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IMPORTANCE Cannabis use disorder (CUD) is increasing among US adults. Few national
studies have addressed the role of medical cannabis laws (MCLs) and recreational cannabis
laws (RCLs) in these increases, particularly in patient populations with high rates of CUD risk
factors.

OBJECTIVE To quantify the role of MCL and RCL enactment in the increases in diagnosed CUD
prevalence among Veterans Health Administration (VHA) patients from 2005 to 2019.

DESIGN, SETTING, AND PARTICIPANTS Staggered-adoption difference-in-difference analyses
were used to estimate the role of MCL and RCL in the increases in prevalence of CUD
diagnoses, fitting a linear binomial regression model with fixed effects for state, categorical
year, time-varying cannabis law status, state-level sociodemographic covariates, and patient
age group, sex, and race and ethnicity. Patients aged 18 to 75 years with 1 or more VHA
primary care, emergency department, or mental health visit and no hospice/palliative care
within a given calendar year were included. Time-varying yearly state control covariates were
state/year rates from American Community Survey data: percentage male, Black, Hispanic,
White, 18 years or older, unemployed, income below poverty threshold, and yearly median
household income. Analysis took place between February to December 2022.

MAIN OUTCOMES AND MEASURES As preplanned, International Classification of Diseases,
Clinical Modification, ninth and tenth revisions, CUD diagnoses from electronic health records
were analyzed.

RESULTS The number of individuals analyzed ranged from 3 234 382 in 2005 to 4 579 994 in
2019. Patients were largely male (94.1% in 2005 and 89.0% in 2019) and White (75.0% in 2005
and 66.6% in 2019), with a mean (SD) age of 57.0 [14.4] years. From 2005 to 2019, adjusted CUD
prevalences increased from 1.38% to 2.25% in states with no cannabis laws (no CLs), 1.38% to
2.54% in MCL-only enacting states, and 1.39% to 2.56% in RCL-enacting states.
Difference-in-difference results indicated that MCL-only enactment was associated with a 0.05%
(0.05-0.06) absolute increase in CUD prevalence, ie, that 4.7% of the total increase in CUD
prevalence in MCL-only enacting states could be attributed to MCLs, while RCL enactment was
associated with a 1.12% (95% CI, 0.10-0.13) absolute increase in CUD prevalence, ie, that 9.8% of
the total increase in CUD prevalence in RCL-enacting states could be attributed to RCLs. The role
of RCL in the increases in CUD prevalence was greatest in patients aged 65 to 75 years, with an
absolute increase of 0.15% (95% CI, 0.13-0.17) in CUD prevalence associated with RCLs, ie, 18.6%
of the total increase in CUD prevalence in that age group.

CONCLUSIONS AND RELEVANCE In this study of VHA patients, MCL and RCL enactment played
a significant role in the overall increases in CUD prevalence, particularly in older patients.
However, consistent with general population studies, effect sizes were relatively small,
suggesting that cumulatively, laws affected cannabis attitudes diffusely across the country or
that other factors played a larger role in the overall increases in adult CUD. Results underscore
the need to screen for cannabis use and CUD and to treat CUD when it is present.
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C annabis is a widely used psychoactive substance.1 While
many individuals can use cannabis without harm, 20%
to 33%2 of individuals who use cannabis develop can-

nabis use disorder (CUD),3 which is characterized by problem-
atic use, clinically significant distress or impairment, symp-
toms including tolerance, withdrawal, and neglect of other
activities,4 and psychosocial and health-related problems.5-8

Adult CUD rates have increased in the US general
population,9,10 inpatients,11 and veterans,12,13 amidst declin-
ing perceptions of cannabis risk,14,15 increasing cannabis
potency,16 and legalization. As of November 17, 2022, 37 US
states had enacted medical cannabis laws (MCLs) and 21 states
and Washington, DC, had enacted recreational cannabis laws
(RCLs). MCLs and RCLs could increase rates of CUD by de-
creasing perceptions of cannabis risk and increasing availabil-
ity and commercialization.1,17,18 MCL and RCL have played a
significant role in the increased prevalence of adult cannabis
use,19-21 but few studies examined the role of MCL or RCL in
the national increases in adult CUD rates. In analyses of 3 US
surveys conducted between 1991 and 2013, the prevalence of
adult CUD increased more after MCL enactment than overall
contemporaneous prevalence increases.22 In 2008 to 2016
yearly national survey data,17 among adults 26 years and older,
the risk of adult CUD increased more after RCL enactment than
before such enactment and more than overall national con-
temporaneous increases in prevalence. Neither CUD study used
data after 2016, estimated the amount of overall change asso-
ciated with the laws, or focused on a large health care popu-
lation whose characteristics could increase vulnerability to
effects of the changing laws.

