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Introduction
Substance use disorders (SUDs) are a major public health 
concern that affect society in multiple ways including loss of 
productivity, increased healthcare costs, increased crime rate, 
and diminished quality of life for those affected.1,2 Effective 
treatments for SUDs are necessary, but dropout and the risk 
of relapse during periods of abstinence is a major challenge.3,4 
Studies have reported an average 30% dropout rate and that 
up to 60% to 90% of individuals relapse within the first year 
following treatment.5-7 Therefore, approaches to increase 
treatment effectiveness and remission rates have become 
important.

Recently, there is growing interest in “precision medicine” or 
“personalized medicine,” which moves away from a “one-size-
fits-all” approach and instead involves tailoring treatment based 
on an individual’s characteristics.8 Individualized treatment has 
shown to be a key predictor of treatment success in the field of 
oncology.9,10 However, this approach is infrequently imple-
mented within large, inpatient SUD treatment and group-
based psychiatry programs. In part, the effectiveness of such 
treatment strategies rests on the ability of clinicians to under-
stand individual characteristics and risk factors, identify patient 
needs, and administer the most effective treatment program to 
maximize treatment outcomes.
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ABSTRACT

BACKGROUND: Individuals with substance use disorders (SUDs) have highly heterogeneous presentations and identifying more homoge-
neous subgroups may foster more personalized treatment. This study used SUD and other psychiatric indicators to characterize latent sub-
groups of patients in a large inpatient addiction treatment program. The resulting subgroups were then analyzed with respect to differences 
on clinically informative motivational mechanisms.

METHODS: Patients (n = 803) were assessed for severity of SUD (ie, alcohol use disorder, drug use disorder), post-traumatic stress disor-
der, anxiety disorders, and major depressive disorder. Confirmatory latent profile analysis (CLPA) was used to identify latent subgroups, 
hypothesizing 4 subgroups. Subgroups were then characterized with respect to multiple indicators of impulsivity (ie, delay discounting and 
impulsive personality traits via the UPPS-P) and craving.

RESULTS: The CLPA confirmed the hypothesized 4-profile solution according to all indicators (eg, entropy = 0.90, all posterior probabilities 
⩾.92). Profile 1 (n = 229 [32.2%], 24.9% female, median age in range of 45-49) reflected individuals with high alcohol severity and low psy-
chiatric severity (HAlc/LPsy). Profile 2 (n = 193 [27.1%], 29.3% female, median age in range of 35-39) reflected individuals with high drug and 
psychiatric severity (HDrug/HPsy). Profile 3 (n = 160 [22.5%], 37.6% female, median age in range of 45-49) reflected individuals with high 
alcohol severity and psychiatric severity (HAlc/HPsy). Profile 4 (n = 130 [18.3%], 19.4% female, median age in range of 35-39) reflected indi-
viduals with high drug severity and low psychiatric severity (HDrug/LPsy). Both high comorbid psychiatric severity subgroups exhibited 
significantly higher craving and facets of impulsivity.

CONCLUSIONS: The results provide further evidence of 4 latent subgroups among inpatients receiving addiction treatment, varying by 
alcohol versus other drugs and low versus high psychiatric comorbidity. Furthermore, they reveal the highest craving and impulsivity in the 
high psychiatric comorbidity groups, suggesting targets for more intensive clinical intervention in these patients.
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One strategy for a personalized approach involves using 
methods that detect heterogeneity and identifying latent sub-
groups of patients within a clinical population. Syan et al11 used 
a person-centered approach to classify patients into statistically 
distinct latent subgroups based on a pattern of responses to sub-
stance use severity and mental health indicators (eg, depression, 
anxiety, and post-traumatic stress disorder). It was found that 
there were 4 distinct underlying latent profiles. The highest risk 
profile was characterized by high drug severity, high psychiatric 
co-morbidity, but low alcohol severity. These individuals were 
more likely to exhibit high rates of premature termination.11 
The lowest risk profile was characterized by high alcohol sever-
ity, low drug severity, and low psychiatric severity. These indi-
viduals showed significantly lower rates of pre-mature dropout.11 
The findings are consistent with earlier studies demonstrating 
that co-morbid psychiatric and SUD are associated with poor 
treatment outcomes,12,13 including a more chronic and treat-
ment-resistant trajectory.12 The findings further highlight  
the underlying heterogeneity in the substance treatment  
population14,15 and a further need to understand individual dif-
ferences. Thus, while individuals with SUDs may share certain 
characteristics (eg, meeting 2 or more diagnostic criteria based 
on the DSM-V), there appear to be subsets of individuals with 
more nuanced psychiatric symptom profiles. Moreover, these 
subgroups may meaningfully differ on treatment-related mech-
anisms, in turn implying that different treatment options or care 
paths may be valuable for different groups of patients.

