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Background: Lung disease is a common comorbidity in peoplewithHIV/AIDS, independent of smoking status. The
effects of marijuana smoking on risk of lung disease in HIV-infected individuals are unclear.
Methods: In this prospective cohort study,we quantified lung disease risk amongmen enrolled in theMulticenter
AIDS Cohort Study (MACS), a long-term observational cohort of HIV-infected and uninfectedmen who have sex
with men. Eligible participants were aged ≥30 years with self-reported marijuana and tobacco smoking data
from biannual study visits between 1996 and 2014. Pulmonary diagnoses were obtained from self-report and
medical records. Analyses were performed using Cox models and Generalized Estimating Equations adjusted
for tobacco smoking, CD4 T cell count, and other risk factors.
Findings: 1630 incident pulmonary diagnoses were reported among 1352 HIV-seropositive and 1352 HIV-
seronegative eligible participants matched for race and baseline age (53,794 total person-visits, median
follow-up 10.5 years). 27% of HIV-infected participants reported daily or weekly marijuana smoking for one or
more years in follow-up, compared to 18% of uninfected participants (median 4·0 and 4·5 years daily/weekly
use, respectively). HIV-infected participants had an increased likelihood of infectious or non-infectious pulmo-
nary diagnoses compared to uninfected participants (33·2% vs. 21·5%, and 20·6% vs. 17·2%, respectively).
AmongHIV-infected participants, recentmarijuana smokingwas associatedwith increased risk of infectious pul-
monary diagnoses and chronic bronchitis independent of tobacco smoking and other risk factors for lung disease
(hazard ratio [95% confidence interval] 1·43 [1·09–1·86], and 1·54 [1·11–2·13], respectively); these risks were
additive in participants smoking both substances. Therewas no association betweenmarijuana smoking and pul-
monary diagnoses in HIV-uninfected participants.
Interpretation: In this longitudinal study, long-term marijuana smoking was associated with lung disease inde-
pendent of tobacco smoking and other risk factors in HIV-infected individuals. These findings could be used to
reduce modifiable risks of lung disease in high-risk populations.
Funding: U.S. National Institutes of Health.
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1. Introduction
Lung disease remains a common comorbidity in persons living with
HIV, despite the widespread use of combination antiretroviral therapy
(cART) that has substantially reduced morbidity and mortality related
to opportunistic lung infections [1]. Previous studies in the U.S. have re-
ported higher incidence of both infectious and non-infectious lung dis-
eases in HIV-infected (HIV+) compared to uninfected (HIV−)
populations [1–3]. This increased prevalence is explained, in part, by
rology, Dana-
e, Boston, MA

under the CC BY-NC
more tobacco smoking among HIV+ individuals [4], while HIV
disease-related factors including unsuppressed viral load and low CD4
T cell count may also contribute to higher rates of lung disease [5–7].
The high prevalence of non-infectious obstructive lung disease is ex-
pected to continue to increase among HIV+ individuals in the U.S. and
globally [1,8], yet the potential contributions of other risk factors remain
poorly defined.

Smoked cannabis is a potential risk factor for lung disease, as it con-
tains many of the same toxic constituents present in tobacco smoke [9].
In the U.S., the proportion of HIV+ individuals who frequently smoke
marijuana is higher than in the general population [10–12] and has in-
creased in recent years [12]. Previous studies of HIV-uninfected
-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in Context

Evidence Before the Study

We searched the PubMed database for original research articles
using the followingMeSH terms: “HIV”, and “marijuana” or “canna-
bis” or “smoking”, and “pulmonary disease” or “lung disease” or
“bronchitis” or “COPD” or “emphysema” or “pneumonia”. Among
504 articles published between January 1, 1996, and August
15, 2018 (the date of the final search), 17 articles included the
terms “marijuana” or “cannabis”. There were no previous observa-
tional cohort studies that systematically assessed the association
between marijuana use and lung disease in HIV-infected individ-
uals. In previous primary studies and systematic reviews of mari-
juana smoking in healthy individuals, including the U.S. National
Academy of Sciences report in 2017, regular marijuana smoking
was associated with respiratory symptoms including cough and
phlegm production, but its association with other respiratory dis-
ease was unclear. Factors contributing to contradictory findings
amongprevious studies likely include adequately controlling for to-
bacco smoking, small sample sizes, and limited availability of lon-
gitudinal data.

Added Value of This Study

The Multicenter AIDS Cohort Study (MACS) is a large cohort of
HIV-infected and uninfected men who have sex with men in the
U.S. Since 1984, the MACS has collected longitudinal medical
and health outcome, substance use, biological specimen, and be-
havioral data for over 7,000 participants. By studying 1,352
HIV-infected and 1,352 uninfected individuals contributing over
53,000 person-visits between 1996 and 2014, we identified
363 HIV-infected and 244 uninfected participants reporting one
or more years of daily or weekly marijuana smoking (median 4.0
and4.5 years daily/weekly smoking, respectively). In HIV-infected
participants, daily or weekly marijuana smoking was associated
with increased risk of infectious pulmonary diagnoses and chronic
bronchitis after adjusting for tobacco smoking and other risk fac-
tors. There was no association between marijuana smoking and
risk of either infectious diagnoses or chronic bronchitis in unin-
fected individuals with similar demographic characteristics. To
our knowledge, this is the first large-scale observational study in-
vestigatingmarijuana smoking and lung disease in HIV-infected in-
dividuals, and among the largest studies in healthy individuals.

Implications of All the Available Evidence

Our study finds that long-term marijuana smoking is a risk factor
for lung disease in people infected with HIV, independent of to-
bacco smoking, CD4 T-cell count, and other factors. In contrast,
we found no association betweenmarijuana smoking and lung dis-
ease in HIV-uninfected peoplewith similar demographic character-
istics. The effect on lung disease risk is additive in HIV-infected
individuals smoking both marijuana and tobacco. These findings
suggest that healthcare providers should consider marijuana
smoking as a modifiable risk factor for lung disease in people in-
fected with HIV. They also highlight the need for research on the
relative risks and benefits of non-smoked versus smoked forms
of marijuana for medicinal and other purposes.

56 D.R. Lorenz et al. / EClinicalMedicine 7 (2019) 55–64
populations reported an association between long-term marijuana
smoking and increased respiratory symptoms [13–15], chronic bronchi-
tis [15], and chronic obstructive pulmonary disease (COPD) and
emphysema [13],while other studies reported no significant association
between marijuana smoking and these diagnoses or other measures of
lung health [15–17]. Among HIV-infected individuals, few data exist re-
garding the association between marijuana smoking and respiratory
burden, despite high prevalence of lung disease in HIV-infected popula-
tions and its associated mortality and morbidity [1,3].

