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Background: The relationship between marijuana smok-
ing and pulmonary function or respiratory complica-
tions is poorly understood; therefore, we conducted a sys-
tematic review of the impact of marijuana smoking on
pulmonary function and respiratory complications.

Methods: Studies that evaluated the effect of mari-
juana smoking on pulmonary function and respiratory
complications were selected from the MEDLINE,
PsychINFO, and EMBASE databases according to pre-
defined criteria from January 1, 1966, to October 28, 2005.
Two independent reviewers extracted data and evalu-
ated study quality based on established criteria. Study re-
sults were critically appraised for clinical applicability and
research methods.

Results: Thirty-four publications met selection crite-
ria. Reports were classified as challenge studies if they
examined the association between short-term mari-
juana use and airway response; other reports were clas-
sified as studies of long-term marijuana smoking and pul-
monary function or respiratory complications. Eleven of
12 challenge studies found an association between short-

term marijuana administration and bronchodilation (eg,
increases of 0.15-0.25 L in forced expiratory volume in
1 second). No consistent association was found be-
tween long-term marijuana smoking and airflow obstruc-
tion measures. All 14 studies that assessed long-term mari-
juana smoking and respiratory complications noted an
association with increased respiratory symptoms, includ-
ing cough, phlegm, and wheeze (eg, odds ratio, 2.00; 95%
confidence interval, 1.32-3.01, for the association be-
tween marijuana smoking and cough). Studies were vari-
able in their overall quality (eg, controlling for confound-
ers, including tobacco smoking).

Conclusions: Short-term exposure to marijuana is as-
sociated with bronchodilation. Physiologic data were in-
conclusive regarding an association between long-term
marijuana smoking and airflow obstruction measures.
Long-term marijuana smoking is associated with in-
creased respiratory symptoms suggestive of obstructive
lung disease.
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M ARIJUANA REMAINS THE

most commonly used
il l ic i t drug in the
United States, with
14.6 million people 12

years and older reporting current use.1 The
prevalence of marijuana abuse and depen-
dence continues to increase and occurs in
18% of past-year marijuana users.2 Given
the persistently high prevalence of mari-
juana use, abuse, and dependence in the
community, it is important to under-
stand the potential adverse health out-
comes that result from both short-term and
long-term marijuana smoking.

Marijuana and tobacco smoke share
many of the same compounds. Tobacco
smoking is associated with numerous ad-

verse pulmonary clinical outcomes, af-
fecting both pulmonary function and res-
piratory complications. Some of the known
tobacco smoking–related adverse effects
include cough, chronic bronchitis, im-
pairment of gas exchange, and airway ob-
struction that leads to chronic obstruc-
tive pulmonary disease.3,4 The adverse
impact of marijuana smoking on pulmo-
nary function and respiratory complica-
tions has not been systematically as-
sessed. The purpose of the current review
is to determine the association between
short-term marijuana smoking and air-
way response and the association be-
tween long-term marijuana smoking
and pulmonary function or respiratory
complications.

Author Affiliations: Clinical
Epidemiology Research Center,
Department of Veterans Affairs
Connecticut Healthcare System,
West Haven Veterans Affairs
Medical Center, West Haven,
Conn (Drs Tetrault and
Concato); Departments of
Medicine (Drs Tetrault,
Crothers, Concato, and Fiellin)
and Psychiatry (Dr Moore), Yale
University School of Medicine,
New Haven, Conn; and
Department of Medicine, Case
Western University School of
Medicine, Cleveland, Ohio
(Dr Mehra).

(REPRINTED) ARCH INTERN MED/ VOL 167, FEB 12, 2007 WWW.ARCHINTERNMED.COM
221

©2007 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



METHODS

SEARCH STRATEGIES

English-language studies in persons
18 years or older were identified from
the MEDLINE, PsychINFO, and
EMBASE databases from January 1,
1966, to October 28, 2005, using medi-
cal subject headings and text words (see
Appendix at http://www.tresearch.org
/add_health/lit_reviews.htm). Only stud-
ies that involved marijuana smoking
were considered for review.

