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Abstract
We review and synthesize results from a series of analyses estimating the benefit of screening for unhealthy alcohol use, 
depression, and tobacco to detect individuals at heightened risk for co-occurring anxiety, pain, depression, unhealthy alcohol 
use, and other substance use among people with HIV and HIV-uninfected individuals in the Veterans Aging Cohort Study. 
We also examine the potential impact of reducing unhealthy alcohol use and depressive symptoms on the incidence of 
co-occurring conditions. We found that screening for alcohol and depression may help identify co-occurring symptoms of 
anxiety, depression, and pain interference, treating unhealthy alcohol use may improve co-occurring pain interference and 
substance use, and improving depressive symptoms may improve co-occurring anxiety, pain interference, and smoking. We 
propose that an integrated approach to screening and treatment for unhealthy alcohol use, depression, anxiety, pain, and other 
substance use may facilitate diagnostic assessment and treatment of these conditions, improving morbidity and mortality.
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Introduction

The health impact of unhealthy alcohol use is substantial and 
increasing. Alcohol use disorder (AUD) is the most com-
mon substance use disorder globally, estimated to affect 100 
million individuals, and has increased by 50% in the United 
States (US) over the past 10 years [1, 2]. Use of substances 
other than alcohol are also highly prevalent in the US and 
globally [3]. Tobacco use is the leading cause of preventable 
death globally, accounting for more than 7 million deaths 
per year worldwide [4]. The US is in the midst of an unprec-
edented opioid epidemic [5] and also has experienced recent 
emergent drug crises [6–9].

Substance use commonly co-occurs with depression 
[10–12], anxiety [13, 14] and pain [15–20]. Notably, depres-
sion is the most common psychiatric disorder globally and 
the most common mental health condition diagnosed in US 

primary care settings, impacting physical health and dis-
ease prognosis across health conditions [21–25]. Anxiety 
and pain also affect an increasing number of individuals in 
the US [26–28]. An established body of research shows that 
alcohol, depression, anxiety, pain, and other substance use 
often cluster together, and an emergent body of literature 
is showing how they are inextricably linked [1, 26–29]. 
Individuals with one condition are likely to have a second 
condition, and resolution of one condition may increase the 
likelihood of a second condition resolving [30, 31]. Interven-
tions to reduce these conditions may substantially reduce the 
burden of preventable morbidity and mortality in the United 
States [32].

Substance use, psychiatric, and pain conditions are often 
more prevalent in people living with HIV than in HIV-
uninfected individuals, and lead to poorer HIV outcomes 
[33–37]. Generalized anxiety disorder (GAD) occurs in 
19% of people living with HIV, compared with 2.7% in 
the general US population, and is associated with poorer 
engagement in the HIV care continuum (use of antiretrovi-
ral therapy, adherence, and viral suppression) [38]. Chronic 
pain may impact as many as 54% of individuals living with 
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HIV [37], and people with HIV may be twice as likely to be 
diagnosed with depression compared with people without 
HIV [39]. Depression, chronic pain, and substance use are 
also linked to barriers to viral suppression and optimal clini-
cal outcomes [36, 40–44]. Similarly, co-occurring depres-
sion, chronic pain, and substance use, may be more likely 
among individuals with HCV as compared with individuals 
without HCV [45–50].

The U.S. Preventive Services Task Force recommends 
screening for alcohol use, depression, and tobacco use in 
clinical practice in the United States [51], and recent esti-
mates suggest uptake of these screening guidelines is moder-
ate to high [52–55]. Anxiety, pain, and other substance use 
are not routinely assessed in clinical practice though new 
guidelines recommend routine screening for illicit drug use 
among those 18 years or older, when linkage to treatment 
and care can be offered [56]. Screening for these and other 
interlinked conditions in routine clinical practice may not be 
practical due to time, cost, and other constraints. However, 
given the strong correlations between these clustering condi-
tions, screening for alcohol, depression, and tobacco could 
identify individuals at high-risk for a clustering condition, at 
no extra time, cost or response burden. Specifically, routine 
screening algorithms could be leveraged to facilitate diag-
nostic assessment and treatment of clustering conditions that 
may otherwise be undetected and untreated.

