older)

1N
Y outh RlLkBehavior Survey in Alaska (conti|(1\llKed)

Percentage of Alaska Students (Grades 7-12)

Chewing Tobacco in Month Before Survey

Age 1Sunci Uncle* | M M
16 17 15 jj

18 nr oldBf j

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 ieqularly—on at least 10 of the 30
days before the 1995 suivey. And amon?
boys  who are much more likely than girls
to chew tobacco  chewing grows more
common as they get older. About 10 [werr.nut
ol lioys 150r uniel reported cl niwir.g lobar <o
at the lime rithe suivey. but neatly twice as
mnnylxrys 1Handoldel ihewix|

Higher tobacco taxes and teenage Smoking

lo I'll/. Alaska liipled r.iqaieile lams inismy lhe
lax on a |w kol iignieiips Irmm ¥)rents lo ti (Ki
Many lieallh px|mvis I>€lipuf’ IMgbfif taxes ip(lix:p
smoking hy making nyaipiies ioo expensive lof, some
lip<lilp >.pena|ly Ippoage soiokeis to hoy ns
Ikiwpvpi disagiep atxMil wliciher liighei laxes actually
cause people lo quit smoking Ihe Alaska I)p|viitoieol
ol Health and Social Spivices has commissioned a sluily
it e pllects ol higher taxes on teenagers wiwi smoke
The depmimont 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
teeocag smoking Bui sinre the survey was not
condix.ted in the Amhrxaqo si liool distoi 1. it will orit
pn wide a statewide sample

7th ™ - - K1

Who Have Had Sexual Intercourse

m Boys
PI (ills

50*

mem :***_|'*

source: StAleol Aaska fpiitemidoyy bulletinf?3 '997 Basers M 195 YRRC

loenagors 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 hecause they feel piessured-

In Alaska, nearly one guarter ol boys and
more than one in ten girls in the sovi tiui
({rade boys and girls who are most likely

2 yearsold ie|xirt having had sox loat
sham climbs $teadll?]/ thanigli the test ol
middle and high school. Ihe 1995 surveK
found that the younger teenagers are when
they st,lit having sex; the more ||keIK_ they
am lo smoko, dunk, and do other things
that can hint them. Ry the time they ate

seniors in high cltool, nearly two thirds of
both Ixiys and qitls in Alaska have had sex

| ower than half the sexually active Alaska
teenaé;éers re[>oited using condoms regularly
in 1995, and Qn|¥ 18 peicent of sexually
active Pw!s said they were using birth
control pills



N otes for Health Risks Section

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

2K A Moore, A K Driscoll, and L D. Lindburg, A
Statistical Portrait ol Adolescent Sex. Contracep-
tion, and Childbearing Ihe National Campaign to
Prevent Teen Pregnancy
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Youth Risk Behavior Survey-1999

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 enroliment 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 atime. (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 Risk 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, orice). 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 Used Mari 57.1%
ver Used Marijuana (a) 47 1%
Currrent Marijuana Use (b) m Alaska:1999
m US.: 1997
Ever Used Cocaine (c)
Current Cocaine Use (d) jpr
Inhalants (e)
'‘Methamphetamines (f)
'Heroin (g) 8| 3.9%
Crack Use (h)
Steroid Use (i) j|
Injected Drug (j)
20 40 60 80 100

. Percent of Students
naijLea
Lﬁ%lr’ﬁgmelinminlmmcaepwrg lreaney

L

US Diard adldde

High SchoolResults (excluding Anchorage) 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.

ég!SaBii*HS"agSS.%}%
Ao

ByBBW H-ab’ E@mngﬁ:mg
N EJS Giis 1997
Venken Si5me W
.thM MW&ntfg 31%
kR0 fiLnKSBSI_ 5%, 8%
0 74 Q0 & 8 10

Percent of Students

'Ued dadd, naijuag o tdeco ke treap d Byas

Year 2000 Objectives:

Increase by at least 1year the average age of firstuse ofcigarettes, alcohol, and marijuana by
adolescents aged 12-17.

Part 1-21 High School Results (excluding Anchorage)



Youth Risk Behavior Survey-1999

Section llIl: 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
guestion 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

Part 1-45 Middle School Results (unweighted)
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| out into »it* willows that grew around [l edgies ol the cottonwoods.... A huge brown bear
was coming head on. hounding through the willow clumps not fifty feet away! . . .1threw up my
arms and yelled. That was all I'could think lo do. On he came ... | tripped and fell on my hack.
And then &s he loomed over me. a strange thing hapPened. The air swooshed out of him ashe
?]Wltah%(tj ends. Oil lie went ... Neveronce did he look back. | was shouting, encouraging him in
is (light.

Sam Keith, from the journals of Richard I'roenueke

Our Man®s Wilderness

Published 197.1; Reissued 199![_)(

Anchorage; Alaska Northwest Rooks



Definition and Significance

Since 1990, the U.S. Centers for Disease
Control and Prevention have sponsored the
Youlli Risk Behavim Survey (YRBS) at both
llie 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 witli national
averages and tracking changes over time.

In Alaska. Ihe survey is ajoint 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 pall in the sinvev

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
Aik borage. Also, since Ihe response hum
middle schools was below what is considere
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 stales 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

Youth Risk Behavior Survey in Alas,

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 rallying
weapons; ahout | percent of Alaska girls
and 9 percent of giils nationwide carried
weapons to school.

Carrying Weapons

11999 High School Survey)’

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 stag%ering number of high school
giils in hotli Alaska and Ihe entile Il 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.

* Assignificant hut much smallei share
of high sdiiiul buys iu Alaska and nation
wide also report having been Ibiccd In
have sex between 5 and 8 percent a
different grade levels
* About III
percent of the
girls and 12 pei

Mask,i Imvs ~ Tenl ol llic boss
Cailied a weapon U.S Imss surveyed in
within past month AJaska gjfls Alaskan lu'gli
) schools lepntled
|SC0%LJ| U.S giils being bit. |
_ 18.6% ™ Alaska linvs slapped, nr nib
| allied a weapon 11.0% 1S Itoys S I erwise hint in
d  mi school gioonds _ Alisk.i mii vry <l 1H it liidc Hie previous vear
within past month Alaska girls Anrhoi.i[¥i Mmlrilh P )
) by people they
USgills were dating A
Snuicr Utt! Vimilli H¢ 1li-i.ninf Suve> 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.


http://www.cpi.liss.staic.ak.u.s/publiealinns.shtml

0 ! ith Risk Behavior Survey in Alaska (cc0

lligh-Schnol Students Who Ilave
Had Sexual Intercourse

juiiu)

Percent ol Students Re ortin? Niey've Kver
Been Forced I<i Have Sexual Intercourse
They Did Not Watil

Uinde 10
« Neska
iy ,5;4;7| o
hr ¥
Lo
I 1, L o . .
(iiadr irajlr 10 Cntila 11 Citulr \?
Soilin', imio Vhuii Risk Rifiashi Sunn Soilin” I il R MiatiH Smay
Alaska survey did not ini lude Permit of Students Reporting Iliey've I'vei lleen Hit. Slapped,
Anchorage high .school studenls. or Physically Thirl On _PurPose hy Their Boyfriend or CdrHriend
During the past 12 Months
Ciale 0 (erailr 10 (iraitr 20 Cratlr 1?

Sniiin.": 1999 Vimiili Rsk Reliavini Sim*)



tobacco Use

Smoking is about equallﬁ common
among Alaskan and U.S. high school sin
denis, wilh roughly a third reporting they
smoked al least once in lieImonth before
die survey.

*  Alaska’s high school stu

dents are far more likely than |

other 1JS. students lo <lieu

Youth Behavior Survey in Alaska (continue. <

double the share of Native hoys (32 per-
cent) as non-Native hoys (IK peiceul)
(hew tobacco. And 1he share of Native
girls who chew (21 percent) is nearly five
limes the rale among non Native

girls (5 percent).

* Alaska Native studenls both hozs
and girls—are far more likely to smoke or
riiew tobacco than are non Natives. More
than half of 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

Tobacco Use Among Alaska and U.S. High School Students

(ubacco QL use siiull. Alaskan  Smoked al Irasl one day in past Il days

?ii IS in particular are more
Ilkely than othei giils to ilieu
tobacco. About 21 peiceul ol
Alaskan hoys said they had
used (hewing tobacco in the
month hefore the suivey.
compared wilh about |1 per
cent nationwide llui neatly
10 percent of Alaskan high
school girls  almost | iu

10 said lliev (hewed tohai
co. (ompared with just | per
cent 1in |00 qiils
nationwide.

¥ Hie share of high school
hoys nationwide and in
Alaska who i liew tobacco increases as
they gel older. Ihtl among Alaskan high
school hoys surveyed, use it leases imu |
more  so that hy the twelfth giade. a
lliiid of Alaska hovs report chewing
tobacco. |hats nearly twice the rate
among senior hoys nationwide.

|\edilieumg lli.itioin siiull

Smoked il least ?Il days IIl past 2tldays

_ Alaska hoys
tmm W™ ymiwntww us |

mpes s BT umini U Ime

13 US girls

[lo\s wliti osnl lohaico or soldi io pnsi ill days, try grade

. _ Alaska Imss
liiade 1Ml II'S liovs

e e e , Alaska hoys
PHBisflitdiK'-viKiMiaMPmm u S imvs

Alaska Imss

tirade 11 II's Imss
MIsk Imss

1 lewniwMWiwwiwit 1Ls io0vs

Toba« to Use Among Alaska Native and Non Nalive Students

53.9 N.lllie Inns
Smoked i |ga|%a§ ?—I 28 3 Non Nalise Irmss
olken W n m n M M Name '( i
Noil Nalise gills
Nalise Inss

Non Nalise Im\s
Nalive giils

T

) Non Native giils

[ - g’ _—'-



% im i Risk Bbiavior Survisy in Alaska (cl W hili>) #

Alcohol Use Among Alaska and U.S.
High Sliool Students

Aaks vinviv extindrv
Aiklidurt Muilnili

Hmw\lﬂ}ﬂnﬁ m[mrﬁﬁ#ﬁne Tifil ier Ihnnk
Sailin' 1179 Yrrli Kik llehendtn Sui>e)
Drug and Alcohol Use
About ihe same pen outa?es ol

Alaskan and U.S. high siliool 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 anhuul 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
lllegal ding among high <liool students
lu 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 portent of Alaska
students and 27 percent of U.S. teens
reported using marijuana in the mouth
before the survey.

« Close lo one in six high A big%]er share of Alaskan high school
scliool students in both Alaska students llian oilier US students ippoil
and (In* US. report sniffing nine living Morion ~ almost 'l in 100 Alaskan

in oilier inlialanls a least onre. students, compared with just over 2 ir 11))
*  After marijuana, melhaii nationwide.

phelamines and cocaine are (lie Five in 100 Alaskan high school slu
most Wldely used illegal drugs dents have used steroids, compared wilh

among |||? school studenls. lower than | in lilt) nationwide.
with nearly 1'in 11l reporliug a + More than 3 iu 100 Alaskan students
least one use. surveyed reporl using needles to inject

drugs at least once  a share twice as large
asamong U.S. students in general

IVic.eiil.ige of Alaskan mid U.S. High School
Students Using lllegal Uuigs

Eer vell Mlliflinn. 14 i
Liiiifil Mijiimu 1V ]

[ h lived Qo ninel) 2
Cuiirni (iMiiin' v i)
I HIS I
\lehrrifii ey i)
lleinin (j)

Sarid il Itd | Ppy ;g

gl

g

@&:r ”nan %rrm in II|e31)|I ua.gremin); (ie virvev
@ Ln&%p;ﬁ%nd%@@@gld% nv%lwﬁ Wn vinnsin g lldi

Hl lived HeRl vi
vei lived n needle In IIIBGI 1nlilleRil (Inp

m@hr  [1)!1 Vimih Dk llelimvini Svev
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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

* lie shares ol hi%h ghool students
who have ihonghi nboul, planned, iii
attempted suicide are remarkably Similar
iu Alaska and across tinlcountry

« lligh-scliool giils are far more likely
than hoys lo report thinking aliuul ni
attempting suit idct. (However, Alaska sia
listics tell us that teenage hoys  espec ial
ly Alaska Native buys are fu mure likely
than girls in actually commit suicide.)

* Asurprising 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

& (unity attempted suicide.

Among Alaska hoys. 125 percent said
they had thought seriously about commit
ting suic ide, |1 percent 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.

Youth . A

Alaska and U.S. Students Honorling
Suicide Thougzhts, Plans, and Attempts

In Percentages)

20 2tn

Alinyj US.Bys AK(llls tISCiils
Vilom!* llomghl Aimil SiiKtir — Mwlo 9 Hill
Sonin* fMO Youlli Ritk Krkivior Stnvry

Iis< iisstcin Aiuiim Si'KVTy Hisi iis

lie H))fl Youth Risk Rehavioi Survey in
Alaska found that many hi?h 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, cared them,
or forced them to do things against their will,

A staggering one in five girls in Ihe
eleventh grade repent being lon ed to have
sexual intercourse lliev did not want Mine
than half ul all Alaska Nalive students sm
veyod repented regularly smoking cigarette's.
Nearly one in five high-school hoys leporled
carrying weapons on school grounds. Mine
than three in cnip 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

AlffflipiH Stlichle

Behavior Survey in Alaska (continuel.

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 schools
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 carry 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.

We need lo lintl heller ways of
protec ting leettageis  especially giils
hut hoys as well ~ from being piessmed an
physically lon ed In have sexual relations they
don't want We need active elluits to prevent
assaults and so called "date tape

Ihe gnud news hum the suivey is that
must high xlined studenls are on llicii wav to
being responsible, piuduc live adults We need
to fine I more ways to help all students make
Ihe most ul theii lives.

Notts tok Him iii Risks Sit iion

'See Matthew BetMan and l.inda Icask
“Violent Death ill Alaska.' in Alaska Rnivw ul
Sniiil anil liiiiiiiinii Ciiiiililiniis. Unlveisily of
Alaska Am huiage. Institute of Social and
Fronnnw Kosranh. I'ebniary 15].')

'See Alaska Dcpailmeiil ol Revenue and Health
and Social Services. Imparl of//re HI97 liilinirii
[TV Hiilr Innrasr in Mash, lime 300)1). Available
online at: www.hss.slale.ak.ns


http://www.hss.slale.ak.ns

2003 Youth Risk Behavior Suryv

Northwest Arctic Borough School District Middle

V030U  Percentage of students who tried marijuana for the first time before age 11

ey Results

School Survey: Unweighted

Total Males Females
Percentage 95% n Percenlage 95% N Percentage 95% n
Confidence Confidence Confidence
Interval' Interval* Interval*
Xotal 102% <98% 1:05%1 18 f ) 62 ( 1 66
ge
11 or younger t 1 3 3 t 0
2 1 y X 14 1 6
13 t y 60 1 - y 2 t y 37
14 or older t 1 4 3 | ) 2
Grade
6th ( 1 6 6 I 1 0
Tth t 1 B t - 3 I 1 4
8th 1 1 4 t J 2 [ 1 2
Race/Ethnicity™ _
American Indian/Alaska Native 107% /103%-112%) 11 ( y 80 ( 1w
Asian ( 1 2 | 1 1 ) 1
Black ¢ 1 1 / 9 1 |1
Pacific Islander ( 1 0 ( 0 t | 0
Hispanic | ) 1 0 t 1
White | )y 8 ( = ) 1 ( ) 7
Note:  [hero were 4 students who were excluded from this analysis or who did not provide usable data for 03U
Unweighted means thata 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 95% confidence interval will contain the true mean 95 times out of 100 ifadditional samples of size n arc drawn hum this student population
** An individual can be of more than one raco/ethrcity.
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ABSTRACT

The Alaska Native Preschool Project was centered in the Ilent) Start
Programs of two typical Alaska native villages near the Rering Sea 1Jala
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
anumber of problems wectc 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 was 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.)

Key worth.  Alaska; Native Alaskans; Substance abuse
INTRODUCTION

Alcohol and drug use arc social and public health concerns in circumpolar
areas like Alaska lu 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 refuting alcohol and drug

data.

The piit|Kisc ol this article is to describe the levels of scir-rc|X)ttcd drug use
and related behaviors of 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 of preschool parents of Head Start stu
dents. Hie data were collected as part of the Alaska Native Preschool Project, liis
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 of 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 Ikla reality across all of Alaska. More
six*iifically, 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 lhe 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
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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 of 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 among 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. Ihe status of alcohol/drug use and related behaviors were assessed | 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. Ihe Ptojecl Director changed three items. Ilie 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 information
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. Ilead
Start Program hefore 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
resjiondents did after completing each questionnaire and that their names m
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specific identifying information would not be linked or identified wilh die study.
Data were also collected from 25 to 30 key infjimanis in each village. Selected
key informants comprised an ongoing panel of 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 VILLAGES

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 of 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 of natives in all seasons of 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 5Xt, 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 activities liel|H-d provide additional income. Iliese
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 of year-round positions were also available in city government, law enforce
ntent, health cate, and the lew local stores, Itoth 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% of 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)
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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 ltigh, 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 ticatment 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 of local arrest data, indicated that
there were L.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 Ilicic 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. Ilcnlih 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. 1lre Women'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 of the abuse was related to alcohol use.

VILLAGE SOCIAL CONTEXT

To understand die village contest, a panel of 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 women 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 conceding certain behaviors held to be indicators of alcohol and drug-use-
associati ~ ohlctns. Among these were suicides and suicide attempts, acciden-
tal death end injuries, homicides 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 of expe-
rience in various Alaska Native communities suggested that, in terms of the sc
verity of the alcohol and drug usc-nssociatcd problem, the villages selected for
the study were somewnhere in the midrange when compared to other villages in
Alaska. A number of people did not drink and many drank only moderalcly. In
(lie course of 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 of committed efforts to address these issues which includes the

Alaska State-Wide Native Sobriety Movement.

PRACTICES AND ATTlTUDEBSAEBOUT ALCOHOL AND DRUG

Iic fullowiug practices and altitudes toward alcohol use and "abuse” were
based on interview data from viI_Iage key informants.

It is important to keep in min
ments with a mayor, city manager, village council, and budget was a template
which was superimposed from the dominant Western culture. These roles and

that the formal structure of village govern-
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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 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 lhe 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 family 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 oplioscd 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 of 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
hoatloads of illegal alcohol. ‘llte 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
hootleggers and villagers. lhe result was that bootlegging in that village was
undesirable, against the law, and would be prosecuted TI'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 opliusitioii
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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llie 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 of it, and willingness and ability to work within it varied
widely. A minority of natives were teachers. The majority of 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 of 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 -
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 > a
set of behaviors that was not tolerated and was in fairly good control. In lhe 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 wouldn't have a job." Patterns of consumption varied with
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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 of families, in which parents and children all
drnnk, constituted the majority of 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 weir accounts of llicsc situations and
the dangers involved. "Don't believe that stuff about those little Eskimo guys.
They'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." The 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
lcm" 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. "We 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 > highly
respected, anil were seen as valued members of the village. Inall 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 of
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 Ilead 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 wete 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 of 10 were Alaska
Natives (see Table 1), 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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Selected Denrographics of Hoad Start Parents (N=342)

Female
Race/ethnicity:
Alaska Native
Education:
Less than Grade S
Completed Grade 8
High school
Some college
Employed
Religion:
Catholic
Protestant
Other
leisure lime activities:
Watch TV ami videos
Play bingo
Play basketball
Snow machine racing

Attitudes anil problems associated with substance use:

Attitudes:
Wrong to take drugs
Wrong to srink a lot
Wiong for someone to force you lo drink
Wtong to take something
Wrong to lie
Ever encountered problems related to drinking
Hunting accidents
Snow machine accidents
Pour wheeler accidents
Got attested tor drinking
Had money problems
Passed out
Memory loss
Parent self-rrpoited alcohol and ding use
.Substance use in previous month
Any alcohol
Gotten drunk
Marijuana
Inhalants
Tobacco
Snuff

15
19
02
56
4

(amiinunt)
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%
Alcohol use in the previous year:

Any alcohol 63
Gotten drunk 4
Weekend parties 31
At night with friends 32
At home 3%
Awnv from villnge 25
At fish camp 7
Other dntg use in Ihe previous year
Marijuana 79
Inhalants 07
Tobacco 57
Snuff 45
Tiug use ten limes ot more in previous year.
Alcohol 14
Marijuana [l
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 lhe study completed
high school and 42% repotted they were employed. Almost nine out of ten par
cuts said they were religious, with 09% saying they were Catholic. Almost ev-
eryone (96%) reported they watched TV or videos. 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-third 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 0f 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 of 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 o>
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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 IInifs greater 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 three times
greater than national estimates. Tobacco use in the past month was reported at
over 56% or at a level that was over one and one half times the level of use at
34.7% estimated from die 1995 National Household Survey. Alcohol use in the
past month, reported at 58%. was tower than that estimated for the 26-34 yeat
olds from the 1995 National Ilouschold Survey at 63.0% or about two thirds less
use. In addition, the reported levels of other drug use were 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. lu ad-
dition, dmg and alcohol use and associated hehaviors should lie targeted with
culturally specific prevention interventions. Developing targeted prevention in
tcrventions should In-a policy priority.

Ihere 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 snsitize policymakers about the requirements of people who live in vciy ru-
ral areas For example, very rural and rural populations need resources to develop
tailored prevention interventions | 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.

Indosing 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

. Marijuana Is the primary substance abused in a
significant number of homes generating reports of
harm and CINA cases due to Illegal drug abuse.

¢« A 1998 national survey found that children whose
parents abuse drugs or alcohol were almost three
times (2.7) likelier to be physically or sexually
assaulted and more than four times (4.2) likelier to be
neglected than children of parents who are not
substance abusers. Children ofSubstance-Abusing
Parents, (1999) citing, Sedlak, A.J., & Broadhurst,
D.D. (1996). Third N ational Incidence Study o fC hild
Abuse and Neglect: Final Report. U.S. Dept, of
Health and Human Services, Adm inistration for
Children; and. National Center on Child Abuse and
Neglect, (1998). Living Arrangements o fChildren
Under 18 Years O Id: 196 0 to the Present: U.S.
Advisory Board on Child Abuse and Neglect. (1993)
Neighbors helping Neighbors.

e« 20.5% of the 915 social workers and family court
professionals surveyed cited marijuana as the leading
substance of abuse in child abuse or neglect cases

involving illegal drugs.



Major drug bust rids Quinhagak
of dope hub
by K.J. Llntioln

Atter 3 couple months oftnves atton and g%(r)heratton with villa %ers Alaska tate
Troopers were successful In setzn a poun dahalfotma aand SI7 In cash
from a residence in the village of Quinhagak, and closing do acentra up for
mar Juana
“L.ach vacuum-sealed bag had 20unces of marijyana, éald Western Alaska Alcohol and
Narcottcs Team Investtg tor Joe Hazelaar. “ 1 12potnds of maruuanF at Hagram
e uas a $2800000street value. This amount 1S not uncommon in.villages.

%ecess ?fthe drug Qust can be attributed to the ?mzens %f Quinha ak who w?rked
WI'[ l(ho Village police calhnﬂ In tips and complaints. The Gverwrielming cal

anout the house Were enou 0rounds to'IssUe asearch vvarrﬁnt
“It was o nre erencet hesupport e've gotten fro teut zeqs and the Chief of
thony Ap The tips from the local villagers led to the

g)?e“ccuetto?tacltf tThreog aerrc h Warrant”
Community members had stepped forvvard and asked to help with the investigation,
mcludmg omlg undercover and making dru n%l rﬁ)urc 8965,

“They h |8ed d the village of a pretty proniinent problem of the drug dealers,” llazelaar

sald,
Four adults have charges pendm against them as a result of the bust, said Hazelaar.

They were very uncoo erat| unn [ sald. he|rc e 15 beng forwarded to
the [}/sthct Attorney anﬁ If WYI be ha (H]% Fegeratt] Y, %nstead of through thegstate

The four adu S Were nﬁ tm nX N the h oHsee

“There were ree Sma e dre att meoft sear?h warrant,” said Hazelaar. “An
month old baby was sleeping less than a foot away from a pound of mar IJuana

The children, wno have been taken Into Protecttve custoay, had also been present during

the transactions when the underc éJver Informants %c ase marjjuang.

The hou?]e which was also seized, will bed?nate ack to the Ctty of Quinha ggtk We're

hopin teV||Iage will currently find a amtythat Is need of ahotse," said [azelaar. “

ca tsa thanks enough for thecommuntt InvQlvemen
ITa communit wouP(ﬂust ban together ahd (therpt (Sealers out -think ahout what thet

rﬁteog(e could dg for that community. The only one getting rich off the deal 1S the dealers,"



driving with a revoked license.
Wasllla / Drunken driving

At 1:40 a.m. Sunday, Alaska State Troopers arrested Alfred A. Shelde age 44, of
Wasllla on suspicion of drunken driving and leaving the scene of an accid nt. Troopers
contacted Sh<iiden at his Glacier Drive home after receiving a report that le was drlvint
impaired in his 1990 Ford Tempo and, after a disturbance at a Serrano Drive residence
sideswiped a 2000 Ford Ranger parked there. Shelden was held at the Mat-Su Pre-Trial
Facility in lieu of $2,000 ball. Damage to the Ford Ranger was estimated at $200, and
there was no damage 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 ling over the
centerline and s eedlng. The driver, Sovala Raylene Tapley, 44, of Wa.illa was arreste
on suspicion of felony drunken driving and driving with a revo*ed licerse. Tapley was
held at the Mat-Su Pre-Trial Facility in lieu of $15,000 cash-only bail.

Wasilla / Drunken driving

At 4:59 a.m. Friday, Alaska State Troopers arrested 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 the intersection of the Parks Highway and South Seward
Meridian Road for erratic driving. He was held at the Mat-Su Pre-Trial Facility in lieu of
$1,500 cash-only bail.

