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Abstract

Background: Symptoms of anxiety and depression are common during early absti-
nence and can precipitate relapse. Previous studies show that, on average, anxiety
and depression symptoms are typically elevated at treatment intake and decline
rapidly during the first month. However, alcohol use disorder (AUD) is clinically het-
erogeneous, and it remains unknown whether there are distinct subgroups in the tra-
jectories of anxiety and depression symptoms or whether all individuals show the
characteristic decline.

Methods: This study aimed to identify and characterize anxiety and depression tra-
jectories in a large sample (n=1005) of individuals with AUD during early abstinence.
Deidentified electronic medical record data were obtained from a community sub-
stance use treatment program. Anxiety and depression symptoms were assessed
weekly using the GAD-7 and PHQ-9 scales, respectively. Latent growth curve analy-
ses were used to identify subgroups.

Results: Three subgroups were identified for both anxiety and depression trajecto-
ries: low, high, and sustained. The low trajectory subgroup comprised the majority
of individuals (73% for anxiety, 70% for depression) and showed rapid symptom re-
duction. The high trajectory symptom subgroup (22% for anxiety, 24% for depres-
sion) showed a slower decrease in symptoms. In comparison, the sustained trajectory
symptom subgroup (5% for anxiety, 6% for depression) maintained high reported
symptoms throughout treatment. The three trajectory subgroups differed in age, sex,
co-occurring mental health and substance use disorders, and PTSD symptom severity
scores.

Conclusion: These findings provide strong evidence for subtypes based on anxiety
and depression symptom trajectories in early abstinence. Early identification of indi-
viduals in the sustained trajectory subgroup could improve treatment outcomes and

reduce relapse risk.
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ANXIETY AND DEPRESSION TRAJECTORIES

INTRODUCTION

Alcohol use disorder (AUD) is the most common substance use
disorder (SUD) in the United States (Substance Abuse and Mental
Health Services Administration, 2022) and a leading contributor to
the global disease burden (Griswold et al., 2018). AUD is associated
with a myriad of adverse health consequences, and rising rates of
excessive drinking have contributed to an increase in alcohol-related
deaths (White et al., 2022). Despite the availability of treatments
for AUD (Witkiewitz et al., 2019), more than 50% of people treated
for an AUD relapse within the first 6 months to 1year (Durazzo &
Meyerhoff, 2017; Kirshenbaum et al., 2009; Maisto et al., 2006),
highlighting the challenges of maintaining abstinence and achieving
long-term recovery.

Chronic alcohol use leads to neuroadaptations of the reward
and stress systems. When alcohol use is abruptly stopped, the
reward system's adaptations result in depressive-like behav-
jors such as anhedonia and amotivation (Davidson et al., 1995;
Volkow et al., 2007). In parallel, enhanced recruitment of stress
circuits in the extended amygdala triggers anxiety-like behaviors
and emotional distress (Koob & Mason, 2016). Together, these
neuroadaptations collectively produce a chronic stress-like state
that has been coined hyperkatifeia and referred to as the dark
side of addiction (Koob, 2022). During early abstinence in hu-
mans—the period following an abrupt reduction or cessation in
drinking—negative affect symptoms of anxiety and depression
emerge and can precipitate relapse (Heilig et al., 2010; Witkiewitz
& Villarroel, 2009; Zywiak et al., 1996). Thus, a significant barrier
to sustained abstinence is the increased anxiety and depressive
symptoms commonly observed in early abstinence (Ottonello
et al., 2019; Sullivan, 2020).

Initial studies of negative affect in early abstinence showed
that anxiety and depression symptoms are typically elevated at
treatment entry and significantly reduced or resolved by the end
of treatment, usually 1month (Gallagher et al., 2018; Ludenia
et al., 1984; Petit et al., 2020; Roberts et al., 1999). Several other
studies have assessed anxiety or depression more frequently
(e.g., weekly) throughout treatment in academic or hospital in-
patient programs and found sharp and steady decreases in aver-
age anxiety and depression symptoms during treatment (Brown
etal., 1991; Brown & Schuckit, 1988; Driessen et al., 2001; Liappas
et al., 2002; Voltaire-Carlsson et al., 1996). Together, these stud-
ies provide evidence that anxiety and depression symptoms are
elevated at treatment entry and decrease significantly by the end
of treatment, approaching levels seen in the general population.
Some limitations of previous studies are that they recruited only
from academic or hospital inpatient settings and that the partic-
ipants were largely (or only) men. In addition, the small sample
sizes precluded investigations of heterogeneity; therefore, it re-
mains unknown whether there are individual differences in the
time courses of negative affect.