In a series of published and unpublished analyses, we 
estimated the benefit of screening for unhealthy alcohol use 
[57], depression [58], and tobacco to detect individuals at 
heightened risk for co-occurring anxiety, pain, depression, 
unhealthy alcohol use, and other substance use among peo-
ple with HIV and HIV-uninfected individuals in the Veter-
ans Aging Cohort Study (VACS), a longitudinal study of 
veterans receiving care in the Veterans Affairs (VA) health-
care system. We evaluated common screening tools used in 
clinical practice: the Alcohol Use Disorders Identification 
Test (AUDIT) for alcohol screening [59], the Patient Health 
Questionnaire (PHQ-9) for depression screening [60], and a 
one-item smoking questionnaire for tobacco screening. Fol-
lowing these analyses, we examined the potential impact of 
reducing unhealthy alcohol use and depressive symptoms on 
the incidence of co-occurring conditions in two follow-up 
studies [31]. Here, we briefly review the methodology used 
in this body of work, synthesize our main results, apply our 
results to key subgroups defined by HIV and HCV, and pro-
vide suggestions for steps forward.

Methods

The study sample, measures, and analytic approach have 
been described in detail previously [57, 58]. Briefly, the 
VACS survey sample includes US veterans receiving 

healthcare in 8 VA centers: Atlanta, Baltimore, Dallas, Hou-
ston, Los Angeles, New York (Manhattan, Brooklyn, and the 
Bronx), Pittsburgh, and Washington, D.C. The VACS sam-
ple is comprised of approximately equal numbers of patients 
with HIV and without HIV in primary care practices who 
are matched by age, race, gender, and VA center of care. 
We used data from up to 8 annual surveys (depending on 
when each screening tool was administered), administered 
between 2003 and 2015.

Alcohol use was measured using the Alcohol Use Disor-
der Identification Test (AUDIT) and a score of 8 or more was 
considered as indicative of unhealthy alcohol use. Depres-
sive symptoms were measured using the PHQ-9 instrument 
and a score of 10 or more was considered indicative of 
current depressive symptoms. Pain interference symptoms 
were assessed using one question from the Health Survey 
Short-Form 12 that asks: “During the last month, how much 
has pain interfered with your normal work (including work 
outside and inside the home)” and responses of “moder-
ately,” “quite a bit,” or “extremely” were considered indica-
tive of pain interference symptoms. Anxiety symptoms were 
assessed by a single survey item asking if the participant had 
“felt nervous or anxious” in the 4 weeks before the survey, 
and responses of “yes” were considered indicative of anxiety 
symptoms. Any tobacco smoking history and past-year use 
of marijuana, cocaine, other stimulants, injection drug use, 
and illicit opioids were also examined using single survey 
items (See “Appendix” Table for a description of when each 
screening tool was administered).

In a series of published and unpublished analyses, we 
assessed the test performance of the AUDIT, the PHQ-9, and 
the one-item tobacco survey item as screening tools for iden-
tifying clustering condition symptoms. We evaluated these 
tools by calculating the sensitivity, specificity, and likelihood 
ratio (sensitivity/1-specificity) of each measure to identify 
pain interference symptoms, depressive symptoms, anxiety 
symptoms, unhealthy alcohol use, and other substance use. 
For example, to calculate the sensitivity of the AUDIT as a 
screening tool to identify anxiety symptoms, we calculated 
the proportion of individuals who answered yes to the anxi-
ety survey question who also had an AUDIT score of eight 
or greater.