SELECTION

Retrieval of studies was performed by
2 reviewers (B.A.M. and R.M.), who
evaluated titles and abstracts from the
initial electronic search of potentially
relevant articles. Studies were ex-
cluded if they did not report primary
data, did not include human subjects,
did not report results of respiratory
complications or pulmonary function
tests, or reported on a case series with
fewer than 10 subjects. For studies that
presented data on similar or duplicate
cohorts, we used data that represented
the last follow-up for the cohort or
findings from investigations that repre-
sented assessments of unique domains
or variables. Articles that could not be
categorized based on review of the ab-
stract were evaluated in manuscript
form. Studies with discordant categori-
zations by the 2 reviewers were re-
solved in collaboration with a third
reviewer (D.A.F., K.C., or J.M.T.) to
reach consensus.

VALIDITY ASSESSMENT

Study quality was evaluated by 2 review-
ers ( J.M.T. and K.C.) using an estab-
lished generic instrument5 that as-
sessed reporting, bias or confounding,
and power; a score of 12 or higher was
considered good study quality.5 We also
applied exposure and disease-specific cri-
teria to augment quality assessment us-
ing the generic instrument. For cross-
sectional studies, these criteria were
whether data were included on prior to-
bacco exposure and on dose and dura-
tion of marijuana exposure and whether
a standardized method to assess the pul-
monary outcome of interest was used.
For observational cohort studies, an ad-
ditional criterion was to screen pa-
tients at baseline and exclude those with
the outcome of interest. Challenge stud-
ies needed to meet the criteria listed
herein and also mask patients and study
personnel to marijuana use. Differ-
ences between reviewers were resolved
by consensus with input from a third re-
viewer (J.C. or D.A.F.). Interrater reli-
ability was high (r =0.79 for the ge-
neric evaluation criteria; r=0.89, Kendall
� b=0.85; P�.001 for the exposure and
disease-specific criteria).

DATA SYNTHESIS

The heterogeneous nature of the stud-
ies and their outcomes precluded quan-
titative synthesis (ie, meta-analysis).
Therefore, this review focuses on a quali-
tative synthesis of the data.

DATA ABSTRACTION

The initial literature search identified 965
citations. Inconsistencies regarding as-

sessment of eligibility criteria were dis-
cussed by the whole team. Of the 965
abstracts initially reviewed, 931 were not
relevant: 436 did not report primary data,
252 did not include human subjects, 173
lacked evaluation of respiratory com-
plications or pulmonary function tests,
66 were case series of fewer than 10 pa-
tients, and 4 reported data obtained from
the same patients. Ultimately, 34 unique
articles were included in the review
(Figure).

The outcomes of the 34 included stud-
ies were classified into 3 non–mutually ex-
clusive categories: airway response to ex-
perimentally administered marijuana
(challenge studies),6-17 changes in pulmo-
nary function secondary to long-term
marijuana smoking,18-31 and respiratory
complications secondary to long-term
marijuana smoking.18,20,22,24,28,31-39 The
studies reviewed had diverse study de-
signs; 12 studies had a laboratory chal-
lenge study design,6-17 15 were cross-
sectional,* 3 were observational cohort
studies,24,26,29 3 were case series,20,33,39 and
1 was a case-control study.32

RESULTS

REVIEW OF STUDIES
CATEGORIZED BY
STUDY OUTCOME

Short-term Marijuana Use
and Airway Response

Twelve studies (Table 1) assessed
the impact of short-term marijuana
use on airway response. The studies
used various measures to evaluate
airway response: specific airway
conductance (sGaw) (a measure that
is inversely related to airway resis-
tance),6,7,9,12,14-16 forced expiratory vol-
ume in 1 second (FEV1),9-11,14,15 peak
flow,8 airway resistance,17 and change
in methacholine- and exercise-
induced bronchospasm.13

Among the 7 studies that used
sGaw to assess the airway response
to marijuana challenge, 6 stud-
ies6,7,9,12,15,16 showed an increase in
sGaw after marijuana challenge that
ranged from 8% to 48%. Two of
these studies6,12 showed that the in-
crease in sGaw lasts up to 60 min-
utes after marijuana administra-
tion, and 1 study12 demonstrated that
peak sGaw occurred 15 minutes af-
ter smoking.

*References 18, 19, 21-23, 25, 27, 28, 30,
31, 34-38.