The Veterans Health Administration (VHA) is the largest in-
tegrated health care system in the US,23 now providing care to
over 6 million patients each year.24 The VHA patient popula-
tion is predominantly male, has low income,25,26 and is char-
acterized by high rates of psychiatric disorders27 and painful
medical conditions incurred during military service.26,28-30 Com-
pared with the general population and with other veterans, these
characteristics increase the risk for CUD,31,32 making the VHA
patient population a large, important group for studying the as-
sociations of MCLs and RCLs with outcomes. Additionally, many
VHA patients are 65 years or older.33 Understanding CUD in older
adults is important to inform screening and service planning
given the disproportionately increasing rates of cannabis use in
older adults.34,35 Therefore, leveraging the comprehensive VHA
electronic health record, we investigated the role of MCLs and
RCLs enactment in the national increases in rates of CUD diag-
noses from 2005 to 2019, overall and by age group.

Methods
Yearly data from 2005 to 2019 were obtained through the VHA
Corporate Data Warehouse, a data repository for all care pro-
vided at VHA facilities or paid for by the VHA. Veterans aged
18 to 75 years with 1 or more VHA primary care, emergency de-
partment, or mental health visit in a given calendar year were
included, except those in hospice/palliative care or residing out-
side the 50 states or Washington, DC. Resulting numbers rang-

ing from 3 234 382 to 4 579 2994 patients each year were used
to create 15 data sets, 1 for each year from 2005 to 2019. Waiv-
ers/exemptions of informed consent were granted by New York
State Psychiatric Institute, VA Puget Sound, and VA New York
Harbor Healthcare Systems institutional review boards.

Measures
The primary outcome was a clinician-made CUD diagnosis given
at 1 or more outpatient or inpatient encounters within a calen-
dar year. International Classification of Diseases, Ninth Revi-
sion, Clinical Modification (ICD-9-CM) was used from 2005 to
2015 (305.2X, abuse; 304.3X, dependence). International Sta-
tistical Classification of Diseases, Tenth Revision, Clinical Modi-
fication (ICD-10-CM) was used from 2016 to 2019 (F12.1, abuse;
F12.2, dependence). The abuse and dependence categories were
combined because their criteria are unidimensional.3 Remis-
sion and unspecified cannabis use were excluded.

Primary exposures were state-year variables indicating
state enactment of MCLs and/or RCLs, ie, that the law was op-
erational and residents could rely on its legal protections. Pa-
tient state of residence was indicated by last health care en-
counter for each year. States were categorized each year as no
cannabis laws (no CLs), MCLs only, and having MCLs/RCLs.
Also, because state legal protection of dispensaries can occur
post-MCL or -RCL enactment, potentially affecting availabil-
ity, we used the RAND-USC Opioid Policy Tools and Informa-
tion Center marijuana policy data36 to create state-year vari-
ables indicating the years that legally protected dispensaries
were operational for medical cannabis in MCL-only states and
for recreational cannabis in MCL/RCL states.

Individual control variables included age (continuous
and categorized as 18-34, 35-64, and 65-75 years), sex (male/
female), and race and ethnicity categories (Hispanic, non-
Hispanic Black [hereafter, Black], non-Hispanic White [here-
after, White], other/multiple, and unknown), obtained from
demographic files. Time-varying yearly state control covari-
ates were state/year rates from American Community Survey
data: percentage male, Black, Hispanic, White, 18 years or older,
unemployed, income below poverty threshold, and yearly me-
dian household income. One-year estimates were used for 2005

Key Points
Question What was the role of medical and recreational cannabis
law enactment in the nationally increasing rates of cannabis use
disorder (CUD) from 2005 to 2019 in Veterans Health
Administration patients?

Findings In this observational study of sequential yearly Veterans
Health Administration electronic health record data from 2005 to
2019, CUD rates increased from 1.38% to 2.25% in states with no
cannabis legalization, 1.38% to 2.54% in states that legalized
medical use, and 1.39% to 2.56% in states that legalized
recreational use. Significant but small effect sizes were found for
medical and recreational legalization, accounting for 4.7% and
9.8% of the overall increases in the respective states.

Meaning Although legalization contributed to increasing CUD
rates, the role of the laws in these increases may not have been
not state-specific or other factors may have played a larger role.
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to 2008,37 and 5-year estimates were used for 2009 to 2019,38

downloaded using the R tidycensus package (Tidycensus).39

Statistical Analysis
Initial analyses of diagnosed CUD prevalence (hereafter, CUD
prevalence) across 2005 to 2019 were grouped by state law sta-
tus in 2019: (1) no CL, (2) MCL only, and (3) MCL/RCL. Ad-
justed prevalence estimates across each year in each of the 3
groups were obtained from a linear binomial regression model
controlling for age, sex, race and ethnicity, and time-varying
state covariates.

