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ABSTRACT

Background and Aims Depression and anxiety are often comorbid with alcoholism and contribute to craving
and relapse. We aimed to estimate the prevalence of life-time diagnoses of major depressive disorder (MDD),
substance-induced depression (SID), anxiety disorder (AnxD) and substance-induced anxiety (SIA), the effects
of these comorbidities on the propensity to drink in negative emotional states (negative craving), and test
whether these effects differ by sex. Design Secondary analyses of baseline data collected in a single-arm study
of pharmacogenetic predictors of acamprosate response. Setting Academic medical center and affiliated
community-based treatment programs in the American upper mid-west. Participants A total of 287 males
and 156 females aged 18–80 years, meeting DSM-IV criteria for alcohol dependence. Measurements The pri-
mary outcome measure was ‘propensity to drink in negative emotional situations’ (determined by the Inventory
of Drug Taking Situations) and the key predictors/covariates were sex and psychiatric comorbidities, including
MDD, SID, AnxD and SIA (determined by Psychiatric Research Interview of Substance and Mood Disorders).

Findings The prevalence of the MDD, SID and AnxD was higher in females compared with males (33.1 versus
18.4%, 44.8 versus 26.4% and 42.2 versus 27.4%, respectively; P < 0.01, each), while SIA was rare (3.3%) and
did not differ by sex. Increased propensity to drink in negative emotional situations was associated with comorbid
MDD (β = 6.6, P = 0.013) and AnxD (β = 4.8, P = 0.042) as well as a SID × sex interaction effect (P = 0.003),
indicating that the association of SID with propensity to drink in negative emotional situations differs by sex and
is stronger in males (β = 7.9, P = 0.009) compared with females (β = �6.6, P = 0.091). Conclusions There
appears to be a higher prevalence of comorbid depression and anxiety disorders as well as propensity to drink
in negative emotional situations in female compared with male alcoholics. Substance-induced depression appears
to have a sex-specific effect on the increased risk for drinking in negative emotional situations in males.
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INTRODUCTION

Alcohol use disorders (AUDs) and depression are the main
contributors to the global burden of mental and neurolog-
ical disorders [1]. Clinical [2–6] and epidemiological [7–9]

findings indicate frequent comorbidity of AUDs with
depression and anxiety, resulting in poor treatment
outcomes and frequent complications, including suicide.
Analyses suggest that such comorbidity may represent an
important subtype of AUD and call for development of
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diagnostic and therapeutic interventions to improve treat-
ment outcomes [10,11]. Specifically, the distinction
between alcohol-induced depression, which often resolves
during early abstinence [12], and non-alcohol-induced de-
pression, which is also frequent in alcoholics [13], is chal-
lenging and complicates selection between treatment
options [14,15]. Hence, studies investigating differential
impact of alcohol-induced and non-alcohol-induced
depression on phenotypical presentation and course of
AUDs are highly important [12,16,17].

Evidence indicates that depression and anxiety combined
with alcohol usemaycreate a feed-forward cycle of increasing
each other’s intensity that develops and supports comorbidity
[18]. This feed-forward cycle may include a stress-response
system, which contributes to increased craving and corre-
sponding neuroendocrine changes [19,20]. Craving is a ma-
jor component of AUDs and an important treatment target
[21,22]. Based on epidemiological and clinical data, craving
was reinstated among diagnostic criteria for AUDs [23,24].
Our recent findings and previous reports associated craving
intensity with the post-treatment relapse [25–28]. Available
self-rating instruments [21,29,30] assess the intensity of crav-
ing,while leaving aside its emotional andmotivational dimen-
sions [31]. Conversely, the Inventory of Drinking Situations
[32] and its revised version Inventory of Drug Taking Situa-
tions (IDTS) [33] identify negative and positive reinforcingmo-
tives versus temptation corresponding to preferred drinking
situations [32,34–36]. This approach is consistent with a
three-pathway model of craving: attributing the desire for
rewarding properties of alcohol (i.e. positive/reward craving);
the desire for drinking to reduce tension, stress reactivity and
negative emotions (i.e. negative/relief craving); and ob-
sessive thoughts about drinking (i.e. temptation craving)
to corresponding dysregulation in dopamine/opioid,
glutamate/gamma-aminobutyric acid (GABA) and sero-
tonin neurotransmission systems, respectively [37].