Studies Were Identified and Screened for Retrieval965

Studies Were Retrieved for Detailed Evaluation121

Articles Were Included for Review of Pulmonary
Function and Signs and Symptoms

34

Studies Did Not Meet Selection Criteria844
Were Not Research Studies435
Had Nonhuman Subjects240
Did Not Evaluate Respiratory Complications
or Pulmonary Function

107

Were Case Series of Fewer Than 10 Subjects62

Excluded87
Was Not a Research Study1
Had Nonhuman Subjects12
Did Not Evaluate Respiratory Complications
or Pulmonary Function

66

Were Case Series of Fewer Than 10 Subjects4
Reported Data Obtained From the Same Subjects4

Figure. Literature search results.
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Among the 5 studies that used
FEV1 to assess airway response to
marijuana challenge, 3 studies9,10,15

showed an increase in FEV1 after
smoking marijuana compared with
baseline, ranging from 0.15 to 0.25
L. One study11 showed no differ-
ence in FEV1 after marijuana chal-
lenge compared with baseline or
placebo.

One study8 used peak flow to as-
sess marijuana effect on airway re-
sponse and showed that 12 of 15 pa-
tients had an increase in peak flow
immediately after marijuana inha-
lation, with a mean±SD prechal-
lenge vs postchallenge peak flow
of 509.2 ± 76.1 vs 549.2 ± 66.4
L/min�100, respectively (P�.05).
Another study17 showed a mean±SD
decrease in airway resistance after
marijuana smoking compared with
placebo (2.08±0.36 cm H2O/L per
second for low-dose marijuana
smoking vs 1.49±0.26 cm H2O/L per
second for placebo and 1.97±0.35

cm H2O/L per second for high-dose
marijuana smoking vs 1.18±0.14 cm
H2O/L per second for placebo; P�.05
for both comparisons). Finally, a
third study13 showed immediate re-
versal of both methacholine-
induced and exercise-induced bron-
chospasm in patients with asthma
after marijuana challenge.

One study14 examined the im-
pact of a more prolonged exposure
to marijuana on airway response, in
which subjects smoked marijuana ad
libitum for 47 to 59 days in a se-
questered environment. In con-
trast to the short-term exposure
studies, this study demonstrated a
decrease in sGaw compared with
baseline (change of 16% ± 2%;
P�.001) after the more prolonged
exposure to marijuana, as well as a
decrease in FEV1 compared with
baseline. This study also demon-
strated a correlation between aver-
age daily quantity of marijuana
smoked and decrease in sGaw.

Long-term Marijuana Smoking
and Changes in

Pulmonary Function

Fourteen studies (Table 2) ad-
dressed the impact of long-term mari-
juana smoking (described as nonto-
bacco cigarette smoking in 2
studies18,24) on abnormalities in pul-
monary function, including 10 cross-
sectional studies,† 3 observational co-
hort studies,24,26,29 and 1 case series.20

Of these, 9 studies18-20,22-24,26,28,29 re-
ported data on the effect of mari-
juana smoking on FEV1, forced vital
capacity (FVC), and FEV1/FVC. One
observational cohort study26 re-
ported no change in FEV1 among
marijuana smokers for a mean±SD
follow-up of 4.9±2.0 years. Another
observational cohort study24 showed
a 142-mL decrease in FEV1 among pa-
tients who had previously smoked

†References 18, 19, 21-23, 25, 27, 28, 30,
31.

Table 1. Challenge Studies That Reported Effects of Short-term Marijuana Inhalation on Airway Response

Source
No. of

Subjects Results
Control for

Confounding
Mean Generic
Quality Score

Mean Exposure
and Disease-Specific

Quality Score

Vachon et al,6 1974 10 Marijuana smoking associated with increase in sGaw 1 h
after smoking (P�.001)

None 8 1.5

Tashkin et al,7 1974 10 After smoking marijuana, average sGaw increased
immediately (P�.05 compared with controls and
placebo) in patients with asthma

Tobacco 11.5 3

Bernstein et al,8 1976 28 12 of 15 subjects showed increases in peak expiratory
flow immediately after smoking a marijuana cigarette

None 7 2

Laviolette and
Belanger,9 1986

11 Marijuana smoking produced increase in sGaw (P�.01)
and FEV1 (P�.05)

Tobacco 10 2.5

Renaud and Cormier,10

1986
12 FEV1 increased immediately after marijuana smoking

(P�.01)
None 12 3

Steadward and
Singh,11 1975

20 No difference in FEV1 after smoking marijuana compared
with baseline or placebo

None 15 2

Tashkin et al,12 1973 32 After smoking marijuana, there was an immediate
increase in sGaw, which peaked at 15 min after
smoking and remained elevated at 60 min