In particular, patient features that are implicated in treat-
ment outcomes include cravings and impulsivity. Drug crav-
ings (ie, clinically significant levels of subjective desire or urge 
to use a drug) have shown to be predictive of treatment out-
come,16 albeit with some mixed findings.17 Similarly, high lev-
els of impulsivity have shown to be a reliable predictor of 
drug-seeking and relapse.18,19 Importantly, recent descriptions 
of impulsivity go beyond its conceptualization as a univariate 
construct and focus on its multidimensional nature.20 According 
to one recent conceptualization, impulsivity can be subdivided 
into impulsive personality traits (ie, self-reported attributions 
about self-regulatory capacity on personality measures), impul-
sive action (ie, ability to restrain a prepotent motor response on 
an inhibitory control performance test, eg, Go/NoGo), and 
impulsive choice (ie, overvaluation of smaller immediate 
rewards over larger delayed rewards; steep delay discounting 
[DD]).20,21 Notably, impulsive personality traits and precipi-
tous DD have been found to have robust prognostic value.22,23 
However, in both the case of craving and impulsivity, no previ-
ous studies have examined differential expressions within latent 
subgroups of patients in addiction treatment. By identifying 
how combinations of presenting substance use and psychiatric 
symptoms interact to influence these motivational mecha-
nisms, individuals can be matched to relevant therapeutic 
interventions (ie, a subgroup ie, elevated for craving would 
putatively benefit from urge management coping skills).

The goal of the current study was to bring together these 2 
lines of inquiry, both characterizing the clinical heterogeneity 
in terms of latent subgroups and examining subgroup differ-
ences in terms of craving and impulsivity. Specifically, in a large 
sample of individuals who were newly admitted to an inpatient 
addiction treatment program, the first objective was to test the 
hypothesis that a previously detected 4-profile latent profile 
solution (ie, High Drug/High Psychiatric Severity, High Drug/
Low Psychiatric Severity, High Alcohol/High Psychiatric 
Severity, and Low Drug/Low Psychiatric Severity11) would be 
identified using confirmatory latent profile analysis (CLPA). 
The second objective was to extend the previous findings by 
examining the observed sub-groups in terms of cravings and 
impulsivity. It was hypothesized that those with co-morbid 
substance and psychiatric severity would exhibit higher severity 
on those motivational mechanisms, especially relating to emo-
tional regulation (eg, negative urgency) because of a negatively 
reinforcing motivational profile (ie, using substances to cope 
with mental health symptoms). Overall, the goal of the study 
was to better characterize individual patient treatment needs, 
setting the stage of care paths that address common clusters of 
patients, with the ultimate goal of greater patient engagement, 
decreases in treatment dropout, and improvements in recovery 
outcomes.

Methods
Participants

Participants were a sample of individuals (n = 803) admitted to 
an inpatient addiction treatment program between April 2017 
and April 2018. The treatment program is embedded within a 
larger mental health and addictions treatment center in Guelph, 
Ontario, Canada. Treatment was provided by a multidiscipli-
nary team comprising of physicians, nurses, and other health-
care workers. Programming was paid for by a combination of 
semiprivate/private insurance, direct payment, and/or public 
health insurance (ie, Ontario Health Insurance Program). At 
the time, the program offered group-based treatment that was 
35 to 42 days in length to adults aged 19+ with alcohol and/or 
substance use disorders (SUDs) and a 56-day integrated pro-
gram for patients with SUDs and PTSD.

Patients completed an electronic questionnaire within the 
first 7 days of admission designed to assess substance use and 
psychiatric symptomology to inform patient care. At the time 
of data collection, patients provided informed consent for the 
use of their data for secondary research purposes. Patients were 
excluded from data analysis for the following reasons: (1) had 
any missing data on the variables used in the latent profile 
analysis; or (2) identical responses on 3 or more of the measures 
(ie, low effort or attention as indicated by lack of response vari-
ability). Using these criteria, 76 participants were excluded 
from analysis for missing data and 15 were excluded for care-
less responding. The final sample (n = 712) was comprised 
mostly of adults ⩾40+ (~57.7%) with 72.1% males and most 
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having completed some form of college/university (see Table 1 
for descriptive statistics). All study procedures were approved 
by the Regional Centre for Excellence in Ethics, Research 
Ethics Board at Homewood Healthcare Centre in Guelph, 
Ontario (Protocol #16-06).