AUD has long been recognized as a highly heterogeneous dis-
order (Carroll, 2021). Several of the earlier studies investigated the
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role of cooccurring anxiety or depressive disorder as one approach
to exploring heterogeneity. Brown et al. found that men with a panic
disorder or generalized anxiety disorder had higher state anxiety
scores throughout treatment but similar rates at discharge (Brown
et al., 1991) and that men with a cooccurring affective disorder dis-
played more persistent depressive symptoms than those without
(Brown et al., 1988). Driessen et al. (2001) showed that trait anxi-
ety scores declined less in individuals with a lifetime history of both
anxiety and depression, but there were no differences in depression
scores.

More recent efforts, such as the National Institute on Alcohol
and Alcoholism (NIAAA) Addictions Neuroclinical Assessment
(Kwako et al., 2016), have renewed a focus on exploring hetero-
geneity in AUD. The Addictions Neuroclinical Assessment (ANA)
proposed a framework for developing neuroclinical measures to
characterize the heterogeneity in AUD, including core domains of
executive function, negative emotionality, and incentive salience.
Several recent studies have provided excellent examples of the
potential benefit of investigating heterogeneity in SUDs by iden-
tifying subtypes in moderate-size samples (Drossel et al., 2023;
Schmid et al.,, 2021; Zhao et al.,, 2021). For instance, Drossel
et al. (2023) identified three subtypes based on one time point of
phenotypic data in people with a past SUD in a community sample
(n=593): reward, cognitive, and relief. The relief subtype (19.6%)
had significantly higher scores on measures of internalizing symp-
toms, trait negative affect, and general psychiatric symptoms,
consistent with hyperkatifeia. Robinson et al. (2024) tested for
subgroups in people receiving residential treatment for an SUD
(n=554) using two time points (intake, 3months). They identi-
fied five subtypes: moderate severity-stable, high severity-most
improved, low severity-improved, moderate severity-improved,
and moderate severity-declined. The moderate severity-stable
(9.9%) and moderate severity-declined (8.7%) subtypes both had
elevated negative affect that remained stable or worsened at
3months. Thus, both studies identified a subtype consistent with
sustained or worsening negative affect. However, both studies
examined SUD broadly, not AUD specifically, and had only one
or two time points of data. Therefore, an essential gap in the field
is whether subtypes can be identified in AUD and whether dense
sampling (e.g., multiple time points) can precisely identify distinct
trajectories.

The goal of this study is to fill this gap by examining weekly
anxiety and depression trajectories in a large sample of individuals
with AUD in early abstinence receiving treatment in a community
substance use treatment program. Our aims were (1) to charac-
terize the time course of negative affect (anxiety and depression)
during the first 6 weeks of abstinence from alcohol; (2) to deter-
mine whether there are subgroups that differ in the time course
of negative affect; and (3) to describe characteristics, including
sex and co-occurring disorders, in the subgroups. Identifying sub-
groups by negative affect time course during early abstinence
could have implications for treatments and thus could reduce the
risk of relapse.
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MATERIALS AND METHODS

Participants

For this study, we analyzed deidentified data obtained from the elec-
tronic medical records of people entering treatment at a large com-
munity substance use treatment program. The treatment program
was a private facility that accepts commercial insurance and self-pay.
People in the program received a variety of evidence-based treat-
ments, including individual therapy, group therapy, and medications
for alcohol use disorder based on their individual treatment plans.
Information on specific treatments was not available in the deidenti-
fied dataset.

The dataset was comprised of all people who had a primary
AUD and treatment admission between January 1, 2020, and
December 30, 2020. The treatment facility had recently imple-
mented the collection of weekly anxiety and depression symp-
tom scores. Anxiety and depression scores up to 45days from
treatment entry were included in the dataset. People who did not
have an anxiety or depression score within the first 2weeks of
treatment or only had one score were excluded. The final dataset
included 1001 with anxiety scores and 1005 individuals with de-
pression scores.

Measures

Anxiety and depression symptoms were measured initially, usually in
the first week of treatment, and then approximately weekly. Anxiety
was assessed with the GAD-7 (Spitzer et al., 2006), a reliable and
valid tool for measuring anxiety. Scores range from O to 21, with
a clinical cutoff score of 210. Depression was measured with the
Patient Health Questionnaire-9 (PHQ-9), a validated tool used to as-
sess depression severity (Kroenke et al., 2001). Scores range from O
to 27, with a clinical cutoff score of 210.

PTSD symptoms were measured one time, usually in the first
week of treatment, with the PTSD Checklist for DSM-5 (PCL-5)
(Blevins et al., 2015). Scores range from O to 80, with a clinical cutoff
score of 231.

The demographic and clinical characteristics from the electronic
medical record included age, self-reported gender (Man, Woman),
self-reported race/ethnicity (White, Black, Hispanic/Latino, or
Other), and co-occurring mental health and SUDs. The presence or
absence of a current co-occurring mental health or SUD was deter-
mined during a clinical interview performed by a trained clinician at
the treatment facility. The diagnosis reflects the current diagnosis;
lifetime history was not provided in the deidentified dataset.