To estimate the role of MCL and RCL enactment in the na-
tional increases in CUD prevalence using all yearly informa-
tion from 2005 to 2019, the staggered adoption difference-in-
difference (DiD) model40 was used. This DiD model uses each
state that enacts a law as its own control, comparing aggre-
gated postlaw years to prelaw years and controlling for his-
torical trends over time with data from all other states that had
not enacted the respective law in contemporaneous years. A
time-varying indicator was constructed for each state-year in-
dicating no CL, MCL only, or MCL/RCL for that year. The DiD
estimates for MCL only and MCL/RCL associations were ob-
tained from fitting a linear binomial regression model with fixed
effects for state, categorical year, time-varying law status, in-
dividual-level covariates, and time-varying state-level covar-
iates. Resulting DiD estimates include the effect size of a state
moving from no CLs to MCLs only and from MCLs only to
MCLs/RCLs. (All states with RCLs previously had MCLs). The
17 no-CL states and 3 MCL-only states that did not change their
laws between 2005 and 2019 contributed to DiD estimates by

providing information for the contemporaneous trend esti-
mates of the respective type of state. Note that the 2015 ICD-
9-CM to ICD-10-CM change resulted in a slight downward
shift in CUD prevalence in 2015 across the entire VHA system
and all states.13 DiD estimates take this shift into account by
using states that had not yet passed MCLs or RCLs, which ex-
perienced the ICD-9-CM to ICD-10-CM change at the same
time, as contemporaneous secular controls. While 95% CIs are
provided for DiD estimates, given the large numbers and re-
sulting precise estimates, interpretation focuses on magni-
tude rather than P values. To illustrate the magnitude of the
DiD estimates compared with the overall increases in CUD
prevalence (ie, the amount of change that could be attributed
to the laws), the DiD estimates were divided by the absolute
changes between 2005 and 2019 in the states with the respec-
tive laws by 2019. To explore whether law outcomes differed
by earlier or later enactment, we obtained state-specific DiD
estimates with interaction terms between state and time-
varying no-CL/MCL-only/RCL status. All procedures were then
redone within age groups (18-34, 35-64, 65-75 years), adjust-
ing for within-group continuous age.

Sensitivity analyses used similar methods. We examined
legalized dispensaries by replacing state/year no-CL/MCL-
only/RCL variables with the year medical or recreational
dispensaries were first operational.36 We examined lagged
MCL-only/RCL states effect sizes by replacing MCL-only/RCL
state/year variables with 1-year postenactment dates. Analy-
sis took place between February and December 2022.

Results
Demographic Characteristics
In 2005 (n = 3 234 382), 5.7%, 61.6%, and 32.7% of patients were
aged 18 to 34, 35 to 64, and 65 to 75 years (eTable 1 in Supple-
ment 1). In 2019 (n = 4 579 994), 10.5%, 48.8%, and 40.7% were
in these age groups, respectively. Most patients were White
(75.0% in 2005 and 66.6% in 2019) and male (94.1% in 2005
and 89.0% in 2019); female patients increased from 5.9% to
11.0% by 2019, as did Black and Hispanic patients (16.5% to
20.2%; 3.7% to 6.8%, respectively). The mean (SD) age was 57.0
[14.4] years.

Trends in States Grouped by 2019 Cannabis Law Status
Figure 1 and Table 1 show 2005 to 2019 CUD prevalence trends
(weighted mean estimates) within no-CL, MCL-only, and MCL/
RCL states defined by their 2019 status. In 2005 and 2019, CUD
prevalence increased from 1.38% (95% CI, 1.37-1.38) to 2.25%
(95% CI, 2.23-2.27) in no-CL states (0.88% absolute in-
crease), from 1.38% (95% CI, 1.37-1.F) to 2.54% (95% CI, 2.52-
2.56) in MCL-only states (1.16% absolute increase), and from
1.40% (95% CI, 1.39-1.40) to 2.56% (95% CI, 2.54-2.59) in MCL/
RCL states (1.17% absolute increase; eTable 2 in Supple-
ment 1). From 2005 to 2014, ICD-9-CM CUD prevalence in-
creased in all 3 groups of states. As described previously,13 the
ICD-9-CM to ICD-10-CM transition led to artifactual de-
creases in CUD prevalence in 2015 and 2016 due to clinician
coding practices and electronic health record procedures in the

Figure 1. Trends in Prevalence of Cannabis Use Disorder (CUD) Diagnoses
From 2005 to 2019, Aggregated Within the 3 Groups of States Defined
by Their Cannabis Legalization Status at the End of 2019
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VHA (eAppendix in Supplement 1). Thereafter, CUD preva-
lence resumed increases through 2019. eFigure 1A-C in
Supplement 1 shows the corresponding estimates by age group.
While the oldest group had the lowest prevalence and great-
est relative increase over time, trends by state law status within
age groups were similar to the overall sample.

