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ARTICLE INFO ABSTRACT

Keywords: Background: With increasing use of cannabis, we need to know if cannabis use and Body Mass Index (BMI) are
Cannabis associated.

BMI

Methods: The Coronary Artery Risk Development in Young Adults Study followed Black and White adults over 30
years with assessments every 2 to 5 years in four centers in the USA. We assessed self-reported current and
computed cumulative cannabis exposure at every visit, and studied associations with BMI, adjusted for relevant
covariables in mixed longitudinal models. We also applied marginal structural models (MSM) accounting for the
probability of having stopped cannabis over the last 5 years.

Results: At the Year 30 visit, 1,912 (58 %) identified as women and 1,600 (48 %) as Black, mean age was 56 (SD
2) years. While 2,849 (85 %) had ever used cannabis, 479 (14 %) currently used cannabis. Overall, participants
contributed to 35,882 individual visits over 30 years. In multivariable adjusted models, mean BMI was signifi-
cantly lower in daily cannabis users (26.6 kg/m?2, 95 %CI 26.3 to 27.0) than in participants without current use
(27.7 kg/mz, 95 %CI 27.5 to 27.9, p < 0.001). Cumulative cannabis use was not associated with BMI. The MSM
showed no change in BMI when stopping cannabis use over a 5-year period (=0.2 kg/m? total, 95 %CI -0.2 to
0.6).

Conclusions: Current cannabis use was associated with lower BMI, but cumulative cannabis use and cessation
were not. This suggests that recreational cannabis use may not lead to clinically relevant changes in BMI and that
the association between current cannabis use and lower BMI is likely due to residual confounding.
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1. Introduction

In the US in 2020, 18 % of the population reported use of cannabis in
the past year. Use among middle and older-aged people is rising [1,2];
from 2016 to 2018 the percentage of US adults >55 years old who re-
ported using cannabis at least once a month increased for women and
men with the greatest absolute increases for those 60-69 years [3]. As
more jurisdictions regulate the use, sale and production of cannabis for
recreational use, health care professionals, consumers, the public, and
policy makers need to be better informed about the health effects of
recreational cannabis use typical of the general population, in early
adulthood and in a middle-aged population [4].

Several longitudinal studies suggested that current cannabis use (i.e.
short-term effects) is associated with lower BMI [5-11], while others
have not [12,13]. Few studies have examined the effects of cumulative
cannabis use over lifetime (i.e. long-term effects) on BMI. These studies
found no association between cumulative use of cannabis and BMI
[6-10,13,14]. Associations between cumulative exposure to cannabis
from early adulthood until late middle-age and BMI have never been
studied. Associations between current and cumulative cannabis are
obviously hard to disentangle, as they are closely correlated. If current
cannabis exposure was a cause of lower BMI, with a direct effect of
cannabis on BMI, one would expect a lower BMI in current users, with a
gain in weight once people stop using it, similarly to tobacco smoking.
The scientific evidence on the association between tobacco use and BMI
is clearer than for cannabis and BMI. Current tobacco smoking (i.e.
short-term effects) is associated with lower BMI in adults [15-17], but
smoking cessation, and cumulative tobacco exposure (i.e. long-term
effects), are both associated with weight gain: long-term smokers and
ex-smokers tend to gain more weight over time than never-smokers,
possibly due to disturbances in metabolism [16-18]. Disentangling
exposure to tobacco and cannabis is also a challenge. Cannabis smokers
may also smoke tobacco or mix tobacco with cannabis in joints (“mul-
ling”). Data from a cohort in the USA, where a large proportion of
cannabis users are not exposed to tobacco, represents a unique oppor-
tunity to study the association between cannabis and BMI.

We aimed to determine the association between current and cumu-
lative cannabis use and BMI in a large community-based cohort followed
over three decades, with multiple assessments of cannabis exposure,
BMI, and a rich set of assessed covariables in multiple statistical
modelling approaches. We further explored whether associations may
differ by sex and race and whether changes in current cannabis use leads
to changes in BMI, applying statistical approaches aiming at estimating
causal effects, such as marginal structural models. We finally contrast
these findings on cannabis use with those from tobacco use. We hy-
pothesized that current and cumulative cannabis smoking was associ-
ated with lower BMI and that cannabis cessation was associated with
weight gain.

