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Abstract: Chronic pain is common, costly, and challenging to treat. Many individuals with chronic

pain have turned to cannabis as an alternative form of pain management. We report results from an

ongoing, online survey of medical cannabis users with chronic pain nationwide about how cannabis

affects pain management, health, and pain medication use. We also examined whether and how

these parameters were affected by concomitant recreational use, and duration of use (novice:

<1 year vs experienced: ≥1 year). There were 1,321 participants (59% female, 54% ≥50 years old)

who completed the survey. Consistent with other observational studies, approximately 80% reported

substituting cannabis for traditional pain medications (53% for opioids, 22% for benzodiazepines),

citing fewer side effects and better symptom management as their rationale for doing so. Medical-

only users were older (52 vs 47 years old; P < .0001), less likely to drink alcohol (66% vs 79%,

P < .0001), and more likely to be currently taking opioids (21% vs 11%, P < .0001) than users with a

combined recreational and medical history. Compared with novice users, experienced users were

more likely to be male (64% vs 58%; P < .0001), take no concomitant pain medications (43% vs 30%),

and report improved health (74% vs 67%; P = .004) with use. Given that chronic pain is the most com-

mon reason for obtaining a medical cannabis license, these results highlight clinically important dif-

ferences among the changing population of medical cannabis users. More research is needed to

better understand effective pain management regimens for medical cannabis users.

Perspective: This article presents results that confirm previous clinical studies suggesting that canna-

bis may be an effective analgesic and potential opioid substitute. Participants reported improved

pain, health, and fewer side effects as rationale for substituting. This article highlights how use dura-

tion and intentions for use affect reported treatment and substitution effects.

© 2019 by the American Pain Society
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C
hronic pain affects >100 million Americans, and
costs an estimated $635 billion dollars per year in
the United States alone.22 However, treating

chronic pain is difficult, and many pharmacologic
options only work in a subset of patients owing to inad-
equate pain relief or side effects that preclude use.10,17
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In the context of the ongoing opioid crisis, which
claimed approximately 42,000 lives in 2016,19 many indi-
viduals with chronic pain are seeking alternative medi-
cations for pain management. Cannabis is a promising
analgesic for many chronic pain conditions, with recent
meta-analyses of clinical trials suggesting that cannabis
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or cannabinoids may be effective for chronic pain man-
agement,46 although this effect was mostly seen in neu-
ropathic pain.30 Nationwide, medical cannabis
legislation is associated with 25% fewer opioid over-
dose deaths in states with medical cannabis laws com-
pared with those without,2 with recent analyses
suggesting that this effect is heavily driven by the pres-
ence of active medical cannabis dispensaries.35 Further,
states with medical cannabis laws have consistent
decreases in opioid prescribing compared with those
without, with this effect again strongest in states with
active dispensaries.6-8,45

In 2016, we found that medical cannabis users in
Michigan with chronic pain reported 64% lower opioid
consumption, fewer side effects, and improved quality
of life after using cannabis.5 Other studies of medical
cannabis users in the United States,14,34,38,39 Can-
ada,4,25,26 and Israel1,3,18 have found similar results, with
users reporting improved pain, better quality of life,
decreased opioid use, and in some cases, direct substitu-
tion of cannabis for opioids and other medica-
tions.14,25,26,33 Although the rationale for substitution
has been explored in 2 smaller studies25,26 these studies
have not focused on chronic pain. In addition, there are
few reports of whether substitution patterns differ
between subgroups of cannabis users. This finding is of
special interest, given the rapidly changing cannabis
landscape, in which there is increasing interest in canna-
bis among women and older individuals.28

In the present study, we build on this previous work,
presenting results from an ongoing survey of medical
cannabis patients throughout the United States. We
queried whether medical cannabis patients substituted
cannabis for other medications and their rationale for
doing so, as well as whether pain or overall health had
changed since using cannabis. We also examined differ-
ences between individuals who used cannabis solely for
medical purposes versus those who used cannabis medi-
cally alone versus medically and recreationally, as well
between individuals who had been using cannabis
for <1 versus those who had been using cannabis for
>1 year.
Methods
Adults (≥18 years old) who use cannabis for chronic

pain in states with legal medical or recreational canna-
bis were invited to participate in an anonymous, online
survey through the Qualtrics (Provo, UT) survey plat-
form. Multiple dispensaries and cannabis certification
clinics throughout the country sent this link to their cli-
ent databases, as well as sharing the study information
on social media. Participants were asked questions
about the conditions and/or symptoms for which they
used cannabis, health and pain changes since starting
cannabis, current pain medication use, whether they
had substituted cannabis for prescription pain medica-
tions (eg, opioids), alcohol use (nondrinker vs drinker),
tobacco use (never, former, and current smoker), and
sociodemographic information such as age, income,
education, and relationship status. In addition, partici-
pants answered other questionnaires on cannabis use
(administration routes, dosing frequency, etc), pain
severity, anxiety, depression, and other measures that
will be reported elsewhere. All surveys and study proce-
dures were approved as an exempt study by the Institu-
tional Review Board at the University of Michigan
Medical School under protocol HUM00079724. Partici-
pants freely consented to participate in the study, were
not compensated for participating, and were able to
drop out at any time.