Wasllla / Drunken driving

At 12:45 a.m. Friday, Alaska State Troopers arrested Angela ft. Moehring, 28, of
Wasilla on suspicion of drunken driving. Moehring was stopped or erratic driving, driftii
from the fog line to the 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 at Jc  sons Road ant
the Parks Highway in Houston for speeding. The driver, N> i Scott Bridgewater, 42, of
Houston was arrested on suspicion of drunken driving anu i>eld at the Mat-Su Pre-Trla

Facility in lieu of $2,500 bail.
Wasilla / Drunken driving

At 3:25 a.m. Sunday, Alaska State Troopers arrested Vaughn Nogle, 29, of Wasilla on
suspicion of drunken driving. Nogle was stopped for falling to stop at a steady red light
at Crusey Street 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 State Troopers arrested Giles Jackson, 26, of Wasilla on
suspicion of drunken drlvm%. 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 marijuana

At 8 p ~n. Thursday, Alaska State Troopers arrested Jim A Gardner, 47, of Wasllla for

ﬁrowmg marijuana and reckless endangerment. Troopers contacted Gardner at his
ome near Beverly Lakes Road in Wasilla after receiving a tip about a person with an

arrest warrant possibly located there. Troopers found Gardner had app'oximately 173

http  nl.new shank com n!-scarch/we/Archives?p_action=doc&p dociJ=10805F2D7ABE... 3/13/2005



live marijuana plants at his home, where his young child lived with him. The Mat-Su
Narcotics Team was called to the residence, eradicated the marijuana and seized the
related equipment. Charges are being forwarded to the district attorney's office for

review.
Wasllla / Domestic assault

At 12:42 a.m. Jan. 26, Alaska State Troopers responded to a domestic disturbance nea
Twilight Drive and Horizon Drive in Wasilla. They arrestea Richard M. Cassler, 40, and
his ex-wife, Diane M. Juel, 43, on charges of assault on one another. Juel was taken to
shelter for the night. Charges for each will be forwarded to the district attorney.

Wasilla / Stolen property

At approximately 8:24 p.m. Friday, Alaska State Troopers received a report of stolen
property from a residence on Machen Drive in Wasilla. Joshua Morris, 26, of Wasilla
reported a snowmachine motor stolen out of his 1999 Polaris 700 RMK. The estimated
value of the stolen property is $2,000. Investigation is continuing.

Wasilla / Collision with moose

At 10:38 p.m. Saturday, Alaska State Troopers in Palmer responded to a motor-vehlde
collision with a moose near the intersection of Wasilla Fishhook Road and Lake View
Drive in Wasilla. The moose stepped Into the lane and struck the driver's side of a 1997
Chevrolet pickup driven by Phillip A. Irrer, 41, of Wasllla. The moose died of its injuries
Irrer was wearmg his seat belt and was not m&ured. Total damage to the vehicle is
estimated at $2,000. The moose was salvaged by a local charity.

Wasilla / Assault

At 11:34 p.m. Friday, Alaska State Troopers in Palmer arrested Joseph H. Bussard Jr.,
63, of Wasilla on suspicion of assault and criminal mischief. Troopers responded to a
home on Country Fair Drive, where Bussard was reported to have assaulted a family
member and caused damage to the residence. Total damage was estimated at_
approximately $200. Bussard was arrested for fourth-degree assault and criminal
mischief. He was held at the Mat-Su Pre-Trial Facility without bail. ${ILLUSTRATION :+

${INFOBOX: +

Infobox

${COPYRIGHT: +
Copyright (c) 2005, Anchorage Daily News}
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welfare of the natjon's children, lremember drscus}srn]gf this progect with Mrs,
Helene Sore InFlorid in ]%and | reqret that she aid not l1ve to see this

5) ucto erv?enerosrtg and concern for children,
eanne Reid istinguished CASA senior researcltg: aﬁsocra|e was the

el rtrrt°tg?srt'rstrtethtrtntanrt A
a‘c etto JD Davr Man, Ph.D., CASA's [ibrarian, an rbrar assrst Amy
Il srs(%rnt drted the

an wereabr%helgJ arcia Lee. M Secta
manuiscript. Herbert Kleber, M.D. Executrve Vice President and Medica

Director erlram Foster PhD Senior Vice President and Chief Operatin
Officer, Susan Foster, M.S.W., Vice President and D rrector of Poll Fg Research
and Anal |¥srs Patrick Johnsor Ph.D., Deputy Director of Medlical esearch and
Practice %Ircy, Lawrence Murray, M.SW.. Senior Program Assocrate%
?Vrlcer\evr?c tarre] dre 00rt SJalnle Carlson, as usuial, hancled the administrative chores with

rol sory Board, adrstrn uished group of experts, were rnva?lua ein gurdrng
this effort and. revrewedadratoft iSTeport. But responsibility for the analysis
and rndrngs sits with CASA.

. Introduction and Executive Summary

The number of children in America who are abused or neglected has more than

doubleg f
féltjmﬁﬂorrrom l%‘to about 30milljon in 1997JAs child welfare offrcrals have

sty ey el g S i

ur
the nation’s chrlé glfare sklstem has risen. Without ac noerted eﬁort Ao assess
and treat substance anuse, the tragic consequences for the nation's children wil
continue to accumulate,
Tis report IS acomprehensive analysi s of the deep and complex connectron
between substance abuse and chila maltreatment. "It exposes how child welfare
agencles and fam P/ s¥stems stnr%rle l0 handle the critical de rsro ofchr/d
cristody wnen a parent Is a drug o alco abuser and rt]recommen S SU stantra
chan%es In practice to safe uard our nation's children, The most significant
findings of our two-year aralysis are:
ustance abuse and a dr?tron severely compromise or destroy the ahility
of parents to provide a safe and nurturing home for a child.
e Substance abuse and addiction confound the child welfare system's ahility
to protect children.
. TrmeIY and comﬁrehensrve treatment can work for substance-abusing
parents, and suich treatment 15 cost effective.



e Only amajor overhaul of the child welfare system and dramatic changes in
Btrtgg é/vnel Are practice can make rea progresg against this f ormtdabta1 :

+ In this report, "maltrcatmenf 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 asjuvenile courts or dependency courts.

"It's scary. It's scary to not have your mom there, to have to worry whereyou're gonna

gelyour next meal and who's gonna change your diaper, who's gonna feedyou and

who's gonna putyou to bed at night. Dad tried to stab himselfwhen he was drinking and

—Melissa, age 14

As pan of th|s tvvo— ear anal 5|s CASA conducted a fargefed, nat|ona| surve of
rofessionals wi owor in child welfare agenues or famtlx coufts to learn their
ercept|ons of the extent of the supstance abuse problem, how they decide who
%ar e for the cihndren I Cases mvolvmlq substance abuse and the changes that
the lieve wou d benefit the nation's chifdren.  The key fingings:
A Three of Heg16 EPercent ) Cite su sta‘tce abuse 2 one of the tcﬂo three
causes for tne dramat cnse in child maltreatment since 1983 followed by
hetter reportmg of child maltreatment (354 percent) and poverty

318 percent).

oSt Survey respondents cent) report that substance ahuse causes
or contnbu%s topatrteast half gfp?( easgs e Eﬂd maHreatment 27 percent

say It s a factor in over A percent of the cases.

m Almost all surv% respondents (S16percent) say that parents who ahyse gr
neglect the|rch ren’ most commonly abuse a combination of alcohol an
drugs; 7.7 percent cite alcohol alone.

o Ovérall, 93 percent of all respondents recognize alcohol as a leading
substance of abuse among parents.

. 458Percent of all respondentss gthat 0aS€S oftllegal drF ,n olve crack.

n five (05 percent) responaents say that cases of illegal drugs
mvoIve maruuana

e Three of foyr survey re nE)ondens 7 ercentr) say that chtlgren of
substance- aléusmg {Y e likelier to enter foster care, and. /30 percent

say that children, of substance- abusing parents stay longer in foster carc
than do other children.

e Almost half (42 percent), of all case workers say either they are not required
to record the presence of sUibstance abuse whert investi ugatmg chilo
maltreatment or do not know wnether they are require
gl ercent of respondents say that what treatment 15 avatlable
etermines what treatment is “appropriate” for the parent,

high on drugs. It was right infront ofme. | was scared. "2




e Only 58percent of surveY re gondents say that there is no wait for parents
who need resiciential substance aouse treatment. Only 200 percent say that
there IS no wait for outpatrent treatment

. Res ondents overwhelmrn% percenta name lack of motivation &s the

er one arner {0 gettl parent Into stlbstance aQuse treatment,
o owedh lack of res| entra treatment f( OBercent% [ack of Insllrance
coverage rtre tment rcent fnatient treatment (304
reent)and Iac ofchi car 285percent It 1S not passinle to determine
rom t survez how much the percelved lack of motivation is influenced

by these other barriers.

* A copy of the questionnaire and adescrrptron of the survey methodolo y appear in Appendices A and B. A total of
486 veys were distributed; 915r es were recorde & The overlaﬂI resrgﬁs rate ts 26.4 Tercent
él dition tot sUrvey, ASA reviewed more than S0technical artcles, hooks
dna r

orts Qv nngi medrcal social science, legal and supstance abyse literafure
releva t to child maltreatment vrhen parents arcapusing alcohol and drug 5. We
INterviewed nUMmerous Caseworkers, éudges and other professionals. We conducted

S[x case studies to ident] whg E:{%romrsrn Innovations in dt fleld to gadress substance
anuse amonr% parents Use or neglect their children and reviewed numerous
other jnnovaions, Together, the CASA survey, literature review and case studies

provide the foundationfor the following key finaings.

It's aw fulin the long run... When you grow upyou have to deal with a lot more

problems, 'cause when you're little you don't realize everything that's happening, and
vou tty to understand andyou don't. And them when you get older, it's so hard to think
thatyour mom would do that toyou. | mean she'll tellyou that she lovesyou and that

she 'll help you in any way she can -- but she doesn't. She tries, but she can't; the drugs

—Brandy, age 16
Sulpstance ahuse anpl addrcéron are the primary causes of the dramatrc r1Se I
child abuse and glect an anrmmeasurable Increase In the complexit
Cases since the m hoth CASA'S surveg and other research, chil
welfare and amrly court offrcrals report that substance abusc-alcohol, crac
ccarne and ot%r rug USe—S re[s nsible ar the dr]amafrc rise In cases, C [)en
Wnose pargntsa Use rugs and alconol are almost three limes (27) ||ke||er 0
abused and more than follr time 42g||ke||ertobe neglecte an children of
arents who are not substance anusers.4Substance abuse and addiction js almost
uaranteed to lead to nerglect of children. 5Fyrther fueling the number of cases, the
ate of repeated abuse or neglect appears to be increasingly driven by alcohol and

dru addrctrcftn - y
cription pf the case study methogojog appear in App ix C,
CA rack cocarne Was resp onsthe or at eastt e |n|t|a| spike In the caseload While

new crap %alppears to ave subsided nﬂ \ona IY In he the child welfare
caseloa has held stea X In some areas, child welfare of |créas]repor}]nodecrne in
Crack use by parents. Ajudge in Washrngton D.C. reported that, “The crack

fust take over. And. | don't know, it'sjust hard. It's really hard







SB 74- Findings and Authority

(1). marijuana has been for many Xears 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”

e Tab “D”. RESPIRATORY EFFECTS OF MARIJUANA AND TOBACCO
USE INA US SAMPLE, "Marijuana smoking remains the second most
widely smoked substance in the US with conservative estimates
Indicating that more than 11 million people smoked marijuana during
the last month and approximately 20% ofthese 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.

e Tab “C” (Behaviorial Health) and Tab “D™ (Public Health)

o Tab “C” LEGALIZATION OF MARIJUANA: POTENTIAL IMPACT ON
YOUTH, AMERICAN ACADEMY OF PEDIATRICS, TECHNICAL
REPORT, 2004 “Scientists have demonstrated that the emotional
stress caused by withdrawal from marijuana is linked to
corticotropin-releasing factor, the same brain chemical that has
been linked to anxiety and stress during opiate, alcohol, and cocaine
withdrawal”. Others report that tetrahydrocannabinol, the active
ingredient in marijuana, stimulates release of dopamine in the
mesolimbic area of the brain, the same neurochemical process that
reinforces dependence on other addictive drugs.”

e Tab “C” ALASKA STATE PLAN FOR DRUG ABUSE PREVENTION,
FY 77 (57 marijuana treatment admissions in FY 75) compared to an
average ofabout 420 ayear now) SAMHSA Treatment admissions data
set. On average in 2000, 2001, 2002. 2003 there were about 20 heroin

admissions ayear.



(3). inaddition to concerns about marijuana use generally, the legislature Is
R‘artlcularly_ concerned with rates of use bv voung people and Alaska
atives which exceed national averages.

e Tab “E” 2003 ALASKA YOUTH RISK BEHA VIOR SUR VEY RESULTS,
(13.1% ofAlaska students reporting use before age 13 vs. national
figures 0f9.9%); (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); Fln asurvey ofpre-
school parents in two rural Alaska villages, rates ofuse were three times
as high as the national average).

e Addendum. In another survey ofrural Alaskans admitted to treatment
facilities, 17.9% ofmale Alaska Natives werefound to have a marijuana
disorder; Average age offirst usefor American Indian /Alaska Native
popula)tion group has slipped down to 14years old. (vs. 16for Alaska as
a state

(4). earlv exposure of children to marijuana increases the likelinood of
lifelong health and social problems, and makes it more likely that the
person will go on to use more potent illegal controlled substances.

e Tabs “C"and “D”

e Tab “C'\ Table 5.1b, marijuana treatment admissions for youth aged 12
17made up 63%of all treatment admissions in 2003

e Tab"C" INITIATION OF MARIJUANA USE: TRENDS. PATTERNS.
AND IMPLICATIONS. 2002, Joe Gfroerer, SAMHSA, (Early initiation
ofmarijuana use was associated with a greater risk ofother drug use
behaviors at age 26 or older, such as heroin use, cocaine use, etc., and

with a greater risk ofillicit drug dependence or abuse al age 26 or

older) ?6.3% percent ofthose initiatinﬂ marijuana use at age 14 or
younger were recent heavy users o fother illicit drugs in comparison
with the less than 1percent ofadults who had never used marijuana
that reported heavy use ofother illicit drugs).

(5. ahigh percentage of adults arrested in this state for domestic violence

test positive for marijuana at the time of arrest.



e Tah “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 suicice.

e Tab“C”, ADOLESCENT DEPRESSION AND SUICIDE RISK.
ASSOCIATION WITH SEXAND DRUG BEHA VIOR, (Youth engaging
in risk behaviors such as marijuana use are at increased oddsfor
depression, suicidal ideation, and suicide attempts)

(7). manzuana consists of over four hundred different chemicals and can
affect almost every orgian and system in the body, including the lymph
s¥stem, 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,
e Tah“A” Tab “C'\and Tab “D”

e LEGALIZATION OF MARIJUANA: POTEKI1AI IMPACTON
YOUTH, AMERICAN ACADEMY OF PEDIATRICS, TECHNICAL
REPORT. 2004, "Some ofthe significant neuropharmocologic,
cognitive, behavioral, and somatic consequences ofacute 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 e taking in as many cancer causing chemicals as someone

who smokes a full pack of cigarettes every day.

e Tab“D", and Addendum. BRITISH LUNG FOUNDATION, A
SMOKING GUN

(9). potency of marijuana ...
e Tab “A” - Mississippi Monitoring Project Graphs and Charts

(10). treatment admissions ...
e Tab “C" - Treatment admissions data from SAMHSA.

(11). Alaska ranks inton 0for indoor growing states...

e Tab “A”- DEA Domestic Cannahis 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,

e Tab“A”and Tap “B”

(13). marijuana use by a parent has been, and will continue to be, a major
contributing factor fo children having e”sv access to and using

marijuana.

e Tab “C” - State of Alaska Adolescent Health Survey, 1980 (Children in
homes where parents used marijuana frequently were more [ikely than
children in homes where parents did not use marijuana frequently to use
themselves. (226%vs. 5%9; Among youth percewm(? parents would
strongly disapprove of using marijuana only 54%had used marijuana
In the past month vs. 28 oin homes where the youth believed that
their parents would only somewhat disapprove of neither approve or
disapprove of their trying marijuana.



(14). criminal penalties /or marijuana possession,and education efforts are
e{]fleg,nve In reducing marijuana use and limiting its access by
children

e Addendum.
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Drug Impaired Driving

Did you know ?

 If you are in the 5- to 24-year-old age group, you have a

9
RePI?/ Card
Safety City Brochure
r

much greater chance of dying in a motor vehicle crash
than dying from homicide, suicide, a fall, cancer, or heart
disease.

Press Release. eV The Bureau of the Census estimates that there were
Proclamation more than 22 million young people ages 15 to 20 in the
+Key Messages United States in 1996. The number of licensed drivers in
Strategy this age group was estimated at just under 12 million. By
Operation ABC: the year 2005 the youth population is expected to have

S|l m o i
Success Stories
Rx for Prevention
Strijdes foe Safety
Youth Fatalities

Materials Catalog
State Coordinators
Regional Offices

Down the Road

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

| ngstt%reéggtvsved like those needed to drive a vehicle.
" Kids.Aren:t Cargo
Fast Lane People under the influence of cocaine become easily
confused and lose the ability to concentrate or to think
“my:t OV clearly for any length of time.

AZero Tolerance
*Alcohol Poisoning..

¢ »

Air Bag Safety
Occupant Protection
Primary Safet¥ Belt
Patterns for Life
Road to Danger?

n Bus éaféty Point's

Wise.Cycling .
Ped. ngetngoints

Prevent Ped. Crashes

Expect aT rain

http:/Avww.nhtsa.dot.gov/people/outreacVsafesobr/15qp/web/iddrug.htinl

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

3/10/2005
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Women Aren'l Uiraiud drivers from 7 states, alcohol was found in 51.5 percent
of the drivers, and other drugs were found in 17.8

Return lo Main Manner 1 _
percent of the drivers.

Puj>c - J

» 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
bos o 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.

0,
% t The Drug Evaluation and Classification (DEC) Program trains

httn://Aww . 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.

httn7/www nhtsa Hnt onv/nennle/nntrpar.h/safpsnhr/l Snn/weh/iHrinm html *vin/7004
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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.

Uffn*//nninir nUfpn Ar\enrtisinoAnlo Ir\\ifroo”U /no 1Cnr\/n firlrlnirr lifm |



AN OPEN LETTER TO PARENTS:

HRES WHAT THE EXPERTS
ABCUT MARJUANA AND T

m'Marijuana is not a benign drug. Use impairs learning and judgment, and may lead to the
development of mental health problems.*

American Medical Association

2

m'Smoking marijuana can Injure or destroy lung tissue. Ir. fact, marijuana smoke contains
50 to 70 percent more of some cancer causing chemicals than does tobacco smoke.’

- American Lung Association

m"Teens who are high on marijuana are less able to make safe, smatt decisions about se.x-
including saying no. Teens who have used marijuana are four times more likely to have been
pregnant or gotten someone pregnant than teens w'ho havent."”

N ational Campaign to Prevent Teen Pregnancy

m"Marijuana can impair perception and reaction time, putting young drivers, their passen-
gers and others on the road in danger. Teens, the highest risk driving population, should
avoid anything that might Impair their ability to operate a vehicle safely.*

- American Automobile Association

m' Marijuana use may trigger panic attacks, paranoia, and even psychoses, especially if you
are suffering from anxiety, depression or haring thinking problems.*

® American Psychiatric Association

m'Marijuana can impair concentration and the ability to retain information during a teen's
peak learning years.’

N ational Education Association

" Recent research has indicated that for some people there is a correlation between frequent
marijuana use and aggressive or violent behavior This should be a concern to parents,
community leaders, and to all Americans.*

- The National Crime Prevention Council

And. according to the National Institute on Drug Abuse marijuana can be addictive In fact,
more teens are in treatment with a primary diagnosis of marijuana dependence than for al)
other illicit drugs combined.

Teens say their parents are the single most important influence when it comes to drugs.
Know their friends. Ask them where they are going and when they will be home. Take time
to listen. Talk to your teens about marijuana,

tH'tA\BN jNDRSué.
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Utah Has Lowest Use of Illicit Drugs; Alaska the Highest
SAMHSA Unveils State Substance Abuse Data from 2003

National Survey on Drug Use and Health

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 dri 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, lowa,
Wisconsin, Massachusetts and Rhode Island also had high rales of binge drinking.

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”rabttsG”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 lowa, 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
\é\éere thlt(aj only two states that ranked in the top fifth for all three age groups, 12-17, 18 to 25 and

or older.

Kentucky had lhe hi?hest 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 a WWW oas.samnsa UOV

SAMHSA, is a public licallh agency within ihe Department of Health and Human Sendees. The agency is
responsible for improving the accountability, capacity and effectiveness of the nation's substance abuse prevention,
addictions, treatment and mental health sendee delivery system
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. Drowning in Alaskan Waters
SOURCE: public Health Reports v11l p531-5 N/D '96

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.
PUBLISHER ABSTRACT AB Objective. To enumerate drowning fatalities in Alaska in order to
identify risk factors and areas for intervention. Methods. Information from death certificates,
state troopers' reports, and medical examiner reports were abstracted and analyzed. Rates
were calculated using 1990 census figures as denominator data. Results. There were 542
drowning fatalities in Alaska for the years 1988 to 1992. The 20-29 age group had the
highest frequency and rate of drownings. The incidence rate for the state was 20 drownings
per 100,000 population per year, almost 10 times higher than the overall U.S. rate of 2.11 per
100.000 per year. Incidence rates were highest among adolescent males (10-19), young adult
males (20-29), Alaska Natives, and rural residents. Alaska Nath a males, ages 30-39 averaged
159 drownings per 100,000 per year, the highest drowning rata., in the state. Conclusions.
Drowning is a major public health concern in Alaska. People who fish commercially and
young Native males are groups at nigh risk for drowning. Intervention efforts should be con-

centrated on these two populations.

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.

METHODS

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.

RESULTS

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.

DISCUSSION

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
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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 rmre 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
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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 collabora4on 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”rts 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,
1988-1992
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Initiation of Mariiuana Use: Trends, Patterns, and Im plications

3. Trends in Marijuana Incidence

3.1 Introduction

Estimates of marijuana incidence, or the number of new marijuana users during a given year, provide an important measure of the Nation's

marijuana use problem. They can suggest emerging patterns of use, give clues about the changes in the prevalence of use, identify at-risk subgroups

for targeting prevention programs, and suggest substance abuse treatment needs for the Nation.

incidence estimates of marijuana use based on data from the 1999 and 2000 National Household Surveys on Drug Abuse

This chapter presents
year and month of first use for recent initiates, the

(NHSDAs). These incidence estimates are based on the NHSDA questions on age at first use,

and the interview date. Using this information, along with editing and imputation when necessary, an exact year, month,

respondent's date of birth,

and day of first use was determined for each substance used by each respondent. Because these data were collected on a retrospective basis,

incidence estimates were always 1 year behind the data on current use. For age-specific incidence rates, the period of exposure was defined for each

respondent and age group for the time that a respondent was in an age group during a calendar year.

The average age of new users in each year also was estimated. These rates are presented in this report as the number of new marijuana users per

indicate the rate of new use among persons who had not yet used the drug (i.e., potential new users). More

1,000 potential new users because they
The numerator of each rate is the number of persons

precisely, the rates are actually the number of new users per 1,000 person years of exposure.
The denominator is the person time exposure measured in thousands of years. Each person's

in the age group who first used the drug In the year.
is limited to the time during the year that the person was in that

exposure time ends on the date of first use. For age-specific estimates, exposure

in a prior year had zero exposure to first use in the current year, and persons who still had never used the

age group. Persons who first used the drug

drug by the end of the current year had 1 full year of exposure to the risk.

Because these incidence estimates were based on retrospective reports, they were subject to several biases, as discussed in Chapter 2. It is possible

that some of these biases, particularly telescoping and underreporting because of fear of disclosure, may affect estimates for the most recent years

is needed to understand the magnitude of these biases. In addition, the estimates in this report were

more significantly. However, further analysis
in NHSDAs prior to 1999 (i.e., based on

and the estimation methodology for these estimates was different from that used
impact on age-specific rates (Gfroerer et al., in press) Thus,

based on the new CA1l data,
paper-and-pencil interviewing [PAPI|] methodology). The revised methodology had an

comparisons with prior NHSDA estimates should not be made.

Estimated trends and incidence rates of marijuana use reported in this chapter were based on the combined sample of 1999 and 2000 CAIl data.

These estimates are presented by the overall sample, combined age groups and gender fe.g., 12 to 14 male, 12 to 14 female, 15 to 17 male, 15 to

17 female, 18 to 20 male, 18 to 20 female, 21 or older male, and 21 or older female), and race/ethnicity (e.g., white, black, Hispanic, Asian/Pacific

Islander/Native Hawaiian, American Indian/Alaska Native, and persons reporting more than one race).

nio://C:\DOCUMIf~I\RuaroR\LOCALS~I\Tcmp\6X2TRIHJ.htm 3/20/2005
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3.2 Trends in Marijuana Incidence

Table 3.1 summarizes the estimated number of new marijuana users, mean age of first use, and annual incidence rates from 1999 and 2000 NHSDA

data. An estimated 2.0 million Americans aged 12 or older used marijuana for the first time in 1999, which was fewer than the estimated number of

new users in 1998 (approximately 2.5 million Americans), but still above the 1989 and 1990 levels (1.4 million each year). Figure 3.1 shows that the

rate of marijuana initiation increased during the late 1960s and early 1970s, with a peak in 1976 and 1977 (21.0 per 1,000 potential new users).

the rate of new marijuana use decreased to 8.5 in 1990, followed by an increase to 16.8 in 1996, then a decrease to 13.6 in 1999.

After that period,
The mean age at first use was 19 years in the early 1970s and decreased to 17 years in the 1990s.

|Djckiotop*|

Figure 3.1 Marijuana Incidence Rates, by Year

Yeai
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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.

3.3 Trends, by Age and Gender

inodence were generally higher among males than amorg females (Tables 3.2 and 3.3, Figure 3.2). Among males,

Over the years, rates of marijuana
in 1965 to 22.9 in 1971. The highest peak was noted in 1976-1977 (close to 24). After the late 1970s,

the rate increased dramatically from 4.9
late 1980s, followed by a period of increase during the 1990s to 19.3 in 1997. For females, the

incidence rates for males declined to around 10 in the
lower during the 1980s, followed by

in 1976. Similar to the pattern of males, the rate was

incidence rate increased steadily from 3.3 in 1965 to 18.9
For both genders, the rate in 1999 (15.5 and 12.1,

an increase during the early 1990s. The most recent peak for females was in 1996 (15 5).

respectively, for males and females) was lower than the rate in 1996-1998.

The estimatea mean age at First marijuana use generally has been slightly younger in males than in females. For males, the mean age at first
late 1960s to 16-17 years In recent years. For females, the mean age at first marijuana use decreased

marijuana use ranged from 18-19 years during
The average age of new marijuana users in 1999 was 16.4 years for males and

from 20 years during late 1960s tc around 17 years in recent years.

17.6 years for females.

incidence rates are summarized in Table 3.4. The data indicate that trends of incidence rates peaked at

Detailed data on age- and gender-specific
incidence rates reached peaks during the late 1970s and late 1990s, and

different periods for youths and adults. Among youths aged 12 to 17, annual
the pattern was similar for both genders. Among adults, particularly males, a peak rate of initiation was reached during the late 1960s, with rates
remaining high throughout the 1970s, before dropping significantly in the 1980s. In addition, among adults aged 21 or older, the data did not show a

peak in new use during the late 1990s, while persons aged 18 to 20 did.

pack to top~q

Figure 3.2 Marijuana Incidence Rates, by Gender and Year
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Year

Males * — Females

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.

