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Abstract

Alcohol use increases non-adherence to antiretroviral therapy (ART) among persons living with 

HIV (PLWH). Dynamic longitudinal associations are understudied. Veterans Aging Cohort Study 

(VACS) data 2/1/2008–7/31/16 were used to fit linear regression models estimating changes in 

adherence (% days with ART medication fill) associated with changes in alcohol use based on 

annual clinically-ascertained AUDIT-C screening scores (range −12 to +12, 0=no change) 

adjusting for demographics and initial adherence. Among 21,275 PLWH (67,330 observations), 

most reported no (48%) or low-level (39%) alcohol use initially, with no (55%) or small (39% ≤3 

points) annual change. Mean initial adherence was 86% (SD 21%), mean annual change was 

−3.1% (SD 21%). An inverted V-shaped association was observed: both increases and decreases in 

AUDIT-C were associated with greater adherence decreases relative to stable scores (p<0.001, F 

(4, 21274)). PLWH with dynamic alcohol use (potentially indicative of alcohol use disorder) 

should be considered for adherence interventions.

RESUMEN
El consumo de alcohol aumenta el no-cumplimiento a la terapia antirretroviral (TARV) entre las 

personas que viven con VIH. No se han estudiado lo suficiente las dinámicas asociaciones 

longitudinales. Los datos del Estudio de la Envejecimiento de Cohorte de Veteranos (EECV) 

(1/2/2008–31/7/2016) fueron usados para encajar modelos de regresión lineal estimando los 

cambios en cumplimiento (% de días con medicaciones TARV surtidas) asociados con los cambios 

en el consumo de alcohol basado en los resultados anuales de las evaluaciones AUDIT-C, 

determinadas clínicamente, (una gama de −12 a +12, 0=cero cambio) adaptándose a las 

estadísticas demográficas y cumplimiento inicial. Entre 21,275 personas que viven con VIH 

(67,330 observaciones), la mayoría reportó ningún (48%) o bajos niveles del (39%) consumo de 

alcohol inicialmente, con ningún (55%) o muy pequeño (39% ≤ 3 puntos) cambio anual. la media 

inicial de cumplimiento fue 86% (DE 21%). La media de cambio anual fue −3.1% (DE 21%). Se 

observó una asociación de forma V invertida: tanto los aumentos como las disminuciones en 

AUDIT-C fueron asociados con mayor disminuciones de cumplimiento en comparación con 
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resultados estables (p<0.001, F (4, 21274)). Personas que viven con VIH con el consumo dinámico 

de alcohol (potencialmente indicativo de un trastorno por consumo de alcohol) deben ser 

considerados por intervenciones de cumplimiento.

Keywords

HIV; ART; antiretroviral therapy; adherence; alcohol use

INTRODUCTION

The goal of antiretroviral treatment (ART) for human immunodeficiency virus (HIV) is to 

reduce HIV viral load to undetectable levels (i.e., viral suppression) and to prevent 

transmission of the virus (1). Although the imperative for 100% patient adherence to ART 

has decreased over time, a high level of adherence to ART is necessary for therapy to be 

effective (2–4). Poor ART adherence among persons living with HIV (PLWH) can result in 

disease progression (5, 6), transmission to others (7), and increased mortality (8, 9). A meta-

analysis of 25 studies estimates that approximately 40% of PLWH in North America do not 

take the majority of their prescribed ART (10), highlighting the need to understand 

modifiable risk factors for nonadherence.

Alcohol use is common among PLWH and is a key modifiable contributor to multiple 

adverse HIV-related outcomes, including poor ART adherence (5). There is a strong cross-

sectional dose-response relationship between alcohol use and ART adherence such that 

greater levels of alcohol use are associated with progressively worse adherence (11, 12) and 

lower rates of viral suppression (13, 14). Adherence to ART has been hypothesized to result 

from information about adherence (e.g., regimen, recommended use, side effects/

interactions) and personal and social motivations for adherence, which work together to 

influence a variety of skills related to integrating ART into daily living (15). These skills are 

likely to be moderated by alcohol use (15). The dose-response relationship between alcohol 

use and ART adherence is specifically hypothesized to result from two mechanisms: 1) 

forgotten doses as a result of intoxication, and/or 2) intentionally skipping doses due to 

concern about the toxicity of alcohol-medication interactions (5, 16–20). The relationship of 

alcohol use to adherence may also be influenced by other factors associated with both, such 

as psychological processes (e.g., low health-related motivation and/or self-efficacy and 

depression (21, 22) and social factors (e.g., unstable housing, access to medical care; (15). 