DiD Estimates of the Role of MCLs and RCLs
in the National Increases in CUD Rates
The DiD estimate of the CUD prevalence increase due to MCL
enactment was 0.05% (95% CI, 0.05%-0.06%; Table 2). Rela-
tive to the absolute change in MCL-only states by 2019 (1.16%;
Table 1), 4.7% of this increase could be attributed to MCL en-
actment. The DiD estimate of the CUD prevalence increase due
to changing from MCL only to RCL/MCL was 0.12% (95% CI,
0.10%-0.13%). Relative to the absolute change in MCL/RCL
states by 2019 (1.17%; Table 1), 9.8% of the increase in RCL states
could be attributed to RCL enactment.

In patients aged 18 to 34 years (Table 2), neither MCL nor
RCL enactment were significantly associated with the overall
increase in CUD prevalence. In patients aged 35 to 64 years,
in states enacting MCLs only, 6.8% of the increase in CUD preva-
lence could be attributed to MCLs, while in states enacting RCL,
2.9% of the increase in CUD prevalence could be attributed to
RCLs. Among patients aged 65 to 75 years, in states enacting
MCLs only, 8.1% of the increase in CUD prevalence was asso-
ciated with MCLs, and in states enacting RCLs, 18.6% of the
increase in CUD prevalence could be attributed to RCLs.

State-Specific DiD Estimates
Figure 2 shows the DiD estimates and 95% CIs for the 30 states
and Washington, DC, that enacted MCLs and/or RCLs be-
tween 2005 and 2019, rank ordered by month and year of en-
actment (by RCLs if MCLs and RCLs were both enacted).
eTable 3 in Supplement 1 shows 2005 and 2019 state-specific
CUD prevalence and 95% CIs. Of the 22 states that changed
from no CLs to MCLs only between 2005 and 2019, 11 showed
an increase, 4 showed a decrease, and 7 showed no change as-
sociated with MCL enactment. Of the 11 states that enacted
RCLs by 2019, 8 had MCLs before 2005. Of these, 7 showed in-
creases in CUD prevalence associated with RCL enactment and
1, a decrease. Three states and Washington, DC, enacted both
MCLs and RCLs between 2005 and 2019; 2 states showed in-
creases associated with MCL enactment; and all showed in-
creases associated with RCL enactment. Thus, of the 30 states
that enacted MCLs, RCLs, or both between 2005 and 2019, 19
(63.3%) exhibited increased CUD associated with the laws.
However, no state law association reached 1% absolute in-
crease in CUD prevalence, and no patterning was evident by
earlier or later enactment.

eFigure 2 in Supplement 1 shows state-specific DiD re-
sults by age. In patients aged 18 to 34 years, 12 states showed
an increase associated with law enactment, while in those aged
35 to 64 years, 16 states showed an increase associated with
law enactment. In patients aged 65 to 75 years, CUD preva-
lence increase was associated with MCLs or RCLs occurred in
19 of the 30 states and Washington, DC. However, few in-
creases that could be attributable to state-specific MCL-onlyTa
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or RCL enactment were greater than 1% in magnitude, and no
patterning was evident by earlier or later enactment.

Sensitivity Analyses
Substituting operational dispensary dates for MCL only/RCL
enactment dates, fewer states were analyzed because 4 MCL-
only and 4 MCL/RCL states did not have operational dispen-
saries by 2019. This substitution produced a null effect in MCL-
only states (95% CI, −0.02 to 0.003) but had little association
with the positive result in MCL/RCL states (95% CI, 0.11%-
0.15%) (eTables 4 and 5 in Supplement 1). Using 1-year post-Ta

bl
e

2.
St

at
e

M
CL

an
d

RC
L

En
ac

tm
en

ta
nd

Ca
nn

ab
is

U
se

D
is

or
de

rP
re

va
le

nc
e

in
Ve

te
ra

ns
H

ea
lth

Ad
m

in
is

tr
at

io
n

Pa
tie

nt
s:

D
iD

Es
tim

at
es

U
si

ng
D

at
a

Ac
ro

ss
Al

lY
ea

rs
,2

0
0

5-
20

19

Ty
pe

of
ch

an
ge

in
st

at
e

la
w

a

O
ve

ra
ll

Ag
e,

y
18

-3
4

35
-6

4
65

-7
5

M
od

el
-b

as
ed

Di
D

la
w

re
su

lt
,

%
(9

5%
CI

)b
P

va
lu

e

%
O

ft
ot

al
ab

so
lu

te
ch

an
ge

ac
co

un
te

d
fo

rb
y

la
w

ch
an

ge
c

M
od

el
-b

as
ed

Di
D

la
w

re
su

lt
,

%
(9

5%
CI

)d
P

va
lu

e

%
O

ft
ot

al
ab

so
lu

te
ch

an
ge

ac
co

un
te

d
fo

rb
y

la
w

ch
an

ge
c

M
od

el
-b

as
ed

Di
D

la
w

re
su

lt
,

%
(9

5%
CI

)d
P

va
lu

e

%
O

ft
ot

al
ab

so
lu

te
ch

an
ge

ac
co

un
te

d
fo

rb
y

la
w

ch
an

ge
c

M
od

el
-b

as
ed

Di
D

la
w

re
su

lt
,

%
(9

5%
CI

)d
P

va
lu

e

%
O

ft
ot

al
ab

so
lu

te
ch

an
ge

ac
co

un
te

d
fo

rb
y

la
w

ch
an

ge
c

N
o

CL
to

M
CL

on
ly

0.
05

(0
.0

5
to

0.
06

)
<.

00
1

4.
7

0.
02

(−
0.

03
to

0.
08

)
.3

9
0.

8
0.

14
(0

.1
2

to
0.

16
)

<.
00

1
6.

8
0.

06
(0

.0
5

to
0.

07
)

<.
00

1
8.

1

M
CL

on
ly

to
RC

L/
M

CL
0.

12
(0

.1
0

to
0.

13
)

<.
00

1
9.

8
0.

00
2

(−
0.

07
to

0.
08

)
.9

5
0.

1
0.

05
(0

.0
2

to
0.

09
)

<.
00

1
2.

9
0.

15
(0

.1
3

to
0.

17
)

<.
00

1
18

.6

Ab
br

ev
ia

tio
ns

:C
L,

ca
nn

ab
is

la
w

;D
iD

,d
iff

er
en

ce
-in

-d
iff

er
en

ce
;M

CL
,m

ed
ic

al
ca

nn
ab

is
la

w
;R

CL
,r

ec
re

at
io

na
l

ca
nn

ab
is

la
w

.
a

A
to

ta
lo

f2
2

st
at

es
an

d
W

as
hi

ng
to

n,
D

C,
m

ad
e

a
ch

an
ge

fr
om

no
CL

st
o

M
CL

so
nl

y
fr

om
20

0
5

to
20

19
;1

1s
ta

te
s

an
d

W
as

hi
ng

to
n,

D
C,

m
ad

e
a

ch
an

ge
fr

om
M

CL
so

nl
y

to
RC

Ls
/M

CL
sd

ur
in

g
th

e
pe

rio
d.

Th
re

e
of

th
es

e
st

at
es

an
d

W
as

hi
ng

to
n,

D
C,

m
ad

e
bo

th
ch

an
ge

sb
et

w
ee

n
20

0
5

an
d

20
19

(ie
,f

ro
m

no
CL

st
o

M
CL

so
nl

y
an

d
th

en
la

te
rt

o
RC

Ls
/M

CL
s)

,h
en

ce
co

nt
rib

ut
in

g
in

fo
rm

at
io

n
to

bo
th

as
so

ci
at

io
ns

.T
he

re
w

er
e

20
st

at
es

(3
w

ith
M

CL
so

nl
y

an
d

17
w

ith
no

CL
si

n
20

19
)t

ha
tm

ad
e

no
la

w
ch

an
ge

sb
et

w
ee

n
20

0
5

an
d

20
19

;i
n

th
e

D
ID

m
od

el
,t

he
y

co
nt

rib
ut

e
to

ba
ck

gr
ou

nd
se

cu
la

rt
re

nd
s.

M
od

el
es

tim
at

ed
ef

fe
ct

sr
ep

re
se

nt
th

e
ab

so
lu

te
in

cr
ea

se
(p

os
iti

ve
va

lu
es

)o
r

de
cr

ea
se

(n
eg

at
iv

e
va

lu
es

)i
n

ca
nn

ab
is

us
e

di
so

rd
er

pr
ev

al
en

ce
as

so
ci

at
ed

w
ith

la
w

en
ac

tm
en

t.
Co

nf
id

en
ce

in
te

rv
al

sn
ot

in
cl

ud
in

g
0.