Assessment measures

Demographics. Demographics information (ie, age, sex, educa-
tion, employment status, and other descriptive statistics) was 
obtained from Resident Assessment Instrument-Mental 
Health, a tool that collects data as part of the Ontario Mental 
Health Reporting System which is part of regular care.

Substance use disorders. The DSM-5 substance use disorder24 
self-report checklist assessed the severity of use over the past 
year for each endorsed substance including alcohol, cannabis, 
cocaine, other stimulants, heroin, other opioids, hallucinogens, 
sedatives, and prescription sleep aids. This measure consists of 
11 yes/no symptom questions to determine presence and sever-
ity of substance use disorders. Continuous symptom counts 
were used as indicators in the CLPA, separately for alcohol and 

using the maximum severity across other psychoactive sub-
stances. This coding was for several reasons. Alcohol use was 
reported by a large majority of patients, making modeling alco-
hol severity valid across the whole sample, whereas only a 
minority of patients endorsed the other substances and, in 
some cases, a very small minority (eg, hallucinogens), creating 
substantial zero inflation. Furthermore, the distinction between 
alcohol use disorder and drug use disorder is common in epide-
miology for the same reason. Most important, the study was 
specifically seeking to confirm a 4-profile solution that used a 
measure of alcohol severity and an aggregated measure of other 
substance use disorder. Coding separately would thus under-
mine the confirmatory LPA hypothesis. This self-report meas-
ure has been found to function equivalently to semi-structured 
clinical interviews in previous studies conducted in this treat-
ment program.25

Psychiatric symptoms. The Generalized Anxiety Disorder—7 
(GAD-7; anxiety26) is a self-report measure used to assess symp-
toms of generalized anxiety in the preceding 2 weeks. It is a 
7-item measure with response options presented on a four-point 
Likert-type scale, where responses range from 1 (not at all) to 4 
(nearly every day). The clinical threshold of moderate to severe 
anxiety within this sample was a score of 9 or above. The GAD-7 
demonstrated excellent internal consistency (α = .92).

The Patient Health Questionnaire—9 (PHQ-9; depres-
sion) is a self-report measure used to assess symptoms of 
depression during the preceding 2 weeks.27 It is a 9-item meas-
ure with response options presented on a four-point Likert-
type scale, where responses range from 1 (not at all) to 4 (nearly 
every day). The clinical threshold of moderate to severe depres-
sion within this sample was an obtained PHQ-9 score of 16 or 
above.25 The PHQ-9 demonstrated excellent internal consist-
ency (α = .93).

The Post-Traumatic Stress Disorders Checklist for DSM 5 
(PCL-5) is a standardized self-report measure used to assess 
key symptoms of post-traumatic stress disorder (PTSD).28 It is 
a 20-item measure with response options presented on a five-
point Likert-type scale, where responses range from 0 (not at 
all) to 4 (extreme). The recommended cut-off to diagnose 
PTSD ranges from 30 to 60 (reviewed in McDonald and 
Calhoun28). The clinical threshold of probable PTSD within 
this sample was an obtained PCL score of 42 or above.25 The 
PCL-5 demonstrated excellent internal consistency (α = .96).

Impulsivity. The Monetary Choice Questionnaire (MCQ) is a 
measure of impulsive choice, or delay discounting, whereby 
individuals make choices between smaller immediate rewards 
and larger delayed rewards.29 Only the medium magnitude 
reward items were used (average delayed reward = $55).30 
Responses can be used to determine temporal discounting 
function, commonly referred to as k. The higher the k, the more 
an individual discounts larger future reward.

Table 1. Descriptive statistics and frequencies of participants.

