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Abstract

We examined HIV viral load non-suppression (=200 copies/mL) subsequent to person-periods
(3-18 months) bookended by two self-reports of alcohol use on a standardized patient reported
outcome assessment among adults in routine HIV care. We examined the relative risk (RR) of non-
suppression associated with increases and decreases in alcohol use (relative to stable use),
stratified by use at the start of the person-period. Increases in drinking from abstinence were
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associated with higher risk of viral non-suppression (low-risk without binge: RR=1.16, 95% ClI
1.03, 1.32; low-risk with binge: RR=1.35, 95% CI 1.11, 1.63; high-risk: RR=1.89, 95% CI 1.16,
3.08). Decreases in drinking from high-risk drinking were weakly, and not statistically
significantly associated with lower risk of viral non-suppression. Other changes in alcohol use
were not associated with viral load non-suppression. Most changes in alcohol consumption among
people using alcohol at baseline were not strongly associated with viral non-suppression.

Keywords

Alcohol Drinking; Drinking Behavior; HIV infections; Prospective Studies; Patient Reported
Outcome Measures; Viral Load

INTRODUCTION

Over half (53-66%) of persons with HIV (PWH) engaged in clinical care report recent
alcohol use, one in three report heavy episodic drinking (binge), and between one in four
and one in twelve (8-29%) report hazardous alcohol use.(1-5) Most, but not all, prior studies
have reported associations between hazardous or binge drinking and poor clinical outcomes
including: lower probability of being retained in HIV care; higher probability of having
missed visits; delayed initiation of antiretroviral therapy (ART), worse ART adherence, and
lower probability of achieving viral suppression while on ART; and poor overall health.(3,
6-15)

The US Strategic Plan to End the HIV Epidemic includes one pillar to “treat HIV infection
rapidly and effectively to achieve sustained viral suppression.”(16) Yet among persons
successfully engaged in routine HIV care and prescribed ART, there remains a not
inconsequential minority who are not consistently virally suppressed.(17, 18) If it is true that
abstinence from alcohol or low-risk drinking is associated with better HIV outcomes
including sustained viral suppression, the logical next question is whether we can improve
viral suppression by reducing alcohol intake. Yet few studies have considered how changes
in alcohol use, and in particular, changes stratified by prior alcohol use, are associated with
HIV clinical outcomes.(6,19, 20) Prior alcohol use is likely to modify the effect of changes
in alcohol use, if such effects exist, because a small absolute reduction in drinks/week is a
large relative reduction among persons drinking rarely, but a small relative reduction among
persons drinking heavily. The goal of this study was to estimate the probability viral non-
suppression associated with changes in alcohol use among PWH who are prescribed ART.

METHODS

Study sample

The Centers for AIDS Research (CFAR) Network of Integrated Clinical Systems (CNICS) is
a collaborative, prospective, clinical cohort of adults aged =18 years engaged in HIV clinical
care (defined as attending at least two clinic visits) at one of eight academic medical centers
across the United States who agreed to share their data. CNICS data include patient
demographic and clinical characteristics including likely route of HIV acquisition,

AIDS Behav. Author manuscript; available in PMC 2022 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lesko et al.

Exposure

Page 3

laboratory measurements, diagnoses, and prescribed medications.(21) Additionally, all sites
have implemented collection of patient-reported measures and outcomes (PROs). PROs are
collected by Computer-Assisted Self-Interview Software tools on a subset of patients
approximately every six months in connection with an HIV clinic visit.(22) Patient
characteristics recorded on the PRO assessments include quantity and frequency of alcohol
use and binge drinking on a version of the Alcohol Use Disorders Identification Test
(AUDIT-C) modified such that patients were asked to provide more granular responses to
how much and how often they drank alcohol;(23-25) current and past drug use on the
National Institute of Drug Abuse (NIDA)-modified Alcohol, Smoking and Substance
Involvement Test (ASSIST);(26, 27) panic symptoms on the Patient Health Questionnaire-
Panic Disorders (PHQ-PD);(28) and depressive symptoms on the PHQ-8.(29, 30)

Because we were interested in changes in alcohol consumption, the unit of analysis in this
study was a set of paired PROs (a person-period). We included all person-periods where the
initial PRO (the first PRO) was collected between January 2010 and the site-specific
administrative censoring date (October 2014-December 2017) and there was a subsequent
PRO (the second PRO) within 3-18 months. We restricted study to person-periods where the
patient had an active prescription for ART at the time of the first PRO.

