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Abstract

Aims—Controversy exists regarding the inclusion of cannabis withdrawal as an indicator of 

dependence in the next revision of the Diagnostic and Statistical Manual of Mental Disorders 

(DSM) and International Classification of Diseases (ICD). This study contrasted the concurrent 

and predictive validity of three operational definitions of cannabis withdrawal in a sample of 

treated adolescents.

Design—Prospective study of treated adolescents with 1-year follow-up.

Setting and participants—Adolescents (n = 214) were recruited from intensive out-patient 

treatment programs for substance abuse, and followed at 1 year (92% retention). Youth who were 

included in the analyses reported regular cannabis use.

Measurements—The number of DSM-IV cannabis abuse and dependence symptoms at baseline 

and 1-year follow-up, past year frequency of cannabis use at baseline and follow-up, and periods 

of abstinence at 1-year follow-up. Cannabis withdrawal was defined based on (i) the presence of 

two or more cannabis withdrawal symptoms; (ii) a definition proposed by Budney and colleagues 

(2006) that requires four or more withdrawal symptoms (four-symptom definition); and (iii) the 

use of latent class analysis to identify subgroups with similar cannabis withdrawal symptom 

profiles.

Findings and conclusions—All three definitions of cannabis withdrawal demonstrated some 

concurrent validity. Only the four-symptom and latent class-derived definitions of withdrawal 

predicted severity of cannabis-related problems at 1-year follow-up. No cannabis withdrawal 

definition predicted frequency of use at follow-up. Further research is needed to determine the 

clinical utility and validity of the four-symptom definition, as well as alternative definitions of 

cannabis withdrawal, to inform revisions leading to DSM-V and ICD-11.

Keywords

Adolescent; cannabis; DSM; ICD; withdrawal

© 2008 The Authors.

Correspondence to: Tammy Chung, WPIC/Pittsburgh Adolescent Alcohol Research Center, 3811 O’Hara Street, Pittsburgh, PA 
15213, USA. chungta@upmc.edu. 

HHS Public Access
Author manuscript
Addiction. Author manuscript; available in PMC 2015 May 19.

Published in final edited form as:
Addiction. 2008 May ; 103(5): 787–799. doi:10.1111/j.1360-0443.2008.02158.x.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



INTRODUCTION

Controversy exists regarding whether a cannabis withdrawal syndrome should be included 

in the next revision of the Diagnostic and Statistical Manual of Mental Disorders (DSM) 

[1]. If included in DSM-V, an operational definition of a cannabis withdrawal syndrome 

would facilitate recognition of an acute syndrome that warrants treatment (similar to criteria 

used to identify withdrawal syndromes for substances such as alcohol and cocaine), and 

would also provide a means of determining the presence of the ‘withdrawal’ criterion when 

evaluating an individual for a diagnosis of cannabis dependence. In contrast to DSM-IV, the 

International Classification of Diseases (ICD) recognizes a cannabis withdrawal syndrome, 

but states that its diagnostic criteria remain to be determined [2].

Critics who oppose including cannabis withdrawal in DSM and ICD have cited the need for 

a clear operational definition of the syndrome with regard to time–course, symptom profile 

and clinical significance [3]. Proponents of including cannabis withdrawal emphasize 

research on its neurobiological basis [4], delineation of the typical time–course and 

symptoms of a cannabis abstinence syndrome [5–7] and reports of functional impairment 

due to cannabis withdrawal [8,9]. Questions remain as to the type and number of symptoms 

that optimally identify cannabis withdrawal, and the extent to which withdrawal plays a role 

in maintaining the compulsive pattern of drug use that is the hallmark of dependence.

Among adult heavy cannabis users, abstinence from cannabis typically precipitates 

withdrawal symptoms that emerge within 24–48 hours of abstinence [10]. The symptoms 

usually peak within a week, and last roughly 1–2 weeks [6,11]. Re-administration of 

cannabis relieves the symptoms associated with abstinence from the drug [6,12,13], and 

provides another way (i.e. withdrawal relief) in which cannabis withdrawal as a possible 

dependence criterion may manifest. Cannabis withdrawal symptoms generally represent 

physical and psychological dimensions based on results of principal components analysis 

[7]. Affective and behavioral, rather than physical (e.g. tremor, sweating) cannabis 

withdrawal symptoms are reported most often, and include irritability, decreased appetite, 

restlessness and sleep problems [7,10]. Among adults seeking treatment for cannabis use, 

85% reported four or more cannabis withdrawal symptoms of at least mild severity during 

the most recent episode of abstinence [6]. Cannabis withdrawal is associated with greater 

severity of cannabis involvement both cross-sectionally and prospectively in adults [14]. 

Cannabis withdrawal also appears to play a role in maintaining dependence (e.g. use to 

relieve withdrawal) and impacting negatively attempts to quit or cut down on use [7,15], 

although the number and type of symptoms to use in defining a cannabis withdrawal 

syndrome, which would also function as a criterion used to diagnose cannabis dependence, 

remain to be specified in DSM and ICD.

Less is known about the prevalence and symptom profile of cannabis withdrawal among 

adolescents, although cannabis is the illicit substance most commonly used by youth [16]. In 

a community sample, among adolescents with a cannabis use disorder 15% endorsed 

cannabis withdrawal (the operational definition used to identify withdrawal was not 

specified); withdrawal was the least prevalent dependence symptom [17]. Higher rates of 

cannabis withdrawal, ranging from 40 to 67%, have been reported among adolescents in 
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addictions treatment ([18,19]; these studies also did not specify the operational definition of 

withdrawal used). In a sample of treated youth, 15% reported use to relieve withdrawal [19]. 

The most commonly reported cannabis withdrawal symptoms among adolescents include 

craving, depression, irritability, difficulty sleeping, restlessness and decreased appetite [18–

21]. Among treated adolescents, one-third reported four or more withdrawal symptoms of at 

least moderate severity [20]. As an indication of the clinical significance of cannabis 

withdrawal, withdrawal symptoms in a sample of out-patient adolescents were found to 

interfere with completion of school work and the ability to maintain abstinence from 

cannabis [21]. Importantly, commonly reported cannabis withdrawal symptoms were similar 

for adults and adolescents, although withdrawal prevalence and severity were typically 

lower in youth [10].

In a comprehensive literature review, Budney and colleagues [10,22] proposed criteria for a 

cannabis withdrawal syndrome to be considered for inclusion in the next revision of the 

DSM. The proposed criteria include the following six symptoms: anger or aggression, 

irritability, decreased appetite, nervousness/anxiety, restlessness and insomnia (including 

strange dreams) [10,22]. Because most treated adult cannabis users generally reported four 

or more of these six commonly reported symptoms occurring with substantial severity, and 

because a four-symptom threshold has been used to define withdrawal syndromes for other 

substances in DSM-IV, report of four or more of the six more commonly reported 

symptoms, in combination with impairment in functioning or subjective distress, was 

proposed as an operational definition of a cannabis withdrawal syndrome [22,23]. Details on 

the method of selecting the six symptoms and the four-symptom threshold, however, were 

not provided. Research is needed to determine systematically the type and number of 

symptoms that defines optimally a cannabis withdrawal criterion, and the extent to which 

withdrawal predicts a relatively chronic course.