Tobacco 16.5 3

Tashkin et al,13 1975 8 After both methacholine-induced and exercise-induced
bronchospasm in asthmatic patients, marijuana
caused correction of bronchospasm and associated
airway hyperinflation

Tobacco 13 3

Tashkin et al,14 1976 28 After 47 to 59 d of heavy marijuana smoking, mean FEV1

decreased (P�.01) and mean sGaw decreased
(P�.001). Modest but significant decrease in
diffusing capacity also noted. Correlation between
average quantity of daily marijuana smoked during the
study and reduction of sGaw.

Tobacco 9 3

Tashkin et al,15 1977 11 FEV1 and sGaw increased after smoked marijuana
(P�.05)

Tobacco 14.5 3

Vachon et al,16 1973 17 Increase in sGaw after marijuana inhalation Tobacco 17 3
Wu et al,17 1992 23 After smoking marijuana, airway resistance decreased

significantly at all levels of marijuana compared with
placebo (P�.05)

Tobacco 17.5 3

Abbreviations: FEV1, forced expiratory volume in 1 second; sGaw, specific airway conductance.
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nontobacco cigarettes (P�.01). One
case series20 noted that long-term
hashish smokers who presented with
respiratory complaints had a 15% to
40% decreased FVC compared with
controls. One large cross-sectional
study18 showed that male nonto-
bacco cigarette smokers had a de-
crease in FEV1/FVC ratio compared
with both nonsmokers (90% pre-
dicted vs 98.4% predicted; P�.05)

and tobacco smokers (90% pre-
dicted vs 95.2% predicted; P�.05).
Two other cross-sectional stud-
ies22,28 reportedadecrease in theFEV1/
FVC ratio among marijuana smok-
erswhencomparedwithnonsmokers,
but after adjusting for tobacco use,
1 of these studies22 demonstrated no
difference between marijuana smok-
ers and nonsmokers. One observa-
tional cohort study24 reported that

FEV1/FVC was reduced 1 year or
more after nontobacco cigarette
smoking compared with nonsmok-
ing (decreased 1.9%±0.7%; P�.01),
butnodose-response relationshipwas
noted.Another largeobservational co-
hort study,29 which followed up a
birth cohort into adolescence, found
that individuals using cannabis more
than 900 times had mean FEV1/
FVC values that were decreased 7.2%

Table 2. Studies That Reported Effects of Long-term Marijuana Inhalation on Pulmonary Function

Source Study Design
No. of

Subjects Results
Control for

Confounding
Mean Generic
Quality Score

Mean Exposure and
Disease Specific

Quality Score

Bloom et al,18

1987
Cross-sectional 990 For spirometric data: no significant effect of

nontobacco cigarette smoking on FEV1 or
FVC. Current smokers of nontobacco
cigarettes showed significant decreases in
FEV1/FVC ratio at P�.05 compared with
nonsmokers and tobacco smokers.

Tobacco 14 3

Cruickshank,19

1976
Cross-sectional 60 No differences in pulmonary function between

marijuana smokers and controls
None 6.5 1.5

Henderson
et al,20 1972

Case series 200 Among patients presenting with complaints
consistent with chronic bronchitis, vital
capacity reduced 15%-40%

None 4.5 1

Hernandez
et al,21 1981

Cross-sectional 23 Spirometry results normal in marijuana users None 9.5 3

Moore et al,22

2005
Cross-sectional 6728 Compared with nonusers, marijuana and

tobacco users had higher proportion of
subjects with an FEV1/FVC ratio �70%
predicted (OR, 2.56; 95% CI, 1.54-4.35; and
OR, 6.25; 95% CI, 4.76-8.33, respectively).
Controlling for tobacco, marijuana use was
not associated with a decreased FEV1/FVC
ratio.