Data analysis

To determine whether there were trajectory subgroups in the time
course of anxiety or depression symptoms, latent growth curve

analyses (LGCA) were performed using the hlme function in the
lecmm package (Proust-Lima et al., 2017) in R (R Core Team, 2024).
Although anxiety and depression scores are often correlated, we
analyzed them separately based on previous findings that there may
be important differences (c.f. Driessen et al., 2001). In the LGCA, we
modeled weekly anxiety and depression scores during treatment.
Anxiety and depression scores were modeled as fixed effects and
analyzed as a function of time (days=date of questionnaire comple-
tion —-admission date). The hmle function uses maximum likelihood
estimates to identify the latent classes based on the available scores
for each participant; therefore, differences in the number of meas-
urements are automatically handled within the model. However,
to investigate the impact of limited numbers of measurements, we
also performed a sensitivity analysis on a subsample of participants
that had three or more time points of anxiety (n=728) or depression
(n=734) scores.

LGCA were performed to test for models that included between
1 and 7 subgroups. An optimal number of subgroups was deter-
mined using the Akaike information criterion (AIC) and Bayesian in-
formation criterion (BIC) indices. A ABIC was computed to assess fit
improvement for each more complex model, with negative scores
indicating better fit. Each model was also assessed for entropy, with
values 20.80 suggesting good model class assignments. To prevent
a final model solution with very small subgroups, we used an addi-
tional criterion that the smallest group must be 25% (of the total N
included in the model).

Once the optimal number of subgroups was identified, ANOVAs
and chi-square analyses were used to characterize the different
subgroups. We tested for differences by sex, race, age, presence of
a co-occurring mental health disorder, presence of a co-occurring
substance use disorder, and PTSD symptom scores (PCL-5). For
the mental health and substance use disorders, we only performed
these analyses for disorders with at least 5% prevalence in the sam-
ple to ensure sufficient sample sizes within each cell. The disorders
that met this prevalence criteria were anxiety disorders, depressive
disorders, PTSD, cannabis use disorder, and opioid use disorder
(Table 1). Post hoc analyses were used to identify significant effects
between subgroups.

To determine whether the association between the anxiety and
depression subgroup assignments was similar, we performed chi-
square analyses, followed by chi-square decomposition post hoc
analyses. An a<0.05 was considered statistically significant. All

analyses were completed in R (R Core Team, 2024).

RESULTS
Sample characteristics

Table 1 shows baseline demographic and clinical characteristics for
the overall sample of individuals with AUD in early abstinence. The
sample was predominantly White (90%) and 68% male, with an aver-
age age of 42.6years (SD=12.6).
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TABLE 1 Demographic and clinical characteristics for entire
sample.

Characteristic N %
Female 320 31.8
Male 685 68.2
Race/ethnicity
White/Caucasian 906 90.1
Black/African American 53 5.3
Hispanic/Latino 17 1.7
Other 29 29
Cooccurring mental health disorders
Depressive disorders 341 33.9
Anxiety disorders 260 259
Posttraumatic stress disorder 62 6.2
Bipolar disorder 40 3.9
Attention-deficit/hyperactivity disorder 36 3.6
Cooccurring substance use disorders
Amphetamine use disorder 23 2.3
Cannabis use disorder 146 14.5
Cocaine use disorder 49 4.9
Opioid use disorder 76 7.6
Sedative, hypnotic, or anxiolytic disorders 51 5.1
Stimulant use disorder 16 1.6
Tobacco use disorders 45 4.5
Trajectory subgroups

We first characterized the time course of anxiety and depression
symptoms across the entire sample. Anxiety and depression symp-
toms were initially elevated and decreased to low symptoms by
Week 2 (Figure 1A,C). Plots of individual anxiety and depression tra-
jectories are shown in Figure S1.

The LGCA revealed significant subgroups based on symptom
trajectories for both anxiety and depression (Figure 1B,D). A three-
factor solution had the best fit based on AIC, BIC, ABIC, and entropy
(Table 2). For anxiety, the subgroups were “low” (73%), “high” (22%),
and “sustained” (5%). For depression, the subgroups were “low”
(70%), “high” (24%), and “sustained” (6%). In general, the low group
started with lower scores and had a rapid decline in symptoms, the
high group had higher scores with a slower decline over time, and
the sustained group had high scores with minimal decline over time.

The sensitivity analyses performed on the subset of data for par-
ticipants who had three or more time points of data also resulted in
three-factor solutions for both anxiety and depression scores. The
three subgroups had the same trajectory pattern as the models with
the full dataset. See Appendix S1 for model fit indices and figures.

