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ABSTRACT

Background: Our aim was to determine the combined and
independent effects of tobacco and marijuana smoking on
respiratory symptoms and chronic obstructive pulmonary
disease (COPD) in the general population.

Method: We surveyed a random sample of 878 people
aged 40 years or older living in Vancouver, Canada, about
their respiratory history and their history of tobacco and
marijuana smoking. We performed spirometric testing be-
fore and after administration of 200 ug of salbutamol. We
examined the association between tobacco and marijuana
smoking and COPD.

Results: The prevalence of a history of smoking in this sam-
ple was 45.5% (95% confidence interval [Cl] 42.2%-48.8%)
for marijuana use and 53.1% (95% Cl 49.8%-56.4%) for to-
bacco use. The prevalence of current smoking (in the past
12 months) was 14% for marijuana use and 14% for to-
bacco use. Compared with nonsmokers, participants who re-
ported smoking only tobacco, but not those who reported
smoking only marijuana, experienced more frequent respi-
ratory symptoms (odds ratio [OR] 1.50, 95% Cl 1.05-2.14)
and were more likely to have COPD (OR 2.74, 95% ClI
1.66-4.52). Concurrent use of marijuana and tobacco was
associated with increased risk (adjusted for age, asthma and
comorbidities) of respiratory symptoms (OR 2.39, 95% ClI
1.58-3.62) and COPD (OR 2.90, 95% CI 1.53-5.51) if the life-
time dose of marijuana exceeded 50 marijuana cigarettes.
The risks of respiratory symptoms and of COPD were related
to a synergistic interaction between marijuana and tobacco.

Interpretation: Smoking both tobacco and marijuana syn-
ergistically increased the risk of respiratory symptoms and
COPD. Smoking only marijuana was not associated with an
increased risk of respiratory symptoms or COPD.

Une version frangaise de ce résumé est disponible a I’adresse
www.cmaj.ca/cgi/content/full/180/8/814/DC1
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widely used illegal drug in the world. After tobacco,
it is the second most widely smoked substance in the
general population, with a conservatively estimated 11 mil-
lion users in the United States and 160 million users world-
wide.'? The majority of people in both developed and devel-

C annabis, commonly known as marijuana, is the most
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oping countries who currently smoke tobacco have also
smoked marijuana.**

Concerns about the impact of marijuana on lung health are
based on the fact that both the gaseous and the particulate
phases of tobacco and cannabis smoke contain a similar range
of harmful chemicals.” The adverse effects of tobacco smoke
on the lungs are well established. By contrast, the potential im-
pact on lung health of marijuana smoke, with its wide range of
toxins, is poorly understood.® Short-term, heavy marijuana
smoking among young adults can worsen lung function.’ Long-
term marijuana smoking has been linked to an increase in res-
piratory symptoms.*"" A recent cross-sectional study of a con-
venience sample of adults in New Zealand suggested that
marijuana smoking increased the risk of chronic obstructive
pulmonary disease (COPD)."” However, the combined effect of
smoking both tobacco and marijuana is less clear. Limited data
from 2 studies suggested that combined tobacco and marijuana
smoking may have additive adverse respiratory effects,”" but
the studies’ findings related to lung function were inconclusive.

The principal aim of our study was to determine the com-
bined and independent effects of tobacco smoking and mari-
juana smoking on the risk of respiratory symptoms and COPD
among adults aged 40 years and older in the general population.

Methods

Our study was part of the population-based Burden of Obstruc-
tive Lung Disease (BOLD) Initiative in Vancouver, Canada,
designed to estimate the prevalence of COPD among adults
aged 40 years and older in the general population. Details of
the study protocol have been described in previous publica-
tions."*" To the original BOLD protocol, we added a question-
naire pertaining to the use of marijuana by participants.

Study population and design

We included adults aged 40 years and older living in the
health service delivery area of Vancouver, Canada. A mini-
mum of 600 participants per site completed the full proto-
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col of the BOLD study. The prevalence of COPD was as-
sumed to be 15%."" We conducted sampling in 2 stages.
First, we used random-digit dialling to identify and recruit a
randomized sample of at least 1000 people.'® Recruits were
then invited to the clinic to complete standardized question-
naires administered by interviewers. Demographic details
were collected, and participants were asked about their res-
piratory health and symptoms, smoking history, quality of
life, use of health care services and cardiovascular comor-
bidities and other respiratory diseases. We also performed
spirometric testing before and after administration of a
bronchodilator.” We collected data from August 2005 to
April 2006.