3.4 Trends, by Race/Ethnicity

incidence also varied across racial/ethnic groups (Tables 3.5 to 3.7). In 1999, an estimated 1.4 million new marijuana u ers

0.25 million Hispanic initiates, 0.04 million Asian
and 0.03 million initiates who reported more than one race. Except for
Indians/Alaska

The trends of marijuana
initiates (including other Pacific Islanders and

were white; there were 0.25 million black initiates,

Native Hawaiians), 0.03 million American Indian/Alaska Native initiates,

Indians/Alaska Natives, the estimated numbers of new users were lower in 1999 than in 1998. In recent years, American

American
Natives appeared to have a younger mean age of first marijuana use (14.1 years in 1999) than members of other racial/ethnic groups. In 1999,

about 16.4 years for blacks and Hispanics,

the
mean age of marijuana initiation was 17.2 years for whites, 18.8 for Asians (including other Pacific

Islanders and Native Hawaiians), and 15.8 wears for persons reporting more than one race.

file://C\DOCUME~I\RuaroR\LOCALS~\Temp\6X2TR9BJ.htm 3/26/2005
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Among whites, the trend pattern was generally consistent with the overall trend seen in Table 3.1. Probably because of small samples, more variation
was noted for non-Hispanic minority groups (American Indians/Alaska Natives, Asians/Pacific Islanders/Native Hawaiians, and persons reporting more

than one race) and for years before 1990. Incidence rates between 1990 and 1999 for the racial/ethnic groupings are displayed in Figure 3.3.

Among blacks, the annual incidence rate (per 1,000 potential new users) increased from 8.0 in 1966 to 16.7 in 1968, reached a peak at about the
same time as whites (19.4 in 1976), then remained high throughout the late 1970s. Following the low rates in the 1980s, rates among blacks rose
again in the early 1990s, reached a peak in 1997 and 1998 (19.2 and 19.1, respectively), then dropped to 14.0 in 1999. Similar to the general

pattern for whites and blacks, Hispanics®' annual incidence rate rose during late 1970s and 1990s, with a peak in 1998 (17.8)

Asians (including other Pacific Islanders and Native Hawaiians) typically had lower annual Incidence rates than the other racial/ethnic groups.
However, the sample size did not allow for the generation of reliable estimates for trend data prior to 1985. Among recent initiates, rates of first

m arijuana use by racial/ethnic groups were generally lower in 1999 than in 1998, with the exception of American Indians/Alaska Natives. Estimates
from Table 3.7 suggest a higher rate of new marijuana use in recent years among American Indians/Alaska Natives and among persons reporting
more than one race. The annual incidence rate among American Indians/Alaska Natives was 21.2 (per 1,000) in 1995 and had risen over these years
to a rate of 46.5 in 1999. Similar to the rates for American Indians/Alaska Natives, incidence rates among persons reporting more than one race were
higher than among other racial/ethnic groups during the 1990s. Their incidence rate ranged from 26.2 to 35.4 between 1995 and 1999 compared

with a rate below 20.0 among whites, blacks, Hispa..ics, and Asians/Pacific Islanders/Native Hawaiians.

|nack to top

Figure 3.3 Marijuana Incidence Rates, by Race/Ethnicity and Year

file.V/C:\DOCUME~I \Ri iaroR\LOCALS~I\Temp\6X2TR9BJ . htm 312612005



Page 6 of 16

50 0+

W hites
Blacks
Hispanics
40 O B Asians/Paciflc Islanders/Nalivt Hawaiians
American Indians or Alaska Nati/es

Persons Reporting More Than One Race

10 0 -

00 I 1 1 1 1 1 1 1 1 —

1990 1991 1992 1993 1994 1995 1996 199/ 1998 1999*
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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.

|batk to top

I-}able 3.1 Estimated Numbers (in Thousands) of Persons Who First Used Marijuana During the Years 1965 to 1999, Their Mean Age at
|Fjrst Use, and the Annual Incidence Rates of First Use (Per 1,000 Person-Years of Exposure), for All Ages

Year Number of Initiates (1,000s) Mean Age at First Use Incidence Ratesl

Tlle://C:\DOCI IME~I\RuaroR\LOCALS~I\Temp\6X2TR9BJ.htm 3/26/2005



1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997

1998

r,.,, 19992

-||—\-

~
—

- -

975
1,356
1,738
2,123
2,312
2,789
2,819
2,84
2,853
2,874
3,134
3,163
2,967
2,89
2,522
1,87
2,21
1,86
2,012
1,86
1,733
1,58
1,50
1,447
1,407
1,486
1,59
1,4
2,187
2,37
2,50
2,44
2,488

21(28
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20.4
19.2
195
194
19.0
18.7
18.7
18.8
18.6
179
18.3
185
18.3
181
181
19.2
179
18.8
18.2
18.3
181
17.6
17.6
174
17.7
18.3
18.0
16.7
17.2
16.7
16.5
171
17.0
174

17.0

4.0
7.0
9.7
12.0
4.5
17.5
18.7
18.8
19.0
18.9
19.0
21.0
2.9
19.5
18.7
164
120
12.8
1.7
124
1n4a
10.6
9.5
9.2
8.7
8.5
9.1
9.8
122
13.8
K1
16.8
16.5
16.7

13.6
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1The 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.

2 Estimated using 2000 data only.

Source: SAMHSA, Office of Applied Studies, National Household Survey on Drug Abuse, 1999 and 2000.

|badtio top*]

Table 3.2 Estimated Age-Gender Numbers (in Thousands) of Persons Who First Used Marijuana During the Years 1965 to 1999

Number of Initiates (1,000s)

M ales Fem ales M ales Fem ales Males Fem ales Males Fem ales
Year 12-14 12-14 15-17 15-17 18-20 18-20 21 + 21 +
1965 41 * 114 36 72 84 70 98
1966 64 * 159 86 271 129 142 102
1967 113 54 200 98 312 149 314 132
1968 98 38 248 109 552 195 293 184
1969 115 78 372 216 488 261 266 291
1970 197 187 435 328 496 279 333 303
1971 266 210 405 283 486 320 358 395
1972 264 148 496 453 414 308 385 326
1973 261 225 565 385 365 320 353 306
1974 245 271 584 468 329 301 253 307
1975 309 275 469 493 339 270 235 404
1976 213 208 665 603 414 317 303 420
1977 292 272 633 559 396 309 291 354
1978 263 221 691 542 317 341 230 296
1979 287 237 627 522 362 300 176 274
1980 184 165 486 531 215 297 249 312
1981 156 144 357 383 212 203 120 221
1982 189 132 385 391 254 215 154 258
1983 182 152 394 329 197 172 241 128
1984 237 176 382 385 209 207 160 2*5
1985 184 155 370 371 232 194 204 118
1986 155 134 361 382 212 183 159 118
1987 85 109 340 386 250 189 75 124
r—- i T — 1 r — - ' 1 t
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1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

19991

* Low precision;

132

122

130

15*.

185

244

276

336

350

329

334

291

no estim ate

80
96
94
96
159
222
261
274
294
313

313

255

reported.

1 Estimated using 2000 data only.

Source: SAMHSA, Office of Applied Studies,

[Djckiotop*j

Table 3.3 Estimated Numbers (in Thousands) of Persons Who First Used Marijuana During the Years 1965 to 1999,

First Use, and the Annual

Year

1965

1966

1967

1968

1969

1970

1971

1972

1973

Number of

M ales
315
642
952
1,212
1,264
1,479
1,570
1,560

1,587

(1,000s)

National

Initiates

348

326

309

302

347

364

450

510

523

547

519

446

Household Survey on Drug Abuse,

Incidence Rates of First Use (Per

Fem ales

239
333
433
527
859
1,112
1,218
1,258

1,267

327

280

240

265

258

355

394

401

523

478

467

399

1,000 Person-Years of Exposure),

Mean Age at First Use

M ales

18.1

18.8

19.1

19.0

18.6

18.6

18.4

19.2

18.6

file://C:\DOCIIME~1\RuaroR\LOCALS~ 1\ fcmp\6X2TR9BJ.htm

210

175

197

180

222

229

242

226

235

266

236

151

1999 and 2000.

Fem ales

23

19

20.

20.

19.

19.

19.

18.

4

.9

164

175

135

171

173

210

234

256

268

227

250

175

by Gender

Incidence

M ales

4.9

9.8

14.4

18.1

18.7

21.7

22.9

22.7

23.1

112

116

103

160

104

124

123

137

138

145

154

124

Page 9 of 16

136

99

148

101

82

136

121

141

202

139

175

159

Their Mean Age at

Rates1

Fem ales

15.

3126/2005
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1974 1,493 1,360 17.7 il 18.1 21.7 16.6
1975 1,405 1,469 17.7 18.9 20.4 17.8
1976 1,625 1,559 18.2 18.8 23.6 18.9
1977 1,647 1,517 18.0 18.5 23.9 18.4
1978 1,556 1,411 17.6 18.7 22.5 17.0
1979 1,507 1,352 17.5 18.7 21.7 16.2
1980 1,187 1,335 19.0 19.4 17.0 15.9
1981 896 971 17.2 18.6 12.6 11.4
1982 1,014 1,007 17.9 19.7 14.1 11.7
1983 1,049 815 18.9 17.4 14.4 9.4
1984 1,020 992 | 18.3 18.2 13.8 11.3
1985 1,021 844 18.2 17.9 13.6 9.5
1986 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 16.6 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

1The 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.

Estimated using 2000 data only.

Source: SAMHSA, Office of Applied Studies, National Household Survey on Drug Abuse, 1999 and 2000.

|liack to topi)
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Table 3.4 Estimated Annual

Age-Gender Specific

Page Il of 16

Incidence Rates of First Use (Per 1,000 Person-Years of Exposure) of Persons W ho

First Used Marijuana During the Years 1965 to 1999

Year

1965

1966

1967

1968

1969

1970

1971

1972

1973

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

M ales

12-14

11.1

19.7

17.1

19.1

30.9

41.3

43.6

43.9

40.0

48.3

34.1

49.9

48.4

57.0

37.2

30.9

36.3

34.5

46.5

38.1

33.4

18.5

29.0

26.3

27.2

31.5

36.1

45.6

49.6

61.2

Fem ales

12-14

*

28.6

32.3

22.5

33.5

42.0

44 4

34.0

44.5

37.6

41.6

29.9

26.2

23.7

26.9

31.4

28.8

26.5

22.0

16.7

19.6

19.1

18.6

29.3

39.6

46.8

49.9

21

30.

37.

46.

71.

86.

83

99

110.6

118.6

99.

«42.5

131.6

141.2

133.2

110.3

82

93.

96.

90.

85.

83.

80.

85.

82.

79.

77.

88.

90.

112.7

126.8

Males

15-17

.5

.0

.5

.9

Age-Gender Specific

Fem ales

15-17
5.9
14.7
17.2
18.8
37.4
57.5
48.9
77.0
68.0
84.6
88.5
109.6
108.3
110.5
106.3
109.1
79.7
83.0
69.6
82.2
79.2
80.6
81.6
71.4
64.3
55.3
62.2
59.6
82.5
89.1

90.3

fiie://C:\DOCUME~I\RuaroR\LOCALS~-\Temp\6X2TR9BJ.htm

Incidence Ratesl

M ales
18-20

18.2

60.9

68.0

125.6

121.7

124.6

125.5

108.3

98.2

89.7

93.2

114.5

117.5

100.0

114.3

66.0

60.3

72.3

58.4

63.5

73.7

67.2

76.0

62.2

51.7

58.6

56.5

70.9

75.2

80.5

76.9

Fem ales

18-20

16

22.

24.

34.

49.

54.

64.

64.

68.

64.

58.

71.

72.

81.

73.

78.

5.

57.

44,

53.

50.

47.

50.

43.

45.

34.

44.

46.

57.

67.

74.

.0

M ales

21 +

Fem ales

21 +

3/26/2005
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1996 Il 65.1 il 55.0 | 127.0 117.8 80.5 | 80.4 2.8 3.1
1997 | 60.2 f 59.2 130.5 110.3 94.0 | 67.7 2.8 2.1
1998 If 59.9 | 58.8 127.4 I} 111.5 83.9 | 75.2 3.0 2.6
19992 51.3 48.1 112.2 97.9 53.0 52.1 2.3 2.4

* Low precision; no estimate reported.

is the number of persons who first used marijuana in the year, while the denominator is the person-time exposure

1The numerator of each rate

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.

jback to top~H

Table 3.5 Estimated Numbers (in Thousands) of Persons Who First Used Marijuana During the Years 1965 to 1999, by Racial/Ethnic

Subgroups
Number of Initiates (1,000s)

Asian / Pacific American
Islander / Native Indian 7/ More Than
Year W hite Black Hispanic Haw aiian Alaska Native One Race
1965 427 * * * * *
- -

1966 804 113 - *
1967 1,180 128 49 * N *
1968 1,417 246 62 * N )
1969 1,834 175 63 * * 4
1970 2,264 180 73 38 * 21
1971 2,313 228 177 * 14
1972 2,413 244 111 12 22 17
1973 2.442 I 260 91 « *
1974 2,343 256 213 12 * 19

2,377 . *
1975 296 171 12
1976 2,615 317 172 1 31 *
1977 2,608 277 163 74 £ J 28
1978 2,370 297 206 ' 77 | \ 12
1979 2,388 | 275 127 - 8 23
1980 2,067 235 168 - * .

1 Ir
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| 1981

1 1,518

1982 it 1,640
1983 1 1,459
1984 1 1,633
1985 1 1,437
1986 1,375
1987 1 f 1.242
1988 1,222
1989 1,074
1990 1 1,057
1991 1 1,092
1992 1 1,154
1993 1,388
1994 1] 1,582
1995 T 1,711
1996 | 1,848
1997 1,733
1998 1,702
19991 1,436

* Low pr

1 Estimated

Source:

Inack to top

Table 3.6 Estimated Mean Ages at First Use of Persons Who First Used Marijuana During the Years 1965 to 1999,

ecision;

SAMHSA,

Subgroups

Year

1965

1966

1967

W hite

21.3

19.3

19.7

no estim ate

O ffice of Applied Studies,

195 00| »
164 165 x
149 187 39
232 08 |

179 165 65
186 130 I 25
140 134 52
137 132 » 20
137 183 21
144 144 49
164 146 50
199 i 8 27
256 225 34
273 250 a1
282 259 54
303 307 75
345 308 44
336 320 80
248 246 39

reported.

using 2000 data only.

National Household Survey on

Mean Age at First Use

Asian / Pacific
Islander / Native

Haw aiian

Black Hispanic
* * *
*
19.2 *
*
18.5 22.0

file://C:\DOCUME~I\RuaroR\LOCALS~I\Tenip\6X2TRIBJ.htm

Drug Abuse

Page 13 of 16

16 1 7
*
11
8 1 7
12
24 13
10 12
24 15
16
8 5
14 20
13 27
23 28
16 24
16 35 %
19 39
20 1 43
19 31
30 28
1999 and 2000.
by Racial/Ethnic
American
Indian 7/ More Than
Alaska Native One Race
* *
*
* *
3/26/2005
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1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997

1998

19991

* Low precision;

19.

19.

18.

18.

18.

18.

17.

18.

18.

18.

17.

18.

19.

18.

18.

18.

18.

18.

17.

17.

17.

17.

18.

18.

16.

17.

16.

16.

17.

17.

17.

17

no estimate reported.

.2

19.

19.

17.

18.

18.

18.

18.

17.

19.

18.

18.

17.

18.

18.

20.

18.

20.

17.

17.

16.

16.

17.

17.

17.

17.

17.

16.

16.

17.

17.

17.

16

1 Estimated using 2000 data only.

Source: SAMHSA, Office of Applied Studies,
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.5

20.
18.
17.
17.
21.
18.
17.
18.
17.
18.
20.
16.
17.
15.
17.
18.
14.
17.
16.
17.
18.
17.
17.
16.
15.
16.
16.
16.
16.
16.

16.

16.

National Household Survey on Drug Abuse,

17.7

17.9

17.1

18.5

29.5

17.1

16.1

19.2

17.9

17.3

17.5

17.7

17.5

18.1

16.5

18.3

17.3

16.6

17.6

18.8

1999 and 2000.

16.8

16.6

14.5

18.1

16.2

10.8

14.8

14.5

19.6

21.8

16.5

19.3

22.2

15.4

22.7

15.8

15.1

14.5

15.8

14.6

14.1
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15.2

JL

14.0
13.5

19.1

14.9 |
18.3

15.1 O
15.5

14.9

16.5

16.0

14.4

15.2

14.9

16.0

15.9

17.0

15.8
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Table 3.7 Estimated Annual Incidence Rates of First Use (Per 1,000 Person-Years of Exposure) of Persons Who First Used Marijuana

During the Years 1965 to 1999, by Racial/Ethnic Subgroups

Racial/Ethnic Specific Incidence Rates1

Asian / Pacific American
Islander /7 Native Indian 7/ More Than
Year W hite Black Hispanic Hawaiian Alaska Native One Race
1965 4.0 . - * * *
*
1966 7.5 8.0 * * *
* >
1967 10.8 8.9 4.1 *
1968 12.8 16.7 4.9 * * *
* * *
1969 16.4 11.7 4.9
1970 20.2 11.8 5.4 7.3 > 21.3
1971 20.6 14.7 12.7 * 1 20.0
1972 21.5 15.5 | 7.7 2.2 31.6 17.7
1973 21.8 16.3 6.2 - . 5 * *
1974 21.0 15.9 14.1 2.0 1 * 18.8
* *
1975 21.3 18.2 11.1 2.0 1
1976 23.5 19.4 10.9 * 1 41.5 34.0
1977 23.5 16.8 10.1 11.7 * 27.0
1978 21.4 17.8 12.5 12.2 1 * 11.6
1973 21.6 16.3 7.5 * 1 10.3 21.3
* * *
1980 18.6 13.7 9.7 1
* *
1981 13.5 11.1 6.8 1
1982 14.5 9.1 9.2 * 19.7 5.8
*
1983 12.8 8.1 10.1 5.7 1 14.1
»*
1984 14.2 12.4 5.2 1 9.3 5.5
1985 12.4 9.4 8.6 9.1 1 8.0 9.2
1986 11.7 9.6 6.6 3.4 28.5 9.2
1987 10.5 7.1 6.7 7.0 11.4 8.2
1988 10.3 6.9 6.5 2.7 28.8 10.3
1989 9.2 6.9 9.1 2.9 - 10.9
1990 9.1 7.3 7.3 6.6 10.2 3.4
1 1 1 R § 1 1 1
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1991 9.5 8.4 H 7.4 6.9 16.9 13.9
1992 10.1 10.3 9.1 3.7 17.1 19.5
1993 12.3 13.4 ] 11.6 4.7 o 29.3 20.9
1994 14.2 14.5 | 13.1 5.7 21.8 18.3
1995 15.6 15.2 13.7 7.6 21.2 27.1
1996 17.1 16.6 16.5 10.5 25.8 31.2
1997 16.3 19.2 -t 16.8 6.2 28.8 35.4
1998 16.3 19.1 1 17.8 11.6 B 28.6 26.2
19992 13.8 14.0 13.5 5.6 46.5 26.4

* Low precision; no estimate reported.

1The numerator of each rate is t.ie 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.

SAMHSA, Office of Applied Studies, National Household Suivey on Drug Abuse, 1999 and 2000.

Source:
TOC
U.S. Department of Click to Return to OAS Home Page
Health and Human Services
Substance Abuve and Mniul Health Click to Email OAS Data Questions
Services Administration (SAMHSA)
www.samhsa.gov Click For Non-frames / text version of site

This page was last updated on December 30, 2003.

SAMHSA, an agency in the Department of Health and Human Services, is the Federal Government's lead agency for

improving the quality and availability of substance abuse prevention, addiction treatment, and mental health services in

the United States.
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Abstract

Recent studies have shown that efforts to curb youths' alcohol use, such as increasing the price of
alcohal or limiting youths’ access, have succeeded but may have had the unintended consequence
of increasing marijuana use. This possibility is troubling in light of the doubling of teen marijuana
use from 1990 1o 1997. What impact will recent increases in cigarette prices have on the demand
for other substances, such as marijuana'1To 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 1990to 1996. \A&find evidence that both higher
fines for marijuana possession and increased probability of arrest decrease the probability that a
young adult will use marijuana. WWe also find that higher cigarette taxes appear lo decrease the
intensity of marijuana use and may have amodest negative effect on the probability of use among
meles. C 2001 Elsevier Science BA" All rights reserved.

JEL classification 11

Keywords: Marijuana; Cigarettes; Price, Conplements; Hlasticity; Demand

1. Introduction

Marijuana use among youths continues to rise despite community, state, and national
efforts to educate and inform individuals of the harmful effects of 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 of 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 of understanding the interdependence of
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 of 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 of 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 of 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 of 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 of the policies and prices that affect their use. Often, empirical demand models
of marijuana use are not a function of 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 of the price of marijuana, much of the litera-
ture (discussed below) includes policies that serve as a proxy for the price of marijuana.
We follow this practice, We constructed a measure of the probability' of being arrested for
marijuana possession by dividing total annual marijuana possession arrests in a state by
an estimate of the total number of marijuana users in the state (by age group). We also
include state marijuana laws that specify fines andjail 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
of 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 of our concern that unobservable state-level
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variables may bias the coefficients on the policies and price variables, all marijuana and
tobacco models include state fixed effects.

The results of this paper will help guide the creation of comprehensive polices that
curb the use of marijuana in two ways. First, wc quantify the effects of policies aimed at
curbing the use of marijuana, allowing policy makers to evaluate alternative policy options.
For example, we provide estimates of the impact of 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 of 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 of
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 of initiation of marijuana use. In more recent work. Duncan et al, (1998) find
that cigarettes are a stronger predictor of future marijuana use than alcohol and that higher
levels of cigarette use are predictive of greater future marijuana use.

From a physiological perspective, two studies suggest that marijuana may be a substitute
for cigarettes among current users of both substances. Simmons and Tashkin (1995) ob-
tained detailed marijuana and cigarette smoking histories from 467 adult regular smokers of
marijuana andor 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.
Ofthose who smoke both, 49° <hegan smoking cigarettes first, while 33% smoked marijuana
first. Similarly, a controlled experiment of current marijuana and cigarette users illustrates
the interdependence of 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 of 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
of 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 of 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 of all of these
studies is that they lack data on the price of marijuana and hence must rely on proxies for
the price of marijuana. The only readily available data on the price of 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 of Washington, DC. For
example, between 1988 and 1997, there were an average of 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 of marijuana.

In the only published article on the relationship between marijuana and tobacco use,
Pacula (1998a) analyzes the 1984 wave of the National Longitudinal Survey of Youth
(NLSY) to estimate the joint demand for alcohol and manjuana using a sample of 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 of these results
is statistically significant.

In a continuation of this research. Pacula (1998b) analyzes two waves of the NLSY and
estimates the effect of 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 of 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 of marijuana
use. Surprisingly, the respective cross-price elasticities are -0.73 and -0.84, 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 of -0.42 and a conditional demand
elasticity of -0 71. for a total cigarette price elasticity of -1.13.

As noted, a complication of 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 of 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 of small quantities of marijuana.
Higher fines for marijuana possession were associated with reduced frequency of manjuana
use but did not affect the probability of use. The authors did not include state-level fixed
effects because there was not enough variation within states over the relatively short time

frame of the data to identify price/policy effects.
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In summary, the results ofthese 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 of time-series cross-sectional data, which limits the variation
in cigarette prices. Second, because of the limited number of cross-sections, none of these
studies controlled for unobserved, state-specific charactenstics. In the absence of state fixed
effects, it is unclear whether the estimated effects reflect the preferences of individuals in
the state or capture the effect ofan 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 of
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 of the
state. Failing to control for these unobserved characteristics may bias the estimate of the
effects of all state policy and price variables.

The purpose of this paper is to examine the effects of cigarette taxes and nonpricc mari-
juana policies on both marijuana and cigarette use. We are able to control for state effects
using 7 years of pooled cross-sections and have a richer database of marijuana policies
than have been used before. To proxy for the price of marijuana, we constructed an annual
measure of the probability of being arrested for marijuana possession in each state In addi-
tion, for selected years, we collected data on state fines andjail terms for violations of state
marijuana laws to proxy for the price of marijuana. By including these state policies and
state fixed effects, we are better able to distinguish the effects of state policies and prices
from the effects of 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 of marijuana use.

3. Data

In this study, wc used data from the NHSDA. The NHSDA is a key national indicator of
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 of 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 of 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 of past-month use of marijuana
and tobacco and the same five-stage area probability sample design. Sampling weights were
computed based on the probability of selection at each stage, and these weights were used
in all analyses.

Because of the sensitive nature of the survey topic, self-administered answer sheets
were used for manjuana use questions to increase the confidentiality and anonymity of
the respondents' answers. This fonnat was designed to minimize underreporting of sub-



% MC Family it d. /Journal of Health Economies 20 (2001) 51-68

stance use, which is a potential limitation of self-reported surveys (Hoyt and Chaloupka,
1993). In a 1990 field test of various survey instruments, Turner et al. (1992) found that
the self-administered format of the NHSDA decreases the underreporting of substance use
compared to an intervicwer-adminisit.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 of pre- and post-1994 estimates. In particular, youth tobacco use
increased dramatically as a result of 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 isthe only survey that provides detailed and consistent data on drug
use among members of the household population in the coterminous US, the NHSDA has a
number of limitations. First as mentioned above, the data are self-repons ofdrug use, so their
value depends on respondents’ truthfulness and memory. Although the scif-administcrecd
format of 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 of privacy
during the interview. To examine the sensitivity of our results to the degree of privacy,
we include the interviewer’s report of the degree of privacy during the interview as a
supplemental covariatc in our demand equations. The interviewer indicates the degree of
privacy on a scale from 1 (completely private) to 9 (constant presence of another). We
included an indicator that represented no significant interruptions (value of 4 or less).

Second, a small proportion (roughly 1%) of the US population is excluded from the
surveys. With the exception of 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 of single room in ho-
tels). In 1991. the target population was extended to all 50 states and included residents
of noninstitutional group quarters and civilians living on military' bases. 1f the drug use of
excluded groups differs from that of the household f ooulation. the NHSDA may provide
slightly inaccurate estimates of drug use in the total population. This may be particularly
true for the homeless and prison populations.

3.1. Analysis variables

The dependent variables used in our analyses include indicator variables for any past-month
use of marijuana, any past-month use of cigarettes, the frequency of 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 of gender, age, number of 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 of the metropolitan statistical
area (MSA) of residence. In addition to these self-reported variables, we also included two
interviewer-reported variables: urban/rural status of the respondent’s current residence and
an indicator for the degree of privacy during the interview.