The aims of this study were to investigate the effects of marijuana
smoking on infectious and non-infectious pulmonary diagnoses in
HIV-infected individuals in the combination antiretroviral therapy
(cART) era, and to compare its effects in HIV-infected vs. uninfected in-
dividuals with similar demographic characteristics using data from a
large prospective cohort of men who have sex with men (MSM).

2. Methods

2.1. Study Design and Participants

The MACS is an ongoing prospective study of HIV-infected and
-uninfected MSM (https://statepi.jhsph.edu/macs/macs.html) [18,19].
A total of 7343 participants have been recruited from four U.S. urban
centers (Los Angeles, Chicago, Pittsburgh, and Baltimore/Washington
D.C.) in four recruitment waves: 1984–1985, 1987–1991, 2001–2003,
and 2010-present. Participants undergo standardized interviews detail-
ing substance use, behavioral characteristics, medical treatments or
conditions, physical examinations, and collection of biological speci-
mens at biannual study visits. All participants provided written in-
formed consent, and the study protocols were approved by each site's
institutional review board (Northwestern University (Evanston, IL),
University of California, Los Angeles (Los Angeles, CA), the University
of Pittsburgh (Pittsburgh, PA), and the Johns Hopkins Bloomberg School
of Public Health (Baltimore, MD)).

Eligible participants were 2704 MSM from theMACS (P25 release of
the public use data), age ≥30, with a minimum of one year of follow-up
between 1996 and 2014, and self-reported marijuana and tobacco
smoking exposure data. Exclusion criteria included daily or weekly her-
oin or cocaine use for one or more years during follow-up. For HIV+
participants (n = 1352), baseline was indexed to first visit with re-
ported cART use. HIV− participants (n = 1352) were individually
matched to HIV+ participants by baseline age and race (white vs.
non-white) using the “optimal” method (minimized average absolute
distances across all matched pairs) with the R MatchIt propensity
scorematching package (v. 3.0.1). Followingmatching, mean difference
balances for age and race between HIV+ and HIV− participants were
improved by 16·8% and 30·1%, respectively.

2.2. Procedures and Definitions

Participants reported the frequency of marijuana use (daily, weekly,
monthly, less than monthly, or no use) since their last biannual study
visit; smoking was the most likely predominant mode of exposure. To-
bacco use history (current, former, never) and quantity of cigarette
packs currently smoked (none, N0–b1/2 packs/day, 1/2–b1 packs/day,
1–b2 packs/day, 2 or more packs/day) were also reported. In longitudi-
nal analyses, current (daily or weekly vs. monthly smoking or less) was
evaluated as a time-varying categorical variable. Time-varying mari-
juana smoking in the prior two-year period was calculated as a moving
average after approximating continuous from categorical values as fol-
lows: daily = 20 days/month, weekly = 4·36 days/month, monthly
= 1 day/month, less than monthly = 0·33 days/month, not at all = 0
days/month [20]. A continuous variable for prior two-year average to-
bacco smokingwas similarly calculated using the following conversion:
none = 0 packs/day, N0–b1/2 packs/day = 0·125 packs/day, ½–b1
packs/day = 0·75 packs/day, 1–b2 packs/day = 1·5 packs/day, 2 or
more packs/day = 2 packs/day.

Incident pulmonary diagnoses were obtained from self-report, and
abstracted medical record, cancer, and death registry data as described
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Fig. 1. Cohort selection flowchart.
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[18,21,22]. Participants were asked if, since their most recent visit, they
were newly diagnosed with viral pneumonia, bacterial pneumonia,
other pneumonia, or tuberculosis, or if newly diagnosed with or experi-
enced recurring chronic bronchitis. These data were merged with addi-
tional variables provided as International Classification of Disease
Codes, version 9 (ICD-9) or version 10 as follows: influenza or viral
pneumonia (480, 487, ICD-10 J14), bacterial pneumonia (481–482),
other pneumonia (031, 114, 117, 483–486, ICD-10 A31 and J18), acute
bronchitis (466), tuberculosis (011, 018), chronic obstructive pulmo-
nary disease (COPD) or emphysema (492, 496, ICD-10 J43–J44), pulmo-
nary hypertension (416, ICD-10 I27), other non-infectious diagnoses
(pulmonary fibrosis (515), pulmonary pneumopathy (516)), and
other lung disease, not otherwise-specified (518–519). Lung cancers
were determined from cancer registry linkage data (International Clas-
sification of Diseases for Oncology, third edition (ICD-O-3) site codes
34.0–34.9), death registry data (ICD-10 C34), and self-report (162).
Pneumocystis pneumonia diagnoses were obtained frommedical record
and CDC AIDS diagnosis data. Chronic bronchitis was defined as the first
of multiple bronchitis diagnoses or ICD codes 490–491.

HIV serostatus, and CD4+T lymphocyte count and viral load for HIV
+ participants, were obtained as previously described [10,18]. Educa-
tion level and race at study entry, ART use, and alcohol use were ob-
tained from self-report. Missing time-varying data were imputed by
carrying forward values from nearest available previous visit, and by
multiple imputation in validation analyses using predictive mean
matching with the R mice package (version 3.3.0).

2.3. Statistical Analysis

Cross-sectional analyses of baseline characteristics and prevalence of
pulmonary diagnoses were stratified by HIV serostatus and marijuana
smoking, and HIV serostatus, marijuana, and tobacco smoking, respec-
tively. Marijuana smokers were defined as participants reporting
≥1 year of daily or weekly use in follow-up; tobacco smokers were par-
ticipants reporting any tobacco smoking in follow-up.

Cox proportional hazard models were used to assess the association
betweenmarijuana smoking and first incident infectious pulmonary di-
agnosis, and chronic bronchitis, which comprised the majority of non-
infectious diagnoses. Participantswere followed until their first incident
diagnosis, loss to follow-up, death, or end of study in 2014, whichever
came first. For each outcome, models were fit separately for HIV+ and
HIV− participants using two time-varying variables for marijuana and
tobacco smoking: Model 1, currentmarijuana smoking (daily or weekly
vs. monthly or less) and prior two-year average tobacco smoking (≥1/2
packs/day or N0–b1/2 pack/day vs. 0 packs/day, which included former
and never smokers), and Model 2, prior two-year average marijuana
smoking (days smoked/month, continuous variable) and prior two-
year average tobacco smoking (packs/day, continuous variable).Models
were adjusted by time-invariant baseline education status, race, and
baseline calendar period (2001–2014 vs. 1996–2000) to adjust for po-
tential differences in participant composition between MACS recruit-
ment periods. Models for HIV+ participants were also adjusted by
time-varying CD4 T cell count, and by time-varying self-reported ART
use (binary categorical covariate) in models of infectious diagnoses;
65 participants with no CD4 data during follow-up were omitted from
these analyses. Age was used as the time variable in all models
(i.e., the analysis data was left-truncated to age at first study visit and
right-censored to end of follow-up for each participant). Continuous
variables summarizing marijuana and tobacco smoking were right-
skewed and therefore square-root transformed and reported as back-
transformed estimates in their original scale. Additional analyses were
performedwith models for HIV+ participants using: a) visits restricted
to CD4 count ≥200 cells/μl, b) time-varying cumulative exposures of
marijuana and tobacco smoking in the prior ten years (mean days mar-
ijuana smoking/month and tobacco pack-years), and c) visits restricted
to HIV viral load b400 copies/ml. Cumulative hazard curves estimating
risk differences by marijuana and tobacco smoking were constructed
by holding other model covariates at their mean values.