Anxiety trajectory subgroups

Table 3 shows the demographic and clinical data by anxiety tra-
jectory subgroup. For the anxiety trajectory subgroups, age had a
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significant effect (p=0.001). People in the low trajectory subgroup
were older than those in the high trajectory (p=0.0007) and sus-
tained trajectory subgroups (p=0.0001). There were no significant
differences between subgroups by sex (p=0.10) or race (p=0.34).

The percentage of cooccurring disorders by anxiety subgroup
is shown in Figure 2. Anxiety disorders differed across anxiety tra-
jectory subgroups (p<0.0001). There were significant differences
between all three trajectory subgroups. More people had an anx-
iety disorder in the sustained trajectory subgroup relative to the
high trajectory subgroup (p=0.04) and the low anxiety subgroup
(p<0.0001); there were also more anxiety disorders in the high tra-
jectory relative to low trajectory subgroups (p=0.0008).

Depressive disorders also differed across subgroups (p <0.0001).
People in the high and sustained trajectory subgroups were more
likely to have a depressive disorder compared to the low trajectory
subgroup (p<0.0001, p=0.0004).

PTSD differed across anxiety subgroups (p=0.0004). People
in the high and sustained trajectory subgroups were more likely
to have PTSD compared to those in the low trajectory subgroups
(p=0.003, p=0.006).

Cannabis use disorder differed across anxiety subgroups
(p=0.03). A co-occurring cannabis use disorder was more common
in the sustained and high trajectory subgroups relative to the low
trajectory subgroup (p=0.03, p=0.05). There were no significant
differences for opioid use disorders.

The PTSD symptom scores by anxiety subgroup are shown in
Figure 3. PTSD symptom scores also differed by anxiety subgroup
(p<0.001). PTSD scores differed between all trajectory subgroups.
People in the sustained trajectory subgroup had higher PTSD scores
compared to the high trajectory and low trajectory subgroups
(p<0.0001, p=0.0002). People in the high trajectory subgroup also
had higher PTSD scores than those in the low trajectory subgroup
(p<0.0001).

Depression trajectory subgroups

Table 4 shows the demographic and clinical data for each depres-
sion trajectory subgroup. For the depression trajectory subgroups,
age had a significant effect (p=0.04). People in the low trajectory
subgroup were older than people in the high trajectory subgroup
(p=0.04), but not than the sustained trajectory subgroup (p=0.08).
There were also significant differences in sex (p=0.005). There was
a higher proportion of women in the high trajectory subgroup than
in the low trajectory subgroup (p=0.0001). There were no signifi-
cant differences by race (p=0.36).

The percentage of cooccurring disorders by depression sub-
group is shown in Figure 2. Depressive disorders differed across
depression subgroups (p<0.0001). More people had a depressive
disorder in the sustained and high trajectory subgroups relative to
the low trajectory subgroup (both p<0.0001).

Anxiety disorders also differed across depression subgroups
(p=0.01). More people had an anxiety disorder in the sustained and
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FIGURE 1 Trajectories of anxiety and depression during early abstinence in AUD. The figure panels illustrate the average trajectory

of symptoms with confidence intervals for: (A) anxiety symptom scores for the entire sample; (B) anxiety symptom scores for the three
subgroups: green=Ilow trajectory, blue=high trajectory, red =sustained trajectory; (C) depression symptom scores for entire sample;

(D) depression symptom scores for the three subgroups: green=low trajectory, blue =high trajectory, red=sustained trajectory. The dotted
lines represent clinically significant levels of anxiety or depression symptoms based on standard cut-off scores.

TABLE 2 Fit statistics for anxiety and depression symptom scores based on LGCA models.

Number of subgroups LL AlIC

Anxiety symptom scores

1 -9791.86 19,595.73
2 -9791.86 19,601.73
3 -9639.72 19,303.44
4 -9624.99 19,279.97
5 -9577.17 19,190.34
6 -9542.67 19,127.33
7 -9577.17 19,202.34
Depression symptom scores

1 -10,085.15 20,182.29
2 -10,085.15 20,188.29
3 -9956.27 19,936.55
4 -9918.57 19,867.13
5 -9918.57 19,873.13
6 -9886.84 19,815.69
7 -9886.84 19,821.69

Note: Bolded values indicate the model with the best fit indices.

BIC

19,625.12
19,645.82
19,362.22
19,353.45
19,278.52
19,230.21
19,319.91

20,211.71
20,232.42
19,995.38
19,940.67
19,961.38
19,918.64
19,939.35

ABIC

20.70
-283.60
-8.77
-74.93
-48.31
89.71

20.71
-237.04
-54.71
20.71
-42.74
20.71

Entropy Smallest group %
1 100
0.00 39
0.80 5
0.53 8
0.79 3
0.80 2
0.59 4
1.00 100
0.00 39
0.76 7
0.53 6
0.44 6
0.54 5
0.45 5
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TABLE 3 Demographic and clinical characteristics by anxiety trajectory subgroup.

