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Original Research

Background: Limited data are available regarding marijuana smoking’s impact on the development or progression of chronic 
obstructive pulmonary disease (COPD) in middle-aged or older adults with a variable history of tobacco cigarette smoking.

Methods: We divided ever-tobacco smoking participants in the SubPopulations and InteRmediate Outcomes In COPD Study 
(SPIROMICS) into 3 groups based on self-reported marijuana use: current, former, or never marijuana smokers (CMSs, FMSs or 
NMSs, respectively). Longitudinal data were analyzed in participants with ≥2 visits over a period of ≥52 weeks.

Measurements: We compared CMSs, FMSs, and NMSs, and those with varying amounts of lifetime marijuana use. Mixed effects 
linear regression models were used to analyze changes in spirometry, symptoms, health status, and radiographic metrics; zero-inflated 
negative binomial models were used for exacerbation rates. All models were adjusted for age, sex, race, baseline tobacco smoking 
amount, and forced expiratory volume in 1 second (FEV1) %predicted. 

Results: Most participants were followed for ≥4 years. Annual rates of change in FEV1, incident COPD, respiratory symptoms, health 
status, radiographic extent of emphysema or air trapping, and total or severe exacerbations were not different between CMSs or FMSs 
versus NMSs or between those with any lifetime amount of marijuana use versus NMSs. 

Conclusions: Among SPIROMICS participants with or without COPD, neither former nor current marijuana smoking of any lifetime 
amount was associated with evidence of COPD progression or its development. Because of our study’s limitations, these findings 
underscore the need for further studies to better understand longer-term effects of marijuana smoking in COPD.
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BD=bronchodilator; BMI=body mass index; CanCOLD=Canadian Cohort 
Obstructive Lung Disease; CAT=COPD Assessment Test; CI=confidence 
interval; CMSs=current marijuana smokers; COPD=chronic obstructive 
pulmonary disease; FEV1=forced expiratory volume in 1 second; FMSs=former 
marijuana smokers; FVC=forced vital capacity; GOLD=Global initiative 
for chronic Obstructive Lung Disease; HRCT=high-resolution computed 
tomography; HU=Hounsfield unit; IQR=interquartile range; JYs=joint years; 
mMRC=modified Medical Research Council dyspnea scale; NMSs=never 
marijuana smokers; Pi10=square root of airway wall area for a standardized 
airway of 10 mm internal; %pred=percentage predicted; PRM=parametric 
response mapping; PRMEMPH=parametric response mapping of functional 
small airway disease as measures of emphysema; PRMfSAD=parametric 
response mapping of functional small airway disease; QoL=quality of life; 
SD=standard deviation; SGRQ=St George’s Respiratory Questionnaire; 
SPIROMICS=SubPopulations InteRmediate Outcome Measures In COPD Study
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The effect of marijuana use on lung health has not been 
extensively studied, with most data coming from cross-
sectional1-11 and several longitudinal studies.12-17 While 
a significant association of marijuana smoking with 
symptoms of chronic bronchitis has been reported in most 
studies, associations with changes in lung function or other 
aspects of lung health over time, especially in those at risk 
of or with diagnosed chronic obstructive pulmonary disease 
(COPD), has been less studied. Three of the longitudinal 
analyses of lung function change found no association with 
marijuana use.12,16,17 One found a small forced expiratory 
volume in 1 second (FEV1) decrement over a 20-year period 
in the relatively small number (n=40) of heavy marijuana 
smokers, i.e., ≥20 joint-years (self-reported number of 
joints per day times the number of years smoked)13 and one 
found a decrement in FEV1 only in former but not current 
marijuana smokers.14 Analyzing a subgroup derived from 
the Canadian Cohort Obstructive Lung Disease (CanCOLD) 
study,18 Tan et al found that marijuana smoking was 
associated with worse FEV1 decline over a median of 5.9 
years in comparison with tobacco-only smokers.15 While 
the latter finding mostly related to individuals with a heavy 
marijuana smoking history (hereafter defined as ≥20 joint 
years), the design of this study might have influenced the 
results.19,20 

In a cross-sectional analysis of participants with COPD 
in the SubPopulations and InteRmediate Outcome Measures 
In COPD Study (SPIROMICS) with a tobacco smoking 
history of ≥20 pack years, Morris et al10 reported higher 
values for FEV1 percentage (%) predicted (pred) and a lower 
percentage of emphysema on HRCT images in both former 
marijuana smokers (FMSs) and current marijuana smokers 
(CMSs), compared with never marijuana smokers (NMSs) 
who smoked tobacco only, after adjustments for relevant 
variables. In a preliminary analysis focused on lung function 
change, we recently showed that ever marijuana smoking 
among SPIROMICS participants with ≥3 spirometry visits 
did not have a deleterious impact on FEV1 decline over time 
nor on the risk for developing spirometry-defined COPD in 
tobacco smokers without COPD at baseline.17 However, in 
order to examine the impact of marijuana smoking on the 
progression of respiratory symptoms, health status, HRCT 
metrics, or frequency of exacerbations in addition to the 
change in lung function, we analyzed a larger subgroup 
of SPIROMICS participants with ≥2 spirometry visits and 
an ever marijuana-smoking history as well as a heavy 
marijuana-smoking history (≥20 joint years) compared to 
those with ≥3 spirometry visits as previously reported.17 We 
aimed to determine whether SPIROMICS FMSs and CMSs 
exhibit higher rates of change in respiratory symptoms, 
HRCT metrics, and lung function over time (2–10 years) 
compared to NMSs and whether the reported cumulative 

Introduction

This manuscript has an online data supplement.
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Study Population

