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Abstract

Objective. To describe first-year trajectories of medical cannabis use and identify characteristics associated with
patterns of use in a cohort of adults using opioids for chronic pain. Design. Latent class trajectory analysis of a pro-
spective cohort study using data on the 14-day frequency of medical cannabis use. Setting. A large academic medical
center and four medical cannabis dispensaries in the New York City metropolitan area. Subjects. Adults with chronic
pain using opioids and newly certified for medical cannabis in New York between 2018 and 2020. Methods. Using
latent class trajectory analysis, we identified clusters of participants based on the 14-day frequency of medical can-
nabis use. We used logistic regression to determine factors associated with cluster membership, including sociode-
mographic characteristics, pain, substance use, and mental health symptoms. Results. Among 99 participants, the
mean age was 53 years; 62% were women, and 52% were White. We identified three clusters of medical cannabis
use: infrequent use (n=30, mean use = 1.5 days/14-day period), occasional use (n=28, mean =5.7 days/14-day pe-
riod), and frequent use (n=41, mean = 12.1days/14-day period). Within clusters, use patterns did not vary signifi-
cantly over 52 weeks. Differences were observed in two sociodemographic variables: Frequent (vs infrequent) use
was associated with non-Hispanic White race/ethnicity (adjusted odds ratio 4.54, 95% confidence interval 1.49-
14.29), while occasional (vs infrequent) use was associated with employment (adjusted odds ratio 13.84, 95% confi-
dence interval 1.21-158.74). Conclusions. Three clusters of medical cannabis use patterns emerged and were stable
over time. Results suggest that structural factors related to race/ethnicity and employment may be major drivers of
medical cannabis use, even among adults certified for its use.
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Introduction

Over the past 25 years, medical cannabis has become in-
creasingly accessible in the United States for a variety of
medical conditions. Currently, medical cannabis is legal in
37 states and four territories [1], with chronic or severe
pain among the most commonly approved indications [2].
Although the Schedule T status of cannabis has limited re-
search into its therapeutic potential, there is growing evi-
dence suggesting that it is effective for managing pain [3-6].

Although increasing numbers of individuals in the
United States consume medical cannabis for chronic pain,
few studies have described patterns of use. Studies examin-
ing trajectories of nonmedical cannabis have described
wide variations in use and have largely reported data col-
lected annually over many years, providing less detail about
use within shorter time frames [7-11]. The few published
reports of patterns of medical cannabis use have been cross-
sectional and have typically reported frequent use among
most patients [12-16]. A more nuanced understanding of
patterns of medical cannabis use can help providers antici-
pate patients’ clinical needs and can identify potential dis-
parities in access; yet, to our knowledge, no studies have
described trajectories of medical cannabis use.

The Medical Marijuana and Opioids (MEMO) Study
is a longitudinal cohort study of adults taking opioids for
chronic pain who are newly certified for medical canna-
bis in New York State (NYS) [17]. In this study, partici-
pants report the amount and frequency of medical
cannabis consumption every 14 days, allowing for a gran-
ular examination of use. In the present analysis, we
sought to understand how medical cannabis use varies
over time, using latent class analysis to cluster partici-
pants by medical cannabis trajectories and identify char-
acteristics associated with cluster assignment.

Methods

Overview

We conducted an exploratory latent class analysis of data
from the first 99 participants in the MEMO Study. The
MEMO Study follows participants through quarterly re-
search visits and brief Internet-based questionnaires every
14 days to examine whether medical cannabis use is asso-
ciated with a reduction in opioid use among adults with
chronic pain. Written informed consent is obtained from
all participants. Approved by the Montefiore Medical
Center / Albert Einstein College of Medicine institutional
review board and conducted according to the principles
of the Helsinki Declaration, the MEMO Study is de-
scribed elsewhere [17] and reported in accordance with
the Strengthening the Reporting of Observational studies
in Epidemiology (STROBE) statement [18].

