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Original Research

Introduction

Among persons with depression, substance use disorders 
are a common comorbidity.1-5 Patients with comorbid 
depression and substance use disorders suffer greater func-
tional impairment, poorer medical outcomes, increased 
morbidity and mortality, and greater risk for suicide com-
pared to patients with depression alone.6-8 Increasingly rec-
ognized are the advantages to addressing the behavioral 
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Abstract
Introduction: The scope of primary care increasingly encompasses patient behavioral health problems, manifest typically 
through depression screening and treatment. Although substance use is highly comorbid with depression, it is not 
commonly identified and addressed in the primary care context. This study aimed to examine the association between the 
likelihood of substance use disorder and increased depression severity, both cross-sectionally and longitudinally, among a 
sample of 2409 patients from 41 geographically dispersed and diverse primary care clinics across the US. Methods: This is 
secondary analysis of data obtained from a multi-site parent study of integrated behavioral health in primary care, among 
patients with both chronic medical and behavioral health conditions. Patient reported outcome surveys were gathered 
from patients at 3 time points. The primary care practices were blind to which of their patients completed surveys. 
Included were standardized measures of depression severity (Patient Health Questionnaire—9) [PHQ-9] and substance 
use disorder likelihood (Global Appraisal of Individual Needs—Short Screener [GSS]). Results: Four percent of the study 
population screened positive for substance use disorder. PHQ-9 scores indicated depression among 43% of all patients. 
There was a significant association between the likelihood of substance use disorder and depression initially, at a 9-month 
follow-up, and over time. These associations remained significant after adjusting for age, gender, race, ethnicity, education, 
income, and other patient and contextual characteristics. Conclusions: The findings suggest that substance use disorder is 
associated with depression severity cross-sectionally and over time. Primary care clinics and health systems might consider 
implementing substance use screening in addition to the more common screening strategies for depression. Especially 
for patients with severe depression or those who do not respond to frontline depression treatments, the undermining 
presence of a substance use disorder should be explored.
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health concerns of both adult and pediatric patients in gen-
eral health care contexts.9,10

Primary care is an optimal setting to discern and 
respond to behavioral health issues. There are at least 4 
documented benefits: (1) behavioral health problems, like 
physical health problems, are more amenable to preventa-
tive interventions at earlier stages11,12; (2) patients with 
behavioral health problems are more likely to surface in 
primary care than in specialty care13; (3) patients prefer 
having behavioral health concerns addressed by their pri-
mary care team14,15; and (4) health care costs, particularly 
in the use of specialty services (ED, hospital, and psychi-
atric care), are reduced.16,17

A cornerstone of primary care’s strategy for addressing 
patient behavioral health is systematic depression screening, 
as recommended by the US Preventative Task Force and 
supported by Medicare/Medicaid Incentivized Payments 
Systems (MIPS).18 Approaches to integrated behavioral 
health in primary care (IBHPC), such as the Collaborative 
Care Model, have been increasingly adopted.19,20 In these 
models, patients are systematically screened, assessed, 
monitored, and treated for depression in primary care, typi-
cally with the support of embedded behavioral health 
expertise from clinical social workers and consulting 
psychiatrists.18,21

The most commonly used instrument for depression 
screening with established psychometric properties is the 
9-item Patient Health Questionnaire-9 (PHQ-9).22,23 This 
measure is often used for universal (2-item version) and 
indicated screening (full 9-item version) and to develop 
care pathways based on PHQ-9 total score categories.24  
The PHQ-9 can also be used for measurement-based care 
purposes.25 Although the PHQ-9 may be perceived as 
reductionist by psychiatry specialists, it is embraced by 
primary care because of its brevity, face validity, and wide-
spread adoption.22,23,26

In contrast to depression screening, substance use dis-
order screening is rarely performed in routine primary 
care.26-28 Despite the high comorbidity between depression 
and substance use disorders, few studies have examined the 
direct influence of substance use on depression in primary 
care.5,29-32 In fact, studies focused on depression in primary 
care often exclude individuals with substance use prob-
lems.33,34 Yet substance use may drive severe depression 
initially and render frontline primary care interventions, 
such as anti-depressant medications, less effective.8,32,35-37 
Likewise, depressed mood may contribute to the initial use 
of substances to cope and eventually lead to a substance use 
disorder. There have been national rollouts to promote and 
implement substance use screening and brief interventions 
in primary care (eg, Screening, Brief Intervention and 
Referral to Treatment [SBIRT]).38 Unfortunately, these 
endeavors have neither incorporated depression screening/

treatment nor been widely adopted or sustained in routine 
healthcare operations.39,40

The current study examines the association between 
depression and substance use disorder cross-sectionally and 
longitudinally. The findings of this study may have implica-
tions regarding the benefits of systematic screening for sub-
stance use in addition to depression, particularly among 
patients who do not respond to frontline interventions for 
depression, or who have comorbid medical problems.