Participants and Eligibility
A total of 1,697 participants submitted responses. All

submissions with missing demographic data were
excluded (n = 322). Seven participants identified as
transgender 7 (<1%) and were excluded from analysis
owing to this extremely small sample size. Two subset
analyses were conducted, where the population was
split into 2 independent groups according to specific
categorization (novice vs experienced cannabis users
and medical only users vs combined medical and recrea-
tional users) based on responses to survey questions
(described elsewhere in this article). Participants with
missing responses to these grouping variables were
excluded (n = 30) and discussed in detail elsewhere in
this article. After all exclusions (n = 358, 21%), 1,321 par-
ticipants were eligible for analysis.
Design and Categorization
The groupings of interest are described; in addition to

these planned analyses, a post hoc analysis was per-
formed and included an assessment of differences
between those who substituted cannabis for a pain medi-
cation and those who did not.

Medical Cannabis Experience: Novice Versus
Experienced Users

Participants were asked, “How long ago did you start
using medical cannabis?” and were able to select: “less
than 1 month ago; 1, 2, . . .11 months ago; 1, 2,
. . .10 years ago; or more than 10 years ago.” Participants
were divided into 2 groups, namely, 1) those who had
used medical cannabis for <1 year (n = 489 [37%]) and 2)
those who started medical cannabis ≥1 year ago
(n = 832 [63%]). Those who reported starting medical
cannabis use within the past year were labeled novice
cannabis users and those who had used for a year or
more were considered experienced users. These labels
are used throughout this article for ease of reading.
Type of Cannabis Use Over the Past Year:
Medical-Only Versus Combined Medical and
Recreational Use

Participants were asked about their cannabis use dur-
ing the previous year and were given the following
options: Did not use at all (n = 24 [2%]), recreationally
only (n = 27 [2%]), medically only (designated MED;
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n = 715 [52%]), or a combination of medically and rec-
reationally (designated MEDREC; n = 606 [44%]). Partici-
pants who selected used recreationally only (n = 27),
who did not answer 1 of the 2 categorization questions
(n = 2), or who selected did not use but failed to indicate
how long ago they started medical cannabis (n = 23)
were all excluded from analyses.

Concomitant pain medications. Concomitant pain medica-
tions were assessed by asking participants to select all
pain drug classes that they currently used, including
opioids, nonsteroidal anti-inflammatory drugs (NSAIDs),
disease-modifying antirheumatic drugs, serotonin norepi-
nephrine reuptake inhibitors (SNRIs), selective serotonin
reuptake inhibitors (SSRIs), gabapentanoids, benzodiaze-
pines, or other medications. If participants selected other,
they were directed to a free text question in which they
could type the name of the other medication.

Alcohol and tobacco use. Participants were asked about
whether they had ever used cigarettes, and were invited
to choose from options that included, “I never smoke
and have never smoked,” “I used to smoke cigarettes,
but I no longer do,” “I smoke cigarettes some days,”
and “I smoke cigarettes every day.” For alcohol con-
sumption, participants were asked “How often do you
have a drink containing alcohol?” Response options
included: never, monthly or less, 2 to 4 times a month, 2
to 3 times a week, and ≥4 times a week. Those who
never drank were categorized on nondrinkers, and
those who ever drank were categorized as drinkers.

Substitution. Participants were asked whether they had
substituted cannabis for any drug classes of pain medi-
cation. Substitution rationale was assessed by asking
participants to rank their most important reasons for
substituting cannabis for medication.25 Participants
could choose from the following: fewer adverse effects,
fewer withdrawal effects, the ability to obtain cannabis
versus (drug), greater social acceptance of cannabis, bet-
ter symptom management with cannabis, and other. If
other was selected as one of their choices, they were
directed to a free text entry in which they could describe
their substitution rationale.
Covariates