Setting
The NYS Medical Marijuana Program began operating in
2016; as of March 1, 2021, more than 3,100 registered

practitioners had certified more than 140,000 individuals
for medical cannabis. Although recently passed legislation in
NYS will change the medical cannabis program, during the
study time frame, providers certified patients with specific
qualifying conditions and complications, the most common
of which was severe, chronic pain [19]. Providers could cer-
tify patients for up to 12 months and could recommend the
ratio of A9-tetrahydrocannabinol (THC) to cannabidiol
(CBD) (e.g., “high THC:low CBD,” “equal THC: CBD,”
or “low THC:high CBD”), as well as the administration
method (e.g., inhalation, oral, oromucosal). Medical canna-
bis products could be purchased from one of only 39 state-
licensed dispensaries, which reported dispensed products, in-
cluding THC and CBD content and route of administration,
to the New York Prescription Monitoring Program [20]. All
dispensary products are tested for THC and CBD content
by a NYS Department of Health laboratory.

MEMO participants are recruited from Montefiore
Health System (Montefiore) and four medical cannabis
dispensaries in the New York City metropolitan area that
are operated by Vireo Health and Columbia Care.
Together, these dispensaries provide medical cannabis
products to more than 30,000 active patients.
Montefiore is the largest health care system in Bronx,
NY, with primary, specialty, surgical, and acute care at
four hospitals and more than 20 ambulatory clinics. The
Montefiore Medical Cannabis Program is based in six
primary care clinics; since its inception in 2016, 10 physi-
cians have certified more than 2,000 patients.

Participants

MEMO participants are recruited via direct referrals from
providers at Montefiore or dispensaries, letters mailed to
Montefiore patients, and flyers posted in dispensary build-
ings and on websites. Study inclusion criteria for patients
are 1) age >18years, 2) fluency in English or Spanish, 3) a
new certification for medical cannabis in NYS within the
prior 90 days, 4) no medical cannabis use within 6 months
before certification, 5) a NYS Medical Marijuana Program
qualifying condition of “chronic or severe pain” or “pain
that degrades health and functional capability as an alterna-
tive to opioid use” or a qualifying complication of “severe
or chronic pain resulting in substantial limitation of
function,” and 6) use of prescribed opioids or illicit opioids
within the prior 30 days. Exclusion criteria are 1) inability
to provide informed consent, 2) inability to complete study
visits over 18 months, 3) NYS Medical Marijuana Program
qualifying conditions likely to cause unique pain syndromes
(cancer, epilepsy, multiple sclerosis, spinal cord injury,
amyotrophic lateral sclerosis, Parkinson’s disease, inflam-
matory bowel disease, Huntington’s disease), 4) terminal
illness, or 5) current or prior psychotic disorder.

Data Collection
During quarterly research visits, data are collected from
MEMO participants via questionnaires. Participants also
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answer brief (2- to 5-minute) Internet-based question-
naires about pain and use of cannabis, opioids, and other
substances every 14 days. For the present analysis, we in-
cluded data from participants’ first 52 weeks of follow-up.

From September 2018 to March 2020, quarterly visits
were conducted in person and included questionnaires ad-
ministered via Audio Computer-Assisted Self-Interview
(ACASI) technology. ACASI displays questions on a com-
puter while playing an audio recording of the questions,
and participants enter responses directly onto the com-
puter. Because of the COVID-19 pandemic, no in-person
visits have occurred since March 2020. During the pan-
demic, questionnaires were administered by study staff
over the phone every 3 months.

In addition, MEMO participants receive automated,
personalized links to the Internet-based questionnaire
every 14 days via text message or e-mail. Participants are
asked whether they used medical cannabis (i.e., purchased
at a dispensary) in the preceding 14 days, which dispensa-
ries they purchased cannabis from, the type of product
purchased (selected from dispensary-specific drop-down
menus of available products), number of days used, and
number of times used per day. The Internet-based ques-
tionnaire also includes questions on pain, nonmedical can-
nabis use (i.e., obtained from any source other than a
dispensary), and opioid use during the preceding 14 days.
Participants receive $40 for quarterly visits and $5 for
Web-based questionnaires; if all Web-based question-
naires are completed between each quarterly visit, a $10
bonus is provided.