2. Methods
2.1. Population

We used data from the Coronary Artery Risk Development in Young
Adults (CARDIA) Study, a cohort of 5115 self-identified Black and White
women and men, aged between 18 and 30 years at baseline in four study
sites in the USA (Birmingham, AL, Chicago, IL, Minneapolis, MI, Oak-
land, CA) over 30 years. The study strove for an approximately balanced
sampling of participants by race, sex, education, and age at each site.
Participants were examined in up to nine clinic visits over the study
period (Year 0 was 1985/86; Year 30 was 2015/2016). All participants
granted informed consent before entering the study and at each follow-
up visit. All study protocols were approved by the institutional review
boards at each site.
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2.2. Cannabis exposure

Multiple cannabis use variables are available for all nine visits
(baseline, and follow-up Years 2, 5, 7, 10, 15, 20, 25, and 30). Current
cannabis use was assessed by the following survey question: “During the
last 30 days, on how many days did you use cannabis?” Direct self-
reported lifetime exposure was assessed by the question: “About how
many times in your lifetime have you used cannabis?” We computed
current use and baseline lifetime use as cannabis-years: 1 year of
exposure was equivalent to 365 days of cannabis use. We assumed that
current use at each visit (the number of days of cannabis use in the
month before the visit) reflected the average number of days of use
during the months before and after each visit. We imputed values for
missing visits from the closest visit to the missing value, if the partici-
pant was not definitely lost to follow-up. We estimated cumulative
lifetime use by totaling the number of days the participant used cannabis
during follow-up. We adjusted our estimate upwards whenever partici-
pants self-reported higher lifetime use than we computed for each visit
[19-22]. Cannabis use in the 24 h before the visit was queried at base-
line and at the Years 2, 5, and 30 visits: “Did you use cannabis in the last
24 h?” (See online Appendix for a more detailed explanation of
computing cannabis exposure).

2.3. BMI measures

Participants were weighed in light clothing without shoes on a
calibrated balance beam scale (to the nearest 0.2 kg). Height was
measured with a vertical ruler (to the nearest 0.5 cm), without shoes as
well [23]. BMI was calculated as weight (in kg) divided by height
squared (in m).

2.4. Covariables

We used the number of daily smoked tobacco cigarettes at every
visit, enriched by yearly phone follow-ups, and cumulative lifetime
exposure to tobacco cigarettes in pack-years [24]. Occasional smoking
was not queried in CARDIA. Education (in years) was the highest
educational grade the participant reached by each visit. Physical activity
was measured at every visit; participants were asked how much time per
week they spent in 13 categories of leisure, occupational, and household
physical activities over the past 12 months [25]. We included use of
corticosteroids, current and cumulative alcohol use (1 drink-year cor-
responding to 365 days/year x 1 drink/day, see online Appendix) [19],
binge drinking episodes, and current exposure to cocaine and amphet-
amine. These variables were collected at each CARDIA examination. At
three visits (Years 0, 7, 20), CARDIA collected information on total
caloric intake (self-reported) [26].

2.5. Statistical analyses

For each visit, we used descriptive statistics to compare participants’
BMI at different levels of current and cumulative cannabis use. We used
linear mixed models with correlated random participant-specific in-
tercepts and slopes to account for within-individual correlation of
repeated measures and to model individual departures from the trajec-
tories determined by the fixed effects. Age and visit were modeled as
fixed effects and included in our multivariable adjusted model as
random effects to identify time-dependent trends.

Firstly, we fitted unadjusted models with fixed effects separately for
current cannabis use (days of cannabis use within the last month), or
cumulative cannabis use (cannabis-years of exposure) excluding current
use (thus including only participants with past cannabis use). Secondly,
we fitted minimally adjusted models, including fixed effects for the
covariables used in CARDIA to achieve balanced sampling (age, race,
sex, study site, years of education). Thirdly, we fitted fully adjusted
models. We added fixed effects for cumulative cannabis and tobacco use
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to models on current cannabis use, current tobacco, alcohol, physical
activity, use of corticosteroids, and current cocaine and amphetamines
use and tested the interaction between cannabis and tobacco and BMI.
To confirm results and explore causality, we applied marginal structural
models that accounted for the probability of stopping cannabis use in a
counterfactual statistical approach, adjusted for all variables previously
mentioned [27]. We used inverse probability of attrition weights
(IPAWSs) accounting for lost to follow-up and censoring due to death
separately to minimize potential bias by informative censoring related to
cannabis use and BMI [21,22,24].