To determine empirically the optimal number and type of symptoms that define a cannabis 

withdrawal syndrome, we used latent class analysis (LCA [24]). LCA identifies subtypes 

based on the symptom profiles reported by individuals in the sample, and has been used to 

evaluate the validity of distinctions between existing diagnostic categories [25]. A particular 

advantage of the LCA approach is that it identifies a small number of mutually exclusive 

subgroups that may differ in the number and type of symptom endorsed. Thus, LCA can 

provide information efficiently to guide the evaluation of which symptoms are most useful 

to include in an operational definition of cannabis withdrawal, and what symptom thresholds 

distinguish the subgroups—two types of information that are essential to developing an 

empirically based operational definition of cannabis withdrawal.

This prospective study of adolescents recruited from addictions treatment, and followed over 

1 year, examined the number and type of cannabis withdrawal symptoms that defines 

optimally the withdrawal syndrome in youth. Three definitions of cannabis withdrawal were 

examined: episodes involving two or more withdrawal symptoms (i.e. two-symptom 

threshold used in previous research [14,26]), criteria for withdrawal proposed by Budney 

and colleagues [10,22] (i.e. four-symptom definition) and a definition based on results from 

latent class analysis of cannabis withdrawal symptoms (i.e. latent class definition, a new 

empirically determined definition of cannabis withdrawal). All three definitions of cannabis 
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withdrawal required the recurrence of withdrawal episodes (i.e. three or more withdrawal 

episodes within a 1-year period) and report of subjective distress or impairment in 

functioning due to withdrawal symptoms (i.e. clinical significance). The three definitions of 

cannabis withdrawal were contrasted with regard to concurrent and predictive validity. We 

predicted that more stringent definitions of cannabis withdrawal (e.g. four-symptom 

definition) would be more likely to demonstrate concurrent and predictive validity compared 

to a milder definition of withdrawal (e.g. two-symptom definition).

METHOD

Participants

Adolescents, aged 14–18 years, were recruited from intensive out-patient addictions 

treatment programs for youth in Western Pennsylvania. The treatment programs provided 

similar program content, and at all sites the typical course of intensive out-patient treatment 

lasted 6–8 weeks. Shortly after treatment admission, adolescents were provided with a brief 

description of a research study on the course of alcohol and drug problems to determine their 

interest in study participation. Most (77%) youth who were approached by project staff 

agreed to study participation. Youth enrolled in the study are broadly comparable on 

demographic and substance use characteristics to the population of youth in addictions 

treatment [16]. Adolescents included in these analyses (n = 214) reported, at minimum, life-

time cannabis use at least once per month for at least 6 months. This is a sample of relatively 

heavy cannabis users: 45% of adolescents reported daily cannabis use in the year prior to 

treatment, and 21% reported use four to six times per week (Table 1).

At baseline, the majority of participants were male (67%) and Caucasian (90%). African 

Americans represented 5% of the sample; Hispanics, Asians and ‘other’ ethnicity (i.e. 

individuals who reported a bi-racial ethnicity) accounted for 5% of the total sample. 

Participants had a mean age of 16.8 years [standard deviation (SD) = 1.1], and represented a 

broad range of socioeconomic status (SES; mean = 2.5, SD = 1.0; range = 1–5; [27]). Most 

adolescents were receiving treatment for a cannabis use disorder. At baseline, the majority 

(88.7%) of participants met criteria for a past year DSM-IV cannabis abuse (28.0%) or 

dependence (60.7%) diagnosis. At baseline, 68.2% of youth also met criteria for a past year 

alcohol diagnosis. The life-time mean number of other drugs used (excluding alcohol and 

cannabis, of a possible total of six drugs) was 3.2 (SD = 2.2); the most common drugs tried 

were opiates, sedatives and hallucinogens. Regarding other commonly reported 

psychopathology (past year) at baseline, 37.4% met criteria for conduct disorder, 27.6% for 

a depressive disorder (major depression or dysthymia), 17.3% for attention deficit 

hyperactivity disorder and 10.3% for an anxiety disorder (specific phobia, social phobia, 

generalized anxiety disorder or panic disorder).

Participants were followed for 1 year after completion of the baseline assessment (n = 197; 

92% retention). Comparison of retained participants and dropouts (197 versus 17 

adolescents, respectively) indicated that dropouts at 1-year follow-up had higher SES (3.1 

versus 2.5; t = 2.5, d.f. = 203, P < 0.05), reported more past year DSM-IV cannabis 

dependence symptoms at baseline (2.7 versus 3.8; t = 2.6, d.f. = 212, P < 0.05), more past 

year DSM-IV cannabis abuse and dependence symptoms at baseline (4.6 versus 5.9; t = 2.3, 
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d.f. = 212, P < 0.05) and greater baseline frequency of past year cannabis use (measured on 

an ordinal scale: 7.5 versus 6.5; t = 2.1, d.f. = 210, P < 0.05). No differences were observed 

for retained youth and dropouts on other variables that were included in the analyses, P > 

0.05 (e.g. gender, age, ethnicity, baseline past year diagnoses of alcohol use disorder, 

conduct disorder, other psychopathology and life-time other substance use).

Procedure

Adolescents completed baseline and 1-year follow-up assessment protocols that were 

administered by highly trained bachelor’s or master’s level interviewers. In this repeated-

measures study, interview and questionnaire measures that were administered at baseline 

were also administered at 1-year follow-up. The time-frame for all measures at each time-

point was ‘past year’, with the exception of ‘life-time’ other substance use assessed at 

baseline. Interviewers received intensive training over 3 months to obtain >80% agreement 

on symptom and diagnostic ratings with a doctoral level supervisor on at least three 

consecutive interviews. Interviewer drift in ratings was minimized through weekly 

supervision led by doctoral level clinicians with substantial experience in the assessment of 

psychiatric and substance use disorders in youth.

After description of study procedures and prior to data collection, written informed consent 

or assent was obtained from the adolescent and his/her guardian. Baseline interviews were 

completed within 6 weeks of treatment entry. Each assessment lasted 2–3 hours, and 

collected data on the adolescent’s substance use, DSM-IV substance use disorders (SUDs) 

and co-occurring psychopathology. Youth completed a urine drug screen at each 

assessment; drug screen results that were discrepant with self-reported substance use were 

discussed with the adolescent to ensure high-quality data. Participants were compensated 

upon completion of each assessment. The university’s institutional review board approved 

the study protocol.

Measures

The Structured Clinical Interview for DSM-IV (SCID) [28], modified for use with youth 

[29], was used to determine the presence of DSM-IV SUD criteria and diagnoses at baseline 

and 1-year follow-up. The SCID was adapted to include developmentally appropriate 

queries of DSM-IV SUD symptoms (e.g. cannabis-related suspensions or expulsion from 

school). The modified SCID included probes to determine the presence of cannabis 

withdrawal, which could be met either by repeated episodes of cannabis withdrawal (based 

on a two-symptom threshold used in other studies [14,26]) or ‘withdrawal relief’ (i.e. use of 

cannabis to relieve or to prevent withdrawal based on the two-symptom threshold). If the 

adolescent reported symptoms that resulted from a sharp reduction or cessation in cannabis 

use, 22 withdrawal symptoms [8] were rated as present or absent. For a cannabis withdrawal 

symptom to be rated as ‘present’, subjective distress or impairment in functioning due to the 

symptom needed to be reported as an indication of the clinical significance of the symptom. 