Consistent with these hypotheses, a prior study of the temporal association between self-

reported alcohol use and adherence over a 30-day window found that, among PLWH who 

use alcohol, doses were missed less frequently on non-drinking days compared to drinking 

days (23). If, indeed, these mechanisms account for the dose-response association, it would 

be reasonable to expect that changes in average alcohol use over longer periods of time 

could result in corresponding changes in ART adherence.

However, the literature examining these important relationships is very limited, with only 

two studies evaluating the association between changes in drinking and changes in 

adherence to ART in recruited samples (24, 25), and another evaluating changes in substance 
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use generally with changes in ART adherence (26). No studies to our knowledge have 

looked longitudinally to evaluate whether individual-level incremental changes in alcohol 

use over time (in both directions) are associated with individual-level incremental changes in 

adherence in large, generalizable samples of PLWH who have not been recruited into 

studies. This additional work should be guided by previous findings (24), which suggest that 

relationships between changes in alcohol use and changes in ART adherence may vary 

depending on level of alcohol use and on HIV-specific treatment and health-related factors, 

including initial level of ART adherence and/or whether HIV viral load is detectable (24). 

Understanding these patterns can inform targeted interventions to improve ART adherence.

Use of Veterans Health Administration (VA) electronic health record (EHR) data enables 

detailed investigation of these issues. The VA is the nation’s largest provider of HIV care 

(27, 28), and has a performance measure requiring annual alcohol screening of all 

outpatients (29) using the validated Alcohol Use Disorders Identification Test Consumption 

(AUDIT-C) questionnaire (30, 31), which yields scores that correlate well with average 

alcohol consumption (32). Further, nearly all (96%−98%) PLWH receiving VA care report 

receiving ART through VA’s pharmacy (33), enabling ascertainment of ART adherence with 

VA pharmacy data, which captures all medications received by all VA patients (34, 35) with 

strong reliability for adherence refill measures (36, 37). Finally, VA is home to the Veterans 

Aging Cohort Study (VACS), a large, longitudinal, observational cohort study with ongoing 

enrollment that includes all PLWH receiving care nationally in the VA (27). Therefore, using 

VA electronic health record (EHR) data from VACS, we evaluated whether changes in the 

full spectrum of alcohol use (measured by AUDIT-C screening documented annually as part 

of clinical care in patients EHRs) over time were associated with commensurate changes in 

ART adherence among patients treated with ART. Building on prior research (24), we also 

evaluated whether the associations between change in alcohol use and change in adherence 

varied by baseline level of alcohol use and by indicators of optimal adherence at baseline.

METHODS

Data Source and Sample

Consistent with the cohort identification approach for our prior studies (13, 38), VA EHR 

data from VACS were extracted for all PLWH in the U.S. who received VA care nationally 

and had at least one documented AUDIT-C alcohol screen between 2/1/2008 (when alcohol 

screening data became widely available in VA’s Corporate Data Warehouse) and 5/1/2014. 

We followed this sample to identify those with a follow-up alcohol screen documented 9–15 

months after an initial screen (to best capture annual screening). Follow-up screens were 

identified through 7/31/2016 for each initial screen; patients in the sample could contribute 

multiple pairs of alcohol screens. Finally, for the present study focused on ART adherence, 

we further limited the sample to those who had filled at least one ART prescription in the 

year prior to both initial and follow-up screens.

Measures

The independent variable—AUDIT-C change score—was calculated for each AUDIT-C pair. 

The AUDIT-C includes 3-items that have been shown to be reliable (39) and valid for 
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identifying unhealthy alcohol use in Veteran and non-Veteran outpatients (30, 31, 40–42). 