0
in

di
ca

te
sig

ni
fic

an
tc

ha
ng

es
.T

he
D

iD
m

od
el

co
m

pa
re

st
he

ye
ar

sa
ft

er
en

ac
tm

en
t(

up
to

20
19

or
un

til
th

e
ne

xt
la

w
ch

an
ge

)i
n

ea
ch

st
at

e
to

th
e

ye
ar

sb
ef

or
e

en
ac

tm
en

t(
sin

ce
20

0
5

or
th

e
pr

ev
io

us
la

w
ch

an
ge

)i
n

th
e

sa
m

e
st

at
e

an
d

co
nt

ro
ls

fo
rc

on
te

m
po

ra
ne

ou
st

re
nd

si
n

ot
he

rs
ta

te
st

ha
th

av
e

no
ty

et
pa

ss
ed

th
e

re
sp

ec
tiv

e
la

w
.

b
St

ag
ge

re
d-

ad
op

tio
n

D
ID

re
gr

es
sio

n
m

od
el

,4
0

ad
ju

st
ed

fo
rc

at
eg

or
ic

al
ag

e,
se

x,
ra

ce
an

d
et

hn
ic

ity
,a

lla
ge

×
ra

ce
an

d
et

hn
ic

ity
×

se
x

in
te

ra
ct

io
ns

,y
ea

rly
st

at
e-

le
ve

lm
ed

ia
n

in
co

m
e,

an
d

ye
ar

ly
st

at
e

ra
te

so
fm

al
e

in
di

vi
du

al
s,

H
isp

an
ic

in
di

vi
du

al
s,

no
n-

H
isp

an
ic

Bl
ac

k
in

di
vi

du
al

s,
no

n-
H

isp
an

ic
W

hi
te

in
di

vi
du

al
s,

th
os

e
in

th
e

po
ve

rt
y

ca
te

go
ry

,t
ho

se
18

ye
ar

sa
nd

ol
de

r,
an

d
th

os
e

w
ho

ar
e

un
em

pl
oy

ed
.

c
D

iD
es

tim
at

e
di

vi
de

d
by

ab
so

lu
te

ch
an

ge
ac

ro
ss

pe
rio

d
as

sh
ow

n
in

Ta
bl

e
1

d
St

ag
ge

re
d-

ad
op

tio
n

D
ID

re
gr

es
sio

n
m

od
el

,4
0

ad
ju

st
ed

fo
rc

on
tin

uo
us

ag
e,

se
x,

ra
ce

an
d

et
hn

ic
ity

,a
llr

ac
e

an
d

et
hn

ic
ity

×
se

x
in

te
ra

ct
io

ns
,y

ea
rly

st
at

e-
le

ve
lm

ed
ia

n
in

co
m

e,
an

d
ye

ar
ly

st
at

e
ra

te
so

fm
al

e
in

di
vi

du
al

s,
Bl

ac
k

in
di

vi
du

al
s,

H
isp

an
ic

in
di

vi
du

al
s,

W
hi

te
in

di
vi

du
al

s,
th

os
e

in
th

e
po

ve
rt

y
ca

te
go

ry
,t

ho
se

18
ye

ar
sa

nd
ol

de
r,

an
d

th
os

e
w

ho
ar

e
un

em
pl

oy
ed

.

Figure 2. State-Specific Associations of Medical Cannabis Law (MCL)
and Recreational Cannabis Law (RCL) Enactment With Cannabis Use
Disorder Prevalence in Veterans Health Administration Patient
for All Patients Aged 18 to 75 Years, Rank Ordered by the Month
and Year the Most Recent Cannabis Law Was Enacted

1.51.00.50

Estimate, %

State

–0.5

WV (July 2017)
WA (December 2012)
VT (July 2018)
UT (December 2018)
RI (January 2006)
PA (May 2016)
OR (June 2015)
OK (August 2018)
OH (September 2016)
NY (July 2014)
NV (January 2017)
NM (July 2007)
NJ (October 2010)
NH (July 2013)
ND (December 2016)
MO (December 2018)
MN (May 2014)
MI (November 2018)
ME (January 2017)
MA (December 2016)
LA (August 2016)
IL (June 2019)
FL (January 2017)
DE (July 2011)
DC (February 2015)
CT (October 2012)
CO (December 2012)
CA (November 2016)
AZ (December 2010)
AR (November 2016)
AK (February 2015)

MCL only vs no CL
MCL/RCL vs MCL onlya

Point estimates and 95% CIs from the staggered-adoption difference-in-
difference regression models are displayed. Estimated results represent the
absolute increase (positive values) or decrease (negative values) in cannabis use
disorder prevalence associated with cannabis law (CL) enactment. CIs not
including 0.0 indicate significant changes. Note that 3 states and Washington,
DC, changed from no CL to MCL only and then later MCL only to MCL/RCL
between 2005 and 2019. Their dates of MCL enactment were as follows:
Michigan, December 2008; Washington, DC, July 2010; Massachusetts,
January 2013; and Illinois, January 2014. The MCL/RCL results shown here for
Michigan, Washington, DC, Massachusetts, and Illinois are compared with no CL
to facilitate comparison with the other MCL-only results shown. The estimate of
the MCL/RCL vs MCL-only result is obtained by comparing the blue (MCL/RCL)
to orange (MCL only) association in those states.
a In states that changed to MCL and RCL during the period, the MCL/RCL

association plotted is compared with no CL for comparison with the MCL-only
vs no-CL association.
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enactment lags did not meaningfully change results (eTables 6
and 7 in Supplement 1).