MEASURES MEAN (SE) OR %

Age

 Under 25 8.3

 25-29 8.3

 30-35 13.1

 35-39 12.6

 40-44 15.7

 45-49 12.9

 50-54 12.1

 55-59 9.8

 60+ 7.2

Biological sex (% female) 27.9

Education (completed college/university) 49.0

Employment (employed) 77.4

AUD symptoms 7.06 (0.145)

DUD symptoms 4.96 (0.176)

PHQ-9 12.88 (0.265)

GAD-7 10.61 (0.232)

PCL-5 33.16 (0.747)

Abbreviations: AUD, alcohol use disorder; DUD, drug use disorder; GAD-7, 
generalized anxiety disorder (7-items); PCL-5, post-traumatic stress disorders 
checklist for DSM; PHQ-9, patient health questionnaire (9-items).
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The UPPS-P Impulsive Behavior Scale—Brief is a measure 
of impulsive personality traits informed by the 5 Factor Model 
of personality.31,32 It is a 20-item self-report questionnaire, 
where each item is rated on a 4-point Likert-type scale, 1 
(Strongly agree)—4 (Strongly disagree). The responses are 
then categorized into 5 different domains: Negative Urgency 
(ie, tendency to act rashly when experiencing negative emo-
tions; α = .74), Positive Urgency (ie, tendency to act rashly 
when experiencing positive emotions; α = .81), Lack of 
Perseverance (ie, inability to sustain attention and lack of moti-
vation to complete task; α = .70), Lack of Premeditation (ie, 
tendency to act without thinking; α = .84), and Sensation 
Seeking (tendency to seek out and enjoy novel or exciting 
activities; α = .66).

Craving. Aggregated Penn Craving Scale (ADCS33) is an 
adaptation of the Pennsylvania alcohol cravings scale.34 It is a 
measure of craving for psychoactive substance use. It is a 5-item 
scale scored on a Likert Scale from 0 (never/none) to 6 (nearly 
every day/strong) assessing frequency, duration, and severity of 
drug cravings over the past week.

Data analysis

The first objective was to confirm a previously detected 4-profile 
latent profile solution in individuals in inpatient addiction 
treatment (ie, High Drug/High Psychiatric Severity, High 
Drug/Low Psychiatric Severity, High Alcohol/High Psychiatric 
Severity, and High Alcohol/Low Psychiatric Severity11). For 
this, a confirmatory latent profile analysis (CLPA) was per-
formed, testing 4 profiles imposed on the data. Note that in 
contrast to latent class analysis, which uses dichotomous indi-
cators, latent profile analysis uses dimensional (continuous) 
indicators. In this case, the continuous indicators were: (1) 
severity of alcohol use disorder; (2) severity of other drug use 
disorder; (3) depression severity (PHQ-9); (4) anxiety severity 
(GAD-7); and (5) PTSD severity (PCL-5). These broadly 
map to the indicators used in the previous report of a 4-profile 
solution. More specifically, in this approach, 2 models exam-
ined the 4-profile solutions with varying constraints on drug 
use, alcohol use, and psychiatric severity. In the first model, 
parameter constraints were set which: (1) restricted the stand-
ardized means of PHQ, GAD, and PCL to be equal to one 
another within each profile; (2) 2 profiles were constrained to 
have higher standardized means on PHQ, GAD, and PCL 
compared to the remaining 2 profiles; (3) constraints were set 
such that the 2 profiles with higher psychiatric severity would 
have equal psychiatric severity to one another and the 2 profiles 
with lower psychiatric severity would similarly have equal psy-
chiatric severity to one another; and (4) 1 high psychiatric 
severity profile and 1 low psychiatric severity profile were con-
strained to have higher drug use severity and lower alcohol use 
severity compared to the remaining 2 profiles; (5) the 2 profiles 
constrained to have high drug severity and low alcohol severity 