Generalized estimating equation (GEE) logistic regression models
were used to assess the association betweenmarijuana smoking and in-
fectious pulmonary diagnoses while including repeated measures and
potentially multiple diagnoses within the same individual. Tominimize
the potential for duplicate reports of a single diagnosis, only the first of
identical diagnoses at consecutive visits were included. Exposure and
adjustment variables were the same as for Cox models, except time-
varying, continuous duration in study, and baseline age were included.
All analyses were performed with R (version 3.4).

2.4. Role of the Funding Source

The study funders had no role in study design, data collection, anal-
ysis, or interpretation, or writing of this report. The corresponding au-
thor had full access to all study data and final responsibility for the
decision to submit for publication.

3. Results

A total of 2704 participantsmet eligibility criteria for this study (n=
1352 HIV+, n = 1352 HIV−), contributing a total of 53,794 person-
visits (Fig. 1). Participants were predominantly white, with N12 years
of education, median age 44 years at baseline (interquartile range
[IQR] 39–50), andmedian follow-up of 10·5 years (IQR 5·5–13·0). Par-
ticipants reporting daily or weekly marijuana smoking for ≥1 year dur-
ing follow-up comprised 27% of HIV+ participants (median 4·0 years
daily/weekly use [IQR 1·5–8·0]), and 18% of HIV− participants (me-
dian 4·5 years daily/weekly use [IQR 2·0–10·5]) (Table 1). Marijuana
smokers were slightly younger at baseline than non-smokers, and
more likely to smoke ≥1/2 packs/day of tobacco on average during the
study period among both HIV+ and HIV− participants (25·6% vs.
18·1%, and 24·6% vs. 11·4%, respectively). Heavy or binge alcohol use
during follow-up was also more common among marijuana smokers.



Table 1
Characteristics of the study cohort by HIV status and marijuana smoking.

HIV+ HIV−

All participants Non-smokers Marijuana
smokersa

All participants Non-smokers Marijuana
smokersa

(n = 1352) (n = 989) (n = 363) (n = 1352) (n = 1108) (n = 244)

Age (median [IQR]) 43·0
[38·0–48·5]

43·0
[38·5–49·0]

42·0
[37·5–47·5]

45·0
[39·0–51·0]

45·0
[40·0–52·0]

43·0
[38·0–47·0]

Years of follow-up (median [IQR]) 9·50
[4·0–13·5]

9·0 [4·0–13·0] 10·5 [5·5–15·5] 11·5
[7·0–13·0]

11·5
[7·0–13·0]

11·8
[8·0–13·0]

Race
White 887 (65·6) 638 (64·5) 249 (68·6) 1009 (74·6) 836 (75·5) 173 (70·9)
Black 289 (21·4) 209 (21·1) 80 (22·0) 230 (17·0) 182 (16·4) 48 (19·7)
Otherb 176 (13·0) 142 (14·4) 34 (9·4) 113 (8·4) 90 (8·1) 23 (9·4)

Education ≤ 12 years 284 (21·0) 222 (22·4) 62 (17·1) 186 (13·8) 145 (13·1) 41 (16·8)
Marijuana smoking – ≥1 years daily or weekly use in follow-up 363 (26·8) – 363 (100·0) 244 (18·0) – 244 (100·0)
Marijuana smoking – years daily or weekly use (median [IQR]) – – 4·0 [1·5–8·0] – – 4·5 [2·0–10·5]
Marijuana smoking – mean days use/year in follow-up (median
[IQR])

– – 66·7
[26·1–231·5]

– – 67
[24·6–195·9]

Tobacco smoking at baseline
Never 465 (34·4) 380 (38·4) 85 (23·4) 424 (39·6) 380 (43·6) 44 (22·1)
Former 401 (29·7) 287 (29·0) 114 (31·4) 316 (29·5) 251 (28·8) 65 (32·7)
b1/2 packs/day 179 (13·2) 118 (11·9) 61 (16·8) 128 (12·0) 99 (11·4) 29 (14·6)
≥1/2 packs/day 307 (22·7) 204 (20·6) 103 (28·4) 203 (19·0) 142 (16·3) 61 (30·7)

Tobacco smoking, mean packs/day in follow-up
None 749 (55·4) 599 (60·6) 150 (41·3) 872 (64·5) 761 (68·7) 111 (45·5)
N0–b1/2 331 (24·5) 211 (21·3) 120 (33·1) 294 (21·7) 221 (19·9) 73 (29·9)
≥1/2 272 (20·1) 179 (18·1) 93 (25·6) 186 (13·8) 126 (11·4) 60 (24·6)

Heavy or binge alcohol usec 304 (22·5) 201 (20·3) 103 (28·4) 346 (25·6) 255 (23·0) 91 (37·3)
CD4 count (cells/μl) (median [IQR]) 422 [252–599] 432 [260–603] 396 [238–592] 924 [731–1144] 915 [724–1134] 970 [777–1171]
CD4 count (cells/μl)

350+ 769 (60·9) 571 (62·4) 198 (57·1) – – –
200–349 258 (20·4) 176 (19·2) 82 (23·6) – – –
b200 235 (18·6) 168 (18·4) 67 (19·3) – – –

CD4 nadir in follow-up (cells/μl) (median [IQR]) 295 [171–446] 303 [172–451] 279 [164–435] – – –
HIV viral load ≥400 copies/ml 496 (39·7) 350 (38·7) 146 (42·3) – – –
Antiretroviral use at 75% of follow-up visits 1220 (90·2) 888 (89·8) 332 (91·5) – – –
Antiretroviral use at 95% of follow-up visits 876 (64·8) 647 (65·4) 229 (63·1) – – –

Data are n (%) at baseline unless otherwise indicated.
a ≥1 years daily or weekly smoking in follow-up.
b American Indian or Alaskan Native, Asian or Pacific Islander, Hispanic, other race.
c Heaviest reported usage at ≥1 year in follow-up: heavy, N14 drinks/week, binge, ≥5 drinks/occasion at least monthly.
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Among HIV+ participants, CD4 T cell count, HIV viral load, or ART use
did not differ between marijuana smokers and non-smokers.

