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Abstract

Background: Pre-clinical studies indicate increased food intake and weight gain as
cannabinoid effects. Cross-sectional epidemiological studies, however, indicate lower
prevalence of obesity among cannabis users. Here, we aim to study the weight-gain
research question in the prospectively conducted National Epidemiologic Survey on
Alcohol and Related Conditions (NESARC).

Methods: NESARC was designed to produce nationally representative estimates for
the US population. Participants (aged 18+) completed computer-assisted personal inter-
views on cannabis use, body weight and height at Waves 1 (W1, 2001-02) and 2 (W2,
2004-05). General linear modelling yields estimates for change in body mass index (BMI)
regressed on cannabis-use status, with covariate adjustment based on a conceptual
model for BMI determinants (n= 33 000).

Results: At W2, 77% of the participants never used cannabis, 18% had discontinued use
("quit’), 3% were initiates and 2% were persistent users. Estimated W1-to-W2 BMI change
shows an increase for all subgroups. Compared with never-users (reference), inverse
slope estimates and attenuated change (%) in BMI between W1 and W2 are seen for
cannabis-use subgroups: quitters [f=-0.81; 95% confidence interval (Cl)=-1.01, -0.601,
initiates (f=-0.97; 95% Cl=-1.36, —0.57) and persistent users (f =-1.26; 95% Cl=-1.81,
-0.72).

Conclusion: This new prospective study builds from anecdotes, pre-clinical studies and
cross-sectional evidence on inverse associations linking cannabis use and obesity and
shows an inverse cannabis—-BMI increase association. Confirmatory studies with rigorous
cannabis and BMI assays will be needed.
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Key Messages

change in body mass index in Wave 2 was 2.7%.

¢ Activation of the cannabinoid receptors in animal models is associated with increased food intake and weight gain.
* Cross-sectional epidemiological studies in humans indicate lower prevalence of obesity in cannabis users.
* In the prospectively conducted US National Epidemiologic Survey on Alcohol and Related Conditions, the mean

* Evidence shows attenuated body mass index gain for cannabis-use subgroups when compared with never-users.

Introduction

Exogenous cannabinoids are a group of related compounds
derived from the cannabis plant commonly known as mari-
juana. User anecdotes suggest that cannabis use promotes
appetite. In addition, increased caloric intake among can-
nabis users when compared with non-users has been docu-
mented in both cross-sectional and prospectively gathered
human epidemiological studies.”

Receptors of the cannabinoid system (CB1R and CB2R)
have attracted scientific interest beyond cannabis use due
to their versatile functions, including roles in modulating
food intake and energy metabolism.” In pre-clinical stud-
ies, the administration of CB1R antagonists reduced food
intake and body weight in rodent models.*

If cannabis use activates the cannabinoid receptors, the
higher caloric intake and the lower physical activity levels
among users’ might lead one to expect a positive associa-
tion between cannabis use and weight gain. Surprisingly,
many human epidemiological studies show the opposite.
For example, Le Strat and Le Foll analysed cross-sectional
evidence from Wave 1 (W1) participants in the US
National Epidemiologic Survey on Alcohol and Related
Conditions (NESARC) and found a lower prevalence of
obesity in cannabis users compared with non-users.® Other
cross-sectional studies reported similar findings.”®

The prospectively gathered evidence on this association is
less consistent. An inverse cannabis-body mass index (BMI)
association can be seen in estimates from the adolescent and
young adult samples of the US National Longitudinal Survey
of Adolescent Health and the Australian Mater-University of
Queensland Study of Pregnancy.”'® Rodondi and colleagues,
however, found no association linking lifetime cannabis use
with BMI in the US Coronary Artery Risk Development in
Young Adults Study.?

Prospective NESARC data have become available and
so the aim of the current study is to investigate the associa-
tion of cannabis-use status and change in BMI with two
waves of NESARC data. Here, NESARC offers advantages
including studying the adult population with relatively sta-
ble developmental growth, the relatively short follow-up
and the large sample size.