Key Variables
The main exposure variable for this analysis was days of
medical cannabis use per 14-day period, calculated from
the Internet-based questionnaires. Because THC is intoxi-
cating and may differentially impact pain and mental
health, we also calculated the number of days of use of
high-THC—-containing medical cannabis products in each
14-day period. We classified any medical cannabis prod-
uct with a THC:CBD ratio >2:1 as high THC, using a
list of products available at all NYS dispensaries.
Sociodemographic variables measured at the baseline
visit included age, gender, race/ethnicity (non-Hispanic
White, non-Hispanic Black, non-Hispanic of other race,
Hispanic of any race), employment, and medical insurance
status. Additional variables included pain severity and in-
terference, measured by the Pain, Enjoyment of Life and
General Activity Scale (PEG-3) [21] (range 0-10, with >4
indicating moderate to severe pain); pain catastrophizing,
measured by the Pain Catastrophizing Scale (range 0-52,
high > 30) [22]; depressive symptoms, measured by the
Patient Health Questionnaire (PHQ-9) (range 0-27, high
>10) [23]; anxiety symptoms, measured by the General
Anxiety Disorder-7 (GAD-7; range 0-21, high >10)
[24]; post-traumatic stress disorder (PTSD) symptoms,
measured by the Post-Traumatic Stress Disorder

Questionnaire—Civilian Version (PCL-C) (range 6-30,
high >14) [25]; attention deficit hyperactivity disorder
symptoms, measured by the World Health Organization
Adult Attention-Deficit Hyperactivity Disorder Self-
Report Screening Scale for DSM-5 (ASRS-5) (range 0-235,
high >14) [26]; insomnia symptoms, measured by the
Insomnia Severity Index (ISI) (range 0-28, high >15) [27];
cannabis dependence or abuse (per DSM-4), measured by
the Mini-International Neuropsychiatric Interview (MINI)
[28]; current tobacco cigarette use [29]; problematic alco-
hol use, measured by the Alcohol Use Disorders
Identification Test (AUDIT) (range 0-21, problematic use
>7) [30]; and other nonmedical drug use, measured by the
Addiction Severity Index (ASI) [31].

Latent Class Trajectory Modeling

We used longitudinal latent class analysis to group par-
ticipants into clusters based on the trajectory of days of
medical cannabis use over 52 weeks. Using Mplus soft-
ware (Muthén & Muthén, Los Angeles, CA, USA) [32],
we developed latent class analysis models fitted to days
of cannabis use for each 14-day period, treating this vari-
able as a censored normal variable in the models. We set
each of the trajectory polynomials to be quadratic, be-
cause preliminary analyses showed a better fit to the data
as compared with a linear model. All available data were
used, even if participants had not yet completed 52 weeks
of follow-up. We included a time-variant indicator vari-
able for the COVID-19 pandemic (March 15, 2020, or
later) to control for its potential influence. We applied
the full-information maximum-likelihood approach for
the missing data in the analysis. To assure finding the
maximum of the likelihood function, we used 200 ran-
dom sets of starting values.