Age was reported as a continuous variable and used
to report group mean ages. Owing to the large range of
ages and for consistency with previous research,21,24 age
was converted to categorical groups. Also collected was
annual household income, highest education level, rela-
tionship status, alcohol use, and smoking status. Con-
comitant pain medications were converted to a
dichotomous (yes/no) for assessment as a covariate.
Statistical Analysis
Histogram and quantile−quantile plots were used to

assess normality of continuous variable distribution. Uni-
variate and multiple logistic regression were used to
calculate unadjusted odds ratios (OR) and adjusted ORs
(AOR), respectively, for the odds of substituting and for
meeting group categorization (eg, experienced vs novice,
and medical vs MEDREC user). Relevant statistically signif-
icant confounding variables were controlled for in multi-
ple logistic regression (eg, sex, age, relationship status,
income, education, smoking, alcohol use). The Pearson x2

test was used to assess differences in proportions for cate-
gorical variables and are reported as frequency (percent).
Between-group differences in continuous variables were
assessed by independent samples t-tests, which included
Levine’s test for assessment of variances for equality; the
Mann−Whitney U test was used as a nonparametric alter-
native for ordinal and highly skewed data. Continuous
variables are reported as mean § standard deviation or
median § standard error. All tests were 2-tailed and sig-
nificance was set at P < .05. All analysis was performed
using IBM SPSS 24 (SPSS, Inc, Armonk, NY).
Results
This study population included 1,321 medical cannabis

users (59% female) with a mean age of 50 § 14 years
(Table 1). The sample had greatest representation from
California (20%), Maine (18%), Arizona (10%), and New
Hampshire (9%). Nearly all participants (86%) reported
having an associate’s degree, some college or higher;
one-half (49%) were married, and 62% reported an
annual household income of <than $70,000. Of the
respondents, 37% reported starting medical cannabis <1
year ago, compared with 63% who started >1 year ago.
Participants also reported using cannabis for a large num-
ber of pain-related symptoms and mood disorders
(n = 4,876 of 5,449 conditions/symptoms listed), which
are detailed in Table 2. These include broad symptoms
(eg, chronic pain), specific diagnoses (eg, rheumatoid
arthritis), chronic pain conditions that fall under the defi-
nition of chronic overlapping pain conditions (eg, fibro-
myalgia), and mood disorders that are often comorbid
with pain (eg, anxiety). More than one-half of the sample
population reported using cannabis for anxiety (52%).

Participants reported current concomitant pain medi-
cations (Table 3): opioid analgesics (16%), benzodiaze-
pines (13%), NSAIDs (31%), gabapentanoids (12%),
disease-modifying antirheumatic drugs (3%), SNRIs (9%),
SSRIs (12%), and other medications (16%, free-text
entry). Of the participants, 38% reported no concomitant
medication use. Eighty percent reported substituting can-
nabis for other medications, with a mean (standard devi-
ation) of 2.0 § 1.4 substitutions (range = 0−7, n = 2,136
total substitutions) per user. Among substitutors, females
reported a significantly greater number of medication
substitutions thanmales (t = 2.3, P = .02).

Substituting participants were asked to report how
their medication consumption changed since they
began using cannabis medically. A high rate of users
reported complete cessation of medication since initiat-
ing cannabis use: opioids (72%), benzodiazepines
(68%), NSAIDs (44%), gabapentanoids (74%), disease-
modifying antirheumatic drugs (80%), SNRIs (78%), and



Table 1. Study Population and Demographics

TOTAL (N= 1,321) MALE

(N= 540 [41%])

FEMALE

(N= 781 [59%])

x2 P VALUE

Age, y

Mean § SD 49.8§ 13.9 49.1§ 14.4 50.43 § 13.5 1.7 .084

18−25 56 (4.2) 20 (3.7) 36 (4.6) 14.7 .005

26−34 164 (12.4) 83 (15.4) 81 (10.4)

35−49 385 (29.2) 161 (29.9) 224 (28.7)

50−64 501 (38.0) 178 (33.1) 323 (41.4)

≥65 213 (16.1) 96 (17.8) 117 (15.0)

Annual household income ($U.S.)

<10,000 97 (7.5) 38 (7.2) 59 (7.7) 2.9 .723

10,000−39,999 393 (30.4) 156 (29.4) 237 (31.1)

40,000−69,999 312 (24.1) 132 (24.9) 180 (23.6)

70,000−99,999 237 (18.3) 96 (18.1) 141 (18.5)

100,000−149,999 145 (11.2) 57 (10.7) 88 (11.5)

>150,000 109 (8.4) 52 (9.8) 57 (7.5)

Education (highest completed)

Less than high school degree 12 (.9) 8 (1.5) 4 (.5) 9.5 .091

High school or GED 170 (12.9) 77 (14.3) 93 (11.9)

Associates degree, technical school, or some college 576 (43.7) 235 (43.6) 341 (43.7)

Bachelor’s degree 324 (24.6) 138 (25.6) 186 (23.8)

Master’s degree 165 (12.5) 56 (10.4) 109 (14.0)

Professional or doctoral degree 72 (5.5) 25 (4.6) 47 (6.0)

Relationship status

Single 233 (17.7) 98 (18.2) 135 (17.3) 9.7 .084

Married 651 (49.4) 276 (51.2) 375 (48.1)

Living together 187 (14.2) 76 (14.1) 111 (14.2)

In a relationship but not living together 67 (5.1) 27 (5.0) 40 (5.1)