Methods

Study population

The NESARC multi-stage stratified sampling design was de-
vised to produce nationally representative estimates for the US
civilian residents age 18 years and older in all 50 states and
District of Columbia.'! Individuals residing in households and
military personnel living off base were included, as were resi-
dents of these non-institutional group quarters: boarding or
rooming houses, non-transient hotels and motels, shelters, fa-
cilities for housing workers, college quarters and group homes.
The Census Supplementary Survey formed the sampling frame
for the household portion of the NESARC sample whereas the
Census 2000 Group Quarters Inventory formed the sampling
frame for the group quarters portion of the NESARC sample.
Black and Hispanic housing units and adults aged 18-24 years
were oversampled. Weights were constructed to adjust for
probabilities of selection, non-response and oversampling, and
to represent the US population. The study protocol was
reviewed and approved by the cognizant institutional review
board for protection of human subjects in research.'*

At W1, in 2001-02, the participation level was 81.0%
(n=43093). At Wave 2 (W2, 2004-035), eligible W1 partici-
pants were reassessed, with a mean between-wave interval of
36.6 months (7= 39959). Excluded from W2 were W1 par-
ticipants in institutions, on active duty in the armed forces
throughout fieldwork intervals and seriously impaired per-
sons, as well as the deceased or deported (7= 3134). Some el-
igible participants (7 = 5306) were not re-interviewed due to
refusals or failure to reach or locate them. The resulting W2
participation level was 86.7% (n=34653). For the current
study, we excluded participants with missing information on
BMI or cannabis-use status. Those lost to follow-up or not
included in the current study owing to missing variables were
older and less likely to be White, drink alcohol or use canna-
bis (data are not shown in table/figure).

Outcome

Assessment involved computer-assisted personal interviews
completed in participants’ residences. The study’s key
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response variable is change in BMI, with body weight and
height self-reported at both waves. BMI was calculated as
weight in kilograms (kg) divided by height in metres
squared. Absolute change in BMI was calculated as the dif-
ference between W2 and W1 BMI, whereas relative change
in BMI was calculated as the difference between W2 and
W1 BMI, divided by W1 BMI and expressed as a
percentage.

Main exposure

At W1, participants were asked about ever using cannabis,
recency and frequency of use. At W2, participants were
asked whether they used cannabis since the W1 interview.
Based on this information, we formed cannabis-use sub-
groups  (Supplementary  Table 1, available as
Supplementary data at IJE online). Briefly, W2 cannabis-
use status was categorized as never use (lifetime never use
at both W1 and W2), discontinuation or quitting (ever use
at W1 or between the waves but did not use cannabis in
the 12 months prior to W2 interview), initiation (did not
use in the 12 months prior to W1, but used cannabis in the
12 months prior to W2 interview) and persistent use (used
cannabis in the 12months prior to both W1 and W2
interviews).

Statistical analyses

After descriptive statistics, general linear modelling (GLM)
was used to yield estimates for BMI change regressed on
cannabis-use-status subgroup indicators. An initial model
specified adjustment for age and age squared (to account
for linear and quadratic relationships of age and BMI
change). A term for sex was added. Both sex and age quali-
fied as exogenous confounders, helped predict BMI change
and are not subject to influence by cannabis or BMI

15,1
5:16 3 subsequent

change.'®'* Motivated by prior studies,
set of terms were added to the model including ethnic self-
identification and covariates possibly influenced by canna-
bis use: education attainment, alcohol drinking and to-
bacco cigarette use. Alcohol-drinking and tobacco-
smoking W2 status were categorized as never use, quitter,
initiate and persistent use using the same definitions as ap-
plied to cannabis-use status explained above. W2
NESARC analysis weights were applied during estimation,
with Taylor Series Linearization for variance estimation.

Stata (‘svy’) software was used.

Results

At W2, 77% of the participants never used cannabis in
their lifetime, 18% had discontinued use (‘quit’), 3% were

initiates and 2% were persistent users. Table 1 shows that
cannabis use is associated with tobacco use, alcohol use,
being male and being younger. In this sample, all initiates
and persistent cannabis users were in young to middle
adulthood (all <66years old), whereas BMI decreased
with age consistent with prior evidence (due to loss of mus-
cle mass).!”