Therefore, all definitions of withdrawal tested in this study included evidence of subjective 

distress or impairment in functioning, because this evaluation was built-in at the symptom 

level. If the adolescent reported two or more withdrawal symptoms [14,26], the adolescent 

was asked further if the symptoms occurred together three or more times in the past year 
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(i.e. recurrence was defined as three or more episodes within a 12-month period for all 

definitions tested) following reduction or cessation of heavy use. Interviewers probed 

whether withdrawal symptoms were due specifically to cannabis or some other drug, or due 

to exacerbation of a co-occurring psychiatric condition.

Because a stereotyped pattern of substance use and rapid reinstatement of dependence 

symptoms after a period of abstinence have been linked to the presence of withdrawal for 

other substances (e.g. alcohol [30]), the modified SCID also included probes for these 

symptoms. To determine the presence of a stereotyped pattern of use, probes such as ‘did 

smoking marijuana put you on a schedule, where you smoked every few hours because you 

felt that you needed to?’ were used. To evaluate rapid reinstatement of dependence, probes 

such as ‘after stopping smoking for at least 1 month, when you started smoking again, how 

long did it take for (list dependence symptoms that were rated as present in the assessment) 

to re-emerge?’ were used. At least two dependence symptoms needed to re-emerge within a 

month after resumption of daily or near-daily use (or 2 months if use was resumed at a lower 

level) for this symptom to be assigned. For both these additional symptoms, recurrence (as 

defined above) and clinical significance (i.e. report of subjective distress or impairment due 

to the symptom) needed to be reported in order for the symptoms to be rated as ‘present’ by 

the interviewer.

Two-week test–retest showed high levels of agreement for life-time cannabis diagnoses in 

this study: cannabis abuse (kappa = 0.80) and dependence (kappa = 0.85). Two-week test–

retest also showed high agreement at the symptom level for cannabis and other substances. 

For example, intraclass correlations (ICCs) for life-time count of the total number of abuse 

and dependence symptoms were high: alcohol = 0.78 and cannabis = 0.96 [31].

To assess life-time substance use at baseline, adolescents were asked ‘Have you ever tried 

… ?’ (yes or no) substances that were grouped into eight drug classes: alcohol, cannabis, 

cocaine, opiates, sedatives, stimulants, hallucinogens and other drug (e.g. ecstasy). The 

number of drug classes endorsed at baseline, excluding alcohol and cannabis, was used as a 

proxy measure of the extent of other substance use. A questionnaire item was used to 

determine the frequency of cannabis use in the past year (‘How often did you use marijuana 

in the past year?’) according to response categories listed in Table 1 at baseline and 1-year 

follow-up. The Lifetime Drug Use History [32] interview collected data on the number of 

30-day periods of abstinence that occurred over 1-year follow-up. Two-week test–retest for 

these types of substance use scores and data were comparable to retest ICCs reported above 

[32].

A modified version of the Schedule for Affective Disorders and Schizophrenia (K-SADS) 

[33] was used to assess Axis I psychopathology other than substance use disorders at 

baseline. Conduct disorder was considered for inclusion as a covariate in predictive validity 

analyses because it is a relatively robust predictor of adolescent treatment outcome [25,34], 

and other common psychiatric disorders were also included as covariates (e.g. attention 

deficit hyperactivity disorder). The modified K-SADS has good reliability and concurrent 

validity [35].
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Data analysis

In addition to the two- and four-symptom definitions of cannabis withdrawal, we used latent 

class analysis (LCA) [24] to determine the type and number of cannabis withdrawal 

symptoms that best defines the syndrome in treated adolescents. Using Latent Gold 4.0 [36], 

latent class models specifying 1–6 classes were applied to the 22 baseline cannabis 

withdrawal symptoms. Because this study examined the predictive validity of different 

definitions of cannabis withdrawal, results of LCA on withdrawal symptoms at 1-year 

follow-up are not detailed here (note, however, that LCA results were similar at both time-

points, with the number rather than type of withdrawal symptom endorsed distinguishing the 

classes). In LCA, each latent class represents a distinct profile of symptom endorsement 

probabilities (SEPs; i.e. the likelihood of having a symptom given membership in a certain 

class) that is the same for all members of the class, taking stochastic factors into account 

[24]. LCA produces class membership probabilities and SEPs for each class in a model. 

Identification of the best-fitting model was based on the lowest Bayesian information 

criterion (BIC) [37]. Individuals were assigned to the class with the highest posterior 

probability.

Agreement between the three definitions of cannabis withdrawal was computed using kappa, 

where 0.40–0.75 indicates fair to good agreement and kappa >0.75 indicates excellent 

agreement [38]. Concurrent validity of the different definitions of cannabis withdrawal was 

then examined using SPSS version 14.0 based on t-tests (two-tailed) and χ2 tests, as 

appropriate. Concurrent validators at baseline and 1 year included the number of past year 

cannabis abuse and dependence symptoms, past year cannabis dependence symptoms, past 

year frequency of cannabis use, duration of regular cannabis use (at baseline only), past year 

presence of the cannabis tolerance symptom (because tolerance tends to be associated with 

withdrawal; [30]), past year presence of a stereotyped pattern of cannabis use and rapid 

reinstatement of dependence after at least 1 month of abstinence from cannabis use.

Predictive validity of the different definitions of cannabis withdrawal was examined using 

regression analyses (SPSS version 14.0), controlling for gender, age, ethnicity, SES, 

frequency of cannabis use at baseline (using response categories described in Table 1), life-

time number of substances used (other than alcohol and cannabis), past year alcohol 

diagnosis (yes/no) and other past year psychopathology at baseline (yes/no diagnosis): 

conduct disorder, depressive disorder (major depression or dysthymia), attention deficit 

hyperactivity disorder and anxiety disorder (social phobia, panic disorder, agoraphobia). 

Simultaneous linear regression (all predictors entered together) was used to predict the 

following 1-year outcomes: past year DSM-IV cannabis abuse and dependence symptom 

count, past year DSM-IV cannabis dependence symptom count, past year frequency of 

cannabis use (using response categories described in Table 1), number of periods of 30-day 

abstinence over 1-year follow-up and maximum consecutive abstinent days over 1-year 

follow-up. The rationale for examining the number of 30-day periods of abstinence that 

were reported over 1-year follow-up (in addition to other variables related to ability to 

maintain abstinence) is based on the minimum level of use that needed to be reported (i.e. 

use at least once per month) to be included in these analyses. Simultaneous logistic 
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regression was used to predict the following 1-year outcomes: 7-day and 30-day point 

prevalence abstinence at 1 year. Critical alpha was set at 0.05 for all statistical tests.

RESULTS

Prevalence of cannabis withdrawal symptoms

Craving and irritability were the cannabis withdrawal symptoms reported most often at both 

time-points (Table 2). Seizure was not reported at either time-point. The average number of 

withdrawal symptoms was 4.4 (SD = 4.4) at baseline and 2.0 (SD = 3.2) at follow-up; this 

reduction over follow-up was statistically significant (paired t = 7.9, d.f. = 196, P < 0.01).

