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A B S T R A C T

Background: Cannabis withdrawal syndrome (CWS) was newly added to the Diagnostic and Statistical Manual of
Mental Disorders in its most recent edition, DSM-5. With cannabis use increasing among U.S. adults, information
is needed about the prevalence and correlates of DSM-5 CWS in the general population. This study presents
nationally representative findings on the prevalence, sociodemographic and clinical correlates of DSM-5 CWS
among U.S. adults.
Method: Participants ≥18 years were interviewed in the National Epidemiologic Survey on Alcohol and Related
Conditions-III (NESARC-III) in 2012-2013. Among the sub-sample of frequent cannabis users in the prior 12
months (≥3 times a week; N=1527), the prevalence and demographic and clinical correlates of DSM-5 CWS
were examined.
Results: In frequent cannabis users, the prevalence of CWS was 12.1%. The most common withdrawal symptoms
among those with CWS were nervousness/anxiety (76.3%), hostility (71.9%), sleep difficulty (68.2%) and de-
pressed mood (58.9%). CWS was associated with significant disability (p < 0.001), and with mood disorders
(adjusted odds ratios [aOR]= 1.9–2.6), anxiety disorders (aOR=2.4–2.5), personality disorders
(aOR=1.7–2.2) and family history of depression (aOR=2.5) but not personal history of other substance use
disorders or family history of substance use problems.
Conclusions: CWS is highly comorbid and disabling. Its shared symptoms with depressive and anxiety disorders
call for clinician awareness of CWS and the factors associated with it to promote more effective treatment among
frequent cannabis users.

1. Introduction

In U.S. adults, cannabis use and cannabis use disorders (CUD) are
increasing (Carliner et al., 2017; Charilaou et al., 2017; Compton et al.,
2004; Gubatan et al., 2016; Hasin et al., 2015b, 2017) as is cannabis
potency (ElSohly et al., 2016). Cannabis use is associated with mental
and physical health problems (Hall et al., 2001; Hasin et al., 2016).
Abrupt reduction or termination of long-term, frequent cannabis use is
associated with a withdrawal syndrome, which includes behavioral,
emotional, and physical symptoms (Budney et al., 2004). This syn-
drome has been shown to contribute to ongoing cannabis use and dis-
rupted daily living (Budney et al., 2004; ElSohly et al., 2016). Neuro-
biological (Haney et al., 1999a, 1999b; Lichtman and Martin, 2002),
clinical (Chung et al., 2008; Copersino et al., 2006; Cornelius et al.,

2008; Schuster et al., 2017), neuroimaging (Hirvonen et al., 2012), and
epidemiological studies (Agrawal et al., 2008; Budney and Hughes,
2006; Hasin et al., 2008) supported adding cannabis withdrawal as a
syndrome (CWS) to the Diagnostic and Statistical Manual of Mental
Disorders (DSM-5) (American Psychiatric Association, 2013) and as a
criterion for CUD. CWS is diagnosed when within a week after cessation
of heavy, prolonged use, ≥3 of 7 symptoms occur, including six be-
havioral or emotional symptoms and one or more of a list of physical
symptoms (American Psychiatric Association, 2013). As a new diag-
nosis, much remains to be learned about DSM-5 CWS. A wide range of
prevalences have been reported in earlier studies using varying lists of
symptoms and definitions of two, three, or four symptoms (Bonnet and
Preuss, 2017), but no large-scale study has reported prevalence using
the DSM-5 list of 7 symptoms. Further, some studies (Copersino et al.,
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2010; Herrmann et al., 2015), but not others (Allsop et al., 2011;
Budney et al., 1999), suggest that women experience higher rates of
some cannabis withdrawal symptoms than men. Results on the asso-
ciations of CWS with psychiatric comorbidity have been inconsistent
(Allsop et al., 2012; Budney et al., 2003; Crowley et al., 1998; Hasin
et al., 2008; Wiesbeck et al., 1996), as have studies of the association of
CWS with family history of substance problems (American Psychiatric
Association, 2013; Budney and Hughes, 2006). These inconsistencies
are likely due to the wide variation in settings (inpatient, outpatient,
non-patient), frequency of cannabis use, and measures used in previous
studies. Additionally, to our knowledge, family history of depression
has not been examined, but is warranted due to the anxious/depressed
nature of many CWS symptoms.

Two earlier studies examined cannabis withdrawal in the
2001–2002 National Epidemiological Survey for Alcohol and Related
Conditions (NESARC) (Agrawal et al., 2008; Hasin et al., 2008). Both
studies showed that cannabis withdrawal symptoms were prevalent and
associated with psychiatric disorders and intensity of cannabis use.
However, NESARC did not cover the DSM-5 cannabis withdrawal
symptoms. Furthermore, one of these studies (Hasin et al., 2008) ex-
amined lifetime cannabis withdrawal symptoms, potentially limiting
recall among participants who used cannabis many years previously
(Margetts et al., 2003). Additionally, NESARC data were collected over
fifteen years ago. Therefore, a study of DSM-5 CWS in a more recent
nationally representative sample using consistent measures across all
sub-groups was needed.

Accordingly, we examined CWS using data from the 2012–2013
National Epidemiologic Survey on Alcohol and Related Conditions–III
(NESARC-III), the only nationally representative survey that measured
DSM-5 cannabis withdrawal symptoms. Among respondents who were
frequent cannabis users in the past 12 months, we addressed two
questions. First, what is the 12-month prevalence of CWS and its spe-
cific symptoms? Second, what sociodemographic and clinical char-
acteristics are associated with CWS?

2. Materials and methods

2.1. NESARC-III sample

The NESARC-III target population was civilians ≥18 years in
households and selected group quarters (Grant et al., 2013, 2015a).
Respondents were selected through multistage probability sampling,
including primary sampling units (counties/groups of contiguous
counties); secondary sampling units (SSU; groups of Census-defined
blocks); and tertiary sampling units (households within SSUs) from
which respondents were selected, with Blacks, Asians, and Hispanics
oversampled. Data were adjusted for nonresponse and weighted to re-
present the U.S. population based on the 2012 American Community
Survey (United States Census Bureau, 2018). These weighting adjust-
ments compensated adequately for nonresponse (Grant et al., 2015a).
Face-to-face interviews in respondents’ homes were conducted with
36,309 participants. The household response rate was 72%; person-
level response rate, 84%, and overall response rate, 60.1%. NESARC-III
methodology is described further elsewhere (Grant et al., 2013). In-
formed consent was electronically recorded; respondents received
$90.00 for participation. Institutional review boards at the National
Institutes of Health and Westat (NESARC-III contractor) approved the
study protocol. The analytic sample included 1527 participants who
were 12-month frequent cannabis users, defined as using cannabis ≥3
times a week based on self-reports of 12-month frequency of use, as has
been done previously (Hasin et al., 2008). This is consistent with most
previous studies that investigated cannabis withdrawal and included
frequent cannabis users in their samples (Allsop et al., 2012; Budney
et al., 2003; Haney et al., 1999a, 1999b; Hasin et al., 2008; Herrmann
et al., 2015; Wiesbeck et al., 1996).

2.2. Diagnostic interview

The NIAAA Alcohol Use Disorder and Associated Disabilities
Interview Schedule-5 (AUDADIS-5) is a structured, computer-assisted
diagnostic interview designed for lay interviewers (Grant et al., 2015b).
The AUDADIS-5 covers frequency and amount of drug and alcohol use,
DSM-5 substance use disorders, and psychiatric disorders.