Estimated W1-to-W2 BMI change shows an increase
for all subgroups (Table 1). However, cannabis-associated
inverse relationships can be seen once age is taken into ac-
count using the GLM covariate approach (Table 2) or with
exclusion of participants >65 years of age (Supplementary
Tables 2 and 3, available as Supplementary data at IJE
online).

In Table 2, a negative sign on regression slope estimates
indicates an appreciably attenuated BMI gain for all
cannabis-using subgroups, with the largest attenuation
seen for the ‘persistent use’ subgroup [A BMI kg/m?: f=—
0.45; 95% confidence interval (CI)=-0.59, -0.30], then
‘initiation’ (A BMI kg/m”: f=-0.36; 95% CI=-0.48, —
0.24) and then ‘quitting’ (A BMI kg/m?: f=-0.24; 95%
CI=-0.30, —0.18). Table 2 discloses a congruent pattern
of estimates when the outcome is respecified as relative
BMI change. Covariate adjustment produced no apprecia-
ble departures from the age-adjusted estimates.

We conducted a post-estimation analysis with follow-
up BMI at W2 set as a response variable and with baseline
BMI at W1 set as a covariate. The result is a pattern of evi-
dence that does not contradict the evidence from our pre-
ferred change score analysis (Supplementary Table 4,
available as Supplementary data at IJE online).
Additionally, when we used W1 lifetime cannabis-use sta-
tus to define W2 categories (instead of W1 past 12-month
use, Supplementary Tables 5 and 6, available as
Supplementary data at IJE online), similar results are
detected. A cannabis-associated attenuation of BMI gain
also can be seen when tobacco history is respecified as a
stratification variable (Table 3).

Discussion

This two-wave prospective study extends the evidence be-
yond initial NESARC cross-sectional inverse associations
first reported by Le Strat and Le Foll. Its evidence shows an
attenuated BMI gain for cannabis-use subgroups when com-
pared with never-users and a possible gradient as we look
across subgroups of quitting, initiation and persistent use.
Before detailed discussion of the study results, some
study limitations deserve attention. Causal inferences are
constrained, not only due to the observational nature of
the study and the absence of experimental elements (e.g.
randomization), but also because unobserved susceptibility
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Table 1. Selected characteristics of the study participants by cannabis-use status as of Wave 2. Data for the US National
Epidemiologic Survey on Alcohol and Related Conditions, Wave 2, 2004-05

‘W2 cannabis-use status® Never-user 7 =26 000 Quitter 7= 5800 Initiate 7 =800 Persistent user 7 =650 P-value
Weighted column % (SE) or weighted mean (SE)
Age (years) 47.2 (0.07) 38.7(0.09) 32.5(0.21) 30.8 (0.24) <0.001
Female 55(0.2) 44 (0.4) 34 (0.7) 31 (1.0) <0.001
Ethnic self-identification
NH-White 71.0 (0.3) 79.3 (0.3) 74.8 (0.7) 75.2(0.7) <0.001
NH-Black 10.8 (0.2) 8.8 (0.2) 11.9 (0.4) 9.5 (0.6)
Hispanic 11.4(0.12) 6.9 (0.13) 7.6 (0.4) 7.9 (0.4)
AI/AN 2.1(0.12) 3.2(0.17) 3.0(0.5) 4.7 (0.3)
Asian/Pacific Is. 4.6 (0.08) 1.9 (0.07) 2.7 (0.3) 2.7 (0.11)
Education
<High school 14.6 (0.17) 8.4 (0.3) 13.7 (0.6) 14.9 (0.9) <0.001
High school 28.4(0.22) 22.8 (0.4) 26.0(0.8) 25.3(0.9)
>High school 57.0(0.23) 68.8 (0.4) 60.4 (1.0) 59.8 (1.1)
Tobacco-use status as of W2
Never-user 57.1(0.21) 30.1 (0.26) 28.3(0.8) 18.6 (0.7) <0.001
Quitter 23 5(0.19) 32 5(0.3) 15.7 (0.7) 15.0(0.8)
Initiate 8 (0.05) 1 (0.05) 9.6 (0.5) 2.8(0.4)
Persistent user 17 6(0.22) 36 4 (0.4) 46.3 (0.9) 63.6 (0.9)
Alcohol-use status as of W2
Never-user 15.2 (0.18) 6(0.08) n<15? n<15? <0.001
Quitter 22. 9 (0.21) 17 5(0.3) 5.8(0.5) 4.2 (0.25)
Initiate 6(0.12) 2(0.17) 8.9(0.3) 3.4 (0.5)
Persistent user 53 3 (0.25) 77 7(0.4) 84.8 (0.6) 92.2 (0.5)
A BMI (kg/m?) 0.61 (0.01) 0.60 (0.03) 0.64 (0.06) 0.59 (0.07) 0.94
% BMI change 2.73(0.04) 2.68 (0.09) 3.03(0.19) 2.81(0.27) 0.47