The AUDIT-C asks about past-year alcohol consumption (frequency of consumption, 

quantity of typical consumption, and frequency of heavy episodic drinking) and results in a 

score ranging from 0 to 12 points; scores of 0 indicate no use. Increasing scores on the 

AUDIT-C are associated with parallel increases in consumption and symptoms of alcohol 

use disorder (32). Consistent with prior work (13, 38), the independent variable—AUDIT-C 

change score—was calculated as the initial AUDIT-C score minus the follow-up AUDIT-C 

score such that a “good” outcome (stable or decreased consumption) would have a positive 

value. Thus, for each pair of AUDIT-C screens, AUDIT-C change scores range from −12 to 

12, with negative values indicating increased alcohol consumption, positive values reflecting 

decreased alcohol consumption, and 0 indicating no change.

The dependent variable—change in ART adherence—was calculated for each AUDIT-C pair 

using medication refill information from VA pharmacy data. In the VA (33), pharmacy refill 

adherence measures for ART are highly reliable (36, 37), and correlate with blood levels of 

medications (43). Therefore, consistent with previous work in VACS (44), initial and follow-

up adherence scores were calculated as the proportion of days in the year prior to each 

alcohol screen that the patient had medication in their possession based on medication fill 

records in the EHR (43, 45). Change in ART adherence was calculated for each pair of 

AUDIT-C screens as the change in adherence scores (percent days adherent) between the 

year before the initial AUDIT-C and the year before the follow-up AUDIT-C, with negative 

values indicating decreased adherence, positive values reflecting increased adherence, and 0 

indicating no change.

Three measures were used to stratify patients for assessment of subgroup variation in 

associations between changes in alcohol use and changes in ART adherence over time. 

Initial AUDIT-C scores were used to categorize patients into initial alcohol use risk groups: 

0 points for non-drinking, 1–3 (1–2 for women) points for low-level, 4–5 (3–5 for women) 

points for mild, 6–7 points for moderate, and 8–12 points for severe alcohol use. A 

categorical measure was used to ensure adequate sample sizes in each group with cut points 

identified in alignment with prior research indicating increased risk of mortality associated 

with increasing risk group (9, 46). Patients were additionally categorized based on initial 

level of adherence (≥95% adherent versus <95% adherent) and by whether they had an 

indication of viral suppression (as a marker of optimal adherence to ART) at the time of the 

initial alcohol screen (HIV-RNA<500 versus ≥500 copies/ml). A threshold of ≥500 

copies/ml was used because this has remained a target measure over time, and for some of 

the study timeframe this was the lowest level of detection.

Other Measures—Demographic characteristics at initial screen for each pair were used as 

covariates and included age (stratified as <50, 50–65, and >65), gender (male/female), and 

race/ethnicity (black, Hispanic, white, and other/unknown). Measures of comorbidity at the 

first initial (i.e., baseline) AUDIT-C were obtained for descriptive purposes and included 

depression, anxiety, other serious mental illness, stimulant use, opioid use, other drug use, 

alcohol use disorder, and any alcohol-specific medical condition (e.g., alcohol-related 

cirrhosis) in the prior year based on International Classification of Diseases, Ninth Revision, 

Clinical Modification (ICD-9-CM) codes.
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Analyses

We first described patient characteristics at the time of the first initial AUDIT-C for patients 

included in the analytic sample. We assessed selection bias by comparing characteristics of 

patients not included in the sample due to lack of follow-up alcohol screening and/or not 

being on ART. We then summarized and compared mean baseline adherence levels across 

alcohol use risk groups at the time of the baseline AUDIT-C and tested the association using 

a non-parametric test for trend.