Here, we apply our previous results [57, 58] to key popu-
lations within the VACS cohort. Specifically, we used the 
first follow-up survey to calculate the baseline prevalence of 
unhealthy alcohol use, anxiety symptoms, depressive symp-
toms, pain interference symptoms, cocaine use, and injection 
drug use in the entire VACS cohort, in people with HIV 
only, and in people with HCV only. We then apply the like-
lihood ratios calculated previously to these values to calcu-
late post-test probabilities of anxiety symptoms, depressive 
symptoms, pain interference symptoms, and substance use 
given a ‘positive’ screening result using routine screening 
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algorithms (eg., AUDIT, PHQ-9, and the one-item tobacco 
smoking question).

Finally, after assessing the test performance of the 
AUDIT and the PHQ-9 to detect clustering condition 
symptoms, we evaluated the potential impact of reducing 
unhealthy alcohol use and depressive symptoms on reduc-
ing the incidence of the same clustering conditions in two 
follow-up analyses. First, we compared individuals with 
AUDIT scores of eight or greater who reduced their drinking 
(AUDIT < 8) with those who did not reduce their drinking 
after 1-year of follow-up. [31] To do so, we fit separate logis-
tic regression models to estimate odds ratios for improve-
ment of each clustering condition after 2-years of follow-up 
among individuals who had that condition at baseline: mod-
erate or severe pain interference symptoms, tobacco smok-
ing, cannabis use, cocaine use, depressive symptoms, and 
anxiety symptoms. Inverse probability weighting was used 
to account for potential selection bias and confounding by 
baseline HIV status, race, education, income, AUDIT score, 
PHQ-9 score, pain interference symptoms, smoking, anxiety 
symptoms, and cannabis, cocaine, other stimulant, and illicit 
opioid use. Second, we compared individuals with PHQ-9 
scores of 10 or greater whose depressive symptoms were 
reduced (PHQ-9 < 10) with those whose depressive symp-
toms were not reduced after 1-year of follow-up. Again, we 
fit separate logistic regression models to estimate odds ratios 
for improvement of each clustering condition after 2-years 
of follow-up among individuals who had that condition at 
baseline. Here, we present results overall, by HIV status, 
and by HCV status.

Compliance with Ethical Standards

The authors report no conflicts of interest. Institution review 
boards at each VACS study site as well as New York Uni-
versity and Yale University approved all study activities. 
All study participants provided informed consent at study 
enrollment.

Key Results and Interpretation

In our previous analyses, we found that AUDIT scores 
of ≥ 20 yielded strong test performance as indicated by high 
likelihood ratio values (the increase in the odds of a condi-
tion existing given a positive test result, on the multiplicative 
scale) for symptoms of depression (3.63), for symptoms of 
anxiety (3.90) and for cocaine use (6.27) [57]. These likeli-
hood ratio values were comparable to dedicated screening 
tools for these conditions, perhaps indicating that an AUDIT 
score ≥ 20 could be used to trigger diagnostic assessment 
for depression, anxiety and cocaine use. Elevated PHQ-9 
scores (using thresholds of ≥ 10 and of ≥ 20) yielded large 

likelihood ratios for symptoms of pain (4.36 and 7.84) and 
yielded likelihood ratios for symptoms of anxiety (8.24 and 
21.57) [58] that potentially outperform the GAD-7, a dedi-
cated screening tool for anxiety. This finding points to a 
potential opportunity to use the PHQ-9 screener to identify 
and treat otherwise undiagnosed anxiety and pain. While 
test specificity was high for AUDIT score ≥ 20 (> 98% for 
symptoms of depression and anxiety and cocaine use) and 
for PHQ-9 score ≥ 20 (> 99% for symptoms of anxiety and 
pain), test sensitivity was quite low, indicating that false 
negatives using these screening tools would be quite high.