2.3. Cannabis withdrawal

AUDADIS-5 assessed the DSM-5 withdrawal symptoms: nervousness
or anxiety; irritability or aggression; insomnia or unpleasant dreams;
depressed mood; decreased appetite or weight loss; restlessness; and
physical symptoms: abdominal pain, shakiness or tremors, sweating,
fever, chills and headache (Table 1). Participants were coded positive
for “hostility” if they had responded positively to experiencing either
irritability, anger or aggression. Participants were asked if these
symptoms occurred when cannabis effects were wearing off (the
morning after using or within a few days after stopping or cutting
down), within the past 12 months. The occurrence of each withdrawal
symptom was assessed in a dichotomous manner (yes/no). Criterion A
(heavy, prolonged use) was satisfied for all participants by only in-
cluding frequent users (use ≥3 days/week in the past year). A variable
representing Criterion B was constructed from the cannabis withdrawal
symptoms, coded positive if ≥3 of 7 symptoms were endorsed (Hasin
et al., 2008).

2.4. Sociodemographic covariates

These included sex, race/ethnicity, age, marital status, education,
12-month household income, urbanicity, and region (Table 2).

2.5. Psychiatric and substance use disorders (SUD)

Psychiatric disorders included: any 12-month depressive disorder
(major depressive disorder, dysthymia, bipolar 1, and bipolar 2); any
12-month anxiety disorder (general anxiety disorder, social phobia,
agoraphobia, specific phobias, and panic disorder); any personality
disorder (borderline, schizotypal, and antisocial); and 12-month post-

Table 1
Prevalence of DSM-5 cannabis withdrawal symptoms experienced in the past
12-month among frequent cannabis usersa.

Cannabis withdrawal
symptom

Frequent cannabis
users
(N=1527)

Frequent cannabis users
with DSM-5 CWSb

(N=184)
Prevalence % (SE)

Nervousness or anxiety 12.9 (1.28) 76.3 (3.63)
Hostility (i.e., irritability,

anger or aggression)
13.6 (1.30) 71.9 (4.60)

Sleep difficulty 14.4 (1.12) 68.2 (4.08)
Depressed mood 10.9 (1.09) 58.9 (4.92)
Restlessness 6.6 (0.89) 43.1 (4.62)
Decreased appetite/weight

loss
4.5 (0.61) 26.7 (3.99)

Any physical symptom 16.2 (1.27) 70.4 (4.81)
Headache 11.7 (0.98) 47.9 (4.82)
Shakiness/tremors 3.8 (0.64) 24.7 (4.00)
Sweating 3.6 (0.67) 22.0 (4.35)
Abdominal pain 2.5 (0.49) 12.1 (2.72)
Chills 1.6 (0.42) 6.7 (2.15)
Fever 0.8 (0.24) 3.1 (1.15)

a Cannabis use 3 or more days/week in the past year (DSM-5 criterion A of
“heavy, prolonged use”).

b CWS= cannabis withdrawal syndrome; DSM-5 criterion B for CWS: 3 or
more of 7 symptoms, occurring within 1 week after cessation or reduction of
cannabis use.
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traumatic stress disorder (PTSD). Test-retest reliability was fair to
moderate for depressive disorders (k= 0.39-0.40), anxiety disorders
(k= 0.43-0.51), and PTSD (k=0.41), with generally good to excellent
reliability for corresponding dimensional measures (intraclass correla-
tion coefficients= 0.59-0.79) (Grant et al., 2015b). Test-retest relia-
bility of the personality disorders was good (k= 0.67-0.71), and higher
for corresponding dimensional measures (0.71-0.79) (Grant et al.,
2003; Ruan et al., 2008). These were also validated by associations with
psychiatric comorbidity and disability (Grant et al., 2003, 2004; Grant
et al., 2008; Pulay et al., 2009; Ruan et al., 2008). Twelve-month
substance use disorders (SUD) included alcohol use disorder (AUD),
tobacco use disorder (TUD), and other drug use disorders (DUD), coded
positive for the following substances: cocaine, hallucinogens, opioids,
sedatives, inhalants/solvents, heroin, club drugs, stimulants, and “other
drugs.” Reliability and procedural validity of the SUD diagnoses and
associated criteria scales is good to excellent (Grant et al., 2015b; Hasin
et al., 2015a).

To examine the association of DSM-5 CWS with the rest of the CUD
diagnosis, we created a modified 12-month CUD variable in NESARC-III
participants that did not include the withdrawal criterion, and was
therefore based on the other ten criteria. Participants with 12-month
modified CUD were classified by the DSM-5 SUD severity gradient: mild
(2–3 criteria), moderate (4–5 criteria), severe (≥6 criteria).

To examine the association of CWS with quantity and frequency of

cannabis use in the past 12 months, we created variables indicating the
frequency of cannabis use (daily, almost daily, 3–4 times a week) and
number of joints usually smoked per day used (1, 2, 3–5, ≥6).
AUDADIS-5 asked participants about the amount of cannabis used using
the following question: “On the days that you used marijuana in the last 12
months, about how many joints did you usually smoke in a single day?” We
explored an “intensity” variable that combined the four quantity levels
with the three frequency levels, yielding 12 intensity levels (e.g.,
smoked one joint/day 3–4 times a week).

2.6. Family history of psychiatric problems

Separate AUDADIS-5 family history modules assessed problems
with alcohol or drugs and depressive episodes among relatives by
asking about observable manifestations of these conditions. These
measures have previously been shown to be reliable and valid (Grant
et al., 2003; Hasin et al., 1997; Meyers et al., 2015). For consistency
with previous studies (Agrawal et al., 2008; Meyers et al., 2015), re-
spondents were coded positive for “parental substance problems” if
either biological parent had a history of alcohol or drug problems, and
positive for “familial substance problems” if biological parents or sib-
lings had substance problems. “Parental depression” and “familial de-
pression” were coded similarly.

Table 2
Prevalence of DSM-5 Cannabis Withdrawal Syndrome and associations with sociodemographic characteristics in NESARC-III frequent cannabis users (N= 1527).

Sociodemographic characteristic Prevalence
% (SE)

Model 1:
Unadjusted

Model 2: Adjusted for
sociodemographics

Model 3: Adjusted for sociodemographics and tobacco
withdrawal overlapa

Odds Ratio (95% CI) Odds Ratio (95% CI) Odds Ratio (95% CI)

Total 12.1 (1.13) NA NA NA
Gender
Female 14.4 (2.02) 1.0 (Reference) 1.0 (Reference) 1.0 (Reference)
Male 11.0 (1.38) 0.7 (0.47-1.13) 0.8 (0.51-1.20) 0.8 (0.54-1.28)

Race/Ethnicity
White 10.0 (1.49) 1.0 (Reference) 1.0 (Reference) 1.0 (Reference)
Black 15.3 (2.15) 1.6 (1.01-2.60) 1.6 (0.97-2.71) 1.8 (1.06-3.04)
American Indian / Alaska Native 13.7 (5.32) 1.4 (0.56-3.61) 1.2 (0.44-3.21) 1.1 (0.35-3.14)
Asian / Native Hawaiian / Pacific
Islander

31.0 (11.92) 4.0 (1.29-12.64) 4.2 (1.32-13.53) 4.5 (1.50-13.80)

Hispanic 12.1 (2.36) 1.2 (0.71-2.13) 1.3 (0.76-2.20) 1.4 (0.84-2.42)
Age (years)
18-29 15.2 (1.66) 1.0 (Reference) 1.0 (Reference) 1.0 (Reference)
30-44 11.0 (1.71) 0.7 (0.46-1.03) 0.8 (0.52-1.27) 0.8 (0.54-1.33)
45-64 5.5 (1.72) 0.3 (0.16-0.64) 0.4 (0.17-0.97) 0.4 (0.18-1.08)
65 and older 16.6 (11.65) 1.1 (0.20-6.00) 1.3 (0.19-8.09) 1.8 (0.28-11.88)