Two-symptom definition of cannabis withdrawal: prevalence

In DSM-IV, the withdrawal criterion for a substance may be met either by recurrent 

episodes of withdrawal or recurrent withdrawal relief. Based on previous studies [26], the 

modified SCID used a two-symptom threshold to identify cannabis withdrawal (i.e. two or 

more of 22 possible withdrawal symptoms) and to determine the occurrence of cannabis use 

to relieve withdrawal. Both the two-symptom definition of withdrawal and withdrawal 

relief, based on a two-symptom definition, required report of ‘recurrent’ episodes and 

distress or impairment in functioning due to the withdrawal symptoms. At baseline and 1 

year, cannabis withdrawal, defined using a two-symptom threshold or withdrawal relief 

(based on a two-symptom definition), was the fourth most prevalent among the dependence 

symptoms (Table 1, baseline: 37.4%, 1 year: 21.3%). Based on a two-symptom threshold to 

define withdrawal, at baseline 23.4% had both cannabis withdrawal and withdrawal relief, 

11.7% had withdrawal only and 2.3% reported withdrawal relief only. At 1 year, the relative 

proportions of these symptom components were similar, but lower compared to baseline: 

11.7% had both cannabis withdrawal and withdrawal relief, 7.6% had withdrawal only and 

2.0% reported withdrawal relief only.

Four-symptom definition of cannabis withdrawal: prevalence

Using the criteria and threshold for cannabis withdrawal proposed by Budney and 

colleagues (i.e. report of four or more of six specific symptoms) [10,22], along with report 

of recurrent episodes and distress or impairment, an estimated 17.8% had past year cannabis 

withdrawal at baseline and 11.2% had past year cannabis withdrawal over 1-year follow-up. 

We were not able to determine the presence of recurrent episodes of ‘withdrawal relief’ in 

the context of the four-symptom definition in this data set. Based on the four-symptom 

definition, withdrawal was among the least prevalent dependence symptoms at both time-

points.

Latent class analysis (LCA) definition of cannabis withdrawal

We applied LCA to 21 cannabis withdrawal symptoms (seizure was not included because it 

was not endorsed by any participant) assessed at baseline to determine the type and number 

of symptoms that distinguished subgroups of cannabis users. Results indicated that a three-

class model provided the best fit to the data (BIC for the three-class model: 3113.61; four-

class: 3161.56 and two-class: 3186.24). Six withdrawal symptoms were not statistically 

significant indicators of class membership in the three-class model (i.e. sweating, nausea, 
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diarrhea/stomach ache, hallucinations, teary eyes/runny nose and muscle pains) and were 

therefore dropped. The three-class model remained the best-fitting solution among six 

models that were tested, even when these six symptoms were trimmed, and had high 

classification quality (average posterior probability of assignment to the most likely class 

ranged from 0.93–0.97). The three latent classes represented severity-based symptom 

profiles (Fig. 1) in which the number, rather than type of symptom, distinguished the 

classes. The average number of withdrawal symptoms in the low severity class (39.3% of 

the baseline sample) was 0.4 (SD = 0.6, range 0–2), for the moderate severity class (34.1%) 

was 4.2 (SD = 1.4, range 2–7) and for the highest severity class (26.6%) was 10.4 (SD = 2.8, 

range 7–17) symptoms. The latent classes provide some support for a two-symptom 

threshold to define withdrawal, but also suggest the utility of a higher threshold (i.e. >7 

symptoms) to identify the most affected cases, if a broad range of symptoms (i.e. 15 

symptoms) is queried.

After identifying severity-based classes of cannabis withdrawal using LCA, recurrence of 

withdrawal episodes was applied as an additional component of the LCA-based definition 

(note that subjective distress or impairment in functioning was determined at the symptom 

level). Requiring the recurrence of withdrawal episodes (i.e. three or more episodes within a 

12-month period) resulted in a moderate severity class with recurrence (n = 43, 20.1% of the 

baseline sample) and a high severity class with recurrence (n = 37, 17.3%). No cases in the 

LCA low severity class reported recurrent episodes of withdrawal. Using LCA results, two 

possible definitions of withdrawal result: cases in the moderate or high severity classes with 

recurrence (‘LCA moderate to high severity’ definition: 37.4% of the baseline sample) 

versus all other cases, and cases in the high severity class with recurrence (‘LCA high 

severity’ definition: 17.3% of the baseline sample) versus all other cases. At 1 year, 20.8% 

of the follow-up sample had withdrawal according to the ‘LCA moderate to high severity’ 

definition, and 10.6% had withdrawal according to the ‘LCA high severity’ definition. 

Similar to the four-symptom definition of cannabis withdrawal, we were not able to 

determine post hoc the occurrence of ‘withdrawal relief’ according to LCA-based definitions 

in this data set.

Agreement between definitions of cannabis withdrawal

Computing agreement using kappa requires dichotomous variables. For LCA-derived 

subgroups, two dichotomous definitions of withdrawal were examined: ‘LCA moderate to 

high severity’ and ‘LCA high severity’ (described above). At baseline, there was perfect 

agreement (kappa = 1.00) between the two-symptom and the ‘LCA moderate to high 

severity definition’ (i.e. both definitions were based on a two-symptom threshold), and 

moderate agreement between the four-symptom and two-symptom definitions (kappa = 

0.53; kappa is the same for agreement between the four-symptom and ‘LCA moderate to 

high severity’ definitions). For the LCA high severity definition, agreement with the two-

symptom definition was moderate (kappa = 0.51), but agreement was high with the four-

symptom definition (kappa = 0.91). A similar pattern of agreement was found using 1-year 

follow-up data. Because the two-symptom definition was completely redundant with the 

‘LCA moderate to high severity’ definition, we focus on the LCA high severity definition in 

the concurrent and predictive validity analyses.
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Concurrent validity of the three cannabis withdrawal definitions

The two-symptom, four-symptom and LCA high severity definitions of withdrawal all 

demonstrated concurrent validity in that those identified as having ‘withdrawal’ had, on 

average, more DSM-IV cannabis dependence symptoms and greater frequency of cannabis 

use at baseline (Table 3) and at 1-year follow-up (Table 4). Those with and without 

withdrawal did not differ on duration of cannabis use at baseline according to any 

withdrawal definition (P > 0.05). In addition, those with withdrawal according to any of the 

three definitions were more likely to endorse tolerance to cannabis and a stereotyped pattern 

of cannabis use at baseline and at 1-year follow-up (Tables 3 and 4). Of note, those who had 

withdrawal according to the two-symptom definition were more likely to report rapid 

reinstatement of dependence symptoms at baseline, although there was no statistically 

significant difference between those with and without withdrawal for the four-symptom and 

LCA high severity definitions on rapid reinstatement of dependence symptoms at baseline. 

At 1 year, however, those with withdrawal according to any of the three withdrawal 

definitions were more likely to report rapid reinstatement of dependence symptoms than 

those without withdrawal. In sum, all three definitions of withdrawal provided some 

demonstration of concurrent validity at baseline and at 1-year follow-up.