Subgroup
Low High Sustained comparison
Characteristic N M (SD) N M (SD) N M (SD) p-Value
Age 731 43.6(12.4) 219 40.4 (12.5) 51 36.8(11.6) <0.001°
Anxiety score (first) 731 4.40(3.79) 219 12.5(4.11) 51 15.5(4.2) <0.001?
Depression score (first) 731 5.3(4.4) 219 12.7 (5.2) 51 14.7 (5.8) <0.001?
PTSD score 704 24.7 (17.3) 209 38.1(19.7) 49 48.7 (17.1) <0.001*
N % N % N % p-Value

Sex

Female 221 30.2 76 34.7 22 43.1 0.10

Male 510 69.8 143 65.3 29 56.9
Race/ethnicity

White 659 90.2 195 89.0 49 96.0 0.34

Black 43 59 9 41 1 2.0

Hispanic/Latino 12 1.6 5 2.3 0 0.0

Other 17 2.3 10 4.6 1 2.0
Mental health disorders

Depressive disorders 214 29.3 100 45.7 27 52.9 <0.001?

Anxiety disorders 162 22.2 73 BErS 25 49.0 <0.001°

PTSD 33 4.5 21 9.6 8 15.7 <0.001°
Substance use disorders

Cannabis use disorder 94 12.9 40 18.3 12 23.5 0.03°

Opioid use disorder 46 6.3 24 11.0 5 9.8 0.06

“Low subgroup < high subgroup < sustained subgroup.
PLow subgroup < high subgroup =sustained subgroup.
“Low subgroup > high=sustained subgroups.

high trajectory subgroups relative to the low trajectory subgroup
(p=0.02,p=0.03).

PTSD differed across depression subgroups (p=0.0018). People
in the sustained and high trajectory subgroups were more likely
to have PTSD compared to those in the low trajectory subgroup
(p=0.006, p=0.004).

Cannabis use disorder differed across depression subgroups
(p=0.04). A cooccurring cannabis use disorder was more common
in the sustained and high trajectory subgroups compared to the low
trajectory subgroup (both p=0.05).

Opioid use disorder also differed across depression subgroups
(p=0.02). A cooccurring opioid use disorder is more common in the
sustained and high trajectory subgroups than in the low trajectory
subgroup (p=0.05, p=0.01).

The PTSD symptom scores by depression subgroup are shown
in Figure 3. PTSD symptom scores also differed by depression
subgroup (p<0.001). PTSD scores differed between all trajectory
subgroups. People in the sustained trajectory subgroup had higher
PTSD scores relative to those in the high trajectory and low tra-
jectory subgroups (p=0.003, p<0.0001). Also, people in the high
trajectory subgroup had higher PTSD scores than those in the low
trajectory subgroup (p<0.0001).

Comparison of anxiety and depression subgroup
assignments

We analyzed anxiety and depression symptom trajectories separately
based on prior literature. However, given that anxiety and depression
are often correlated, we also performed a chi-square analysis to exam-
ine the association between the subgroup assignments. There was a
significant association between the anxiety and depression subgroups
($p=0.72; p<0.0001). Subgroup counts and percentages are provided
in Table 5. For the low trajectory subgroup, 87% of those in the low
trajectory anxiety subgroup were also in the low trajectory depression
subgroup. For the high trajectory subgroups, 60% of those in the high
trajectory anxiety subgroup were also in the high trajectory depres-
sion subgroup. For the sustained trajectory subgroups, 53% of those
in the sustained trajectory anxiety group were also in the sustained
trajectory depression group. Thus, the significant association between
anxiety and depression subgroups was driven mainly by people who
were in both the low anxiety and depression subgroups. There was
less overlap for the high and sustained trajectory subgroups. Although
the high and sustained trajectory subgroups both had high initial
symptom scores, the pattern of the trajectories differed, and this may
be important for predicting long-term outcomes.



oL

GOPALDAS ET AL.

[g\g i
CLINICAL & EXPERIMENTAL RESEARCH

Anxiety Subgroups

B3 Low

= High E3 Sustained

50 =~

Percent
w
o
1

20
104
0=
Anxiety Depression PTSD Cannabis Opioid
Diagnosis

Depression Subgroups

E= Low [E3 High E3 Sustained

60 =
50—
40—

30—

Percent

20~

PTSD
Diagnosis

Anxiety Depression Cannabis Opioid

FIGURE 2 Percentage of cooccurring disorders by anxiety and
depression subgroup. The figure shows the percentages of people
in each subgroup with cooccurring mental health and substance
use disorders. The horizontal lines show statistically significant
differences between subgroups (all p<0.05).