Educational level
Some high school or less 13.0 (2.67) 1.0 (0.58-1.75) 0.9 (0.49-1.56) 0.8 (0.45-1.46)
High school graduate (or GED) 10.6 (1.84) 0.8 (0.49-1.29) 0.8 (0.48-1.32) 0.8 (0.46-1.26)
Some college or higher 12.8 (1.55) 1.0 (Reference) 1.0 (Reference) 1.0 (Reference)

Household income
$0 - $19,999 14.4 (1.76) 1.2 (0.66-2.17) 1.3 (0.72-2.41) 1.3 (0.68-2.28)
$20,000 - $34,999 10.7 (2.24) 0.9 (0.44-1.64) 0.9 (0.46-1.83) 0.9 (0.44-1.77)
$35,000 - $69,999 8.2 (1.84) 0.6 (0.32-1.22) 0.7 (0.35-1.28) 0.7 (0.35-1.25)
$70,000 or greater 12.3 (2.80) 1.0 (Reference) 1.0 (Reference) 1.0 (Reference)

Marital status
Married / Living with someone as if
married

9.5 (1.82) 1.0 (Reference) 1.0 (Reference) 1.0 (Reference)

Widowed / Divorced / Separated 8.8 (2.19) 0.9 (0.46-1.80) 1.0 (0.48-2.16) 1.0 (0.45-2.09)
Never married 14.6 (1.49) 1.6 (1.03-2.56) 1.2 (0.74-2.03) 1.2 (0.72- 2.01)

Urbanicity
Urban 11.6 (1.11) 0.7 (0.37-1.46) 0.6 (0.27-1.18) 0.6 (0.28-1.28)
Rural 15.0 (4.08) 1.0 (Reference) 1.0 (Reference) 1.0 (Reference)

Region
Northeast 14.7 (3.03) 1.5 (0.83-2.66) 1.3 (0.68-2.44) 1.2 (0.65-2.28)
Midwest 12.3 (1.89) 1.2 (0.75-1.95) 1.2 (0.69-2.07) 1.1 (0.63-1.90)
South 12.1 (2.42) 1.1 (0.68-2.09) 1.1 (0.59-1.92) 1.0 (0.54-1.78)
West 10.3 (1.54) 1.0 (Reference) 1.0 (Reference) 1.0 (Reference)

Note: Significant ORs appear in boldface.
a 12-month frequent tobacco users experiencing withdrawal symptoms similar to DSM-5 cannabis withdrawal symptoms, which occurred after reduction or

cessation of tobacco use.
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2.7. Disability

The 12-item Short-Form Health Survey (SF-12v2) assessed current
physical and mental disability, using the respective summary scores.
These are reliable and valid measures of current impairment used in
population surveys (Gandek et al., 1998). Each SF-12v2 norm-based
disability score has a mean of 50, standard deviation of 10, and range of
0–100. Lower scores indicated greater disability.

2.8. Statistical analysis

Weighted prevalences were calculated for CWS and withdrawal
symptoms. Logistic regression was used to evaluate the association of
CWS with predictors: sociodemographic variables, psychiatric dis-
orders, other substance use disorders, cannabis use variables, and fa-
mily history of psychiatric problems. Odds ratios (OR) and 95% con-
fidence intervals indicated the association between CWS and predictor
variables in two models: uncontrolled (“unadjusted model”) and con-
trolled for sociodemographic characteristics (“adjusted model”). Linear
regression, controlling for sociodemographic characteristics, with-
drawal from other substances, and CUD (all levels), evaluated the re-
lationship of CWS to SF-12v2 disability scales. Analyses were conducted
using SUDAAN 11.0 (Research Triangle Institute, 2012), accounting for
the complex sample design.

Sensitivity analyses were conducted to determine if associations of
CWS with predictor variables were confounded by symptoms of with-
drawal from other substances (alcohol, tobacco, non-medical opioids,
heroin, sedatives/tranquilizers, stimulants, cocaine). For each sub-
stance, a withdrawal overlap variable was created representing whether
any of the cannabis withdrawal symptoms that overlapped with with-
drawal symptoms of other substances (Supplementary Table 1) oc-
curred after reduction or cessation of frequent use of the other sub-
stance within the past 12 months. For example, frequent tobacco users
who reduced or stopped using tobacco and subsequently experienced
nervousness or anxiety; irritability, anger or aggression; insomnia;

depressed mood; or restlessness were coded as positive for “tobacco
withdrawal overlap.” Logistic regression tested the association of each
substance overlap variable with CWS, adjusted for sociodemographics
and all other substance withdrawal overlap variables (Supplementary
Table 1). Only tobacco withdrawal overlap was associated with CWS.
Therefore, additional adjusted models of the association of CWS with
other characteristics controlled for sociodemographic characteristics
and also tobacco withdrawal overlap.

3. Results

3.1. Prevalence of CWS

Frequent cannabis users in the prior 12 months (N= 1527) re-
presented 3.7% (SE= 0.15) of the NESARC-III sample. Among frequent
cannabis users, 12.1% (SE= 1.13) experienced 12-month CWS. Among
those with CWS, the most commonly endorsed symptoms were ner-
vousness/anxiety; hostility; any physical symptom; and sleep problems;
followed by depressed mood; restlessness; and decreased appetite/
weight loss; the individual physical symptoms of fever, chills, and ab-
dominal pain were the least common symptoms (Table 1).

3.2. Association with sociodemographic and clinical characteristics

Frequent cannabis users were primarily male (66%), white (59%),
ages 18–29 (50%), college educated (49%), never married (54%), and
had low household income (45%) (Table 2). Gender, education, in-
come, urbanicity and region were not associated with CWS. Race/eth-
nicity and age were significantly associated with CWS in unadjusted
and adjusted models (Table 2). Asians/Native Hawaiians/Pacific Is-
landers had higher odds of CWS compared to Whites, which constituted
the reference group (adjusted OR [aOR]=4.2; 95% CI=1.32–13.53);
Blacks had higher odds of CWS compared to Whites in unadjusted
models only. Participants aged 45–64 ha d lower odds of CWS com-
pared to those aged 18–29 (aOR=0.4, 95% CI=0.17-0.97).

Table 3
Prevalence of DSM-5 Cannabis Withdrawal Syndrome and associations with 12-months psychiatric disorders and SUD in NESARC-III frequent cannabis users
(N= 1527).

Comorbid psychiatric disorders Prevalence % (SE) Model 1: Unadjusted Model 2:
Adjusted for sociodemographics

Model 3:
Adjusted for sociodemographics and tobacco withdrawal
overlapa

Odds Ratio
(95% CI)

Odds Ratio
(95% CI)

Odds Ratio
(95% CI)

Any mood disorder 19.3 (2.20) 2.3 (1.60-3.40) 2.6 (1.65-4.13) 2.3 (1.46-3.61)
MDD 20.0 (2.21) 1.9 (1.32-2.79) 1.9 (1.17-2.98) 1.7 (1.09-2.73)
Bipolar 1 22.2 (4.42) 2.2 (1.28-3.82) 2.8 (1.66-4.68) 2.2 (1.31-3.72)
Bipolar 2 14.3 (8.56) 1.2 (0.30-4.88) 1.5 (0.35-6.33) 1.3 (0.28-5.95)
Dysthymia 22.3 (4.48) 2.3 (1.29-4.11) 2.7 (1.34-5.36) 2.5 (1.31-4.79)

Any anxiety disorder 18.2 (2.84) 1.9 (1.28-2.95) 2.0 (1.27-3.23) 1.8 (1.11-2.86)
Panic disorder 22.5 (6.45) 2.3 (1.12-4.83) 2.4 (1.06-5.53) 2.1 (0.93-4.74)
Agoraphobia 21.1 (7.17) 2.0 (0.83-4.79) 2.2 (0.90-5.33) 1.8 (0.68-4.92)
Social phobia 22.9 (6.47) 2.3 (1.08-4.93) 2.5 (0.98-6.47) 2.4 (0.92-6.06)
Specific phobia 15.8 (3.29) 1.4 (0.84-2.35) 1.5 (0.87-2.48) 1.4 (0.80-2.39)
Generalized anxiety disorder 22.8 (5.01) 2.5 (1.36-4.46) 2.5 (1.27-5.07) 2.2 (1.12-4.52)
PTSD 22.9 (3.63) 2.5 (1.63-3.93) 2.4 (1.48-3.80) 2.2 (1.39-3.47)