Predictive validity of the three cannabis withdrawal definitions

To test the predictive validity of the three definitions of withdrawal (i.e. two-symptom, four-

symptom and LCA high severity definitions), a series of simultaneous multiple regression 

analyses were conducted, using each definition as a predictor of the following 1-year 

outcomes: past year DSM-IV cannabis abuse and dependence symptom count, past year 

DSM-IV cannabis dependence symptom count, past year frequency of cannabis use, number 

of 30-day periods of abstinence over follow-up, maximum consecutive days of abstinence 

over follow-up and 7- and 30-day point prevalence abstinence at 1 year. The only outcomes 

predicted by baseline cannabis withdrawal (P < 0.05) were past year DSM-IV cannabis 

dependence symptom count (Table 5) [39] and past year DSM-IV cannabis abuse and 

dependence symptom count. Among the three withdrawal definitions tested, only the four-

symptom [β = 0.18 (standardized beta weight), P = 0.006] and high severity LCA definitions 

(β = 0.24, P = 0.002) predicted DSM-IV cannabis dependence symptoms at 1 year (and 

DSM-IV cannabis abuse and dependence symptoms at 1 year). Post-hoc analyses to probe 

the absence of an association between the different baseline definitions of cannabis 

withdrawal and frequency of cannabis use over follow-up generally indicated a bi-modal 

distribution in which those with baseline cannabis withdrawal (by any of the three 

definitions) reported either relatively low or high levels of cannabis use over follow-up, 

resulting in predictive associations at 1 year that were not statistically significant.

DISCUSSION

This study contrasted three operational definitions of cannabis withdrawal in a sample of 

treated adolescents followed over 1 year, and is the first to examine the predictive validity of 

cannabis withdrawal in adolescents. A two-symptom definition had relatively high 

prevalence, and showed some concurrent validity in that those with withdrawal reported 

more DSM-IV cannabis dependence symptoms than those without withdrawal, at baseline 
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and at 1 year. This relatively mild definition, however, did not demonstrate predictive 

validity at 1 year. In contrast, the four-symptom definition of cannabis withdrawal proposed 

by Budney and colleagues [10,22] had relatively low prevalence but, as hypothesized, did 

predict number of cannabis dependence symptoms at 1-year follow-up (as well as total 

number of cannabis abuse and dependence symptoms at follow-up). LCA, which was used 

to derive empirically a definition of cannabis withdrawal that would specify the number and 

type of symptoms that best distinguished groups of users, coincidentally derived groupings 

that were wholly redundant with (i.e. two-symptom definition) or very similar to (i.e. four-

symptom definition) two definitions of cannabis withdrawal that have been described in the 

literature. Among possible LCA-based definitions of cannabis withdrawal, only the LCA 

high severity definition (which identified a group of users that was similar to the four-

symptom definition) demonstrated predictive validity at 1 year. Demonstration of the 

predictive validity of relatively severe definitions of cannabis withdrawal supports its 

inclusion as a ‘course specifier’ of cannabis dependence [1], and argues for the specification 

of a cannabis withdrawal syndrome in DSM-V and ICD-11.

The cannabis withdrawal symptoms reported most frequently by adolescents in this study 

were similar to findings reported in other studies of adolescents (e.g. [17–21]), as well as 

adults [10], in that the most common symptoms were primarily psychological (e.g. irritable) 

rather than physical (e.g. nausea). The comparability of commonly reported cannabis 

withdrawal symptoms across studies provides some additional support for the validity of a 

cannabis withdrawal syndrome in both adolescents and adults. In addition, the similarity of 

prevalence estimates of cannabis withdrawal among treated adolescents [18] to this study’s 

two-symptom definition of withdrawal, and of withdrawal relief, suggest that some previous 

reports (e.g. [18]) used a relatively low threshold to determine the presence of cannabis 

withdrawal. Although use of a low threshold to determine cannabis withdrawal (i.e. two-

symptom threshold) demonstrated some concurrent validity, withdrawal definitions that 

used a relatively low threshold had limited predictive validity at 1-year follow-up.

Those who argue against the inclusion of cannabis withdrawal as a criterion to be used in 

diagnosing cannabis dependence have cited the need for a clear operational definition of the 

syndrome, particularly with regard to a clinically significant profile of cannabis withdrawal 

symptoms. In this study, clinical significance was determined at the symptom level; that is, 

each cannabis withdrawal symptom that was rated as present needed to result in subjective 

distress or impairment in functioning. The application of LCA to a broad array of potential 

cannabis withdrawal symptoms indicated that the number, rather than type of withdrawal 

symptom, best distinguished subgroups of users based on individual reports of cannabis 

withdrawal symptom profiles. Concurrent and predictive validity analyses of the LCA high 

severity definition of cannabis withdrawal support further investigation of this LCA-based 

definition with regard to implications for treatment (e.g. development of interventions to 

help manage withdrawal) and refining diagnostic algorithms.

Given the high level of agreement between the LCA high severity and four-symptom 

definitions of cannabis withdrawal, the four-symptom definition may be preferred based on 

parsimony and efficiency of assessment. Specifically, whereas the LCA high severity 

definition used a higher threshold (i.e. >7 symptoms) and broader range of symptoms (i.e. 
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15 symptoms) to identify withdrawal, the four-symptom definition specified a smaller pool 

of six specific withdrawal symptoms, of which four or more needed to be met (note that all 

definitions tested in this study required recurrent episodes of withdrawal and evidence of the 

clinical significance of symptoms). Based on similar prevalence and performance with 

regard to concurrent and predictive validity, as well as efficiency in assessment (need to 

query 15 symptoms for LCA high severity definition versus six symptoms for the four-

symptom definition), the four-symptom definition of withdrawal has distinct advantages 

over the empirically derived LCA high severity definition.

Findings for some concurrent validity analyses did not appear to support the more severe 

definitions of cannabis withdrawal. In particular, the more stringent withdrawal definitions 

(i.e. four-symptom and LCA high severity definitions) were not associated with rapid 

reinstatement of dependence symptoms at baseline, whereas the two-symptom definition 

was associated with the rapid reinstatement symptom at baseline. This result may have 

occurred due to the use of a treated sample of adolescents who may not attempt to limit 

cannabis use until there is a clear need to do so (e.g. treatment), particularly among more 

heavy users, who may have greater withdrawal severity. Thus, prior to baseline, heavier 

users with greater withdrawal severity tend to have fewer periods of reduced cannabis use 

prior to baseline, and less opportunity for dependence symptoms to be reinstated because 

there has not been a significant reduction in use. In partial support of this explanation, at 1-

year follow-up all three definitions of cannabis withdrawal were associated with rapid 

reinstatement of dependence symptoms.

Cannabis withdrawal at baseline, variously defined, did not predict frequency of cannabis 

use over 1-year follow-up, although it did predict number of cannabis dependence symptoms 

at 1 year, and number of cannabis abuse and dependence symptoms at follow-up. Post-hoc 

analyses indicated that among adolescents with cannabis withdrawal at baseline (according 

to any of the three definitions tested) there was generally a bi-modal distribution in the 

frequency of cannabis use over follow-up. Although some youth with baseline cannabis 

withdrawal reported relatively low frequency of use over follow-up, others continued to 

engage in a relatively heavy pattern of use. By contrast, baseline cannabis withdrawal (i.e. 

four-symptom and LCA high severity definition) did predict DSM-IV cannabis abuse and 

dependence symptoms over follow-up. These results suggest that DSM-IV abuse and 

dependence symptoms capture aspects of use (e.g. difficulty reducing use, prioritizing 

cannabis use over other activities) that are not well indexed by frequency of cannabis use 

alone. Similarly, outcome variables representing periods of abstinence have similar 

limitations with regard to capturing cannabis-related symptoms that are not represented 

directly by periods of abstinence. In addition, the absence of a difference in number of years 

of regular cannabis use at baseline between those with and without cannabis withdrawal, 

variously defined, may be due to the use of a treatment seeking sample of adolescents who 

have generally short use histories.