would have means equal to each other; and (6) 2 profiles with 
low drug use severity and high alcohol use severity were con-
strained to have means equivalent to each other. The second 
4-profile model utilized the same constraints as the first model 
with the exception that the standardized means of PHQ, 
GAD, and PCL were not constrained to be equal to one 
another within each profile. Syan et al found similar means of 
PHQ-9, GAD-7, and PCL-5 within each profile, however, an 
additional model that allows the means to vary from one 
another was tested to explore whether a better model fit would 
result. Additional models with 1-, 2-, and 3-profile solutions 
were examined as well for comparison. All models were run 
using maximum likelihood robust estimation in MPlus.35 To 
determine an optimal profile solution, the 4-profile solution 
models were compared to the models with 1, 2, and 3 profile 
structures to test for best model fit. The Akaike Information 
Criterion (AIC), Bayesian Information Criterion (BIC), sam-
ple size adjusted BIC, Bootstrapped Likelihood Ratio Test, 
and entropy were used to assess model fit.36 Smaller AIC and 
BIC represent better fit.37 Bootstrap likelihood ratio test 
(BLRT) was used to compare whether the current number of 
profiles (k) is a better fit model compared to a model with k−1 
profiles; a significant test indicates that k-profile model fits the 
observed data significantly better than the k−1 profile model. 
Last, entropy represents overall classification quality with val-
ues closer to 1 indicating better model classification.38 An opti-
mal profile solution was selected using entropy, posterior profile 
probabilities, BLRT, and prior theoretical considerations. The 
second objective was to examine whether the resulting groups 
differed in terms of treatment mechanisms. For this, Wald’s χ2 
difference test using the 3-step approach39 was employed to 
examine differences in impulsive personality traits, delay dis-
counting, and craving. For the delay discounting task, each par-
ticipants’ derived discounting parameter (k) was calculated and 
to correct for positive skewness, logn transformed. A type I 
error rate of P < .005 was used in the follow-up analyses to 
adjust for multiple comparisons.

Results
Confirmatory latent profile analysis

The fit statistics for the 5 models can be found in Table 2. The 
CLPA revealed that a 4-profile solution (Model #1) was the 
best fit and confirmed the previously identified 4-profile solu-
tion. The 4-profile solution was deemed the optimal profile 
solution due to the following reasons: (1) the highest entropy 
value; (2) significant BLRT test; (3) the average latent profile 
probabilities for most likely profile membership was very high, 
ranging from 0.92 to 0.96 (Table 3); and (4) theoretical con-
siderations (confirming the profiles obtained by Syan et al11).

Profile 1 was the largest (32.2%) and was characterized  
by high alcohol severity, low drug and psychiatric severity (ie, 
depression, anxiety, and PTSD), therefore was designated  
as High Alcohol/Low Psychiatric Severity (HALc/LPsy). 
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Profile 2 (27.1%) was characterized by low alcohol severity, 
high drug, and psychiatric severity, therefore was designated as 
High Drug/High Psychiatric Severity (HDrug/HPsy). Profile 
3 (22.5%) was characterized by high alcohol severity, low drug 
severity, and high psychiatric severity therefore was designated 
as High Alcohol/High Psychiatric Severity (HAlc/HPsy). 
Profile 4 (18.3%) was characterized by low alcohol severity, 
high drug severity, and low psychiatric severity and therefore 
was designated as High Drug/Low Psychiatric Severity 
(HDrug/LPsy). Figure 1 presents the estimated standardized 
indicator means for this profile solution and Figure 2 presents 
the proportion of individuals meeting the clinical threshold for 
each substance use and mental health indicator within each 
profile and to further validate profile membership. Comparisons 
of demographic characteristics between latent profiles are in 
Supplemental Material. Overall, those in the high drug severity 
group were younger.

Subgroup differences

Cravings. The differences in cravings for the latent profiles are 
in Table 4 and Figure 3. Overall, individuals belonging to the 

high psychiatric severity subgroups (HDrug/HPsy and HAlc/
HPsy) exhibited significantly higher craving than those belong-
ing to the low psychiatric severity groups (HAlc/LPsyc and 
HDrug/LPsy). No other differences in craving existed between 
subgroups.

Impulsive personality traits. The differences in impulsivity for 
the latent profiles are in Table 4 and Figure 4. Overall, there 
was a common theme that those with high illicit drug use dis-
order (DUD) severity and comorbid psychiatric severity exhib-
ited the highest levels of impulsivity, whereas those with alcohol 
use disorder (AUD) and no comorbid psychiatric severity 
exhibited the lowest levels of impulsivity. The 2 other sub-
groups tended to fall in between.

Specifically, for negative urgency, individuals belonging to 
the co-morbid high drug and psychiatric severity (HDrug/
HPsy) group exhibited significantly higher urgency than those 
belonging to the low psychiatric severity groups (HAlc/LPsyc 
and HDrug/LPsy) and those with high alcohol and psychiatric 
severity (HAlc/HPsy). Similarly, individuals belonging to the 
co-morbid alcohol and psychiatric severity (HAlc/HPsy) group 
exhibited significantly higher urgency than those with low psy-
chiatric severity (HAlc/LPsyc and HDrug/LPsy).