To evaluate the association between AUDIT-C change scores and change in ART adherence 

score, we fit linear regression models among all pairs of screens. AUDIT-C change scores 

were modeled flexibly using restricted cubic splines, which allow for a smooth association 

across all possible levels of AUDIT-C change without assuming linearity in the association 

(47). Models were first unadjusted and then adjusted for demographics and adherence to 

ART in the year prior to the initial AUDIT-C. The adjusted model was considered primary a 
priori. Though additional comorbidities were measured for descriptive purposes, they were 

not adjusted for in the models because they may be caused by heavier alcohol use, and may 

in turn lead to changes in adherence (i.e., mediate the associations of interest) (48–50). A 

robust sandwich estimator was used to calculate all standard errors to account for potential 

misspecification of the outcome distribution and non-independence as a result of multiple 

observations (screening pairs) per patient (51). To address potential selection bias (due to 

missing follow-up alcohol screening and/or missing adherence data), inverse probability 

weighting was used to weight the analytic sample back to the full sample of PLWH with at 

least one documented alcohol screen. Weights were estimated in the full sample of PLWH 

with an initial alcohol screen using logistic regression models in which an indicator for 

being in the analytic sample was regressed on patient characteristics at the time of initial 

screen.

Primary analyses tested if the change in adherence associated with changes in alcohol use 

over time differed from zero; the significance of the association was determined based on the 

significance of the spline terms tested using an overall (omnibus) Wald Test. For the primary 

model, we estimated and plotted the mean change in percent days adherent to ART for each 

AUDIT-C change score (−12 to +12). For these estimates, mean changes in ART adherence 

were obtained using fixed covariate values (mean age, male gender, black race, mean initial 

adherence).

Based on prior research (13, 25, 38), we hypothesized that both increases and decreases in 

AUDIT-C scores would be associated with decreased ART adherence but that increases in 

alcohol use may be associated with greater changes in adherence than decreases in alcohol 

use. Therefore, we conducted contrast tests to evaluate whether significant differences in 

mean estimated ART adherence changes were observed between: 1) PLWH remaining stable 

(AUDIT-C change score 0) and those with both increases and decreases of 2 and 5 points, 

and 2) PLWH with decreases in drinking (AUDIT-C change score +5) to those with similar 

increases and greater decreases in drinking (AUDIT-C change scores −5 and +8); and 3) 

those with large decreases (AUDIT-C change score +8) to those with large increases 

(AUDIT-C change score −8).
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Next, to assess whether the association between changes in alcohol use and changes in ART 

adherence varied across subgroups of PLWH, we repeated our primary model stratified by 

initial alcohol use risk group, level of adherence (<95% versus ≥95%), and viral suppression 

(HIV-RNA<500 versus ≥500 copies/ml) as an indicator of clinically effective adherence. We 

also tested multiplicative interactions between each potential effect modifier and AUDIT-C 

change score spline terms. All analyses were conducted using Stata Statistical Software, 

release 14 (52). This study, including waivers of written consent and HIPAA authorization, 

was approved by the institutional review boards at VA Puget Sound and VA West Haven 

Healthcare Systems.

RESULTS

Sample Characteristics

Characteristics of the 21,275 PLWH (67,330 AUDIT-C screen pairs) who met eligibility 

criteria for the analytic sample are described in Table I. Patients were predominantly male 

and 50 years or older; approximately half were black race. One-third of the sample had a 

diagnosed depressive disorder, 10% had anxiety, and 10% had serious mental illness. 

Approximately 15% had a diagnosis for alcohol use disorder, 4% for opioid use disorder, 

nearly 2% had a diagnosis for a stimulant use disorder, and 8% had diagnoses for other drug 

use disorders. The majority of patients either reported no alcohol use (48%) or lower-level 

alcohol use (39%) at first initial screening. The mean percent days adherent was 85% 

(standard deviation [SD] 21%, see Table I). Over half (53%) of patients were optimally 

adherent to ART at the time of the first initial AUDIT-C (95% of days covered), and 88% 

had a suppressed viral load. Baseline AUDIT-C risk groups were associated with past-year 

percent days adherent such that progressively higher risk groups had progressively lower 

mean percent days adherent (Table II, p<0.001, z = −13.92 for non-parametric test for trend).

Association Between AUDIT-C Change and Change in Adherence

Among all observations (67,330 AUDIT-C screen pairs), change in AUDIT-C at annual 

follow-up screening was minimal: 55% of observations had no change (AUDIT-C change 

score=0) and 25% changed one point in either direction (13% decreased and 12% increased 

by one point). Only 6% of observations had an AUDIT-C change of more than 3 points in 

either direction.