Starting with a one-latent class model that assumed all
participants had the same trajectory of medical cannabis
use over time, we fit successive models with increasing
numbers of clusters. The appropriate number of clusters
was determined on the basis of both statistical criteria and
the clinical experience of the investigators, five of whom are
internal medicine physicians with long-standing experience
certifying patients for medical cannabis. Statistical tests in-
cluded the value of the Bayesian information criterion (BIC
), where lower values indicate better fit; the significance of
the Lo-Mendell-Rubin adjusted-likelihood ratio test (LMR-
LRT), with significant values indicating a better fit of the X
model compared with X~1; model entropy, where values
closer to 1.0 indicate a higher accuracy of classifying indi-
viduals into latent classes; and average classification proba-
bilities for cluster membership. After determining the
appropriate number of clusters, we created an indicator var-
iable for each cluster, which had a value of 1 if the partici-
pant had the largest Bayesian posterior probability for that
cluster and 0 otherwise. We then repeated the analysis, using
the same methods to group participants into clusters based
on trajectories of days of high-THC medical cannabis use.
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For overall medical cannabis use, compared with the
two-cluster solution, the three-cluster solution had a
lower BIC (7,386 vs 7,693), had similar entropy (0.87 vs
0.89), was not significantly different when the LMR-
LRT statistic was used (P=0.14), and had a lower,
though overlapping, range of average classification prob-
abilities for cluster membership (91-95% vs 94-99%).
In discussing the trajectories, we felt that a two-cluster
solution did not adequately describe the variability in fre-
quency of use observed in our clinical practice.
Compared with the three-cluster solution, four- and five-
cluster solution models had similar statistical profiles
(BIC 7,386 vs 7,276 and 7,112, respectively; entropy
0.87 vs 0.87 and 0.85, respectively; nonsignificant LMR-
LRT statistics) but included very small (n<10) clusters
that were believed to not be clinically meaningful. Because
some investigators have cautioned against overextraction
of latent classes due to the presence of non-normal data
[33], we reached a consensus that the three-cluster solu-
tion was preferred. We repeated analyses examining days
of high-THC medical cannabis use per 14-day period.
Compared with the two-cluster solution, the three-cluster
solution had a lower BIC (4,893 vs 5,142), had lower en-
tropy (0.90 vs 0.96), was not significantly different when
the LMR-LRT statistic was used (P=0.54), and had a
lower range of average classification probabilities for clus-
ter membership (93-97% vs 98-99%). Again, compared
with the three-cluster solution, four- and five-cluster solu-
tion models had similar statistical profiles (BIC 4,719 and
4,660, respectively; entropy 0.88 and 0.86, respectively)
but included very small clusters. Our consensus was that a
three-cluster solution was optimal.

Finally, for both any medical cannabis use and high-
THC medical cannabis use, we examined whether clus-
ters differed on sociodemographic and clinical covariates
by using one-way analysis of variance tests to compare
continuous variables and chi-squared or Fisher exact tests
to compare categorical variables. We then conducted
multivariate logistic regression to examine factors related
to cluster memberships, separately comparing frequent
with infrequent use clusters and occasional with infre-
quent use clusters. We included the following factors,
which were associated with either any medical cannabis
or high-THC medical cannabis trajectories in bivariate
analyses at the P < 0.10 level: race/ethnicity, employment
status, type of insurance, days of opiate use, current to-
bacco use, and PTSD symptoms. For these analyses, race/
ethnicity was examined as a two-level variable (non-
Hispanic White vs other race/ethnicity). Because of the
small number of employed individuals in the infrequent
use cluster, we conducted a sensitivity analysis for overall
medical cannabis use with this variable excluded from
the regression model. Statistical significance for all tests
was two sided at P < 0.05. Analyses reported in this arti-
cle were not prespecified.

Results

Of 537 individuals screened, 117 enrolled (Supplementary
Data). Of these, 99 were included in the present analysis.
Mean age was 53 years (standard deviation=13.5 years),
62 (63%) were female, 25 (25%) were Hispanic, and 23
(23%) were non-Hispanic Black (Table 1). Most partici-
pants were not employed (78%) and had health insurance
(99%). At baseline, 40% reported current nonmedical can-
nabis use, 8% screened positive for cannabis dependence or
abuse, 6% screened positive for problematic alcohol use,
and 32% were current tobacco smokers. Mean score on
the Pain, Enjoyment of Life and General Activity Scale was
7.2 out of 10. Many had moderate or severe depression
symptoms (42%), high PTSD symptoms (40%), and high
attention deficit-hyperactivity disorder scores (45%).