SPIROMICS is a prospective cohort study (N= 2979 
participants) aiming to identify new COPD subgroups and 
intermediate markers of disease progression.21 Participants 
were followed annually over 3 years in SPIROMICS I and 
had an additional in-person visit in SPIROMICS II. Enrolled 
participants were 40–80 years old and had either normal 
spirometry and no tobacco-smoking history or had ≥20 pack 
years of tobacco smoking; the latter subgroup was further 
divided based on a post-bronchodilator FEV1 to forced vital 
capacity (FVC) ratio ≥0.70 or <0.70. Current asthma was 
an exclusionary criterion. SPIROMICS was approved by the 
institutional review boards of each individual site prior to 
the enrollment of participants. All participants provided 
informed consent. For the present analysis, data were obtained 
from ever tobacco-smoking SPIROMICS participants who 
had spirometry at the baseline visit and at least one follow-
up visit, reported marijuana use or nonuse at the baseline 
visit, and had no missing covariate information (n=1863). 
These participants were divided into the following 3 groups 
based on their self-reported history of marijuana use: NMSs 
(n=933), FMSs, i.e., no marijuana smoking within the last 
30 days (n=775), or CMSs, i.e., marijuana smoking within 
the last 30 days (n=155). Based on their baseline frequency 
and duration of marijuana use, participants were further 
categorized by their cumulative lifetime history of marijuana 
smoking defined in terms of joint years, calculated as the 
number of joints smoked per day times the number of years 
that marijuana was regularly smoked. Recognizing that 
marijuana is smoked using a variety of devices, we equated 
a bowlful of marijuana smoked via a pipe or a bong to one 
joint. Participants were not asked at the baseline visit about 
alternative modalities of inhaled marijuana such as vaping, 
hookah, and “dabbing.” Patients were also categorized 
into 4 joint-year groups as follows: 0 (n=933, i.e., NMSs); 
>0–<10 (n=314); 10–<20 (n=66); and ≥20 (n=137) joint 
years. Longitudinal data over a period of at least 52 weeks 
were compared between the 3 groups defined by marijuana-
smoking status (NMSs, FMSs, CMSs) as well as between the 
4 subgroups defined by the number of joint years.

Clinical Data 

The study design of SPIROMICS has been described 
previously.21 The data included baseline demographic and 

Methods

clinical characteristics, post-bronchodilator spirometry 
following 2005 American Thoracic Society/European 
Respiratory Society criteria,22 St George’s Respiratory 
Questionnaire (SGRQ) scores,23 the modified Medical 
Research Council (mMRC) scale,24 COPD Assessment Test 
(CAT) scores,25 and exacerbations of COPD, ascertained at 
quarterly follow-up phone visits. HRCT metrics captured 
at enrollment and the 1-year follow-up visit included 
emphysema defined by percentage-voxels <-950 Hounsfield 
units (HU) at total lung capacity (% emphysema), air 
trapping using percentage-voxels <-856 HU at residual 
volume, airway wall thickness at an internal perimeter of 
10 mm (Pi10)26 and parametric response mapping (PRM), 
a dynamic image registration technique assessing extent 
functional small airways disease (PRMfSAD) and emphysema 
(PRMEMPH).27-28

Data Analysis

We used linear mixed-effects models to assess changes in 
continuous outcomes over time: post-bronchodilator FEV1, 
post-bronchodilator FVC, SGRQ total score, CAT score, and 
HRCT metrics. Linear mixed-effects models, specifically 
proportional odds models, were used to assess changes in 
respiratory symptoms over time. 

In assessing whether marijuana use among tobacco-
smoking participants without COPD at baseline increased 
the risk of subsequent development of COPD, the primary 
outcome was time to development of airflow obstruction, 
defined by a post-bronchodilator FEV1/FVC<0.70. Survival 
curves and hazard ratios were computed from models fitted 
with and without covariates. We used zero-inflated negative 
binomial models to compare the rate of exacerbations 
between CMSs, FMSs, and NMSs. Exacerbations were 
classified as moderate (defined as an increase in symptoms 
of COPD requiring treatment with oral corticosteroids 
and/or antibiotics by a health care provider), severe 
(defined as an increase in symptoms of COPD requiring 
hospitalization or leading to death), and total (defined as 
moderate and/or severe exacerbations). To assess dose-
response relationships, the same models were used with the 
primary predictor of interest being categorical joint-year 
history at baseline.

Results

Baseline Characteristics

A consort diagram describing the derivation of the study 
cohort is shown in Figure 1. At enrollment, CMSs, when 
compared with NMSs, tended to be younger and more 
often current tobacco smokers, men, and Black (Table 1 
and e-Table 1 in the online supplement).29 They also had 

lifetime exposure to marijuana would affect these changes. 
In addition, we evaluated whether self-reported marijuana 
smoking among SPIROMICS participants without spirometric 
evidence of COPD at baseline would affect the subsequent 
development of COPD.



237 Marijuana Smoking and COPD in Mid- and Older Life

journal.copdfoundation.org | JCOPDF © 2023 Volume 10 • Number 3 • 2023

For personal use only. Permission required for all other uses.

Figure 1. CONSORT Diagram Showing Selection From the SPIROMICS Cohorta of 1863 
Participants With Known Marijuana-Use Status and At Least 2 Spirometry Measures

an=2979 

SPIROMICS= SubPopulations and InteRmediate Outcomes In COPD Study; PFT=pulmonary function test

fewer exacerbations during the year prior to enrollment, 
had a better FEV1, less frequent airflow obstruction, and 
less emphysema and air trapping, but had similar levels 
of respiratory symptoms. Similar findings were noted in 
comparison of FMSs with NMSs. Due to incomplete reporting, 
calculating the cumulative lifetime amount of marijuana 
use in joint years was not possible for all participants, so 
that the number of those classified by joint-year category 
(n=1450) is lower than that of the total analysis sample. 
Among those with the heaviest marijuana use (≥20 joint 
years), directionally similar baseline differences were noted 
in age, sex, the proportion of Black participants, and current 
tobacco-smoking status compared to those with 0 joint years, 
as were found in comparison between CMSs and FMSs with 
NMSs (Table 2 and e-Table 2 in the online supplement). 

Follow-up Visits

All 3 marijuana use groups (NMSs, FMSs, and CMSs) 
had similar numbers of in-person clinic visits (median 

[interquartile range (IQR)] 3[1–2]) and follow-up time in 
years (mean [standard deviation (SD)] 4.2[2.2]) (e-Table 3 
in the online supplement). All 4 joint-year groups also had 
similar numbers of follow-up clinic visits (median [IQR] 
3[1–2]) and years of follow-up time (mean [SD] 4.2[2.1–2.2]) 
(e-Table 4 in the online supplement). E-Tables 5 and 6 
in the online supplement show the median (25th, 75th) 
number of non-missing follow-up data points for each 
outcome variable by marijuana-smoking status and joint-
year category, respectively.