We calculated average drinks/week from the reported quantity (average number of drinks per
drinking occasion) and frequency (average number of drinking days per week or month) of
drinking reported on the first two questions of the modified AUDIT-C. (While there are 5
standard responses on the AUDIT-C to each question, we expanded the highest option to the
first question, “How often do you have a drink containing alcohol?” from “4 or more times
per week” to “4-5 times per week” and “6-7 times per week.” We also expanded options to
the second question, “How many drinks do you have on a typical day when you are
drinking?” from ranges, e.g., “1 or 2,” to all integer values up to “10 or more,” e.g., “1” and
“2”. Thus we could get more accurate number of drinks/week than had we used the standard
AUDIT-C responses.) Risk was defined according to NIAAA-defined drinking levels. Low-
risk was classified as drinking on average >0 and <7 drinks/week for women, or >0 and <14
drinks/week for men. High-risk consumption was >7 drinks/week for women or >14 drinks/
week for men. Binge drinking was defined as consuming =4 drinks on one occasion for
women or =5 drinks for men.(23, 24) Patients were asked about frequency of binge drinking
and we classified patients as exposed to binge drinking for a period where any binge
drinking (i.e., =1 instance) was reported. We classified patients’ alcohol use reported on the
first PRO as: non-drinking; low-risk drinking without binge; low-risk drinking with binge;
and high-risk drinking.

We classified alcohol use on the second PRO, according to the same categories, but then we
further categorized person-periods with alcohol use in the same category on both PROs into:
person-periods in which the exact same average drinks/week was reported on both PROs
(“no change™); person-periods in which drinks/week increased but stayed in the same
category; and person-periods in which drinks/week decreased but stayed in the same
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category. The referent condition within each stratum was maintaining the exact same number
of drinks/week and presence/absence of binge drinking as was reported on the first PRO.

Our outcome of interest was viral load non-suppression (=200 copies/mL) in the window 2
weeks before to 6 months after the second PRO in each person-period. If there was more
than one viral load measurement in that window, we analyzed the viral load measurement
closest to the date of the second PRO. If there was not a viral load measurement in the
window, to avoid possible selection bias due to exclusion of person-periods where patients
were more stable on treatment, we multiply imputed a viral load along with all the covariates
used for adjustment (see below).

We adjusted for covariates expected to be associated with HIV viral load and alcohol
consumption (i.e., potential confounders), all measured at or prior to the first PRO: sex; race/
ethnicity; HIV acquisition risk factors, being a man who has sex with men (MSM), and
history of injection drug use (IDU); calendar year; CNICS clinic; modified VACS index (as
a summary of overall health), which is a function of age, CD4 cell count, hemoglobin, liver
fibrosis as measured by FIB-4,(31) kidney function as measured by estimated glomerular
filtration rate,(32) and hepatitis C viral infection (VACS index also includes viral load, but to
avoid over-adjustment, we did not include viral load in our calculation of the VACS);(33)
recent and prior cocaine use, opioid use, methamphetamine use, and marijuana use; panic
symptoms; mild, moderate, or severe depressive symptoms; and current smoking. We
adjusted for the VACs index by modeling it with a restricted quadratic spline with knots at
the 51, 35t 65t and 95! percentiles.(34)

Statistical analyses

We estimated relative risks of viral non-suppression associated with category of alcohol
consumption on the second PRO using log-binomial models, stratified according to alcohol
consumption patterns reported on the first PRO. To account for repeated measurements on
individuals (i.e., possibly multiple person-periods per individual), we estimated all models
with generalized estimating equations (GEE) with an exchangeable working correlation
matrix.(35)

We adjusted for covariates through standardization with inverse probability of exposure
weighting. We estimated the weights using predicted probabilities from a set of multinomial
logistic regression models (one for each strata of alcohol consumption on the first PRO)
regressing category of alcohol consumption on the second PRO on all covariates listed
above.