Marijuana smokers were more likely to report one or more infec-
tious or non-infectious pulmonary diagnosis compared to non-
smokers during follow-up among HIV+ participants (41·0% vs. 30·0%,
and 24·8% vs. 19·0%, respectively) (Table 2), while there was no associ-
ation between marijuana smoking and either diagnosis among HIV−
participants (24·2% vs. 20·9%, and 14·8% vs. 17·7%, respectively).
Given the high prevalence of tobacco smoking among participants, fre-
quencies of diagnoses were determined after stratifying participants by
marijuana (≥1 year daily or weekly vs. monthly or less) and tobacco
(any vs. none) smoking during follow-up. The proportion of HIV+ par-
ticipantswith one ormore infectious pulmonary diagnosiswas elevated
among marijuana smokers and participants reporting any tobacco
smoking in follow-up. Influenza and viral pneumonia and other pneu-
monias were among diagnoses occurring more frequently in marijuana
smokers: other pneumonias were reported in 22% and 23·9% of partic-
ipants smoking marijuana only, or both marijuana and tobacco, respec-
tively, compared to non-smokers (16%). Non-infectious pulmonary
diagnoses were more common in both marijuana and tobacco smokers.
Among HIV− participants, infectious diagnoses weremore prevalent in
individuals smoking bothmarijuana and tobacco, and non-infectious di-
agnoses were elevated among tobacco but not marijuana smokers. The
majority (60%) of diagnoses were assessed from ICD coding data, while
chronic bronchitis diagnoses were predominantly assessed from self-
report (Supplementary Table 1).

Inmultivariable Cox regressionmodels, current daily orweeklymar-
ijuana smoking was associated with increased risk of first incident
infectious pulmonary diagnosis in HIV+ participants (adjusted hazard
ratio [HR] 1·34 [95% confidence interval (CI) 1·06–1·71], p = 0·016;
Supplementary Table 2). When modeled as a continuous variable,
each 10 days/month increase in marijuana smoking in the prior two-
year periodwas associatedwith a 6% increased risk of infectious pulmo-
nary diagnosis (HR 1·06 [95% CI 1·00–1·11]; p = 0·041). CD4 T cell
count b200 vs. ≥350 cells/μl was most strongly associated with infec-
tious pulmonary diagnosis risk in both models (HR 3·37 [95% CI
2·58–4·41], p b 0·0001; and HR 3·38 [95% CI 2·59–4·41], p b

0·0001), and therefore, additional models were fit restricted to 17,529
person-visits with CD4 T cell count ≥200 cells/μl of 19,009 total
person-visits. Both current daily or weekly and prior two-year average
marijuana smoking remained associated with increased risk of infec-
tious pulmonary diagnoses in these adjusted models (HR 1·43 [95% CI
1·09–1·86], p = 0·0085; and HR 1·10 [95% CI 1·04–1·17], p =
0·012; Table 3). Smoking ≥1/2 vs. 0 packs of tobacco/day was strongly
associated with increased risk of infectious pulmonary diagnoses (HR
1·48 [95% CI 1·14–1·93], p= 0·0037), while low CD4 count remained
associated with a higher risk of infectious pulmonary diagnoses. Cumu-
lative estimates ofmarijuana and tobacco smoking in the prior ten years
remained associated with infectious pulmonary diagnoses in additional
models adjusted for the same factors (HR 1·11 [1·04–1·19], p=0·016,
per ten days marijuana smoked/month increase, and HR 1·13
[1·03–1·22], p = 0·021, per ten pack-year increase, data not shown).
Additionally, the association between daily or weekly marijuana
smoking and infectious pulmonary diagnoses remained significant in
models restricted to 14,666 person-visits with suppressed HIV viral
load (HR 1·41 [1·03–1·91], p = 0·029, data not shown). There were



Table 2
Incident pulmonary diagnoses by HIV status and marijuana or tobacco smoking.

HIV+ HIV−

Marijuana and tobacco smoking
exposurea

All
participants

MJ−
TSN−

MJ− TS+ MJ+
TS−

MJ+ TS+ All
participants

MJ− TS− MJ− TS+ MJ+
TS−

MJ+ TS+

n participants 1352 599 390 150 213 1352 761 347 111 133
No diagnosis 779 (57·6) 381 (63·6) 220 (56·4) 74 (49·3) 104 (48·8) 939 (69·5) 546 (71·7) 230 (66·3) 78 (70·3) 85 (63·9)
Infectious diagnoses
Influenza or viral pneumonia 189 (14·0) 76 (12·7) 48 (12·3) 28 (18·7) 37 (17·4) 159 (11·8) 91 (12·0) 33 (9·5) 12 (10·8) 23 (17·3)
Bacterial pneumonia 122 (9·0) 47 (7·8) 36 (9·2) 17 (11·3) 22 (10·3) 33 (2·4) 16 (2·1) 13 (3·7) 3 (2·7) 1 (0·8)
Other pneumonia 261 (19·3) 96 (16·0) 81 (20·8) 33 (22·0) 51 (23·9) 130 (9·6) 66 (8·7) 44 (12·7) 7 (6·3) 13 (9·8)
Other opportunistic infectionsb 51 (3·8) 14 (2·3) 16 (4·1) 8 (5·3) 13 (6·1) 6 (0·4) 0 (0·0) 3 (0·9) 2 (1·8) 1 (0·8)
Any infectious diagnosis 449 (33·2) 170 (28·4) 130 (33·3) 62 (41·3) 87 (40·8) 291 (21·5) 153 (20·1) 79 (22·8) 24 (21·6) 35 (26·3)
Non-infectious diagnoses
Chronic bronchitis 238 (17·6) 84 (14·0) 73 (18·7) 34 (22·7) 47 (22·1) 192 (14·2) 101 (13·3) 64 (18·4) 11 (9·9) 16 (12·0)
COPD or emphysema 28 (2·1) 5 (0·8) 16 (4·1) 2 (1·3) 5 (2·3) 35 (2·6) 8 (1·1) 19 (5·5) 0 (0·0) 8 (6·0)
Lung cancerc 10 (0·7) 1 (0·2) 8 (2·1) 0 (0·0) 1 (0·5) 7 (0·5) 1 (0·1) 4 (1·2) 2 (1·8) 0 (0·0)
Other non-infectious diagnosesd 37 (2·7) 15 (2·5) 12 (3·1) 6 (4·0) 4 (1·9) 29 (2·1) 19 (2·5) 7 (2·0) 1 (0·9) 2 (1·5)
Any non-infectious diagnoses 278 (20·6) 96 (16·0) 92 (23·6) 40 (26·7) 50 (23·5) 232 (17·2) 118 (15·5) 78 (22·5) 14 (12·6) 22 (16·5)