We merged state-level data on prices and policies that affect the use of 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 of 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 of the probability of being arrested. The first measure is the state
marijuana possession arTests for youth divided by the number of current manjuana users
aged 12-20 in that state. This measure provides an estimate of the probability of 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 of marijuana users in that state. For both age groups, state-level
measures of marijuana use were estimated by taking the weighted prevalence of 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 of users in a state. The
purpose of the first measure is to have a youth-specific measure of the probability of 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 of 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 of our estimates
and not bias our -esults of the effect of the probability of arrest on use.1

We also have state manjuana law data on fines for various quantities of 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 andjail terms for varying amounts
of manjuana possession. In other words, states usually specify fines and penalncs for an
ounce of marijuana and then another set of 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 of 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 of a given quantity vary from state to state, but also because there
is not a standard schedule of 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 | pound, some states may have three distinct penalty levels, while

1In previous specifications, we used total state marijuana arrests divided by total arrests as a proxy measure lor
the probability of being arrested for marijuana possession The ke\ concept behind this measure is that ﬁollce have
scarce resources th'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 1ounce and then 1-4 ounces). In addition to these measures,
we include a variable that indicates the height or change in the penalty of this first step and
an indicator variable for states with only one level of penalties for all quantities. To reduce
the potential for multicollineanty, we chose a final specification that includes the average
of 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) of both NHSDA survey data and state-level policy
and price data are listed in Table 1

Tabic |
Deicnptive statistics for ages 12-20, NHSDA 1990-19%

N = 50535
Mean Standard deviation

Age 1599 2.57
Family size 4.2 171

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% 32.1%
Other race 4.2% 20.0%
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% 18%
MSA > 1000000 42.2% 49.4%
MSA 250000- 1000000 23.6% 425,
MSA < 250000 9.8% 29.7%
Rural resident _ 149% 35.6%
Interview wills no significant interruptions 76.2% 42.6%
Real lax on cigarettes S0.575 $0 159
Probability of arrest — youth 26% 2.5%
Probability of arrest - all ages 5.2% 4.3%
Average fine — lowest level of quantity poss'ssed $9186 30 $62604.24
Average fine — next level of quantity possessed $2764 75 $10388,09
Difference between minimum quantity for first and 597.2 43470

second possession levels (in ?rams) _

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 of cigarettes in past month (smokers! 9.508 9>

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
of the 1990-1996 NHSDAs Because we are concerned with the contemporaneous effects
of prices and policies on marijuana and tobacco use, we define current users of 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 of marijuana
use in the past month, defined as the number of 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) = dWi3o + ft + ftYear + ftState + ftftiM + ft/\tc) 1)

where A/is cunem marijuana use (past 30 days), < the standard normal cumulative density
function, and x a vector of the sociodemographic variables described above, /’mm repre-
sents the effect of the marijuana ‘price’ variable where price is measured by the probability
of being arrested for marijuana possession, and /'mc > the price of cigarettes (using stale
excise taxes). We expect the sign of ft to be negative so that as the probability of getting
arrested increases, individuals will be less likely to consume marijuana. 1fft < 0. then high
cigarette prices lead to a lower likelihood of 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) = <reo + 6] x -F-3;Year 4- ftState + 84pcm + "Sp(x) ()

From Egs. (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.; pcm represents
the cross effect for the probability of arrest in the cigarette demand equation, and Pec rep-
resents the own-price effect for cigarettes. Although it is not a price elasticity, we calculated
elasticities for the probability of arrest for marijuana because having a ‘unitless' measure
facilitates comparisons of the results across regressions. Comparable Egs. to (1) and (2)
for both the frequency of marijuana use and cigarettes smoked per day by current users are
estimated using linear regression models.

The prevalence atiu intensity of marijuana and cigarette use may vary from state to state
because of 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 of unobserved stale charac-
teristics to the policy variables. Therefore, in the absence of state fixed effects, the results
inferred from state-level data on prices and policies may reflect acombination of both unob-
served state characteristics and the effects of the price and policy variables. The advantage
of including stale effects in a pooled independent cross-sectional data set is that we con-

* We calculate participation elasticities as follows, the marginal effect for the/th variable is calculated as
Where ; = andp is the sample mean of the response variable (i.e. indicator variable for smoker), p , the
probit coefficient, <-the standard normal probability density function, and <> Lthe 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 of including state effects, many previous studies have not included
them in addition to state-level prices because of concerns over the amount of within-statc
variation in prices and policies over time. Without sufficient variation in the pncc/policy vari-
ables of 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 of regional effects. While this is a reasonable approach given data
limitations, results from these models should be interpreted carefully. When estimating the
effects of 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 of these policies. In this paper, we focus on the
effect of cigarette excise taxes and marijuana law enforcement — policies ti.it have experi-
enced significant changes in the 1990s (e.g. the probability of arrest has almost tripled from
15 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 ofalcohol 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 of national policies (e.g. changes in the national excise taxes on
alcohol, increased national efforts to curb the supply of 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 of marijuana and tobacco from year to year to specific policy
changes, the inclusion of year indicators captures a combination of the effects of 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 of tobacco use among youths to nearly double

(SAMHSA, 1996).

5. Results

5.1 Base models

The results of our two-pan models for marijuana and cigarettes are presented in Tables 2
and 3, respectively, with a focus on the key covariates of interest — state cigarette taxes
and the probability of arrest for marijuana possession. The full models are presented in the
Appendix A. State fixed effects models are presented in the top half of the tables. In both
tables, specifications 1and Il differ only by the way in which we specify the probability
of arrest vanable. Specification I uses state aggregate measures of 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 of 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 of the probability of arrest. Across both models, the
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Table 2
Marijuana demand among 12-20-year-old*
Specification 1 Specification 11
Participation ~ Conditional demand  Participation  Conditional demand
(N=49239)  (n=3327) IN = 49499) (A" =3327)
Stale effecta
Real tax on cigarettes ~ -0.008 -6.613 - 0.0001 -00641
SP at0.635) (P =0.006) P =0.38) P =0.008)
N -0.050] —.436] -0.0979] -0 441]
Probability of arrest -1.240 474 -0,4475 2838
P =0000) (P =0912) P =0.000) kP =0 304)
&-0.3608] 0,0044] -0.276] 0.0417]
Pseudo  squared 113 1164 1087 0.1366
Relgional effects
eal tax on cigarettes  0.007 -2.187 -0 0001 - 0.0222
‘P =0443) (P =0.076) P=0186) (P =0.068)
N -0.0430] -0.1443] -0.0767] -0.153)
Probability of arrest -0.921 -2.894 -0.3196 -2.5073
P=0000) (P =0.791) P=0000 (P =0.666)
-0.2681] —0.0086] -0 1971] -0.0144]
Pseudo r squared 1079 0989 1037 1084
No state or regional effects
Real tax on cigarettes  0.011 -1.750 - 0.0001 -00181
P=0104 (P =0.077) P=0129) (P =0.064)
N _ —0.0741] -0.1155] -0.0717] -0.1248]
Probability of anesi -0.890 -1.098 -0.3605 -3.8753
P=10000) IP=00913 P=0000) (P =0449)
-0.2591] &-0.0032] -0.2224] -0.0222]
Pseudo r squared 1049 096 0.1021 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 of arrest,
which can be thought of as a proxy for the price of marijuana in the absence of reliable
price data, is negative and statistically significant in both parts of the two-part model for
cigarettes for specification I (although small in magnitude, as one would expect).

The estimated cross-price elasticity of demand for cigarettes in specification 1(I1) of
the marijuana equations is -0.05 (-0.10) and -0,44 (-0.44) in the participation and
conditional demand models, respectively, assuming that cigarette taxes are fully passed on in
the form ofhigher prices. The own-effcct for the probability ofarrest is -0.36 in specification
I and somewhat smaller in absolute value in specification 11, -0.28, 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 of use by roughly 3%.
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Table 3
Cigarette demand among 12-20-year-old*
Specification i Specification if
Participation ~ Conditional demand  Participation ~ Conditional demand
(V=49253)  (Nn=T678) (tf = 49513) 1N = T7648)
Stale effects
Real lax on cigarettes ~ -0.032 0.832 -0.0005 0.013
P=0269 (P =059 P=0.116) (P =0408)
- -0.0866] 0.0519] -0.128] 00768&
Probability of anest -0.582 -18971 -0.4032 -1.722
P =0000 (P =0.001) P=0000 (P =0622)
-0.0712] -0.0530] -0.104] —{.0095]
Pseudo t Squared 1389 2031 1391 2106
Regional effects
eal tax on cigarettes  -0.036 -0.990 -0.0005 -0.0127
P =0.003) [P = (.205) P =0.001)  (P.=0.101)
N -0.0986] -0.0617] -0.140] -0.0754]
Probability of arrest -0.552 -19298 -0.3234 -2.8578
P =00000 (P =20.000 P =0.000) (P =033
—{.0675] -0.0539] -00836] -0.0158]
Pseudo re squared 1361 1918 1361 1953

No state or regional effects

Real tax on cigarettes ~ -0.051 -1.014 -0.00071 -0.0132
P=00000 (P =0.105 <P=100000 (P =0.035
N -0.1398] -0.0632] (-0 1867] -0.0783]
Probability of arrest -0.532 -24.345 -0.2788 -4.4668
P =0.000) P =0000) P =0000) (P =20.09)
-0.0650] -0.0680] -0.0721] -0,0248]
Pseudo e Squared 0.1346 1893 1345 1906

*Own- and cross-pricc-"policy effects, NHSDA 1990996 marginal effect (/'-value) [elasticity]

With respect to cigarette demand, the own-pricc elasticities in both parts of 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 12-17-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 of demand from -0.4 to -0.6 (Evans and Huang, 1998; Farrelly
and Bray, 1998; Tauras and Chaloupka, 1999).

The results from Table 3yield aparticipation elasticity for cigarettes for specification 1(11)
0f-0.09 (-0.13) in models with state fixed effects. The corresponding conditional demand
models result in positive and statistically insignificant conditional elasticities. However, the
probability of 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 of complementarity found in Table 2.
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Tables 2 and 3 also demonstrate the sensitivity of the estimates across various fixed
effects models. Focusing first on the manjuana demand models, the effect of 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. Inspecification I, the result remains negative across
the regional and no fixed effects specifications.

Incontrast, the effect ofcigarette 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 of marijuana use have higher levels of cigarette taxation. The estimated
effect for the probability of 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 1.

5.2. Gender differences

To further explore the effects of the probability of arrest and cigarette taxes on marijuana
demand, we rccstimate our models by gender (Table 4) using the probability' of arTcst
defined for youth (specification 1). 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 -0070 2441
1P = (.119) 1P = 0.000) 1P = 0.092) /> = 0.283)
" [-0.223] ’7-0 788] [-0.185] 0.144}
Probability of anest -1 367 199 -0.838 -14.314
1p = 0000) [f = 06811 1p =0.000) 1p =0.107)
. 5-0.337J [0.020] -0.099] 5_0038]
Number of observations 4319 1879 24326 013
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 = 0.229) I» = (0984) P =0.66) 1P = ( 605)
5 0.191& OOSOJ f0049ﬁ [-0.073]
Probability of arrest -1.07 -3.07 -0.38 -20.850
(> = 0000) p = 0.867) 1P = 0.005) v =0.003)
_ 5—0.386] -0,011] 5—0049] E—0.062]
Number of observations 4900 448 4920 635
Adjusted R squared 0.1129 0.1349 0.139 0.1908

*Own- and cross-pncc policy effects, NHSDA 1990-1996 marginal cffccl (/'-value) [elasticity).
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cigarettes are economic complements among males. For males, the effects o fcigarette taxes
on marijuana demand increase considerably relative to the results for the overall sample,
while the effects for the probability of arrest remain stable. These results aiso show that the
only result that remains robust for females is the deterrent effect of the probability of arrest
on marijuana participation

Turning to cigarette demand, the tax coefficient remains imprecisely estimated in all
models with the exception of the participation model for males, where taxes arc statistically
significant at the 10% level and yield a reasonable price elasticity of roughly -0.2.

5.3. Marijuana possession 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 of arrest. As
noted above, state marijuana laws generally take the form of a step function that is at the
discretion of state legislators. To quantify the effect of these penalties on use, we rccstimated
our marijuana demand models including the average penalties (average of the minimum
and maximum fines) for the first two steps in the penalty functions of states.3

Each step is characterized by the quantity interval (generally starting with any positive
quantity up to I ounce and then ffom 1to 4 ounces)and the penalty for possession of these
amounts. Because a few states have one set of penalties for all possession violations, we also
include an indicator variable for these states. Finally, because the height of 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 of 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 of 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 of use.

Therefore, both a higher probability of arrest and higher fines decrease the probability of
use, but not the frequency' of use. Consistent with the results for the probability of arrest,
higher penalties discourage the probability of marijuana use in the past 30 days but do not
discourage the frequency of use. Inaddition, the effect of higher cigarette taxes on frequency
of manjuana use remains robust in this alternative specification.

We also estimated the effects of these penalty variables in cigarette demand and. once
again, confirmed a pattern of complementanty. However, none of the effects were statisti-
cally significant (data not shown).

5We 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
toa hI?h degree of 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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Effects of marijuana possession fines on manjuana use, NHSDA 1990-1996
Participation (s = 44659)  Frequency (s - 3013)

Minimum and maximum fines

Real cigarette tax 00155 -9.2915
_ (I>=0.365) rp =0.000)
Average fine — lowest amount -0.00327 0.25
, . P = 0.062) e = 0.298)
Average fine — next highest amount —6.07E-05 -0.00429
o . e = 0.042) ( =0.286)
Quantity difference between first and second amounts 0000448 0.597
, e = 0.902) e = 0.239)
Indicator for one penalty level 0.0081 -1.2559
S/* = 0.541) (P = 0.544)
Pseudo k squared 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 of marijuana use and may have a
modest effect on the probability of 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 of
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 of 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
of arrest decrease the probability that a w ung adult will use marijuana, but these policies
have little effect on the frequency of use.

Finally, in policy analyses of this sort, it is critical to recognize the importance of 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 of 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
N (A =0.269) (A =10.635)
Probability of arrcst-youth -0.582 -1.240
1P =0.000) (A = 0.000)
Age 0.120
1P = 0.000) (A = 0.000)
Age squared 4 -0.003
o (e = 0.000) (A = 0.000)
Family size - 0011 -0.006
. gA = 0.000) SA = (.000)
Divorced 088 044
(A =0001) (A=0.003)
Mamed -0.026 -0.037
(e = 0.004) 1A= 0.000)
Male 0.013 0.023
_ . (A =0000) (A =0.000)
African American —0.124 -0.012
o (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
. 6A =0.000) SA =0 000)
High school dropout 80 024
(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 =029 (A =0.184)
Some graduate, professional school —.120
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Cigarettes tn = 49253) Marijuana (v = 49239)
msa < 250000 0.011 -0.008
p = 0.176) e =0.072)
MSA 250000-1000000 0.018 0.005
6P = 0.012) (P = 0.245)
msa > 1000000 007 0.006
. (> = 0.316) e = 0.126)
Rural resident -0.023 -0.024
o o . e = 0.001) (e = 0.000)
Interview with no significant interruptions 0.010 0.007
e =0.019) (e =0.004)
Pseudo r squared 0.1389 0.1

" Also included hul not shown: state and year effects, and a dummy variable for year >1994
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Table 15.

Drug use behavior

Percentage of Alternative High School Students Who Used Selected Drjgs by

Sex, Race/Ethniclty, and Grade,

Race/Ethnicity

Male
Lifetime marijuana 80
Current marijuana’ 582
Lifetime cocaine use2 36
Current cocaine use’ 171
Lifetime crack or
freebase use 235
Lifetime use of illegal
steroids 96
Lifetime injected drug
use 6.8
g %4
Current cigarette' 67.7

— Data not available.

Sex

Female

821
46.7
30
131

194

74

44

429
508

White,
non-
His-
panic
4
5%6.7
438

17.7
262
105

70

587

786

Black,
non-
Hls-
panic
777
472

57

36
35
66

41

284

433

'Used one or more times during the past 30 days.
Zver tried any form of cocaine, including powder, crack, or freebase.

Prank five or more drinks of alcohol on at least one occasion on one or more days during the past 30 days.

1998

His-
panic

8.0
50.6
464
194

268
6.9
45

24

530

9m

810
51.2
327
14.8

209

120

76

438
64.5

Grade Level
10" 11*
8.3 86.0
529 57
304 378
16.6 159
229 24.2
96 6.9
56 54
481 515
64.3 64.8

12*

8.8
51.2
36.5
14.1

189

76

49

517
622

Source: "Youth Risk Behavior Surveillance—National Alternative High School Youth Risk Behavior Survey, United
iters for Disease Control and Prevention, Public

Health Service. Department ot Health and Human Serv.-es.

States, 1998,"* Morbidity and Mortality Weekly Report

Al
Groups

&4
530
361
153

216
87

57

498
64.1
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Table C.5 Average Age at First Marijuana Use Among Persons Reporting First Use of Marijuana at Age 25 or Younger in 1995 to 1997, by State: 1999

State Average Age 95% C.I. State Average Age 95% C.I.

National 16.2 (16.1 -16.4) Missouri 16.2 (15.3-17.0)
Alabama 16.6 (15.6-17.6) Montana 151 (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.1 (14.3-15.8)
Arkansas 15.9 (15.4-16.4) New llampshire 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 161 (15.6-16.7)
District of Columbia 16.4 (15.0-17.8) North Dakota 16.9 (16.0-17.7)
Florida 16.1 (15.6-16.6) ()hio i0.6 (16.2-17.0)
(icorgia 158 (15.1 -16.6) ( 1kluhoma 15.9 (14.9-16.8)
Hawaii 165 (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 157 (15.4-16.0) Rhode Island 163 (15.1 -17.5)
Indiana 16.3 (15.7-17.0) South Carolina 16.0 (15.1 -16.8)
lowa 16.9 (16.2-17.7) South Dakota 16.8 (15.5-18.1)
Kansas 157 (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) litah 156 (15.0-16.2)
Maine 171 (15.5-18 7) Vermont 16.7 <151 -18.2)
Maryland 16.0 (14.9-17.1) Virginia 16,5 (15.4 -17.6)
Massachusetts 162 (15.2-17.2) Washington 158 (15.3-16.3)
Michigan 16.6 (16.0-17.2) West Virginia 163 (15.5 -17.1)
Minnesota 156 (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)

*|.ow precision; no estimate reported.
Source: SAMHSA, Office of Applied Studies, National Household Survey oil Drop Abuse, 1999 (Al
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The charts of 343 Eskimos seen at
a community mental health cen-
ter in northwestern Alaska were
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reviewed, and data on demo-

graphic characteristics, psm-111-

r diagnoses, and history of sui-

cide attempts were collected.
Substance use disorders were the
most common group of mental
disorders. Substance use patterns
differed substantially according
to age and gender. Both children

and adults had high rates of at-

tempted suicide (66 percent and

67 percent). Rates of bipolar dis-

order and eating disorders were

PSYCHLATRIC SERVICES eNovember 1998 Vol. 49 No. 11

substantially lower than those
seen in mental health clinics serv-
ing the general U.S. population.
49:1485-

(Psychiatric Services

1487, 1998).

id sociocultural changes in
tive American communities
re reflected in the nature and extent
mental health problems in these
populations (1). Several community
surveys have reported high rates of
psychiatric di: <rders. Using struc-

1485



Table 1

Psychiatric diagnoses of adult Eskimo patients evaluated at a community mental

health center in Nome, Alaskal

AU patients Men Women
(N-255) (N-115) (N—140)
Diagnosis N % N % N %
Substance abuse or dependence?2 189 74.1 9 85.2 91 65.0
Alcohol 129 50.6 57 49.6 72 514
Cannabis 33 129 20 174 13 9.3
Polysubstance3 26 10.2 20 174 6 43
Inhalant 1 4 1 9 0 -
Mood disorders4 117 45,9 35 30.4 82 58.6
Major depression, unipolar5 95 37.3 21 235 68 48.6
Dysthymia 15 59 6 52 9 6.4
Bipolar disorder 7 2.8 2 18 5 3.6
Psychotic disorders6 47 184 28 24.4 19 136
chizophrenia7 29 114 2l 18.3 8 5.7
Schizoaffective disorder 13 5.1 5 44 8 5.7
Other psychotic disorders 5 2.0 2 17 3 21
Personality disorders 32 126 13 113 19 136
Anxiety disorders 3l 122 9 7.8 22 15.7
Panic disorder 16 6.3 4 35 iV 8.6
Posttraumatic stress disorder “ 55 4 35 10 71
Generalized anxiety disorder 1 4 | 9 0 -
Adjustment disorder 25 9.8 iV 104 13 9.3
Organic disorder 15 59 9 7.8 6 43
Dementia or delirium il 43 6 5.2 5 3.6
Mental retardation 4 16 3 2.6 I T
Eating disorders 4 16 0 - 4 2.9
Other diagnoses* 5 2.0 I 9 4 2.9

1 AU statistical te]I reports are for comparisons between men and women.
< 001

1x2* 129. df-.

1 %2405, df-1. p< 005

a1 100 df-l. p<.001
df»IP<001

¢ x2=4.18, df-1, p<.05

7X-8.6.df-1. p<.005

" Includes somatoform disorders, pedophilia. mallngenng. 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 de-
pression are especially high (2.4.5).
For example, lifetime 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

148S

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 of 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 of 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 be-
tween October 1990 and April 1993.
Charts were reviewed retrospectively,
and data on demographic characteris-
tics. o sm-1i-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 3715 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 of 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

PSYCHATRIC SERVICES eNovember 1998 Vol. 49 No. 1



these Eskimo patients received a di-
agnosis of bipolar disorder.

Sixty-six percent of the children and
67 percent of 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. df=1. 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.

Discussion 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 wasa 67 percent rate of
reported suicide attempts. This rate
compares with rates of 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 of 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 of 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 of 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 bias- 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 Ilness and the
lack of alternative mental health re-
sources In the region.

Another possible explanation Is that
our subgroup, or Native Americans as
awhole, 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=1. 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 of 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 steiies in other Native
American clinic populations, as well
as systematic community surveys em-

PSYCHATRIC SERVICES #November 1998 Vol. 49 No. Il

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
gronth. 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 fetal 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 wee 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 14.53-g (95% CI —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

[43]. Significant advances have been made in recent years as

1. Introduction
to the biology of the cannabis system, including identifica-

Cannabis is the most commonly used illegal drug among
young women of childbearing age in most western societies.
For example, 13-23% of 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,
cocaing, 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.nurd@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

tion of 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 of cannabis exposure, especially in
relation to the development of the human fetus. Such
information is essentia! when considering the current
debates as to the potential legalization of marijuana in
many western societies and the establishment of national
policies related to marijuana’s effects on health.

Prenatal effects of maternal drug use on fetal develop-
ment are primarily assessed by measures of fetal growth.
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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 of 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 of 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 of 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 of a negative impact of
maternal marijuana use in fetal growth. The potential
long-term prenatal effects of 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 of women who used marijuana during
pregnancy [14,18,22,41].

Despite increasing evidence of developmental impair-
ment, as well as behavioral disturbances with in utero
marijuana exposure, there is still a virtual lack of
information as to the influence of early prenatal marijuana
exposure on human fetal growth. Only few studies to date
have investigated the prenatal effects of marijuana, and
those have mainly evaluated newboms, which make it
difficult to dissociate the influence of early versus late in
utero drug exposure. Since women are more likely to
discontinue their drug use during the early stages of
pregnancy, evaluation of an early to mid-developmental
time period is of particular importance, To assess devel-
opmental events prior to the third trimester, the cunent
project examined standard measures of 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 of cannabis exposure throughout the entire prenatal
developmental period, the present study sought to identify
the influence of early to mid-gestational marijuana
exposure on fetal growth. We hypotiresized that indices
of fetal growth, particularly body weight, would be
reduced in association with maternal marijuana use during
early to mid-gestation pregnancy.

2. Methods
2.1. Sample collection

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 of the project The study was
approved by the Institutional Review Boards of Kings
County Hospital Center and SUNY Downstate. Women
were recruited for the study if they were estimated (based
on ultrasound andfor maternal physical exam) to be at a
mid-gestational stage (weeks 17-22) of 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 if 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;
c¢m), foot length (cm), and occipital-frontal head circum-
ference (cm). Meconium was also collected for subsequent
toxicological analysis. An estimate of symmetrical fetal
development was determined by ponderal index ([weight
(9)/length (cm)3x 100]).

2.2. Maternal demographic, drug use, and medical history

assessment

Mothers were interviewed by a study coordinator using
a standardized interview format established by Drs. Nancy
Day and Gale Richardson (Department of 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 of 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 of
cigarettes smoked per day, and number of standard drinks
consumed per day. Standardization of the number of
drinks for each type of alcohol (i.e., beer 12 oz, wine 5
0z, and liquor 1.5 0z) and calculation of 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. Toxicologica! assessment

Maternal urine screening for illicit drug use was
performed by EMIf® (Dade-Bchring. Irvine, CA) with a
cut-off of 50, 300, and 300 ng/ml for cannnbinoid, cocaine,
and opiate, respectively. Meconium toxicology was carried
out at the Karolinsica 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 of 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. Data analysis

The presence and extent of marijuana use was assessed
using two approaches: a dichotomized variable, positive
maternal report and/or positive toxicology, and as continu-
ous variables, number ofjoints normally used and frequency
"times/week) of maternal use. Maternal marijuana use was
expressed as average daily joint (ADJ) to dissociate the
contribution of the pattern of 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 of
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 of 0.4 is approximately three joints/week. The
influence of other drags was also assessed as to maternal use
(yes/no) and the amount of use. For alcohol use, 1 drink=I12
0z. can beer, 4 oz. glass wine, 1.5 oz. shot of liquor, and
average daily volume (ADV, drink/day) of 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 of a few cases or. the results. An
examination of the normal residual distribution was carried
out for each dependent variable; no transformation of the

data was carried out since the residuals were normally
distributed. Univariate nonparametric analyses were earned
out to obtain an overall estimate of the general character-
istics of the groups. Univariate analyses do not consider the
influence of other variables, thus, such analyses were not
used when assessing specific significant effects of 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 ap<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 of 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 of drug use.
Statistical analyse: were carried out using JMP (5.1)
software package (SAS Institute, Cary, NC, USA). Stat-
istical significance was set asp<o.os and trends considered
for p<0.10.