We report the frequency of missing data in tables 1 and 2. For all reported risk ratios, we
accounted for missing data (on components of reported alcohol use, covariates, or viral load)
by multiply imputed missing values.(36-39) We generated 20 complete datasets using
multiple imputation with chained equations, conducted analyses in each of the datasets with
imputed values, and combined the results using Rubin’s rules.(37, 38) As is recommended,
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the imputation models leveraged all covariates in table 1 (including individual components
of multi-dimensional indices), the exposure (included as individual components of quantity
and frequency of alcohol use and frequency of binge drinking on both the first and second
PRO), the outcome, and auxiliary covariates: all available laboratory measurements available
around the second PRO, depressive and panic symptoms on the second PRO, and drug use
on the second PRO.

We conducted secondary analyses in which the associations between alcohol use and viral
non-suppression were estimated separately for men and women because men and women
have been shown to have different expectancies for, reactions to and consequence of alcohol
use.(7, 40-42)

RESULTS

There were 10,080 patients who contributed 41,335 person-periods to this analysis. The
majority of patients were male (83%) and reported MSM as an HIV acquisition risk factor
(66%). Forty-four percent identified as non-Hispanic Whites, 38% as non-Hispanic Black,
and 15% as Hispanic. Median age at the first PRO was 46 (IQR: 38, 53) and median CD4
cell count was 496 cells/uL (IQR: 311, 698). Substance use, panic symptoms, and depressive
symptoms were not uncommon in this sample: 36% smoked tobacco, 7% reported cocaine
use in the prior 6 months, 3% reported opioid use in the prior 6 months, 25% reported panic
symptoms, and 22% reported moderate to severe depressive symptoms (table 1). Patients
contributed a median of 3 (interquartile range [IQR]: 1, 6) person-periods to this analysis.
Median (IQR) months between the first and second PRO across all person-periods was 6.3
(5.2,9.4).

Across person-periods, on the first PRO, patients reported not drinking 39% of the time;
low-risk drinking without binge was reported 33% of the time; low-risk drinking with binge
was reported 24% of the time; and high-risk drinking was reported 4% of the time. On the
second PRO, patients reported not drinking 41% of the time; low-risk drinking without
binge was reported 32% of the time; low-risk drinking with binge was reported 24% of the
time; and high-risk drinking was reported 3% of the time. Abstinence was reported on the
second PRO 15% of the time when the first PRO indicated low-risk drinking without binge;
8% of the time when the first PRO indicated low-risk drinking with binge; and 8% of the
time when the first PRO indicated high-risk drinking. Increases and decreases in drinks/
week between the first and second PRO while maintaining the same drinking category were
relatively common (table 2). Median (IQR) increases in drinks/week within a drinking
category were 1.2 (0.5, 2.2) for low-risk drinking without binge, 2.3 (1, 4) for low-risk
drinking with binge, and 9 (6.5, 15) for high-risk drinking. Median (IQR) decreases in
drinks/week within a drinking category were —1.2 (-2.0, —0.4) for low-risk drinking without
binge, —2.4 (-4.5, —1) for low-risk drinking with binge, and —8 (-15, —6.1) for high-risk
drinking.

Persons who reported abstaining from drinking across both PROs were older, more likely to
be female, more likely to report IDU as an HIV acquisition risk factor, less likely to report
cocaine or opioid use, and had a higher median modified VACS index (i.e. had worse
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health). Persons who reported stable drinking across both PROs were more likely to report
MSM as an HIV acquisition risk factor and less likely to report current tobacco smoking.
Compared to persons and person-periods across which stable drinking was reported, persons
who reported increasing alcohol use over the person-periods were more likely to have a
history of IDU; more likely to report current tobacco smoking, cocaine, and opioid use; and
slightly more likely to report panic and depressive symptoms. Characteristics of persons and
person-periods across which alcohol use increased or decreased were remarkably similar
(table 1).

Median time from the second PRO to the outcome viral load was 112 days (IQR: 14, 160).
In the crude data, risk of unsuppressed viral load was 9.9% (4620 were missing). Overall
(not stratified by prior reported drinking), there was a positive association between drinking
reported on the second PRO and viral non-suppression (table 3).