Data are n (%) of participants with one or more indicated diagnosis.
a Exposure during follow-up; MJ+, ≥1 year daily or weekly marijuana smoking; MJ−, b1 year daily or weekly marijuana smoking; TS−, 0 tobacco smoking; TS+, N0 mean packs/day

tobacco smoking. The median years of daily or weekly smoking among MJ+ participants were 4·0 and 4·5 years for HIV+ and HIV− participants, respectively.
b Pneumocystis pneumonia or tuberculosis.
c Among the two lung cancer diagnoses in HIV− MJ+ participants, one case reported a history of tobacco smoking prior to study entry, the other was diagnosed with a pulmonary

sarcoma (a rare form of lung cancer not linked to smoking).
d Pulmonary hypertension, alveolar pneumonopathy, pulmonary fibrosis, bronchiectasis, other lung disease (not otherwise specified).
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no associations between marijuana smoking and infectious pulmonary
diagnoses in HIV− participants, while tobacco smoking showed a
strong association (Table 3).

The association between marijuana smoking and infectious pulmo-
nary diagnoses remained significant in GEE logistic regression models
using longitudinal data, which allowed for multiple diagnoses within
the same individual (Table 4). A total of 516 diagnoses were reported
for 421 of 1287 total participants at 22,694 person-visits with ≥200
CD4 T cells/μl. Both daily or weekly current and prior two-year average
marijuana smoking were associated with increased infectious pulmo-
nary diagnosis risk in adjusted models (odds ratio (OR) 1·32 [95% CI
1·05–1·75], p = 0·035; and OR 1·10 [95% CI 1·04–1·16], p = 0·012,
respectively). Similar to the Cox models, 200–349 vs. ≥500 CD4 T
cells/μl and ≥1/2 vs. 0 packs/day tobacco smoking in the prior two
years was more strongly associated with increased risk compared
to marijuana smoking (Table 4). There was no association between
marijuana smoking and infectious pulmonary diagnoses in HIV−
individuals.

Cox proportional hazard models of non-infectious pulmonary diag-
noses were limited to chronic bronchitis, given these diagnoses com-
prised the majority of events. Current daily or weekly marijuana
smoking was associated with increased risk of chronic bronchitis
among HIV+ participants, while there was a marginal association be-
tweenmarijuana smoking in the prior two years and chronic bronchitis
in thesemodels (HR1·54 [95%CI 1·11–1·23],p=0·0093; andHR1·09
[95% CI 0·99, 1·21], p=0·067, respectively; Table 5). CD4 T cell count
(b200 vs. 350+ cells/μl) and tobacco smoking (≥1/2 vs. 0 packs/day)
in the prior two years were more strongly associated with chronic
bronchitis risk compared to marijuana smoking (HR 1·84 [95% CI
1·25–2·67], p = 0·0015; and HR 1·68 [95% CI 1·23–2·29], p =
0·0009, respectively). Cumulative estimates of marijuana and to-
bacco smoking in the prior ten years showed similar associations
with chronic bronchitis in additional models adjusted for the same
factors (HR 1·07 [0·94–1·22], p = 0·151, per ten days marijuana
smoked/month increase, and HR 1·19 [1·06–1·33], p = 0·014, per
ten pack-year increase, data not shown). There were no associations
between marijuana smoking and chronic bronchitis in HIV− partic-
ipants, although tobacco smoking was strongly associated with this
outcome (Table 5).

There were no significant interactions betweenmarijuana and to-
bacco smoking in any multivariable model tested for HIV+
participants, indicating independent effects of these factors, and no
significant interactions between marijuana smoking and time in
GEE analyses of repeated infectious pulmonary events, indicating
no evidence for changing risk level over the study duration. Imputa-
tion of missing observations by last value carried forward was vali-
dated with Cox model estimates pooled from ten datasets using
predictive mean matching multiple imputation, which demon-
strated similar associations between daily or weekly marijuana
smoking and infectious pulmonary diagnoses (HR 1·44 [95% CI
1·07–1·92], p = 0·014) and chronic bronchitis (HR 1·62 [95% CI
1·14–2·28], p=0·006) for HIV+participants (data not shown). Cu-
mulative hazard curves from multivariable Cox models (Table 3, HIV
+ model 1, and Table 5, HIV+ model 1) are shown in Fig. 2, which
predicts highest hazard rates for both infectious pulmonary diagno-
ses and chronic bronchitis among HIV+ participants smoking both
marijuana and tobacco.

4. Discussion

In this prospective study of 2704 MSM contributing over 53,000
person-visits, marijuana smoking was associated with increased risk
of both infectious and non-infectious pulmonary diagnoses among
1352 HIV-infected participants independent of tobacco smoking, CD4
count, ART adherence, and demographic factors. To our knowledge,
this study is the largest investigation of smoked marijuana and pulmo-
nary diagnoses in HIV-infected individuals to date. In multivariable Cox
models, current daily or weeklymarijuana smoking and increased aver-
age marijuana smoking over the prior two years were associated with
elevated risk of infectious pulmonary diagnoses in HIV+ participants;
these resultswere confirmed in GEE logistic regressionmodels allowing
for repeated diagnoses within the same individual. Current marijuana
smoking was also associated with increased risk of chronic bronchitis
in multivariable Cox models, while increased average marijuana
smoking in the prior two years was marginally associated with these
outcomes (p=0·067). Marijuana and tobacco smoking were indepen-
dent risk factors in Cox models, and the predicted additive risk of
smoking both substances was markedly higher than smoking either
substance alone. In contrast, there were no significant associations be-
tween marijuana use and infectious pulmonary diagnoses or chronic
bronchitis in multivariable models of 1352 HIV− participants adjusted
by tobacco smoking, age, race, education, and calendar period. These



Table 3
Factors associated with risk of infectious pulmonary diagnoses in univariable and multivariable Cox regression analysis.