In populations with elevated prevalences of clustering 
conditions (eg, people with HIV, people with HCV, or non-
adherent individuals with chronic conditions), these likeli-
hood ratio values will confer high post-test likelihoods of 
an individual having the condition of interest. In the VACS 
sample, the baseline prevalence of anxiety symptoms is 
42.20%. Therefore, the estimated likelihood ratios indi-
cate that an individual with an AUDIT score ≥ 20 is esti-
mated to have a 74.01% probability of anxiety symptoms 
and an individual with a PHQ-9 score ≥ 20 is estimated to 
have a 94.03% probability of anxiety symptoms (Table 1). 
In this population, the baseline prevalence of depressive 
symptoms is 23.20%, indicating that an individual with an 
AUDIT score ≥ 20 is estimated to have a 52.30% probability 
of depressive symptoms. The baseline prevalence of pain 
interference symptoms is 38.70%, which indicates that an 
individual with a PHQ-9 score ≥ 20 is estimated to have an 
83.19% probability of pain interference symptoms. Finally, 
the baseline prevalence of cocaine use is 10.10%, which 
indicates that an individual with an AUDIT score ≥ 20 is 
estimated to have a 41.33% probability of cocaine use. Post-
test probabilities are equally large among people with HIV 
and slightly larger among people with HCV.

Some findings suggested that failure to endorse a condi-
tion can provide clinically meaningful information on who 
does not need to be screened for a second condition. Spe-
cifically, when using the one-item tobacco smoking ques-
tionnaire typically used in clinical practice, we observed 
those who have never smoked versus those endorsing any 
smoking history had a substantially lower likelihood of 
other substance use as indicated by low negative likeli-
hood ratios (1 −  sensitivity/specificity) for unhealthy 
alcohol use (0.37), injection drug use (0.26) and crack/
cocaine use (0.35). These results suggested it may be justi-
fied to reduce intensity of screening for these substances 
among never-smokers when care settings are resource con-
strained. Doing so may permit resources for substance use 
detection and treatment to be more effectively deployed. 
For example, given the current opioid epidemic, this infor-
mation could be useful to best allocate resources for opioid 
misuse detection.
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We found some evidence for greater improvement of pain 
interference symptoms and greater discontinuation of co-
occurring substance use (i.e. smoking, cocaine, and canna-
bis) after reducing AUDIT score to < 8 (“reducing drinking”) 
compared to retaining an AUDIT score ≥ 8 (not “reducing 
drinking”) [31]. Among individuals with moderate or severe 
pain interference symptoms at baseline, the adjusted odds 
ratio (95% confidence interval) for improvement of moderate 
or severe pain interference symptoms was 1.49 (0.91, 2.42) 
after 2-years comparing “reducing drinking” (AUDIT < 8) 
versus not “reducing drinking” (AUDIT ≥ 8). These odds 
ratios (95% CIs) were 1.57 (0.93, 2.63) for stopping smok-
ing, 1.65 (0.92, 2.95) for no longer using cannabis, and 
1.83 (1.03, 3.27) for no longer using cocaine (Table 2). In 
subgroup analyses, adjusted odds ratios for discontinuing 
smoking and cocaine use were larger among people with 
HIV compared to people without HIV, but were smaller for 
improvement of pain interference symptoms among people 
with HIV compared to people without HIV. Results did not 
vary substantially by HCV status.

Finally, we found some evidence for greater improvement 
of pain interference and anxiety symptoms and greater dis-
continuation of smoking after reducing depressive symptoms 
(PHQ-9 < 10) versus not reducing depressive symptoms 
(PHQ-9 ≥ 10). Among individuals with moderate or severe 
pain interference symptoms at baseline, the adjusted odds 
ratio (95% confidence interval) for improvement of moder-
ate or severe pain interference symptoms was 2.15 (1.59, 
2.92) after 2-years comparing reducing depressive symp-
toms (PHQ-9 < 10) versus not reducing depressive symp-
toms (PHQ-9 ≥ 10). These odds ratios (95% CIs) were 3.25 
(2.24, 4.73) for reducing anxiety symptoms and 1.46 (0.93, 
2.30) for stopping smoking (Table 2). In subgroup analyses, 
the adjusted odds ratio for reducing anxiety symptoms was 
smaller among people with HIV compared to people without 
HIV. Results did not vary substantially by HCV status.