Figure 1A presents three distinct trajectories of days of
medical cannabis use per 14-day period over partici-
pants’ first 52 weeks of use: 1) infrequent use (n=30),
with a mean of 1.5 days of any medical cannabis use per
14-day period; 2) occasional use (n =28), with a mean of
5.7days of use per 14-day period; and 3) frequent use
(n=41), with a mean of 12.1days per 14-day period.
Vaped medical cannabis use differed by cluster (infrequent
use: 27%; occasional use: 71%; frequent use: 81%), as did
the proportion of participants who had discontinued use of
medical cannabis by the end of the study period (infrequent
use: 75%; occasional use: 20%; frequent use: 0%;
P <0.001). We observed fewer days of medical cannabis
use after, compared with before, week 30 in both the infre-
quent use and occasional use clusters, although differences
in the slope of each trajectory over time were not significant.
When adjusted for baseline characteristics, those in the fre-
quent (vs infrequent) medical cannabis use cluster were sig-
nificantly less likely to report a race/ethnicity other than
non-Hispanic White (adjusted odds ratio [aOR] 0.22, 95%
confidence interval [CI] 0.07-0.67) (Table 2). Compared
with infrequent use, those in the occasional use cluster were
more likely to be employed (aOR 13.84, 95% CI 1.21-
158.74), less likely to use tobacco (aOR 0.15, 95% CI
0.03-0.82), and less likely to use opioid analgesics most
days (aOR 0.18, 95% CI 0.04-0.76). Similar results were
observed in the sensitivity analysis in which employment sta-
tus was excluded from the model (Supplementary Data).
We observed no differences between clusters with respect to
nonmedical cannabis use, cannabis dependence or abuse, or
mental health symptoms.

Figure 1B presents three distinct trajectories of days of
high-THC medical cannabis use over 52 weeks: 1) infre-
quent use (n = 50), with a mean of 0.4 days of high-THC
medical cannabis use per 14-day period; 2) occasional
use (n=24), with a mean of 4.3 days of high-THC medi-
cal cannabis use per 14-day period; and 3) frequent use
(n=25), with a mean of 11.2 days of high-THC medical
cannabis use per 14-day period. The proportion of partic-
ipants who had discontinued use of high-THC medical
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Table 1. Participants’ characteristics by trajectories of days of overall medical cannabis use and days of high-THC medical cannabis
use