HIV+ HIV−

Univariate analysis Model 1 – current
marijuana smoking

Model 2 – prior
two-year average
marijuana smoking

Univariate analysis Model 1 – current
marijuana smoking

Model 2 – prior
two-year average
marijuana smoking

HR
(95% CI)

p
Value

HR
(95% CI)

p
Value

HR
(95% CI)

p
Value

HR
(95% CI)

p
Value

HR
(95% CI)

p
Value

HR
(95% CI)

p
Value

Marijuana smoking - current
Daily or weekly 1·52

(1·18–1·98)
0·0014 1·43

(1·09–1·86)
0·0085 – 0·92

(0·64–1·33)
0·65 0·82

(0·57–1·20)
0·31 –

Monthly or less 1·00 (Ref.) 1·00 (Ref.) – 1·00 (Ref.) 1·00 (Ref.) –

Marijuana smoking - prior
two-year average (per 10
days use/month increase,
continuous variable)

1·16
(1·10–1·23)

0·0013 – 1·10
(1·04–1·17)

0·012 1·01
(0·89–1·15)

0·56 – 1·05
(0·91–1·20)

0·26

Tobacco smoking - prior two-year average
≥1/2 packs/day 1·54

(1·19–2·00)
0·0010 1·48

(1·14–1·93)
0·0037 – 1·75

(1·29–2·37)
0·0003 1·85

(1·35–2·54)
0·0001 –

N0–b1/2 packs/day 0·97
(0·68–1·36)

0·85 0·98
(0·68–1·39)

0·89 – 1·17
(0·82–1·68)

0·38 1·23
(0·85–1·76)

0·27 –

0 packs/daya 1·00 (Ref.) 1·00 (Ref.) – 1·00 (Ref.) 1·00 (Ref.) –

Tobacco smoking - prior
two-year average (per
pack/day increase,
continuous variable)

1·14
(1·07–1·21)

0·0042 – 1·10
(1·03–1·17)

0·018 1·25
(1·15–1·35)

0·0009 – 1·32
(1·21–1·43)

0·0003

Baseline calendar year
2001–2014 0·68

(0·54–0·86)
0·0011 0·69

(0·53–0·90)
0·0051 0·70

(0·54–0·90)
0·0059 0·99

(0·78–1·27)
0·96 1·00

(0·78–1·30)
0·98 1·00

(0·78–1·30)
0·97

1996–2000 1·00 (Ref.) 1·00 (Ref.) 1·00 (Ref.) 1·00 (Ref.) 1·00 (Ref.) 1·00 (Ref.)

CD4 count (cells/μL)
200–349 1·52

(1·16–2·00)
0·0025 1·43

(1·08–1·88)
0·011 1·43

(1·09–1·89)
0·011 – – –

350–499 1·40
(1·08–1·81)

0·011 1·35
(1·05–1·75)

0·021 1·35
(1·05–1·75)

0·021 – – –

500+ 1·00 (Ref.) 1·00 (Ref.) 1·00 (Ref.) – – –

ART use
Yesb 0·73

(0·47–1·13)
0·15 0·79

(0·51–1·23)
0·30 0·79

(0·51–1·22)
0·29 – – –

No 1·00 (Ref.) 1·00 (Ref.) 1·00 (Ref.) – – –

Hazard ratios (HR) for first incident infectious pulmonary diagnosis (influenza or viral pneumonia, bacterial pneumonia, other pneumonia, acute bronchitis, Pneumocystis pneumonia, tubercu-
losis). All models were adjusted by race and education. All covariates were time-varying except baseline calendar year, race, and education; age was used as the time variable. Continuous var-
iables for prior two-year average marijuana and tobacco smoking were square-root transformed to reduce skewness and reported as back-transformed estimates in their original scale. HIV+
models evaluated 331 events in 1196 participants with 17,529 person-visits with CD4 ≥ 200 cells/μl. HIV−models evaluated 291 diagnoses in 1350 participants with 24,232 person-visits.

a Reference category includes former tobacco smokers.
b Includes person-visits with HIV viral load b400 copies/ml where ART data missing.
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findings confirm the known association between HIV infection and in-
creased prevalence of pulmonary disease [1–3], and provide evidence
that HIV-infected individualsmay bemore vulnerable tomarijuana's ef-
fects on lung disease compared to uninfected participants with similar
exposures.

In contrast to thewell-studied effects of tobacco smoking, the effects
of marijuana smoking on lung function and health in the general popu-
lation remain unclear, though multiple studies reported an increased
prevalence of chronic respiratory symptoms (wheeze, cough, sputum)
in frequent marijuana smokers [13,15,23]. Spirometric forced expira-
tory volume (FEV1), forced vital capacity (FVC), and their ratio (FEV1/
FVC) are measures of airflow obstruction; FEV1/FVC is reduced in
tobacco smokers compared to non-smokers, while studies of marijuana
smokers have reported conflicting results [14,16,17]. Likewise, a cross-
sectional study of pulmonary function among HIV-infected recreational
drug users in the U.S. reported no association between marijuana
smoking and airflow obstruction (FEV1/FVC) or radiographic emphy-
sema [24]. In theU.S.,marijuana remains an illegal Schedule 1 substance
nationally, and is not regulated by the Food and Drug Administration.
Marijuana contains substantial variation in the quantity of psychoactive
delta-9 tetrahydrocannabinol (THC) and other combustible compo-
nents, complicating systematic comparisons based on observational
studies. While marijuana and tobacco smoke contain many of the
same toxic constituents, previous studies reported higher concentra-
tions of hydrogen cyanide, ammonia, and polycyclic aromatic hydrocar-
bons in marijuana smoke [9], and higher concentrations of blood
carboxyhemoglobin concentrations, greater depth of inhalation, and
greater puff volume in marijuana compared to tobacco smokers [25].

Pulmonary disease risk may be increased in HIV-infected vs. unin-
fected individuals due to HIV-specific factors including lung immune
cell depletion and dysfunction [7], persistent immune cell activation
[26], systemic inflammation [26], respiratory microbiome alterations
[27], and oxidative stress [5], or a combination of these effects with
modifiable risk factors including tobacco smoking. Previous studies
linked marijuana smoke with alveolar macrophage dysfunction in
both humans and mouse models [28,29], and a potential additive risk
of marijuana smoking and HIV disease may explain the increased prev-
alence of infectious pulmonary diagnoses in our adjusted analyses. The
association between HIV infection, low CD4 T cell count, and increased
risk of infectious and non-infectious pulmonary disease has been



Table 4
Factors associated with risk of one or more infectious pulmonary diagnoses among HIV+ subjects in generalized estimating equation models, adjusted for intraparticipant correlation.