Tobacco 17.5 3

Sherman et al,23

1991
Cross-sectional 63 No significant difference in FEV1/FVC and DLCO

in marijuana smokers compared with
nonsmokers

Tobacco 10 3

Sherrill et al,24

1991
Observational

cohort
856 Indexes of pulmonary function were

significantly reduced in subjects reporting
nontobacco cigarette smoking longitudinally

Tobacco 13.5 3

Tashkin et al,25

1980
Cross-sectional 189 Marijuana smokers had lower sGaw compared

with controls (P�.001)
Tobacco 8.5 2.5

Tashkin et al,26

1997
Observational

cohort
394 No effect of long-term marijuana smoking on

FEV1 decline
Tobacco 12 3

Tashkin et al,27

1993
Cross-sectional 542 Association between marijuana smoking and

decline of FEV1 in response to low doses of
methacholine, indicating airway
hyperresponsiveness

Tobacco 10.5 3

Taylor et al,28

2000
Cross-sectional 862 Greater proportion of marijuana-dependent

individuals showed a reduced FEV1/FVC ratio
compared with nonsmokers (P�.007)

Tobacco 12.5 3

Taylor et al,29

2002
Observational

cohort
930 Linear relationship between number of times

cannabis used and decreasing FEV1/FVC
(P�.05). However, once confounders of age,
tobacco, and weight were adjusted for,
relationship was no longer significant
(P = .09).

Tobacco 13.5 3

Tilles et al,30

1986
Cross-sectional 68 Marijuana smoking, with or without tobacco

smoking, was associated with a reduction in
single-breath DLCO compared with
nonsmoking controls (P�.05)

Tobacco 10.5 2.5

Tashkin et al,31

1987
Cross-sectional 446 Male marijuana smokers had reduced sGaw

compared with male tobacco smokers. No
difference in DLCO among marijuana smokers
and nonsmokers.

Tobacco 12 3

Abbreviations: CI, confidence interval; DLCO, diffusing capacity of the lung for carbon monoxide; FEV1, forced expiratory volume in 1 second; FVC, forced vital
capacity; OR, odds ratio; sGaw, specific airway conductance.
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at the age of 18 years, 2.5% at the age
of 21 years, and 5.0% at the age of 26
years compared with nonsmokers
(P�.05 for all comparisons), but
when adjusted for age, tobacco smok-
ing, and weight, the association was
no longer statistically significant. Two
cross-sectional studies19,23 reported no
differences with respect to FEV1/
FVC ratio.

Three studies23,30,31 examined
changes in the diffusing capacity of
the lung for carbon monoxide
(DLCO) with long-term marijuana
use. The DLCO was reduced in long-
term marijuana smokers (74%±20%
predicted) compared with nonsmok-
ing controls (92%±11% predicted;
P�.05) in 1 cross-sectional study,30

although 2 studies22,31 reported no
difference in DLCO between long-
term marijuana smokers and
nonsmokers.

Four studies21,25,27,31 examined the
impact of long-term marijuana
smoking on airway resistance and
airway hyperresponsiveness. Long-
term marijuana smoking was asso-
ciated with a decrease in sGaw in 2
cross-sectional studies; one25 showed
a decrease compared with control
subjects (0.17±0.00 L/s per centi-
meter H2O for marijuana smokers
and 0.24±0.01 L/s per centimeter
H2O for controls; P�.001), and the
other31 showed that, among men
only, sGaw was decreased in mari-
juana smokers compared with to-
bacco smokers (0.19 L/s per centi-
meter H2O for marijuana smokers
and 0.21 L/s per centimeter H2O for
tobacco smokers; P�.03). Another
cross-sectional study21 reported no
change in airway resistance in re-
sponse to inhaled histamine in mari-
juana users compared with non-
smoking controls. Finally, another
cross-sectional study27 reported an
association between long-term mari-
juana smoking and a decrease in
FEV1 to lower doses of methacho-
line compared with nonsmoking
controls, suggesting nonspecific air-
way hyperresponsiveness.

Long-term Marijuana Smoking
and Respiratory Complications

We reviewed 14 studies (Table 3)
that assessed the impact of long-
term marijuana smoking on respi-
ratory complications; 9 were cross-

sectional,18,22,28,31,34-38 3 were case
series,20,33,39 1 was a case-control
study,32 and 1 was an observational
cohort.24 All 14 studies showed an
association between marijuana
smoking (or nontobacco cigarette
smoking) and an increased risk of
various respiratory complications.