We conducted sensitivity analyses. First, we ran models excluding
current tobacco smokers or ever tobacco smokers. Second, we stratified
analyses by sex and race. Third, we included caloric intake in the
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multivariable adjusted model for current cannabis use (available for
visit Years 0, 7, and 20).

We conducted secondary analyses. We aimed at replicating the
methods used for cannabis exposure to assess the association between
tobacco use and BMI in CARDIA. If we can replicate results from the
existing literature when modeling the association between tobacco use
and BMI in CARDIA, this would support findings of our analyses on
cannabis and BMI. We created models with current tobacco smoking
(cigarettes per day) and cumulative tobacco use (tobacco pack-years)
that excluded current smokers as main predictors, using similar cova-
riables as in the cannabis models. To confirm our results and assess
causality, we applied marginal structural models that accounted for the
probability of stopping smoking tobacco in a counterfactual design [27].

Table 1
Baseline characteristics of 3351 CARDIA participants with BMI measurement at Year 30 visit, overall and by never/ever tobacco smoking.
Overall Never Tobacco Smoker Ever Tobacco Smoker p-
N = 1708 (51 %) N = 1643 (49 %) value®
Year 30 Characteristic Never Past Current Never Past Current
cannabis use”  cannabis cannabis use”  cannabis use”  cannabis cannabis use”
use” use”
N (row%) 3351 433 (13) 1159 (35) 116 (3) 69 (2) 1211 (36) 363 (11)
Demographics 56 (52;58) 54 (51; 58) 56 (53; 58) 55 (52; 58) 57 (53; 59) 56 (53; 58) 55 (52; 58) 0.001
Age, median (Q1; Q3), years
Race/sex, N (col%)" 956 (29) 156 (36) 314 (27) 16 (14) 33 (48) 338 (28) 99 (27) <0.001
- Black women
- Black men 644 (19) 70 (16) 186 (16) 25 (22) 11 (16) 245 (20) 107 (29)
- White women 956 (29) 105 (24) 363 (31) 19 (16) 15 (22) 378 (31) 76 (21)
- White men 795 (24) 102 (24) 296 (26) 56 (48) 10 (14) 250 (21) 81 (22)
Educational attainment, median (Q1; Q3), 16.0 (14.0;  16.0 (14.0; 16.0 (15.0; 16.0 (15.0; 16.0 (13.0; 15.0 (14.0; 14.0 (12.0; <0.001
years 18.0) 18.0) 18.0) 17.0) 18.0) 17.0) 16.0)
Study center, N (col%) 753 (22) 185 (43) 221 (19) 10 (9) 36 (52) 258 (21) 43 (12) <0.001
- Birmingham, AL
- Chicago, IL 744 (22) 113 (26) 243 (21) 22 (19) 14 (20) 292 (24) 60 (17)
- Minneapolis, MI 860 (26) 82 (19) 254 (22) 25 (22) 12 (17) 357 (29) 130 (36)
- Oakland, CA 994 (30) 53(12) 441 (38) 59 (51) 7 (10) 304 (25) 130 (36)
Substance use exposure 0.2 (0;1.8) - 0.2 (0; 0.2) 5.4(1.5;13.1) - 0.8(0.2;1.9) 6.8 (2.5;12.2) <0.001
Lifetime cannabis exposure among ever
cannabis users, median (Q1; Q3), cannabis-
years®
Tobacco smoking, N (col%) <0.001
- Never smokers 1708 (51) 433 (100) 1159 (100) 116 (100) - - -
- Former smokers 1154 (34) - - - 59 (86) 876 (72) 219 (60)
- Current smokers 489 (15) - - - 10 (14 335 (28) 144 (40)
Lifetime tobacco exposure among ever smokers, 0(0;7) - - - 1(0;12) 7 (1;17) 10 (2; 21) <0.001
median (Q1; Q3), pack-yearsd
Alcohol use 10 (2; 27) 1 (0; 5) 7 (1; 20) 27 (7; 43) 2(0;11) 15 (5; 34) 25 (10; 51) <0.001
- Cumulative alcohol use among ever
drinkers, median (Q1, Q3), drink-years®
Current amphetamine and/or cocaine use, N 69 (2) 0(0) 10 (1) 7 (6) 1 22 (2) 29 (8) <0.001
(col%)
Physical activity 259 (121; 211 (85; 406) 277 (141; 388 (191.7; 148 (49; 247 (110; 261 (142; <0.001
Physical activity score, median (Q1; Q3), 465) 493) 637.2) 361.5) 441) 486)
exercise units’
Drug use 23 (1) 5(1) 3(0) 0 (0) 1M 9 (1) 5(1) 0.140
Corticosteroids, N (col%)
BMI, median (Q1; Q3), kg/m? 29.4 (25.4;  31.4(26.9; 29.1 (25.3; 28.9 (25.5; 28.1 (25.0; 29.3 (25.3; 28.9 (25.1; <0.001
34.2) 36.2) 34.0) 33.2) 35.9) 33.8) 32.6)