Methods

Parent Study Description

The Integrating Behavioral Health and Primary Care for 
Comorbid Behavioral and Medical Problems (IBH-PC) 
study was a multi-site randomized trial described in detail 
elsewhere.41 The IBH-PC trial collected patient-reported 
outcomes (PROS) at 3 timepoints in surveys of adults with 
co-occurring chronic medical and behavioral health condi-
tions sampled from 41 primary care practices across 13 geo-
graphically diverse states (see Figure 1). All patients had 
access to primary care with co-located behavioral health 
services and had attended a minimum of 2 primary care vis-
its over 24 months, including at least 1 in the last 6 months. 
Practices varied in geography, population density, patient 
panel size, specialty, and ownership and were blind to the 
patients who participated in the PROS data collection. 
Baseline and midpoint data surveys were collected pre-
COVID-19 (September 2017-January 2020), while follow-
up surveys were collected during the COVID-19 pandemic 
(March 2020-February 2021). Of the 2651 respondents that 
met inclusion criteria for the main study at midpoint and 
follow-up time points, 2409 had complete data for this 
sub-analysis.

Measures of Outcome and Predictor Variables

The primary outcome variable was depression, measured by 
the PHQ-9, which is a reliable and valid self-report measure 
of current depression severity used by many health sys-
tems.24 The PHQ-9 corresponds to the American Psychiatric 
Association Diagnostic and Statistical Manual (DSM) crite-
ria for mood disorders and measures depressive symptom 
severity.24 The PHQ-9 total score ranges from 0 to 27, with 
cut points for mild, moderate, and severe depression.

The primary predictor variable was the 5-item GAIN-
Short Screener (GSS), which assesses the likelihood of a 
current substance use disorder.42 For the GSS, “substance” 
includes alcohol and other drugs. The GSS was developed 
and validated as a brief and practical alternative to the 
Global Appraisal of Individual Needs (GAIN-I), a 2-hour 
semi-structured clinical interview designed to estimate 
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severity based on DSM criteria. The GSS identifies the 
recent consequences of alcohol and drug use as a self-
reported measure and is highly predictive of a substance use 
disorder diagnosis.42,43 For adults, GSS total scores range 
from 0 to 5, and are interpreted at 3 levels or categories: 
disorder unlikely, disorder possible, and disorder probable. 
For these analyses, we considered GSS total scores of 2 or 
more as diagnostic.42,44

Because the baseline IBH-PC surveys did not include 
the GSS for all study participants, we used the IBH-PC 
midpoint and follow-up surveys as the “initial” and “final” 
data points for the present analyses.

Potential Confounding Variables

To examine and isolate the influence of substance use on a 
change in depression scores, we conducted multivariable 
linear regression models adjusted for individual-level demo-
graphic and health status, as well as multiple social determi-
nants of health care access. These factors included: age, 
gender, employment status (employed full-time, part-time, 
student or homemaker vs not), annual household income 
(<$30 000 vs ≥$30 000), education (associates degree or 
less vs college graduate or more), chronic pain (yes vs no), 

insecurity in food, housing or finances (yes vs no), the time 
between initial and final surveys, and the Social Deprivation 
Index (SDI). Chronic pain was one of many behavioral 
health conditions used as inclusion criteria for the parent 
trial and included headache, migraine, neuralgia, fibromyal-
gia, or chronic musculoskeletal pain. Medical records were 
reviewed to determine patient eligibility. Food, housing, and 
financial insecurities were collected via patient self-report.45 
The SDI is a census tract-level composite measure of depri-
vation derived from the American Community Survey based 
on income, education, employment, housing, single-parent 
household, and access to transportation.46

Data Analytic Approach

Chi-square tests and Wilcoxon rank-sum tests were used  
to compare social, demographic, and clinical variables 
between those with and without a current substance use 
problem. There were 3 primary analyses performed for this 
study. First, we assessed the cross-sectional association 
between substance use disorder (GSS) and depression 
(PHQ-9) from the initial survey. Second, we assessed the 
cross-sectional association between GSS and PHQ-9 in  
the final survey. Third, we evaluated the longitudinal 

Figure 1. Distribution of integrating behavioral health and primary care practice locations.
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association between the change in GSS score and PHQ-9 
score from the initial to final survey. Multivariable linear 
regression models were used to estimate the association 
between depression and likelihood of substance use disor-
der. Potential confounds to the association between the pre-
dictor and outcome variables were treated as covariates. If a 
covariate changed the coefficient of the main predictor 
(GSS) on the outcome (PHQ-9) by more than 10% in a 
model with no other covariates, it was included in the final 
multivariate model as a potential confounder. All tests were 
2-tailed, with a threshold for statistical significance at 
α = .05. Stata 17 (StataCorp LP, College Station, Texas) was 
used for data management and analysis. The University of 
Vermont Institutional Review Board approved this study.