2Sample counts are rounded using the differential privacy policy of the US Census Bureau to minimize potential disclosure risk.

Table 2. Association of cannabis use and change in BMI. Data for the US National Epidemiologic Survey on Alcohol and Related
Conditions Wave 1 (2001-02) and Wave 2 (2004-05)

A BMI (kg/m?)
W2 cannabis-use status Age-adjusted P-trend Age- sex-adjusted P-trend Multivariable-adjusted P-trend
£ (95% CI) 8 (95% CI) B (95% CI)
Non-user 0 (Referent) <0.001 0 (Referent) <0.001 0 (Referent) <0.001
Quitter ~0.24 (<0.30, -0.18) ~0.22 (<0.29,-0.16) ~0.21 (<0.28, -0.15)
Recent initiate ~0.36 (<0.48, -0.24) ~0.32 (<0.44, -0.20) ~0.28 (<0.40, -0.16)
Persistent users -0.45 (-0.59,-0.30) -0.40 (-0.55,-0.25) -0.35 (-0.50,-0.20)
ABMI (%)
Age-adjusted f* P-trend Age- sex-adjusted P-trend Multivariable-adjusted P-trend
(95% CI) B (95% CI) B (95% CI)

Non-user 0 (Referent) <0.001 0 (Referent) <0.001 0 (Referent) <0.001
Quitter -1.00 (-1.19, -0.81) -0.90 (~1.09, -0.70) ~0.81 (-1.01, -0.60)
Recent initiate -1.34 (-1.72, -0.96) -1.14 (-1.52,-0.75) ~0.97 (-1.36,-0.57)
Persistent users -1.75 (<2.30, -1.20) -1.51 (-2.06,-0.97) -1.26 (-1.81,-0.72)

?Estimates adjusted for age (years) and age squared.

PEstimates are additionally adjusted for sex (male is the referent).

“Estimates additionally adjusted for ethnic self-identification (NH-White is the referent), education (high school is the referent), W2 alcohol drinking (never use

is the referent) and W2 tobacco use (never use is the referent).
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Table 3. Association of cannabis use and change in BMI by tobacco-use status at W1.
Survey on Alcohol and Related Conditions Wave 1 (2001-02) and Wave 2 (2004-05)

Data for the US National Epidemiologic

A BMI (kg/m?)

‘W2 cannabis-use status Non-smoker (7 =24 500%) Smoker (7= 8600%)

B (95% CI)® B (95% CI)®
Non-user 0 (Referent) 0 (Referent)
Quitter -0.28 (-0.38,-0.19) —-0.10 (-0.23, 0.03)
Recent initiate -0.32 (-0.49, -0.14) -0.30 (-0.47,-0.13)
Persistent users -0.43 (-0.69,-0.17) -0.39 (-0.57,-0.21)

A BMI (%)

B(95% CI)® B(95% CI)®
Non-user 0 (Referent) 0 (Referent)
Quitter -1.05 (-1.30,-0.81) -0.43 (-0.84,-0.03)
Recent initiate -1.04 (-1.53,-0.54) -1.05 (-1.67,-0.43)
Persistent users -1.50 (-2.31,-0.69) -1.45 (-2.15,-0.75)

2Sample counts are rounded using the differential privacy policy of the US Census Bureau to minimize potential disclosure risk.