Mean change in adherence scores over time among all observations was −3.1% (SD 21) 

between the year prior to the initial AUDIT-C screen and the year prior to the follow-up 

screen. No association was observed between AUDIT-C change scores and change in ART 

adherence in unadjusted analyses (p-value for spline term = 0.40, F(4, 21274) = 1.02). 

However, in the adjusted primary model, AUDIT-C change scores were associated non-

linearly with change issn ART adherence (p-value for spline term <0.001, F(4, 21274) = 

13.20; Figure 1). Mean change in ART adherence estimated for each AUDIT-C change score 

from the primary model is presented in Figure 1 and depicts an inverted V-shaped 

association with both increases and decreases in AUDIT-C change score associated with 

greater decreases in adherence relative to stable AUDIT-C scores. Decreases in adherence 

were smallest among PLWH with no change in AUDIT-C score over time and increasingly 
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greater for those with greater AUDIT-C change in either direction (increases or decreases). 

In contrast tests, all comparisons were significant except for between AUDIT-C change 

scores of +5 and 5+, and between change scores of + 8 and −8 (Table III).

Stratified Analyses

Results from assessment of subgroup variation identified no variation in the association 

between AUDIT-C change and change in ART adherence based on initial alcohol use risk 

groups (p-value for interaction=0.45). In stratified analyses, the association between AUDIT-

C change and change in ART adherence was statistically significant for those with an initial 

AUDIT-C score in the three lowest risk groups (p=0.002; F (3, 12912) = 5.06 for 

AUDITC=0; p=.03 F(4, 12317) = 2.66 for AUDIT-C=1–3/1–2; and p=0.004 F(4, 3014) = 

3.84 for AUDIT-C=4–5/3–5). Estimated mean changes in ART adherence for each AUDIT-C 

change score are presented in Appendix 1 stratified by initial AUDIT-C risk group.

No statistical variation in the association between AUDIT-C change and change in ART 

adherence was identified across subgroups based on initial level of adherence or baseline 

HIV viral suppression (p-values for interaction terms 0.44 F(4, 19640) = 0.95 and 0.73 F(4, 

19640) = 0.51, respectively). However, in stratified models, AUDIT-C change scores were 

associated non-linearly with adherence changes among those with initial adherence ≥95% 

(p=0.006 F(4, 14306) =3.60) but not <95% (p=0.40 F(4, 14864) =1.01) and among those 

with initially suppressed HIV viral loads (p-value for spline terms <0.001 F(4, 18566) 

=10.95) but not those with detectable viral loads (p=0.60 F(4, 3696) = 0.69). Estimated 

mean changes in ART adherence for each AUDIT-C change score are presented in Figure 2, 

stratified by initial adherence and viral load detectability. Results for those with suppressed 

viral load and high levels of initial ART adherence generally mirror those identified in the 

full analytic sample.

DISCUSSION

In this large national sample of PLWH, we evaluated whether changes in alcohol use over 

time—as reflected by repeat AUDIT-C screening collected as part of routine VA care—

corresponded to changes in ART adherence. Though prior studies have addressed similar 

questions in smaller recruited samples using dichotomous adherence outcomes (24, 26) 

and/or categorical alcohol measures (25), this is the first to our knowledge to be conducted 

in a large clinical sample of PLWH (not biased by recruitment into a study) and the first to 

investigate the (potentially non-linear) association between incremental changes in alcohol 

use in both directions and incremental changes in adherence. We found that over time, ART 

adherence declined on average and, as expected, was sensitive to changes in documented 

alcohol use, such that greater increases in alcohol use were generally associated with greater 

declines in adherence. However, we also found that greater decreases in alcohol use based 

on the AUDIT-C screen were similarly associated with worse declines in adherence, 

suggesting that unstable alcohol use—possibly reflecting alcohol use disorder—may 

generally lead to worsening ART adherence. Additionally, though no significant variation in 

associations was observed across subgroups, in stratified analyses, associations between 

changes in alcohol use and changes in adherence were only observed in subsamples of 
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PLWH with high initial levels of adherence and undetectable viral loads. For these 

subgroups, similar to findings in the entire sample, an inverted V-shaped relationship was 

identified such that stable alcohol use was associated with the smallest declines in ART 

adherence while increases and decreases both were associated with larger declines in a dose-

response fashion.