Research suggests that DSM-IV defined withdrawal generally performs favorably as an 

indicator of dependence severity and more chronic course across a range of substances. For 

example, DSM-IV alcohol withdrawal has been associated cross-sectionally and 

prospectively with greater severity of alcohol-related problems [e.g. 40–42]. For other 

Chung et al. Page 12

Addiction. Author manuscript; available in PMC 2015 May 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



substances, such as cannabis, cocaine, amphetamines and opiates, report of withdrawal 

predicted greater substance-related problems cross-sectionally, as well as more chronic 

course in adults [14]. Few studies, however, have used empirically based methods to 

determine the number and type of withdrawal symptoms that would optimize concurrent and 

predictive validity for a given substance. This study is among the first to apply an 

empirically based method (i.e. LCA) to determine the number and type of cannabis 

withdrawal symptoms that would maximize validity, and provides support for more 

stringent or ‘narrow’ definitions of cannabis withdrawal (i.e. four-symptom and LCA high 

severity definitions) compared to definitions using a lower threshold (e.g. two-symptom), 

particularly with regard to predictive validity at 1 year in treated adolescents.

Certain study limitations warrant comment. Data on the occurrence of cannabis withdrawal 

symptoms, frequency of substance use and substance-related problems were based on 

retrospective self-report, and may be subject to recall bias or minimization. However, efforts 

to optimize valid reporting of substance use data were made (e.g. biochemical verification of 

cannabis use). Retention over follow-up was high; however, greater loss of youth who 

reported relatively high frequency of use and more severe cannabis-related problems, as well 

as those of higher SES, suggest some possible bias in the sample followed at 1 year that may 

affect the generalizability of results. In addition, the relatively low number of ethnic 

minority youth included in the sample raises another caveat regarding the generalizability of 

study results. The validity analyses focused on the presence of DSM-IV substance use 

disorder criteria, and did not examine specifically the validity of the definitions against 

ICD-10 cannabis dependence criteria, although concordance is generally high across the two 

systems (e.g. [43]).

The determination of whether to include cannabis withdrawal as an indicator of dependence 

in the next iterations of DSM and ICD needs to consider the operational definition of the 

symptom that will maximize clinical utility and validity across a wide range of ages, cultural 

influences, and for males and females. The criteria for defining cannabis withdrawal 

proposed by Budney and colleagues [10,22] holds promise as an indicator of cannabis-

related problems over follow-up. However, further research on the prevalence and 

performance characteristics of this, and alternative definitions of cannabis withdrawal, are 

needed urgently to inform revisions to cannabis use disorder criteria leading to DSM-V and 

ICD-11.
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Figure 1. 
Symptom endorsement probabilities of cannabis withdrawal symptoms for the 3-class 

model. Withdrawal symptom numbers correspond to the numbering of cannabis withdrawal 

symptoms in Table 2. The solid line represents symptom endorsement probabilities for the 

severe class. The dashed lines represent the moderate and low severity classes. At baseline, 

the proportion in the low severity class was 39%, in the moderate severity class was 34%, 

and in the high severity class was 27%
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Table 1

Descriptive statistics on frequency of cannabis use and cannabis symptom prevalence at baseline (n = 214) and 

1-year follow-up (n = 197).

Baseline 1-year follow-up

Past year frequency of cannabis use (%)

 No use in past year 0.0 16.6

 < Once per month 7.5 17.6

 Once per month 1.9 2.1

 2–3 times per month 6.6 6.7

 Once per week 5.2 6.7

 2–3 times per week 12.7 7.8

 4–6 times per week 20.8 21.2

 Daily 45.3 21.2

Past year DSM-IV cannabis abuse and dependence symptoms (%)

 Abuse 1: role obligation 64.5 26.4

 Abuse 2: hazardous use 51.4 39.1

 Abuse 3: legal problems 3.7 2.0

 Abuse 4: interpersonal problems 65.9 28.9

 Dependence 1: tolerance 73.4 53.8

 Dependence 2: use more/longer 22.4 5.6

 Dependence 3: quit/cut down 62.6 39.1

 Dependence 4: much time 77.6 47.7

 Dependence 5: reduce activities 32.7 5.1

 Dependence 6: psychological/physical 13.1 12.7

 Mean DSM-IV cannabis abuse and dependence symptom count (SD) 4.7 (2.4) 2.4 (2.3)

 Observed range of values 0–9 0–9

Cannabis withdrawal (past year) definitions (%)

 Two-symptom recurrent cannabis withdrawal 37.4 21.3

 Four-symptom recurrent cannabis withdrawal 17.8 11.2

 LCA high severity recurrent cannabis withdrawal 17.3 10.6

Cannabis withdrawal is not included in the list of DSM-IV dependence symptoms in this table because DSM-IV does not specify how ‘cannabis 
withdrawal’ is to be identified. The total possible number of DSM-IV cannabis abuse and dependence symptoms is 10 (four abuse and six 
dependence symptoms). ‘LCA high severity’: latent class analysis-based definition of cannabis withdrawal that distinguishes youth in the LCA 
‘high severity’ withdrawal class who reported recurrent episodes of withdrawal from all other participants. SD: standard deviation.
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Table 2

Prevalence of cannabis withdrawal symptoms at baseline (n = 214) and 1-year follow-up (n = 197).

Cannabis withdrawal symptom Baseline 1-year follow-up

1 Crave the drug 66.4 34.0

2 Irritable 46.3 27.9

3 Trouble concentrating 38.3 15.2

4 Trouble sleeping 34.1 17.8

5 Restless 32.7 19.8

6 Anger, violent outburst 28.0 10.2

7 Change in appetite 27.6 12.7

8 Anxious 25.7 12.2

9 Headache 25.7 7.6

10 Depressed 25.2 9.1

11 Tired, sleepy, weak 22.9 7.6

12 Yawn a lot 21.0 6.1

13 Vivid, unpleasant dreams 14.5 7.1

14 Tremble, twitch 8.4 1.5

15 Fast heartbeat 5.6 1.0

16 Teary, runny nose 4.7 1.5

17 Sweat, fever 2.8 1.0

18 Nauseated, vomit 2.8 0.5

19 Muscle pains 2.8 2.0

20 Hallucinations 1.9 0.5

21 Diarrhea, stomachache 0.9 2.0

22 Seizures 0.0 0.0

Mean cannabis symptom count (SD) 4.4 (4.4) 2.0 (3.2)

Addiction. Author manuscript; available in PMC 2015 May 19.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Chung et al. Page 19

T
ab

le
 3

C
on

cu
rr

en
t v

al
id

ity
 o

f 
ca

nn
ab

is
 w

ith
dr

aw
al

 d
ef

in
iti

on
s 

at
 b

as
el

in
e.