Increased cough, sputum produc-
tion, and wheeze were reported in 4
of these studies.18,22,24,31 One cross-
sectional study31 reported increased
prevalence of chronic cough (18%-
24%), sputum production (20%-
26%), and wheeze (25%-37%) among
marijuana and/or tobacco smokers
compared with nonsmokers (P�.05
for all comparisons) but not be-
tween marijuana and tobacco smok-
ers. A large cross-sectional study18

suggested a dose response between
intensity and duration of nonto-
bacco cigarette smoking and cough.
Another large cross-sectional study22

showed that after controlling for sex,
age, current asthma, and number of
tobacco cigarettes smoked per day,
marijuana smoking was associated
with increased odds of cough (odds
ratio [OR], 2.00; 95% confidence in-
terval [CI], 1.32-3.01), phlegm (OR,
1.89; 95% CI, 1.35-2.66), and wheeze
(OR, 2.98; 95% CI, 2.05-4.34) com-
pared with controls (P�.01 for all
comparisons). A large observational
cohort study24 showed an increased
odds of cough (OR, 1.73; 95% CI,
1.21-2.47), phlegm (OR, 1.53; 95%
CI, 1.08-2.18), and wheeze (OR, 2.01;
95% CI, 1.50-2.70) in current non-
tobacco smokers compared with non-
smokers after adjusting for age, to-
bacco smoking, and occurrence of
symptoms reported previously.

The remainder of the studies
showed an association between
marijuana smoking and various res-
piratory complications: bronchi-
tis,20,22,31,35,39 dyspnea,28,33,35,36 phar-
yngitis,20,35,37 hoarse voice,34,35

worsening asthma symptoms,20,35 ab-
normal chest sounds,22 worsening
cystic fibrosis symptoms,38 acute ex-
acerbations of bronchial asthma,32

and chest tightness.28

STUDY QUALITY

On the basis of study design, the
studies reported were of variable
quality using the standardized scale.5

The mean quality score was 12.6
(range, 6-18) for the 12 challenge
studies, 5.2 (range, 4-7) for the 3
case series, 10.5 (range, 3-19) for the
15 cross-sectional studies, 12 for the
1 case-control study, and 13 (range,
10-14) for the 3 observational co-
hort studies.

Study quality was also evaluated
based on study outcome. The mean
quality score for the airway re-
sponse in studies of short-term mari-
juana use was 12.6 (range, 6-18). For
studies that evaluated changes in
pulmonary function secondary to
long-term marijuana smoking, the
mean quality score was 11.1 (range,
4-19). For the studies categorized as
respiratory complications second-
ary to long-term marijuana smok-
ing, the mean quality score was 10.3
(range, 4-18).

When also scoring publications
based on disease-specific criteria, the
studies that met the highest level of
study quality using both scales were
the 3 observational cohort stud-
ies.24,26,29 Therefore, a discussion of
these 3 studies in greater detail is
warranted. The most recent obser-
vational cohort study29 followed up
a birth cohort of 930 participants in
New Zealand to the age of 26 years.
At 18, 21, and 26 years of age, mari-
juana and tobacco smoking were as-
sessed with a standardized question-
naire, and pulmonary function was
measured by spirometry. Confound-
ing factors (age, tobacco smoking
measured as cigarettes per day, and
weight) were accounted for using a
fixed-effects regression model. The
authors report that during 8 years of
follow-up, the dose-dependent re-
lationship seen between cumula-
tive marijuana smoking and decreas-
ing FEV1/FVC was reduced to
nonsignificant once the confound-
ing factors were controlled for. The
authors suggest that longer fol-
low-up time is necessary for the
dose-dependent relationship to per-
sist in the context of confounding
factors.

Another observational cohort
study26 followed up a convenience
sample of 394 white adults for 8
years. Among the study partici-
pants, 131 were heavy and habitual
smokers of marijuana, 112 smoked
marijuana and tobacco, 65 smoked
only tobacco, and 86 were nonsmok-

(REPRINTED) ARCH INTERN MED/ VOL 167, FEB 12, 2007 WWW.ARCHINTERNMED.COM
225

©2007 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



ers; 255 participants had measure-
ment of FEV1 at least 6 times dur-
ing an 8-year period. A random-
effects model, including height,
intensity of marijuana use (mari-
juana cigarettes per day), and inten-
sity of tobacco use (cigarettes per
day) was used and failed to show a
significant relationship between

marijuana smoking and FEV1 de-
cline. Potential weaknesses of this
study include lack of adjustment of
duration of marijuana smoking and
a low follow-up rate of 65%.