Abbreviations: BMI, body mass index (weight in kilograms divided by height in meters squared); CARDIA, Coronary Artery Risk Development in Young Adults study;;
N, number of participants; Q1, Q3: 1st and 3rd quartile (percentile 25 and 75); SD, standard deviation; y, years.

2 The CARDIA study sampled roughly equal numbers of self-identified white men, white women, Black men, and Black women [1].

b Based on the answer to these questions: “Have you ever used marijuana?” and "During the last 30 days, on how many days did you use marijuana?”.

¢ Cumulative lifetime cannabis use in cannabis -years: 1 cannabis -year of exposure is equivalent to 365 days of cannabis use (1 year x 365 days per year) [2].

4 Cumulative lifetime tobacco smoking in pack-years: 1 pack-year of exposure equivalent to 7300 cigarettes (1 year x 365 days/y x 1 pack/d x 20 cigarettes/pack)
[2].

¢ Cumulative alcohol use in terms of drink-years: 1 drink-year is the total amount of ethanol consumed by a person who had 1 alcoholic drink per day for 1 year (1
drink-year = 17.24 ml of ethanol/drink x 1 drink/d x 365 days/y = 6292.6 ml of ethanol).

f Physical activity measured with the CARDIA Physical Activity History questionnaire, which asks how much time per week was spent in 13 categories of leisure,
occupational, and household physical activities over the past 12 months [3]. The Physical activity score is based on the following equation: Sum over (moderate, heavy
or all) activities of intensity x (number of month of infrequent activity + 3 x number of months of frequent activity). female/male: low physical activity Score:
<149/<278; high physical activity Score: >468/>700.

8 P-values are from Kruskal-Wallis rank test for age, years of education, cannabis-years, pack-years, drink-years, physical activity, and from a y2 test for race and sex,
study site, current cannabis and smoking status, illicit drug use categories, and current corticosteroids use.
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Tests of statistical significance were two-tailed; alpha level was 0.05. All
analyses were conducted with Stata version 14.2 (StataCorp LP, College
Station, TX, USA).

2.6. Role of the funding source

The National Heart, Lung and Blood Institute contributed to the
design and conduct of the CARDIA Study. The CARDIA P&P committee
reviewed and approved this manuscript and its scientific content prior to
submission.

3. Results
3.1. Population

The 5115 participants at baseline provided data for 35,882
participant-visits over 30 years. Of the 3351 participants with available
data on BMI and current and cumulative cannabis use and tobacco
smoke at the Year 30 follow-up visit, 1912 (58 %) were women and 1600
(48 %) were Black; 2849 (85 %) participants declared they had ever used
cannabis, and 479 (14 %) currently used cannabis (Table 1). For par-
ticipant’s characteristics at baseline, see Appendix Table 1. For distri-
bution of cannabis use over time, see Appendix Fig. 1.

3.2. Association between current and cumulative cannabis use and BMI

The mean BMI over all visits in never cannabis user and never
smokers was 26.1 kg/mZ2 In unadjusted models that included all
participant-visits, the mean BMI was 26.7(95 % Confidence Interval:
26.5 to 26.8) in never or past cannabis users (no use in last 30 days) and
24.8 (95 % CL: 24.5 to 25.1, overall p < 0.001) in daily cannabis users.
After full multivariable adjustment, the mean BMI was 27.7 (95 % CI:
27.5 to 27.9) in never or past cannabis users (no use in last 30 days) and
26.6 (95 % CI: 26.3 to 27.0, overall p < 0.001) in daily users (Table 2). In
multivariable adjusted models that excluded current users, cumulative
cannabis use was not associated with BMI (Table 2). The associations
between current or cumulative cannabis use and BMI as continuous

Table 2
Association between BMI and current and cumulative exposure to cannabis.
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outcomes are presented in Fig. 1.