Findings from the present study should be considered in light of findings from previous 

related research. One previous study evaluated associations between changes in substance 

use (generally) and changes in ART adherence (26), another evaluated whether increases in 

average weekly alcohol use were associated with changes in the likelihood of being 80% 

adherent to ART among women living with HIV (24), and a third evaluated whether changes 

in unhealthy drinking days were associated with adherence over time in an insured sample of 

PLWH recruited for an alcohol intervention trial (25). The present study’s findings are 

generally consistent with those of prior studies focused on changes in alcohol use and 

particularly similar to those of Barai et al. Specifically, in a small recruited sample of 

women receiving care in an urban HIV clinic, Barai et al. found that increases in alcohol use 

negatively impacted ART adherence only among women who started at high levels of 

adherence (≥80%) and who also consumed <8 drinks/week on average at baseline (24). 

While we found no statistically significant interaction with either initial drinking level or 

initial adherence, associations between changes in drinking and changes in adherence in our 

study were similarly limited to those with lower levels of initial alcohol use and those with 

high initial levels of adherence. Our findings build on this prior study (24) due to use of a 

large and non-recruited sample, which enabled us to investigate variability across multiple 

levels of initial alcohol use and demonstrate an association between changes in drinking 

documented in the EHR and changes in adherence in all but the 5% of those reporting the 

highest-level drinking (AUDIT-C ≥ 6).

Overall findings from the present study, as well as results in those with undetectable viral 

loads or high initial levels of adherence, are generally consistent with findings from our prior 

studies in VACS using similar methods (13, 38), which have assessed associations between 

changes in alcohol use and changes in HIV disease severity both based on clinical measures 

(CD4 count and HIV RNA viral load) (13) and a composite measure that predicts mortality 

(VACS Index 2.0) (38). These prior studies have found that stable alcohol use, largely 

representing mostly stable non- or low-level alcohol use, was associated with the greatest 

improvement in all measures of HIV severity, whereas both increases and decreases in 

drinking were associated with less improvement in markers of severity.

Findings regarding decreases in alcohol use in the present study are of interest. Several 

factors may contribute to this finding. A large portion of our sample started at non- or low-

level alcohol use and did not change drinking over time, and a majority of our sample started 

with high levels of adherence. Although we stratified results by initial AUDIT-C group, we 

may be limited in estimating relationships among persons with large decreases in alcohol 

use and/or consistent high-level alcohol use. Further, large changes in drinking in both 

directions may be indicative of underlying alcohol use disorder, which is characterized by 

frequent changes in drinking and associated with multiple adverse outcomes (53–56). 

Because higher AUDIT-C scores correlate with stronger likelihood of alcohol use disorder 
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(32), it is possible that the higher of a patient’s two AUDIT-C values is the strongest 

determinant of reductions in adherence, irrespective of the order of the values. Further, 

decreases in drinking in both directions may also be a proxy for changes in other health or 

life circumstances—such as worsening physical or mental health, financial insecurity, or 

unstable housing (15, 24)—that could also account for observed declines in ART adherence 

among those with decreases in drinking, as has been shown in prior work focused on other 

outcomes (57). Finally, under-reporting of alcohol use on the AUDIT-C at either time period 

may contribute to findings. Although the AUDIT-C is extensively validated, as implemented 

clinically in the VA, it may underestimate alcohol use (58, 59). Thus, it is possible that some 

of the changes in AUDIT-C scores reflected changes in reporting rather than changes in 

alcohol use

Though this study did not test the processes via which alcohol use may influence ART 

adherence, the global association identified is consistent with adherence theory suggesting 

alcohol use may be a key moderator of adherence processes (15). Further theory-driven 

study is needed to explore the mechanisms via which changes in alcohol use influence 

adherence over time in order to build on and inform integrated interventions addressing both 

outcomes (60–62) and build off prior ART adherence interventions that target reductions in 

alcohol use. This work should include exploration of factors such as shared psychological 

processes (e.g., low health-related motivation; low health-related self-efficacy, and/or 

depression) (21, 22), which could serve as “third factors” that contribute to the observed 

covariation in alcohol use and ART adherence.