Divorced 137 (10.4) 54 (10.0) 83 (10.7)

Widowed 43 (3.3) 8 (1.5) 35 (4.5)

Alcohol intake

Nondrinker 319 (27.9) 114 (24.3) 205 (30.5) 5.4 .021

Drinker 823 (72.1) 356 (75.7) 467 (69.5)

Smoking history

Never smoker 390 (34.1) 157 (33.3) 233 (34.7) .5 .790

Former smoker 554 (48.5) 234 (49.7) 320 (47.6)

Current smoker 199 (17.4) 80 (17.0) 119 (17.7)

Residence

California 274 (20.2) 99 (18.3) 175 (22.5) 23.8 .206

Maine 235 (17.8) 103 (19.1) 132 (16.9)

Arizona 134 (10.1) 57 (10.6) 77 (9.9)

New Hampshire 120 (9.1) 51 (9.4) 69 (8.9)

Pennsylvania 99 (7.5) 48 (8.9) 51 (6.5)

Nevada 62 (4.7) 27 (5.0) 35 (4.5)

Canada 35 (2.6) 19 (3.5) 16 (2.1)

Other states 362 (27.9) 136 (25.2) 226 (28.7)

Experienced user (>1 year of use) 832 (63.0) 362 (67.0) 470 (60.2) 6.4 .011

Combined medical and recreational use (MEDREC) 606 (45.9) 285 (52.8) 321 (41.1) 17.5 <.0001

SD, standard deviation.
NOTE. Values are n (%) unless otherwise indicated.
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SSRIs (80%). No more than 3% of substituting users in
each medication class reported their medication use
had increased either a little or a lot except DMARDs
(5%) (Fig 1). The top reasons for medication substitution
across medication classes were 1) fewer adverse effects
from cannabis and 2) better symptom management
with cannabis. Participants also reported significant
improvements in pain (Fig 2) and health (Fig 3), with
88% reporting that their pain had improved a lot or a
little, and 71% reporting that their health had improved
a lot or a little since starting cannabis.
Participants who reported substitutingwere significantly
younger (49.4 § 13.6 years vs 52.1 § 14.8 years; P= .004),
and more likely to be female (61% vs 54%; P= .025) than
nonsubstituting users. Females were 30% more likely to
report substituting than males, although not significantly
so (adjusted for: age, alcohol use, concomitant medication;
AOR=1.30, 95% CI = .88−1.94, P= .085). A significantly
greater proportion of nonsubstituting cannabis users
reported concomitant medication use (52% vs 34%; P <
.0001). Since starting cannabis use medically, a significantly
greater proportion of substitutors reported that pain had



Table 2. Types of Chronic Pain Conditions and
Pain-Related Symptoms in the Study
Population

CONDITIONS OR SYMPTOMS N (%)

Acute pain 530 (40.1)

Severe and chronic pain 899 (68.1)

Chronic overlapping pain conditions

Back pain 763 (57.8)

Migraine 282 (21.3)

Fibromyalgia 199 (15.1)

Irritable bowel disease or Crohn’s disease 183 (13.8)

Temporomandibular joint disorder 84 (6.4)

Osteoarthritis 269 (20.4)

Rheumatoid arthritis 129 (9.8)

Comorbid mood disorders

Anxiety 689 (52.2)

Post-traumatic stress disorder 324 (24.5)

Depression 525 (39.7)

NOTE. Although the entire population identified as having chronic pain of some
kind, reported are the chronic pain conditions, symptoms, and mood disorders
in the study population. The percentages add up to far greater than 100%,
because participants reported using cannabis to manage or treat on average
4.5 conditions or symptoms.
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decreased either a little or a lot (x2 = 12.4, P= .002) and that
their health had improved either a little or a lot (x2 = 8.7,
P= .012), comparedwith nonsubstituting users.

Novice Versus Experienced Cannabis
Users
A significantly greater proportion of novice users were

female than experienced users (64% vs 58%; P= .005;
Table 4). Groups differed significantly in relationship status
(P= .023), but did not differ by age (P= .409), education
(P= .06), or income (P= .64). There were no differences in
alcohol or tobacco consumption between groups (P= .28
and P= .18, respectively). Novice users were represented
mostly by California (15%), Pennsylvania (17%), and New
Hampshire (17%), and experienced users were represented
by California (24%) andMaine (25%).
A significantly greater proportion of experienced

users reported no concomitant pain medication use
(43% vs 30%; P < .0001; Table 3). Novice users reported a
significantly higher rate of concomitant opioids (22% vs
13%; P < .0001), benzodiazepines (17% vs 10%; P <
.0001), gabapentanoids (16% vs 10%; P < .0001), NSAIDs
(35% vs 28%; P = .02), and SNRIs (14% vs 7%; P < .0001)
compared with experienced users. A significantly greater
proportion of experienced users reported their health
had improved since they had started medical cannabis
(74% vs 67%; P = .004), although changes in pain (P = .74)
did not differ significantly between groups.
The odds of substitution did not differ between novice