Any personality disorder 16.5 (2.03) 1.9 (1.26-2.92) 2.0 (1.24-3.13) 1.8 (1.12-2.84)
Schizotypal 20.1 (3.44) 2.1 (1.30-3.48) 2.1 (1.16-3.76) 1.9 (1.07-3.50)
Borderline 18.1 (2.42) 2.2 (1.41-3.35) 2.2 (1.35-3.61) 2.0 (1.22-3.26)
Antisocial 17.2 (2.53) 1.6 (1.07-2.44) 1.7 (1.07-2.70) 1.6 (1.03-2.59)

Substance use disorders
AUD 14.2 (1.49) 1.4 (0.95-2.20) 1.5 (0.95-2.31) 1.3 (0.85-2.04)
TUD 13.7 (1.58) 1.5 (0.97-2.20) 1.5 (0.93-2.33) 0.8 (0.52-1.31)
Other DUD 9.5 (2.74) 0.7 (0.36-1.47) 0.8 (0.37-1.54) 0.6 (0.33-1.24)

Note: Significant ORs appear in boldface.
Abbreviations: MDD, major depressive disorder; PTSD, post-traumatic stress disorder; AUD, alcohol use disorder; TUD, tobacco use disorder; DUD, drug use disorder.

a 12-month frequent tobacco users experiencing withdrawal symptoms similar to DSM-5 cannabis withdrawal symptoms, which occurred after reduction or
cessation of tobacco use.
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With few exceptions, CWS was associated with psychiatric disorders
(major depressive disorder, dysthymia, bipolar 1 disorder, generalized
anxiety disorder, panic disorder, PTSD, and personality disorders) in
unadjusted and adjusted models (aOR range= 1.7–2.8) (Table 3).
However, CWS was not significantly associated with AUD, TUD or DUD
(Table 3).

The prevalence of CUD among the analytic sample was 47.6%. The
prevalence of modified CUD among the analytic sample was 45.4%.
Odds of CWS were increased among individuals with modified CUD
compared to those without CUD, in unadjusted and adjusted models
(aOR=22.4, 95% CI 11.47–43.95); this association was stronger as
CUD severity increased (Table 4).

Frequency of use was not significantly associated with CWS
(Table 4). However, amount smoked per day was associated with CWS
(Table 4). Smoking six or more joints per day showed significant as-
sociations with CWS in unadjusted and adjusted models (aOR=3.5,
95% CI=1.75–7.09), while smoking two or 3–5 joints per day was not
significantly associated with CWS. Exploration of the multi-level in-
tensity of use variable (combined quantity and frequency) showed that
regardless of frequency, only levels of intensity including ≥6 joints per
day were associated with CWS (Supplementary Table 2).

3.3. Family history of psychiatric problems

CWS was not significantly associated with family history of drug or
alcohol problems, but was significantly associated with family history
of depression (aOR=2.5, 95% CI 1.54–4.22) (Table 4).

3.4. Disability

On average, participants with CWS scored 5.67 points (about one-
half of a standard deviation) lower on the SF-12v2 mental disability
score than those without CWS (p < 0.001). Further, models adjusted

for CUDs and for mood and anxiety disorders demonstrated that on
average, participants with CWS scored 4.3 points and 3.49 points lower
on the SF-12v2 mental disability score, respectively, than those without
CWS (p < 0.001). CWS was not associated with the SF-12v2 physical
disability component (β=0.70, p= 0.47).

3.5. Sensitivity analysis

Sensitivity analyses that also controlled for tobacco withdrawal
overlap (Model 3, Tables 2,3, and 4) produced similar results to models
adjusted only for sociodemographic characteristics, with a few excep-
tions. Black race was significantly associated with CWS, while age and
panic disorder were no longer significantly associated with CWS.

4. Discussion

In a rapidly changing landscape of marijuana laws and attitudes,
cannabis use continues to increase among U.S. adults (Bonn-Miller
et al., 2012; Compton et al., 2004; Hasin et al., 2017). Thus, under-
standing the potential health consequences of cannabis use has become
increasingly important. One potential consequence is cannabis with-
drawal. We therefore conducted the first large-scale study of the pre-
valence and correlates of DSM-5 cannabis withdrawal syndrome (CWS)
in the US adult general population. Findings showed that 12.1% of
frequent cannabis users experienced CWS. Limiting the sample to
heavier cannabis users by excluding frequent users that smoked lower
amounts of joints/day could have yielded a higher prevalence of CWS;
however, given that this is the first study to examine DSM-5 CWS in a
representative sample of the US population, setting a relatively lower
bar for “heavy use” was utilized to help capture all potential cases.
Among withdrawal symptoms, nervousness and hostility were reported
most frequently. CWS was associated with CUD, psychiatric disorders,
family history of depression, and mental disability. CWS was generally

Table 4
Prevalence of DSM-5 Cannabis Withdrawal Syndrome and associations with cannabis use variables and family history of psychiatric problems in NESARC-III frequent
cannabis users (N=1527).

Prevalence % (SE) Model 1: Unadjusted Model 2:
Adjusted for sociodemographics

Model 3:
Adjusted for sociodemographics and tobacco
withdrawal overlapa

Odds Ratio
(95% CI)

Odds Ratio
(95% CI)

Odds Ratio
(95% CI)

Cannabis use
Frequency of use
3-4 times a week 9.7 (1.85) 1.0 (Reference) 1.0 (Reference) 1.0 (Reference)
Almost daily 12.3 (1.80) 1.3 (0.77-2.24) 1.4 (0.77-2.46) 1.3 (0.76-2.34)
Daily 13.3 (1.76) 1.4 (0.87-2.35) 1.6 (0.94-2.65) 1.5 (0.88-2.44)

Joints per day
1 joint per day 8.1 (1.60) 1.0 (Reference) 1.0 (Reference) 1.0 (Reference)
2 joints per day 10.8 (2.12) 1.4 (0.76-2.44) 1.3 (0.69-2.24) 1.2 (0.68-2.14)
3-5 joints per day 13.8 (1.80) 1.8 (1.05-3.10) 1.6 (0.88-2.74) 1.5 (0.85-2.65)
Over 6 joints per day 25.8 (4.38) 3.9 (2.20-7.01) 3.5 (1.75-7.09) 3.1 (1.55-6.36)

Modified DSM-5 CUD diagnosis
(excluding withdrawal)

No CUD 1.7 (0.45) 1.0 (Reference) 1.0 (Reference) 1.0 (Reference)
CUD 24.6 (2.20) 19.1 (10.46-34.89) 22.4 (11.47-43.95) 21.5 (10.89-42.30)
Mild 10.7 (1.80) 7.0 (3.51-13.94) 8.5 (4.06-17.73) 8.3 (3.94-17.46)
Moderate 29.0 (5.08) 23.9 (11.24-50.79) 29.5 (12.93-67.40) 27.5 (12.00-63.20)
Severe 54.6 (5.19) 70.2 (36.00-

136.78)
91.6 (43.68-192.05) 88.4 (42.79-186.86)

Family history of psychiatric problems
Parental substance problems 12.4 (1.55) 1.1 (0.71-1.60) 1.0 (0.64-1.50) 1.0 (0.60-1.47)
Familial substance problems 12.6 (14.35) 1.2 (0.74-1.81) 1.2 (0.74-1.84) 1.2 (0.73-1.81)
Parental depressive episodes 16.3 (1.87) 2.2 (1.43-3.36) 2.5 (1.56-4.12) 2.4 (1.45-3.87)
Familial depressive episodes 15.3 (1.73) 2.1 (1.29-3.28) 2.5 (1.54-4.22) 2.4 (1.42-3.94)

Abbreviations: CUD, cannabis use disorder.
Note: Significant ORs appear in boldface.

a 12-month frequent tobacco users experiencing withdrawal symptoms similar to DSM-5 cannabis withdrawal symptoms, which occurred after reduction or
cessation of tobacco use.
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not associated with sociodemographic characteristics or SUD-related
variables.