This study is limited in several ways. First, given the conduct of the study among VA 

outpatients with HIV and ART prescriptions, findings may not be generalizable to PLWH 

who do not receive VA care or those not linked to healthcare. Further, the sample limited the 

conduct of gender-specific analyses due to relatively small numbers of women (especially 

those with heavy and/or changing alcohol use). Though beyond the scope of the present 

study, exploration of gender differences in associations between alcohol use and ART 

adherence over time may be necessary as alcohol use may have greater impact on HIV-

related outcomes among women than men (63). Similarly, the samples of PLWH with 

markers of suboptimal adherence were relatively small, thus analyses in these subsamples 

may have been underpowered. Additionally, reliance on EHR data and use of pragmatic 

clinical measures may have limited measurement of alcohol use and ART adherence, 

resulting in some misclassification, and decreases in both alcohol use and adherence may 

reflect regression to the mean. Though AUDIT-C is a validated screen that corresponds well 

to alcohol consumption based on in-depth interview measures, and VA studies using a 

biomarker have suggested that on average AUDIT-C data from VA’s EHR is a valid marker 

of change, clinical AUDIT-C data are susceptible to under reporting due to nonstandard 

administration and stigma (58, 59, 64–66). Additionally, though over 96% of PLWH 

receiving VA care report receiving ART through VA’s pharmacy (67), the present study 

would have missed ART doses received outside VA.

Despite these limitations, the VA is the nation’s largest healthcare provider for PLWH; thus, 

use of VA data allows us to study nationally representative trends. The present study is the 

first to assess whether individual-level increases and decreases in alcohol use on a clinical 
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screen are associated with continuous changes in adherence to ART over time in a large 

unrecruited sample. In this national sample of PLWH, ART adherence was sensitive to 

changes in AUDIT-C documented in the EHR, particularly among the majority of PLWH 

whose HIV was initially controlled (those with suppressed viral load and/or high levels of 

initial adherence). Of note, dynamic alcohol use, reflected by changes in AUDIT-C in both 

directions, was associated with greater decreases in adherence over time compared to stable 

AUDIT-C. Dynamic alcohol use may reflect underling alcohol use disorder, and findings 

may suggest that a patient’s highest AUDIT-C is of key importance with regard to predicting 

ART adherence and may be the most important intervention target. Though further work is 

needed to understand mechanisms for changes in adherence associated with changes in 

alcohol use, findings suggest that PLWH who exhibit high AUDIT-C scores at any time 

point and/or large changes in alcohol use may be at risk for clinical deterioration and 

ultimately may require adherence and alcohol use interventions. Given the known dangers of 

alcohol use for PLWH, and the lifesaving effects of ART, providers of HIV care should 

continue vigilant focus on supporting consistent non-drinking or low levels of alcohol use 

and consistent adherence to ART regimens. Although ART potency has increased over time, 

and PLWH with lower adherence appear to be benefiting (2, 4, 68), levels of adherence at 

which ART efficacy decreases are unclear, and all PLWH should be encouraged to maintain 

high levels of adherence.
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Figure 1: 
Adjusted* Mean Change in Percent Days Adherent to Antiretroviral Treatment (ART) 

Estimated for each AUDIT-C Change Score in a National Sample of VA Patients with HIV 

(n = 67,330 observations/pairs of screens)
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Figure 2: 
Adjusted* Association between Change in AUDIT-C and Change in Percent Days Adherent 

to Antiretroviral Treatment in a National Sample of Patients with HIV: Stratified by initial 

Detectable versus Suppressed Viral Load (HIV RNA ≥500 versus <500 copies/ml) and 

initial Adherence (≥95% versus <95% days adherent) (n = 67,330 observations)
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Appendix 1: 
Adjusted* Association between Change in AUDIT-C and Change in Percent Days Adherent 

to Antiretroviral Treatment in a National Sample of Patients Living with HIV: Stratified by 

Initial AUDIT-C Risk Group (n = 67,330 observations)
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Table I.