and experienced users: (OR = 1.06, 95% CI = .73 - 1.52,
P = .71) and (AOR= 1.05, 95% CI = .71 - 1.56, P = .74). How-
ever, among substitutors, experienced users reported a
greater number of substitutions than novice users (mean
§ standard deviation = 2.11 § 1.43 vs 1.85 § 1.43, respec-
tively; P = .001). Experienced users reported a significantly
higher rate of substitution for benzodiazepines (24% vs
17%; P = .001), NSAIDs (43% vs 37%; P = .02), and SSRIs



Fig 1. Substitution of cannabis for pain medication.

Fig 2. Changes in pain since starting cannabis.
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(16% vs 8%; P < .0001) compared with novice users. As
before, the top reasons for substitution for both groups
were 1) fewer adverse side effects from cannabis and 2)
better symptom management with cannabis than from
(medication), for both groups and all medication classes.
Concomitant Recreational Use (MED vs
MEDREC)
MEDREC users were significantly younger than nonre-

creational users (46.9 § 14.2 vs 52.3 § 13.0 years;
x2 = 7.1, P < .0001; Table 4). The MEDREC group had a
higher proportion of experienced users compared with
the MED group (73.1% vs 54.4%; P < .0001). A signifi-
cantly larger proportion of females were MED users
compared with MEDREC users (64% vs 53%; x2 = 20.2,
P < .0001). Compared with males, females were 35% less
likely to be MEDREC users: OR = .62 (95% CI = .47-.84,
P < .0001); adjusted for age category and drinking sta-
tus, and concomitant medication: AOR = .66 (95%
CI = .48−.92, P = .001). Relationship status differed sig-
nificantly (P < .0001), with MEDREC users reporting a



Fig 3. Changes in health since starting cannabis.
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lower rate of marriage (43% vs 55%); education (P = .22)
and income (P = .15) did not differ. A significantly
greater proportion of MEDREC users reported alcohol
use (79% vs 66%; P < .0001) as well as a higher propor-
tion of never smokers (37% vs 30%) that did not attain
statistical significance (P = .054). Geographically, MED
users were represented mainly by California (17.8%),
Maine (17%), New Hampshire (13%), and Arizona
(17%), whereas MEDREC users were predominately
from California (24%) and Maine (19%).
Compared with MED users, MEDREC users reported

using fewer concomitant medications, both overall and
in multiple medication classes including opioids, benzo-
diazepines, NSAIDS, and gabapentanoids (Table 3). There
were no statistically significant differences between the
number of medication substitutions between MED and
MEDREC users (P = .16). After controlling for sex, age,
relationship status, alcohol use, and smoking status, MED
users were found to be 34% less likely to report substitut-
ing than MEDREC users (AOR= .66, 95% CI = .44-.98,
P = .006). Compared with MED users, a significantly
greater proportion of MEDREC users reported substitut-
ing overall (x2 = 5.7; P = .017), as well as a greater propor-
tion reporting substituting cannabis for opioids (57% vs
48%; P = .002) and gabapentanoids (17% vs 10%;
P < .0001). A slightly higher proportion of MEDREC users
reported a lot of improvement in their health (42% vs
37%; P = .007) compared with MED users, although the
groups did not differ in changes in pain.
Discussion
Consistent with our previous report,5 but with a much

larger sample size (n = 1,321 vs n = 185), we found that
medical cannabis users with chronic pain reported substi-
tuting cannabis for opioids and other pain medications,
as well as reporting decreased pain and improved health
after using cannabis. The 2 most common reasons for
substitution were improved symptom management and
fewer adverse side effects. These findings closely repli-
cate findings in Canada, where Lucas et al25 reported
that 63% of 270 medical cannabis users substituted can-
nabis for prescription drugs, including opioids (32%) and
benzodiazepines (16%) for similar reasons. Although
other studies did not capture substitution rationale, their
results have been remarkably consistent.14,34,38,39,41 For
example, 97% (n = 841) of medical cannabis users in Cali-
fornia reported decreasing opioid consumption38 and
77% of medical cannabis users with pain reporting
reduced opioid use since starting medical cannabis.33

Longitudinal studies in Israel and New Mexico further
our findings of cannabis being opioid sparing and
reducing pain. In Israel, 3 recent open-label studies fol-
lowed cannabis users for 6 months in clinical set-
tings.1,3,18 In the first, 176 participants using cannabis
for intractable chronic pain reported significantly
decreased pain and pain interference, and 32 of 73 had
discontinued opioids at 6 months.18 In the second, of
344 elderly individuals with cancer who used opioids at
baseline, 36% discontinued use and 9.9% decreased
their dosage.3 In the third, conducted among 901
elderly individuals with mixed conditions, 114 discontin-
ued opioid use and 29 reduced their dosage.1 Partici-
pants reported a median 4-point decrease in pain on
a 0- to 10-point visual analog scale, exceeding the typi-
cal 2-point threshold for clinically significant improve-
ment.16 This pattern of discontinuing or decreasing
opioid use was also reported among habitual opioid