In crude data, relative to no change in alcohol consumption, only an increase in alcohol
consumption was associated with an increased risk of viral non-suppression (RR=1.23, 95%
Cl: 1.11, 1.36). A decrease in alcohol consumption was not associated with viral non-
suppression (RR=0.96, 95% CI: 0.69, 1.32). After adjustment, any increase in alcohol
consumption was associated with an increased risk of viral non-suppression (RR=1.22, 95%
Cl: 1.10, 1.36) and any decrease in alcohol consumption was associated with a decreased
risk of viral non-suppression, but not statistically significantly so (RR=0.77, 95% ClI: 45,
1.33). These associations differed across strata of baseline drinking (median p-value for
interaction across multiple imputations was 0.04). If we excluded person-periods in which
abstinence was reported on the first PRO, relative to no change in alcohol consumption there
was no association between viral non-suppression and increases (RR=1.03, 95% CI: 0.91,
1.17) or decreases in alcohol use (RR=0.98, 95% CI: 0.86, 1.12). These associations did not
differ across strata of baseline drinking (median p-value for interaction across multiple
imputations was 0.3). After adjustment, when abstinence was reported on the first PRO,
relative to stable abstinence, increases in drinking were associated with higher risk of viral
non-suppression (RR for low-risk drinking without binge=1.16, 95% CI: 1.03, 1.32; RR for
low-risk drinking with binge=1.35, 95% CI: 1.11, 1.63; RR for high-risk drinking=1.89,
95% ClI: 1.16, 3.08). When low-risk drinking, with or without binge, was reported on the
first PRO, there was essentially no association between reported drinking on the second PRO
and viral load suppression. When high-risk drinking was reported on the first PRO, relative
to stable, high-risk drinking, decreases in drinking were associated with lower risk of viral
non-suppression, but precision for these estimates was poor and estimates were statistically
indistinguishable from each other and from the null (table 4).

Abstinence was reported on the first PRO for 36% of person-periods contributed by men,
and 53% of person-periods contributed by women. Men and women were similarly likely to
report high-risk drinking on the first PRO (4% and 5%, respectively), men were more likely
to report low-risk drinking without binge (34% versus 28% in women) and with binge (26%
versus 15% in women). Despite differences in frequency and intensity of alcohol
consumption, the associations between level of alcohol consumption and viral non-
suppression were very similar for men and women (table 4) and there was no statistically
significant interaction between sex and change in alcohol use or baseline alcohol use.
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DISCUSSION

After adjustment, we observed that increases in alcohol use among persons who were
initially abstinent were associated with higher risk of viral non-suppression. There was
otherwise little evidence that increases or decreases in alcohol consumption were strongly
associated with viral load suppression. Taken together, (initiating or) re-initiating alcohol use
presented the highest risk of viral non-suppression and maintenance of abstinence was
associated with the lowest risk of viral non-suppression. Our results apply to CNICS patients
(persons engaged in routine HIV specialty care) who completed at least two PRO
assessments 3-18 months apart. CNICS patients who were less engaged in care (and were
not completing PRO assessments somewhat regularly) were excluded. Thus, if lower
engagement is associated with heavier alcohol use and lower ART adherence, our
conclusions may not generalize to these patients, nor to all patients engaged in care,
regardless of level of engagement.

We observed a positive association between alcohol consumption and viral non-suppression
in the unstratified data (not conditional on prior alcohol use). Our finding is consistent with
some but not all prior studies that have looked at the association between alcohol use at a
single time point and viral suppression or ART adherence.(10, 43) Alcohol may have
physiologic effects on ART concentrations or HIV replication that could contribute to any
observed positive associations between alcohol consumption and viral load.(44, 45)
However, other studies have reported no or very weak associations between alcohol use and
viral load.(46-48) Despite mixed findings for the association between alcohol use and viral
suppression, alcohol use has been relatively consistently associated with lower ART
adherence, poorer retention in care, and lower ART receipt.(10, 49, 50)