For positive urgency and lack of premeditation, parallel pat-
terns were present. Individuals belonging to the co-morbid 
high drug and psychiatric severity (HDrug/HPsy) group 
exhibited significantly higher impulsivity than those belonging 
to the low psychiatric severity groups (HAlc/LPsy and HDrug/
LPsy) and those with co-morbid high alcohol and psychiatric 
severity (HAlc/HPsy). Additionally, individuals with co-morbid 
high alcohol and psychiatric severity (HAlc/HPsy) exhibited 
significantly higher positive urgency and lack of premeditation 

Table 2. Model fit statistics for competing models.

MODEL FIT 1 2 3 4 4

MODEL #1 MODEL #2

AIC 10 122.842 9121.039 8826.140 8505.513 8505.195

BIC 10 168.523 9194.128 8926.638 8569.466 8587.421

BIC (sample size adjusted) 10 136.771 9143.324 8856.783 8525.012 8530.266

Entropy NA 0.85 0.83 0.90 0.90

BLRT

 Value NA 1013.804 306.898 643.573 642.443

 P-value NA <.0001 <.0001 <.0001 <.0001

 N/profile C1 = 712 (100%) C1 = 346 (48.6%) C1 = 219 (30.8%) C1 = 229 (32.2%) C1 = 229 (32.2%)

C2 = 366 (51.4%) C2 = 222 (31.2%) C2 = 193 (27.1%) C2 = 195 (27.4%)

C3 = 271 (38.0%) C3 = 160 (22.5%) C3 = 160 (22.5%)

C4 = 130 (18.3%) C4 = 128 (18.0%)

Table 3. Average latent profile probabilities for most likely latent profile 
membership N (row) by latent profile C (column).

C = 1 C = 2 C = 3 C = 4

N = 1 0.950 0.001 0.037 0.012

N = 2 0.001 0.956 0.006 0.037

N = 3 0.050 0.014 0.936 0.000

N = 4 0.013 0.063 0.000 0.924
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than those with only high alcohol severity (HAlc/LPsy). For 
positive urgency those with only high drug severity (HDrug/
LPsy) displayed greater urgency than those with only high 
alcohol severity (HAlc/LPsy).

For lack of perseverance and sensation seeking, parallel patterns 
were also present. Individuals belonging to the co-morbid high 
drug and psychiatric severity (HDrug/HPsy) group exhibited 
significantly higher lack of perseverance and sensation seeking 
than those belonging to the high alcohol severity groups (HAlc/
LPsy and HAlc/HPsy). Furthermore, those with only high drug 
severity (HDrug/LPsy) displayed higher sensation seeking than 
those with high alcohol severity (HPsy/HAlc and LPsy/HAlc).

Impulsive choice. The differences in impulsivity for the latent 
profiles are in Table 4 and Figure 5. For delay discounting, 

those with co-morbid high drug and psychiatric severity 
(HDrug/Hpsy) exhibited significantly higher future discount-
ing than those with only high alcohol severity (HAlc/Lpsy), 
but no other contrasts were significant.

Discussion
Given the considerable variability in clinical presentations 
among individuals with SUDs, the current study sought to 
characterize this heterogeneity in a large clinical sample at 
admission to an addiction treatment program. Specifically, the 
study employed a person-centered approach, confirmatory 
latent profile analysis, to classify individuals based on substance 
(alcohol or illicit drug) use severity and psychiatric severity. The 
resulting subgroups were further characterized with respect to 
motivational mechanisms. The first major finding was that 

Figure 1. Estimated standard mean (SEM) of latent profile indicators for the High Alcohol/Low Psychiatric Severity (HALc/LPsy; 32.2%), High Drug/High 

Psychiatric Severity (HDrug/HPsy; 27.1%), High Alcohol/High Psychiatric Severity (HAlc/HPsy; 22.5%), and High Drug/Low Psychiatric Severity (HDrug/

LPsy; 18.3%) groups.
Abbreviations: ADHD, adult attention deficit hyperactivity disorder; AUD, alcohol use disorder; DUD, drug use disorder; GAD, generalized anxiety disorder; PCL, post-
traumatic stress disorders checklist; PHQ, Patient Health Questionnaire-9; PTSD, post-traumatic stress disorder.