3. Results

3.1. Maternal characteristics ofthe marijuana-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 of 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, of manjuana use during pregnancy. Of the women
in the cannabis-use group who admitted marijuana intake,
81.8% reported using marijuana at a rate of 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 1). To minimize the potential
bias of 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 of cigarettes
and alcohol. Women in the cannabis-use group had an
approximately fourfold higher rate of cigarette smoking
and twofold higher amount of alcohol intake during
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Tibia 1

Maternal characteristics of 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 9% 44
Maternal a%e (yean) 234107 22.4X0.6 0.8380
Maternal education [l.» 0.2 11.3X0.2 0.0192
0%*n
Race/ethnicity 0.0753
White 3 0
Black 80 (84.254) 35 (79.5)
Hispanic 9 9
Married status 1 (7.4542 4 (9'1%3 0.4295
Cigarette use before 28 (2954) 32 (10.5%)
pregnancy
Avenge amount/day 1104 $.9X0.9 <.0001
Clgarece use during 17 (1854) 17 (39%)
pregnancy
Average amount/day 12403 4.9%01 0.0001
Nonimcker 8 v
*S3 cigarettes/day il 1
5 t0 10 cigarettea/day 5 10
210 Cigarettes/day 2 6
Alcohol use before 28 (2954) 27 (70%)
pregnancy .
Ave{a%e daily volume 0.30£0.i 0.45X0.1 0.0005
(drink/day) "
Alcohol use during 22(2354) 24 (54%)
pregnancy.
Ave[age daily volume 0.22x0.09  0.42+0.1 <0.0001
(drink'day)
None 73 20
Light 3 1
Moderate 4 8
Heavy o 5 5
Use of other illicit drugs* 6 0
during pregnancy
The values represent meaniSE; percentsge of some viriiblei 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—
0.0ADV<! 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 of 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
(58% of the cannabis group) or heavy alcohol use
(7.2% of the cannabis group) as characterized as >10
cigarettes/day and i>| 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 of 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 of subjects
reporting weight loss during pregnancy as a consequence
of morning sickness or heartburn.

3.2. Toxlcologtcal evidence

Toxicological evidence was not found to match die
maternal self-report in all cases. Of 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% of 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 of 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 of 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 of 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. Fetal 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 of 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 of cannabis use reported for the “cannabis users" group

Cannabis Users Before pregnancy  During pregnancy
Frequency of cannabis 0.43X0.1 0.35X0.1
use (time/day)
No. reporting nonuse 8 8
No. reporting light use 17 3
No. reporting moderate use 4 1
No. reporting heavy use 15 10
ADJ 1.39X0.4 0.85m0.2

* Negative matemal reFort but positive cannabil toxicology. ADJ—avenge
number of joints/day: |8ht use—0>ADJ<0.4; moderate use—0.42ADJ<
0.89; heavy use—ADJ20.89.
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Table 3

Generfl overall comparison of the fonsea in tne cancibis and noocannabis
group —
Variablea Noncannabis Cannabis
Cestation age (weeks) 19.840.2 20.0402
Fetal gender fmt\Wibnale) 514 20/18

Fetal Weight (qrams) 21424117 21204187
Fetal foot length (cm) 307+0.1 3.040.1
Fetal Ece)g}j/ length (cm) 031404 2303402
Fetal bead circumference (cm) 16.14+02 15.78=02
Ponderal index 2.1440. 2.09+0.05

Tlic values are expressed asmet.  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 0>-0.008) for head
circumference. Statistical analyses revealed that gestation
age had the greatest impact on all outcome measures of 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,
£*-0.720; head circumference: cannabis exposed,
£*-0.610; nonexposed, £%=0.722. lhe estimated growth
pattern over the developmental period examined is consis-
tent with published [2,11,47] fetal growth rates of approx-
imately 64 g, 0.32 cm, 1.79 cm, 1.31 c¢m increase of 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 of 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. Cannabis exposure on fetal growth

Cigarette smoking and alcohol intake were always
included as confounding variables in the final statistical
models due to the greater abundance of these substances in
women in the cannabis-use group and the known influence
of 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). Of 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 of 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 of the pattern of marijuana
intake during pregnancy revealed a trend (p=0.085) for
increased amounts of maternal marijuana use during
pregnancy to be associated with reduced fetal body weight
No significance was observed in regard to the frequency of
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 of

TUile 4
Estimates and 95% confidence interval* (Cla) of the effect of maternal
cannabis use (poiitive toxicology and/or materal report) during pregnancy
on parameters of fetal development adjusting for maternal cigarefte and
alcohol use (yet/no)

x1  Estimate Cllower Clupper p-value
W&
o 0764
Gestation age 64.33 5123 TL13 <0.0001
M. cannabis use -1453 282 0.86 0.0374
M. cigarette use 194 -2124 545 02425
M. alcohol use 1333 <2497 -1.69 0.0252
Foot length
_ 0.761
(estation age 0.32 0.29 036 <0.0001
M. cannabis use 008 015 -001 0.0227
M. cigarette use -0.09 0.02 0.16 0.0168
M. alcohol use 007 -0.13 0.01 0.0214
Body length
, 0.671
Gestation age 179 126 2.02 <0.0001
M. cannabis use 003 040 05 0845
M. cigarette use -0.08  -0.53 0.37 0.7266
M. alcohol use 044 -0.84 0.04 0.0299
Head circuwference
Gestation age 131 115 147 <0.0001
M. cannabis use 007 042 0.28 0.6927
M. cigarette use -0.03 -0.36 0.30 0.8664
M. alcohol use -022 -0.49 0.05 0.1072
Ponderal Index
, 0.079
Gestation age 0.04 0.01 006  <0.0001

M- cannahis use -0.03  -0.09 0.02 0.2501
M. cigarette use 003 -0.03 0.08 0.3114
M. alcohol use -000  -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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Tibje J

Barimatea ind 9SS conficence intervili E}Cli) of the effect of combined
mammal manjuana uae (yvet/no) reported before and during pregnancy on
parameters of fail development

ri  Estimate D lower Q upper p-vtlue

Weight

) 0.357
Gestation age 6474 5183 7164 <0.0001
M. cannabis use -1041  -22.39 177 0.0931
M. cigarette use -1.54 1346 1038 0.7982
M- alcohol use -10.65  -21.58 0.29 0.0562
Foot length

. 0.736
Gestation age 0.33 029 036 <0.0001
M. cannabis use 008  -0.14  -001 0.0181
M. Cigarette use -002  -0.04 0.08 0.5061
M. alcohol use 007 -0.13 0.01 0.0204
Body length

_ 0.696
Gestation age 182 159 204 <0.0001
M. cannshis use -022  -0.61 0.18 0.2173
M. cigarette use =011 -0.49 028 0.5868
M. alcohol use —029  -0.65 0.06 0.1053
Head circumference

, 0.682
Gestation age 120 1.04 135 <0.0001
M. cannabis use -0.16  -0.45 0.14 02973
M cigarette use - 000  -029 0.30 0.9661
M. alconol use 031 -0.58 0.04 0.0251
Ponderal Index

_ 0.076
Gestation age 0.04 0.014 007  <0.0032
M. cannabis use -0.03  -0.07 0.02 0.3092
M. cigarette use -000  -0.05 0.05 0.9025
M. alcohol use =001 -0.0 0.04 0.8107

Reference group«nomyen. -
V=84 for"the' noncannebii group; V-44 for the cannibis group.

M. Mat*mal.

maternal marijuana use on foot length (0.08 c¢m; jp-0.018;
Table 5) and alcohol use (0.07 ¢m; 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 ofthe jattem of marijuana use reported during
pregnancy on body length (Table 6). However, maternal
alcohol use during pregnancy was associated with a
significant reduction of 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 of 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 of
marijuana use on head circumference (Table 6).

Ponderal index was not significantly associated with
maternal use ofmarijuana, 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, ofjoints normally used) and
frequency Elmes/we_e of maternal marijuana uae reported durin
pregnancy after adjusting for gestation age, aS weil as the reported amoun

of matermal alcohol and cigarette use*
Estimate  Cl lower

Clupper  p-value

Weight

Amount -0.34 -21.05 128 0.0850
Frequenc -34.98 -80.32 10.36 0.1290
0>ADJ<0.40 -15.09 -53.71 2352 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
Frequenc -027 -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 018 0.55 019 0.3465
Frequenc 0.47 -1.92 0.99 0.5273
0>ADJ<0.40 0.09 -129 -1.29 0.8766
0415ADJ<0.89 1.13 -2.73 -0.46 0.1618
ADJi0.89 0.15 1.56 1.2 0.8386
Head ¢/tvum,

Amount - 011 -0.42 021 0.5146
Freguenc -0.14 —124 106 0.8137
0>ADJ<0.40 -0.14 -1.03 0.75 0.7574
0.4iADJ<0.89 -0.33 -1.58 090 0.5904
ADJi0.89 -0.02 -1.19 116 0.9741
Ponderal index

Amount 0.00 -0.05 0.05 0.9713
Frequenc -0.12 -0.30 0.06 0.1911
0>ADJ<0.40 -0.05 - 001 020 0.5450
0.4SADJ<0.89 -0.10 -0.32 01 0.3357
ADJ250.89 -0.06 -0.25 0.12 0.5052

The pattern of marijuana use is also presented in regard to the categorized
groups for the average number of joints/day (ADJ) as compared to the
reference nonuser group (ADJ-0). . )
V=85 for the nonuser ?roug; V=30 for the %roup reparring marijuana use
durmgtprﬁg)nancy (A-I3, 7, and 10 for light, moderate, and heavy use,
respectively).

T*dSL&bjgcts reporting nonuse but had positive cannabis toxicology were
excluded.
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4. Discussion

Consistent with previous evaluations of the trend of drug
use in the innercity community currently investigated [35],
pregnant women in this population had a high rate of
marijuana use (31.6%) with a lower incidence of cocaine
(4%) and opiate (2.2%) intake. The high use of marijuana in
many communities [4,43] is disturbing in light of the current
findings revealing an adverse influence of early prenatal
cannabis exposure on various indices of 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 of marijuana exposure is already apparent by mid-
gestational fetal development. A number of investigations
have provided evidence that the pattern of 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 of fetal growth in subjects with >5 joints/week.
In addition, increasing frequency of 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,
of maternal marijuana use is linked with a greater reduction
of 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
of fetal growth, significance was only primarily evident for
those with moderate, regular marijuana exposure of 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 of 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 of 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

greater impact of these substances on fetal foot length
growth. Although ponderal index is widely used as an
indicator of 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 of significant effect observed for the ponoeral
index is not unexpected since variables of 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% of 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 of significant effect of 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 of 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 of marijuana exposure during the first half of
pregnancy on fetal growth.

Consideration of 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 of pregnancy, where maternal drug use
patterns frequently mimic the prcpregnancy period, had
minimal contribution to the developmental effects currently
observed. A limitation of any study of this kind is the
reliance on die self-report of drug use. It is generally
acknowledged that self-report of illicit drug use is more
biased than the self-report of legal substances, such as
alcohol and cigarettes. Underreporting of drug use is
particularly evident during pregnancy [13,29]. The fact that
women in the present study were already in tire process of a
voluntary abortion at the time of recruitment for the study
might lend itself to more accural, drug reporting. In line
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with this speculation, 23% of women admitted marijuana
use during pregnancy although the drug toxicology was
negative. However, we also determined that approximately
18% of the women in this study denied marijuana use
during pregnancy but had a positive toxicology. It is quite
likely that the number of 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 of 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 of the present
investigation is the lack of 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%) of 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 of 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 of 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.9., see Ref [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
of detrimental effects of early maternal marijuana intake on
the mid-gestation fetus. The results also emphasize that the
pattern of 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 towomen
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 froma 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.

02004 Elsevier Inc. All rights reserved.

keyworas: Cigarettes; Marijuana; Prenatal; Adolescent, Initiation and regular use of drugs; Gencer differences

pregnancy was significantly associated with higher levels of
child behaviour problems and that these behaviour problems
increased the likelihood of smoking among daughters

1. Introduction

Cigarettes and marijuana are two of 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 of two separate cohorts, the authors reported
approximately a 4-fold increased risk of 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 of mothers’
postnatal smoking and the childs 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. All rights reserved.
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between the ages of 9 and 17 [25], Results from a
prospective study of 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 of at least one-half pack of
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'
cument 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 of subsequent
smoking initiation among offspring that is independent of
the mother’s postnatal smoking.
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Reoent results froma 30year Qspective study incicate
that atermal cigarette smoking ouring pregnancy isasna

risk factor for subsequent nicotine
offspri bseq Ing. vrhose nagt%

egg [4]. . n thrs report
Veﬁc or more of Cigprettes per day
le pregnant vvere srgnrflcantly more li Iy to megt the
Diagnostic and Statistical Manual of Mental Disorders—
Third Edrtron 3 crrtena for lifetine t 0
d*u?rrr1 e mrsmagegc?;trm %an%m Slsn%kr
afterrgadjti%m'% for  offsprings en r and gn, and
metemdl socrdeconomcsta al%
In contrast to tre finding pertaining to
tependence, this prospective study reported srmlaroddsof
ever smoking and becoming a regular smoker (cfied as
smoking daily for 30 days or more at some point during
one’s lifetime) for offspring of matermal smokers and nor
smoken [4]. "This latter observation is inconsistent vuth
evious re orts_from other investigators (g, Refs.
925.30]). It 15 of Interest to note that cbta on offspring’s
exposure to cigarette smoke Wes not collected or
consiceered in this study 14
\While the mechanisms underlyrng the association
between naternal crgarette srmkroﬁg during pregnancy
r%‘et}OI Suned hys I Ianat rerrarln tobIbe
ermined, a physio e jon is plausible
otPer %nces |)r<rpcrgarette srrrF))ke 00ss
the p The nicotine tfat pesses from fire
rmther fo the fems ‘stimulates” nicotinic receptors vrhrda
a0l 10 be present in the fetal brain & early as the
ﬁrst tmester [26]. Since nicotine stirmulates the actions of
cholinergic neirons and enhances activity in dopaminergic
systerrs “Involved in_aodictive behaviour [11], 1t hes
ed that niootine andl other substances released
emal smoking may affect the feus, perhaps throug
the nlcotlne input into the rnesollrrhrc dopaminergic
renard system S0 &S to predlispose the brain in a critical
penod of its development to tire subsequent addictive
nfluence of nicotine consumed later in” life [7,10,30,
313336] These effects, which may oocur even a low
nicotine” doses and In the abserice of notable fetal
abnomrelities [3b], may result in a greater Irabrlrty o
nrootrne depencence than in those Who have

renatally ex 0 Cigarette smoke [4]
P A [studresh%?/rgﬂemmnedtheeffectsof

ereta]houg Y birth cutcomes
prenetal marijuana exposure on bi
J20 anﬁosc%gnrtrve attmtronal] geﬁ
[151819, one have he effects of such
re o’ subsequent marijuana or Cigarette Use i
. Since niqating and rranjuana activate tire
nesolr |c dopaminergic pathway 122411 naternal
IMBruane, Use cLring pregnancy; may he r|
the initiation and daily use of Cigarettes among t
ng. In asrmlarvern an asSociation hetvreen prenata
EXPOSUE {0 Cigarette smoke bse&u%ntnanuanause
anong offspnng Is also pIausrbIe study [4 hes
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Q

mv&trgated this hypothesrs but found no evidence of such
association. Given the sIrght overTepresentation of loner
ncame levels in this study’s cohort, however, it is unclear
vrhether this result. shodld be interpreted as possily
representative of only other lower-class sanles or If it
can he generalized to'those that are middle-cless.
The Objectives of the current study Were 1o, detenrlne
Whether naternal dcprette smokingand marijuana
dunng Jregnancy increaseql adolescertt qffspring’s risk for
(a) initiating a ette snpkrng and marijuana Use; and
Ioprng ernsofdarl ette SToking and reqular

nranuana use The |poss enatalY at dose-respanse reletion-

s exist between prenatal exposure to cigarettes and
rranjuana a offs |5»lgs use of these sulostances wes
also” assessed. icle reports frndlngs from the

Ottava. Prenatal Pr e
\lrrh [tudinal |nvest|get“p|egd thatu\dr\yas( initiated m%%

ntalhas examn]ed erh]reeltalneurobehavr(%ural angt o
effects o exposure 0 Cigarettes
nwnr?uana In a IouErrrsk coh)rgl?tosuassessedgar birth
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2 Methods
2.1, Ottawa prenatal prospective study cohort

Tlic OPRS|i S(;?:t dgsrgned to explore tlic effects on offspring

P ke L
déPS revrous been the Sfa@rod?s ofa nunher of

|nqurnes vuth crgarettes and marijuana being # Jrrrrary
of interest in recent reports. /A total 0 ngg}

vvornen |n|t|aIva0Iunteered o participate |nthe after

leaming of the study ¢ rough therr doctors, or through

natices posted In the Waiting roos of the prenatal clinics In
four of the Jar hosprtas Inthe Ottawa region. The study

wves described as an investigation of the influence of
pretatal Irfestyle habits on tlic developrng fets [17]. In
orcey to Qbtain fire. Informetion, Interviews were

ucted usally in the mother-to-be’s home, o
frimester remarnrng in the pregrancy a the time of enfrance
into the study. The sare Interviewer wes Used througf

the entire pregnancy and this conbrned vvrth the repefition
of inferviens, 5 e enhance the rapport between the
participant and' the mtenrreuer vrhrle also providing an

%ortunlty to assess tlic consistency of the self-renort thta
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— O

the Datavrere collected on anumbér of variables inclucl
and petterns of meternal ding Lse,

parents level of education, andthe family sSES For
garette Use, a nicgtine soore Wes derived nultr yrng

Gl caly average of the number of Cigarettes smok

nicatiné contert of the brand saedfred V] uanausevras

recorced in tetms of the number ofjoints Smokeu per week

Veasurement of aloohol consumption included beer, wi

and liguor tse: hoth the quantity and the pattem &
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were recorced and converted to ouncss of

I r chy.
pr(eAgA)mrﬁe ud%n Who were interviewed, a
children wes selected for followsup st es
Incluced in this cohort were du dren of
reported any use of rranjuana auri pre?L
685 ofwomenwho adal y
| ren
smoked ave rage ofatI 16ngofn|cot|ne equrvalent

one package Of cigarettes of average s
ngg pregnancy. In acdrtron o theseag?LZlO )%%t*) ghrld(rign/

1 Who Were nor-users of erijuena, Who
abstarred or drank little alcohol, and who were non-smokers
viere randomly selected to also be incluced in followetp

studres forco ISon
1&})& |cr who were initially selected for

follonrupstudres 152 aoolescents ranging in Age from 1610
21 years |nclusrve were_awvallable T participate in the

m&@/ rerrarnr 33 not tested, most involved

moved out of the aen, fn adort ion, tWo
families withorew from the study and a few adolescents
Were unavarlable for testi differential loss of

ici vvrt respect to drug variables occurred. The
e, |55 0 g vrties ooned. T

6/ fenales vvrth Sve 16-year olds, seventy-seven 17-year
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2.2. Instruments and procedure
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As part of an overall neuropsychological assessment, an
extensive battery of tests wies aoministered t0 the
participants by a’trained femele assessor who wes blind
with respect 10 matermal drug history. Informed consent
wes obtained from all of theparticipants, and all testrrg
vies conducted in controlled condrtrons inthe labo ranry
Carleton University, Ottawe, Canaga. Included
bettery Wes @ Drug History Questronnarre (D'Q) Th
qu&tronnarre VIS 3eve for use in this research and

ed from that used in the Monitoring the Future

a longitudinal survey focusing on the
%@M aItrtudes p ) e

and preferences ‘of American youth
[29, The Was intenced to serve & a meastire of
lcipants’ history of use, as el s thelr current use ofa
number of both “licit and illicit substances inclucing
cigarettes and marijuana. Variables of interest in fhe
current stugy from the DHQ include adolescents” initiation
and chily |n the case of cigarettes)/reqular (in the case of
uana use of cl ettes and arfjuang, fire average

of ci ettes s per gy, and the mean
nbero joi aoe
esmokrng initiation referred to adolescents’ ever
useo crgarettes beyond just trying outone or two) and it
Wes dickOtomously oodeojre Never smoked garettesvs
Smoked crgarettes Dary cigarette smoking \Wes
defineu & smoking cigarettes & ledst once per ddy and

wies similarly coded as a binary variable (i.e., not smoki
crgarettes al least once per ddy \s. smoking Cigarettes
least once per day). The initidtion of narijuand use wes
defined as the ever Use of this substance and was coced gs a
dichotomy (i.e., never tried marijuana vs have tried
merijuane). Regular merijuena Lse, vias cefined
8 USing this Stbstance & least once'oerv\eek and es
simlarly coded & a brnary variable (i.e, ngt usin
Irr.eagjuana a Ieastkome per ek \s. usrng Imerijuana
ONCe er
Aunnega?npleues obtained from the participants during
the neun logical assessment, and' wes Immegiately
frozenurrul aer analyzed by immunoassay for the presence
o ootrnrne @ nrgg)or degradatron product of ‘nicotine
metabolism), cannalinoids opiates, and amphet-
res. This allowed for adrrect ob ectrve validation of the
seIf “report measures of recent drug use Each urine speci-
men wes analyzed under blind condrtrons accordling 10 the
manufacturer's instructions using sensitivity measuires that
distinguished concentrations from zero with a least 9%
conficence. For all assays, the dilution of urine wes
corrected for by creatining acjustment

2.3. Statistical procedures

2.3.1. Group categorization
For analytic purposes, meternal cigarette smoking
(average USe across pregnancy) Wes categonzed into two
groui)s nonsmoking and smoking (>0 cigarettes/day).
arIy rraternal average marijuana Use across prég-
also cateqorized into rorergs no use and
use (0 JorntsAveek) In the case of cigarettes, the control
group Vies comprised of non-smokers,”For mertjuan, the
control group. ‘incluced mothers reporting N0 use of
merijuand quring their pregnancies. Prenatal drug expo-
sure"was glichofomized 'in“order to incresse the"sanple
size of indivictal cells, vr/nrch allowed for a satisfacto
subject fo variable raIro ad a reasonable amount of
statrstr rfort %strc regression anal

|esfor enatal orug” exposure
van esasanpeo 1 dll fortredel%gctma

medium effect size (/=,025) with approximetely 87%
pover [6].

2.3.2. Confounding variables

Because, this Study is a quasi- expenmental design,
random assignment to Or oupsvresnotpossr le. Asaresult
there wes a nsk that observed differences would represent
only the pre-existing differences in history and background

nurrber of variables, therefore, were examined. as
potentr confounds prior o conducting any  Statistical

Yses 2 hes_been done |n revrous ublrcatrons
Involvi

tre OPPS e%am J an les that
Vere exam |ncome uring pregnancy,
average level o parental

8

Lcation, nata SSIVe
cigarette and rmarijlana Smoke exposure, panty gender of
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the offspnrg meternal use of anohoI and oafferne dunng
pregrercy, and the offspring's age at time of testing
her's age at tle time of the chrlds birth wes also
consicered “since .vomon Who smoke cigarettes dunng
o ramytendto beyoungerthan nons s er]
rg one-w Yy dnalySes of variance, each Of t
entially confoundrn vanables vere tested for an
assoclatron with_ prenatal cigarette smmoke and marijuana
exposure, respect /ely, using an alpha level of .10, Varrables
that vvere found fo srgnlfrcantl%perjelate 0 either d
alpha level of *0 or Iess were then further exami
asspciation W> exth 0 vanables
vanables that ere found to be S nrt |cantly related to the
outcome variable of interest a an alpha level of .06 or less
viere subsequently included as covariates in the analysis
the “Ccovariates differed, from one analysis to
her cepending on which potertial confounds et the
aforementk ned cftteria. Vaternal alcohol use during preg-
nancy av, the matemal use of the grug that wes nat
consickred 10 be of primery interest (i 5(Ie in tire case of
orrrarette use of rranjuana vrerestatr ically controlled in

2.3.3.. -alysis
A cnasy of logistic regression analyses for analysis of
cow_aice [38) Were performed in Orcer to asséss the
cor ibition " of prenatal exposure to cigarettes and mar
|s on adolcC mis* initiction and daily/reqular use of
t suostances, while controlling for ariy potential con-
fourcrn variables. Senarate logistic regression models were
oon, ded for the 1|t|at|on of cigarette smoking and
A 1ana Use, respectrvey, & Well & for the darly/ Ular
5 e o S o e ferral Ui
recalculated separately: for mdl e offspring In
orcer t examPrar ' y|bIe %r\order ALJOr ngstro
regression modesrncuded binary predrctorvar les:
ore represertrng raternal clggrette smoking during pregr
epresertrrg metemal rran{uana e
durrng namY pha level Of .05 was used o test the
canoe of he ormrbus tests for each of the logistic
regressron The significance of each predictor
variable wes then tested using the Welgl test [40] with an
alpha level of .05, For the gencer-specific andl
procectres viere followed separatey among samples of

mele and femele offspring,
IVUtiple regression wies also utilized to examine the

predlrtrve relafion of the amount of prenatal exposure to
es (Mg nicotine/ay) and rranjuana ornts/vreek) o
Ing's average use of ciggrettes (per chy) and mar
JoInts\eek). Separate regrelsron mockls Were conc r:ted
or offspring’s use of crgarettes merijuang, and each of
these mocels viere then recalculated gﬁ 0encer in order o
testforposS| esexdrfferenoes In all_of
oy vell 2 OTSSas e o e %ﬁebstf“a%&g
|
Were treatedl & continuous Variables

s { Y

=-<S-=

Assumptions regarding independence of errors absence
ofrrultrcotjnearrtyandoutlrers normality, Irneanty homo-
ty of regressron slopes (and regréssion planes and
oerct anles |ar(rjet1 cas? of NZ% for three covaérates
Ve of e equencies, and line-
o mthei o satrsft(ept?ct!or all statistical arel
emal crgarettesrmkr .and marijuana use, asvvel s
subjects' Use of cigarettes (in terms of amount of nicotine
corsumed per cay), marijuana, and aloohol were all_log
transf I\&ror 0 Statistical analyses to reguce positive
skawness, Vaternal alcohol use was normelized using an
Inverse transformation, vvhrle passive exposure to nicotine a
assessiment wes normelized Using a ' souare: ook trans-

formation [40).

3. Results

The Pearson correlation between tire number of cigarettes
ed being smoked on average per day and the amount
of metabolite” cetected in the urine vvas found to be .73
(p<0.0001). A Pearson correlation of .71 Q7<oooor) VES
inecl for the concordance mber of joints
r?)orted being smoked on average per week and the amount
metabolite Cletected in the urine. These high concordance
rates validated using self-reported drug use in the statistical
analysrs as Well & lending_credence to the self-report
| orrraton proviced on the"DHQ that could not be tested
by the pharmecological analysis of the urine.