This study contributes to a somewhat sparse literature on changes in alcohol consumption
and HIV disease progression. We found that the association between recent alcohol
consumption and viral suppression depended on prior alcohol consumption, in particular,
only increases in alcohol consumption from abstinence were significantly and consistently
associated with viral non-suppression. While the data were consistent with a slight decrease
in the risk of viral non-suppression in person-periods in which patients decreased drinking
from high-risk consumption, overall, increases or decreases in alcohol use among persons
using alcohol at baseline were not strongly associated with viral suppression. Our results are
coherent with prior studies that have considered changes in alcohol consumption and viral
load and found the highest risk of viral non-suppression among person-periods where
alcohol use was increasing, and relatively modest associations overall.(6, 20, 51) Stable
alcohol consumption (primarily stable abstinence) has also been associated with small
improvements in the VACS index, a composite measure of HIV disease severity, while
increases in alcohol consumption were associated with minimal worsening of the VACS
index.(19)

A limitation of this study is that we relied on self-report of alcohol use, which may have
resulted in under-reporting. In the Johns Hopkins HIV Clinical Cohort, hazardous alcohol
use was associated with approximately a 4% higher absolute prevalence of viral non-
suppression compared with no use and this association nearly doubled after adjusting for
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under-reporting of alcohol use.(52) Without further quantitative sensitivity analyses, it is
difficult to predict the direction of bias in this study.(53)

A strength of this study was our ability to adjust for many covariates that could confound
this association, including a multi-dimensional measure of overall health (VACS index),
mental health symptoms, and other substance use. However, we have described associations
between observed changes in alcohol consumption and viral suppression, and our results
may be due to unmeasured confounders. That is, the precipitating factors that cause someone
to increase or decrease their alcohol intake may also cause increased or decreased ART
adherence, and the associations (or lack thereof) we see may be the result of these
precipitating factors rather than the result of changing alcohol consumption. In particular,
the lack of any improvements in viral suppression associated with a switch to alcohol
abstinence could be the result of the “sick quitter” phenomenon.(54)

If this is the case, interventions to reduce alcohol consumption may have different effects on
ART adherence and viral suppression than seen here.(50, 55-58) In particular, interventions
that prompt decreases in alcohol consumption may have greater effects on viral suppression
than we observed in our cohort in the absence of a specific intervention aimed at alcohol use.
(59) An 8-session motivational interviewing intervention for alcohol use was associated with
improvements in ART adherence and viral load, but not decreases in alcohol consumption.
(55) In contrast, a different, 2-session brief intervention targeting hazardous alcohol use was
associated with slight reductions drinking frequency but not improvements in viral load
suppression.(60) Among youth living with HIV, a motivational interviewing intervention
targeting multiple risk behaviors including substance use, sexual risk, and ART adherence
was associated with significant declines in viral load at 6 months post-intervention, but not
at 9 months.(61, 62) Extended-release naltrexone among incarcerated individuals
transitioning to the community was associated with both reductions in alcohol consumption
and increased odds of viral suppression.(57)

While there are reasons, detailed above, why the associations described in this study are
explainable by unmeasured confounding or why they may not equal the effect of
interventions to reduce alcohol use, it is also possible that these associations are equal to the
effect of changes in alcohol use on viral load. Specifically, we now detail some reasons that
we might expect that only increases in use from abstinence are associated with viral non-
suppression, and that decreases in alcohol use do not meaningfully improve the probability
of viral suppression, nor do increases in alcohol use among persons who are already
drinking meaningfully decrease the probability of viral suppression. Changing drinking
behavior (including decreasing alcohol consumption) can have wide-reaching effects on
one’s life, including disrupting social support,(54) changing mental health symptoms,(63) or
changing other patterns of drug use. Even if alcohol use is negatively associated with ART
adherence, the level of adherence required for viral suppression is dropping as ART
regimens improve(64, 65) (and perhaps also as the duration of ART use increases).(66)
Although =95% adherence was required to maintain viral suppression on unboosted protease
inhibitor regimens, that dropped to approximately 80% on boosted protease inhibitors,(67)
and even lower on nonnucleoside reverse transcriptase inhibitors (adherence levels of
54-100% were associated with high levels of viral suppression).(68) There is some
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consensus that 80-90% adherence on newer regimens is associated with high levels of viral
suppression.(65, 69) As regimens containing integrase inhibitors become more widely used,
the level of adherence required for viral suppression may drop even further,(70) and thus the
potential range of influence of alcohol use on viral suppression (through modest changes in
ART adherence) may be limited.