We obtained approval to conduct the study from the Uni-
versity of British Columbia and the Providence Health Care
Research Ethics Board.

Questionnaire on marijuana use

To obtain details about participants’ marijuana use, we used a
7-item questionnaire (Appendix 1, available at www.cmaj.ca
/cgi/content/full/180/8/814/DC2).

Spirometric testing

We used a portable spirometer (EasyOne, ndd Medical Tech-
nologies, Andover, USA) to collect data on forced expiratory
volume in 1 second (FEV,) and forced vital capacity (FVC).
We performed the spirometric tests before and after adminis-
tering 200 g of salbutamol (also known as albuterol) in ac-
cordance with the acceptability and reproducibility criteria of
the American Thoracic Society."”

Definitions

Using criteria established by the Global Initiative for Chronic
Obstructive Lung Disease,""” we defined COPD as spiromet-
ric evidence of a ratio of FEV, to FVC of less than 0.70 after
bronchodilation. We defined a history of tobacco smoking as
a self-reported lifetime total of at least 365 cigarettes
smoked, and a history of marijuana smoking as a report of
any previous smoking of marijuana. For a more clinically
relevant and comparable measure of marijuana use, we de-
fined a substantial history of marijuana smoking as the self-
reported lifetime total of at least 50 marijuana cigarettes
smoked. This threshold is based on a finding by Aldington
and colleagues® that the effects on lung function of smoking
1 marijuana cigarette are equivalent to the effects of smoking
2.5 to 5 tobacco cigarettes.

For both tobacco and marijuana use, we defined current
smoking as any smoking within the past year. Former smok-
ers were those who reported not having smoked for at least
1 year. Lifetime exposure to tobacco was expressed in pack-
years"” (i.e., the number of packs of cigarettes per day multi-
plied by the number of years of smoking). Lifetime exposure
to marijuana was either calculated similarly as “joint-years™"
or expressed as lifetime cumulative number of marijuana cig-
arettes smoked."

Statistical analysis
We did not use an a priori calculation of sample size for mari-
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juana exposure because the sample size was fixed according to
the aims of the BOLD study. Using a post hoc analysis, we de-
termined that, without adjustment, our study would have
95.2% power (o = 0.05) to detect a significant effect of a his-
tory of marijuana smoking on risk of COPD. When we ad-
justed for the facts that more than 30% of participants who
smoked marijuana also smoked tobacco and that the marijuana
smokers were younger and less likely to have comorbidities,

Stage 1

[
Age-eligible
participants contacted

by random digital dialing
n=1786

— Excluded n =753
e Age-eligible but
refused screening
questionnaires

Y

Completed screening
questionnaire, willing to
undertake full protocol
n=1033

— Excluded n =155
e Eligible but declined to
participate further n =130
e Permanently left catchment

area n=8
e Invalid contact information
n=17
Y
Stage 2

Completed detailed
study protocol
n =878

— Excluded n=12
e Refused to complete
marijuana
questionnaire

Completed study protocol
and marijuana questionnaire
n =866

— Excluded n=10
e Unacceptable
spirometry results

Study protocol + marijuana
questionnaire + acceptable
spirometric testing
n =856

Figure 1: The 2-stage recruitment process of the Vancouver
Burden of Obstructive Lung Disease (BOLD) study.
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we had 80% or greater statistical power (o0 = 0.05) to detecta  dichotomous variables, a ¢ test or analysis of variance for
15% difference in the rate of COPD between marijuana smok- continuous variables with normal distribution and a Kruskal—
ers and nonsmokers (of any kind), which corresponds to an ad- Wallis test for continuous variables with a skewed distribu-
justed odds ratio of 2.90. The observed difference, however, tion. Using multiple logistic regression analyses, we calcu-
was 1.66, which meant that we had insufficient power to rule lated odds ratios (ORs) with 95% confidence intervals (Cls)
out clinically important adverse respiratory effects of mari- for associations between smoking tobacco or marijuana and
juana smoking alone.