3.3. Exploratory analysis examining the association of cannabis cessation
on BMI

The outputs from an MSM showed no change in BMI when partici-
pants reported no current cannabis use at subsequent visits (p=0.2 kg/
m2over 5 years, 95 % CI —0.2 to 0.6 kg/m?). This corresponds to an
average weight difference of 0.6 kg (95 % CI —0.6 to 1.8 kg) for a person

1.75 m tall.
3.4. Sensitivity analyses

We found current tobacco use to significantly interact on the asso-
ciation between current cannabis and BMI (p < 0.001). In models that
excluded current tobacco smokers, our results were similar to the models
that included current tobacco smokers. In models excluding current
tobacco smokers, the mean BMI was 27.4 (95 % CI: 27.3 to 27.6) in those
not currently using cannabis and 26.7 (95 % CI: 26.3 to 27.2, overallp =
0.001) in those using cannabis daily (30 days/month, Appendix
Table 2). In models excluding ever tobacco smokers (N participant-visits
included=18,967), the mean BMI was 27.4 (95 % CI: 27.1 to 27.6) in
those not currently using cannabis and 26.9 (95 % CI: 26.1 to 27.7,
overall p = 0.22) in those using cannabis daily (30 days/month, Ap-
pendix Table 2). The tests for interaction terms between sex, race, or
across the four sex-race strata (Black women/Black men/White women/
White men) on the association between cannabis and BMI were not
statistically significant. We found no qualitative difference in the mea-
sure of association between cannabis use and BMI in stratified analyses.
We observed that current cannabis use was associated with lower BMI in
analyses stratified by women and men, or Black and White participants
(Appendix Table 3). Cumulative cannabis use was not associated with
BMI in any sex-race strata (Appendix Table 3). We found that adjusting
models for caloric intake (available for three visits) did not alter results
(Appendix Table 4).

Cannabis exposure BMI, unadjusted”(95 p-

% CI) value*

BMI, adjusted for demographics  p- BMI, fully adjusted and ~ p-
“(95 % CI) value® IPAW* value’
(95 % CI)

Current cannabis exposure (days of cannabis use
within the last 30 days)”
N = 35,882"

- At 0.5 cannabis-years
- At 1 cannabis-year
- At 5 cannabis-years
- At 10 cannabis-years

27.7 (27.5 to 27.9)
27.6 (27.5 to 27.8)
27.2 (26.9 to 27.6)
26.8 (26.1 to 27.4)

- At 0 days/month 26.7 (26.5 to 26.8) <0.001
- At 5 days/month 26.4 (26.2 to 26.5)
- At 15 days/month 25.7 (25.5 to 25.9)
- At 30 days/month 24.8 (24.5 to 25.1)
Cumulative exposure to cannabis (in cannabis-years)",
excluding current users
N = 29,668"
- At 0 cannabis-years 27.7 (27.6 to 27.9) 0.007

27.0 (26.8 to 27.1) <0.001 27.7 (27.5 to 27.9) <0.001
26.8 (26.7 to 27.0) 27.5 (27.3 to 27.7)

26.5 (26.3 to 26.7) 27.2 (26.9 to 27.4)

26.0 (25.7 to 26.3) 26.6 (26.3 to 27.0)

27.6 (27.5 to 27.8) 0.009 28.4 (28.2 to 28.6) 0.9

27.6 (27.4 to 27.8)
27.5(27.4 to 27.7)
27.2 (26.8 to 27.5)
26.7 (26.0 to 27.4)

28.4 (28.2 to 28.6)
28.4 (28.2 to 28.6)
28.4 (27.8 to 29.0)
28.4 (27.2 to 29.5)

@ Current exposure to cannabis assessed through the question, “During the last 30 days, on how many days did you use cannabis?”.

b Composite number of participant-visits used in the mixed model.

¢ Cumulative exposure to cannabis expressed in cannabis-years, with 1 cannabis-year of exposure equivalent to 365 days of cannabis use.