Table 4. Characteristics of Novice Versus Experienced Users and MED Versus MEDREC Users

NOVICE

(N= 489)

EXPERIENCED

(N= 832)

x2 P VALUE MED (N= 715) MEDREC

(N= 606)

x2 P VALUE

Sex, female 331 (64.0%) 481 (57.8%) 12.7 .0004 459 (64.0%) 321 (53.0%) 17.1 <.0001
Age, y

Mean § SD 50.2 (13.4) 49.6 (14.1) .8 .409 52.3 (13.0) 46.9 (14.2) 7.1 <.0001
18−25 18 (3.7%) 38 (4.6%) 5.5 .244 11 (1.5%) 45 (7.4%) 56.7 <.0001
26−34 54 (11.1%) 110 (13.2%) 69 (9.7%) 95 (15.7%)

35−49 151 (30.9%) 234 (28.2%) 193 (27.0%) 192 (31.7%)

50−64 196 (40.2%) 305 (36.7%) 305 (42.7%) 196 (32.4%)

≥65 69 (14.1%) 144 (17.3%) 136 (19.0%) 77 (12.7%)

Annual household income ($U.S.)

<10,000 37 (7.7%) 60 (7.4%) 3.4 .642 55 (7.9%) 42 (7.0%) 8.0 .154

10,000−39,999 137 (28.7%) 256 (31.4%) 207 (29.8%) 186 (31.1%)

40,000−69,999 118 (24.7%) 194 (23.8%) 174 (25.0%) 138 (23.1%)

70,000−99,999 85 (17.8%) 152 (18.7%) 136 (19.6%) 101 (16.9%)

100,000−149,999 53 (11.1%) 92 (11.3%) 64 (9.2%) 81 (13.5%)

>150,000 48 (10.0%) 61 (7.5%) 59 (8.5%) 50 (8.4%)

Education (highest completed)

Less than high school degree 7 (1.4%) 5 (.6%) 10.4 .065 7 (1.0%) 5 (0.8%) 7.0 .22

High school or GED 77 (15.8%) 93 (11.2%) 97 (13.6%) 73 (12.0%)

Associates technical school or some college 207 (42.4%) 369 (44.4%) 317 (44.5%) 259 (42.7%)

Bachelor’s 107 (21.9%) 217 (26.1%) 156 (21.9%) 168 (27.7%)

Master’s 65 (13.3%) 100 (12.0%) 93 (13.0%) 72 (11.9%)

Professional or doctoral 25 (5.1%) 47 (5.7%) 43 (6.0%) 29 (4.8%)

Relationship status

Single 83 (17.0%) 150 (18.1%) 13.1 .023 108 (15.2%) 125 (20.6%) 30.6 <.0001
Married 267 (54.6%) 384 (46.3%) 389 (54.6%) 262 (43.2%)

Living together 55 (11.2%) 132 (15.9%) 84 (11.8%) 103 (17.0%)

In a relationship but not living together 19 (3.9%) 48 (5.8%) 27 (3.8%) 40 (6.6%)

Divorced 46 (9.4%) 91 (11.0%) 73 (10.3%) 64 (10.6%)

Widowed 19 (3.9%) 24 (2.9%) 31 (4.4%) 12 (2.0%)

Alcohol intake

Nondrinker 132 (29.7%) 187 (26.8%) 1.2 .281 210 (33.7%) 109 (21.0%) 22.4 <.0001
Drinker 312 (70.3%) 511 (73.2%) 413 (66.3%) 410 (79.0%)

Smoking history

Never smoker 161 (36.3%) 229 (32.8%) 3.42 .181 231 (37.1%) 159 (30.5%) 5.8 .054

Former smoker 200 (45.0%) 354 (50.6%) 291 (46.8%) 263 (50.5%)

Current smoker 83 (18.7%) 116 (16.6%) 100 (16.1%) 99 (19.0%)

Residence

California 72 (14.8%) 202 (24.3%) 292 <.0001 126 (17.8%) 148 (24.4%) 54.3 <.0001
Maine 29 (5.9%) 206 (24.8%) 118 (16.7%) 115 (19.0%)

Arizona 46 (9.4%) 88 (10.6%) 89 (12.6%) 45 (7.4%)

New Hampshire 84 (17.2%) 36 (4.3%) 90 (12.7%) 30 (5.0%)

Pennsylvania 83 (17.0%) 16 (1.9%) 49 (6.9%) 49 (8.1%)