Results

Participant Characteristics

Of the 2651 respondents that met the inclusion criteria for 
the main study at both time points, 2409 had complete data 

for this sub-analysis. At the initial survey, 101 (3.8%) met 
criteria for a substance use disorder a (GSS substance use 
severity score of 2 or more). Those with substance use dis-
order were younger and more likely to be male, employed, 
without a college education, and facing food or financial 
insecurities. The participants with probable substance use 
disorders had better DASI cardiovascular capacity scores 
and higher PHQ-9 depression scores. There was little dif-
ference in race, ethnicity, social deprivation score, marriage 
status, income, chronic pain, or housing insecurity. See 
Table 1.

Substance Use Disorder

The mean GSS score was 0.3 (SD = 0.7) at both time points 
(P = .5). At the final survey, 109 patients (4.1%) scored 2 or 
more and met criteria for a substance use disorder. While 
the sample of patients with substance use disorders was 
slightly different at the 2 time periods (about one-third of 
the patients met criteria at both time points, one-third met 
criteria at initial survey only and one-third met criteria at 

Table 1. Participant Characteristics at the Initial Survey (n = 2651).

Problems at initial survey

P Total No Yes

N 2651 2550 101  
Age (years) 63.2 63.5 56.7 <.001
Male (%) 36 35 53 <.001
Race .99
 White 77.3 77.2 81.2  
 Black or African American 10.9 11.0 9.9  
 American Indian or Alaska native 1.0 1.0 0.0  
 Asian 3.4 3.4 4.0  
 Native Hawaiian or Pacific Islander 1.5 1.6 1.0  
 Other 4.1 4.1 3.0  
 Prefer not to say 1.6 1.6 1.0  
Ethnicity .11
 Non-Hispanic 91.9 91.6 98.0  
 Hispanic 6.4 6.6 2.0  
 Prefer not to say 1.0 1.1 0.0  
Married (%) 50 50 41 .06
Working (%) 33 32 43 .023
Income <30K (%) 47 47 51 .41
College graduate (%) 50 51 43 .12
Cardiovascular capacity (DASI) 30 30 34 .01
Chronic pain (%) 78 78 72 .15
Food insecurity (%) 10 10 17 .02
Housing insecurity (%) 2.6 2.6 3.0 .82
Financial insecurity (%) 20 19 30 .01
Census Tract Deprivation score 51 51 58 .01
Time between surveys (months) 9.0 9.0 9.2 .04
PHQ-9 depression score 5.4 5.2 9.2 <.001

Abbreviation: DASI, duke activity status index.
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final survey only), the demographic attributes of the patients 
with likely substance use disorder at the final survey did not 
differ from those in the initial survey.

Depression Severity

In the initial survey, the mean PHQ-9 depression score was 
5.4 (SD = 5.6), and in the final survey 5.3 (SD = 5.6) (P = .52) 
(See Table 2).At the initial survey, 1146 of the 2651 (43%) 
of patients scored in the mild depression or worse catego-
ries. See Table 2 for the distribution of PHQ-9 scores.

As seen in Figure 2, each box plot represents the distri-
bution of PHQ-9 scores for patients with the indicated 
GSS score.

At baseline, the linear regression showed strong evi-
dence for a relationship between higher GSS scores and 
higher PHQ-9 scores. For each one-point increase in the 

GSS score, the PHQ-9 score increased by 0.61 points 
(95% confidence interval (CI) 0.29, 0.92; P < .001). After 
adjustment for potential confounders, the effect size was 
0.77 (CI 0.49, 1.05; P < .001) (Table 3). In the final sur-
vey, the unadjusted regression showed a 0.8-point increase 
in PHQ-9 score for every unit increase in GSS score  
(CI 0.50, 1.09; P < .001). The adjusted effect was 0.91  
(CI 0.65, 1.18; P < .001).

Longitudinal Analyses Assessing Change in  
Depression as a Function of Change  
in Substance Use Over Time

This final analysis modeled change in PHQ-9 from the ini-
tial survey to follow-up as a function of change in GSS, 
while adjusting for initial PHQ-9 score and potential con-
founders. There was a 0.44 point increase in the PHQ-9 

Table 2. Distribution of PHQ-9 Total Scores by Timepoint (n = 2651).