We compared baseline characteristics using a ¥’ test for marijuana and increased risk of respiratory symptoms sug-

816

increased risk of COPD, and between smoking tobacco or

Table 1: Characteristics of the study population and prevalence of risk factors for chronic

obstructive pulmonary disease (COPD)

Study group; no. (%) of participants*

No COPDtT COPDY

Characteristic n=708 n=148 p value
Age, yr, mean (SD) 54.3 (10.7) 65.4 (13.1) < 0.001
Sex, male 289 (40.8) 73 (49.3) 0.06
White 559 (79.0) 132 (89.4) 0.004
Education level < high school 149 (21.1) 52 (35.4) < 0.001
Annual income < $25 000 110 (15.5) 31(21.0) 0.17
Body mass index 26.6 (5.3) 27.0 (5.1) 0.38
Postbronchodilator FEV,, % predicted 102.5 (15.4) 84.5 (20.8) < 0.001
Postbronchodilator FVC, % predicted 101.2 (15.2) 104.2 (19.5) 0.98
Smoking status#

Tobacco smoker§ 337 (47.6) 108 (73.0) < 0.001

Current tobacco smoker9l 85 (12.0) 31 (21.0) 0.004

Current smoker of only tobacco 57 (8.1) 21 (14.5) 0.028

Lifetime tobacco dose, no. of 14.0 (5.0-27.5) 26.6 (11.9-42.8) < 0.001

pack-years,** median (IQR)

Marijuana smokertt 358 (50.6) 99 (66.7) < 0.001

Current marijuana smoker#t 105 (14.9) 14 (9.2) 0.07

Current smoker of only marijuana 77 (11.0) 4 (2.7) 0.003

Lifetime marijuana dose, cumulative
no. of marijuana cigarettes smoked,
median (IQR)

Current smoker of tobacco and marijuana
Medical history

Current asthma

History of asthma

Hospital admission because of
breathing problems < 10 yr

Heart disease
Hypertension
Diabetes mellitus
Tuberculosis

80.5 (5.0-1111.0) 208.0(10.0-1092.0) < 0.001

28 (3.9) 10 (6.5) 0.33
46 (6.5) 22 (14.9) <0.001
90 (12.7) 33(22.3) 0.003
53 (7.5) 19 (12.8) 0.033
63 (8.9) 29 (19.6) <0.001
121 (17.1) 50 (33.8) <0.001
44 (6.2) 14 (9.5) 0.15
19 (2.7) 7 (4.7) 0.19

Note: FEV, = forced expiratory volume in 1 second, FVC = forced vital capacity.

*Unless indicated otherwise.

tCOPD was defined as a ratio of FEV, to FVC of 0.70 or less.
fParticipants who provided relevant information about their histories of cigarette smoking (n = 445) or marijuana smoking

(n =393).

§Participants who had smoked > 365 tobacco cigarettes.

fIParticipants who had smoked tobacco within the past year.

**Pack-years = the number of packs of cigarettes smoked per day multiplied by the number of years of smoking.
ttParticipants who had smoked at least 1 marijuana cigarette.

$tParticipants who had smoked marijuana within the past year.
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gestive of COPD. For these analyses, we identified COPD by
spirometric test results or by self-report of a physician’s di-
agnosis of COPD, chronic bronchitis or emphysema. Respi-
ratory symptoms suggestive of COPD were identified as
chronic cough with phlegm and current wheezing or short-
ness of breath.

We forced the main predictor variables in our study
model, which were no smoking (reference), marijuana smok-
ing only, cigarette smoking only, and an interaction term of
smoking marijuana and tobacco concurrently. We used a
stepwise process, with a significance level of p < 0.05 for
both entrance and retention of each predictor variable," to se-
lect the covariates age, sex, body mass index, ethnic back-
ground, education level, history of asthma (ever or current),
and other comorbidities including heart disease, hyperten-
sion, stroke, diabetes and tuberculosis. We applied a Wald
test to detect the significance of the interaction term of con-
current marijuana and tobacco smoking. All tests were 2-
tailed in nature.

RESEARCH

Results

Study population

Details of the recruitment flow in the 2-stage sampling
process are shown in Figure 1. The overall cooperation rate
for the sample recruited by random-digit dialling was 51%."
The Vancouver sample reflected the demographic characteris-
tics of the population' (Appendix 1, available at www.cmaj
.ca/cgi/content/full/180/8/814/DC2).