Table 1   Selected post-test probabilities of anxiety symptoms, depressive symptoms, and pain interference symptoms using screening instru-
ments identified as effective in prior work (AUDIT, PHQ-9 and the one-item tobacco smoking question), overall and in key subgroups

a Negative likelihood ratios are used to calculate the post-test probability of each condition given no tobacco smoking history

Baseline 
prevalence 
(%)

Post-test probability using 
AUDIT score ≥ 20 as screening 
tool (%)

Post-test probability using 
PHQ-9 score ≥ 20 as screening 
tool (%)

Post-test probability using no 
tobacco smoking historya as 
screening tool (%)

Clustering condition and key population
 Unhealthy alcohol use
  VACS (all) 11.80 – 21.28 4.72
  People with HIV only 11.10 – 20.14 4.42
  People with HCV only 13.40 – 23.81 5.42

 Anxiety symptoms
  VACS (all) 42.20 74.01 94.03 35.08
  People with HIV only 44.60 75.84 94.55 37.33
  People with HCV only 47.10 77.64 95.05 39.72

 Depression symptoms
  VACS (all) 23.20 52.30 – 18.87
  People with HIV only 23.20 52.30 – 18.87
  People with HCV only 29.70 60.53 – 24.55

 Pain interference symptoms
  VACS (all) 38.70 55.18 83.10 32.71
  People with HIV only 33.10 49.10 79.50 27.59
  People with HCV only 40.50 57.03 84.22 34.39

 Cocaine use
  VACS (all) 10.10 41.33 15.24 3.78
  People with HIV only 13.30 49.03 19.71 5.10
  People with HCV only 19.20 59.84 27.55 7.68

 Injection drug use
  VACS (all) 2.00 6.83 3.03 0.53
  People with HIV only 3.00 9.99 4.52 0.80
  People with HCV only 5.80 18.10 8.61 1.58
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Discussion and Next Steps

The AUDIT and PHQ-9 are commonly used screening tools 
in clinical practice. Our published and ongoing work pro-
vides evidence that screening for alcohol and depression 
may help identify clustering conditions, especially symp-
toms of anxiety, depression, and pain interference, and that 
treating unhealthy alcohol use and depression may in turn 
improve clustering condition symptoms, especially symp-
toms of anxiety and pain.

Our work has some limitations. Symptoms of pain inter-
ference and anxiety and use of tobacco and other substances 
were assessed using single-item screening tools. While sin-
gle-item screeners are not ideal, these measures are widely 
used in clinical practice [57, 61–63]. In addition, our analy-
ses relied on self-reported substance use variables, which 
may be influenced by social desirability bias. Finally, our 

analyses dichotomized unhealthy alcohol use and depres-
sion symptoms, though we chose cut-points typically used 
in clinical care.

It is difficult to identify the optimal cascade of screening 
and diagnostic tests for unhealthy alcohol use and clustering 
conditions based on these results alone because the rela-
tive benefits, harms, and costs of different strategies need 
to be iterated, quantified and compared. Accordingly, our 
group is in progress incorporating these relationships into a 
decision model that can consider a wide variety of screen-
ing and diagnostic strategies, including the consequences of 
false negative and false positive tests, the response burden of 
multiple screening questionnaires, and other resource con-
straints. As an example of insights that may emerge, it is 
possible that a high AUDIT score should trigger diagnostic 
assessments for depression, anxiety and for cocaine use if 
the baseline prevalences of these conditions are sufficiently 