An additional observational co-
hort study24 used data obtained from
3-year follow-up surveys con-
ducted during a 6-year period in a

random stratified cluster sample of
households in Tucson, Ariz, be-
tween 1981 and 1988. Using a
2-stage random-effects model with
height and sex as constant covari-
ates and nontobacco cigarette smok-
ing and tobacco cigarette smoking
(and their interactions) as time-
dependent covariates, the authors

Table 3. Studies That Reported Effects of Long-term Marijuana Inhalation on Respiratory Complications

Source Study Design
No of

Subjects Results
Control for

Confounding
Mean Generic
Quality Score

Mean Exposure and
Disease Specific

Quality Score

Bloom et al,18

1987
Cross-sectional 990 Multivariable analysis shows association

between intensity and duration of nontobacco
cigarettes and cough, phlegm, and wheeze

Tobacco 14 3

Henderson et al,20

1972
Case series 200 Cannabis smokers complained of pharyngitis

(n = 150), rhinitis (n = 26), chronic bronchitis
(n = 20), and asthma (n = 4)

None 4.5 0.5

Moore et al,22

2005
Cross-sectional 6728 Marijuana use associated with respiratory

symptoms, chronic bronchitis, coughing on
most days, phlegm, wheezing, and chest
sounds without a cold

Tobacco 17.5 3

Sherrill et al,24

1991
Observational

cohort
1802 Marijuana smoking associated with cough,

phlegm, and wheeze
Tobacco 13.5 3

Taylor et al,28

2000
Cross-sectional 943 Marijuana use associated with wheezing apart

from colds, exercise-related shortness of
breath, nocturnal waking with chest
tightness, and morning sputum production

Tobacco 12.5 3

Tashkin et al,31

1987
Cross-sectional 446 Marijuana smokers had increased rates of

chronic cough, sputum production, wheeze,
and more than 1 prolonged episode of
bronchitis during the previous 3 y compared
with the nonsmokers

Tobacco 11.5 3

Gaeta et al,32

1996
Case-control 200 44% of asthma group compared with 20% of

control group admitted to or tested positive
for recent substance use (OR, 3.14; P�.001).
In acute bronchospasm group, 82% admitted
to recently using inhaled substances
compared with 55% of controls (OR, 3.68;
P�.02). No difference in proportions of
asthma and control groups that reported
marijuana use.

None 12 1

Tennant,33 1980 Case series 36 Marijuana smokers complained of increased
amounts of dyspnea and excess sputum
production

None 7 2

Boulougouris et
al,34 1976

Cross-sectional 82 Verbal hoarseness was detected in 4 of 44
hashish users and 2 of 38 controls. Two of
44 users and 1 of 38 controls had signs of
emphysema.

None 8 1.5

Chopra,35 1973 Cross-sectional 124 Laryngitis, pharyngitis, bronchitis, dyspnea,
asthma, irritating cough, hoarse voice, and
dryness of the throat were more common in
those who smoked higher daily dose of
marijuana.

None 3 1

Mehndiratta and
Wig,36 1975

Cross-sectional 75 Cannabis smokers complained of weight loss,
cough, dyspnea, and poor sleep

None 8 1.5

Polen et al,37

1993
Cross-sectional 902 Marijuana smokers reported more days ill with

cold, flu, or sore throat in past year than
nonsmokers

Tobacco 15 3

Stern et al,38 1987 Cross-sectional 173 In patients with cystic fibrosis, 20% of
marijuana users noted immediate and 5%
noted long-term improvement in symptoms;
30% of users noted immediate and 40%
noted long-term worsening of symptoms.