Characteristics of VA Patients Living with HIV with at least one pair of annual alcohol screens and who filled 

at least One Prescription for Antiretroviral Treatment (ART) Medications in the Year Prior to an Initial and 

Follow-up AUDIT-C Screen (n=21,275 Patients): Estimates Derived at the Time of the First Initial AUDIT-C 

screening

Characteristic N (%)

Total 21,275 (100.0)

Demographics

Gender (Female) 556 (2.6)

Age

 <50 7,312 (34.4)

 50 – 64 11,763 (55.3)

 ≥65 2,200 (10.3)

Race/Ethnicity

 Black 10,177 (47.8)

 Hispanic 1,775 (8.3)

 White 8,737 (41.1)

 Other/Unknown 586 (2.8)

MH and SUD

Depressive Disorder 6,875 (32.3)

Anxiety Disorder 2,067 (9.7)

Serious Mental Illness 2,152 (10.1)

Stimulant Use Disorder 349 (16)

Opioid Use Disorder 824 (3.9)

Other Drug Use Disorder 1,747 (8.2)

Alcohol Use Disorder 3,131 (14.7)

Alcohol Use Severity

Initial Alcohol Use Risk Group

 Non-Drinking (AUDIT-C=0) 10,274 (48.3)

 Lower-Level Use (AUDIT-C=1–3, 1–2 women) 8,384 (39.4)

 Medium-Level Use (AUDIT-C 4–5, 3–5 women) 1,557 (7.3)

 High-Level Use (AUDIT-C 6–7) 469 (2.2)

 Very High-Level Use (AUDIT-C 8–12) 591 (2.8)

HIV Clinical Measures

Suppressed Viral Load (n=16,934
a
)

14,910 (88.0)

Percent days ART adherent (mean, SD) 85% (21.1)

≥95% ART Adherent 11,290 (53.1)

a
n=4,341 with missing HIV RNA lab values
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Table II.

Mean Initial Percent Days Adherent to Antiretroviral Treatment Across First Initial Alcohol Use Risk Groups 

Measured Using AUDIT-C Scores (n=21,275 patients)

Initial Alcohol Use Risk Groups 
a

N

Initial Adherence (% days)

Mean (SD) 
b

Non-Drinking (AUDIT-C=0) 10,274 86.7% (20.4%)

Lower-Level Use (AUDIT-C=1–3, 1–2 women) 8,384 85.2% (21.1%)

Medium-Level Use (AUDIT-C 4–5, 3–5 women) 1,557 83.4% (22.0%)

High-Level Use (AUDIT-C 6–7) 469 81.2% (23.0%)

Very High-Level Use (AUDIT-C 8–12) 591 76.8% (25.8%)

a
Defined consistent with clinically-relevant cut-points identifying increased risk of morbidity and mortality

b
non-parametric test for trend p<0.001, z = −13.92)
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Table III.

Association between AUDIT-C change scores and change in Adherence: Results of contrast tests for 

comparison of mean changes in adherence

AUDIT-C 
Change 
Score

Predicted Change 
in Adherence

Comparison 
AUDIT-C Change 

Score

Predicted Change in 
Adherence for Comparison 

Change Score

Test Statistic p-value

N Δ (95% CI) N Δ (95% CI)

0 37,342 −2.34 (−2.60, −2.08) −2 3,009 −3.49 (−3.95, −3.02) 20.74 <0.001

−5 354 −4.09 (−4.80, −3.38) 22.26 <0.001

+2 3,347 −3.27 (−3.71, −2.82) 14.92 0.0001

+5 391 −4.15 (−4.79, −3.52) 29.72 <0.001

+5 391 −4.15 (−4.79, −3.52) −5 354 −4.09 (−4.80, −3.38) −0.99 08977

+8 174 −5.01 (−6.18, −3.84) 7.11 0.0077

+8 174 −5.01 (−6.18, −3.84) −8 149 −4.65 (−6.00, −3.31) 0.16 0.6910
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