Evidence also supports gender-related differences in
relationships between alcohol craving, stress, anxiety and
depression [38,39].We previously identified a positive correla-
tion between craving intensity and depression severity [40]
and between depression severity and tendency to drink in
negative emotional situations in treatment-seeking alcoholics,
especially females [41]. This last association in our study was
no longer significant after adjusting for depressive symptoms’
severity [41], which supports a hypothesis that depressive
symptomatologymay serve as a ‘mediator’ in the relationship
between gender and situational drinking [42].

Thus, converging evidence supports the association of
comorbid depression and anxiety with the intensity and
context of craving (e.g. the tendency to drink in negative
emotional situations), which may explain the increased re-
lapse risk in AUD subjects with these comorbidities. In this
study we aimed to (1) estimate the prevalence of comorbid
substance-induced and non-substance-induced depression

and anxiety disorders in male and female treatment-seeking
alcoholics; (2) estimate the association between comorbid
substance-induced and non-substance-induced depression
and anxiety disorders and propensity for propensity to drink
in negative emotional situations; and (3) test whether these
effects differ by sex and whether the combined presence of
more than one of these conditions results in additive effects
on propensity to drink in negative emotional situations.

METHODS

Study design

To investigate the relationships between propensity to
drink in negative emotional situations and the life-time di-
agnoses of substance-induced and non-substance-induced
depression or anxiety, we analyzed clinical and demo-
graphic data collected during baseline evaluation of male
and female participants in a prospective study searching
for genetic markers associated with sobriety in alcoholics
treated with acamprosate in community-based programs
[43]. The study was approved by the Institutional Review
Boards of Mayo Clinic Rochester and Mayo Clinic Health
System. All participants signed informed consent after a
full explanation of the study procedures.

Study subjects

We included male and female participants aged 18–80 years
with a primary diagnosis of current alcohol dependence
treated in community-based programs affiliated with Mayo
Clinic Rochester, MN and Mayo Clinic Health System sites in
Austin,MN,Albert Lea,MNand LaCrosse,WI. Each program
and referral numbers are described in the Supplementalmate-
rials for an earlier publication [43]. We excluded subjects un-
able to provide informed consent or speak English, or those
with unstable medical (e.g. renal or hepatic impairment) or
psychiatric (e.g. psychotic disorder or active suicidal ideation)
conditions. Individuals taking disulfiram and those with a his-
toryof an allergic reaction to acamprosate, pregnant or lactat-
ing women, or women planning to become pregnant during
the subsequent year were also excluded in accordance with
the requirements of the original study [43].

Complete IDTS and Psychiatric Research Interview of
Substance andMood Disorders (PRISM) datawere available
for 414 of 443 subjects enrolled into the study (Table 1). All
414 participants included in the analyses met diagnostic
criteria for current alcohol dependence.

Assessments

A semi-structured interview (PRISM) [44], conducted by
trained and certified interviewers, was used to assess sys-
tematically for the life-time presence of Diagnostic and Sta-
tistical Manual of Mental Disorders (DSM-IV-TR) diagnostic
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criteria for alcohol dependence and comorbid disorders in-
cluding major depressive disorder (MDD), substance (alco-
hol)-induced depression (SID), anxiety disorders (AnxD)
and substance-induced anxiety (SIA), as well as other Axis
I diagnoses determined by the PRISM. The presence or
absence of alcohol withdrawal history was also determined
by the PRISM.

In the PRISM version designed to incorporate DSM-IV
criteria [45], the disorder was classified as substance-
induced when: (1) all DSM-IV criteria for the disorder were
met, (2) the episode occurred entirely during a period of
heavy substance use or within the first 4 weeks after cessa-
tion of use, (3) substance use is relevant to the disorder and
(4) the symptoms are greater than the expected effects of in-
toxication or withdrawal. A primarymental disorder was di-
agnosed when (1) the episode occurred during a sustained

period of abstinence or occasional use, (2) the episode began
at least 2 weeks prior to the onset of heavy substance use or
(3) the episode began during heavy substance use and con-
tinued for 4 or more weeks after cessation of use. PRISM
showed good to excellent reliability (kappas from 0.66 to
0.75) for primary and substance-induced major depressive
disorder [46]. Kappas for any life-time primaryanxiety disor-
der was 0.56, and for the either/or category of life-time pri-
mary and substance-induced anxiety disorder was 0.55,
while kappa for life-time PTSDwas 0.58 [46]. In accordance
with DSM-IV criteria, diagnoses of substance-induced de-
pressive or anxiety disorders were assessed independently
(i.e. the same person may have more than one diagnosis)
and accounted for the timing of development and other di-
agnostic characteristics [46]. As recommended [14], results
obtained by the PRISM interview were reviewed by the