Marijuana-Smoking Effect on Change in Lung 
Function, Symptoms, and Health Status During 
Follow-Up 

The estimated rates of change in continuous outcomes 
by baseline marijuana-smoking status are shown in Table 
3A. While numerically higher annual rates of FEV1 and 
FVC decline and higher rates of worsening CAT and total 
SGRQ scores were found comparing CMSs (but not FMSs) 
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Ageb

Gender
Male
Female

Race
White
Black
Other

Ethnicity (Hispanic)
Height (cm)b

BMI (kg/m2)b

Tobacco-Use Status
Former
Current

Tobacco Pack Yearsb

Joint Yearsb

Joint Years (categorization)
0 JYs
>0–<10 JYs
10–<20 JYs
≥20 JYs
Missing

GOLD Stage COPD Severityc,d

No Airflow Limitation
GOLD 1: Mild
GOLD 2: Moderate
GOLD 3: Severe
GOLD 4: Very Severe

Spirometric Values
Post-BD FEV1 (L)b

Post-BD FVC (L)b

%pred Post-BD FEV1b

%pred Post-BD FVCb

QoL/Respiratory Symptoms
CAT Scoreb

SGRQ Total Scoreb

SGRQ – Coughe

SGRQ – Sputume

SGRQ – Wheezee

mMRC Scoree

HRCT Metrics
Emphysema (%)b

Air Trapping (%)b

PRMEMPH (%)b

PRMfSAD (%)b

Total Tissue Volume (cm3)b

Airway Wall Thickening (Pi10)b

Exacerbation History (12 months prior)
≥1 Total Exacerbations
≥1 Severe Exacerbations

Table 1. Baseline Participant Characteristicsa by Marijuana-Use Status

Study Population (n=1863) Never (n=933)
64.1 (8.7)

982 (52.7%)
881 (47.3%)

1465 (78.6%)
329 (17.7%)

69 (3.7%)
67 (3.6%)

169.8 (9.6)
27.9 (5.2)

1159 (62.2%)
704 (37.8%)

49.6 (25.8)
7.0 (29.6)

933 (50.1%)
314 (16.9%)

66 (3.5%)
137 (7.4%)

413 (22.2%)

641 (34.4%)
279 (15.0%)
577 (31.0%)
268 (14.4%)

98 (5.3%)

2.1 (0.9)
3.4 (1.0)

74.4 (25.4)
92.1 (17.5)

13.6 (8.3)
31.8 (20.5)

2.0 (3.0)
3.0 (3.0)
4.0 (2.0)
1.0 (1.0)

7.4 (9.7)
23.9 (20.8)

6.2 (9.8)
18.7 (14.4)

879.7 (180.0)
3.7 (0.1)

384 (20.6%)
211 (11.3%)

Former (n=775) Current (n=155)
67.0 (8.0)

462 (49.5%)
471 (50.5%)

758 (81.2%)
149 (16.0%)

26 (2.8%)
 34 (3.6%)
169.1 (9.5)
27.9 (5.0)

634 (68.0%)
299 (32.0%)

52.3 (27.3)
0.0 (0.0)

933 (100.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)

286 (30.7%)
132 (14.1%)
306 (32.8%)
162 (17.4%)

47 (5.0%)

1.9 (0.8)
3.3 (0.9)

71.4 (24.7)
90.3 (17.1)

13.7 (8.3)
32.0 (20.1)

2.0 (3.0)
4.0 (3.0)
4.0 (2.0)
1.0 (1.0)

8.1 (9.8)
26.3 (20.8)

6.9 (9.9)
20.6 (14.3)

861.6 (175.1)
3.7 (0.1)

197 (21.1%)
102 (10.9%)

61.7 (8.3)c

428 (55.2%)c

347 (44.8%)

596 (76.9%)c

141 (18.2%)
38 (4.9%)
28 (3.6%)

170.3 (9.7)c

28.0 (5.3)

455 (58.7%)
320 (41.3%)c

46.9 (22.6)c

14.1 (33.1)

0 (0.0%)
278 (35.9%)

51 (6.6%)
82 (10.6%)c

364 (47.0%)

284 (36.6%)
119 (15.4%)
229 (29.5%)
97 (12.5%)
46 (5.9%)

2.2 (0.9)c

3.6 (1.0)c

76.4 (26.0)c

93.5 (17.8)c

13.4 (8.3)
31.4 (20.7)

2.0 (3.0)
2.0 (3.0)
4.0 (2.0)
1.0 (1.0)

7.2 (10.0)
22.5 (20.7)c

5.9 (10.1)c

17.4 (14.1)c

889.5 (182.4)c

3.7 (0.1)

167 (21.5%)
101 (13.0%)

59.0 (8.8)c,d

92 (59.4%)c

63 (40.6%)

111 (71.6%)c

39 (25.2%)
5 (3.2%)
5 (3.2%)

171.3 (9.5)c 
27.3 (5.2)

70 (45.2%)
85 (54.8%)c,d

46.2 (29.4)c

40.7 (77.7)

0 (0.0%)
36 (23.2%)
15 (9.7%)

55 (35.5%)c,d

49 (31.6%)

71 (45.8%)
28 (18.1%)
42 (27.1%)

9 (5.8%)
5 (3.2%)

2.5 (0.9)c,d

3.8 (1.1)c,d

82.8 (24.2)c,d

95.9 (17.4)c

13.6 (8.9)
32.3 (21.8)

2.0 (3.0)
2.0 (3.0)
4.0 (2.0)
1.0 (1.0)

4.4 (7.0)c,d

17.4 (19.4)c,d

3.5 (7.1)c,d

14.6 (15.0)c,d

939.6 (180.9)c,d

3.7 (0.1)

20 (12.9%)c,d

8 (5.2%)

_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________

aReported as N (%) unless otherwise stated 
bmean (SD)
cp<0.04-0,001 vs. NMSs 

continued on next page
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dp<0.03-0.001 vs. FMSs (p<0.05)
emedian (IQR) 