Drug usage and demodraphic characteristics  of the
sanple across levels of natermal cigarette .rooki
arijuana Use quring pregnancy are presented In Teble 1
Amial family incorre, panty and mother’s age a time of
birth are srmartottose of wormen who gave birth In the
Ottavrar lon at the time that partici n the OPPS
sang0 were recruited for the study [14]. I\/bre than half
ha /i=80) of the adolescents |nthe OPPS reported

Ving |n|t|ated C|garette S0 rgtr point in their
lifetine, with of inftiation being 1399
sp17M). No srgnrfr gender differences were found
With respect to the_initiation of cigarette smokrrg, xJ(U

i those reported

NE1Eke 57,
e 81.5% (y970 reported daily

initigting cigarette smokr
smoking at S0 point in their lifetime, with such use firs
oceurring at the mean age of 1472 years (S2)=L61), 1here
vras also np significant gender difference found with respect
to caily Cloarette S ngarmngtheadoescentsrnthe
X2l M=152=08 p“0.78.

In terms of manjliana use, the majority (73.7% n=112)
of youth reported Faving infiated the USE of this substance
at Some point in their ifetime, with the average age of
initiation, being 1464 years (SD=157). No Significant
gencer differerice wes found with respect {0 the initiation

of marijuana use, *J(L, V‘152) ' p=0.89. Of those 112
youth in tlic OPPS who regort |n|t|at|ng?1 the use of
marijuana, only 27.6% n-31 ) reported “having used
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Takl

Drug usage and demographic characteristica e f prenatal dmg cxprsare group*

Cigarettes (mg nicoBne/ilsy)

Not exposed (0)

Sample size o
Fami ly darecteristic!

Annua! income (x CANS! 000/ BB
Mother's age* 2966
Avenge parent education*" 302
Parity 202

Prenatal substance exposure

Nicotine (mg/day} 00

Marijuana (joints/week) 21

Alcohol (0z AA/day) 86

Postnatal substance exposure

Passive exposure to nicotine until sge 5 25
(no. of yean exposed si a proportion of sge)*

Passive exposure to nicotine at assessment 236
(no. of hours exposed hoth in and out of home)

Passive exposure to marijuana 123
at useasmenff

Offspring daracteristics

Sex, % female 4200

Age at assessment (years) 1801

Age of cigarette smoking initiation 1419
(years)

Cigarettes smoked/day 239

Nicotine (rag/day)* 3l

Age of marijuana use 1468
Initiation (years)

Joints smoked/week 23

sofe. Statistical tests were one-way between- sub(hcts analytes of variance.

" Values are hased on figures obtained at hirth of offspring.

b Education coded as: [*=did not finiab high school; 2-gtaduated high school; i “graduated college or university; 4-pest-graduate degree

= Data for only 80subjects on this variable.

Exposed (X))
87

2850

J6.85%**
129****
178

1m_ .*..
J0
87
66
3644

21

4600
1807
1389

3R
48
1461

24

Marijuana (joints/week)
Not exposed (0)

L2
274

106

4400
1@
250
3
1477

14

Exposed £0)
49

21.90%*

24,92+
2.15%*
7

. 80****

383
157

4500
1806
13%

489
Sr*
1448

.42****

e Codlng for passive exposure to marijuana; 1-more than one month ago; 2-hctween 1week and 4 weeks ago; 3*between 2and 6days ago; 4-yesterday;

5-tod
* Cyalculated by multiplying the number of cigarettes smoked per day by the nicotine content of the brand specified.

Y
i

arijuana on a eg]elar besis aIsome int, with such use
first ocourr Vears (5/3:16

No significarit gender d|Ur-nce vvas found wwith respect
usm% merijuand on a regular besis, j(I, \EL52 -117

3.1. Correlates of cigarette smoking behaviour

Offspring of mothers who reported smoki
while pregnant were more than twice as liké y have
initiated Smoking later in adolescence, corpared to
offspring of non-sraokers (referent group) after ‘adjusting
for matémal man{uana aloohol Use during pregnancy;
metermal age & Ume of pregrancy, and family ncorre

(Tele 2) Results also revealed that offspring who were

prenatall

odds

f0

rmrijluana V\/n Tprecnarr[
MOthers Who ngal
while pr na Viere more lhan three times & likel Iy to
have initiated smoki
offspring of non-s
betvieen” maternal _arijuana Use durl
mele offspring's initiation of cigarette smoklng was “found
be even nmore pronounced, With offspring
almost _five times”as likely to

Y EX
of initiating ci
e 0 ofPs%r o

Utero 1o marjuana being
have initiated Cigarette soking. The associations bebieen

tOrTEgtg

Ers

e srmklng duri
ose mothers repo

uana had almost three times the

adolescence

ed no use of

In terms of gender dlfferenoes

during adolescence compart
able 3). The association

g pregnancyand

ed Smoki

ed to

exposed in




22

Table!
Associations between prenatal exposure lo d%srettea tad marijuana tod
offspring's cigarette smoking initiation and daily cigarette smoking

Offspring Cigarette Smoking B B or (93%CD*
3ebaviour (AM52)

Cigarette smoking inftiatiat
Prenatal cigarette exposure .

Not exposed @ .00

Exposed A 36 216 (106, 439)
Prenatal maréuana exposure

Not expose K0¢] 100

Exposed 9 93 43 258(111 600
Daily cigarette smoking”
Prenatal cigarette exposure

Not exposed @ 100

Exposed A 40 141 (65 306
Prenatal marijuana exposure

Not exposed 1B 100

Exposed 49 86 4 236(100 557)

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
premtelly exposed to the drug of interest

b Based on a logistic regressmn modg] including maternal alcohol use
during pregnancy, maternal age at time of pregnancy, and family income as

covarites. o . o
1 Based on a logistic regression model including maternal alcohol use

during pregnancy, matemal age at time of pregnancy, family income, and
average parental education as covariates.

*pS00G

enatal exposure to cigarettes and merijuana and smoki
Phltldlm vt)%orgj found tgoarbe gererally Iess pronounced fr(])%

€ offspring (Teble 3

Table 3
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With respect to the correlates of daily cigarette smoking,
the results showed that offspring of mothers who reportad

menjuana during pregnancy were more than tW|0e &
Ilkey to Smoke cigarettes a Ieest once per dy

L
adolescence ed to offspring whose motherS qid r%%

report using rmnljuanav\hlle pregnant, after controlling for
metemel marijuana and alcohol Lse dunng pregtancy,
average. parental educatlon
association Wes between renata exposure 1
garettes and later caily cigarette smoklnc (Table 2), ad
speeific analyses
adle 3), However, reeults did show that male offspr
Of rothers wWho report Huana while
hed more than three tlmes the odds 0 smoklng i
non-users (Table. 3). No significant assoclatlon vves
observed in Utero expasure to martjuana and daily
ette smoki female offspri
My nicotine/cay)
and marijuana (jointsiveek), and offspring’s use of ciga-
viere treated as_ contintious variadles,
regression analyses revealed a S|gn|f|cant itive assoma—
tlm bet\/\een mother's use of érijuana erdg i
aver number o cigareftes smok
roIImg for maternal aIcoho
garette e dun
mothers ae d time 0
enatal EXOSUre 10 cigga (:‘L(:‘bV\BS sop05|t|velyrelated
ngi her of cigarettes smoked per
thlsr estit only aeprted statistical significance (r-

metermal age at time of preg family “Income, ad
b nan% o SI nlﬁcant
similar results were Vieloed from the sex-5
P{ggmﬁ
|east once per day as an adolescent compared
EXposure to i tesn(‘z
rettes (per cay
dffspn 1><0. 01)
Jr n able 4 AIt h
S average nUn

Gencer-speanc tssociirons betwer- prenatal exposure to cigarettes and mirijmna ana offSpring's initiation end daily cigarette smoiung

Males
N

Offspring Cigarette Smoking

Behaviour (V-152) B SE

Cigarette smoklng Inftiatia )
Prenatal cigarette exposure
Not exposed
Exposed
Prenatal mar Juana exposure
Not expose
Exposed

119 ol

148 62

N3

Daily agantle smoking”
Prenatal cigarette exposure
Not exposed
Exposed
Prenatal marguana exposure
Not expose
Exposed

3

a7 b

N

27 127 62

Females
OR (95% Cl)* A 3 SE OR (95% CD*
100 27 59 130
328 (LJ0, 8% 40 3 139 (44, 444)
100 45 100
437(131, 1464 2 4 63 151 (43,538
100 2 100
21775, 631) 4 -10 67 90 (.24, 337)
100 45 100
356 (106, 11.97) 2 44 69 155 (40, 595)

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 drud of interest .
b Based on a logistic regression mode! including mttemal alcohol use during pregnancy, maternal age at time of pregnancy, and family income as

covariates.

* Based on a logistic regression model including maternal alcohol use during prcgnsncy, maternal age at time of pregnancy, family income, and average

parental fddgation as covariates
*
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Tetked

Multiple regreuion analyses predicting oftpring's evenge use of cigarettes
end marijuana jointa from prenatal exposure to cigarettes and mirijutns

Offspring Substance B SE P (95H0)

Use (AM B

Cigarettes/d/

Prenatal cigarette 09 73 16
exposure*

Prenatal manjuana 285 I00) )
exposure*

(06, 289)
(86.* &)

JoiivAvethf

Prenatal cigarette -08 06 -12
exposure*

Prenatal marijuana 30 07 J*
exposure*

mott, JJ-unstanderdized regression coefficient; SE*standard error;
A-standardized regression coefficient; Cl- confidence interval,

* Based on a regression model mcludrng maternal alcohol use dunng
pregnancy, family income, end mother's age at time of pregnancy ai
covariates.

b Expressed in arms of mg nieotise/dey.

" Expressed in terms ofjoints/week.

Based on a regression model mcludrng maternal alcohol use during
pregnancy, family income, mother's age at time of pregnancy, and average
parental edycation ai covariates.

” JD

06; Thdle 4). Vbon gender differences were examined,
the results Indicated| that prenatal exposure to both cigarettes

(-20, 03)
CIS. 44}

(r=.25, p<0.05) and rrarrjuana (=24, p<0 vverec

srgnrﬁcantl associated vvrrh mcreeses in the
essrmked ccﬁ?l |ng, after control-
oundrng vari

I| for potentiall egg No

srgnrfrcant a%ocr lons iere observed
re and the nurmoer of crgarettes Soked

rda
X I\b Sig nrfrcant mteractr{rg r%ects c?% prenatal c%ette ad
%%u&na exposure were noted in any of

3.2. Correlatej ofmarijuana use behaviour

In temrs, of offSpring's marijuana use, findings indicated
that offspring of motPers who reported using’ merijuena
while pregnant were almost three times as likely to"have

&
|

=

tl*e use of marijuana during acolescence compared
of non-users, and This wes found o be
r of rretemal cigarette and alcohol Use during
pregnancy (Table 6). However, no significant association

s opserved befween prenatal’ expostire to cigarettes and
offsprrngs Initiation of manjuana use. \hen génder diiffer-
ences Were examined, the results indiicated "a significart
relationship between metemel use of merijuend during
pregnancy and dlie sulbsequent initiation_ of rmarjuana Use
durrng adolescence among males. aoecrfrcajly mele off-
pring of mothers who Feported Using marfjuana, while
egnant had nearly four tines the odds of mrtratrr%
T T ('

| | L

contrast, 1o srg%rfrcanjt aseocratrgr%sp\]rvee%e o%/erved
yental crug Sxposure and marijuana Use: intiation among
Termele offspring, IVbreover, thére was no evidence of @
significant association between offspring’s regular use of
mavjuana olring adolescence and prenatal exposure to
eithér cigarettes Or marijuana for either gender (Table 7).

\hen prenatal exposure to cigarcnes and merijuana and

Ing’s use of merijuana were treated as continuous

variahles, results from a_ multiple. regression analysis
inlicated! a Significant positive association betvieen moter-
nd use of marijuana, during pregnancy and o rrn%s

average number’ of joints “smoked per Weeett 2

Bs

<o oood) noependent of mother's use of ci
Uring pr

(D

egramy family income, mother’s at
trre of pr egf yparenta education
A. No srg% assocratrm Was noted betveen pren
e 10 cigarettes and the average number of joints

smoked per week by offspring (Table'4). Results from the

ts from prenatal exposure :o cigarettes and

Table J
Gender-specific multiple regression antlyses predicting offspring's average use of cigarettes and marijuana.
marijuana
Offspring substance use (AM 52) Males (n«85)

B SE 0
Cigarettes/day”
Prenatal cigarette exposure? 230 B 26
Prenatal marijuana exposure* 282 12 26
Joints/wtti?
Prenatal cigarette exposurel -01 0 -01
Prenatal marijuana exposure* 38+ 10 yiv)

Females (n-67)

(95* Cl) B SE P (95* CI)
44, 41! 1% 07 12 1. 263
40,524 266 176 2l (59, 7.56
E—.18, 16) -16 08 -31 E—.32. -01)
18 58 13 ik 18 - 08 .35

Note. 5-unstandardized regression coefficient; SE-sur.daid error, *-standardized regression coefficient, Oconfidence interval. .
* Baaed on a regression model including maternal alcohol use during pregnancy, family income, and mother's age at time of pregnancy as covariates.

b Expressed in terms of mg nicotine/day.
* Expressed in ".emu ofjoints/week.

d Based on a regression model including maternal alcohol use during pregnancy, family income, mother's age at time of pregnancy, and average parental

educatron a Civariates.

ee pSO.00D,
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Table 6

Auocitoor.i between prenatal exposure to cigarettes ind marijuana ind
offspring's initiation end reguler ow of marijuana
Offspring Mirijuani Use d CR(
Behaviour (AM52)
Marijuana US€ tnitiatiab
Prenatal cigarette

exposure

Not exposed

Exposed
Prenatal marijuana

exposure

Not exposed

Exposed

SE of

100
114 (-53541)

Q&K

100
276(111. 686)

Regular marijuana Us**
Prenatal cigarette
exposure
Not exposed
Exposed .
Prenatal mirijuani
exposure
Not exposed 1B
Exposed 49 -23 4

Sola. B-unttandardiied regression coefficient;
OR-odds ratio; Cl-confidence intervil. .
* The reference categoty for ail oddi ratios it offspring who were not

prenatally exposed to the drug of interest
* Based on a logistic regression model including maternal alcohol use

during pregnancy as a covariate.
° p( \ .

-Specific analyses dermonstrated that prenatal expo-

100
129 (57,299

100
79(33 190
SE"itandard error;

Sure to manjuana” wes srgnrfrcantly assocrated with
Increases in_ tire nurrber of b%o Vieek by
mele offspring 1 after controllrng for
potertially oo oundr . There wWes_no
significartt evidence, r mdrcetrng that a Similar
Table 7
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relationship existed among fenele offspring (Table
FHindi glso falled to Suggest. that pngm(T 5)f

gr%rert% during pregnancy Wes_significant edy eated with
theprrngalsave e number ofjornts smoked' per week for

either

Ificant mteractqe efefeas ofprenatal i etta%a\ar}g

No signi
marjuana exposure were noted in” any of
arelyses.

Tne results in this report continue the presentation. of
ings arising from the OPPS—a longrterm pros alr\ﬁ
marijuane. The_current investigation Wes ur o
marijuana use, during pri on's ggqu%n?qnafon
| Lir Initiati
%iarly/reguarl,rsgg 0 tﬁgreanw substances among 16- to
reported " inificti elte smokr
ich is corsrstr?nt Sﬁ?ﬁ restlts from o gar

4. Discussion
udy of the of in Utero exposure to i orreL to
exafine the effects of material cigan and
53(->ear-old Offspring. Findiings mdrcated that approximtely
Yo of offsprir
studies in Canadaand the United Statee [2 5 28] lprcontrast

abwt /o the OPPS sarmple: reported daily ¢
) ch is consick arlreheh%(r)r%hanrate%re%%rrted
Le. 24%) and the Youth Risk
%éhavror wmrrrm%)sr [ (e, 10, The

T4% rate of merijuana USe initiation 1n the present work wes
also substantially higher than corresponding rates reported
other investigators (i.e., 45% inth Ste%S ad
)% 1n the YRBS [5]). Firally, about 20% of offsprng in
the present_ study reported reqular use of merijuina

Al S rae g 0 be similar to that reported
hougMTF and the YRBS [0], it shOUEp%Tbe

D

Gender-specific allocations between prenatal exposure to cigarettes and marijuana and offspring's initiation and regular use of marijuana

Offspring Marijuana Use Miles
Behaviour (AM 52) N 3

Marijuana use Inftiatiab
Prenatal cigarette exposure
Not exposed
Exposed
Prenatal marijuana exposure
Not exposed
Exposed

SE

130

Regular marijuana useb
Prenatal cigarette exposure
Not exposed
Exposed
Prenatal mar Juana exposure
Not expose
Exposed

47 27 53

27 -4 %6

Females
OR (95%CI)* v 3 SE OR (95%Cl)*
100 27 100
149 (54, 4.06) i) -18 59 84 (27, 263)
100 45 100
367 (97, 1383) 2 NG 65 11 (.59,7.56)
100 27 100
131 (47, 369) 40 36 12 143 (35, 581)
100 45 100
87 (29,261) 22 -36 75 .70 (16, 302)

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 of interest
b [Bﬁlgﬁm a logistic regreasion model including maternal alcohol use during pregnancy as a covariate.
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noted thet the definition of regular manjuana use in the
current mvestrgatron (i.e., a least once per week) is more

conservative thn that of the MTF Study (1.8, Use in the pest
30days andtrreYRBSSt ol (1.€., Use at least once curing

garet? usthereofr uIarmarruanause
Irkedarlycr e STk v higrer in the currert
vror compared to bath 0 natronalpreval nce studiies

A] number of uniqe findings Were observed in the

Wes the

current study. . Vbst nota

~E

evidence of a

positive association hetween meternal marijuana Use
dunn pregnancy and risk of subsequent narrlr]cana Use

initiatl adolescent offspring. Al

nrfrcant associafion Wwes oloserved in felation to offsoring
regular use of merjuana, this finding should be |nter

With some caution s this observation wes_besed
on only 3L off eporting regular Use of marijuana.

retec

though_no srg-

n the drugsplgengvarrables Were treated & oontrnuous
varrables theré appeared to e a doseresponse re atron

of joints smoked pe

ship between the nurmoer

the . iaither while pregnart and those later consumed
her _ offspring. Interestingly, the impact of prenata
MerijUam exposie o OITSprngs. Marjuana Lse Wes
found to be stronger for mele than female offspring, ﬂ”e

eternal Merjuana use curi
to subsequentJ majuana usen%at |snatrmrey

a positive assocratron between prenatal

present work is sotheﬁrstto suggest that the impact of

IS not
results r%ed

exposure o
g

merijuana and offspring's risk of both cigarette smoki
initiation and daily smoking during, adolescence, vuth]&rg

Impact of sudh @xpostre also béing more. pronou

aong mele A dose-response relgtionship es
also Noted be.ftvrsrgen]gmothers usepoof mavijuana gurrng
Bregnancy and the number of cigarettes smoked per day

y Offspiing,

r
The findings are also consrstent with earlier

investi p|rons (eg, Reft [92530 report

a posrtrve

associdtion between rt crgarette use uring
nancy and risk of su rent Cicerette smoking |n|t|at|on

among acolescent offspring, r
significant evidence in the Current work

there wes no
suqgesting that

renatal g ureto cr eite smoke InCreases, offspring’s

rrsk of c Uring a escertrce anril this restilt
IS ning to reqular cr e
srroc%nrgg from other resgd%rs n%l e%

coII Ues [30] n edthatnoternalc
o e o

duri
ErSIS nghng In crgarette srnokrng, therr
DErSISte IlS wgp (e, ng in last
Ciffer darys
study e(gre srrokr at least once

Stttr
Jresent Investi |on aIso e that

elte smokr
ring’s odds 0
definition of

three months
|n the

matemal Cigarette during preg
sprrn 'S smoking |n|t|at|on IS stroncert

. While this result 1S in acoordance

findings conceming the impact of prenatal marijuana
exposre, it Is_inconsistent with the results of “other
Investigators [30] who have reported a greater metermal
effect Of cigarette smoking for ferrales. It'is unclear why
this discrepancy hes oocuited, but it e possrbly be the
result of (iffeferces petveen the eand the
e e e kel i o, T o e
OPPS sanle is precominately White and micdle-class,
Kandel et al. studied a cohort of youth that is
representative of adolescents in New York State public
high sdtools during 1971-72, and another cohort that Is
represertative of youth bom from 1957 through 1963 in
the coterminous United States.

Consistert with the results of other investigators [4], the
currentwork cid not find evidence supporting an assocition
between nmatermal cigarette smoking currng pregnancy and
risk of later marijuana use among offspring. SUch firidings

that the impact of prenatal” cigarette Smoke exposure
IS Specific to subsequent cigarette smoking and that any fetal
perturbances associated Wwith matermal™ smoking during
pregnancy do, rot affect adolescent marijuana Use. ThiS
oaserved specrﬁcrty IS also in acoordance vith other studies
n% pathdphysiological pathway prenatal
gosure 0 Cigarettes and smoking initiation C&eg Refs,
; and stiggests that the pathophysiolog
or rrarr uana Use are different from those for cr
4], Interestingly, these frrdr ntg
Oﬁgrﬁcrty of cigarettes are_the oppos what” wes
rved ith respect fo merijuana, vuth the current study
indiicating thet meternal marijiiana, Use during pregnancy is
associated with subsequent “manjuana and” Cigarette Use

anor}g adolescent, offspring,
present findings Indicate that fetal exposure to
cigarettes and marijuaria may have a significant impact on
tic initiation of crgarette smoking and’ marijuana Use in
escent offspring, and a numbe rofnechanrsmsnay
contribute to this reIatronshrp In utero Cigarette exposure
may cause physiological changes resulting in increases in
nicotine receptors that ma 3%rncrease susceptihility to later
Cigarette Use UlO 31,33.30]. Such exposure tQ Cigarettes
and marjuend may also prec spose the brain via the
mesolimbic dopaminergic rewerd system to the subsequent
addictive influence of hicotine consumed later in life [30]
Interestingly, results from a recent animal study” [
indicate thdt matemal cigarette smoking during pregnancy
alters offsprrngs subsequent response to Ticotine in
aoolescence, subgesting that biological mechanrsrrs under-
lie the association Between prenata cigarette smoke
exposure and acolescent, smoking In offspring. As
indicates that tlic cannabinoid receptors are présent in the
placenta [37] and the fetal and neonatal brain [23],. 1t is
ossible, that prenatal exposure to merijuana also Seritizes
he brain 0 the subsequent influence of marijuana
consumed later in life. The transmission_of a genetic
redisposition for drug use, or other conditions stich &
ession or anxiety tht are associated with Smoking and
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mavijuana use [9,29), i, yet anather potential explanetion
{ n/(gd' agsocla).tlfon bet\/\eenmtnaternalmdcarette
and mar uana use dunng D %T;nan(,y and offspring's
e et i
n Interpreti ralizing die present findi
e S L
e size, particularly for r-specific :
S(J\nanyplead to "pan ility |)nthe coeffgglerrts current my%?
weS also unable to Statistically control for the effect of
postnatal tobacoo. exposure, G there Wes an excess of
missing data on this variable. In acdition, this study did not
collect bta on parent’s curent use of cigarettes or other
substances. Finelly, since the OPPS is comprised of a
?edomraiely ite, micdleclass, lowerisk sample,
indings from the current work may not be gereralizable to
other &thnic groups or ather samples ofyouth that are not

5|mlarly lowrisk.

present findings indiicate dlfferentlal
effects of metemal ¢l garette soking and marijuana
during preginancy on Tisk of subseCuent substance use

esoent offspring. Vhile prenatal exposure to
to ke linked with' offSpring’s cigarette
that In Utero exposure to
ette smoking and. mar-

Clgarettes.
SiToking inftiation, the cata
ITerijuana IS associated with
dfyn 0 Thaa o s 0o G0
| |
ngtween enaﬁﬁrS re to marijuana and off-
spnngs use of Cigarettes and arijuana. In contrast to

omnatlonal nee studies [5,28], the current
%le Jstantlal hi her rdes of dally

dgar e smoking and the initiation and regular use 0
IBrijuana armng adolesoent offspring. of ntemal drug
users. . Therefore, from a ubhc health perspectlve a
regluction I rates of ciggr n&g and marijuana Use
mey nat only yield dlrect health be for the Substance
users thermselves, but it may also have unanticipated
benefits for _therr offspnng including, reduced risk of

subsequent cigarette and marijuana use later. in
life which méy in effect influence the Use of other illicit
sulbstances [37],
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PRICE AND ENFORCEMENT EFFECTS ON COCAINE
AND MARIJUANA DEMAND

JEF CESMONEand MATTHRWC FARRRLLY*

This article estimates equations for past year cocaine and marijuana use among
adultandjuvenile respondents ofthe 1990-97 National Household Surveys on Drug
Abuse. Unlike mostprevious studies, we controlfor the monetary price o f marijuana,
probabilities of arrestfor marijuana and cocaine possession, and state fixed effects.
Results indicate that cocaine prices are inversely related to adult cocaine and mar-
ijuana demand but are unrelated to juvenile drug demand, marijuana price effects
are always statistically insignificant, estimated price effects are inflated when state
effects are omitted, and increases in each arrest probability diminish both types of

drug use. (.1EL K42,]18,

. INTRODUCTION

. The responsiveness of cocaine and mari-
{l(Jana demand to changes in their prices is a
ey determinant of the effectiveness of illegal
drag enforcement policy. By harassing séll-
ers and seizing drags, enforCement attempts
to reduce the” consumption of illegal drugs
by restricting their sup?Iy and thereby rais-
ing_ their prices. Even if Cnfoi cement is j\>le
fo increase drug prices, its success :n reduc-
Ing |Ilegal 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 vvould_llkeIK increase their con-
sumption substantially Dy drastically reducing
their prices. _
A complementary goal of enforcing
cocaine and marlduana possession violations
Is to reduce their demand at prevailing prices.
This occurs thro_uPh 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 éffects may be dissimilar if consumers
respond differeritly 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
Irect 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 cocaing and marijuana _ is
both theoretically and empirically uncertain,
In theory, cocdine and ‘marijuana, act. as
substrtutes |n the production of Intoxica-
flon but. alsg, can rovrde comp ementa

rntoxrcatrng effects, prncaIIy, thrs relatiort-
determrnes vvhether |cres desﬂgned to
have effects on

re uce demand for qne 9
the other that reinforce of counteract the
impacts of policies designed specifically for
that other drug. For instance, marijuana pos-
sessron arrestS more than doubled nation-
ally between 1990 and 1997, both in num-
ber and as a fraction of totaI arrests This
might have rernforced any effect of cocfarne
RNOsessron en orcement 0N cocaine Use If the
rugs are complements but had an unin-
tended ounteractive effect if they are substi-

Thrs study provides evidence on the
impacts of Cocaine .and marijuana prices
and possession violation enforcément on the
demand for these drugs. We analyze data
on past ear cocarne and marijuana Use
among ear-old respondents to
the annuaI 1990 97 ational Household Sur-
veys on Drug Abuse (NHSDA). Along with
vanous individual characteristics, the set of
explanatory varjables_ jncludes regional prices
of cocaing and marijuana, staté-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 ot the_respon3e In the demand
for cocaine and marijuana to changes in their
prices, to dlo the same with respect to changes
In possession Vviolation enforcement intensi
and to examine whether unmeasureq state
characterrstrcs can potentraIIP/ bias estrmated
prrce] en forcement effects

The analysis, I1s novel, In several ways. Most
important, |t IS the first study of"cocaine
demand to control for state fixed effects in
nationally representative data. Previous stud-
les 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 substantjal component
of cross-state price variation is exp lained by
unohservable, time-invariant state-leve] fac-
fors_that adO explain cross-State variation
In 1llegal drug use. For instance, states with

more permissive attitudes regarding drug
use are likely to have both [ower Cocaine
prices and higher drug prevalence rates than
antrdru? states. Cocaine price elasticities esti-
mated from analyses that ignore these fixed
state effects might overstate the impact of
an eXagenqus nce change on the change in
drug use withi an average state, which IS the
true elasticity of inferest.