Table 1 Demographic and clinical characteristics of the study sample.

n (%) or mean ± SD

Characteristic All subjects n = 443 Males n = 287 Females n = 156 P-valuea

Race 0.35
European American 414 (93.5) 267 (93.0) 147 (94.2)
African American 5 (1.1) 5 (1.7) 0 (0)
Other 8 (1.8) 6 (2.1) 2 (1.3)
Unknown 16 (3.6) 9 (3.1) 7 (4.5)

Age (years) 42.1 ± 11.8 42.3 ± 11.8 41.8 ± 11.9 0.661
IDTS-negative score 57.0 ± 21.7 55.4 ± 21.3 59.9 ± 22.3 0.045
IDTS-positive score 56.6 ± 24.0 57.9 ± 23.1 54.0 ± 25.4 0.110
IDTS temptation score 49.4 ± 23.2 49.9 ± 22.4 48.5 ± 24.6 0.575
Drinks per drinking dayb 9.8 ± 9.6 11.3 ± 10.5 7.1 ± 7.0 <0.0001
Drinking days per month 8.9 ± 8.4 8.8 ± 8.3 9.1 ± 8.6 0.887
Withdrawal symptoms history (%) 312 (72.4%) 198 (63.5%) 114 (74.0%) 0.571
PRISM diagnoses
MDD 102 (23.7%) 51 (18.4%) 51 (33.1%) 0.0006
SID 142 (33.0%) 73 (26.4%) 69 (44.8%) <0.0001
Any AnxD 141 (32.7%) 76 (27.4%) 65 (42.2%) 0.0017
Generalized anxiety disorder 10 (2.3%) 5 (1.8%) 5 (3.3%) 0.341
Obsessive–compulsive disorder 22 (5.1%) 14 (5.1%) 8 (5.2%) 0.949
Social phobia 54 (12.5%) 33 (11.9%) 21 (13.6%) 0.605
Post-traumatic stress disorder 79 (18.3%) 35 (12.6%) 44 (28.6%) <0.0001
Panic disorder 31 (7.2%) 17 (6.1%) 14 (9.1%) 0.255
SIA 14 (3.3%) 10 (3.6%) 4 (2.6%) 0.919

Nicotine dependence 177 (41.1%) 112 (40.4%) 65 (42.2%) 0.720
Other substance dependence 159 (36.9%) 110 (39.7%) 49 (31.8%) 0.104
Cannabis 79 (18.3) 60 (21.7) 19 (12.3) –

Cocaine 79 (18.3) 51 (18.4) 28 (18.2) –

Heroin 4 (0.9) 3 (1.1) 1 (0.7) –

Hallucinogen 17 (3.9) 14 (5.1) 3 (2.0) –

Sedatives 23 (5.3) 17 (6.1) 6 (3.9) –

Stimulant 52 (12.1) 36 (13.0) 16 (10.4) –

Prescription opioids 33 (7.7) 20 (7.2) 13 (8.4) –

Other 4 (0.9) 3 (1.1) 1 (0.7) –

AnxD = anxiety disorder; IDTS = Inventory of Drug Taking Situations; MDD = major depressive disorder; PRISM = Psychiatric Research Interview of Sub-
stance and Mood Disorders; SIA = substance-induced anxiety; SID = substance-induced depression; SD = standard deviation. aP-value for comparison be-
tween male and female groups; baverage number of drinks per drinking day. P-values below 0.05 are presented in bold.
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study psychiatrist to ensure that participants met eligibility
criteria and that the diagnosis represented a clinically rele-
vant syndrome. To avoid excessively small groups and loss
of power in the analysis, we combined all non-substance-
induced types of anxiety (including generalized anxiety dis-
order, obsessive compulsive disorder, social phobia, post-
traumatic stress disorder, agoraphobia and panic disorder)
into a single category defined as anxiety disorder (AnxD).
For the same reason, we did not differentiate between alco-
hol and non-alcohol-related SID and SIA.