PEstimates adjusted for age (years), age squared, sex (male is the referent), ethnic self-identification (NH-White is the referent), education (high school is the ref-

erent) and W2 alcohol drinking (never use is the referent).

traits might be operating. To illustrate unmeasured varia-
bles of potential importance, NESARC cannot fully ac-
count for variations in physical activity and food intake.
However, prior evidence has suggested higher caloric in-
take and lower physical activity among cannabis users."**

When designing this study’s analysis protocol, we were
hesitant to apply propensity score matching (PSM) and in-
verse probability weighting (IPW) approaches due to some
unresolved controversies about the application of PSM and
IPW in observational studies with complex survey sam-
pling designs, non-independence of observations and
analysis weights that incorporate covariates often needed
to improve model fit and balance in the separate PSM and
IPW approaches.'® In addition, the use of complete case
analysis might lead to loss of precision due to the reduced
sample size and might introduce bias if the data are not
missing completely at random. We also note that, in
NESARC, the assessments measured cannabis use and BMI
via self-report only; standardized anthropometry and bio-
assays are needed to place limits on biases such as non-
differential misclassification.

Despite limitations such as these, the study findings are
of interest. Strengths include the large national sample size
and participation levels, its prospective design with follow-
up roughly 36 months after baseline and standardized
computer-assisted interviews designed to promote accu-
racy and thoroughness of self-reports.

At present, with liberalized cannabis policies and with
an increased prevalence of cannabis use among US
adults,' cannabis history measurements may deserve
greater attention in biomedical research on weight, obesity,

related conditions and health-care costs attributed to these
conditions.'”?? In NESARC, persistent cannabis users and
the initiates were under-represented in stably obese sub-
groups (i.e. BMI >30kg/m? at both W1 and W2). In addi-
tion, these same actively cannabis-using subgroups were
under-represented among newly incident cases of obesity
observed at W2 (i.e. BMI <30kg/m® at W1 but BMI
> 30 kg/m? at W2, results are not shown in table/figure).
Cannabis and cannabis-based medications have been
used to promote appetite and prevent weight loss and wast-
ing in HIV and cancer patients. Surprisingly, clinical trials
demonstrated little to no impact of cannabis-active constitu-
ents on weight in patients with HIV or cancer,”' suggesting
the need for further investigations given the expected canna-
bis pro-obesity effects and the cannabinoid system emer-
gence as a target for obesity pharmacotherapies. For
example, rimonabant, a CB1R antagonist, was approved for
the treatment of obesity in Europe after several trials show-
ing weight-loss benefits.?> Chronic cannabis use is associ-
ated with down-regulation of CBIR and this down-
regulation might help to explain cannabis-associated lower
BMI gain for persistent users due to the reduced density of
CBIR expression in these users.”> In this study, initiates
might be at an intermediate level of down-regulation and
quitters presumably are in a cannabinoid ‘washout’ phase.
Another speculation involves immunomodulatory roles
of CB2R. The association of inflammation and obesity is
widely established in pre-clinical and clinical studies.”***
The anti-inflammatory effects of CB2R might help explain
lower weight gain of cannabis users. Schmitz et al.
reported pro-inflammatory obesity in mice lacking

€20z IsnBny €z uo Jasn 1oy A GG L Z8ES/SE91/G/8F/01o1e/8ll/w00 dno-dlWspeDe//:Sdjy WO.) PaPEOjUMOQ



1700

International Journal of Epidemiology, 2019, Vol. 48, No. 5

CB2R.*° As noted above, inverse associations of our study
can be also explained by other unmeasured behaviours in
cannabis users rather than cannabis itself.

In summary, our findings suggest a cannabis-associated at-
tenuation of BMI gain, with some evidence of a gradient
from never-users to subgroups of past vs recently active can-
nabis users. Additional studies will help to increase our un-
derstanding of the functions of a complex cannabinoid
system and its relationships with potentially beneficial canna-
binoid effects on risk of obesity and cardiometabolic health.

Supplementary Data

Supplementary data are available at IJE online.
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