Nevada 23 (4.7%) 39 (4.7%) 31 (4.4%) 30 (5.0%)

Canada 9 (1.8%) 26 (3.1%) 16 (2.3%) 18 (3.0%)

Other states 143 (29.2%) 219 (26.3%) 196 (26.6%) 171 (28.1%)

Experienced user: duration of ≥1 year 389 (54.4%) 443 (73.1%) 49.2 <.0001
MEDREC 163 (33.3%) 443 (53.2%) 49.2 <.0001

Abbreviation: SD, standard deviation.
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users with chronic pain in New Mexico who enrolled in
the state medical cannabis program.42

The current study and the consistent nature of these
observational findings provide additional nuance to the
ongoing debate about cannabis’s analgesic value for
chronic pain, as well as a potential substitute for opioids
or other drugs. Indeed, they add granularity to the eco-
logical associations between medical cannabis laws and
opioid overdose decreases, highlighting a specific behav-
ioral mechanism (intentionally substituting cannabis for
opioids and other medications) that may be driving these
statewide trends. Further, the noted differences between
the subgroups (novice vs experienced, MEDREC vs MED)
suggest distinct demographic and behavioral patterns
that may reflect the changing nature of cannabis use
nationwide, at least among users with chronic pain.
Our sample population had a higher proportion of

females (59%) and older adults (54% over the age of 50).
With the exception of the study in New England,33 our
sample population is quite different from other U.S.
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studies on substitution, in which the populations were
generally male and younger.14,38,41 These differences
likely reflect the focus of this study on chronic pain,
which affects women and the elderly at a higher rate
than other populations.11,22 It may also reflect the chang-
ing demographics of medical cannabis users. As more
states have legalized cannabis over time, perceptions of
cannabis safety and its medical value have increased, and
more seniors are interested in cannabis as a potential
pain management tool when recommended by doc-
tors.23,28 In our sample, MED users tended to be older
and female compared with MEDREC users. This finding is
consistent with a recent analysis of a national sample,
although that study aggregated users by medical use ver-
sus recreational use, rather thanmedical versus combined
medical and recreational use.24 Respondents who used
cannabis medically in the national sample also had lower
past year alcohol abuse,24 similar to our study in which
participants who used cannabis medically alone were
more likely to not drink alcohol at all.
Our findings that MED users were both more likely to

report substituting cannabis for pain medications and to
currently take multiple concomitant medications suggest
several potentially overlapping interpretations. These
include: 1) intentional medical use and harm reduction by
deliberately trying to improve health outcomes, as
reflected in the substitution rationale; 2) the potential for
polysubstance abuse (adding cannabis to several other
medications), 3) higher medication requirements among
MED users owing to more serious medical issues, reflect-
ing an inability to stop taking certain medication classes,
and 4) MED users are likely to be new to cannabis, so they
have not had as much time to taper other medications.
With regard to experience with cannabis, novice users
were more likely than experienced users to be female and
to take concomitant medications. This finding is consis-
tent with trends of higher historical rates of recreational
cannabis use among men than women,12 suggesting that
women may be a new and growing group of medicinal
cannabis users. The higher concomitant medication use
also makes intuitive sense, because it likely takes time to
figure out a successful dosing regimen that would allow
individuals to taper off medications. Although future lon-
gitudinal studies will help to parse out these differences,
our reported association between medication substitu-
tions and improved pain and health suggests that, within
our cohort, many medical cannabis users with chronic
pain are finding better pain management outcomes with
cannabis than traditional pain medications.
We acknowledge the importance of approaching our

substitution findings with caution, both because canna-
bis use carries numerous health risks (eg, respiratory
issues from smoking, cognitive issues, impaired driv-
ing)43,44 and because substitution trends have been con-
tended. Olfson et al32 examined longitudinal data on
cannabis and opioid use from the National Epidemio-
logic Survey on Alcohol and Related Conditions, which
conducted surveys from 2001 to 2002 (wave 1) and fol-
low-up between 2004 and 2005 (wave 2). Cannabis use
at wave 1 was associated with a 2.62 higher odds of
nonmedical opioid use, as well as a 2.18 higher odds of
opioid use disorder at wave 2. Nonmedical opioid use
was amplified among individuals with pain. Similarly, a
recent longitudinal study of individuals with chronic
pain who were prescribed opioids in Australia also
found that cannabis use was associated with more pain
severity, pain interference, and anxiety, as well as no
evidence of cannabis substitution for opioids.9 Unfortu-
nately, these studies were lacking in several critical
ways. They did not distinguish between medical and rec-
reational cannabis use—an important distinction, given
that medical and recreational users exhibit different
drug use characteristics, with medical users reporting
lower prevalence of drug and alcohol use/abuse (exclud-
ing cannabis).24 Further, the medical cannabis landscape
in these studies is incongruent with the current cannabis
environment, because medical cannabis was only
recently legalized in Australia, and U.S. laws have
changed substantially since the National Epidemiologic
Survey on Alcohol and Related Conditions was con-
ducted in 2005. Twenty-two additional states have
legalized medical cannabis, and 9 have legalized recrea-
tional cannabis.36 There are a wide variety of available
cannabis products,23 increasing education opportunities
for physicians and patients,27 and a much larger patient
base (estimated to be >2.1 million),37 as well as the
ongoing opioid crisis, which has placed stricter guide-
lines on opioid prescribing practices15 and led patients
to seek alternatives. All that said, as with any analgesic,
it is likely that cannabis is not appropriate to use in
some individuals owing to the risk of addiction and
abuse, as well as because it is not always effective for
pain management. Determining which populations are
most at risk as well as those who stand to benefit the
most from cannabinoid therapies remains an important
and ongoing research topic.