A total of 878 participants aged 40 years and older com-
pleted the interview involving the core respiratory question-
naires and underwent spirometric testing. Of these, 866 partici-
pants (99%) completed the questionnaire on marijuana use and
856 (98%) also had spirometric test results that met the accept-
ability and reproducibility criteria of the American Thoracic
Society. Of the 856 participants included in our analysis, 361
(42.2%) were men and 692 (80.8%) were white. The mean age
of participants was 56.3 years (standard deviation 11.9 years).

Participants with COPD tended to be older, to be white, to

Table 2: Characteristics of study participants with a significant history of marijuana smoking

Marijuana use; no. (%) of participants*

No history of use

Marijuana smokerst

Current marijuana smokerst

Characteristic n= 650 n=124 n=389 p value
Age, yr, mean (SD) 58.0 (12.4) 51.0 (7.4) 50.1 (7.5) < 0.001**
Sex, male 239 (36.8) 66 (53.2) 58 (65.2) < 0.001**
White 478 (76.7) 111 (91.0) 81 (94.2) < 0.001**
Education level < high school 155 (24.0) 32 (25.8) 15 (16.9) 0.27
Annual income < $25 000 116 (22.3) 13 (12.3) 13 (16.5) 0.045tt
Body mass index 26.7 (5.4) 26.5 (4.9) 26.8 (4.6) 0.91
Postbronchodilator FEV,, 98.3 (18.5) 102.5 (14.2) 104.2 (14.4) 0.002**
% predicted

Postbronchodilator FVC, 100.5 (16.4) 105.0 (14.4) 105.9 (14.1) < 0.001**
% predicted

Current tobacco smokers§ 55 (8.9) 26 (21.0) 30 (33.7) < 0.001%%
Lifetime tobacco dose, no. of 15.3 (5.3-32.0) 18.0 (6.3-32.0) 18.5 (8.0-31.0) 0.53
pack-years,9 median (IQR)

Current asthma 55 (8.5) 4 (3.3) 7 (7.9 0.13
History of asthma 98 (15.1) 15 (12.1) 10 (11.2) 0.47
Hospital admission because of 54 (8.3) 11 (8.9) 8 (9.0) 0.96
breathing problems < 10 yr

History of heart disease 75 (11.5) 11 (9.0) 9 (10.1) 0.66
History of hypertension 153 (23.5) 14 (11.3) 10 (11.2) < 0.001**
History of diabetes 46 (7.1) 9 (7.2) 4 (4.5) 0.65
History of tuberculosis 19 (2.9 2 (1.6) 5 (5.6) 0.23

Note: FEV, = forced expiratory volume in 1 second; FVC = forced vital capacity.

*Unless indicated otherwise. One marijuana smoker could not be accurately classified because of a missing value in the question that pertains to current smoking

status.

tParticipants who had smoked > 50 marijuana cigarettes in lifetime.
$Participants who had smoked marijuana within the past year.
§Participants who had smoked tobacco within the past year.

fIPack-years = the number of packs of cigarettes smoked per day multiplied by the number of years of smoking.
**p < 0.05 for comparison between no history of marijuana smoking and former marijuana use; p < 0.05 for comparison between no history of marijuana smoking

and current marijuana use.

t1p < 0.05 for comparison between no history of marijuana smoking and former marijuana use.
$1p < 0.05 for comparison between no history of marijuana smoking and former marijuana use; p < 0.05 for comparison between no history of marijuana smoking
and current marijuana use; p < 0.05 for comparison between former marijuana use and current marijuana use.
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have lower levels of education and to have a greater load of life-
time smoking exposure (expressed as pack-years for tobacco
users and as total number of marijuana cigarettes smoked for
marijuana users) than participants without COPD (Table 1). Par-
ticipants with COPD were also more likely to have used tobacco
or marijuana, to have comorbidities including asthma, cardiovas-
cular disease and hypertension and to have a history of hospital
admission for respiratory problems before 10 years of age.