None 13 1

Tennant and
Prendergast,39

1971

Case series 31 39% of marijuana smokers complained of
rhinopharyngitis and 29% complained of
bronchitis

None 4 0.5

Abbreviation: OR, odds ratio.
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showed that among 856 subjects for
whom longitudinal pulmonary func-
tion data were available, nonto-
bacco cigarette smokers had a sig-
nificant decrease in FEV1/FVC ratio
and previous nontobacco smokers
had a decrease in FEV1. Of the total
study population (n=1802), cur-
rent nontobacco cigarette smokers
had an increase in chronic cough,
phlegm, and wheeze after adjust-
ing for age, tobacco smoking, and
preexisting symptoms (from a prior
assessment). The potential limita-
tions of this study include the au-
thor’s focus on subjects who smoked
nontobacco cigarettes (which were
assumed to contain marijuana), a
relatively low number of respon-
dents with current nontobacco ciga-
rette smoking (range, 57-79 respon-
dents), and different questions used
to assess current nontobacco ciga-
rette smoking in earlier surveys com-
pared with later surveys.

COMMENT

We systematically reviewed 34 stud-
ies that assessed the impact of short-
term marijuana use on airway re-
sponse and long-term marijuana
smoking on pulmonary function and
respiratory complications. This lit-
erature supports a bronchodilating
effect soon after marijuana inhala-
tion, although the results of 1 study
suggested a reversal of this effect af-
ter more prolonged marijuana smok-
ing. Overall, these studies fail to re-
port a consistent association between
long-term marijuana smoking and
FEV1/FVC ratio, DLCO, or airway hy-
perreactivity. Finally, the literature
suggests that long-term marijuana
smoking is associated with an in-
creased risk of respiratory compli-
cations, including an increase in
cough, sputum production, and
wheeze, persisting after adjusting for
tobacco smoking.

This research may inform the
debate regarding the increasing use
of marijuana for medical purposes
accompanying recent legislative
changes.40 Our findings,however,do
not directly apply to pulmonary ad-
ministrationof tetrahydrocannabinol
via specialized delivery systems.41

Our synthesis of the data is
unique compared with other re-

views in the literature. A recent re-
view4 reported that marijuana smok-
ing was associated with airway
inflammation, acute broncho-
spasm, airflow obstruction, diffu-
sion impairment, and emphysema.
Another recent review3 noted an as-
sociation between bronchodilation
and increased cough, sputum, and
airway inflammation with long-
term marijuana smoking. Our sys-
tematic review covers a broader
range of studies than previously in-
cluded and also considers study
quality.

The studies we reviewed were
variable in quality when evaluated
with a standardized assessment tool
and a disease-specific assessment
tool. Therefore, many methodologi-
cal limitations need to be consid-
ered when interpreting the data re-
viewed herein. For example, many
of the studies failed to adjust for im-
portant confounding factors, includ-
ing tobacco, other inhaled drugs,
and occupational and environmen-
tal exposures. Although some stud-
ies controlled for tobacco smoking
status (ie, past, present, or never
smoking), most, including the 3 ob-
servational cohort studies, did not
control for dose or duration (ie,
pack-years) of tobacco use, the best
available measure of tobacco expo-
sure, which is most strongly corre-
lated with the development of ob-
structive lung disease. In addition,
among the studies that examined the
effect of long-term marijuana smok-
ing on respiratory complications and
pulmonary function, no standard-
ized measure of marijuana dose or
duration was defined. Although
some studies reported marijuana
cigarette–years of marijuana expo-
sure, other studies reported only if
the number of times marijuana was
used by an individual was greater
than a certain threshold, which var-
ied from at least once to more than
900 times. Also, outcome measure-
ments were not standardized. These
factors pose difficulties in compar-
ing and/or combining the results of
studies. Finally, our search strate-
gies, although extensive, may not
have identified all possible studies
that examined these relationships.

Despite these limitations, this re-
view should alert primary care phy-
sicians to the potential adverse

health outcomes associated with the
widespread use and abuse of and de-
pendence on marijuana. Large pro-
spective studies should be de-
signed that carefully account for
potential confounding factors (in-
cluding detailed assessments of
tobacco, substance abuse, and oc-
cupational and environmental ex-
posures) that can affect lung health.
Such studies should use standard ex-
posure and outcome criteria to ac-
curately measure potential associa-
tions. The present findings should
be considered in conjunction with
a recent review42 that showed an as-
sociation between marijuana smok-
ing and premalignant changes in the
lung. On the basis of currently avail-
able information, health care pro-
fessionals should consider mari-
juana smoking in their patients who
present with respiratory complica-
tions and advise their patients re-
garding the potential impact of this
behavior on their health.
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