B
as

el
in

e

T
w

o-
sy

m
pt

om
F

ou
r-

sy
m

pt
om

L
C

A
 h

ig
h 

se
ve

ri
ty

P
re

se
nt

 m
ea

n 
(S

D
)

A
bs

en
t 

m
ea

n 
(S

D
)

P
re

se
nt

 m
ea

n 
(S

D
)

A
bs

en
t 

m
ea

n 
(S

D
)

P
re

se
nt

 m
ea

n 
(S

D
)

A
bs

en
t 

m
ea

n 
(S

D
)

D
SM

-I
V

 c
an

na
bi

s 
ab

us
e 

an
d 

de
pe

nd
en

ce
 to

ta
l s

ym
pt

om
 c

ou
nt

 
(p

as
t y

ea
r)

6.
1 

(1
.8

)
3.

8 
(2

.2
)

6.
7 

(1
.5

)
4.

2 
(2

.3
)

6.
8 

(1
.6

)
4.

2 
(2

.3
)

t(
19

7)
 =

 −
8.

5,
 P

 =
 0

.0
0

t(
76

) 
=

 −
8.

0,
 P

=
 0

.0
0

t(
71

) 
=

 −
8.

1,
 P

 =
 0

.0
0

D
SM

-I
V

 c
an

na
bi

s 
de

pe
nd

en
ce

 s
ym

pt
om

 c
ou

nt
 (

pa
st

 y
ea

r)
3.

8 
(1

.2
)

2.
2 

(1
.5

)
4.

2 
(1

.1
)

2.
5 

(1
.5

)
4.

3 
(1

.1
)

2.
5 

(1
.5

)

t(
19

3)
 =

 −
8.

5,
 P

 =
 0

.0
0

t(
21

2)
 =

 −
6.

5,
 P

 =
 0

.0
0

t(
21

2)
 =

 −
6.

7,
 P

 =
 0

.0
0

Fr
eq

ue
nc

y 
of

 c
an

na
bi

s 
us

e 
(p

as
t y

ea
r)

7.
3 

(1
.3

)
6.

2 
(2

.0
)

7.
5 

(1
.4

)
6.

4 
(1

.9
)

7.
5 

(1
.4

)
6.

4 
(1

.9
)

t(
20

9)
 =

 −
5.

1,
 P

 =
 0

.0
0

t(
67

) 
=

 −
4.

1,
 P

=
 0

.0
0

t(
63

) 
=

 −
4.

1,
 P

 =
 0

.0
0

D
ur

at
io

n 
of

 r
eg

ul
ar

 c
an

na
bi

s 
us

e 
(n

um
be

r 
of

 y
ea

rs
 o

f 
us

e)
3.

1 
(1

.6
)

2.
9 

(1
.5

)
3.

4 
(1

.7
)

2.
9 

(1
.5

)
3.

4 
(1

.6
)

2.
9 

(1
.5

)

t(
15

7)
 =

 −
0.

9,
 P

 =
 0

.3
4

t(
21

2)
 =

 −
1.

8,
 P

 =
 0

.0
7

t(
21

2)
 =

 −
1.

9,
 P

 =
 0

.0
6

B
as

el
in

e 
(p

as
t 

ye
ar

)

T
w

o-
sy

m
pt

om
F

ou
r-

sy
m

pt
om

L
C

A
 h

ig
h 

se
ve

ri
ty

P
re

se
nt

 %
A

bs
en

t 
%

P
re

se
nt

 %
A

bs
en

t 
%

P
re

se
nt

 %
A

bs
en

t 
%

D
SM

-I
V

 c
an

na
bi

s 
to

le
ra

nc
e

90
.0

63
.4

89
.5

69
.9

91
.9

69
.5

χ2
 (

1)
 =

 1
8.

1,
 P

 =
 0

.0
0

χ2
 (

1)
 =

 6
.1

, P
=

 0
.0

1
χ2

 (
1)

 =
 7

.8
, P

 =
 0

.0
1

St
er

eo
ty

pe
d 

pa
tte

rn
 o

f 
us

e
50

.0
20

.1
68

.4
23

.3
67

.6
23

.7

χ2
 (

1)
 =

 2
0.

8,
 P

 =
 0

.0
0

χ2
 (

1)
 =

 2
9.

6,
 P

 =
 0

.0
0

χ2
 (

1)
 =

 2
7.

3,
 P

 =
 0

.0
0

R
ap

id
 r

ei
ns

ta
te

m
en

t o
f 

sy
m

pt
om

s
22

.5
11

.2
23

.7
13

.6
21

.6
14

.1

χ2
 (

1)
 =

 4
.9

, P
=

 0
.0

3
χ2

 (
1)

 =
 2

.4
, P

=
 0

.1
2

χ2
 (

1)
 =

 1
.3

, P
 =

 0
.2

5

‘L
C

A
 h

ig
h 

se
ve

ri
ty

’ 
de

fi
ni

tio
n 

di
st

in
gu

is
he

s 
be

tw
ee

n 
tw

o 
gr

ou
ps

: y
ou

th
 in

 th
e 

‘h
ig

h 
se

ve
ri

ty
’ 

ca
nn

ab
is

 w
ith

dr
aw

al
 c

la
ss

 v
er

su
s 

yo
ut

h 
in

 ‘
m

od
er

at
e’

 a
nd

 ‘
lo

w
’ 

se
ve

ri
ty

 c
an

na
bi

s 
w

ith
dr

aw
al

 c
la

ss
es

. L
C

A
: 

la
te

nt
 c

la
ss

 a
na

ly
si

s;
 S

D
: s

ta
nd

ar
d 

de
vi

at
io

n.

Addiction. Author manuscript; available in PMC 2015 May 19.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Chung et al. Page 20

T
ab

le
 4

C
on

cu
rr

en
t v

al
id

ity
 o

f 
ca

nn
ab

is
 w

ith
dr

aw
al

 d
ef

in
iti

on
s 

at
 1

-y
ea

r 
fo

llo
w

-u
p.

1-
ye

ar
 f

ol
lo

w
-u

p 
(p

as
t 

ye
ar

)

T
w

o-
sy

m
pt

om
F

ou
r-

sy
m

pt
om

L
C

A
 h

ig
h 

se
ve

ri
ty

P
re

se
nt

 m
ea

n 
(S

D
)

A
bs

en
t 

m
ea

n 
(S

D
)

P
re

se
nt

 m
ea

n 
(S

D
)

A
bs

en
t 

m
ea

n 
(S

D
)

P
re

se
nt

 m
ea

n 
(S

D
)

A
bs

en
t 

m
ea

n 
(S

D
)

D
SM

-I
V

 c
an

na
bi

s 
ab

us
e 

an
d 

de
pe

nd
en

ce
 to

ta
l s

ym
pt

om
 c

ou
nt

4.
7 

(1
.8

)
2.

0 
(2

.0
)

5.
4 

(1
.9

)
2.

2 
(2

.1
)

5.
3 

(1
.9

)
2.

3 
(2

.1
)

t(
19

5)
 =

 −
7.

5,
 P

 =
 0

.0
0

t(
19

5)
 =

 −
6.