Figure 2. Proportions of individuals meeting the clinical thresholds for alcohol use disorder, drug use disorder, anxiety disorder, major depressive 

disorder, and post-traumatic stress disorder.
Abbreviations: AUD, alcohol use disorder; DUD, drug use disorder.
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results replicated the same 4 profiles of substance (drug or alco-
hol) and psychiatric co-morbidity previously observed.11 Parallel 
to the earlier report, these profiles were characterized as: High 
Drug/High Psychiatric Severity (HDrug/HPsy), High Alcohol/
High Psychiatric Severity (HAlc/HPsy), High Drug/Low 
Psychiatric Severity (HDrug/LPsy), and High Alcohol/Low 
Psychiatric Severity (HALc/LPsy).

The second major finding from this study was that the 
latent subgroups significantly differed on measures of craving 
and impulsivity, 2 key SUD motivational mechanisms. For 
craving, high co-morbid psychiatric severity in conjunction 
with alcohol or illicit drug use disorder was associated with 

notably higher scores. These results are consistent with find-
ings that, in those with co-morbid substance and mood/anxiety 
disorders, craving was a mediator of substance use and co-mor-
bidity was associated with greater craving intensity.40 These 
findings imply that individuals with SUD and commonly 
comorbid psychiatric conditions may benefit from interven-
tions that directly target craving management.

With regard to impulsivity, a number of patterns emerged. 
One common theme was that, of all subgroups, patients endors-
ing high illicit drug use and high psychiatric severity (HDrug/
HPsy) displayed the highest impulsivity across indices. In con-
trast, those with high alcohol severity and low psychiatric 

Table 4. Profile differences based on the impulsivity, delay discounting, and craving.

HALC/LPSy VS 
HDRUG/HPSy

HALC/LPSy VS 
HALC/HPSy

HALC/ LPSy VS 
HDRUG/LPSy

HDRUG/HPSy VS 
HALC/HPSy

HDRUG/HPSy VS 
HDRUG/LPSy

HALC/HPSy VS 
HDRUG/LPSy

 χ2 P χ2 P χ2 P χ2 P χ2 P χ2 P

Craving 128.19 <.001 63.21 <.001 5.95 .02 3.97 .046 49.57 <.001 25.75 <.001

 Perseverance 
(lack)

20.33 <.001 0.63 .43 2.76 .10 9.79 .002 4.35 .04 0.65 .42

 Premeditation 
(lack)

80.21 <.001 15.15 <.001 7.48 .01 17.60 <.001 20.35 <.001 0.64 .43

 Negative 
urgency

138.37 <.001 57.34 <.001 6.31 .01 8.86 .003 44.82 <.001 17.47 <.001

 Positive 
urgency

141.06 <.001 20.48 <.001 16.69 <.001 34.77 <.001 25.07 <.001 0.01 .97

 Sensation 
seeking

16.65 <.001 0.03 .85 17.36 <.001 11.14 .001 0.61 .44 13.46 <.001

 Log MCQ (k) 16.37 <.001 4.06 .04 2.66 .10 2.38 .12 2.94 .09 0.09 .76

Figure 3. Mean craving scores across 4 profile solution. Error bars represent ±1 SE of the mean.
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severity (HAlc/LPsy), a group that could be described clinically 
as uncomplicated AUD (ie, AUD without significant comor-
bidities), were the least impulsive in general. Overall patterns 
also revealed that those with high psychiatric severity specifi-
cally exhibited a greater lack of premeditation, positive urgency, 
and negative urgency. Difficulty regulating responses to intense 
emotions (urgency) has been linked to symptoms of depression 
and anxiety41 and so perhaps it would logically follow that 
urgency would be elevated in the high psychiatric severity 
groups. The findings with respect to lack of premeditation were 

somewhat surprising as high scores on anxiety and depression 
indices have found to be negatively associated with lack of pre-
meditation.42 That being said, individuals with co-morbid SUD 
and PTSD report higher levels of lack of premeditation43; 
therefore, the presence of PTSD may be driving the observed 
relationship. Previous research has demonstrated that co-occur-
ring mental health and SUDs lead to a more chronic treatment-
resistant trajectory and increased treatment dropout.11,44

It was also notable that those with high drug severity exhib-
ited higher sensation seeking and in some cases urgency (positive 

Figure 4. Mean UPPS scores across the 4-profile solution. Error bars represent ±1 SE of the mean.
Abbreviations: LackPersev, lack of perseverance; LackPremed, lack of premeditation; NegUrg, negative urgency; PosUrg, positive urgency; SensSeek, sensation seeking.