Category Score Initial survey (%) Final survey (%)

None 0-4 57.7 56.8
Mild 5-9 23.4 24.9
Moderate 10-14 9.9 9.6
Moderate to severe 15-29 5.7 5.9
Severe 20-27 3.4 2.9

Figure 2. Distribution of the relationship between depression severity (PHQ-9) and substance use severity (GSS) at each timepoint.
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score for every one-point increase in the GSS score. This 
suggests a significant association of substance use and 
depression severity over time, even after adjusting for con-
founding factors. (CI 0.22, 0.66; P < .001).

Discussion

Four percent of a large and diverse sample of primary care 
patients met criteria for a likely substance use disorder 
based on a standardized self-report screening measure 
(GSS). On a widely adopted standardized self-report 
screening measure for depression, 43% met criteria for at 
least mild depression. There was a significant association 
between substance use disorder and depression severity 
both cross-sectionally and over time. The associations 
were significant after adjusting for both patient and contex-
tual characteristics. Although the relationship between sub-
stance use disorder and depression severity has been 
documented in prior studies, this is the first and only study 
to examine this relationship longitudinally in a large sam-
ple of patients from geographically diverse primary care 
practice setttings.5,8 On a much smaller scale, a quality 
improvement project in a primary care clinic by Watkins 
et al, similarly found substance use prolonged mood disor-
der symptoms despite provision of depression treatment.5

Limitations

The non-experimental nature of this study inhibits infer-
ences about cause and effect. The study does not discern 
whether substance use precipitates depression or the 
reverse. Nor can we infer a common etiological pathway to 
both substance use and mood-related disorders.

We have limited information on factors that may medi-
ate change in depression or substance use between time 
points. Significant omissions could include the use of anti-
depressant or addiction medications, behavioral therapies, 
and peer recovery support groups. IBH-PC approaches, 
Collaborative Care Model, or similar integrated interven-
tions might have directly addressed either substance use, 
mood disorders or the both. Although the PHQ-9 is a com-
mon measure of depression in medical contexts, the GSS is 
not. More typical measures of substance use disorder like-
lihood could have been used for greater generalizability. 
These measures include instruments such as the CAGE, the 
Alcohol Use Disorder Identification Test, the Drug Use 
Disorder Identification Test, or more recent measures such 
as the TAPS and TAPS2.47,48 Furthermore, the GSS does 
not specify the type of substance(s) that drive the sub-
stance-related diagnosis. There could be a differential rela-
tionship with depression by substances such as alcohol, 
cannabis, opioids, benzodiazepines, and/or stimulants.49-51

Nonetheless, the GSS assesses the likelihood of a sub-
stance use disorder with a high level of reliability and 

validity.43 The GSS balanced accuracy with a low respon-
dent burden to achieve the study purposes. However, all 
self-reported measures of substance use in general health 
care settings likely provide under-estimates of actual sub-
stance use disorder.52,53

Conclusions

These findings suggest increasing the capacity of primary 
care providers, clinics, and systems to at least screen for and 
potentially address both depression and substance use.54 
Presently, depression screening is common in primary care 
practice settings,55 whereas screening for substance use is 
not widely implemented.26,28 Yet there are multiple exam-
ples of primary care having an encouraging impact on sub-
stance use problems among patients.13,56-59 These include: 
primary care use of addiction medications for opioid use 
disorder, SBIRT approach to alcohol use disorders; and, 
adaptations of the Collaborative Care Model to address a 
broader range of behavioral health issues beyond only 
depression.38,56,60,61

The present findings underscore the strong relationship 
between depression and substance use, independent of 
salient patient and environmental characteristics, and may 
challenge provider biases.62-64 Although those with sub-
stance use problems were statistically more likely to be 
younger, male, employed, without a college education, 
and facing food or financial insecurities, there was little to 
no difference in race, ethnicity, social deprivation score, 
marital status, income, chronic pain, or housing insecurity. 
These findings suggest that primary care providers might 
consider any patient at potential risk for substance use 
problems, regardless of demographic factors.65,66

Future research might address some of the limitations 
inherent in the present study. Enhancements would feature 
a prospectively designed study of primary care patients 
with depression, substance use, or both disorders; more sys-
tematic tracking of mood and substance use symptoms over 
multiple timepoints; and, measuring outcomes of interven-
tions that target both types of problems among complex 
chronic patients.

To summarize, these findings suggest that substance use 
disorder complicates depression initially and over time. 
Primary care clinics and health systems might consider 
implementing substance use screening in addition to the 
more common strategies for depression. For patients with 
either severe depression or who do not respond to frontline 
depression treatments, the undermining presence of a sub-
stance use disorder should be explored.
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