Previous studies examining the prevalence of cannabis withdrawal
used 2-, 3-, and 4-symptom thresholds and reported a wide range of
cannabis withdrawal prevalence, 35%–90% (Allsop et al., 2012;
Budney and Hughes, 2006; Chung et al., 2008; Copersino et al., 2006;
Cornelius et al., 2008). Only one large-scale, cross-sectional study
(Hasin et al., 2008) examined the occurrence of ≥3 cannabis with-
drawal symptoms, and reported lifetime prevalence of 34.1% among
frequent cannabis users. While prevalence is usually higher for lifetime
than for 12-month disorders, another possible explanation for the ear-
lier higher prevalence may be that earlier studies included additional
symptoms not included in the DSM-5. Therefore, this report of 12-
month DSM-5 CWS prevalence adds new information.

The most common withdrawal symptoms were nervousness/anxiety
and hostility, consistent with previous human laboratory (Haney et al.,
1999a; Jones et al., 1976) prospective and retrospective studies
(Budney et al., 1999; Crowley et al., 1998; Kouri and Pope, 2000;
Wiesbeck et al., 1996). While physical symptoms were reported less
frequently than behavioral and emotional symptoms, headaches, sha-
kiness/tremors, and sweating were prevalent, and at least one physical
symptom was reported by ∼70% of those with CWS. Whether to in-
clude physical symptoms as diagnostic criteria for CWS in the 11th re-
vision of the International Classification of Diseases is currently under
discussion (Bonnet and Preuss, 2017). While our results indicate the
clinical relevance of these symptoms, further studies (e.g., item re-
sponse theory analysis) should determine their diagnostic relevance,
i.e., to what extent each symptom contributes information about the
underlying CWS.

No significant difference in odds of CWS by gender was found,
corroborating some previous findings (Arendt et al., 2007; Crowley
et al., 1998; Preuss et al., 2010). Results demonstrating higher odds of
CWS among certain race groups (Asians/Native Hawaiians/Pacific Is-
landers, Blacks) and lower odds among 45-64-year-olds were not pre-
viously reported and warrant further examination.

This study is the first large-scale report of significant associations
between CWS and DSM-5 psychiatric disorders among frequent can-
nabis users. Findings suggest higher odds of cannabis withdrawal
among individuals with depression, anxiety, and antisocial personality
disorder (Allsop et al., 2011; Cornelius et al., 2008; Crowley et al.,
1998; Hasin et al., 2008). However, no significant association between
CWS and 12-month SUDs was observed. These findings are inconsistent
with a few reports (Allsop et al., 2011; Greene and Kelly, 2014) de-
monstrating higher odds of cannabis withdrawal symptoms among in-
dividuals with SUD. However, those studies were not nationally re-
presentative and did not adhere to the DSM-5 CWS diagnostic criteria.
Association between CWS and family history of depression was ob-
served, while no association with family substance problems was ob-
served, inconsistent with results from the NESARC sample showing
association of parental substance problems with certain cannabis
withdrawal symptoms (Agrawal et al., 2008). Our findings showing no
association on the individual or familial level with SUD, and associa-
tions on the individual and familial level with anxiety/depression,
suggest a specific relationship of affective/anxiety disturbances and
CWS. However, prospective studies are needed to understand the di-
rectionality of these relationships.

The association between CWS and CUD (without the withdrawal
criterion) is consistent with previous reports (ElSohly et al., 2000;
Herrmann et al., 2015; Margetts et al., 2003). Moreover, the increased
association as CUD severity increases supports previous indications that
severity of cannabis withdrawal increases with that of cannabis de-
pendence (Budney et al., 2004; Budney and Hughes, 2006). Only par-
ticipants smoking ≥6 joints/day had higher odds of CWS compared to
those smoking one joint/day; this association may be due to severe CUD
among very heavy users. Smoking 3–5 joints/day compared to one
joint/day and higher frequency of cannabis use compared to lower

frequency, were not significantly associated with CWS. This lack of
association may be due to lack of consideration of modes of adminis-
tration other than smoking and hence, an underestimation of the
amount of cannabis used. Further, the intensity variable constructed for
this study (combining frequency and quantity of use) may have had low
validity, since it did not consider concentrations of THC. The significant
association of CWS with SF-12v2 mental disability, even when con-
trolling for CUDs and for mood and anxiety disorders, indicates the
clinical importance of CWS. Nevertheless, as mood and anxiety dis-
orders are strongly associated with mental disability (Hasin et al.,
2005), there is a need for further studies that can verify our findings,
while controlling for other potential confounders.

Study limitations are noted. First, directionality of association
cannot be established in cross-sectional NESARC-III data; prospective
studies are necessary to establish causality. Second, while DSM-5 re-
quires distress or impairment caused by withdrawal symptoms for a
CWS diagnosis, this information was not available in NESARC-III.
Third, DSM-5 states that cannabis withdrawal symptoms should not be
due to withdrawal or intoxication from other substances. This could not
be directly assessed due to the challenge of disaggregating the sub-
stance responsible for the withdrawal symptoms among users of mul-
tiple substances. Therefore, we addressed the possibility of confounding
by withdrawal from other substances in sensitivity analyses. Of the
substances assessed, only tobacco withdrawal overlap was associated
with CWS. Controlling for tobacco withdrawal overlap had little effect
on our findings, suggesting that withdrawal from other substances did
not drive the reported results. Further investigation of non-cannabis
substances and CWS is warranted in studies designed specifically for
this purpose. Fourth, psychosis was assessed only with a single question
in NESARC-III. Examining associations between CWS and schizo-
phrenia, although important, would require further analyses that are
beyond the scope of the present study. Further research is warranted to
examine this association. Finally, inclusion in the analytic sample was
based on frequency of use, which was consistent with previous studies
investigating cannabis withdrawal among heavy cannabis users (Allsop
et al., 2012; Budney et al., 2003; Haney et al., 1999a, 1999b; Hasin
et al., 2008; Herrmann et al., 2015; Wiesbeck et al., 1996), but did not
account for the amount of cannabis used. NESARC-III does not include
data regarding the potency, concentrations, or mode of administration
of different cannabinoids used, although most users of newer modes of
administration (vaping, edibles) also smoke cannabis (Cranford et al.,
2016; Schauer et al., 2016). Therefore, among participants using can-
nabis, frequency of consumption is unlikely to be underestimated, but
for users in modes other than smoking joints, the amount of con-
sumption could be underestimated. Given the increase in cannabis
potency in recent decades (Compton et al., 2004; ElSohly et al., 2000),
developing reliable measures to investigate the effect of cannabinoid
concentration and mode of administration will be important in ad-
vancing our understanding of CWS.

Our study also had several important strengths. It is the first to
examine the prevalence and correlates of DSM-5 CWS in the adult US
general population. Focusing on diagnoses of CWS in the past 12
months reduced the possibility of recall bias, improving the quality of
data compared to prior lifetime reports. A rich array of clinical cov-
ariates was available to test for their relationship to DSM-5 CWS.