4 P_values are from a Wald test.

* Main predictors (current cannabis use, cumualtive cannabis use) modeled flexibly. The unadjusted model includes visit as covariable, as our mixed model pooled
multiple participant-visits. With increasing visit number, participant got older, and thus accumulated a higher amount of cannabis-years, while also increasing their
BMI, thus creating a spurious association. We then present results adjusted for demographics (sex, race, age, education years, study center) and finally, for current and
cumulative alcohol and tobacco use, current use of amphetamines and/or cocaine, total physical activity score, and exposure to corticosteroids. Use of inverse
probability of attrition weights (IPAW) in the multivariable adjusted model in oder to account for potential informative censoring during follow-up from lost to follow-

up and death, separately.
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Current cannabis exposure

Overall p<.001

Difference in BMI

0 5 10 15 20 25 30
Days of cannabis use in last 30 days
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Cumulative cannabis exposure excluding current use

Overall p=.5

1

Differen%e in BMI

-1

T T T T T

0 2 4 6 8 10
Cumulative exposure in Cannabis-Years

Fig. 1. Association between BMI and current and cumulative cannabis use (current users omitted for the cumulative exposure analysis due to collinearity).
Results from multivariable adjusted mixed longitudinal models, using splines with three knots, and censoring participants with incident cardiovascular disease for
current and future visits. Adjusted for demographics (sex, race, age, education years, study center), current and cumulative alcohol and tobacco use, cumulative
alcohol use and binge-drinking episodes, current cocaine and amphetamine use, total physical activity score, and exposure to statins. Use of inverse probability of
censoring weights in oder to account for missing follow-up data. Cumulative exposure to cannabis expressed in cannabis-years, with 1 cannabis-year of exposure
equivalent to 365 days of cannabis use, adjusting for current cannabis use. N included person-visits = 35,882.

3.5. Association between current and cumulative tobacco use and BMI

At Year 30, 489 participants (15 %) reported smoking tobacco. In
multivariable adjusted models, the mean BMI was 27.4 (95 % CI: 27.2 to
27.5) in those not smoking tobacco and 26.5 (95 % CI: 26.3 to 26.8,
overall p < 0.001) in those smoking 20 cigarettes per day (Appendix
Table 5). Cumulative exposure to tobacco was associated with higher
BMI (28.4; 95 % CI: 27.7 to 29.1 for 20 packyears) than never smoking
(BMI 27.3; 95 % CI: 27.1 to 27.5, overall p < 0.013) in multivariable
adjusted analyses that excluded current smokers. The associations be-
tween tobacco smoking and BMI as continuous outcome are presented in
Appendix Fig. 2.

3.6. Exploratory analysis examining the association of tobacco cessation
on changes in BMI

The outputs from an MSM showed higher BMI when participants
stopped smoking tobacco (p=1.32 kg/m?, 95 % CI 0.7 to 1.9).

4. Discussion

Current cannabis use was associated with lower BMI, but cumulative
cannabis exposure was not. The difference in BMI between daily
cannabis users and never-users was low (—1.1 kg/m?), corresponding to
a < 5 % difference. Cessation of cannabis use during follow-up left BMI
unchanged, suggesting that our finding of lower BMI in current users
may have been at least partly due to residual confounding from
comparing current or past cannabis users to never users, who diverge on
a range of socio-demographic and behavioral covariables. Comparing
current users over multiple visits to participants who reported not
currently using cannabis anymore enables to provides a more reliable
sample of participants for analyses on the associations between current
cannabis use and BMI. The association between cannabis and lower BMI
was similar in Black and White participants, and men and women.
Additionally adjusting for caloric intake did not change results. In
contrast, as expected from the existing literature, current tobacco use
was associated with lower BMI, cumulative tobacco exposure with
increased BMI, and tobacco cessation appeared to lead to increased BMI.

Several studies of adult cohorts also found that BMI was lower in
current cannabis users compared to never users. A 2019 study included
650 current cannabis users in the US and found their BMI was 0.35 kg/

m? lower than the BMI of non-users [6]. In an all-male US study (253
participants followed prospectively from age 7 to 32), authors found
BMI was lower in participants with higher cumulative exposure to
cannabis, but the study did not factor in current cannabis use [7]. A
Swedish study of 18,000 study participants followed over 8 years
showed that past cannabis users gained more weight than participants
continuing to use cannabis, but no more than never cannabis users [8]. A
study within the Dunedin birth cohort (1037 participants, followed to
age 38 in New Zealand) found cumulative cannabis use was associated
with lower BMI, but also did not factor in current use [14]. A US cohort
study from 2013 including 4657 participants showed smaller waist
circumference in cumulative users with the last cannabis use at least 1
month ago [28]. A birth cohort in Australia (2566 participants followed
until age 21) found those who had used cannabis were less likely to have
a BMI >25 kg/m2 than never users [9], but an earlier analysis of the
CARDIA cohort that included 15 years of follow-up found no association
between cumulative cannabis use and BMI [13]. Another CARDIA
analysis after the 25-year follow up showed no association between
either cumulative or current cannabis use and total abdominal, visceral,
subcutaneous or intermuscular adipose tissue [20].