Clusters of Overall Clusters of High-THC

Total Medical Cannabis Use Medical Cannabis Use
Sample
Infrequent  Occasional Frequent Infrequent  Occasional Frequent
N=99 Use (n=30) Use (n=28) Use (n=41) P Use (n=50) Use (n=24) Use (n=25) P
Sociodemographic characteristics
Age, years, mean*+SD 53.1£13.5 53.4xt14.6 51.4%=13.5 54+12.8 0.72  55.3*13.3 50.5£15.8 51.2%£10.8 0.16
Female gender, n (%) 62(62.6)  17(56.7)  20(71.4) 25(61) 049 34(68) 15 (62.5) 13(52)  0.40
Race/ethnicity, n (%) 0.004 0.03
Non-Hispanic White 45 (45.5) 7 (23.3) 12 (42.9) 26 (63.4) - 16 (32) 12 (50) 17 (68) -
Non-Hispanic Black 23(23.2) 9 (30) 11 (39.3) 3(7.3) - 14 (28) 8(33.3) 1(4) -
Hispanic (any race) 25(25.3) 12 (40) 4(14.3) 9(22) - 16 (32) 3(12.5) 6 (24) -
Non-Hispanic other race 6 (6.0) 2(6.7) 1(3.5) 3(7.3) - 4 (8) 1(4.2) 1(4) -
Currently employed, n (%) 22 (22.2) 3(10) 11 (39.3) 8(19.5) 0.02 12 (24) 5(20.8) 5 (20) 0.91
Health insurance, n (%) 0.098 0.73
Public 72(72.7)  26(86.7)  19(67.9)  27(65.9) - 38 (76) 16 (66.7) 18 (72) -
Private 26 (26.3) 3(10) 9(32.1) 14 (34.2) - 11 (22) 8(33.3) 7 (28) -
Substance use, n (%)
Current nonmedical cannabis use 40 (40.4) 14 (46.7) 12 (42.9) 14 (34.2) 0.54 18 (36) 11 (45.8) 11 (44) 0.66
Cannabis dependence or abuse® 8(8.1) 2(6.7) 1(3.6) 5(12.2) 0.41 2 (4) 3(12.5) 3(12) 0.32
>7 days of opioid use in the 40 (40.4) 14 (46.7) 6(21.4) 20 (48.8) 0.053 21 (42) 10 (41.7) 9 (36) 0.87
past 14 days
Problematic alcohol use® 6(6.1) 1(3.3) 3(10.7) 2(4.9) 046 2(4) 2(8.3) 2(8) 0.69
Current tobacco use 31(31.3) 12 (40) 4(14.3) 16 (36.6)  0.07 15 (30) 5(20.8) 11 (44) 0.21
Pain and mental health
PEG score,” mean=+SD 7.3%£2.0 7.6x2.2 7.6x1.5 6.9+2.1 0.20 7.3%£2.2 7.4*1.7 7.3x1.9 0.92
Moderate or severe anxiety 32(32.3) 7(23.3) 11 (39.3) 14 (34.2) 0.41 12 (24) 8(33.3) 12 (48) 0.11
symptoms,d n (%)
Moderate or severe depression 42 (42.4) 15 (50) 12 (42.9) 15 (36.6) 0.53 20 (40) 9(37.5) 13 (52) 0.52
symptoms,® n (%)
High PTSD symptoms,’ n (%) 40 (40.4) 11 (36.7) 12 (42.9) 17 (41.5)  0.88 16 (32) 9(37.5) 15 (60) 0.06
High ADHD symptoms,® n (%) 45 (45.5) 13 (43.3) 13 (46.4) 19 (46.3) 0.96 22 (44) 9(37.5) 14 (56) 0.41
Moderate or severe insomnia 35(35.4) 14 (46.7) 10 (35.7) 11 (26.8) 0.22 20 (40) 5(20.8) 10 (40) 0.23
symptoms,h n (%)
Clinically relevant pain 41 (41.4) 12 (40) 13 (46.4) 16 (39) 0.81 21(42) 9(37.5) 11 (44) 0.89

catastrophizing,' n (%)

SD = standard deviation; PEG = Pain, Enjoyment of life, and General activity scale; ADHD = attention deficit-hyperactivity disorder.
"Proportions exclude one person who did not have health insurance.
“Mini-International Neuropsychiatric Interview [28].

bScore >4 for men and >3 on the Alcohol Use Disorders Identification Test [30].
“Ref. [21].

dScore >10 on the General Anxiety Disorder-7 [24].

Score >10 on the Patient Health Questionnaire-9 [23].

fScore >14 on the PTSD CheckList—Civilian Version [25].

&Score >14 on the World Health Organization ADHD self-report scale [26].
hScore >15 on the Insomnia Severity Index [27].

iScore >30 on the Pain Catastrophizing Scale [22].

cannabis by the end of the study period differed by clus-
ter (infrequent use: 88%; occasional use: 31%; frequent
use: 0%; P <0.001). We observed fewer days of high-
THC medical cannabis use after week 30 in the occa-
sional use cluster, although again differences in the slope
of each trajectory over time were not significant. We ob-
served a higher frequency of vaped product consumption
in the frequent use cluster (92%) than in the occasional
(58%) or infrequent use (48%) clusters. In multivariable
analyses, those in the frequent (vs infrequent) high-THC
medical cannabis use cluster were less likely to report a
race/ethnicity other than non-Hispanic White (aOR 0.11,
95% CI 0.03-0.43) and more likely to report high PTSD

symptoms (aOR 7.93, 95% CI 1.94-32.44). We did not
observe differences in clusters with respect to nonmedical
cannabis use, cannabis use dependence or abuse, or men-
tal health symptoms other than PTSD.