GOLD 1, 2, 3, 4=GOLD staging of severity of airflow obstruction on spirometry as mild, moderate, severe and very severe29

BMI=body mass index; JYs=joint years; GOLD=Global initiative for chronic Obstructive Lung Disease; COPD=chronic obstructive pulmonary disease; BD=bronchodilator; FEV1=forced expiratory volume in 1 second; 
FVC=forced vital capacity; QoL=quality of life; CAT=COPD Assessment Test; SGRQ=St George’s Respiratory Questionnaire; mMRC=modified Medical Research Council; HRCT=high-resolution computed tomography; 
PRMEMPH=parametric response mapping of functional small airway disease as measures of emphysema;PRMfSAD=parametric response mapping of functional small airway disease; SD=standard deviation; NMSs=never 
marijuana smokers; FMSs=former marijuana smokers; IQR=interquartile range

Marijuana-Use Status
Never
Former
Current

Ageb

Gender
Male
Female

Race
White
Black
Other

Ethnicity (Hispanic)
Height (cm)b

BMI (kg/m2)b

Tobacco-Use Status
Former
Current

Tobacco Pack Yearsb

Joint Yearsb

GOLD Stage COPD Severity
No Airflow Limitation
GOLD 1: Mild
GOLD 2: Moderate
GOLD 3: Severe
GOLD 4: Very Severe

Spirometric Values
Post-BD FEV1 (L)b

Post-BD FVC (L)b

%pred Post-BD FEV1b

%pred Post-BD FVCb

QoL/Respiratory Symptoms
CAT Scoreb

SGRQ Total Scoreb

SGRQ – Coughd

SGRQ – Sputumd

SGRQ – Wheezed

mMRC Scored

HRCT Metrics
Emphysema (%)b

Air Trapping (%)b

PRMEMPH (%)b

PRMfSAD (%)b

Airway Wall Thickening (Pi10)b

Exacerbation History (12 months prior)
≥1 Total Exacerbations
≥1 Severe Exacerbations

Table 2. Baseline Participant Characteristicsa by Joint-Year History
0 JYs (n=933) >0–<10 JYs (n=314)
 
933 (100.0%)

0 (0.0%)
0 (0.0%)

67.0 (8.0)

462 (49.5%)
471 (50.5%)

758 (81.2%)
149 (16.0%)

26 (2.8%)
34 (3.6%)

169.1 (9.5)
27.9 (5.0)

634 (68.0%)
299 (32.0%)

52.3 (27.3)
0.0 (0.0)

286 (30.7%)
132 (14.1%)
306 (32.8%)
162 (17.4%)

47 (5.0%)

1.9 (0.8)
3.3 (0.9)

71.4 (24.7)
90.3 (17.1)

13.7 (8.3)
32.0 (20.1)

2.0 (3.0)
4.0 (3.0)
4.0 (2.0)
1.0 (1.0)

8.1 (9.8)
26.3 (20.8)

6.9 (9.9)
20.6 (14.3)

3.7 (0.1)

197 (21.1%)
102 (10.9%)

10–<20 JYs (n=66) ≥20 JYs (n=137)

_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________

 
0 (0.0%)

278 (88.5%)
36 (11.5%)
60.7 (8.1)

175 (55.7%)
139 (44.3%)

238 (75.8%)
62 (19.7%)
14 (4.5%)
10 (3.2%)

170.7 (9.7)
27.9 (5.3)

183 (58.3%)
131 (41.7%)

47.7 (25.4)
2.7 (2.7)

123 (39.2%)
45 (14.3%)
84 (26.8%)
39 (12.4%)
23 (7.3%)

2.3 (0.9)
3.6 (1.0)

76.2 (27.1)
92.6 (18.2)

13.6 (8.6)
32.6 (21.8)

2.0 (3.0)
2.0 (3.0)
4.0 (2.0)
1.0 (1.0)

7.4 (10.5)
22.9 (21.8)
6.3 (10.8)

17.6 (14.5)
3.7 (0.1)

61 (19.4%)
34 (10.8%)

 
0 (0.0%)

51 (77.3%)
15 (22.7%)

59.1 (8.3)

45 (68.2%)
21 (31.8%)

52 (78.8%)
13 (19.7%)

1 (1.5%)
3 (4.5%)

173.4 (10.1)
27.9 (4.6)

40 (60.6%)
26 (39.4%)
49.4 (32.5)
13.9 (2.3)

32 (48.5%)
11 (16.7%)
14 (21.2%)

5 (7.6%)
4 (6.1%)

2.6 (0.9)
4.1 (0.9)

80.8 (25.8)
98.0 (16.7)

13.6 (8.2)
31.1 (19.8)

2.0 (3.0)
2.0 (3.0)
4.0 (2.0)
1.0 (1.0)

6.4 (8.3)
20.0 (20.7)

4.8 (7.9)
16.0 (16.0)

3.7 (0.1)

9 (13.6%)
5 (7.6%)

0 (0.0%)
82 (59.9%)
55 (40.1%)
57.6 (7.7)c

92 (67.2%)c

45 (32.8%)

92 (67.2%)c

40 (29.2%)
5 (3.6%)
7 (5.1%)

171.7 (9.0)c

28.1 (5.1)

58 (42.3%)c

79 (57.7%)c

42.2 (17.8)c

61.0 (77.3)

59 (43.1%)
15 (10.9%)
42 (30.7%)
13 (9.5%)
8 (5.8%)

2.5 (1.0)c

3.8 (1.1)c

78.3 (25.8)c

93.8 (17.3)c

15.3 (8.8)
34.3 (21.2)

2.0 (3.0)
2.0 (3.0)
4.0 (2.0)
1.0 (2.0)

6.1 (9.5)c

19.2 (20.1)c

5.0 (9.6)c

15.0 (14.0)c

3.7 (0.1)c

33 (24.1%)
18 (13.1%)

continued on next page
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with NMSs, these differences were neither clinically nor 
statistically significant (e-Table 7 in the online supplement). 
Similar rates of change in these parameters were found on 
comparison of FMSs with NMSs. Estimated rates of change 
in continuous outcomes between joint-year-based categories 

were similar across all joint-year groups (Table 3B) and 
between groups (e-Table 8 in the online supplement). 
Estimated annualized FEV1 decline during follow-up by 
marijuana joint years stratified by former and current 
tobacco-smoking history were similar, irrespective of tobacco-

aReported as N (%) unless otherwise stated 
bmean (SD) 
cp<0.04-0001≥20 JYs vs 0 JYs
dmedian (IQR) 