Many studies tried to find explanatory factors when finding or
refuting an association between cannabis use and BMI in observational
settings [6,7,29]. We noted that BMI did not increase more over time in
participants who stopped using cannabis compared to ongoing cannabis
users, which suggests that the association between current cannabis use
and lower BMI might not be causal; it is likely due to residual con-
founding. In their all-male study, Meier et al. showed that people with
lower BMI as children were not more likely to start using cannabis, and
did not have a healthier lifestyle (measured as consumption of more fruit
and vegetables or lower alcohol intake) [7]. Though it is likely that
people who use cannabis regularly differ from non-users in further as-
pects, we could not account for all potential factors, as is the case in
many, if not all observational studies, in our multivariable adjusted
models. To compare people who used cannabis in the past to those who
currently use cannabis (as we did in our marginal structural model) is
less likely to introduce bias than comparing never users with current
users (as most other researchers have done in their regression models).
Given the complexity of disentangling the predictors of cannabis use
with the potential covariables confounding the association between
cannabis and BMI, we argue that researchers should refrain from trying
to find simple and clear explanatory models to test the potential
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association of cannabis on BMI when analyzing data from observational
cohorts. Such explanatory models should be reserved for studies able to
adequately measure exposure to cannabis and then test its potential
association with BMI, as is the case in randomized controlled trials.

Because some studies show lower BMI levels among cannabis users,
the pharmaceutical industry developed and tested rimonabant, a
Cannabinoid-1 receptor (CB1) agonist that mimics A9-tetrahydrocan-
nabinol (THC), the psychoactive substance in cannabis [30]. Chronic
stimulation of CB1 receptors with rimonabant downregulates the CB1
receptor, apparently reducing energy storage and increasing metabolic
rates, which appears to result in weight loss [29-33]. Rimonabant was
designed as a therapy for weight loss and though users averaged a 10 %
reduction in weight in a large RCT, major adverse psychological events
led to having rimonabant withdrawn from the European market in 2008
[34]. Unlike giving rimonabant to participants in the context of an RCT,
where the effects of rimonabant can be modeled and carefully studied,
the study of the effects of cannabis use on BMI not within the context of
an RCT in the general population is highly challenging.

Our study has several limitations. We did not have data collected on
the type of cannabis or cannabis derived product used by participants,
its potency, and the mode of use, any of which could affect outcomes
[34]. We restricted the analyses to data collected in CARDIA up to year
30 in order to limit the potential change in availability of alternative
cannabis delivery methods. At year 35, CARDIA collected the mode of
use for cannabis, where 82 % reported smoking cannabis. CARDIA
measures cannabis use through self-reports and does not biochemically
validate participants’ claims, so especially where cannabis remains
illegal, participants may under-report use. Nevertheless, CARDIA pre-
sented the illicit drug form in a closed folder and staff were instructed
not to look inside the filled-out form. Furthermore, CARDIA participants
reported substantial amounts of recreational drug use on this form, as
they have become well acquainted with the form and the fact that it is
kept completely private at the individual level. We could confirm known
effects of current, cumulative and cessation of tobacco on BMI with our
modeling approach, which we believe gives credibility to our estimates
on the association between current cannabis use and BMI. Since cu-
mulative exposure to cannabis was extrapolated from information pro-
vided every 2 to 5 years, it may not have been accurate, but seems to be
representative of the typical distribution of cannabis use intensity in the
USA.

5. Conclusion

Current cannabis use was associated with lower BMI, but cumulative
cannabis exposure was not. BMI did not increase with cannabis cessa-
tion, suggesting that recreational cannabis use may not result in clini-
cally relevant changes in BMI and that the association between current
cannabis use and lower BMI can likely be explained by residual con-
founding. We were able to confirm the known association between to-
bacco exposure and BMI when applying our methods used to examine
the association between cannabis and BMI to tobacco. This should
reassure health authorities, medical professionals, and the public, that
increases in cannabis use in the general population might not lead to
higher BMI, but also dampen enthusiasm that cannabis use might be
solution to the obesity epidemic.
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