The IDTS [33]was used to establish a propensity to drink
in negative emotional situations over the past year. As rec-
ommended [36], the raw scores of the IDTS subscales of
unpleasant emotions, physical discomfort and conflict with
others were averaged to construct the ‘IDTS-negative factor
score’, which was then used as a measure of propensity to
drink in negative emotional situations (and potentially re-
flective of negative craving). Effects of depression and anxiety
on IDTS-positive or temptation craving scores (reflecting
propensity to drink in response to positive emotions or
urges/temptation, respectively) were not investigated.

Alcohol consumption information for 30 days prior to en-
rollment was collected using the time-line follow-back form
[47]. For statistical analyses, consumption was quantified
as the average number of drinks per drinking day, and the
number of drinking days in the month prior to enrollment.

Data analyses

Differences in demographic and clinical characteristics
between male and female subjects were assessed using t-
tests or χ2 tests. We then tested for differences in negative
craving scores by the presence of a history of MDD, SID,
AnxD or SIA. Multivariable linear regression models were
used to investigate the effects of each comorbid disorder
(MDD, AnxD, SID, SIA) accounting for age, gender, average
number of drinks per day and the presence or absence of
withdrawal symptoms. The effect of enrollment site was
also considered as a potential confounder, and was evalu-
ated using mixed-effects models. These models were also
used to evaluate whether the effect of each disorder on
the IDTS-negative scores was the same inmen and women
by testing for gender × disorder interaction effects on pro-
pensity to drink in negative emotional situations. The
effects of the mood and anxiety disorders on IDTS-negative
scores were similar with and without adjustment for num-
ber of drinks per day at baseline and presence/absence of
withdrawal history. Furthermore, site was not associated
significantly with IDTS-negative scores, and site did not
appear to confound the investigated associations. Thus, to
maintain a parsimonious model for the effects of interest
and to simplify interpretation, the presented multivariable
models were adjusted only for age and gender. Finally, we
conducted a multivariable linear regression analysis of

age, MDD, SID and AnxD, as well as all possible pairwise in-
teractions of comorbid disorder with gender, as predictors
of negative IDTS scores. As there was a significant gender
interaction effect for SID, amultivariable analysis of comor-
bidity effects on IDTS-negative scores was then performed
separately for males and females. Thesemultivariable anal-
yses also included age as a covariate. All analyses were
conducted using SAS version 9.4 (Cary, NC, USA).

RESULTS

Demographic and clinical characteristics of the study
sample

The average IDTS-negative score was higher in female
compared to male alcoholics (Table 1; 59.9 ± 22.3 versus
55.4 ± 21.3, P = 0.045), while there was no difference
in IDTS-positive and temptation subscales. The prevalence
of MDD and SID were significantly higher in females than
inmales (33.1 versus 18.4%, P = 0.0006; and 44.8 versus
26.4%, P < 0.0001, respectively). The frequency of AnxD
was also higher in females (42.2 versus 27.4%,
P = 0.0017), including the frequency of post-traumatic
stress disorder (28.6 versus 12.6%, P < 0.0001), while
prevalence of substance-induced anxiety (SIA) did not dif-
fer by gender and was only 3.3% overall. There was no sig-
nificant difference in the prevalence of history of alcohol
withdrawal, nicotine or other substance dependence be-
tween subgroups.

Association of the IDTS-negative score with clinical and
demographic covariates

Before analyzing the association of IDTS-negative score with
mood and anxiety disorders, we investigated associations of
IDTS-negative scores with demographic (age, race, and sex)
and clinical characteristics (number of drinks per drinking
day, drinking days per month and presence/absence of with-
drawal history). Increased IDTS- negative scores were associ-
ated significantly with younger age (β =�0.22, P = 0.015),
increased number of drinks per day (β = 0.64, P < 0.0001)
and the presence of withdrawal history (β = 11.47,
P < 0.0001). Additional analyses indicated that inclusion
of the number of drinks per day and the presence of with-
drawal history as covariates did not change the effects of
mood or anxiety disorders on IDTS-negative scores. Thus, fur-
ther analyses of sex as well as mood and anxiety disorder ef-
fects on negative craving scores are presented with covariate
adjustment for age only.