Discussion
We examined the association of state medical and recre-
ational cannabis legalization (MCLs and RCLs) to diagnosed
CUD prevalence in VHA patients between 2005 and 2019, a pe-
riod of increasing CUD prevalence in the US adult population
and in VHA patients.13 DiD models that controlled for contem-
poraneous trends before and after MCL or RCL enactment in
states with and without the respective laws suggested that CUD
prevalence in VHA patients increased after MCL enactment by
0.05% more than would have occurred in the absence of MCLs
and by an additional 0.12% more after RCL enactment than
would have occurred in the absence of RCLs. These absolute
increases represent the estimated effect sizes on CUD preva-
lence specifically associated with the enactment of the laws
and imply that MCL and RCL accounted for 4.7% and 9.8%, re-
spectively, of the 2005 to 2019 change in CUD prevalence. Con-
sidering states individually, a majority of MCL-enacting and
RCL-enacting states had increases in CUD attributable with law
enactments, although no state-specific increase attributable
to law enactment reached 1%. By age, neither MCLs nor RCLs
had a significant association with increases in CUD preva-
lence among those aged 18 to 34 years. While both MCL and
RCL enactment were associated with CUD increases among pa-
tients aged 35 to 64 years, the largest effect size of RCLs was
found in patients aged 65 to 75 years, in whom 8.1% of the in-
crease in CUD prevalence could be attributed to MCL enact-
ment, and 18.1% of the increase could be attributed to RCL
enactment. Thus, in this national patient population, state
cannabis legalization was followed by increases in CUD
prevalence, but the increases attributable to the changing laws
were relatively small compared with the overall increases in
CUD prevalence.

Two US general population studies showed greater in-
creases in adult CUD prevalence after states enacted canna-
bis laws relative to no-CL states.17,22 Between 1991 and 2013,22

CUD prevalence increased from 1.48% to 3.10% after MCL
enactment, a 0.70% greater increase than contemporaneous
increases in no-CL states. Between 2008 and 2016,17 CUD in-
creased from 0.90% to 1.23% after RCL enactment among
adults 26 years or older, a 0.33% greater percentage point in-
crease than contemporaneous increases in no-CL states. Com-
pared with the national survey results, VHA results are smaller
(ie, 0.05% MCL; 0.12% MCL/RCL, summing to 0.17%, a global
estimate of effect sizes associated with change from no CL to
RCL) but similar to the general population studies in showing
a significant although modest role of MCL and RCL in the na-
tional increases in CUD prevalence. The lack of RCL results
among young adults in the general population study,17 to-
gether with our null results in patients aged 18 to 34 years, sug-
gests that MCLs and RCLs operate differently among younger
and older individuals. Possible explanations for these age dif-
ferences include that younger individuals may be less con-
cerned about the legal status of cannabis than older individu-

als, who may be more law-abiding or less risk-taking, or that
younger individuals have readier access to illicit cannabis, mak-
ing legalization less relevant to whether they use cannabis and
subsequently, in a vulnerable subset, develop CUD.

In sensitivity analyses, 1-year lags did not meaningfully
change results, nor did replacing RCL enactment year with the
year recreational dispensaries became operational. However,
replacing MCL enactment year with the year medical dispen-
saries became operational eliminated a result for MCL-only
states. This suggests that MCL enactment may work through
influences on perceived safety rather than through greater dis-
tribution and availability via medical dispensaries.

Factors that potentially minimized our estimates of the role
of MCL and RCL in the national increases in CUD prevalence
include a general diffusion of positive attitudes toward can-
nabis use, decreased harm perception, and increased use across
the entire US adult population as more and more states legal-
ized medical and recreational cannabis use. Perceived risk has
decreased,14,15 and despite inconclusive evidence, a majority
of adults now see cannabis as beneficial to treat or prevent
health problems.41 The multibillion dollar cannabis industry,42

seeking further expansion, must increase demand by gener-
ating new customers and/or by generating greater use among
existing ones.43 Websites of medical cannabis companies of-
ten imply product safety and efficacy, potentially leading policy
makers and the public into believing unconfirmed claims.44,45

Cannabis companies carefully design social media promo-
tional profiles to attract customers45 via content focusing on
cannabis normalization,46 and state regulations of cannabis ad-
vertising are often violated.45,47,48 These industry activities
could contribute to changing attitudes, increased cannabis use,
and CUD among some users, both within and across state
boundaries.