In conclusion, although in general, higher levels of alcohol consumption were associated
with worse viral suppression, this association was modified by prior alcohol consumption.
Increasing alcohol use following a period of abstinence was strongly associated with higher
risk of unsuppressed viral load. Decreasing alcohol use following a period of high-risk
drinking was possibly weakly and not statistically significantly associated with decreased
risk of unsuppressed viral load. Other changes in alcohol use (i.e., following a period of low-
risk drinking) were not strongly associated with viral load suppression. It is important to
consider patterns of alcohol use, beyond just prevalent consumption patterns, when
estimating the impact of alcohol use on HIV disease progression and severity.

ACKNOWLEDGEMENTS

The authors have no conflicts to declare. This work was funded by grants from the National Institutes of Health
including KO1 AA028193, K24 AA027483, R24 Al067039, U24 AA020801, P30 A1094189, P30 Al027767, P30
AIl027757, P30 Al036214, P30 Al027763, P30 Al036219, U01 DA036935, P30 Al060354, P30 Al050410, and
U01 AA020793.

REFERENCES

1. Crane HM, McCaul ME, Chander G, Hutton H, Nance RM, Delaney JAC, et al. Prevalence and
Factors Associated with Hazardous Alcohol Use Among Persons Living with HIV Across the US in
the Current Era of Antiretroviral Treatment. AIDS Behav. 2017;21(7):1914-25. [PubMed:
28285434]

2. Galvan FH, Bing EG, Fleishman JA, London AS, Caetano R, Burnam MA, et al. The prevalence of
alcohol consumption and heavy drinking among people with HIV in the United States: results from
the HIV Cost and Services Utilization Study. Journal of studies on alcohol. 2002;63(2):179-86.
[PubMed: 12033694]

3. Chander G, Lau B, Moore RD. Hazardous alcohol use: a risk factor for non-adherence and lack of
suppression in HIV infection. J Acquir Immune Defic Syndr. 2006;43(4):411-7. [PubMed:
17099312]

4. Marshall BD, Operario D, Bryant KJ, Cook RL, Edelman EJ, Gaither JR, et al. Drinking trajectories
among HIV-infected men who have sex with men: a cohort study of United States veterans. Drug
Alcohol Depend. 2015;148:69-76. [PubMed: 25596785]

5. Neblett RC, Hutton HE, Lau B, McCaul ME, Moore RD, Chander G. Alcohol consumption among
HIV-infected women: impact on time to antiretroviral therapy and survival. J Womens Health
(Larchmt). 2011;20(2):279-86. [PubMed: 21281111]

6. Barai N, Monroe A, Lesko C, Lau B, Hutton H, Yang C, et al. The Association Between Changes in
Alcohol Use and Changes in Antiretroviral Therapy Adherence and Viral Suppression Among
Women Living with HIV. AIDS Behav. 2017;21(7):1836—45. [PubMed: 27752873]

7. Hutton HE, McCaul ME, Chander G, Jenckes MW, Nollen C, Sharp VL, et al. Alcohol use, anal sex,
and other risky sexual behaviors among HIV-infected women and men. AIDS Behav.
2013;17(5):1694-704. [PubMed: 22566077]

8. Vagenas P, Azar MM, Copenhaver MM, Springer SA, Molina PE, Altice FL. The Impact of Alcohol
Use and Related Disorders on the HIV Continuum of Care: a Systematic Review. Current HIV/
AIDS Reports. 2015;12(4):421-36. [PubMed: 26412084]

AIDS Behav. Author manuscript; available in PMC 2022 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lesko et al.

Page 10

9. Hahn JA, Cheng DM, Emenyonu NI, Lloyd-Travaglini C, Fatch R, Shade SB, et al. Alcohol use and
HIV disease progression in an antiretroviral naive cohort. JAIDS Journal of Acquired Immune
Deficiency Syndromes. 2018;77(5):492-501. [PubMed: 29303844]

10. Cook R, Zhou Z, Kelso-Chichetto N, Janelle J, Morano J, Somboonwit C, et al. Alcohol
consumption patterns and HIV viral suppression among persons receiving HIV care in Florida: an
observational study. Addiction science & clinical practice. 2017;12(1):22. [PubMed: 28950912]

11. Marshall BD, Tate JP, McGinnis KA, Bryant KJ, Cook RL, Edelman EJ, et al. Long-term alcohol
use patterns and HIV disease severity. AIDS (London, England). 2017;31(9):1313.