Figure 5. Mean delayed discounting (log k) across 4 profile solution. Error bars represent ±1 SE of the mean.
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or negative) than their high alcohol severity counterparts. 
Consistently previous findings demonstrate that sensation-seek-
ing was a strong predictor of drug use,45,46 whereas for alcohol 
use the mean weighted correlation was small to moderate.47 
Sensation seeking was also shown to significantly predict DUD 
7 years later even after controlling for AUD.48 Another finding 
in the current study was that those with higher drug severity also 
exhibited higher sensation seeking than the high psychiatric 
severity groups. This is not surprising as sensation seeking was 
found to be either negatively associated with GAD41 or exhibit 
only small positive correlations with depression and anxiety dis-
orders.49 Overall, results suggest that those with high drug use 
severity are particularly elevated in terms of sensation seeking, 
suggesting treatments may need to emphasize alternative rein-
forcements that provide novel or exciting activities, independent 
of substance use.

For delay discounting, those with comorbid high drug 
severity and psychiatric severity (HDrug/HPsy) exhibited 
higher future discounting than the uncomplicated AUD group 
(HAlc/LPsy). Previous research suggests that higher delayed 
discounting is associated with decreased abstinence and treat-
ment response (ie, treatment drop out).11,50,51 Thus, patients 
exhibiting the profile of high illicit DUD and high comorbid 
psychiatric severity may selectively benefit from interventions 
that focus on increasing future time perspectives, such as epi-
sodic future thinking.

It was notable that, individuals with high comorbid psy-
chiatric conditions exhibited higher craving and higher posi-
tive and negative urgency. Often abused substances can act as 
maladaptive coping mechanisms. It is possible that in this 
particular subset of individuals, negative reinforcement, 
whereby individuals consume psychoactive substances to 
experience momentary relief from psychological distress, 
drove behavior.52,53 Perhaps in these individuals who display 
higher craving and negative urgency, therapy focusing on 
emotional regulation may be the most beneficial54 or pharma-
cotherapies such as atomoxetine, a nonstimulant medication 
used for attention-deficit hyperactivity disorder, has shown to 
reduce impulsive behavior without abuse potential.55,56

The study must be considered in the context of its strengths 
and limitations. The large sample size was a strength as it 
increases power to detect subgroups and the generalizability of 
the findings, generally increasing confidence in these findings. 
Another strength of the current study is the use of multiple 
impulsivity facets (impulsive personality traits and delay dis-
counting), which allows for a high-resolution examination of 
differences in self-regulation between subgroups. However, the 
current results were cross-sectional, therefore it was not possible 
to determine temporality between co-morbidity profile mem-
bership, impulsivity, and craving. A further limitation of the cur-
rent study was that it did not have substantial racial or sex 
diversity; it is possible that the interaction between the profiles 
and the motivational mechanisms could have manifested differ-
ently among individuals of different racial backgrounds, sexes, 

and genders. Incidentally, the current sample also included a 
large proportion of individuals who participated in post-second-
ary education. As SUD has shown to be associated with a lower 
education level,57 it is possible these results may not be present in 
a sample with lower levels of educational attainment. Finally, the 
comorbidities considered were restricted to just 3 domains, 
future studies should also consider other psychiatric conditions 
such as chronic psychosis, personality disorders, and attentional 
disorders, which have also been associated with problematic sub-
stance use.58-60 For these reasons, future studies should expand 
these methods to samples with higher minority representation 
and consider other common psychiatric conditions also. In light 
of the recent COVID-19 pandemic, it would also be interesting 
to look at more recently ascertained samples, as the COVID-19 
pandemic has exacerbated substance use and drug overdoses.61

Nonetheless, the current set of findings provide further evi-
dence of the value of clinical subtyping strategies in the treat-
ment of SUD toward a more personalized approach. The 
results confirmed a previously observed latent subgroup struc-
ture and revealed that the latent cluster reflecting high illicit 
drug and co-morbid psychiatric severity was associated with 
the highest craving and impulsivity. This suggests that these 
individuals may require a more multifaceted approach that 
directly addresses these mechanisms to achieve optimal out-
comes. Ultimately, by characterizing the clinical variability 
among patients and providing subgroup-specific programing 
or care paths, treatment programs may result in greater patient 
engagement in treatment, thereby decreasing treatment drop-
out, improving the quality of care offered and ultimately opti-
mizing patient outcomes.
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