Additional possible mechanisms of the overall increases
in CUD prevalence that should be examined in future studies
include increasing rates of CUD risk factors, eg, pain49,50 and
psychiatric disorders,51 and the increasing tetrahydrocannabi-
nol (THC) potency of cannabis,16 which increases addiction
potential.52,53 Highly potent cannabis products are increas-
ingly popular in both medical and recreational cannabis
markets.54-57

Limitations
Study limitations are noted. First, VHA patients are not rep-
resentative of all veterans25,30 or all adults. Second, the ICD
CUD diagnoses were made by clinicians, not structured re-
search assessments. VHA clinicians are most likely to diag-
nose severe disorders58,59 and may miss the mild cases com-
monly found in general population surveys using structured
assessment instruments.9,31 While the actual number of missed
VHA cases is unknown and may have varied over time, the
overall 2019 VHA CUD prevalence (1.9%)60 was higher than in
National Survey on Drug Use and Health adults (1.7%),61 de-
spite the younger mean age of adult National Survey on Drug
Use and Health participants. Thus, VHA findings serve as a use-
ful counterpart to general population findings, providing in-
formation on what are likely to be severe cases in a clinical
population in a national health care system that has many risk
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factors for CUD. Further, research diagnostic interviews with
3 to 4 million patients yearly are not feasible, so the VHA data
provide a unique opportunity to examine the role of MCL and
RCL in the national increases in CUD prevalence. Third, can-
nabis law provisions are heterogeneous.62-64 We examined
whether states permitted dispensaries, but other differences
(eg, possession limits, price, taxation) should be addressed in
future studies. Fourth, state law effects may be delayed. We
analyzed 1-year lags to include recently enacted RCLs; longer
lags should be analyzed later. Fifth, demographic character-
istics could influence vulnerability to MCLs or RCLs; studies
should investigate these as modifiers of law effects. Sixth, a
cannabis use measure was not available, so CUD within users
and specific use patterns could not be examined. Seventh,
while we controlled for many time-varying state-level con-
founders, others (eg, state opioid policies) could have
affected results and should be addressed in future studies.
Eighth, the DiD methodology estimates law effects in the states
that enacted them and does not account for spillover effects
into other states. If patients in no-CL states (the contempora-
neous secular controls) are influenced by CLs in other states,
estimated CLs effects will be biased toward the null. For ex-
ample, border crossing to buy cannabis by patients in no-CL
states living near a border with an MCL-only or RCL state65

could have elevated CUD rates in some no-CL states, poten-
tially mitigating the ability to find stronger MCL or RCL ef-
fects at the state level. Ninth, no study can be unequivocal
about the causal nature of observed effects. However, our pre-
post DiD analysis that controlled for contemporaneous trends
and many other state-level factors that might have changed
over time provides stronger support for estimated effects of
changing cannabis laws than studies without such design and
analytic rigor.66-69 These limitations are offset by notable

strengths and novel aspects, including a large sample size, in-
formation about MCL/RCL associations in an important older
age group about whom little is known, estimates of state-
specific MCL and RCL results by the order (year) in which they
were enacted, and a focus not only on significance but also on
the magnitude of effect sizes.

Conclusions
In this study, cannabis did not have the same overdose/
mortality risk profile as opioids or stimulants. However, CUD,
a diagnosable disorder with many associated problems,5-8,70

is prevalent among cannabis users (approximately 20%-
33%), which is more than commonly assumed.2 The US na-
tional increase in CUD diagnoses regardless of state laws un-
derscores a growing need in the VHA and elsewhere to screen
for cannabis use and offer evidence-based treatments for
CUD.71 Additionally, while VHA patients aged 65 to 75 years had
the lowest CUD prevalence in this study, estimated RCL re-
sults were strongest in this group, suggesting a need to at-
tend to potential CUD in older veterans.

To conclude, alcohol, tobacco, and prescription opioids
have undergone major shifts in public acceptance or rejec-
tion across decades and generations.72,73 Public health ef-
forts regarding these substances have long competed with com-
mercial interests. With cannabis increasingly legalized, similar
competing public health and commercial interests are now
emerging. To inform future health and policy efforts, research-
ers must monitor harms related to increasing CUD, identify
whether subgroups show particular risk due to changing can-
nabis laws, and ensure that this knowledge is clearly commu-
nicated to policy makers, clinicians, and the public.
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