The characteristics of participants who had a significant
history of marijuana use (i.e., had smoked at least 50 mari-
juana cigarettes in their lifetime) were compared with those
who did not have a significant history of marijuana smoking
(Table 2). Compared with those who had no history of mari-
juana use, both former and current marijuana smokers tended
to be younger and to have higher income levels. They were
more likely to be male, white and current smokers of tobacco,
and less likely to have a history of hypertension or diabetes.
They also had significantly greater baseline lung function (in
terms of percentage of predicted FEV, and percentage of pre-
dicted FVC, p < 0.001) (Figure 2) (Appendix 2, available at
www.cmaj.ca/cgi/content/full/180/8/814/DC2).

Prevalence of COPD and tobacco or marijuana use
The prevalence of smoking among adults aged 40 years and
older was 13.5% (95% CI 11.1%-15.9%) for current tobacco
smokers and 53.1% (95% CI 49.8%-56.4%) for those who
had a history of tobacco smoking. The prevalence of smoking
was 14.0% (95% CI 11.6%—-16.4%) for current marijuana
smokers and 45.5% (95% CI 42.2%—48.8%) for those who
had a history of marijuana smoking. For smokers of tobacco
only and smokers of both tobacco and marijuana, the median
lifetime dose of tobacco was 16 pack-years. For smokers of
marijuana only and smokers of both tobacco and marijuana,
the median lifetime dose of marijuana was 0.23 joint-years, or
84 marijuana cigarettes (Appendix 3, available at www.cmaj
.ca/cgi/content/full/180/8/814/DC2).

The prevalence of COPD, defined by spirometric testing,
was 19.3% (95% CI 16.36%—-22.24%) for all 4 stages of
COPD defined according to the criteria of the Global Initia-
tive for Chronic Obstructive Lung Disease.”"” For COPD de-
fined as stages 2 to 4, the prevalence was 8.2% (95% CI
6.24%-10.16%). For COPD defined by self-reporting of a
physician’s diagnosis, the prevalence was 7.4% (95% CI

: * : Increased risk | Decreased risk
Group N Adjust(egcé%oglc)ls ratio (of COPD . of COPD}
COPD defined by spirometric ;
testing :
Tobaccot and marijuanat 25/160 2.90 (1.53-5.51) —a— :
Tobacco onlyt 79/286 2.74 (1.66-4.52) — — :
Marijuana only# 4/54 1.66 (0.52-5.26) i :
Nonsmokers 35/364 1.00 (ref) -.
COPD defined by self-report E
of symptoms :
Tobaccot and marijuanat 98/160 2.39 (1.58-3.62) —— :
Tobacco onlyt 174/286  1.50 (1.05-2.14) —
Marijuana only# 14/54 0.62 (0.31-1.27) — .
Nonsmokers 163/364 1.00 (ref) I
COPD defined by self-report :
of physician diagnosis i
Tobaccot and marijuanat 13/160 1.53(0.71-3.31) —I—;—
Tobacco onlyt 32/286 2.07 (1.10-3.90) —a—
Marijuana only# 1/54 0.67 (0.09-5.29) E L >
Nonsmokers 18/364 1.00 (ref) [ ]
T T T T T i rrTr T 17T T T
10 5 2 1.0 05 0.1
Adjusted* odds ratio (95% Cl)

Figure 2: Risk of chronic obstructive pulmonary disease (COPD) among participants with a history of marijuana smoking, tobacco smok-
ing or both. COPD was defined in 3 ways: by spirometric testing (ratio of forced expiratory volume in 1 second [FEV,] to forced vital ca-
pacity [FVC] of 0.70 or less), by self-report of respiratory symptoms (presence of chronic cough with phlegm and current wheezing or
shortness of breath) and by self-report of a physician’s diagnosis of COPD, chronic bronchitis or emphysema. Note: ref = reference
group. *Adjusted for age, sex, ethnic background, body mass index, education, asthma and other comorbidities (i.e., heart disease, hy-
pertension, stroke, diabetes and tuberculosis) and interaction terms for concurrent smoking of marijuana and tobacco (p = 0.001 for
COPD defined by spirometric testing, p =0.283 for COPD defined by self-reported symptoms, and p < 0.001 for COPD defined by self-
report of a physician’s diagnosis). tParticipants who had smoked at least 365 tobacco cigarettes. Participants who had smoked at least
50 marijuana cigarettes.
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5.64%-9.16%). For respiratory symptoms, the prevalence
was 52.6% (95% CI 49.27%-55.93%).