Association of the IDTS-negative score with comorbid
depression and anxiety disorders

Comorbid MDD and AnxD were associated significantly
with higher negative IDTS scores (Table 2). Furthermore,
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there was a significant gender × SID interaction, indicating
that the relationship between SID and negative IDTS scores
is different for male and female alcoholics. In particular,
whereas SID was associated with higher negative IDTS
scores in males, no such relationship was observed in
females. No significant associations were found between
negative IDTS scores and SIA. However, as the sample size
of subjects with SIAwas very small, this study did not have
adequate power to detect associations with this comorbid
factor. Therefore, SIA effects on IDTS negative-score were
not investigated further in the multivariable models.

The multivariable models investigating the joint effects
ofMDD, SID, AnxD and gender on IDTS-negative score pro-
vided evidence of effects of MDD and AnxD as well as an
interaction effect of SID by gender on the IDTS-negative
score, with no evidence of gender interactions with MDD
or AnxD, nor interactions among the different mood and
anxiety diagnoses (MDD, SID and AnxD) in their effect on
IDTS-negative scores (Table 3).

Because of the presence of a sex–SID interaction effect
on the IDTS-negative score, the models investigating the
additive effects of MDD, SID and AnxD were constructed
separately by sex. As in the combined group of male and
female alcoholics, the sex-stratified analyses demonstrated
no evidence of interactions among the different mood and
anxiety diagnoses in their effect on negative IDTS scores.
The multivariable model showed a significant additive
effect of MDD, SID and AnxD on negative IDTS score in
males, with these three diagnoses combined explaining

7.1% of the score variation (R2 = 0.071). Males with a his-
tory of SID have an average negative IDTS score increase of
7.88 points over males without SID. Although the additive
effects of MDD and AnxD on negative IDTS scores did not
reach statistically significant levels in this analysis, the
observed trends suggested that males with MDD had nega-
tive IDTS scores 5.35 points greater than males without a
history of MDD, while those with AnxD had IDTS scores on
average 5.3 points higher than those without AnxD. In
females, an additive effect of MDD, SID and AnxD on a neg-
ative IDTS score was also significant, with these three diag-
noses combined explaining 4.6% of the score variation
(R2 = 0.046). However, none of the disorders were statisti-
cally significant predictors of elevation of negative IDTS
score (Tables 2, 3), although a marginal effect of MDD
was detected, with negative IDTS scores being 8.07 points
higher in females with MDD (P = 0.052). It is possible that
this effect did not reach a statistical significance due to a
smaller number of females in our sample.

We also found no evidence of interactions between
MDD, SID and AnxD in their effect on negative IDTS scores
in males, females or the combined group, suggesting that
each diagnosis contributes independently to this score.

DISCUSSION

Consistentwith epidemiological data [7,13,48] and clinical
observations [5,49], we found a high prevalence of depres-
sion and anxiety disorders in alcoholics treated in our

Table 2 Association of Inventory of Drug Taking Situations (IDTS)-negative score with life-time diagnoses of depression and anxiety.

All subjects (male and female) Males Females

Disorders n
IDTS-negative
mean ± SD

Gender interaction
P-valuea P-valueb n

IDTS-negative
mean ± SD P-valued n

IDTS-negative
mean ± SD P-valued

MDD 0.585 <0.001
No 316 54.8 ± 22.1 219 53.8 ± 21.6 97 57.3 ± 23.0
Yes 98 63.3 ± 19.0 49 62.8 ± 18.2 49 63.9 ± 19.9

SID 0.004 N/Ac <0.001 0.363
No 280 55.0 ± 22.9 198 52.7 ± 21.7 82 60.7 ± 24.6
Yes 134 60.6 ± 18.5 70 63.1 ± 18.1 64 58.0 ± 18.6

AnxD 0.477 <0.001
No 275 54.1 ± 22.4 193 52.9 ± 21.8 89 56.9 ± 23.5
Yes 139 62.3 ± 19.1 75 62.0 ± 18.5 64 62.7 ± 20.0

SIA 0.131 0.995
No 400 56.8 ± 21.8 258 55.6 ± 21.5 142 59.1 ± 22.1
Yes 14 57.9 ± 19.3 10 51.3 ± 15.4 4 74.2 ± 20.0