Discussion

Among a cohort of adults in NYS newly certified for
medical cannabis for chronic pain, we identified three
distinct trajectories over 52 weeks of any medical canna-
bis use, as well as high-THC medical cannabis use.
Notably, for both overall and high-THC product use, dif-
ferences were evident at baseline and remained stable
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Figure 1. Trajectories of days of (A) overall medical cannabis use and (B) high-THC medical cannabis use per 14-day period.

throughout the first year. To our knowledge, this is the
first published study describing trajectories of medical
cannabis use over time. We observed few differences be-
tween clusters with respect to clinical characteristics, in-
cluding nonmedical cannabis use, pain burden, and
mental health symptoms. Rather, major differences be-
tween clusters were participant race/ethnicity and em-
ployment status. These findings suggest that structural
socioeconomic factors limiting access to medical canna-
bis may be a major driver of utilization, even among
adults certified for medical cannabis use.

Understanding patterns of medical cannabis use is im-
portant for clinicians certifying patients and for policy
makers seeking to understand how end users engage with
the medical cannabis system. Our results suggest that med-
ical cannabis patients are likely to fall into categories of
frequent, occasional, or infrequent use, and that similar
patterns exist among adults using high-THC formulations.
Moreover, the observed stability of medical cannabis con-
sumption suggests that adults with chronic pain may
quickly establish therapeutic levels of use and not require
substantial escalation over time to maintain this effect, al-
though some patients may discontinue use over time.
Previous cross-sectional studies of medical cannabis
patients have described substantial heterogeneity in the
frequency, dose, and route of cannabis administration, al-
though the large majority (75-88%) of participants in

those studies reported daily medical cannabis use [12, 14,
16, 34]. The lower frequency of use observed in our study
may more accurately reflect use patterns, given the fre-
quent and repeated measurements of cannabis use in the
MEMO study. Alternatively, this finding may reflect more
limited access to medical cannabis, potentially because of
high cost [35], individual sociodemographic characteris-
tics, or the NYS market, which is one of the most tightly
regulated markets in the United States with respect to the
density of both dispensaries and certifying providers [36].
We observed substantial differences between clusters
with respect to race/ethnicity, with non-Hispanic White
participants more likely to report frequent use of any and
high-THC medical cannabis products than were non-
Hispanic Black and Hispanic participants, even after ad-
justment for other characteristics. This finding suggests
that some of the observed difference in frequency of med-
ical cannabis use may be related to structural factors
impacting access to medical cannabis. Prior studies sug-
gest that Black and Hispanic individuals are underrepre-
sented among medical cannabis patients [37, 38]. Our
study adds to these findings, showing that even among
persons certified for medical cannabis, race differentially
impacts use. This may reflect race-related structural fac-
tors, including poorer access to dispensaries for Black
and Hispanic populations [39], racial disparities in how
providers treat pain [40], and potential reluctance to use
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Table 2. Participant characteristics associated with membership in clusters of overall medical cannabis and high-THC medical cannabis trajectories

High-THC Medical Cannabis

Overall Medical Cannabis

Frequent vs Infrequent Use Occasional vs Infrequent Use Frequent vs Infrequent Use

Occasional vs Infrequent Use

P

aOR (95% CI)

P aOR (95% CI) P

aOR (95% CI)

aOR (95% CI)

Participant Characteristics

0.22 (0.07-0.67) 0.008 0.52 (0.18-1.50) 0.223 0.11 (0.03-0.43) 0.002

0.867

0.89 (0.22-3.59)

Non-Hispanic Black, non-Hispanic other race, or

Hispanic (vs non-Hispanic White race)

Employed (vs not)

0.055

0.17 (0.03-1.04)
5.17(0.75-35.39)
0.64 (0.19-2.15)
3.13(0.90-10.90)
7.93 (1.94-32.44)