The inclusion of state fixed effects neces-
sitates constructing our cqcaine prices dif-
ferently than previous studies. Motivated
evidence from Rhodes et al. (1994) an
Caulkins (1995) that region and popu ation
size are the crucial geoPr hic determinants
of cocaine prices, vve calculate cocaine prices
that vary b¥census vision and metropolrtan
area size. This allows for the temporal price
variation necessary to simultaneously identify
cocaine price effécts and, fixed state effects.
In additign, our analysis is the first to exam-
Ine the effect of marjjuana prices on cocaine
demand and to explicitly estimate the effect
of cocaine possession arrest rates Qn cocaine
and marijuana demand and of marijuana pos-
session arrest rates on cocaine gemand.

The article proceeds as follows. The
next section reviews the relevant litera-
ture. Section 11 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 1V presents our empirical methodol-

. Section V reports and examines the esti-
miation results, and section VI summarizes
our conclusions.

Il PREVICLB STLDIES

Several recent' studies estimate elastici-
ties of cocarne 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
respectivé drug 1S used, so that estimated
price elasticities are with respect to partici-
pation in_drug use rather than actual drug
consumption.|
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The first published analysis of the price
elasticity _01( ocaing deman%l? IS Dll\Br 0
1993) Using state cross-sections aggregated
rom_the I977-87 Monitoring the™ Flture
MTF) surveys. DiNardo (1993) finds that
past month ‘cqcaine participation by. high
school seniors s not related to the price of
cocaing, and that neither cocaine demand
nor price are related to Drug Enforcement
Administration (9DEA) cogalne seizures.
CauUrins . (1996) * Indirectly  estimates
cocaine Spart|C|pat|o_n price elasticities from
estun. -s of the price elasticity of the per-
cent  rrrestees testing positive for cocaine,
Invo. . conservative™ assumptions apout
the frujuons of drug users testing posifive
and of arrests attributable to drug use, dru
si)en_dl_ng, and other causes, his” estimate
elasticities range between -1.48 and —2.08.
Wwo 1999 studies by Saffer and Chaloupka
1999, 1999h) estimate past year partici-
ation equations_for cocaine arid marijyana
In pooled d-ta from 1988, 1990, 1991
NHSDA respondents age 12.and older, Aver-
%oHnP across five specifications, Saffer and
aloupka (19993) estimate a_cocaine price
elasticity of —0.40 and a osmv?_ relatjon-
ship between marguana use.and living In a
state where marijuana is decriminalized: Esti-
mated cross-price and cross-decriminalization
effects indicate_. complementarity between
cocaine an_d_manhuana. Saffer and"Chaloupka
((11999b) divide the same sample into seven
em_ograP_hlc groups and estimate past year
participation élasticities for each. The estl-
mated” cocaine price elasticity Is_insignifi-
cant for blacks gn%eA::ans, -1:33 foi Native
Americans, and betwten -0.5 and -0.8
for white males, Hispanics, women, and
oouth. Marijuana decriminalization is posi-
Ively related to marg[u ina_participation for
all groups except Native Americans. How-
ever, cross-price and c- >ss-decriminalization
relationships are each insignificant for six
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rouRs, wilh each indicating complementarity
or the remaining ﬁrou% major limitation
of these studies 1§ that they do not control for
fixed state or rettalonal effécts.

. Chaloupka et al. (1999) estimate equa-
tions for past year cocaing and. marijuana
Rartlmpatlon by high school seniors in the
982 and | [F 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.

Finuty, Grossman and Chaloupka (1998%
use a rational addiction framework, ir vu;c
current consumption depends on boat pa:t
and future consumption, to estimate price
elasticities of past year cocaine Partlu ation
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, Tespectively, The anal-
ogous model without these fixed éffects E/lelds
short- and_ long-run elasticities of —.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
elagticity of marijuana demand with respect
to its price.2Nishet and, Vakil (1972) surveyed
UCLA students reqardmg quantitiés of mar-
ljuana purchased at current Drices_and after
various hypothetlc_aI_P_nce changes, Their esti-
mated_price elasticities ranged from -0.40
51. The only study tc’use actual price

to -1,
985-96 MTF

data is Pacula et . (2001) ir. 1

data on high school seniors. Controlling for
state effects, their estimated past year partic-
ipation elasticity
are omitted but only
entered quadratically.

Is —0.33 when fime effects
-0.06 when time is
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The only stuay besides DrNardo 1993 to
directly examine” the effect of drulg enf orce
ment on dru consum tion IS Far e ly et d
2001 Con roI rr[rﬁg r state fixeq effects

panels, they frnd that
mcreases |n the probabr ity of arr st I m r|
juana possessron decrease the ’pro ability
12-20-year-olds will yse mari uana ean
while, “using annual data on arfg
cittes from 198195 and controlling for frxed
city and year effects. DeSimone (2001) _ i-
mates a”positive relationship betvveen ine
prrce of cocaine and the numh  of cocarne
purc ases per capita. by unuercover dru
en orcement ag ens Fur her results Indicat-
rng a negatrve relationship between crime
rafes and’cocaine prices suggest that cocaine
consumption is price-elastic.

In s m, cocaine consu ptron appears to
respond to cocaine price changes, but the
range of elasticity estimates |s wice, and
all “except those from the Grossman and
Chaloupka (1998) models that hdude indi-
vidual fixed effects come from m- Is that
fail to contral for geographic fixed effects.3
Few studies have exanined the relatignship
between dru? demand and either marijuana
prices or intensity of drug possession law
enforcement.

il DAA

This study analyzes pooled 1990-97 cross-
sections from the NHSDA, administered
annually to a nationally representative sam-
le of the US. household" population aged
2 and higher4 V\le restrrct our sample™to
respondewﬁs aged 39 and oung? because
the ove g major llegal dru%
use occurs in this age group3 and"conduc
separate analyses for those aged 12-17 and
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18-39 hecause of the different treatments ol
these two age groups by the legal system. In
that spirit we Rienceforth refer 1o the former
group as juveniles and the latter as adults.

Dependent Variables

; e specify two dependent variables, one
correspondinig to cocaine use and the other to
marijuana use. Both are binary indicators of
past year participation in drug consumption.6

Cocaine Price

. A measure of the average cocaine price
per pure gram faced by the respondent Is
appended “to the NHSDA data7 Cocaine
price data are coIIected D)éundercover dru
agents, mostly f rom the DEA, and recorde
by the DEA in their System to_Retrieve
Information from Drug Evidence (STRIDEI)
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 quaritity drscounts
exist for cocaine.

V\e Impute cocaine prices from STRIDE
data using the ordinary least squares regres-
sion

(1) log price = bo+ b1{logpredicted Purity
tlogweight)-fo,Area
+blYcar~biArea XYear-w

represents the weight of actual

where
oo e purchase divided by the total

COCalne In

Weight, PredrctedPurrti{ Is the predicted value
from a regressron 0

purrty on the other
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e>épI?]nator¥varlabI s, weight IS the total grain ~ 250,000'and 500,000 peoRIe and MSAs/rural
welght of the purchase, Area IS @ VeCtor of  areas containing fewer than 250,000 peoPIe
indicators correspondmg[ to 28 geographic  creates 10 additional price areas. Finally, the
areas In the United States that Wie assume  District of Columbia is considered a separate
have distinct cocaine prices, vear IS a VeC-  area because abundant STRIDE data are col-
tor of year indicators, andArea X vear repre-  lected there. In each year, therefore, there
sents d complete set of interactions befween  are 28 different predicted prices correspond-
the area al ' vear VeCtors. For a particular  ing to 28 geographic areas9 Each NHSDA
area and year our predicted cocaine price Is  reSpondentis assigned the cocaine price for
cxg bo+ hrj'+ 63+ [4), which r(?presents the  their area of residence. among these 28,
median price of one gram of 100% pure This methodology differs in two important
cocaine in the area and year with correspond-  ways from that used by previous researchers.
ing indicators set equal to one In the area  The first is that previous methodologies
and vear vectors, VW follow Caulkins (1994) |mﬁute city-level _prices by including G
In excluding outliers before estimating equa-  rather than area indicators in equation (!
tion (1). . and then calculate a state-level price as the
our methodology asslmes that prices vary  population-weighted ™erage of prices from
census region or division and metrogol_l- gagw city repreSented it STRIDE from each
tan statistical area (MSA) size. AppendiX  state, This gnoes evidence from Rhodes
Thole A-|"lists the census Tegions and divi- et al, (1994) and Caulkins (1995) that prices
sions and the states encompassed by each.  increase as the distance from points of entry
MSAs contalnlng more than 1 million‘people  into “the United States incréases, because
are grouped together within each census divi-  of Tateral transaction costs, and as market
sion._This creates eight distinct areas, because  sjze clecreases, hecause of economies of scale
the East South. Cedtral division contains o assocjated with _distribution. For_example,
MSAs of this size. Similarly, IMSAS contain-  therefore, the price of cocaine in Greenville!
Ing between 500,000 and 1 million people are  North Carolina, is likely to be closer to, the
grouped together within each division, creat- price in Charlottesville,”Virginia, which is in
Ing ning_additional areas. Because there are g different state but thé samie census, division
fewer STRIDE observations from less popu-  and population category, than that in Char-
lated areag, we divide the South census region  [otte” North Carolira. which is in the same
into_the South Atlantic and South Central sfate hut has 3 much larger population,
divisions, which partitions the United States The second departuré of our method is
Into _three censUs regions, and Mo CensUs hat nrevious methiods have not included an
divisions. Within eacht of these five regions, nteraction vector analogous f0 OUF Area X
grouping together MSAs containing befween .. interaction vector. This is because data
8 e fry 2 i pur-are insufficient to identify a complete set of

0 sy, e runter :
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DEIVONE & FARRELLY: GOCAINE AND MARJUANA DEVIAND 1B

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 Thanges, making detec-
tion of price effects in drug demand equa-
tions possible ¢~ when state Axed effects
are_included. o

For more direct comparison with estimates
from prewovs studies, We also obtain results
with a state-level cocaine price measure, The
regression used to construct this variable Is
eguatlon (1) withArea rePresentlng a vector
of state indicators, rather than of the 28 price
regions described, and ba set to zero. Modgls
estimated with the state-level cocaine price
measure exclude state fixed effects, which are
no longer identified.

Marijuana Price

A measure of the price of marijuana
faced by the respondent is a 0 appended
to the NHSDA data. Because DEA agents
concentrate on cocaing and_heroin traffick-
ing, STRIDE containg insufficient marijuana
price information. with which. to construct
regional price estimates. e instead follow
Pacula et al. iZOOl) hy constructing a mari-
juana price estimate from prices listed in the
[llegal Drug Price/Purity Repart, d ublication
of the DEA Intelligence Division. This report
contains quarterly ‘estimates of the minimum
and maximum marijuana price in 19 cities for

oth pound and ounce |Eurchases of two dif-
erent types of marijuana, commercial-grade
and sinsemilla-grade. _

Our price Variable is the average price
per gram of & pound purchase of commer-
cial grade marijuana. V¢ choose the pound-
level” commercial series because it is by far

each C|t¥, a quarterly price is obtained by
taking the midpoint “of the reported price
_rangéa for each quarter, and an annual price
Is obtained by averaging all quarterly prices
that are repoited for'that year.u

. Our NHSDA data indicate the state of res-
idence of each respondent but nothing more
sf[])euflc regarding location of residenice. Of
the 19 cities for which marPuana prices are
constructed, 14 are the only city reporting
a price In that state. Each”of these states
IS asm?ned the price of Its reporting city,
Annual prices for the fwo cities In Texas and
the three cities in California are averaged in
each year to form annual prices for thoge
states. Each remaining state of residence in
the NHSDA, which sampled all states except
Vermont and WWyoming during 1990-97, 'is
assigned the price from the closest of these
16 states that is in the same census division
8 the state. Thus the United States Is divided
Intg_ i 6 regions, each of which Is assigned
a different”marijuana gnce,serles. Appendix
Table Al lists these 16 regions according to
the cities that coptyibute prices and We states
that are assigned the price from each region.

(92]

Cocaine and Marijuana Enforcement

Variables representing the probability. of
arrest for cocaine and Mmarijuana possession
violations in the state of residence of the
respondent are also appended to the NHSDA
data.2 For each drug, we proxy for the annual
pOSSession arrest l?robablllty with a variable
equ. :ng the number of possession arrests in
the state diviged by the number of drug users
in the state that yéar. DruH pOSSession arrest
information comes from the Uniform Crime
Reporting system of the Federal Bureau of
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Investigation (FBI).13 Because there arc no oth the numerfator and denominator rahher
Bublrshed estimates of the number of drug  than separatey or each age group. 6 Further
Sers by sate WC construct the denomina- more vie al QO btain results Using alternative
tor by multiplying the unweighted percent- arres roba rlrg/ vari Ies that | stead Spec-
age Of state respondents who™ use the drug total »ypc 1 rrests In the state Which are
v the 1 July ensus estrmate of the statd  also reported by the FBI, as the denomina-
population 4 The ic behind th ese arrest  tor.17 Previoys studres such as Benson and
rate variables is that the tPrO habil |t}r/]o apple-  Rasmussen (1991) use this variable to. mea-
hend mP given crimin  falls as the level of sure enforcement of drug crimes relative to
police resoarces devot d to enforrn the cor-  nondrug, crimes. The aavantage of this vari-
respondlng crrme fall , and, as Ehrlich (1973)  able Is that It Is neither statistically endoge-
arques, the numbr T f criminals rises. nous by construction nor affected by errors

Owever, bee use the denominator pf the |n measurement of the number of grug users.
arrest rate varnblt is by construction pos-  The drsadvantalge IS that it Is a lesS direct

itively correlated vith the dependent vari- g for the arrest probability, ?ecause the

e, the effect ¢ the arrest rate for a dru en minator. is not a measuré of drug con-
on the demand .or that dru? 1S likely to mption activity. For example, if the nimber
overestimated in magnitude for two reasons. cocaine arrests and users Increase by |den

First, the varrabe Is Statistically endogenous. trcal roportions while the. number of type |
In Hoartrcu ar,. e erse causality may result in - arrests does not change, this arrest rate mea-
eduction in the arrest probability from  sure increases even thiough the percentage of
an increase jn the number of users. Sec-  cocaine users arrested, a much closer proxy
ond, errors in measurement of the num- for the probability of arrest for cocaine pos-
ber of users re negatively correlated with  session, ‘does not.
errors in me. iarement of the arrest rate.
Overestimates o1 the number of users, as . Variab|
exp ected In suics with lower than average ~ Other Explanatory Variables
true rufq Use rates, generate underestimates e control for a variety of additional
of arrest rates, with” the opposite occurring  explanatory variables. Other Continugus meg-
In states with higher than average true drug  sures Inclide, age and, age squared, family
use rates If the actual eIastrcrtYO the num-  size, and real family income. The remain-
er ot g ruﬁ USers vv|t respect 0 arrest rates  ing variables are indicators for. males, blacks,
IS less than one n absolute value, measure-  Hispanics, other races, marriage, divorce,
ment error reduces observed arrest rate dift-  enrollment in school. four Ievels of edu-
ferences across states by a greater proportion  cational attainment (hrgh school graduate,
than ob erve dru” useaté drff rences, mak-  some college, college graduate, some grad-
mg sma Ier anges In_arrest ra es appear 0 Uate scho&% the Iriterview not being inter-
InQuce larger ch anges in drug use.3 rupted, 8 Whether the interview mterruptron
To reduce the extent of e endogeneity  variable is missing,. three MSA populatiop
and measurement error é)ro lems, eacfiarrest  categories (population %eater than 1 mil-
rate varrable IS constructed uslng al ages in - ion,” between 500,000 and 1 mrIIron and
between 250,000 and 500,000), and rural
residence. Age squared and indjcators for
drvorce collége completion, and graduate
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school attendance are not included in the
Juvenile regressions.

Sample Characteristics

Table 1 lists separate summary statistics
for adults (18-39-year-olds) and' juveniles
12-17-year-o|ds|). Marijuand use Is consider-

ly more prevalent than cocaine, use for both
age roups, and use of each Is higher among
adults than juveniles.. The averdge cocaing
price over thie period is ahout $12 ?er pure
gram, which is substantially higher than' the
average marijuana price of S2 ?er gram.io
The percentage of Users arrested for cocaine
possession is aboyt four times the percentage
arrested for marijuana possess, n. However,
the arrests per type | arrest easures show
that possession arrests occur slightly more
frequently for marijuana than for Cocaine.

V' EVARCAL METHODCLGGY

. Because the dependent variables are
binary indlicators, the cocaine and marijuana
partiCipation equations arc estimated” with
probit regressions. The full model is

(2) D, —b0thjp t+b2p r+b)Af
+hrA*L-Rp X ]+ Sf

where for respondent i, ot is a binary. indi-
cator of past year cocaine, Or marijuana
use; pf and p f arc real prices of cocaine
and marijuana, respectively; A ang A f
are probabilities of arrest for possession of
cocaine and marijuana, respectively: x., is a
vector of other rélevant soCioecondmic 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, Isavector of binary variables for each year
from 1990 to 1997 iridlicating whether or”not
the respondent wes Interviewed in the partic-
ular year; and et is a random error term, All
regressions are weighted using the NHSDA
sarrl_lplm vvelghts._ ) _
-or Poth Cocaine and marijuana use, S
variants of equation &2) are estimated sep-
arately for both adults and juveniles. The

S A e

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%
mode]. Comparing these specifications migh
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 ?eograﬁhlc effects.

A rhajor departure from the previous lit-
erature, “other than Farrelly et al. (2001)r
and Pacula et al. (2001), is the inclusion o
state fixed effects. Cocaine prices vary at the
regional level, whereas marijuana prices and
arfest probabilities vary at”the state level.
Unobservable state-level factors, such as pub-
lic willingness fo accept, alternative behav-
lors or the political environment, may thus
simultaneously affect both illegal drug con-
sumption and"the price and arrest variables.
The inclysion of state fixed effects controls
for variation in unobservable state-level char-
acteristics, ellmlnatlnq biag-inducing spurious
correlation between |_Iegial drug use and the
price and arrest varigbles. Put differently,
controlling for state effects reduces the like-
lihood that differences in cocaine and mari-
juana use across states resultmg from unob-
served variation in attitudes angl preferences
are incorrectly attributed to variation in drug
prices and arfest rates.

V REUTS

\\e first report results for cocaine and
marijuana use by adults and then proceed to
the analo?ou_s rmodels for juveniles. Regres-
sion sample sizes are 92,784 for adlults, 42,464
for juvenile cocaine use, and 43,147 for juve-
nile’ marijuana use.D

Cocaine Use by Adults
Column (15 of Table 2 shows that when
the two arrest variables are excluded from

Iri]nearj(}%’f tab_le lheﬁiﬁt irdéates
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TABLE 2
Probit Estimates for Past Year Cocaine Use by 18-39-Year-Olds
\ericole (0 0 d @ 0
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105 Wolevels, respectively.

the equation, adult cocaine demand is sig- The estimates are from models that con-
nificantly negatively. related to the cocaine  trol for state fixed effects. When division

Prlcevwhan elasticity of —941 but is unre-  effects replace State effects in column (5)

ated to the marijuana price2 The next  the marijuana price elasticity increases by a

three columns reveal that these results are  factar of 5 and becomes significant, but the
unchanged from adding the arrest variables ~ ¢ocaine arrest rate elasticity halves. Omit-
except Tor a slight decrease. in the cocaing fing geograé)hlc_ fixed effects entlreI}/_ doubles
price elasticity when the cocaine arrest rate s te’.cocane price elasticity and UIOFS the

marijuana arrest rate elasticity while further
;’.‘g,']‘.‘f‘i'ggnﬁ?ﬁ&?g@”%fagfgf,rﬁﬁte85‘2 areh 'g?éy decréasmg the cocaine arres%y rate elasticity.

less of whether the marijuana arrest rate is  TNis pattern is also repeated in Tables 3-5.

also included. However, the negative effect
of the marijuana arrest rate falls by 75%  Marijuana Use by Adults

and becomes insignificant when the Cocaine Tabl T

: ; : - e 3 shows that the cocaine price_has a
arest rate 8 aé?‘ocgr}%ljgr%%ntmg [a%jgg significant negative effect on adultpmaruuana
the two drugs and sugtgests 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 multicollingarity is not too Severe. As
expected, the elasticity of the cocaine arrest
rate is larger than that of the marijuana arrest
rati, evenl without controlling for the former.
These patterns are repeated in Tables 3 and
4 and to some extent in Table 5.
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o TABLE 3
Probit Estimates for Past Year Marijuana Use by 18-39-Year-Olds
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TABLE 4
Probit Estimates for Past Year Cocaine Use by 12-17-Year-Olds
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o TABLE 5
Probit Estimates for Past Year Marijuana Use by 12-17-Year*01ds

Ve @ Q

155} :
Cocaine arrests |
er User
likelihood
G%ri(:ﬁxed Ste
0 |, e ﬁrd TOWI
Irglﬁée.sﬂze IS ‘rr
c%m

demand with a magnitude about half as large
as ifs 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. Rémoval of state effects aqarn has
a large |mpact The cocaine price élasticity
increases by one-quarter, and the marijuana
rrce eIastrcrtY rrses by a factor of four and
ecomes high y nificant.

It thus ap ears hat drug demand is higher
in, states vvr lower drug” prices, but states
with lower drug prices have other. unobserv-
able characteristics Ieadrnq to higher drug
demand, These unobservable factors are the
Predomrnant reason for the negative corre-
ation between marijuana pricés and drug
use. In contrast, arrest rates, for posses-
sron of druf%s particularly cocaine, might be

her in States where drug use is greater,

w ereas addrtronal drug enforcement feduces
use Within states over time. In other words
state fixed effects control to some extent
for the endotgenous enforcement response to
drug use that is apparent from estimates rely-
Ing on variation across states at a given tine.
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Cocaine Use by Juveniles

Table 4 reveals that the main difference
between juvenile and adult cocaine demand
Is that the former Is not responsive to cocaine
price chan ges The effects of the marijuana
Prrce and rug arrest rate variables are simi-
ar for juveniles and adults. Removal of state
effects agarn Inflates the marijuana price elas-
ticity and allows it to attain significance.

Marijuana Use by Juveniles

_ (f 5 mdrcates 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 poth 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 comﬁarable
with that fodnd by Farrelly et al, (2001). The
impact of removing state’ and then djvision
effects. is consistent with previqus results.
Varigus_potential explanations exist for
the insigpificant effect of the cocaine prige
on {uvenrle drug demand dfsprte Its signifi-
cant negative effect on adult drug demand.
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o ~ TABLEe
Probit Estimates with State-level Cocaine Price Measure

Cocaire Lee

[nﬁ[%[n%
ra@@a%

H %ﬁrﬁn n
R
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First, some juveniles might use their parents'
money to_purchase cocaine, Second, if as
Koch(2000) arques sellers find 1t profitable
to give tre. dru% away to young Initiators in
an attempt to Nook them”and"charge them
higher prices when they become_ adglicts, or
|f Ids share cocaine with thejr friends, some
juvenile users might not pay the market price
or cocaine. Third, sample statistics in Table 1
sh ovvrng that prevalence for adults relative to
r[r)rvenr 6s is th ree times as I?n for cocaine
ut only one-third larger for marij uana Sug-
gests that a substantial proportion 0 cocarne
mrtratron qcurs after age 17. As Kangel and
Yamaguchi (1993) report, tobacco IS en
erallyinitiated before marijuana, whid
|n|t|ated before cocaine. This_could explarn
g/evr ence, s reviewed in Chaloupka and
\Wechsler” (1997), generally shows that the
elasticity Is higher for

cigarette own-pric
gns than adults, and we find the reverse for
cocarne.

Stale-Level Cocaine Price Measure

To evaluate, more directly the extent to
which our cocaine ?rrce construction method-
ology accounts for the difference between our

I\/arijuana L&

results and those of previous studies, Table 6
Fresents results of models in which the state-
cve! cocaine prrce measure described earlier
Is used in Elace of our preferred cocarne price
measure. For eac & e group and tgpe
\ie estimate three regressrons S ecr re ide

tically fo 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, 3 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 mcIuded as
indicated column (42 0 2 and 4

This suggests that state fixed effects are effec
trvely e bedded into the state-level price
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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 r2from a regres-

sion of the Cocaine price on a et of state Indi-
cators is 0.30 for our price measure pbut 0.61
for the state-level measure. Meanwhile, for
marl{uana, our price measure has a stronger
effect on adult use and a \Very similar effect
on juvenile use.

Alternative Arrest Measure

Table 7 shows fes Its for the alternative
arrest rate variable that uses total type |
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 jnsignificant. These
results reinforce the conclusion that cocaine

ssession enforcement requces demand for
oth drugs and that marijuana, possession
enforcement does not affect cocaine demand.

o Ul

They. also suggest that the earlier results
showing a negative effect of marijuana arrests
on marijuand demand could to some extent
bea aBlroduct 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 probahility of arrest for drug possession
as the version spe(:lfy}ng the numboer of users
In the denominator. “Thus the theoretical link
between the alternative arrest variable and
drug demand is weaker. For instance, if drug
arrésts and type I arrests both increase by th
same percentacI;e 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 Iarrest rate mea-
sure. This Is a potential alternative explana-
tion for the weaker effects of the own-arrest
rate for marijuana. Furthermore, hecause
possession of cocaine is considered more seri-
ous than that of marijuana, it is possible
that enforcement a%enues_ Ivert resources
from type | arrests T cocaine but not mar-
ljuana " arrests, making standardization by
type | arrests more relévant for cocaine than

o TABLE 7
Probit Estimates of Alternative Drug Arrest Measure

Cocaire e
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marlhuana. In any event, the combined results
for the two arrest variable specifications rep-
resent strong evidence th% ocaine. arrest

are _negatlve?y related to both cocaine an

marijuana demand.