Association between smoking and COPD

or respiratory symptoms

For participants who reported smoking tobacco, the adjusted
OR of COPD was 2.74 (95% CI 1.66-4.52). The adjusted OR
of respiratory symptoms was 1.50 (95% CI 1.05-2.14) for
these participants. Participants who had smoked at least 50
marijuana cigarettes but had no history of tobacco smoking
were not at significantly greater risk for either outcome.
Those who had smoked both tobacco and marijuana had a
significantly greater risk of COPD (OR 2.90, 95% CI 1.53—
5.51; p for interaction term 0.001) and respiratory symptoms
(OR 2.39, 95% CI 1.58-3.62; p for interaction term < 0.001)
(Figure 2).

Interpretation

We examined the impact of marijuana smoking in a popula-
tion-based sample by quantifying the association between
marijuana smoking and COPD using 3 definitions: as defined
by spirometric testing, by self-report of a physician’s diagno-
sis and by self-report of respiratory symptoms. Smoking only
tobacco was associated with an increased risk of COPD, as
defined in all 3 ways. Smokers who reported using both mari-
juana and tobacco were almost 2.5 times more likely than
nonsmokers to have respiratory symptoms and nearly 3 times
more likely than nonsmokers to have COPD as defined by
spirometric testing. These effects persisted even after we ad-
justed for potential confounders, such as age, sex, asthma and
other comorbidities, and comparable tobacco exposure (in
pack-years).

A dose-related effect of marijuana was suggested by our
finding that a self-reported lifetime exposure to marijuana of
at least 50 marijuana cigarettes was strongly associated with
an increased risk of COPD. The significant interaction term
suggested that the effects of marijuana and cigarette smoking
were synergistic. We were unable to rule out clinically impor-
tant respiratory effects of smoking only marijuana, because of
insufficient statistical power. A much larger study is needed
to address this critically important question.

Both the demographic characteristics of the study popula-
tion (older adults in Vancouver) and the prevalence of smok-
ing in our study differed from those in the published litera-
ture. Participants in our study were older than those in other
studies to date.*'*"*'® The prevalence of tobacco smoking in
our study was comparatively lower. Marijuana use was as
prevalent as tobacco use and was much higher than that previ-
ously reported for marijuana in the United States and
Canada.>"**

Although studies have consistently linked long-term mari-
juana use to increased respiratory symptoms, studies examin-
ing the role of marijuana smoking in the development of
COPD have reported conflicting results.*'*!"3212> The lack of
an association between smoking only marijuana and COPD in
our study is similar to that reported in the cross-sectional
United States National Health and Nutrition Examination Sur-
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vey. That survey studied a younger population and defined
marijuana smoking as a history of at least 100 instances of
marijuana use.* Our findings also concur with those of a longi-
tudinal study of a convenience sample of adults in Los Ange-
les, United States, who smoked marijuana heavily (i.e., had a
mean dose of more than 3-5 marijuana cigarettes per day)."
However, our results differ from those of a longitudinal popu-
lation-based study involving adults in Tucson, United States,
in which nontobacco smoking (assumed to be marijuana
smoking) was associated with reductions in FEV, and in the
ratio of FEV, to FVC."™ Our findings also differ from those of
a recent case—control study involving mostly male volunteers
that linked a lifetime marijuana exposure of at least 5 joint-
years (1825 marijuana cigarettes) with COPD."”

Limitations

Our study had several limitations. We lacked data on possible
variations in the potency of marijuana smoked over a partici-
pant’s lifetime, on individual differences in method of inhala-
tion used by smokers of only tobacco and by smokers of both
tobacco and marijuana, on the proportion of smokers who
combine marijuana and tobacco in the same cigarette and on
the concomitant use of other illegal drugs. Our study had in-
sufficient power to detect a modest association between
smoking only marijuana and increased risk of COPD. How-
ever, we were able to detect a significant synergistic effect
between marijuana smoking and tobacco smoking. This effect
suggests that smoking marijuana (at least in relatively low
doses) may act as a primer, or sensitizer, in the airways to
amplify the adverse effects of tobacco on respiratory health.
Further studies are needed to test this hypothesis.

Conclusion

Our findings have implications for policy and research. Anti-
smoking campaigns should include a reduction in marijuana
use among their goals, aiming especially at those who regu-
larly use both marijuana and tobacco.

This article has been peer reviewed.
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