A logical next step would be to examine whether
these substitution findings hold up in clinical trials,
which would more rigorously test their validity. Unfor-
tunately, to our knowledge no trials have been con-
ducted that directly examine cannabis as an opioid
substitute, although preclinical and a small, double-
blind study suggested that cannabidiol may attenuate
craving.20 A recent systematic review also reported that
preclinical (but not human) studies consistently showed
synergistic analgesic effects between tetrahydrocannab-
inol and opioids.29 Since that review was published, a
clinical trial in healthy individuals showed that combin-
ing subanalgesic doses of oxycodone with smoked can-
nabis increased pain thresholds and pain tolerance.13

This finding suggests that individuals using cannabis
with opioids may be able to lower their opioid dosage
to achieve the same analgesic effect and represents a
potential mechanism for how individuals are finding
similar pain relief while lowering their opioid dose.

It is also possible that participants are using cannabis
to manage affective aspects of chronic pain or opioid
tapering—such as anxiety or pain-related distress—that
lead to perceptions of improved symptom manage-
ment. Indeed, many participants in our survey fre-
quently reported that they were using cannabis to
manage anxiety, depression, and post-traumatic stress
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disorder. Although there is little peer-reviewed evi-
dence suggesting that cannabis is useful for these mood
disorders (with some studies suggesting that cannabis
use may worsen anxiety and depression among individ-
uals with chronic pain),40 there are currently multiple
ongoing clinical trials to better understand cannabis’s
potential therapeutic value in this context.31

Limitations
Our study has several limitations. First, the cross-

sectional design leaves us unable to examine changes
over time, and we are forced to make inference
based on retrospective self-report data. Second, our
self-selected sample likely over-represents those who
have found cannabis to be useful as medicine,
because individuals who tried cannabis and found it
to be unhelpful likely would not respond to this sur-
vey. Third, we are unable to know how many people
were informed about this survey via the various
recruitment methods, so we cannot accurately esti-
mate the response rate. Fourth, we were unable to
distinguish specific mechanisms or protocols of how
medical cannabis users tapered off of opioids and
other drugs. In this same vein, we did not analyze
administration routes, cannabinoid preferences, or
cannabinoid content of products that might be
related to medication substitution as these are
beyond the scope of this current investigation. Fifth,
given the increased scrutiny applied to opioid pre-
scribing in the context of the current opioid crisis, it
is possible that tightened prescription standards low-
ered accessibility to opioids and thus contributed to
the decreased opioid use reported in this study. How-
ever, it is unlikely that such standards were the chief
driver behind the effect, because participants had a
consistent rationale (reduced side effects, symptom
management) for substituting cannabis for opioids.
Sixth, we are uncertain whether participants who
reported substituting cannabis for pain medications
eventually went back to using those medications.
Seventh, we acknowledge that our classification of
cannabis users as MED versus MEDREC is limited,
because definitions of recreational use may vary
among individuals and because it is possible that one
can use a substance medically but still obtain recrea-
tional effects (ie, the high from cannabinoids).
Conclusions
Cannabis’s plausibility as an opioid substitute has been

documented extensively in the observational literature,
and our current study provides additional support for
this hypothesis. However, rigorous trials that test repro-
ducible tapering protocols or guidelines are lacking.
Given that cannabis remains a Schedule I substance under
the Controlled Substances Act, it is unlikely that many
cannabis clinical trials will fill in this gap in the near
future. However, there are many such protocols currently
available but untested in the scientific literature (eg,
Healer.com.). Most follow similar guidelines, including
starting at low doses and slowly increasing until desired
pain relief is achieved, combining use of cannabidiol and
tetrahydrocannabinol, and using different administra-
tion routes for breakthrough pain/craving and long-term
pain relief. Rigorous, randomized observational studies
using standardized, validated measures of pain (such as
the Brief Pain Inventory) should follow participants using
such protocols to establish dosing targets for effective
cannabis analgesia and substitution.
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