GOLD 1, 2, 3, 4=GOLD staging of severity of airflow obstruction on spirometry as mild, moderate, severe and very severe29

JYs=joint years; BMI=body mass index; GOLD=Global initiative for chronic Obstructive Lung Disease; COPD=chronic obstructive pulmonary disease; BD=bronchodilator; FEV1=forced expiratory volume in 1 second; 
FVC=forced vital capacity; QoL=quality of life; CAT=COPD Assessment Test; SGRQ=St George’s Respiratory Questionnaire; mMRC=modified Medical Research Council; HRCT=high-resolution computed tomography; 
PRMEMPH=parametric response mapping of functional small airway disease as measures of emphysema; PRMfSAD=parametric response mapping of functional small airway disease; Pi10=square root of airway wall area 
for a standardized airway of 10 mm internal; SD=standard deviation; IQR=interquartile range

Spirometric Values
Post-bronchodilator FEV1 (L)
Post-bronchodilator FVC (L)

QoL/Respiratory symptoms
CAT Score
SGRQ Total Score

HRCT Metrics
% Emphysema
% Air Trapping
PRMEMPH (%)
PRMfSAD (%)
Total Tissue Volume (cm3)
Pi10

Table 3. Estimated Yearly Rate of Changea in Continuous Outcomes (A) by Baseline Marijuana-
Use Status and (B) by Baseline Marijuana Joint Years

Baseline Marijuana-Use Status Never (n=933)

 
-0.034 (-0.039,-0.030)
-0.043 (-0.049,-0.036)

0.16 (0.08,0.26)
0.32 (0.14,0.49)

0.32 (0.27,0.37)
0.91 (0.75,1.08)

0.37 (0.311,0.43)
0.63 (0.50,0.77)

-5.16 (-6.069,-4.244)
0.020 (0.019,0.021)

aAt average age at visit 1, average tobacco smoking pack years at visit 1, average %pred FEV1 at visit 1, and reference groups male gender, White race, and not current tobacco smoker at visit 1. Models were fit using 
available case analysis.

Coef=coefficient; CI=confidence interval; FEV1=forced expiratory volume in 1 second; CAT=COPD Assessment Test; SGRQ=St George’s Respiratory Questionnaire; PRMEMPH=parametric response mapping of 
functional small airway disease as measures of emphysema; PRMfSAD=parametric response mapping of functional small airway disease; Pi10=square root of airway wall area for a standardized airway of 10mm internal; 
%pred=percentage predicted

Former (n=775) Current (n=155)

 
-0.032 (-0.037,-0.027)
-0.042 (-0.049,-0.035)

0.17 (0.07,0.26)
0.20 (0.01,0.40)

0.28 (0.22,0.33)
0.93 (0.75,1.119)
0.29 (0.23,0.35)

0.68 (0.531,0.837)
-6.88 (-7.90,-5.86)

0.021 (0.020,0.022)

 
-0.043 (-0.054,-0.033)
-0.050 (-0.067,-0.034)

0.37 (0.15,0.58)
0.35 (-0.09,0.78)

0.30 (0.16,0.43)
0.75 (0.32,1.18)
0.31 (0.16,0.46)

0.521 (0.151,0.891)
-6.39 (-8.83,-3.96)

0.022 (0.019,0.024)

Outcome Coef. (95% CI) Coef. (95% CI) Coef. (95% CI)
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________

(A)

Spirometric Values
Post-bronchodilator FEV1 (L)
Post-bronchodilator FVC (L)

QoL/Respiratory symptoms
CAT Score
SGRQ Total Score

HRCT Metrics
% Emphysema
% Air Trapping
PRMEMPH (%)
PRMfSAD (%)
Total Tissue Volume (cm3)
Pi10

Baseline Marijuana Joint Years (JYs) 0 JYs (n=933)

-0.034 (-0.039,-0.030)
-0.043 (-0.049,-0.037)

0.16 (0.07,0.25)
0.32 (0.14,0.50)

0.32 (0.27,0.37)
0.92 (0.76,1.07)
0.37 (0.31,0.43)
0.64 (0.50,0.77)

-5.18 (-6.07,-4.28)
0.020 (0.019,0.021)

>0–<10 JYs (n=314) ≥ 20 JYs (n=137)

 
-0.033 (-0.040,-0.026)
-0.037 (-0.048,-0.026)

0.26 (0.10,0.41)
0.213 (-0.10,0.52)

0.28 (0.20,0.37)
0.95 (0.67,1.22)
0.27 (0.17,0.37)
0.68 (0.44,0.92)

-6.42 (-8.03,-4.81)
0.020 (0.019,0.022)

 
-0.037 (-0.048,-0.027)
-0.049 (-0.066,-0.033)

0.010 (-0.22,0.24)
-0.035 (-0.50,0.43)

0.31 (0.18,0.43)
1.20 (0.80,1.60)

0.31 (0.16,0.453)
1.03 (0.69,1.37)

-5.37 (-7.70,-3.03)
0.022 (0.019,0.025)

Outcome Coef. (95% CI) Coef. (95% CI) Coef. (95% CI)
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________

(B)

 
-0.039 (-0.054,-0.024)
-0.052 (-0.076,-0.027)

0.10 (-0.24,0.43)
0.39 (-0.289,1.070)

0.29 (0.08,0.49)
0.52 (-0.13,1.16)
0.32 (0.09,0.54)

0.17 (-0.36,0.71)
-8.39 (-12.1,-4.6)

0.021 (0.017,0.026)

Coef. (95% CI)

10–<20 JYs (n=66)
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smoking status (Figure 2). Estimated participant-specific 
yearly changes in odds for worsening respiratory symptoms 
(cough, sputum, wheeze, and dyspnea) during follow-up 
compared to the baseline visit by baseline marijuana status 
and baseline joint years are shown in e-Table 9A and B and 
e-Figures 1 and 2 in the online supplement, respectively. 
The odds over time of more cough and sputum, but not 
more wheeze or dyspnea, were significantly higher in 
CMSs compared to FMSs or NMSs (e-Figure 1 in the online 
supplement), while no significant differences were found 
across the different joint-year categories that included both 
CMSs and FMSs (e-Figure 2 in the online supplement). 
Estimated yearly changes in CAT and SGRQ scores were not 
significantly different across marijuana-smoking status and 
joint-year categories as shown both in Tables 3A and B in 
the online supplement, respectively, and e-Tables 5 and 6 in 
the online supplement, respectively. 