Distinguishing between subgroups

While the previous analyses focused on characterizing the three
subgroups, early identification of those people who display a
sustained trajectory relative to the high trajectory could have
clinical implications for those who would benefit from additional
treatment explicitly focused on anxiety or depression. Therefore,
we performed a post hoc logistic regression analysis to compare
the high trajectory relative to the sustained trajectory subgroups
for both anxiety and depression. The model included all variables
from the previous analyses plus initial anxiety and depression
scores based on potential clinical utility as early predictors. For the
anxiety subgroups, the overall logistic regression was significant
(AUC=0.76, R?>=0.14, p<0.001). There were two significant
predictors: initial anxiety score (odds ratio=1.24, Cl=1.10-1.38,
p=0.0002) and initial PTSD score (odds ratio=1.02, CI=1.002-
1.044,p=0.02). For the depression subgroups, the overall logistic
regression was significant (AUC =0.70, R>=0.08, p=0.03). There
were two significant predictors: initial depression score (odds
ratio=1.10, CI=1.01-1.20, p=0.05) and initial PTSD score (odds
ratio=1.02, CI=1.003-1.04, p=0.02). Thus, for both anxiety
and depression, initial anxiety or depression symptom scores
and initial PTSD symptom scores were significant predictors of
trajectory subgroup.

E3 Low E= High E= Sustained

60

PTSD score
8
|

N
o
1

Anxiety Subgroups Depression Subgroups

FIGURE 3 PTSD scores by anxiety and depression subgroups.
The figure shows PTSD symptom scores (PCL-5) means and
standard errors by anxiety and depression trajectory subgroups.
The horizontal lines show statistically significant differences
between subgroups (all p<0.05).

DISCUSSION

In this study, we investigated whether there are subgroups in anxi-
ety or depression symptom scores across early abstinence in a large
sample of people receiving treatment for a primary AUD in a com-
munity substance use treatment facility. There were three main
findings. First, we discovered three distinct trajectories of anxiety
and depression symptoms: low trajectory, high trajectory, and sus-
tained trajectory. Second, we discovered that age, sex (depression
only), co-occurring mental health disorders, co-occurring substance
use disorders, and PTSD symptom scores differed across subgroups.
Third, we identified that both initial anxiety and depression symp-
tom scores and PTSD symptom scores were able to significantly dis-
tinguish between the two high and sustained subgroups. Together,
these findings provide new insights into the early abstinence phase
of AUD. Previous studies have reported initially elevated anxiety
and depression that resolve quickly during the first few weeks of
abstinence. Our findings highlight that while this pattern is common,
about 30% of people had high initial anxiety and depression scores
that either reduced more slowly or remained high-throughout treat-
ment. Thus, we provide initial evidence for distinct subtypes in nega-
tive affect during early abstinence.

The anxiety and depression time courses, across the whole sam-
ple, showed early elevations in anxiety and depression that reduced
to low levels relatively quickly, consistent with previous studies
(Brown et al., 1991; Brown & Schuckit, 1988; Gallagher et al., 2018;
Liappas et al., 2002). This pattern was characteristic of the low sub-
group, the largest subgroup for both the anxiety and depression
trajectory analyses. Given that symptoms in this group resolved
relatively quickly, one possibility is that this group represents the
conceptualized negative affect phase of addiction, where anxiety
and depression emerge in the context of neurobiological changes.
Another possibility is that the low subgroup reflected people with
specific characteristics, such as older age, lower rates of mental
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TABLE 4 Demographic and clinical characteristics by depression trajectory subgroup.

Subgroup
Low High Sustained comparison
Characteristic N M (SD) N M (SD) N M (SD) p-Value
Age 699 43.2(12.4) 241 41.3(12.3) 65 40.4 (15.0) 0.04°¢
Anxiety score (first) 696 4.4(3.9) 240 11.7 (4.8) 65 13.7 (4.5) <0.001?
Depression score (first) 699 4.5(3.4) 241 13.5(4.4) 65 15.9 (5.0) <0.001?
PTSD score 674 24.1(17.1) 232 38.4(19.4) 60 46.1 (17.4) <0.001?
N % N % N % p-Value

Sex

Female 197 28.2 100 41.5 23 354 0.001¢

Male 502 71.8 141 58.5 42 64.6
Race/ethnicity

White 626 89.6 222 921 58 89.2 0.36

Black 42 6.0 8 3.3 3 4.6

Hispanic/Latino 12 1.7 2.1 0 0.0

Other 19 2.7 6 2.5 4 6.2
Mental health disorders

Depressive disorders 199 28.5 108 44.8 34 52.3 <0.001°

Anxiety disorders 163 23.3 73 30.3 24 36.9 0.01°

PTSD 31 4.4 23 9.5 8 12.3 0.002°
Substance use disorders

Cannabis use disorder 89 12.7 43 17.8 14 215 0.04°

Opioid use disorder 42 6.0 26 10.8 8 12.3 0.02°

Abbreviations: M, mean; SD, standard deviation.