HIV+ HIV−

Univariate analysis Model 1 – current
marijuana smoking

Model 2 – prior
two-year average
marijuana smoking

Univariate analysis Model 1 – current
marijuana smoking

Model 2 – prior
two-year average
marijuana smoking

OR
(95% CI)

p
Value

OR
(95% CI)

p
Value

OR
(95% CI)

p
Value

OR
(95% CI)

p
Value

OR
(95% CI)

p
Value

OR
(95% CI)

p
Value

Marijuana smoking – current
Daily or weekly 1·36

(1·05–1·75)
0·019 1·32

(1·02–1·70)
0·035 – 0·80

(0·55–1·14)
0·22 0·71

(0·49–1·03)
0·071 –

Monthly or less 1·00 (Ref.) 1·00 (Ref.) – 1·00 (Ref.) 1·00 (Ref.) –

Marijuana smoking -
prior two-year
average (per 10 days
use/month increase,
continuous variable)

1·12
(1·06–1·18)

0·0042 – 1·10
(1·04–1·16)

0·012 1·02
(0·90–1·17)

0·42 – 1·09
(0·93–1·27)

0·15

Tobacco smoking - prior 2-year average
≥1/2 packs/day 1·56

(1·21–2·02)
0·0007 1·47

(1·13–1·90)
0·0036 – 1·92

(1·39–2·66)
b0·0001 1·93

(1·34–2·77)
b0·0001 –

N0–b1/2 packs/day 1·02
(0·74–1·40)

0·90 1·01
(0·73–1·40)

0·94 – 1·33
(0·95–1·87)

0·10 1·34
(0·95–1·89)

0·099 –

0 packs/daya 1·00 (Ref.) 1·00 (Ref.) – 1·00 (Ref.) 1·00 (Ref.) –

Tobacco smoking -
prior two-year
average (per
pack/day increase,
continuous variable)

1·16
(1·09–1·23)

0·0024 – 1·09
(1·03–1·16)

0·017 1·41
(1·29–1·55)

0·0002 – 1·40
(1·25–1·57)

0·0007

Duration in study
(years)

0·96
(0·94–0·98)

b0·0001 0·96
(0·94–0·98)

b0·001 0·96
(0·94–0·98)

b0·001 0·96
(0·93–0·99)

0·0032 0·96
(0·94–0·99)

0·015 0·96
(0·94–0·99)

0·014

Baseline age (per 5 year
increase)

1·09
(1·00–1·19)

0·053 1·10
(1·01–1·20)

0·021 1·11
(1·02–1·21)

0·017 0·99
(0·92–1·07)

0·88 1·00
(0·92–1·08)

0·99 0·99
(0·92–1·08)

0·89

Baseline calendar year
2001–2014 0·76

(0·60–0·95)
0·016 0·63

(0·48–0·82)
0·0006 0·63

(0·49–0·82)
0·0006 1·05

(0·82–1·35)
0·71 0·95

(0·71–1·26)
0·71 0·95

(0·72–1·27)
0·74

1996–2000 1·00 (Ref.) 1·00 (Ref.) 1·00 (Ref.) 1·00 (Ref.) 1·00 (Ref.) 1·00 (Ref.)

CD4 count (cells/μL)
200–349 1·62

(1·25–2·11)
0·0003 1·40

(1·07–1·82)
0·013 1·40

(1·07–1·82)
0·013 – – –

350–499 1·44
(1·13–1·83)

0·0033 1·34
(1·05–1·70)

0·017 1·34
(1·05–1·70)

0·017 – – –

500+ 1·00 (Ref.) 1·00 (Ref.) 1·00 (Ref.) – – –

ART use
Yesb 0·68

(0·46–1·00)
0·048 0·74

(0·50–1·10)
0·141 0·74

(0·50–1·10)
0·14 – – –

No 1·00 (Ref.) 1·00 (Ref.) 1·00 (Ref.) – – –

Odds ratios (OR) for incident infectious pulmonary diagnoses (influenza or viral pneumonia, bacterial pneumonia, other pneumonia, acute bronchitis, Pneumocystis pneumonia, tubercu-
losis). All models were adjusted by race and education. All covariateswere time-varying except baseline calendar year, baseline age, race, and education; duration in studywas used as the
time variable. Continuous variables for prior two-year average marijuana and tobacco smoking were square-root transformed to reduce skewness and reported as back-transformed es-
timates in their original scale. HIV+models evaluated 516 events in 1196 participants with 22,694 person-visits with CD4 ≥ 200 cells/μl. HIV−models evaluated 399 diagnoses in 1350
participants at 28,478 person-visits.

a Reference category includes former tobacco smokers.
b Includes person-visits with HIV viral load b400 copies/ml where ART data missing.
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previously reported [5,26], andwas the strongest predictor of infectious
pulmonary diagnoses in HIV+ participants in our study.

Low CD4 T cell count (b200 cells/μl) was the dominant predictor of
infectious pulmonary diagnoses in multivariable analyses, yet the asso-
ciation between marijuana smoking and infectious pulmonary diagno-
ses remained significant in adjusted analyses restricted to visits with
CD4 ≥ 200 cells/μl, and sensitivity analyses with no CD4 restriction. To-
bacco smoking, reported during follow-up for 44% of HIV+participants,
was a stronger risk factor for chronic bronchitis in HIV+ participants
compared to marijuana smoking, while for infectious pulmonary diag-
noses in HIV+ participants, the risk associated with ≥1/2 pack/day to-
bacco smoking was comparable to that of daily or weekly marijuana
smoking (HR 1·48 [95% CI 1·14–1·93], and HR 1·43 [95% CI
1·09–1·86], respectively).
Strengths of this study included the large sample size, large number
of diagnoses reported, and substantial length of follow-up (median
10·5 years). Men at risk for HIV are recruited by the MACS from four
U.S. urban sites, and thus HIV-infected participants share similar demo-
graphic and lifestyle characteristics with uninfected participants. HIV+
and HIV− participants reported substantial daily or weekly marijuana
smoking (median 4·0 and 4·5 years, respectively), which allowed as-
sessments of both current and average exposures during follow-up.
The sample size allowed for stricter control of tobacco smoking with
large numbers of participants in stratified analyses (150 and 111 HIV
+ andHIV− participants with ≥1 year ofmarijuana smoking and no to-
bacco smoking, respectively), which may in part explain the lack of as-
sociation between marijuana smoking and pulmonary disease among
HIV− individuals found here compared to previous studies. Injection



Table 5
Factors associated with risk of chronic bronchitis in univariable and multivariable Cox regression analysis.