The Effect of Marijuana Smoking on Annual Rate of 
Change in High-Resolution Computed Tomography 
Metrics

Our analysis showed nominally less emphysema, air 
trapping, and functional small airways disease progression 
without statistical significance among CMSs compared to 
NMSs. Similarly, a comparison between NMSs, FMSs, and 

CMSs showed no significantly different changes in HRCT 
metrics, except for unadjusted increased total tissue volume 
loss among FMSs compared to NMSs (Table 3A and e-Table 
7 in the online supplement). No difference in tissue volume 
loss between CMSs and NMSs was found.

Estimated rates of change in HRCT metrics were 
generally similar across all joint-year groups (Table 
3B), except for a higher rate of increase in PRMfSAD on 
comparison of those with ≥20 joint years (coefficient 1.030; 
95% confidence interval [CI]: 0.686,1.375) versus 0 joint 
years (coefficient 0.638; 95% CI: 0.504, 0.771), with a 
between-group difference 0.393 (95% C.I. 0.023, 0.762; 
p=0.037) when unadjusted for multiple testing (e-Table 8 
in the online supplement). 

Rate of Exacerbations

Estimated yearly rates of 1 or more total (moderate and 
severe) or severe exacerbations during the first 365 days or 
the total follow-up period by baseline marijuana-smoking 
status and marijuana joint years are shown in Table 4 A and 
B and e-Figures 3 and 4 in the online supplement. While 
rates of total and severe exacerbations were numerically 
lower among both CMSs and FMSs versus NMSs during 
the first follow-up year, and severe exacerbation rates were 

Figure 2. Estimated Decline in Post-Bronchodilator Forced Expiratory Volume in 1 Second 
Over Time by Marijuana Joint Years at Baseline/Visit 1a

aAverage age, average tobacco-smoking pack years and average %pred FEV1, as well as male sex, White race and current tobacco smoking status at baseline. There were no differences in rate of decline in FEV1 
comparing marijuana pack years for both former and current tobacco smokers.

JYs=joint years; %pred=percentage predicted; FEV1=forced expiratory volume in 1 second
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slightly higher among CMSs versus NMSs during the total 
follow-up period, none of these differences were statistically 
significant (e-Figure 3 in the online supplement). Estimated 
rates of total and severe exacerbations were numerically 
higher among those with ≥20 versus those with 0 joint 
years during the first follow-up year. During the total 
follow-up period, rates of total exacerbations, but not severe 
exacerbations, were slightly higher among those with ≥20 
versus those with 0 joint years. However, none of these 
between-group differences were statistically significant 
(e-Figure 6 in the online supplement).

 
Longitudinal Effect of Marijuana Exposure on the 
Development of COPD 

Estimated hazard ratios for the development of COPD 
during follow-up by baseline marijuana-smoking status and 
joint years among participants without spirometric evidence 
of COPD at baseline are shown in Table 5 and e-Figures 
5 and 6 in the online supplement. The odds of developing 
COPD by spirometric criteria were lower among CMSs and 
FMSs versus NMSs, as well as among those with ≥20 versus 
those with 0 joint years, although these differences were not 
statistically significant.

First 365 Days of Follow-up
Acute Exacerbations
Severe Exacerbations

Total Follow-up
Total Exacerbations
Severe Exacerbations

Table 4. Estimated Yearly Rates of Exacerbationsa by (A) Baseline Marijuana-Use Status and 
(B) Baseline Marijuana Joint Years

Baseline Marijuana-Use Status Never

 
0.57 (0.37,0.87)
0.21 (0.09,0.51)

0.30 (0.26,0.35)
0.13 (0.10,0.17)

aAmong susceptible population at average age at visit 1, average tobacco smoking pack years at visit 1, average %pred FEV1 at visit 1, and reference groups male gender, White race, and not current tobacco smoker at 
visit 1. Models were fit using available case analysis.

JYs=joint years; Coef=coefficient CI=confidence interval; %pred=percentage predicted; FEV1=forced expiratory volume in 1 second

Former Current

 
0.44 (0.28,0.68)
0.16 (0.06,0.41)

0.28 (0.24,0.32)
0.13 (0.10,0.17)

 
0.51 (0.28,0.93)
0.20 (0.06,0.64)

0.30 (0.22,0.38)
0.14 (0.10,0.21)

Outcome Coef. (95% CI) Coef. (95% CI) Coef. (95% CI)
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________

(A)

First 365 Days of Follow-up
Acute Exacerbations
Severe Exacerbations

Total Follow-up
Total Exacerbations
Severe Exacerbations

Baseline Marijuana Joint Years (JYs) 0 JYs

 
0.47 (0.28,0.78)
0.16 (0.05,0.52)

0.30 (0.25,0.35)
0.12 (0.09,0.16)

>0–<10 JYs ≥ 20 JYs

 
0.35 (0.20,0.63)
0.09 (0.02,0.31)

0.30 (0.25,0.37)
0.13 (0.09,0.18)

 
0.53 (0.28,1.02)
0.21 (0.06,0.75)

0.32 (0.24,0.42)
0.11 (0.08,0.17)

Outcome Coef. (95% CI) Coef. (95% CI) Coef. (95% CI)
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________

(B)

 
0.24 (0.10,0.58)
0.08 (0.01,0.44)

0.30 (0.21,0.44)
0.15 (0.08,0.26)

Coef. (95% CI)