Other Determinants

APpendlx Table A2 contains estimates for
the T” set of _exAJIanatonr]y v?rlables In the
complete equatio gz) odels reported I
column (f4 of Tables 2-5. For _?dul_ts, dru
demand falls as education, family size, an
family Income rise O]and is ower for females,
nonwhitcs, married respondents, students,
3nd rur(?l_ residents. As da%? Increases, cocaine
emand Increases at a declining rate unti

27 and then dlecreases, whereas marijuana
demand falls. Among juveniles, drug demand
Increases with, ag?e, Oecreases with family
income, and is Tower for nonwhite non-
Hispanic_ respondents and students. Interview
Interryptions and MSA size have no consis-
tent effect on drug demand.

M. GONCLLBION

This article estimates the effect of cocaine
and marijuana_ prices and_probabilities  of
arrest forcocaine. and man&uana 0SSession
On past year Cpartlc“:zatlon In Cocaine ang mar-
ljuana Use, contro mg? for various soclgeco-

omic variables as well as state fixed_effects,
The_ results indicate that adult cocaine and
marijuana demand are each sensitive to the
price of cocaine hut not to that of mari-
juana, and juvenile drug demand is not price
sensitive at all. Meanwhile, for both cocaine
and marijuana, increases Jn the probability
f arrest folr_ ossession of the, d u% reduce
the probability that the drug s used. Esti-
mated cross-arrest effects, partlcularIX those
of cocaine arrests on marijuana demand, sug-
gest complementari betwefn the two drugs.

_Three” important . conclusions ~ emerge.
First, caution’ is advised when interpreting
results of similar analyses that do not con-
trol for %e%zraphlc fixed effects. AIt_hou%h
cocaine Oemand 15 Indeed  responsive o
cocaine price chan_ges, as such analyses have
shown, the mar%nl ude of price responsive-
ness IS overestimated when state fixed effects
are excluced, Moreover, marijuana prices
appear to affect both cocainé and mari-
juana demand for both_ adults and juve-
niles when state fixed effects are omitted.

This suggests that ftate variation in dr%
use rates 15 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, bath price
and arrest probability results provide™ evi-
dence that cocaine and marijuana arc com-
plements. iy .
Data limitations restrici our analysis to
pooled cross-sections rather than longitudi-
nal observations. This might be one feason
that our estimated price ‘and policy effects
fail to account for the substantial “increase
In past year marijuana and cocaine_ preva-
lence among high Schaol students during our
period of analysis, as indicated by MTF sur-
vegoresponses summarized . Johinston et al.
FIZ 1). Past year participation rates amon
igh School seniors increased from nadir.. 0
3.1% for cocaine and 21.9% for manguana in
1992 t0 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 Qrugs by juveniles, almost dou-
bled In per user terms during 1992-97, from
(033 to ,060 for cocaine and from 009 to .018
for marjjuana, Changes In arrest rates during
1992-97 predict percentage point decreases
of 0.4 in cocaine participation and 3.0 in
mari] mna participation among juveniles dur-
mrq Is time, rather than increases in each.*
Clearly, factors other than prices and arrests
are important in determining changes in
drug use across cohorts. Poténtial démand
shifters that have been sug?(ested include a
decrease in the perceived risk of using drugs,
& indicated in Johnston et al. (2001), the
Introuuction of the Internet as a forum for
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drug information dissemination, an increas-
ing glamorization of drygs in popular culture,
and "decreased parental “supervision because
of the jncreased 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 Probablll measures. till, our
Improvements over past methods strengthen
the reliability of our results and thejr asi?-
ciated policy ingplica, jns. In particular, the
added temporal " variation provided by our
methodolog; for estimating regional cocaine
prices allows for the detection Of price effects
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even when,_controlling for fixed state_effects,
which Is difficult whén 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 alsq estaplish that even though
unobserved time-invariant dlifferences 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.
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Youth Risk BehaviorSurvey-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. Percenta?es

ofage at first use are higher for Alaska boys and girls than U.S. boys and girls in use of alcoho
tobacco, and marijuana.

Percent of Students

‘Use ol alcohol, mar”uana, or tobacco before Ihe age ol 13 years

Year2000 Objectives:

Increase by atleast lyearthe average age offirstuse ofcigarettes, alcohol, and marijuana by
adolescentsaged 12-17.

Part 1-21 High SchoolResults (excluding Anchorage)



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 llicit
dru s, alcohol, and tobacco, also
collects data on students percep
tions regarding the availability of
these stibstanCes and the nsk of
harm from using them.

Between. 1975 and 1998 the propor-

tion of hr]gh school senrors report

Ing use of martjuana in the 3

pnor to the survey quctuated p pak
in 1978and then declrnrn con-

s Stently through 1992 |nce hen,

r orte useh Incr ut the
]SBSratevvassEtlrS %aﬁowt

peak level of 1978, When the per-
celved risk of “great harm” from ei-
ther regular or dccasional use, of
man uana mcreaseﬂ duse declined;
ercervedr eclined, use
mcreased The perception that 0b-
taining marijuana was "fairly eas
or “very easy" remained relatively
constant between 197 and 198

Students' reported use ofaIcohoI
also shifted from 1975 to 1998,
1973 alcohol use declined through
1993, Alcohol use fluctuated witfiin
a limited range thereafter, but the
1998 rate was far lower than the
19'3 rate, As with marijuana, when
the percerved risk of "great harm
from e|t ervveekend inre" drink-
|ng or éu y drinking increased, use
declined: when nerceived risk de-
clined, use Increased.

Chapter 3: Juvenile offenders

Over the past 20 years, while availability remained constant,
changes in marijuana and alcohol use reflected changes in
perceived harm

Percent of seniors
aDIr Percent Irl as to
er ntsa}/l %ﬁ n |nr
Percent using orrmrerntepast
Percent of seniors

Risk Percent sayrné; great risk of harm in having five or more dnnks once or
tvuce ach weeken
rcent Lsing once or more inthe past 30 days.

Note: The survey question on alcohol use was revised in 1993 to indicate that a *drink’
meant 'more than a few sips * In 1993 half the sample responded to the original question.
In 1994 through 1998, all respondents were asked the revised question.

Source: Authors' adaptation of Johnston. O'Malley, and Bachman's use by American
young peopTe heglns fotum JOWW\BI’ Duj Y

Juvenile Offenders and Victims: 1999 National Report 75



EU centre calls
for policies to
help female
drug users

Rorv Watson Hruiuh

Patterns of drag misuse in the
European Union are changing,
with a chronically ageing popu-
lation among heroin addicts and
a wider use of cocaine, cannabis,
and combinations of ampheta-
mines, ecstasy, and medicines.

~ The picture is contained in
die annual report of the Euro-
pean Union's European Moni-
toring Centre for Dr_ugs and
Drag Addiction in Lisbon. It
estimates that the number of
drug addicts has remained stable
ataround 15million, but within
that figure lie different trends.

~ The numbers of people start-
ing treatment for heroin are
decreasmg and users tend to be
older widi serious social and
psychiatric problems. In con-
trast. new admissions for cocaine
or cannabis use are rising, espe-
malk among the Young

~ Among schoolchildren, expe-
rience of cannabis ranges from

Downloaged frambm.comon 30 January 2006

5-™in Portugal and Sweden to
30-40% in the Republic of Ire-
land. the Nedierlands. and the
United Kingdom.

The centre makes a plea for
more tailor-made responses to
take accountoffcmale drug users
who fear they ma¥ lose thelr chil-
dren ifthey enrol for treatment. It
also highlights the need for poli-
cies addressed at women who
finance their habit through the

sex industry. Although 12 FU
countries have  specific pro-
grammes in this area, Belgium.
Finland, and Sweden do not.
Tlic report draws attention to
the drug prevention schemes in
Austria. Germany, and Sweden
directed at very young women
and schoolgirls to prevent them
from Bmkmg up (lie liabit from
older novfriends.
Given that at least 45 million

News

ﬁeople.in the European Union
ave tried cannabis at least once
and that around 15million have
done so in die past year, it is not
surprising that policymakers arc
tar etln%thephenomenon. .
ut the European monitoring
centre's director, Georges Estieve-
nart, criticised a zero tolerance
approach. "No one rcailv sees tlus
as a crime to be repressed with
an iron fist." he said z

Reactions to the cannabis study

Marijuana has potential for misuse

Abi Betger Bmy

Manjuana has die potential for
misuse, according to a study
from the Untied States. New evi-
dence that monkeys self admin-
ister the active component of
marléuana has been shown by
Dr Steven Goldber? and Iris
team at die National Institutes
of Health in Baltimore (Mature
Maurosaei.,*l 13_le ,
One of the criteria used to
help decide if a drug has the
potential for misuse is whether
animals will work to obtain it.
This Lsknown as self administra-
tion. Virtually all psychoactive
drugs misused by " humans,
including nicoune, “have been
shown to be selfadministered bv
animals, but up to now a postuve
self administration test has been
elusive whenever THC (dcita-9-
tetrahydrocannabinol). the acuve
part of manjuana. has been test-
ed. This has led to some people
condudm% that manjuana is less
likely to lead to drug misuse

than other illegal substances.

Dr Goldberg, a phannacolo-
ist at the National Institute of
rug Abuse, has shown now

that monkeys can be trained to
self administer THC. In this
study the team used a low-but
dinicallv relcvant-dosc of THC
administered intravenously in a
dear soluuon. This solution
rapidly distributed THC to the
brain. Previous attempts to show
self administration, using much
higher doses of THC held in a
suspension, failed. One reason
for this may be that, although
higher (loses were used the sus-
pension resulted in less brain
penetration. .

In- tliis stud% die  monkeys
had previously been trained to
selfadminister cocaine by press-
ing a lever 10times. When saline
was substituted for cocaine, self
administration stopped. When
THC replaced the saline, the
monkeys quickly started to press

BOVALMEL 2 COTERA wwjteh

Martin Jarvis, professor of health psychology at University
College London said that to suggest that the potential for misusing
marijuana is as great as with drugs such as cocaine and heroin is
ptobablv overstating the case. He said that misuse is "ajudgment best
made by looking at patterns ofactual human use.”He continued; "We
shouldn't assume that unreasonahle behaviour in society follows
from the observation ofbrain reward behaviour in animals alone".

lan Stolerman, professor of behavioural phannacology at the
Institute of Psychiatry in London, agreed: "This is an important
study because for the first time it provides a method for studying
dlrectlg the intake 0of THC b\( alaboratory animal and thus models
a key behavioural feature of addicdve states ?]enera!ly. It will lead
to studies of how and where THC works in the brain to generate
drug abuse. It does show that THC shares properties with other
drugs of abuse, but whether it is really as potentially abusive as
cocaine and heroin isnot so dear."

the lever a%ain. The monkeys

\ _ combating marijuana addiction
gave diemselves about 30 injec-

in_ humans. Dr Goldberg's team
will  next be their

tions during an hour long ses-

sion. which equates roughly with

die dose received by a person

smoking amanjuanajouit.
The team went on to confinn

that giving the monkeys a sec-

ond drag that directly blocks
cannabinoid receptors in the

brain could prevent self admin-

istration. This suggests that THC
antagonists may he useful in

_ trying
approach in "naive" monkevs
(animals that have not previous-
ly been egmsed to other psv-
choactive drugs) to see if this
alters die animals* behaviour.

Dr Goldberg's team con-
cludes from its observations that
THC "has as much potential for
abuse as other drugs of abuse,
such as cocaine and heroin." C
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Editorials

teased or reduced smoking before surgery compared
with less than 10%of those in the control group™ The
intervention group was much less likely to experience
postoperative cunipUcatiom. especial(lfv wound healing
and cardiovascular complications, and to need second-
ary surgery. A Cochrane review found that intensive
behavioural intetventions with patients admitted to hos-
pital were associated with higher quit rates when linked
In follow up contact for at leastamonth."

Given this evidence. It is arguable that resources
ex]vended on smoking rooms might be bettei used to
fuml a concerted effort to implement a stnokuig ban
and to expand smoking cessation activities Hopefully
other hospitals firing a similar situation will act
differently in the future

Martin McKee prafuurr ofEuropean public health
Iimrtmmker bhimerie

Anna Gilmore rrunrch jtita
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Comparing cannabis with tobacco

Smokmg cannabis,like smoking tobacco, can be a majorpublic health hazard

B ritain now has 1" million tobacco smokers. This
number has been vtcadilv decreasing due to
public awareness of the harm caused hy

tobacco smoking. At die same time the numberofcan-

nabis smokers is increasing. Between 1999 and 2001,

tlic number of 14-15vear olds who had tried cannabis

rose from 19%to 29%in boys.ind 18%to 25%in girls,

and a Home Oflicc document estimates that 32

million people in Britain smoke cannabis.1' I lowevcr,

the harmful effects of smoking cannabis are widely
known and have re> Jybeen highlighted." Although
the active ingredients of die cannabis plant differ from

dtosc of tlic tobacco plant, each pr<duccs almut 4000

chemicals when smoked and dicse a e IarEeI identical.

Although cannabis cigarettes are smoked less frc-

quendy dian nicotine cigarettes, Uteir mode of inhala-

tion is very different. Compared with smoking tobacco,
smoking cannabis entails a two durds larger puff
volume, a one third larg t inhaled volume, a fourfold
longer lime holding the breath, and a fivefold increase
in concennutions of cartooxyliaemoglobtn. The prod-
ucts of combustion from cannabis arc thus retained to

a much higher degree. How is this likclv to translate

into adverse effects on health?

We already know diat regular use of cannabis is
associated widi an increased incidence of menul
illnesses, most notably schizopltrenia and depression.'
butitis.ilso worth examinin? its potential to cause odter
ilinesses, especially (host of die heart and respiratory
system.

At present there is an understandable deardi of
epidemiological evidence of cardiopulmonary harm
from caiutabis, because its use is a relatively new
phenomenon and its poicncv is changing The amount
of the mam active constituent tetr.thvdrocannabinol
(THC). in cannabis lias increased from about 0.3% 20
vcars ago to nearer 5% at present in Britaui, whereas
"N'ederweed" (die variety smoked in die Netherlands)
has an average of 10-11%tetrahydrocannabinol. At die
s.une time little studv has been undertaken ofany con-
com ant change in the content of tar. Casc-control
studies are difficult to perform since cannabis
Cigarettes do not come in standard sizes, which makes
dose-response relations difficult to establish. Further-
more, most users of cannabis also smoke tobacco,
which makes it difficult to dissect out individual risks.
As with tobacco, there will be a latent period between
the onset of smoking and the development of lung
damage, cardiovascular disease, or m.digiiant change.

Tohacco smoking is responsible for 120 000 excess
deaths each Kear in Britain, 46000 from cancers,
34000 from chronic respiratory disorders, and 40000
from diseases of the heart and circulation. However,
dtere are indications dial smoked cannabis may cause
similar effects to smoking tobacco, widi manv of them
appearing at a younger age. Smoking cannabis ¢’ uses
chronic bronchitis, emphysema, and other iung
disorders, which were recendy summarised in a review
released by die British Lung Foundation." A striking
feature of cannabis smoking Is that it is associated with
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It may'be argued that the extrapolation from small
numbers of individual studies to potential huge scale
effects amounts to scaremongering. For example, one
could calculate that if cigarettes cause an annual excess
ol 120000 deaths among 13million smokers, the cor-
responding figure for deaths among 32 million canna-
bis smokers would be 30000, assuming ecjualitv of
effect. Fven if the number ofdeal >.ittnliutahic to can-
nabis turned out to be a fraction o fthatfigure, smoking
cannabis would stilj be a major public health hazard.
However, when the likely mental hcaldi burden is
added to the potential for morbidity and premature
death from cardiopulmonary disease, these signals
cannot he ignored. A recent comment said that
prevent|0n and cessation arc die iwo principal

strategies in the hattle against tobacco" At present.

Editorials
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People missing as a result of armed conflict

Standards and guidelines are neededfar all,including health professionals

M ass graves from past or present Conflicts,

massacres in the Balkans, disappearances—

South American stvic—and the missing in
action are politically sensitive. One reason is dial they
usually entail violations of international humanitarian
law (the wartime rules that protect people who are not
in combat or no longer in combat) or human rights
law. Imcrtiadonal criirun.il tribunals to uy individual
believed to lie responsible for the violations attract
et]ual attention. Whv tlie.se events anti die reactions to
them by die international community ire of direct
concern to health professionals is not immediately
obvious, although it has been widely reiogniset! that
they have an important part to play in upholding such
laws." ' However, the specific roles, responsibilidcs, and
expertise of the profession either in ascertaining die
(ate of the missing or in helping affected families have
not heen as widely recognised.

The story of people unaccounted for as a result of
armed conflict or internal violence is tod differendv
according to the narrator's discipline. Each d|50|p||ne
has its own work and objectives. Lawyers uphold inter-
nationaJ law and attempt to prosecute die perpetrators
of violauons; forensic specialists idcnufy remains, con-
tribute to the reconstruction ofevents sunounding the
death, and establish the cause of death. Psychologists
address the kind of mental torture associated widi

B\CLUVERS 3MAYALS tmjem

uncertainty of the whereabouts of a family member.
Military IhhJicsemphasise die importance o fmeasures
such as (he wearing of identification tags anti register-
ing deaths of dieir personnel. Red Cross woikers
tesjxind to families' requests lo trace a musing person
and to visit and register prisoners of war, Tins is an
incomplete list and each discipline has worked largely
ui its own there. Furdiennure in a given situation
there are different actors each employing, manipulat-
ing, or even hindering die work of the different
disciplines. These actors may be the governments, mili-
tary bodies, international organisations including die
United Nat|ons and non-governmental organisations.
Clearly it is tune for standards and guidelines on best
practice for all professionals.

Tlic International Committee of the Red Cross has
lieen forced into undertaking an initiative, ‘lhe
Missing," which has taken die form of a series of expert
workshops .uid studies and a review of its own practice
over tune and by continent. the outcome has revealed
ainbiguiry alwiut the legal and ethical basis o fany action
involving forensic specialists, die lack of hest practice
guidelines in quide these specialists, the difficulty ol
accommodating local customs and culture in .in tnvesn-
gution. and recognition ofan inconsistency of the Inter-
national Committee of the Red Cross's own practice
with regard to missing people. Atcentre stage however,
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Drug Related News and Announcements

Marijuana may affect blood flow In brain

Study suggests users of drug have narrowed arteries

Reuters: February 7, 2005
WW Ulghwggrh?cHse%Srgs\o/ﬁ gas e&t}%@ flow In their brains, even after a month

The findings suggest they have narr eries, similar to patients with high bl
ﬁreﬁure%sd ggr%entla, anc]ia lgr hg}mg 6\Eun re&%ﬂiﬁ%ﬁﬁ _margHaﬁai%s S have

BgF € 0n memory tests, sald the researcners at I Itute USe In
timore.

Rongl I-Iemi%ﬁnd Jean Lud Cadlet tested 54 marijuana users, who smoked anywhere between two and 350 joints a w
and 13 non-smokers

They used Doppler sonograms to measure blood flowin vojunteers' brains at the beginning of the study and a month lat
everyone agregﬁ fo a%sté’,n om marﬁlaana ?orthe %’uvr vveel<s beginning Y

&Sr%rlr(g}(’ers had faster blood flow; both at the start and after a month of abstinence, Heming and Cadet reported inthe

The smokers also hagl a higher pulsatility index score, or Pl, which measures the amount of resistance to blood flon T
resea%ﬁerssbelleveatﬂe hlg%er IS caulged(g/ narrovier bl vessg?s.

‘(;[ e marjjuana.users_gad Pl values that were somewhat higher than those of peaple with chronic high blood pressure a
labetes,™ Heming said in a statement.

“However, their values were lower than those of peaple with dementia. This suggests that marijuana use leads to abnorr
|r'1J't?¥x§,lesrnallhtﬁoodavese;(\e,i/ée in the brain." Peop 99 J

They found that blood flow improved in people who smoked up to 70 marijuana cigarettes a week - people they defined
MOgerate Users - aer & morth of Aoudng camidis, - - Juea cig people they

Heavy users, who smoked up to 350 joints a week, saw no change in blood floweven after a month, the researchers sai

Researchers at LVbnt,real’s VG University have reported that chronic consumers of cannabis lose molecules called CE
receptors In the brain's arteries.

This reduces blood flowto the brain, causing attention deficits, memory loss, and impaired leaming ability.

http://www.dpna.org/resources/current/02-08-5.htm 3/12/2005
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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

((je.g. NAACP National Conference). The Governor may
eclare "NAACP Week in Tennessee" in honor of the State

% see_ In honor.
and national organization in conjunction with its

Internship F3iograrln

convention.,

f * Proclamations are not issued in honor of People living or dead
o unless required by Tennessee Code Annotated (TCA).
it ito t'nl'thy

* 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 wil be sent per ye.

per constituent.

mAny 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:

Cara Wilson
State Capitol
Nashville, TN 37243
615-532-4562 phone
615-532-9712 fax

lennessfie. SQVLMQrce | Search_Tennessee.g'(\)/\éollﬁgg n%act%irectory | Policies | Sunvey. | Help | Site
Covemoy's Offie.

X 6]% Il\?t?%%l

/AL 2001

http://www.tennessee.gov/govemor/citizens/requests/proclamations.htm 311212005
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ISIDA Researchers Find That Animals Exposed to
Marijuana's Active Component Will Self-Adininister the
Drug

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 dru?. 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 1. 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 studgl 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/iwwwroot/omhrc/pressreleases/2000pressl015.htm 1/30/2005
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THL injections of 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-
S administered by humans smoking a single marijuana cigarette,” Dr.
Goldberg says. "This finding suggests that marijuana has as much
ﬁotentlal for abuse as other drugs of abuse, such as cocaine and

eroin."

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 ofdru%s 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 vwww.drugabuse.gov.
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3. Trends in Marijuana Incidence - Initiation of Marijuana Use: Trends, Patterns, and Implications Report

1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998

19991

* Low precision; no estimate reported.

132
122
130
14
185
244
216
336
350
329
334

291

1
r
1
1
!
1

I
q

1Estimated using 2000 data only.

Source:

M in Tor 4

Office of

80
96
%
96
159
222
261
274
294
313
313

255

348
326
309
302
347
364
450
510
523
547
519

446

327
280
240
265
258
355
394
401
523
478
467

399

210
175
197
180
222
229
242
226
235
266
236

151

Appli)éd Studies, National Household Survey on Drug Abuse, 1999 and 2000.

164
175
135
1
173
210
234
256
268
221
250

175

112
116
103
160

124
123
137
138
145
14

124
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136
99
148
101
82
136
121
141
202
139
175

159

Table 3.3 Estimated Numbers (in Thousands) of Persons Who First Used Marijuana During the Years 1965 to 1999, Their Mean Age at
d the Annual Incidence Rates of First Use (Per 1,000 Person-Years of Exposure), by Gender

Number of Initiates

First Use, a

Year
1965
1966
1967
1968
1969
1970
1971
1972

1973

S
n

Males
315
642
952
1,212

1,264
1,479
1,570
1,560
1,587

239
333
433
521
859
1,112
1,218
1,258
1,267

Females

|

Mean Age at First Use

Males Females

181
18.8
191
19.0
18.6
18.6
18.4
19.2
18.6

r

234
19.9
204
20.1
19.5
19.0
19.0
18.3
18.6

Males

49
9.8
144
181
18.7
217
22.9
22.1
231

Incidence Ratesl
Females

3.3
4.5
5.7
6.8
10.9
139
151
155
155
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Year

Note: The numerator of each rate is the number of persons who first used marijuana inthe 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: SAVHSA Office of Applied Studies, National Household Survey on Drug Abuse, 1999 and 2000.

jreck totopT]

in Thousands) of Persons Who First Used Marijuana During the Years 1965 to 1999, Their Mean Age at

Table 3.1 Estimated Numbers_é
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 Ratesl



| 1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998

19992

l'

|l el e e Y NN

1,493
1,405
1,625
1,647
1,556
1,507
1,187
896
1,014
1,049
1,020
1,021
925
173
834
187
174
837
909
1,009
1,152
1,254
1,284
1,318
1,268
1,034

1,360
1,469
1,559
1,517
1411
1,352
1,335
971
1,007
815
992
844
828
815
716
660
633
648
690
945
1,035
1,103
1,306
1,176
1,220
993

177
177
18,2
18.0
17,6
175
19.0
17.2
179
18.9
18.3
182
17.8
173
171
175
175
181
16.5
16.8
16.7
164
164
17.0
176
16.4

181
18.9
18.8
8

18.7
18.7
194
18.6
19.7
174
182
179
174
179
179
178
194
178
16.8
176
16.8
16.7
177
16.9
172

176

217
204
23.6
23.9
22.5
217
17.0
12.6
141
144
138
136
121
10.0
10.8
10.3
10.2
112
12.3
138
16.0
17.7
185
19.3
189

155

16.6
17,8
18.9
184
17.0
16.2
159
114
11.7
94
11.3
9.5
9.2
9.0
7.9
1.3
11
13
1.8
10.8
11.9
129
155
141
149

121

1The 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 ?jf years.
0 data only.
Ice gft Apgl%d Studies, National Household Survey on Drug Abuse, 1999 and 2000.

2 Estimated using 20
Source: SAM-ISAJ

|becktotop™
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1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998

19992

http://www.oas.samlisa.gov/MJinitiation/cliaptcr3.litni

553
975
1,385
1,738
2,123
2,592
2,189
2,819
2,854
2,853
2,874
3,184
3,163
2,967
2,859
2,522
1,867
2,021
1,865
2,012
1,865
1,753
1,588
1,550

1,407
1,485
1,599
1,954
2,187
2,357
2,590
2,494
2,488

2,028

204
192
19.5
194
190
18.7
18.7
188
18.6
P*9
18.3
95
18.3
181
181
192
179
188
182
183
181
176
17.6
174
177
183
180
16.7
17.2
16.7
16.5
171
17.0
174

17.0

4.0
7.0

12.0
145
175
18.7
18.8
19.0
18.9
19.0
21.0
209
19.5
18.7
164
120
12.8
117
124
114
10.6
95

9.2

8.7

8.5

9.1

9.8

12.2
138
151
16.8
16.5
16.7

136

31272005

312712005


http://www.oas.samhsa.gov/MJinitiation/chapter'*
http://www.oas.samlisa.gov/MJinitiation/cliaptcr3.litni