HIV+ HIV−

Univariate analysis Model 1 – current
marijuana smoking

Model 2 – prior
two-year average
marijuana smoking

Univariate analysis Model 1 – current
marijuana smoking

Model 2 – prior
two-year average
marijuana smoking

HR
(95% CI)

p
Value

HR
(95% CI)

p
Value

HR
(95% CI)

p
Value

HR
(95% CI)

p
Value

HR
(95% CI)

p
Value

HR
(95% CI)

p
Value

Marijuana smoking - current
Daily or weekly 1·52

(1·11–2·06)
0·0080 1·54

(1·11–2·13)
0·0093 – 0·80

(0·51–1·28)
0·36 0·66

(0·41–1·07)
0·090 –

Monthly or less 1·00 (Ref.) 1·00 (Ref.) – 1·00 (Ref.) 1·00 (Ref.) –

Marijuana smoking -
prior two-year
average (per 10
days use/month
increase, continuous
variable)

1·10
(1·01–1·19)

0·040 – 1·09
(0·99–1·21)

0·067 0·82
(0·56–1·20)

0·30 – 0·70
(0·47–1·05)

0·083

Tobacco smoking -
prior two-year
average
≥1/2 packs/day 1·74

(1·28–2·35)
0·0003 1·68

(1·23–2·29)
0·0009 – 2·02

(1·41–2·88)
0·0001 2·29

(1·58–3·31)
b0·0001 –

N0–b1/2 packs/day 1·13
(0·77–1·65)

0·54 1·25
(0·84–1·85)

0·27 – 1·12
(0·72–1·74)

0·62 1·25
(0·80–1·96)

0·33 –

0 packs/daya 1·00 (Ref.) 1·00 (Ref.) – 1·00 (Ref.) 1·00 (Ref.) –

Tobacco smoking -
prior two-year
average (per
pack/day increase,
continuous
variable)

1·42
(1·31–1·53)

b0·0001 – 1·35
(1·25–1·46)

0·0001 1·72
(1·55–1·91)

b0·0001 – 2·04
(1·83–2·27)

b0·0001

Baseline calendar year
2001–2014 0·59

(0·45–0·79)
0·0003 0·72

(0·53–0·99)
0·042 0·72

(0·52–0·98)
0·039 0·63

(0·45–0·87)
0·0052 0·64

(0·45–0·90)
0·0097 0·64

(0·46–0·90)
0·010

1996–2000 1·00 (Ref.) 1·00 (Ref.) 1·00 (Ref.) 1·00 (Ref.) 1·00 (Ref.) 1·00 (Ref.)

CD4 count (cells/μL)
b200 1·95

(1·35–2·83)
0·0003 1·84

(1·26–2·67)
0·0015 1·83

(1·26–2·66)
0·0015 – – –

200–349 1·38
(0·99–1·93)

0·058 1·30
(0·93–1·81)

0·13 1·29
(0·93–1·81)

0·13 – – –

350+ 1·00 (Ref.) 1·00 (Ref.) 1·00 (Ref.) – – –

Hazard ratios (HR) for first incident chronic bronchitis report. All models were adjusted by race and education. All covariates were time-varying except baseline calendar year, race, and
education; age was used as the time variable. Continuous variables for prior two-year average marijuana and tobacco smoking were square-root transformed to reduce skewness and re-
ported as back-transformed estimates in their original scale. To adjust for limited follow-up among HIV+ heavy marijuana smokers with education ≤12 years, multivariable models in-
cluded an interaction between marijuana use and education (Model 1: ß = −1·24, p = 0·048; Model 2: ß = −0·88, p = 0·080). HIV+ models evaluated 232 events in 1287
participants with 24,232 person-visits. HIV− models evaluated 192 diagnoses in 1350 participants with 24,996 person-visits.

a Reference category includes former tobacco smokers.
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drug use is a possible risk factor for lung disease among HIV-infected
persons, and polydrug use is common in HIV-infected individuals [11,
21], and we therefore excluded heavy cocaine and heroin users from
our analysis to reduce the potential for competing risks from multiple
inhaled or injected substances.

Limitations of this study include those inherent to longitudinal pro-
spective cohort studies, including thepotential for findings to be specific
to MSM populations recruited by the MACS, and for nonrandom drop-
out and ascertainment biases. Measures of marijuana intake were lim-
ited to self-report during follow-up, with limited detail regarding
exposure prior to MACS enrollment or marijuana potency, source, or
quantity. These concerns are mitigated in part by the use of three sepa-
rate measures of marijuana smoking (current, two-year prior average,
and average smoking in follow-up), all of which were associated with
infectious pulmonary diagnoses and chronic bronchitis in models of
HIV-infected participants. Furthermore, the proportion of daily or
weekly HIV+ marijuana smokers here (27%) is comparable to reports
from other U.S. cohorts of HIV-infected individuals [11]. The use of
self-reported pulmonary symptoms and diagnoses is an additional
potential source of bias, and possible under-representation of specific
non-infectious diagnoses in the MACS, particularly COPD and pulmo-
nary hypertension, has been reported [3]. Most diagnoses were not
assessed from both self-report and ICD-coded sources. This limitation
was mitigated in part because most diagnoses were obtained from ICD
code data, which consists of more specific diagnosis classifications
(72%of the total in bothHIV+andHIV−participants, excluding chronic
bronchitis). Potential ambiguities regarding terminology for diagnoses,
and discordance between highly prevalent pulmonary symptoms and
low rate of pulmonary diagnostic testing among HIV-infected persons
has been noted in other clinical settings [1], and is mitigated here in
part by use of composite diagnoses. The number of diagnoses reported
for several categories, including tuberculosis, lung cancers, and
Pneumocystis pneumonia, was small and lacked statistical power to as-
sess an adjusted association with marijuana or tobacco smoking.

In summary, we found a significant association between long-term
marijuana smoking and risk of infectious lung disease and chronic bron-
chitis in HIV-infectedmen on ART, independent of tobacco smoking and
other risk factors (Tables 3–5). In contrast, we detected no association
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Fig. 2. Cumulative hazards of infectious pulmonary and chronic bronchitis by marijuana and tobacco smoking in HIV+ participants. Estimated cumulative hazard curves from Cox
regression models of (A) infectious pulmonary diagnoses (Table 3, HIV+ Model 1), and (B) chronic bronchitis (Table 5, HIV+ Model 1). Estimates were obtained holding other model
covariates at their mean values; curves were right-truncated at age 65, corresponding to 10% of participants at risk remaining. MJ+ denotes daily or weekly current marijuana
smoking, MJ−, monthly smoking or less, TS+, ≥1/2 pack/day tobacco smoking, prior two-year average, TS−, 0 packs/day tobacco smoking, prior two-year average.
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between marijuana smoking and lung disease among HIV-uninfected
men while controlling for tobacco smoking and other demographic
characteristics. These findings suggest that marijuana smoking is a
modifiable risk factor that healthcare providers should consider when
seeking to prevent or treat lungdisease in people infectedwithHIV, par-
ticularly those with other known risk factors including heavy tobacco
smoking, and low CD4 T cell count or advanced HIV disease. Given in-
creasing trends of regular marijuana smoking among HIV-infected peo-
ple and other high-risk populations in the U.S. and other developed and
developing countries, more studies are needed to evaluate potential
merits of non-smoked rather than smoked forms of marijuana for me-
dicinal and other purposes.
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