4.1. Conclusions

In summary, CWS is a highly comorbid, disabling condition.
Cannabis use is increasing in the US (Compton et al., 2016). With
commercial interests likely to further increase the number of cannabis
users (Moon and Prentice, 2017), public education about the possibility
of cannabis withdrawal is important.

Further, since there is considerable overlap between symptoms of
cannabis withdrawal, depression, and anxiety, clinicians should con-
sider screening depressed, anxious patients for regular cannabis use.
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Given the increase in public beliefs that cannabis is an effective treat-
ment for depression (Keyhani et al., 2018)—although evidence cur-
rently suggests otherwise (Whiting et al., 2015; Wilkinson et al.,
2015)—clinicians should ensure that these patients’ efforts to self-
medicate with cannabis are not unintentionally perpetuating cannabis
withdrawal.

Role of the funding source

The NESARC–III study was supported by the National Institute on
Alcohol Abuse and Alcoholism (NIAAA) with supplemental support by
the National Institute on Drug Abuse, and by the Intramural Research
Program of the NIAAA. The present study was supported by the
National Institute on Drug Abuse [R01DA034244, R01DA018652] and
the New York State Psychiatric Institute. The funding agencies had no
role in the design and conduct of the study; collection, management,
analysis, and interpretation of the data; preparation, review, or ap-
proval of the manuscript; and decision to submit the manuscript for
publication.

Contributors

Dr. Hasin had full access to all data in the study and takes respon-
sibility for the integrity of the data. All authors played a role in
agreement to be accountable for all aspects of the work and have ap-
proved the final manuscript. Study concept and design: Livne, Hasin.
Acquisition, statistical analysis, interpretation of data: Livne, Shmulewitz.
Drafting of manuscript: Livne. Critical revision of manuscript: Shmulewitz,
Lev-Ran, Hasin. Intellectual content: All authors. Administrative support
and study supervision: Hasin.

Conflict of interest

No conflict declared by any author.

Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.drugalcdep.2018.09.
005.

References

Agrawal, A., Pergadia, M.L., Lynskey, M.T., 2008. Is there evidence for symptoms of
cannabis withdrawal in the national epidemiologic survey of alcohol and related
conditions? Am. J. Addict. 17, 199–208.

Allsop, D.J., Norberg, M.M., Copeland, J., Fu, S., Budney, A.J., 2011. The Cannabis
Withdrawal Scale development: patterns and predictors of cannabis withdrawal and
distress. Drug Alcohol Depend. 119, 123–129.

Allsop, D.J., Copeland, J., Norberg, M.M., Fu, S., Molnar, A., Lewis, J., Budney, A.J.,
2012. Quantifying the clinical significance of cannabis withdrawal. PLoS One 7,
e44864.

American Psychiatric Association, 2013. Diagnostic and Statistical Manual of Mental
Disorders, fifth edition. American Psychiatric Association, Arlington, VA.

Arendt, M., Rosenberg, R., Foldager, L., Sher, L., Munk-Jorgensen, P., 2007. Withdrawal
symptoms do not predict relapse among subjects treated for cannabis dependence.
Am. J. Addict. 16, 461–467.

Bonnet, U., Preuss, U.W., 2017. The cannabis withdrawal syndrome: current insights.
Subst. Abuse Rehabil. 8, 9–37.

Bonn-Miller, M.O., Harris, A.H., Trafton, J.A., 2012. Prevalence of cannabis use disorder
diagnoses among veterans in 2002, 2008, and 2009. Psychol. Serv. 9, 404–416.

Budney, A.J., Hughes, J.R., 2006. The cannabis withdrawal syndrome. Curr. Opin.
Psychiatry 19, 233–238.

Budney, A.J., Novy, P.L., Hughes, J.R., 1999. Marijuana withdrawal among adults seeking
treatment for marijuana dependence. Addiction 94, 1311–1322.

Budney, A.J., Moore, B.A., Vandrey, R.G., Hughes, J.R., 2003. The time course and sig-
nificance of cannabis withdrawal. J. Abnorm. Psychol. 112, 393–402.

Budney, A.J., Hughes, J.R., Moore, B.A., Vandrey, R., 2004. Review of the validity and
significance of cannabis withdrawal syndrome. Am. J. Psychiatry 161, 1967–1977.

Carliner, H., Mauro, P.M., Brown, Q.L., Shmulewitz, D., Rahim-Juwel, R., Sarvet, A.L.,
Wall, M.M., Martins, S.S., Carliner, G., Hasin, D.S., 2017. The widening gender gap in
marijuana use prevalence in the U.S. during a period of economic change, 2002-

2014. Drug Alcohol Depend. 170, 51–58.
Charilaou, P., Agnihotri, K., Garcia, P., Badheka, A., Frenia, D., Yegneswaran, B., 2017.

Trends of cannabis use disorder in the inpatient: 2002 to 2011. Am. J. Med. 130 (678-
687), e677.

Chung, T., Martin, C.S., Cornelius, J.R., Clark, D.B., 2008. Cannabis withdrawal predicts
severity of cannabis involvement at 1-year follow-up among treated adolescents.
Addiction 103, 787–799.

Compton, W.M., Grant, B.F., Colliver, J.D., Glantz, M.D., Stinson, F.S., 2004. Prevalence
of marijuana use disorders in the United States: 1991-1992 and 2001-2002. JAMA
291, 2114–2121.

Compton, W.M., Han, B., Jones, C.M., Blanco, C., Hughes, A., 2016. Marijuana use and
use disorders in adults in the USA, 2002-14: analysis of annual cross-sectional sur-
veys. Lancet Psychiatry 3, 954–964.

Copersino, M.L., Boyd, S.J., Tashkin, D.P., Huestis, M.A., Heishman, S.J., Dermand, J.C.,
Simmons, M.S., Gorelick, D.A., 2006. Cannabis withdrawal among non-treatment-
seeking adult cannabis users. Am. J. Addict. 15, 8–14.

Copersino, M.L., Boyd, S.J., Tashkin, D.P., Huestis, M.A., Heishman, S.J., Dermand, J.C.,
Simmons, M.S., Gorelick, D.A., 2010. Sociodemographic characteristics of cannabis
smokers and the experience of cannabis withdrawal. Am. J. Drug Alcohol Abuse 36,
311–319.

Cornelius, J.R., Chung, T., Martin, C., Wood, D.S., Clark, D.B., 2008. Cannabis withdrawal
is common among treatment-seeking adolescents with cannabis dependence and
major depression, and is associated with rapid relapse to dependence. Addict. Behav.
33, 1500–1505.

Cranford, J.A., Bohnert, K.M., Perron, B.E., Bourque, C., Ilgen, M., 2016. Prevalence and
correlates of "vaping" as a route of cannabis administration in medical cannabis pa-
tients. Drug Alcohol Depend. 169, 41–47.

Crowley, T.J., Macdonald, M.J., Whitmore, E.A., Mikulich, S.K., 1998. Cannabis depen-
dence, withdrawal, and reinforcing effects among adolescents with conduct symp-
toms and substance use disorders. Drug Alcohol Depend. 50, 27–37.

ElSohly, M.A., Ross, S.A., Mehmedic, Z., Arafat, R., Yi, B., Banahan 3rd, B.F., 2000.
Potency trends of delta9-THC and other cannabinoids in confiscated marijuana from
1980-1997. J. Forensic Sci. 45, 24–30.

ElSohly, M.A., Mehmedic, Z., Foster, S., Gon, C., Chandra, S., Church, J.C., 2016. Changes
in cannabis potency over the last 2 decades (1995-2014): analysis of current data in
the United States. Biol. Psychiatry 79, 613–619.

Gandek, B., Ware Jr., J.E., Aaronson, N.K., Alonso, J., Apolone, G., Bjorner, J., Brazier, J.,
Bullinger, M., Fukuhara, S., Kaasa, S., Leplege, A., Sullivan, M., 1998. Tests of data
quality, scaling assumptions, and reliability of the SF-36 in eleven countries: results
from the IQOLA project. Int. Qual. Life Assess. J. Clin. Epidemiol. 51, 1149–1158.