12. Wu ES, Metzger DS, Lynch KG, Douglas SD. Association between alcohol use and HIV viral load.
Journal of acquired immune deficiency syndromes (1999). 2011;56(5):e129. [PubMed: 21532918]

13. Hendershot CS, Stoner SA, Pantalone DW, Simoni JM. Alcohol use and antiretroviral adherence:
review and meta-analysis. Journal of acquired immune deficiency syndromes (1999).
2009;52(2):180. [PubMed: 19668086]

14. Kelso-Chichetto NE, Plankey M, Abraham AG, Ennis N, Chen X, Bolan R, et al. Association
between alcohol consumption trajectories and clinical profiles among women and men living with
HIV. The American journal of drug and alcohol abuse. 2018;44(1):85-94. [PubMed: 28621562]

15. Lesko CR, Tong W, Moore RD, Lau B. Retention, Antiretroviral Therapy Use and Viral
Suppression by History of Injection Drug Use Among HIV-Infected Patients in an Urban HIV
Clinical Cohort. AIDS Behav. 2017;21(4):1016-24. [PubMed: 27752872]

16. Fauci AS, Redfield RR, Sigounas G, Weahkee MD, Giroir BP. Ending the HIV Epidemic: A Plan
for the United States. JAMA : the journal of the American Medical Association. 2019;321(9):844—
5. [PubMed: 30730529]

17. Yehia BR, Fleishman JA, Metlay JP, Moore RD, Gebo KA. Sustained Viral Suppression in HIV-
Infected Patients Receiving Antiretroviral Therapy. JAMA : the journal of the American Medical
Association. 2012;308(4):339-42. [PubMed: 22820781]

18. Nance RM, Delaney JC, Simoni JM, Wilson 1B, Mayer KH, Whitney BM, et al. HIV viral
suppression trends over time among HIV-infected patients receiving care in the United States,
1997 to 2015: a cohort study. Annals of internal medicine. 2018;169(6):376-84. [PubMed:
30140916]

19. Williams EC, McGinnis KA, Tate JP, Matson TE, Rubinsky AD, Bobb JF, et al. HIV Disease
Severity is Sensitive to Temporal Changes in Alcohol Use: A National Study of VA Patients with
HIV. J Acquir Immune Defic Syndr. 2019.

20. Williams EC, McGinnis KA, Bobb JF, Rubinsky AD, Lapham GT, Skanderson M, et al. Changes
in alcohol use associated with changes in HIV disease severity over time: A national longitudinal
study in the Veterans Aging Cohort. Drug and alcohol dependence. 2018;189:21-9. [PubMed:
29859388]

21. Kitahata MM, Rodriguez B, Haubrich R, Boswell S, Mathews WC, Lederman MM, et al. Cohort
profile: the Centers for AIDS Research Network of Integrated Clinical Systems. Int J Epidemiol.
2008;37(5):948-55. [PubMed: 18263650]

22. Crane HM, Lober W, Webster E, Harrington RD, Crane PK, Davis TE, et al. Routine collection of
patient-reported outcomes in an HIV clinic setting: the first 100 patients. Current HIV research.
2007;5(1):109-18. [PubMed: 17266562]

23. Bradley KA, DeBenedetti AF, Volk RJ, Williams EC, Frank D, Kivlahan DR. AUDIT-C as a brief
screen for alcohol misuse in primary care. Alcoholism: Clinical and Experimental Research.
2007;31(7):1208-17.