0.60 (0.09-4.21) 0.607 0.36 (0.07-1.92) 0.232
4.15 (0.70-24.75) 2.72(0.55-13.37)

0.034

13.84 (1.21-158.74)

0.218 0.095

0.118

0.675
0.020
0.028

0.59 (0.05-7.00)
0.18 (0.04-0.76)
0.15 (0.03-0.82)
2.05 (0.53-7.97)

Private (vs public) insurance

0.467

0.941

0.96 (0.34-2.70)
0.74 (0.22-2.47)
1.34 (0.45-4.01)

0.764
0.899
0.326

1.18 (0.40-3.45)
1.08 (0.35-3.34)
1.75 (0.57-5.36)

>7 days of opioid use in the past 14 days (vs <7 days)

Current tobacco use (vs not)

0.073

0.625

0.004

0.607

0.299

High PTSD symptoms® (vs not)

?Defined as a score >14 on the PTSD CheckList—Civilian Version [25].

Bold font indicates statistical significance.

medical cannabis given years of disproportionately ag-
gressive enforcement of cannabis laws among Black and
Hispanic populations [41, 42]. Although questions re-
main about the relative benefits and risks of cannabis,
given the long history of racial disparities that pervade
both the health care and criminal justice systems in the
United States, additional studies are urgently needed to
examine the impact of structural racism on access to
medical cannabis.

We found no significant differences across clusters of
overall medical cannabis use with respect to baseline pain,
mood disorder symptoms, or signs of problematic alcohol
or cannabis use. These results stand in contrast to multiple
studies of nonmedical cannabis use reporting significant posi-
tive associations between frequency of cannabis consumption
and use of alcohol [7, 11] and other substances [11, 43] or
mental health disorders [11, 44]. Similarly, significant associa-
tions between mood disorders, pain, and cannabis use have
been described in the few studies of medical cannabis that
have examined these relationships [16, 45]. The lack of differ-
ences in most clinical characteristics between clusters in our
study may reflect relatively narrow inclusion criteria or may
be a function of publication bias toward studies reporting pos-
itive associations. We did observe a lower frequency of to-
bacco and opioid analgesic use and a higher frequency of
employment in the cluster with occasional medical cannabis
use than in the infrequent and frequent use clusters. These
nonlinear, U-shaped results may reflect higher levels of social
functioning or competing work-related priorities in the cluster
with occasional medical cannabis use or could potentially in-
dicate lower functioning due to severe pain or intoxication in
the cluster with frequent cannabis use. Additional studies in-
vestigating associations between medical cannabis and social
functioning would be valuable.

This study has several notable strengths and limitations.
The frequent measurements of medical cannabis use every
14 days allowed us to describe trajectories much more granu-
larly than any other published medical cannabis study to
date. Even so, these are self-reported data and therefore are
subject to recall and social desirability bias. The relatively
small sample size may have limited the ability to detect all dif-
ferences across clusters, particularly for substance use meas-
ures, as well as statistically significant differences in use over
time within each cluster. Finally, this study included partici-
pants in the New York City area with chronic pain who used
opioids and were seeking medical cannabis certification, a
population that has not been well characterized in the litera-
ture. Therefore, our results may not be fully generalizable to
the individuals in the target population or the broader popu-
lation of medical cannabis patients in the United States.

Conclusions

In conclusion, in one of the first studies to describe trajec-
tories of medical cannabis use, distinct stable patterns of
use emerged over the first year among adults in the New
York City area initiating medical cannabis for chronic
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pain. Although cluster membership did not differ by clin-
ical characteristics, significant differences emerged with
respect to participant race and ethnicity. These findings
can inform individual- and policy-level recommendations
and suggest that efforts are necessary to reduce racial dis-
parities in the access and use of medical cannabis.

Supplementary Data

Supplementary Data may be found online at http:/pain-
medicine.oxfordjournals.org.
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