Grant, B.F., Dawson, D.A., Stinson, F.S., Chou, P.S., Kay, W., Pickering, R., 2003. The
alcohol use disorder and associated disabilities interview schedule-IV (AUDADIS-IV):
reliability of alcohol consumption, tobacco use, family history of depression and
psychiatric diagnostic modules in a general population sample. Drug Alcohol Depend.
71, 7–16.

Grant, B.F., Hasin, D.S., Stinson, F.S., Dawson, D.A., Chou, S.P., Ruan, W.J., Pickering,
R.P., 2004. Prevalence, correlates, and disability of personality disorders in the
United States: results from the national epidemiologic survey on alcohol and related
conditions. J. Clin. Psychiatry 65, 948–958.

Grant, B.F., Chou, S.P., Goldstein, R.B., Huang, B., Stinson, F.S., Saha, T.D., Smith, S.M.,
Dawson, D.A., Pulay, A.J., Pickering, R.P., Ruan, W.J., 2008. Prevalence, correlates,
disability, and comorbidity of DSM-IV borderline personality disorder: results from
the wave 2 national epidemiologic survey on alcohol and related conditions. J. Clin.
Psychiatry 69, 533–545.

Grant, B.F., Chu, A., Sigman, R., Amsbary, M., Kali, J., Sugawara, Y., Jiao, R., Ren, W.,
Goldstein, R., 2013. National Epidemiologic Survey on Alcohol and Related
Conditions-III (NESARC-III): Source and Accuracy Statement. Retrieved from:.
National Institute on Alcohol Abuse and Alcoholism. https://www.niaaa.nih.gov/
sites/default/files/NESARC_Final_Report_FINAL_1_8_15.pdf.

Grant, B.F., Goldstein, R.B., Saha, T.D., Chou, S.P., Jung, J., Zhang, H., Pickering, R.P.,
Ruan, W.J., Smith, S.M., Huang, B., Hasin, D.S., 2015a. Epidemiology of DSM-5 al-
cohol use disorder: results from the national epidemiologic survey on alcohol and
related conditions III. JAMA Psychiatry 72, 757–766.

Grant, B.F., Goldstein, R.B., Smith, S.M., Jung, J., Zhang, H., Chou, S.P., Pickering, R.P.,
Ruan, W.J., Huang, B., Saha, T.D., Aivadyan, C., Greenstein, E., Hasin, D.S., 2015b.
The alcohol use disorder and associated disabilities interview schedule-5 (AUDADIS-
5): reliability of substance use and psychiatric disorder modules in a general popu-
lation sample. Drug Alcohol Depend. 148, 27–33.

Greene, M.C., Kelly, J.F., 2014. The prevalence of cannabis withdrawal and its influence
on adolescents’ treatment response and outcomes: a 12-month prospective in-
vestigation. J. Addict. Med. 8, 359–367.

Gubatan, J., Staller, K., Barshop, K., Kuo, B., 2016. Cannabis abuse is increasing and
associated with increased emergency department utilization in gastroenterology pa-
tients. Dig. Dis. Sci. 61, 1844–1852.

Hall, W., Degenhardt, L., Lynskey, M., 2001. The Health and Psychological Effects of
Cannabis Use. Retrieved from:. National Drug and Alcohol Research Centre,
University of New South Wales. http://www.drugpoint.org.au/drugs_and_their_
effects/cannabis/The_health_%20and_psychological_effects_of_cannabis_use.pdf.

Haney, M., Ward, A.S., Comer, S.D., Foltin, R.W., Fischman, M.W., 1999a. Abstinence
symptoms following oral THC administration to humans. Psychopharmacology 141,
385–394.

Haney, M., Ward, A.S., Comer, S.D., Foltin, R.W., Fischman, M.W., 1999b. Abstinence
symptoms following smoked marijuana in humans. Psychopharmacology 141,
395–404.

Hasin, D., Carpenter, K.M., McCloud, S., Smith, M., Grant, B.F., 1997. The alcohol use
disorder and associated disabilities interview schedule (AUDADIS): reliability of

O. Livne et al. Drug and Alcohol Dependence 195 (2019) 170–177

176

https://doi.org/10.1016/j.drugalcdep.2018.09.005
https://doi.org/10.1016/j.drugalcdep.2018.09.005
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0005
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0005
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0005
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0010
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0010
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0010
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0015
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0015
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0015
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0020
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0020
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0025
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0025
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0025
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0030
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0030
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0035
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0035
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0040
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0040
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0045
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0045
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0050
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0050
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0055
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0055
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0060
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0060
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0060
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0060
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0065
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0065
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0065
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0070
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0070
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0070
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0075
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0075
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0075
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0080
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0080
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0080
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0085
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0085
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0085
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0090
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0090
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0090
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0090
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0095
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0095
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0095
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0095
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0100
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0100
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0100
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0105
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0105
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0105
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0110
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0110
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0110
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0115
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0115
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0115
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0120
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0120
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0120
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0120
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0125
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0125
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0125
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0125
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0125
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0130
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0130
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0130
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0130
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0135
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0135
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0135
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0135
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0135
https://www.niaaa.nih.gov/sites/default/files/NESARC_Final_Report_FINAL_1_8_15.pdf
https://www.niaaa.nih.gov/sites/default/files/NESARC_Final_Report_FINAL_1_8_15.pdf
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0145
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0145
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0145
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0145
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0150
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0150
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0150
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0150
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0150
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0155
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0155
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0155
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0160
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0160
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0160
http://www.drugpoint.org.au/drugs_and_their_effects/cannabis/The_health_%20and_psychological_effects_of_cannabis_use.pdf
http://www.drugpoint.org.au/drugs_and_their_effects/cannabis/The_health_%20and_psychological_effects_of_cannabis_use.pdf
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0170
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0170
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0170
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0175
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0175
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0175
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0180
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0180


alcohol and drug modules in a clinical sample. Drug Alcohol Depend. 44, 133–141.
Hasin, D.S., Goodwin, R.D., Stinson, F.S., Grant, B.F., 2005. Epidemiology of major de-

pressive disorder: results from the national epidemiologic survey on alcoholism and
related conditions. Arch. Gen. Psychiatry 62, 1097–1106.

Hasin, D.S., Keyes, K.M., Alderson, D., Wang, S., Aharonovich, E., Grant, B.F., 2008.
Cannabis withdrawal in the United States: results from NESARC. J. Clin. Psychiatry
69, 1354–1363.

Hasin, D.S., Greenstein, E., Aivadyan, C., Stohl, M., Aharonovich, E., Saha, T., Goldstein,
R., Nunes, E.V., Jung, J., Zhang, H., Grant, B.F., 2015a. The alcohol use disorder and
associated disabilities interview schedule-5 (AUDADIS-5): procedural validity of
substance use disorders modules through clinical re-appraisal in a general population
sample. Drug Alcohol Depend. 148, 40–46.

Hasin, D.S., Saha, T.D., Kerridge, B.T., Goldstein, R.B., Chou, S.P., Zhang, H., Jung, J.,
Pickering, R.P., Ruan, W.J., Smith, S.M., Huang, B., Grant, B.F., 2015b. Prevalence of
marijuana use disorders in the United States between 2001-2002 and 2012-2013.
JAMA Psychiatry 72, 1235–1242.

Hasin, D.S., Kerridge, B.T., Saha, T.D., Huang, B., Pickering, R., Smith, S.M., Jung, J.,
Zhang, H., Grant, B.F., 2016. Prevalence and correlates of DSM-5 cannabis use dis-
order, 2012-2013: findings from the national epidemiologic survey on alcohol and
related conditions-III. Am. J. Psychiatry 173, 588–599.