7,
 P

 =
 0

.0
0

t(
19

5)
 =

 −
6.

2,
 P

 =
 0

.0
0

D
SM

-I
V

 c
an

na
bi

s 
de

pe
nd

en
ce

 s
ym

pt
om

 c
ou

nt
3.

0 
(1

.2
)

1.
3 

(1
.2

)
3.

4 
(1

.2
)

1.
4 

(1
.3

)
3.

4 
(1

.2
)

1.
4 

(1
.3

)

t(
19

5)
 =

 −
8.

2,
 P

 =
 0

.0
0

t(
19

5)
 =

 −
6.

9,
 P

 =
 0

.0
0

t(
19

5)
 =

 −
6.

7,
 P

 =
 0

.0
0

Fr
eq

ue
nc

y 
of

 c
an

na
bi

s 
us

e
7.

0 
(1

.5
)

4.
5 

(2
.7

)
6.

8 
(1

.8
)

4.
8 

(2
.7

)
6.

8 
(1

.9
)

4.
8 

(2
.7

)

t(
11

5)
 =

 −
7.

9,
 P

 =
 0

.0
0

t(
34

) 
=

 −
4.

6,
 P

=
 0

.0
0

t(
31

) 
=

 −
4.

4,
 P

 =
 0

.0
0

1-
ye

ar
 f

ol
lo

w
-u

p 
(p

as
t 

ye
ar

)

T
w

o-
sy

m
pt

om
F

ou
r-

sy
m

pt
om

L
C

A
 h

ig
h 

se
ve

ri
ty

P
re

se
nt

 %
A

bs
en

t 
%

P
re

se
nt

 %
A

bs
en

t 
%

P
re

se
nt

 %
A

bs
en

t 
%

D
SM

-I
V

 c
an

na
bi

s 
to

le
ra

nc
e

88
.1

44
.5

90
.9

49
.1

90
.5

49
.4

χ2
 (

1)
 =

 2
5.

2,
 P

 =
 0

.0
0

χ2
 (

1)
 =

 1
3.

7,
 P

 =
 0

.0
0

χ2
 (

1)
 =

 1
3.

0,
 P

 =
 0

.0
0

St
er

eo
ty

pe
d 

pa
tte

rn
 o

f 
us

e
42

.9
4.

5
54

.5
7.

4
57

.1
7.

4

χ2
 (

1)
 =

 4
3.

8,
 P

 =
 0

.0
0

χ2
 (

1)
 =

 3
9.

2,
 P

 =
 0

.0
0

χ2
 (

1)
 =

 4
1.

9,
 P

 =
 0

.0
0

R
ap

id
 r

ei
ns

ta
te

m
en

t o
f 

sy
m

pt
om

s
35

.7
11

.6
40

.9
13

.7
38

.1
14

.2

χ2
 (

1)
 =

 1
3.

8,
 P

 =
 0

.0
0

χ2
 (

1)
 =

 1
0.

4,
 P

 =
 0

.0
0

χ2
 (

1)
 =

 7
.7

, P
 =

 0
.0

1

‘L
C

A
 h

ig
h 

se
ve

ri
ty

’ 
de

fi
ni

tio
n 

di
st

in
gu

is
he

s 
be

tw
ee

n 
tw

o 
gr

ou
ps

: y
ou

th
 in

 th
e 

‘h
ig

h 
se

ve
ri

ty
’ 

ca
nn

ab
is

 w
ith

dr
aw

al
 c

la
ss

 v
er

su
s 

yo
ut

h 
in

 ‘
m

od
er

at
e’

 a
nd

 ‘
lo

w
’ 

se
ve

ri
ty

 c
an

na
bi

s 
w

ith
dr

aw
al

 c
la

ss
es

. L
C

A
: 

la
te

nt
 c

la
ss

 a
na

ly
si

s;
 S

D
: s

ta
nd

ar
d 

de
vi

at
io

n.

Addiction. Author manuscript; available in PMC 2015 May 19.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Chung et al. Page 21

Table 5

Three definitions of cannabis withdrawal as predictors of DSM-IV cannabis dependence symptom count at 1-

year follow-up (n = 197).

Baseline predictor B SE B β

Sex 0.53 0.23 0.17*

Age 0.04 0.10 0.03

Ethnicity 0.94 0.35 0.20**

SES −0.19 0.10 −0.14

Past year alcohol diagnosis (yes/no) −0.06 0.14 −0.03

Past year conduct disorder symptom count 0.06 0.06 0.08

Life-time number of other drugs used 0.06 0.06 0.08

Past year depression diagnosis (yes/no) −0.10 0.23 −0.03

Past year anxiety diagnosis (yes/no) 0.13 0.34 0.03

Past year ADHD diagnosis (yes/no) 0.30 0.27 0.08

Past year frequency of cannabis use 0.08 0.06 0.10

Two-symptom withdrawal 0.31 0.22 0.10

 Sex 0.54 0.22 0.17*

 Age 0.03 0.09 0.03

 Ethnicity 0.93 0.34 0.20**

 SES −0.18 0.10 −0.14

 Past year alcohol diagnosis (yes/no) −0.12 0.14 −0.03

 Past year conduct disorder symptom count 0.04 0.06 0.08

 Life-time number of other drugs used 0.04 0.06 0.08

 Past year depression diagnosis (yes/no) −0.12 0.23 −0.03

 Past year anxiety diagnosis (yes/no) 0.18 0.34 0.03

 Past year ADHD diagnosis (yes/no) 0.24 0.27 0.08

 Past year frequency of cannabis use 0.07 0.06 0.10

Four-symptom withdrawal 0.79 0.29 0.18**

 Sex 0.56 0.22 0.18*

 Age 0.03 0.09 0.02

 Ethnicity 0.92 0.34 0.20**

 SES −0.17 0.10 −0.12

 Past year alcohol diagnosis (yes/no) −0.11 0.13 −0.06

 Past year conduct disorder symptom count 0.04 0.06 0.06

 Life-time number of other drugs used 0.04 0.06 0.05

 Past year depression diagnosis (yes/no) −0.16 0.23 −0.05

 Past year anxiety diagnosis (yes/no) 0.21 0.34 0.04

 Past year ADHD diagnosis (yes/no) 0.18 0.27 0.05

 Past year frequency of cannabis use 0.07 0.06 0.09

LCA high severity withdrawal 0.90 0.29 0.24**
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Predictors were entered simultaneously in all regression analyses. SES: socio-economic status; ADHD: attention deficit hyperactivity disorder; 
LCA: latent class analysis. ‘LCA high severity’ definition distinguishes between two groups: youth in the ‘high severity’ cannabis withdrawal class 
versus youth in ‘moderate’ and ‘low’ severity cannabis withdrawal classes; B: unstandardized beta weight; SE B: standard error of the 
unstandardized beta weight; β: standardized beta weight (indication of effect size).

*
P < 0.05;

**
P < 0.01.

Effect sizes for the four-symptom and LCA high severity withdrawal definition are generally considered ‘small effects’ [39]. Results using the 
number of cannabis abuse and dependence symptoms at 1 year generated similar results (i.e. only the four-symptom and LCA high severity 
definitions predicted the number of cannabis abuse and dependence symptoms at 1-year follow-up).
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