10–<20 JYs

N N N

836
836

928
928

666
666

773
773

128
128

155
155

118
118

136
136

54
54

66
66

266
266

313
313

836
836

928
928

N N N N

The increasing prevalence of marijuana smoking among 

Discussion

adolescents and adults,30 including aging adults,31 in the 
wake of a growing number of states legalizing marijuana 
use underscores the need to better understand the impact 
of marijuana use on lung health. This need is particularly 
evident among adult tobacco smokers in their mid- and older 
life who have been understudied previously. The current 
analysis of the pulmonary consequences of marijuana 
smoking in the SPIROMICS cohort of current and former 
tobacco smokers with or at high risk of developing COPD 
is a longitudinal extension of a cross-sectional analysis of 
the baseline findings in the same cohort.10 While the latter 
cross-sectional study failed to identify deleterious effects of 
concomitant marijuana smoking on lung function or baseline 
structural radiographic abnormalities when compared with 
the effect of tobacco smoking alone, it could not answer 
the question of whether marijuana affects changes in these 
outcomes over 1 to several years of follow-up. In addition, 
the current study overlaps to some extent with a recent 
longitudinal analysis focused mainly on the trajectory 
of lung function in SPIROMICS participants limited to 
those with ≥3 spirometry visits.17 By including all those 
participants with ≥2, rather than only ≥3, spirometry visits 
at least 1 year apart, the current study has the advantage 
of including in the analysis larger numbers of CMSs and 
FMSs, most importantly of those heavy MSs with ≥20 joint 
years, in an effort to achieve greater statistical power in 
examining the influence of marijuana smoking on lung 
function decline. Furthermore, the current study examined 
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CMS vs NMS
FMS vs NMS
CMS vs FMS

Table 5. Estimated Hazard Ratiosa of Obstructionb Between Baseline Marijuana-Use Status (A) 
and Baseline Marijuana Joint Years (B)

Comparison Hazard Ratio (95% CI)
0.92 (0.51,1.67)
0.93 (0.65,1.34)
0.99 (0.55,1.77)

Comparison Hazard Ratio (95% CI)
>0–<10 JYs vs 0 JYs
10–<20 JYs vs 0 JYs
≥20 JYs vs 0 JYs
10–<20 JYs vs >0–<10 JYs
≥20 JYs vs 10–<20 JYs

0.72 (0.44,1.17)
0.91 (0.43,1.93)
0.78 (0.40,1.51)
1.27 (0.56,2.86)
0.86 (0.34,2.16)

_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________

(A) (B)

aAmong susceptible population at average age at visit 1, average tobacco smoking pack years at visit 1, average %pred FEV1 at visit 1, and reference groups male gender, White race, and not current tobacco smoker at 
visit 1. Models were fit using available case analysis.
bFEV1/FVC<.70

JYs=joint years; Coef=coefficient CI=confidence interval; CMS=current marijuana smoker; NMS=never marijuana smoker;FMS=former marijuana smoker; %pred=percentage predicted; FEV1=forced expiratory volume in 
1 second; FVC=forced vital capacity

changes in respiratory symptoms and HRCT metrics during 
follow-up that were not included in the previous report.

Our study revealed trends toward higher rates of decline 
in post-bronchodilator FEV1 and worsening CAT and SGRQ 
scores among CMSs (but not FMSs) compared with NMSs 
and contrastingly, smaller rates of change in percentage of 
emphysema and functional small airways disease. However, 
none of these differences were statistically significant. 
Similarly, when we compared different categories of lifetime 
cumulative amounts of marijuana smoking, no significant 
differences were noted in rates of change in lung function, 
CAT or SGRQ scores, or HRCT metrics, except for an increase 
in PRMfSAD among the heaviest marijuana-smoking category 
(≥20 joint years) in comparison to those with 0 joint years. 
It is noteworthy that significantly higher odds of worsening 
cough and sputum were noted among CMSs in comparison 
with both NMSs and FMSs, but not between FMSs and NMSs. 
The latter finding is consistent with previous data showing 
a significant reduction in symptoms of chronic bronchitis 
after cessation of marijuana smoking.32,33 Although some 
numerical differences were noted in rates of exacerbations 
across marijuana-use status and joint-year categories, 
none of the between-group differences were statistically 
significant. Finally, while the probability of subsequently 
developing COPD among tobacco smokers without COPD at 
baseline was lower among CMSs and FMSs compared with 
NMSs, as well as between the heaviest marijuana smokers 
versus those with no history of marijuana smoking, none 
of these differences reached statistical significance. Taken 
together, the aforementioned data failed to demonstrate 
that marijuana smoking of any lifetime cumulative amount 
had a demonstrable effect on changes over time in clinical 
outcomes relevant to COPD, including respiratory symptoms, 
health status, HRCT metrics, or frequency of exacerbations. 

Our failure to find any impact of even heavy marijuana 
smoking (≥20 joint years) on lung function decline in 
ever-tobacco smokers with or at risk of COPD differs 
substantially from the findings of Tan et al.15 The authors 
demonstrated a dose-response effect of marijuana on lung 

function decline in the CanCOLD study subcohort with a 
significantly greater rate of decline in FEV1 only among 
those with ≥20 joint years (40.2 ml/year) compared to those 
who never used marijuana (10.7 ml/year). Surprisingly, 
in the same study, among those with ≥20 joint years of 
marijuana smoking, the rates of FEV1 decline were very 
similar for CMSs and FMSs, compared to NMSs. In contrast, 
the average rate of FEV1 decline among the heaviest former 
tobacco smokers was substantially lower than that of the 
current tobacco smokers. Since tobacco smokers with COPD 
have a substantial reduction in the rate of FEV1 decline 
after sustained smoking cessation,34 the disparate findings 
of Tan et al15 comparing the impact of quitting marijuana 
with that of quitting tobacco is surprising. The absence of 
a difference in the rates of decline between their current 
and former marijuana smoking participants, most of whom 
were dual smokers of marijuana and tobacco, may be a 
reflection of the impact of continuing tobacco smoking 
among those who had quit using marijuana rather than of 
an enduring effect of marijuana among the quitters. It is 
also noteworthy that the number of SPIROMICS participants 
who were particularly heavy marijuana smokers (≥20 
joint years) (n=137) was almost 3 times higher than the 
number of CanCOLD participants with a heavy marijuana- 
smoking history (n=51), suggesting that our analysis of the 
impact of heavy marijuana use on lung function decline 
had greater statistical power. Finally, while the reference 
control group in our analysis of FEV1 decline in relation 
to marijuana smoking consisted of NMSs with a history of 
at least 20 pack years of tobacco smoking, the reference 
group in the analysis reported by Tan et al15 was comprised 
solely of never smokers of either substance. Thus, our aim 
was to examine whether marijuana smoking had an impact 
on the progression or development of COPD in current 
or former smokers of tobacco who already had COPD or 
were at increased risk of developing COPD, while Tan et al 
evaluated whether marijuana smoking led to an accelerated 
decline in lung function in a population of whom 43% were 
nonsmokers of tobacco.
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Our findings are also at odds with the results of 
another recent study by Winhusen et al.1 Using data from 
electronic health records of patients treated in an integrated 
health care system located in Northeast Ohio, the authors 
reported a significantly greater risk for COPD, defined 
using International Classification of Diseases, 9th and 10th 