AnxD = anxiety disorders, including generalized anxiety disorder, obsessive–compulsive disorder, social phobia, post-traumatic stress disorder, agoraphobia,
panic disorder; MDD =major depressive disorder; SIA = substance-induced anxiety; SID = substance-induced depression. aGender interaction P is the P-value
for the age-adjusted sex × disorder interaction effect on IDTS-negative score (i.e. a test of whether the disorder effect on IDTS differs betweenmen andwomen).
bCombined group P-value is the P-value for the age-adjusted effect of the disorder in males and females combined (without a gender interaction term). cFor
SID, the combined group P-value is not presented, as there is significant evidence of a gender interaction effect. Thus it is not appropriate to report a combined
marginal effect of SID, whichwould assume the effect size for SID does not differ by sex. dP-value is for the age-adjusted effect of the disorder in male or female
subgroups—shown only for SID, as this is the only comorbidity with a sex-interaction effect indicating the association with IDTS-negative score differs
between men and women. P-values below 0.05 are presented in bold.
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community-based programs. Also consistent with epidemi-
ological data [50–52] was the higher prevalence of MDD,
SID and AnxD (including post-traumatic stress disorder)
in female compared with male alcoholics. Previous reports
indicate that female alcoholics report drinking in response
to unpleasant emotions more often than males [53,54],
and interpret these associations as a result of depression
severity [42]. However, our findings indicate that drinking
in response to unpleasant emotions is elevated significantly
in female compared with male alcoholics regardless of the
presence or absence of depression or anxiety disorders.
Further research is needed to determine whether a
subsyndromal presentation and/or specific symptoms of
depression and/or anxiety contribute to elevation of
IDTS-negative scores in female alcoholics.

In contrast to female alcoholics, propensity to drink in
negative emotional situations in male alcoholics was
increased significantly only in the presence of a life-time
history of comorbid MDD, SID or AnxD. Moreover, we
found a significant interaction effect between SID and
sex, indicating that the association between SID and nega-
tive IDTS scores differs between male and female alco-
holics. Similarly, we found that the presence of more than
one comorbid condition further increases the propensity
to drink in negative emotional situations, and that this
effect appears to be stronger in male compared with female
alcoholics.

These male–female differences are intriguing, as they
suggest that etiopathogenesis of propensity to drink in neg-
ative emotional situations and negative craving may be
impacted by direct alcohol effects (e.g. toxicity and/or reset-
ting of allostatic threshold) as well as vulnerability to
comorbid mood and anxiety disorders and, especially, SID

in male but not female alcoholics. Interestingly, recent
analyses of genetic effects on alcoholism-related pheno-
types also indicate the presence of sex-dependent effects
that are also phenotype-specific: for example, the same
genetic variant being associated with alcoholism in males,
and with increased propensity to drink in negative emo-
tional situations, negative craving and shorter time for
post-treatment relapse in female but not male alcoholics
[55]. Further research is needed to determine which
genetic, toxic or other underlying biological and psychoso-
cial mechanisms are responsible for associations between
propensity to drink in negative emotional situations and
life-time history of comorbid MDD, SID or AnxD in male
and female alcoholics.

Our findings are significant in the context of the follow-
ing practical considerations. First, an elevated negative
IDTS score should alert the treatment team to the potential
presence of comorbid depression and/or anxiety, especially
inmale alcoholics. Screening for these conditions may trig-
ger a referral to psychiatry for safety assessment and med-
ication considerations. Prospective studies are necessary to
determine the utility of the negative IDTS score for the pur-
pose of such screening.

Secondly, a potential benefit of early initiation of antide-
pressant treatment in alcoholics with comorbid depression
has been demonstrated [15]. Evidence also suggests
improvement of alcohol and depression-related outcomes
with the combined use of antidepressants and anti-
dipsotropics [56,57] and effectiveness of pharmacotherapy
for mood symptoms in patients with substance dependence
[58]. However, not everyone treated responds to antide-
pressants or anti-dipsotropics, and predictors of treatment
response are needed. Our finding of a gender-specific

Table 3 Multivariable regression models predicting negative IDTS scores.

Predictors of IDTS-
negative score Estimated effect (β)a Standard error P-value Partial R2 Model R2

Overall model
P-value

Total sample (n = 414) Age �0.21 0.09 0.019 0.015 0.083 <0.001
Male gender �6.92 2.77 0.013 0.008
MDD 6.57 2.64 0.013 0.025
SID �6.08 3.59 0.092 0.003
AnxD 4.79 2.34 0.042 0.011
Malea SID 13.81 4.56 0.003 0.021

Males (n = 268) Age �0.17 0.11 0.118 0.012 0.083 <0.001
MDD 5.35 3.47 0.125 0.029
SID 7.88 4.00 0.009 0.031
AnxD 5.30 3.01 0.080 0.011