“Low trajectory subgroup < high trajectory subgroup < sustained trajectory subgroup.

PLow trajectory subgroup < high trajectory subgroup =sustained trajectory subgroup.

“Low trajectory subgroup=sustained trajectory subgroup > high trajectory subgroups.

dLow trajectory > high trajectory subgroup =sustained trajectory subgroup (men>women).

TABLE 5 Comparison of anxiety and depression subgroups.

Depression subgroup

Anxiety

subgroup Low High Sustained Total
Low 637 (87%) 89 (12%) 5 (<1%) 731
High 54 (25%) 132 (60%) 33 (15%) 219
Sustained 5 (10%) 19 (37%) 27 (53%) 51
Total 696 240 65 1001

Note: Percentages reflect proportions in each depression subgroup
based on the anxiety subgroups.

health or substance use disorders, or lower PTSD symptoms. For
example, older adults have higher rates of 30-day and past-year ab-
stinence than younger adults (Satre et al., 2004) and people with
depression and alcohol problems have lower rates of treatment suc-
cess and increased rates of depression relapse than people with only
depression (Sullivan et al., 2005). However, the low subgroup did not
merely reflect a lack of a co-occurring anxiety or depressive disor-
der; in the low subgroups, 22% had a cooccurring anxiety disorder
and 29% had a co-occurring depressive disorder. Therefore, intake

diagnoses may not be a reliable predictor of the ultimate trajectory.
Instead, initial anxiety and depression scores were the strongest
predictors, which argues for including dimensional measures of anx-
iety and depression at treatment intake.

These results also highlight an essential sex difference for the
depression trajectories: women were more likely to be in the high
trajectory relative to the low trajectory subgroup. This finding is
consistent with previous studies that showed higher levels of de-
pression in women with AUD as compared to men (Oliva et al., 2018;
Petit et al., 2017). In contrast to previous studies, our study included
more frequent assessments of depression during the early absti-
nence phase and women in community treatment. Of note, the
previous SUD subtype studies did not find sex differences, which
might be due to their inclusion of people with any SUD, not just a
primary AUD (Drossel et al., 2023; Robinson et al., 2024). Our study
results suggest that women may experience more severe depressive
symptoms in early abstinence compared to men. This is important
because high levels of depression increase the risk of relapse, and
the relationship between depression and relapse may be even more
pronounced among women (Abulseoud et al., 2013). Thus, women
with AUD may benefit from regular assessment of depression during
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and relapse prevention.

The trajectory analysis identified two smaller subgroups that
were characterized by high initial anxiety and depression scores,
which were significantly above the clinical cutoffs for those scales.
The smaller proportion of individuals in the subgroups characterized
by high negative affect is consistent with previous latent factor anal-
yses (Drossel et al., 2023; Robinson et al., 2024). Our dense sample
approach highlighted the time course of weekly symptoms. The high
trajectory subgroups had high initial scores that declined rapidly over
the first 2weeks, with mild symptoms persisting across treatment and
remaining higher than those in the low trajectory group. In contrast,
the sustained trajectory subgroup had a much slower symptom de-
cline. Notably, for the sustained trajectory anxiety subgroup, anxiety
scores remained above the clinical cut-off at the end of treatment. The
higher levels of sustained anxiety scores, relative to depression scores,
are consistent with findings from Driessen et al. (2001).

The logistic regression analysis revealed key predictors of differ-
ences between the high trajectory and sustained trajectory groups.
For the anxiety subgroups, higher initial anxiety symptoms and PTSD
symptoms predicted assignment to the sustained trajectory versus
high trajectory groups. For the depression subgroups, higher initial de-
pression symptoms and PTSD symptoms predicted assignment to the
sustained trajectory versus high trajectory groups. Thus, for both the
anxiety and depression subgroups, initial symptom scores were more
powerful predictors than co-occurring disorders. These results sug-
gest a benefit to including brief dimensional measures of anxiety and
depression at treatment intake. However, it should be noted that the
area under the curve values were only moderate for both the anxiety
and depression logistic regression analyses, suggesting that variables
included in this study are not sufficiently predictive for determining
who will have sustained anxiety or depression symptoms. Thus, other
variables should be considered in future studies. These findings also
argue for including weekly measures of anxiety and depression symp-
toms to best distinguish between trajectory subgroups.