Table 2   Selected odds ratios and 95% confidence intervals for each 
condition improving or resolving at 2-years comparing: those who 
“reduce drinking” (AUDIT < 8) at 1-year with those who do not 
“reduce drinking” (AUDIT ≥ 8) at 1-year (column 3); and those who 

reduce depressive symptoms (PHQ-9 < 10) at 1-year with those who 
do not reduce depressive symptoms (PHQ-9 ≥ 10) at 1-year (column 
4), overall and in key subgroups

a All analyses are restricted to individuals with that co-occurring condition at baseline

Clustering condition improves Population Odds ratioa (95% CI) for “reducing 
drinking” versus not “reducing drinking”

Odds ratioa (95% CI) for reducing depressive 
symptoms versus not reducing depressive symp-
toms

Moderate or severe pain interfer-
ence symptoms

VACS (all) 1.49 (0.91, 2.42) 2.15 (1.59, 2.92)

HIV+ 0.93 (0.43, 2.03) 2.28 (1.18, 4.38)
HIV− 2.03 (1.07, 3.85) 1.71 (1.11, 2.64)
HCV+ 1.36 (0.61, 3.02) 2.15 (1.59, 2.92)
HCV− 1.80 (0.94, 3.45) 2.51 (1.69, 3.73)

Smoking VACS (all) 1.57 (0.93, 2.63) 1.46 (0.93, 2.30)
HIV+ 2.44 (1.18, 5.03) 1.95 (0.83, 4.57)
HIV− 0.86 (0.40, 1.85) 1.69 (0.86, 3.34)
HCV+ 1.77 (0.83, 3.77) 1.46 (0.93, 2.30)
HCV− 1.37 (0.67, 2.80) 1.47 (0.79, 2.75)

Anxiety symptoms VACS (all) 1.33 (0.80, 2.22) 3.25 (2.24, 4.73)
HIV+ 1.38 (0.68, 2.80) 2.18 (1.06, 4.51)
HIV− 1.21 (0.57, 2.56) 4.08 (2.33, 7.13)
HCV+ 1.26 (0.59, 2.68) 3.25 (2.24, 4.73)
HCV− 1.37 (0.68, 2.78) 4.01 (2.49, 6.44)

Cannabis use VACS (all) 1.65 (0.92, 2.95) 0.97 (0.60, 1.58)
HIV+ 1.36 (0.65, 2.84) 0.90 (0.33, 2.49)
HIV− 2.25 (0.86, 5.87) 0.93 (0.46, 1.88)
HCV+ 1.41 (0.58, 3.44) 0.97 (0.60, 1.58)
HCV− 1.84 (0.85, 4.01) 1.13 (0.60, 2.11)

Cocaine use VACS (all) 1.83 (1.03, 3.27) 1.27 (0.79, 2.06)
HIV+ 2.12 (1.02, 4.43) 1.39 (0.60, 3.21)
HIV− 1.42 (0.56, 3.62) 1.28 (0.61, 2.67)
HCV+ 1.79 (0.79, 4.02) 1.27 (0.79, 2.06)
HCV− 2.15 (0.91, 5.10) 1.28 (0.62, 2.64)
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high. As another example, it may be possible that a high 
PHQ-9 score should trigger diagnostic assessments for anxi-
ety and pain in certain populations. Because test sensitivity 
was low for high AUDIT and high PHQ-9 scores, these tools 
should not be used to replace screening tools for other co-
occurring conditions or in isolation.

Integrating screening and treatment for unhealthy alcohol 
use and depression with screening and treatment of anxi-
ety, pain, and other substance use may facilitate diagnostic 
assessment and treatment of these conditions, which are 
often undetected and untreated. The benefits of an inte-
grated approach may be greater among people with HIV 
(and other populations including people with HCV) with 
elevated risk of depression, anxiety, and substance use, espe-
cially since diagnosing and treating these conditions can lead 
to improvements in HIV care and in HIV outcomes. We 
hope that our analyses will illuminate tractable approaches 
that more effectively mitigate the preventable morbidity and 
mortality burden from these conditions.

Appendix

See Table 3.
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