Females (n = 146) Age �0.28 0.16 0.076 0.022 0.068 0.042
MDD 8.07 4.12 0.052 0.020
SID �6.61 3.88 0.091 0.017
AnxD 4.16 3.78 0.272 0.008

AnxD = anxiety disorders; IDTS = Inventory of Drug Taking Situations; MDD =major depressive disorder; SID = substance-induced depression. aPresented as
average change in IDTS-negative scale points. P-values below 0.05 are presented in bold.
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impact of comorbid depression and anxiety on negative
IDTS score may be among positive antidepressant response
predictors in alcoholics, which is consistent with reports that
gender is among the factors affecting decreased alcohol con-
sumption in response to antidepressants [59]. This compelling
hypothesis requires further investigation in prospective studies.

Thirdly, our findings suggest that teaching psychosocial
coping strategies addressing propensity to drink in negative
emotional situations and negative craving to alcoholics
with diagnoses of MDD, SID or AnxDmay be a particularly
important part of treatment. Psychotherapy research has
demonstrated that targeted interventions providing strate-
gies to cope with craving and urges result in decrease of
anxiety, negative mood and frequency of heavy drinking
[60–63]. Our findings indicate that selection of the thera-
peutic interventions targeting craving and relapse in alco-
holics with comorbid depression or anxiety should be
considered in the context of gender-specific differences
(e.g. significantly elevated propensity to drink in negative
emotional situations in depressed and non-depressed
female alcoholics versus direct impact of comorbid depres-
sion or anxiety on propensity to drink in negative emo-
tional situations in male alcoholics). Prospective studies
are necessary to clarify whether the use of an IDTS-
negative score may guide selection of such therapeutic
interventions and improve treatment outcomes.

Finally, we also found that drinking in negative emo-
tional states is associated with increased alcohol consump-
tion and with the presence of physiological withdrawal.
This finding is consistent with the original conceptual
model of negative (relief) craving [37] andwith reports that
individuals with high IDTS-negative scores have higher
alcohol dependence scores [36]. Further studies should
investigate whether a ‘craving factor independent from
emotional state’ [36] may be associated with development
of tolerance and alcohol withdrawal.

Our study has the following limitations. The sample size
was sufficient to detect described associations but insuffi-
cient to detect the effects of less frequent conditions on neg-
ative IDTS score. The smaller number of females in our
sample may have also precluded some of the association
effects—which had similar direction and magnitude as in
males—from reaching a statistically significant level. The
analyses presented in this paper are limited to life-time
diagnoses of anxiety or depressive disorders and did not dif-
ferentiate between alcohol and other substance-induced
disorders. However, it is possible that the effect of depression
or anxiety on a negative IDTS scoremay differ depending on
the proximity in time (e.g. current, recent or remote episode
of depression) and/or effect of specific substance. Future
studies in larger samples may allow investigating these pos-
sibilities further. Although validity and reproducibility of
PRISM diagnoses have been demonstrated, it is also impor-
tant to consider potential limitations of this approach in the

context of evolving knowledge about mental illness and
operationalization of clinical findings [64,65]. Finally, our
association findings are based on retrospective (at the point
of treatment entry) assessment of the life-time history of
anxiety and depressive disorders. Therefore, our analyses
are confined to the relationship between described pheno-
typical and demographic characteristics collected at one
point in time, while it is also possible that more complex in-
teractionsmay exist between craving andmood disorders in
male and female subjects. The biological underpinnings of
the reported findings and their association with the treat-
ment outcomes will be tested in ongoing research projects.

CONCLUSION

Our findings support a high prevalence of comorbid depres-
sion and anxiety in treatment-seeking alcoholics. Our data
also indicate that the presence of these comorbid condi-
tions in male alcoholics results in an increased propensity
to drink during negative emotional states (negative crav-
ing), whereas in female alcoholics IDTS-negative scores
(and propensity to drink in negative emotional situations)
seems to be elevated regardless of the presence/absence of
a formally diagnosed depression or anxiety disorder. These
findings underscore the need to account for gender effects
in selection of individualized treatment recommendations
for males and females suffering from AUD with comorbid
mood and anxiety disorders. Understanding the biology of
reported associations may guide the development of novel
targeted interventions necessary to improve treatment out-
comes in this group of patients with AUD.

Clinical trial registration

ClinicalTrials.gov, Identifier: NCT00662571, http://
clinicaltrials.gov
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