revisions’ codes, among persons with a diagnosis of cannabis 
use disorder compared to propensity-matched controls in 
a subgroup of patients with a diagnosis of tobacco use 
disorder (adjusted OR 1.44 C.I. 1.56–1.73; p=0.0001). 
These findings imply an additive effect of cannabis on 
top of tobacco use. However, limitations of the latter 
study include misclassification of COPD in the absence of 
spirometry data, suggested by the relatively young average 
age of the authors’ analysis population (42 years) versus 
ours (64 years), as well as the absence of data on the route 
of cannabis administration and the intensity and duration 
of its use. The marked disparity of these results with ours 
underscores the need for additional study.

The possibility of a dose-response impact of marijuana 
exposure is suggested by our finding of a significantly 
larger effect of ≥20 joint years on PRMfSAD in comparison 
with 0 joint years (i.e., NMSs), consistent with a deleterious 
effect of heavy marijuana use on small airways. The latter 
observation is consistent with the recently reported finding 
in a New Zealand birth cohort at age 45 years of an 
association of lifetime cannabis use, adjusted for tobacco 
pack years, with pre-bronchodilator peripheral airways 
resistance and reactance using impulse oscillometry.35 
However, this finding was only significant in women and 
was weaker and no longer significant after bronchodilator 
use. In the same birth cohort at age 45, Hancox et al further 
reported a significant negative association of marijuana joint 
years with forced expiratory flow at 25% and 75% of the 
pulmonary volume, but this association was only significant 
in men.16 A dose-response effect could also be consistent 
with previous findings by Pletcher et al13 who followed a 
cohort of 5015 young adults with a high tobacco-smoking 
prevalence for over 20 years and found no evidence that 
increasing lifetime marijuana exposure adversely affected 
lung function except among those with very heavy lifetime 
exposure (>40 joint years).

The findings of the present study should be interpreted 
in the context of certain limitations. SPIROMICS was not 
specifically designed to examine the effects of marijuana 
smoking, and our analyses were conducted post hoc; 
therefore, this analysis may be underpowered due to a 
relatively small sample size and short duration of follow-
up and our findings should be considered exploratory. 
SPIROMICS did not enroll a random sample, so that our 
results may not be generalizable. Marijuana is inhaled by 
various methods besides smoking a joint, including the 
use of a pipe or bong, hookah, a blunt, dabbing, vaping, 
or administered as edible cannabinoids,36 all of which 

information was not collected at the baseline visit. However, 
the most common mode of inhalation of marijuana is via 
smoking a joint,37 but the amount of marijuana actually 
delivered with each use is highly variable and difficult 
to quantitate so the method we used for quantitating the 
cumulative lifetime amount of marijuana smoked ( joint 
years, or joint-equivalent years) is crude. Besides, marijuana 
use was self-reported and thus, prone to recall or reporting 
biases since marijuana use at some sites was illicit at the 
time of data collection. Our classification of the participants 
with respect to marijuana- and tobacco-use status and 
the lifetime amount of use was based on the information 
collected at baseline that did not take into account changes 
in marijuana or tobacco amount or use status during the 
follow-up period. Moreover, the groups we compared both 
by marijuana-smoking status (CMSs, FMSs, and NMSs) and by 
joint years were quite different, and we could not adequately 
control for all of the differences. Therefore, between-group 
differences in the true amount and modes of exposure to 
marijuana, as well as in socioeconomic differences, might 
explain any effects noted. Finally, since most participants 
with a history of marijuana smoking (n=314/547; 57%) 
were relatively light users (<10 joint years), it is possible 
that the cumulative amount of self-reported marijuana 
exposure was insufficient to have a detectably deleterious 
effect on lung health on top of the impact of a history of 
comparatively heavy tobacco smoking. 

The present study also has several strengths. Participants 
were recruited and followed at 12 geographically varied 
sites nationwide, and women and African Americans were 
adequately represented, suggesting at least some measure 
of generalizability. All participants had extensive baseline 
and longitudinal characterization, allowing assessment of 
multiple clinical outcomes over several years. Spirometry 
and HRCT imaging were performed by strict adherence to 
recommended standards and protocols and were interpreted 
by dedicated reading centers. A relatively large number of 
participants were current marijuana smokers or reported a 
heavy lifetime exposure to marijuana, thereby, allowing for 
an assessment of dose-response relationship.

Conclusions

In a cohort of ever-tobacco smokers of ≥20 pack years with 
established COPD or at risk of developing COPD followed 
over an average of more than 4 years, a history of current 
and/or former smoking of marijuana of any cumulative 
lifetime amount was not found to be associated with a 
significantly deleterious impact on the progression of COPD. 
Among ever-tobacco smokers in the same cohort without 
COPD at enrollment, self-reported current and/or former 
concomitant marijuana smoking, including heavy marijuana 
smoking, was not found to be associated with an increased 
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risk of subsequently developing COPD. However, in view of 
our study’s limitations and of previously published findings 
that conflict with our results, additional studies with larger 
sample sizes and longer duration of follow-up that are 
specifically designed to evaluate this issue are needed for 
a better understanding of potential long-term effects of 
marijuana smoking in persons with or at risk of developing 
COPD.
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