Across all analyses, PTSD symptom scores at intake emerged
as a key distinguishing variable for both the anxiety and depres-
sion analyses. PTSD scores were the only predictor, besides initial
anxiety or trajectory depression scores, that significantly differen-
tiated between the high trajectory and sustained groups. Notably,
the contribution of PTSD scores was not captured by having co-
occurring PTSD. The link between PTSD symptoms and depression
trajectories is not surprising, given the overlap between diagnostic
criteria. A parsimonious explanation is that PTSD scores were highly
correlated with initial anxiety and depression scores. While initial
anxiety and depression scores were associated with PTSD scores
(r=0.47 and r=0.44, respectively), the fact that both anxiety and de-
pression symptoms and PTSD scores emerged as unique predictors
suggests that PTSD scores made a unique contribution above and
beyond anxiety or depression symptoms. AUD and PTSD are highly
cooccurring, and AUD may either precede or follow trauma (Smith
& Cottler, 2018). Thus, the association between PTSD scores and
both anxiety and depression trajectories may reflect the impact of

chronic drinking on the dysregulation of stress neurobiology or the
effect of trauma on neurobiological or other factors related to alco-
hol consumption, anxiety, depression, or maladaptive coping strate-
gies (Sinha, 2022). In addition, PTSD symptoms and alcohol use have
a bidirectional relationship that may impact successful AUD treat-
ment (Tripp et al., 2020). Thus, the inclusion of a dimensional mea-
sure of PTSD symptoms at treatment intake may have clinical utility.

The trajectory of anxiety or depression symptom scores is likely
to have clinical relevance. People in early abstinence with high anx-
iety or depression are at an increased risk for relapse and other ad-
verse clinical outcomes (Sinha, 2011; Witkiewitz & Villarroel, 2009).
Emerging evidence also suggests that sustained anxiety or depres-
sion may predict treatment response. Thus, people who have sus-
tained anxiety or depression during early abstinence, such as our
sustained trajectory subgroup, may be prime candidates for more in-
tensive treatment approaches, including more frequent monitoring,
anti-brown anxiety medication, and anxiety-focused psychotherapy
(Mariani & Levin, 2004). Early identification of heightened negative
affect among individuals with AUD may allow for timelier access to
interventions that target anxiety or depression, which could improve
treatment engagement and retention among this high-risk subgroup.

This study had several limitations. First, anxiety and depression
were measured using brief scales, which are clinically useful but may
not capture the full complexity of these disorders and could overlook
specific aspects, such as social anxiety or anhedonia. Second, while
the sample was large, it lacked racial and ethnic diversity, had a higher
proportion of men, and the self-report of gender was binary, which
could limit statistical power to detect differences by race, ethnicity,
or gender identity and may limit generalizability. Third, the electronic
health record data did not include the length of abstinence before en-
tering treatment. However, the pattern of symptom scores observed
for the full sample, with heightened anxiety and depression that di-
minished within the first 2weeks, is consistent with multiple previous
reports that investigated anxiety and depression in research-based
treatment studies where the length of abstinence was measured.
In those studies, the average lengths of abstinence were as follows:
26.5h (Liappas et al., 2002), 9.35days (Brown et al., 1991; Brown &
Schuckit, 1988), and 21 days (Voltaire-Carlsson et al., 1996). Fourth,
the psychiatric diagnoses were obtained during a standard clinical
intake process and not a structured research interview. While this
provided real-world information from the electronic medical record,
there were several potential limitations, including the potential for dif-
ferences between clinicians and a lack of information on lifetime diag-
noses. Fifth, while all people in the treatment program were receiving
intensive treatments—which could include individual therapy, group
therapy, and/or medications for AUD—detailed data on treatments
were not available from the deidentified dataset. Therefore, there
is a possibility that differences in subgroup trajectories were associ-
ated with differences in treatment not captured in this study. Sixth,
the deidentified electronic medical record data only included limited
information on demographic characteristics; therefore, we were un-
able to examine other potentially important characteristics, such as
socioeconomic status, employment status, or social support. Lastly,
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while anxiety and depression symptoms have been shown to predict
relapse risk (Driessen et al., 2001), we did not have relapse data in this
study; therefore, it is unknown whether the sustained subgroup was
at higher risk for relapse. It will be critical for future studies to assess
relapse subgroups to determine the potential long-term implications.

In conclusion, our study identified multiple distinct patterns of
anxiety and depression symptoms during early abstinence from AUD.
Among the strengths of this study are the large sample of people in
the community substance use treatment program, dense sampling
measurement, and latent growth curve models. Using these meth-
ods, we found that characterizing the time course of negative affect
symptoms provides unique information above and beyond cooccur-
ring diagnoses. Identifying these subgroups has important clinical
implications; individuals with sustained symptoms may require more
intensive and tailored interventions. Overall, our results highlight
the need for a personalized approach in the treatment of AUD, fo-
cusing on early detection and management of negative affect to en-
hance treatment outcomes and support long-term recovery.
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