Hasin, D.S., Sarvet, A.L., Cerda, M., Keyes, K.M., Stohl, M., Galea, S., Wall, M.M., 2017.
US adult illicit cannabis use, cannabis use disorder, and medical marijuana laws:
1991-1992 to 2012-2013. JAMA Psychiatry 74, 579–588.

Herrmann, E.S., Weerts, E.M., Vandrey, R., 2015. Sex differences in cannabis withdrawal
symptoms among treatment-seeking cannabis users. Exp. Clin. Psychopharmacol. 23,
415–421.

Hirvonen, J., Goodwin, R.S., Li, C.T., Terry, G.E., Zoghbi, S.S., Morse, C., Pike, V.W.,
Volkow, N.D., Huestis, M.A., Innis, R.B., 2012. Reversible and regionally selective
downregulation of brain cannabinoid CB1 receptors in chronic daily cannabis smo-
kers. Mol. Psychiatry 17, 642–649.

Jones, R.T., Benowitz, N., Bachman, J., 1976. Clinical studies of cannabis tolerance and
dependence. Ann. N. Y. Acad. Sci. 282, 221–239.

Keyhani, S., Steigerwald, S., Ishida, J., Vali, M., Cerda, M., Hasin, D., Dollinger, C., Yoo,
S.R., Cohen, B.E., 2018. Risks and benefits of marijuana use: a national survey of U.S.
adults. Ann. Intern. Med. 169, 282–290.

Kouri, E.M., Pope Jr., H.G., 2000. Abstinence symptoms during withdrawal from chronic
marijuana use. Exp. Clin. Psychopharmacol. 8, 483–492.

Lichtman, A.H., Martin, B.R., 2002. Marijuana withdrawal syndrome in the animal
model. J. Clin. Pharmacol. 42, 20S–27S.

Margetts, B.M., Vorster, H.H., Venter, C.S., 2003. Evidence-based nutrition: the impact of
information and selection bias on the interpretation of individual studies. South Afr.
J. Clin. Nutr. 16, 79–87.

Meyers, J.L., Lowe, S.R., Eaton, N.R., Krueger, R., Grant, B.F., Hasin, D., 2015. Childhood
maltreatment, 9/11 exposure, and latent dimensions of psychopathology: a test of
stress sensitization. J. Psychiatr. Res. 68, 337–345.

Moon, A., Prentice, C., 2017. High Tech, High Finance and High Times for U.S. Pot
Industry. Reuters. Retrieved from:. https://www.reuters.com/article/us-cannabis-
investment-insight/high-tech-high-finance-and-high-times-for-u-s-pot-industry-
idUSKBN1E01U1.

Preuss, U.W., Watzke, A.B., Zimmermann, J., Wong, J.W., Schmidt, C.O., 2010. Cannabis
withdrawal severity and short-term course among cannabis-dependent adolescent
and young adult inpatients. Drug Alcohol Depend. 106, 133–141.

Pulay, A.J., Stinson, F.S., Dawson, D.A., Goldstein, R.B., Chou, S.P., Huang, B., Saha, T.D.,
Smith, S.M., Pickering, R.P., Ruan, W.J., Hasin, D.S., Grant, B.F., 2009. Prevalence,
correlates, disability, and comorbidity of DSM-IV schizotypal personality disorder:
results from the wave 2 national epidemiologic survey on alcohol and related con-
ditions. J. Clin. Psychiatry 11, 53–67.

Research Triangle Institute, 2012. SUDAAN Statistical Software for Analyzing Correlated
Data, Release 11.0. Research Triangle Institute, Research Triangle Park, NC.

Ruan, W.J., Goldstein, R.B., Chou, S.P., Smith, S.M., Saha, T.D., Pickering, R.P., Dawson,
D.A., Huang, B., Stinson, F.S., Grant, B.F., 2008. The alcohol use disorder and asso-
ciated disabilities interview schedule-IV (AUDADIS-IV): reliability of new psychiatric
diagnostic modules and risk factors in a general population sample. Drug Alcohol
Depend. 92, 27–36.

Schauer, G.L., King, B.A., Bunnell, R.E., Promoff, G., McAfee, T.A., 2016. Toking, vaping,
and eating for health or fun: marijuana use patterns in adults, U.S., 2014. Am. J. Prev.
Med. 50, 1–8.

Schuster, R.M., Fontaine, M., Nip, E., Zhang, H., Hanly, A., Evins, A.E., 2017. Prolonged
cannabis withdrawal in young adults with lifetime psychiatric illness. Prev. Med. 104,
40–45.

United States Census Bureau, 2018. Povery Census Data. Retrieved from:. U.S.
Department of Commerce. https://www.census.gov/topics/income-poverty/
poverty.html.

Whiting, P.F., Wolff, R.F., Deshpande, S., Di Nisio, M., Duffy, S., Hernandez, A.V.,
Keurentjes, J.C., Lang, S., Misso, K., Ryder, S., Schmidlkofer, S., Westwood, M.,
Kleijnen, J., 2015. Cannabinoids for medical use: a systematic review and meta-
analysis. JAMA 313, 2456–2473.

Wiesbeck, G.A., Schuckit, M.A., Kalmijn, J.A., Tipp, J.E., Bucholz, K.K., Smith, T.L., 1996.
An evaluation of the history of a marijuana withdrawal syndrome in a large popu-
lation. Addiction 91, 1469–1478.

Wilkinson, S.T., Stefanovics, E., Rosenheck, R.A., 2015. Marijuana use is associated with
worse outcomes in symptom severity and violent behavior in patients with post-
traumatic stress disorder. J. Clin. Psychiatry 76, 1174–1180.

O. Livne et al. Drug and Alcohol Dependence 195 (2019) 170–177

177

http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0180
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0185
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0185
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0185
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0190
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0190
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0190
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0195
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0195
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0195
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0195
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0195
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0200
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0200
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0200
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0200
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0205
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0205
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0205
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0205
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0210
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0210
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0210
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0215
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0215
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0215
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0220
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0220
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0220
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0220
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0225
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0225
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0230
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0230
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0230
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0235
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0235
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0240
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0240
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0245
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0245
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0245
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0250
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0250
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0250
https://www.reuters.com/article/us-cannabis-investment-insight/high-tech-high-finance-and-high-times-for-u-s-pot-industry-idUSKBN1E01U1
https://www.reuters.com/article/us-cannabis-investment-insight/high-tech-high-finance-and-high-times-for-u-s-pot-industry-idUSKBN1E01U1
https://www.reuters.com/article/us-cannabis-investment-insight/high-tech-high-finance-and-high-times-for-u-s-pot-industry-idUSKBN1E01U1
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0260
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0260
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0260
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0265
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0265
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0265
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0265
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0265
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0270
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0270
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0275
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0275
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0275
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0275
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0275
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0280
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0280
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0280
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0285
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0285
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0285
https://www.census.gov/topics/income-poverty/poverty.html
https://www.census.gov/topics/income-poverty/poverty.html
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0295
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0295
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0295
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0295
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0300
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0300
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0300
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0305
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0305
http://refhub.elsevier.com/S0376-8716(18)30714-2/sbref0305

	DSM-5 cannabis withdrawal syndrome: Demographic and clinical correlates in U.S. adults
	Introduction
	Materials and methods
	NESARC-III sample
	Diagnostic interview
	Cannabis withdrawal
	Sociodemographic covariates
	Psychiatric and substance use disorders (SUD)
	Family history of psychiatric problems
	Disability
	Statistical analysis

	Results
	Prevalence of CWS
	Association with sociodemographic and clinical characteristics
	Family history of psychiatric problems
	Disability
	Sensitivity analysis

	Discussion
	Conclusions

	Role of the funding source
	Contributors
	Conflict of interest
	Supplementary data
	References