24. Bush K, Kivlahan DR, McDonell MB, Fihn SD, Bradley KA. The AUDIT alcohol consumption
questions (AUDIT-C): an effective brief screening test for problem drinking. Ambulatory Care
Quality Improvement Project (ACQUIP). Alcohol Use Disorders Identification Test. Arch Intern
Med. 1998;158(16):1789-95. [PubMed: 9738608]

25. Higgins-Biddle JC, Babor TF. A review of the Alcohol Use Disorders Identification Test (AUDIT),
AUDIT-C, and USAUDIT for screening in the United States: Past issues and future directions. Am
J Drug Alcohol Abuse. 2018;44(6):578-86. [PubMed: 29723083]

AIDS Behav. Author manuscript; available in PMC 2022 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lesko et al.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Page 11

Humeniuk R, Ali R, Babor TF, Farrell M, Formigoni ML, Jittiwutikarn J, et al. Validation of the
Alcohol, Smoking And Substance Involvement Screening Test (ASSIST). Addiction.
2008;103(6):1039-47. [PubMed: 18373724]

WHO ASSIST Working Group. The alcohol, smoking and substance involvement screening test
(ASSIST): development, reliability and feasibility. Addiction. 2002;97(9):1183-94. [PubMed:
12199834]

Wittkampf KA, Baas KD, van Weert HC, Lucassen P, Schene AH. The psychometric properties of
the panic disorder module of the Patient Health Questionnaire (PHQ-PD) in high-risk groups in
primary care. Journal of affective disorders. 2011;130(1-2):260-7. [PubMed: 21075451]

Kroenke K, Spitzer RL. The PHQ-9: a new depression diagnostic and severity measure. Psychiatric
annals. 2002;32(9):509-15.

Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression severity measure. J
Gen Intern Med. 2001;16(9):606-13. [PubMed: 11556941]

Vallet-Pichard A, Mallet V, Nalpas B, Verkarre V, Nalpas A, Dhalluin-Venier V, et al. FIB-4: an
inexpensive and accurate marker of fibrosis in HCV infection, comparison with liver biopsy and
fibrotest. Hepatology. 2007;46(1):32—6. [PubMed: 17567829]

Stevens LA, Coresh J, Greene T, Levey AS. Assessing kidney function—measured and estimated
glomerular filtration rate. New England Journal of Medicine. 2006;354(23):2473-83.

Justice AC, Modur S, Tate JP, Althoff KN, Jacobson LP, Gebo K, et al. Predictive accuracy of the
Veterans Aging Cohort Study (VACS) index for mortality with HIV infection: a north American
cross cohort analysis. Journal of acquired immune deficiency syndromes (1999). 2013;62(2):149.
[PubMed: 23187941]

Howe CJ, Cole SR, Westreich DJ, Greenland S, Napravnik S, Eron JJ Jr. Splines for trend analysis
and continuous confounder control. Epidemiology. 2011;22(6):874-5. [PubMed: 21968779]

Hanley JA, Negassa A, Edwardes MD, Forrester JE. Statistical analysis of correlated data using
generalized estimating equations: an orientation. Am J Epidemiol. 2003;157(4):364-75. [PubMed:
12578807]

Lau B, Lesko CR. Missingness in the setting of competing risks: from missing values to missing
potential outcomes. Current Epidemiology Reports. 2018.

Rubin DB. Multiple imputation after 18+ years. Journal of the American Statistical Association.
1996;91(434):473-89.

White IR, Royston P, Wood AM. Multiple imputation using chained equations: Issues and
guidance for practice. Stat Med. 2011;30(4):377-99. [PubMed: 21225900]

Moodie EE, Delaney JA, Lefebvre G, Platt RW. Missing confounding data in marginal structural
models: a comparison of inverse probability weighting and multiple imputation. The international
journal of biostatistics. 2008;4(1).

Bilal U, McCaul ME, Crane HM, Mathews WC, Mayer KH, Geng E, et al. Predictors of
Longitudinal Trajectories of Alcohol Consumption in People with HIV. Alcohol Clin Exp Res.
2018;42(3):561-70. [PubMed: 29265385]

Marshall BDL, Fairbairn N, Li K, Wood E, Kerr T. Physical violence among a prospective cohort
of injection drug users: A gender-focused approach. Drug and Alcohol Dependence.
2008;97(3):237-46. [PubMed: 18487025]

Nolen-Hoeksema S Gender differences in risk factors and consequences for alcohol use and
problems. Clin Psychol Rev. 2004;24(8):981-1010. [PubMed: 15533281]

Paolillo EW, Gongvatana A, Umlauf A, Letendre SL, Moore DJ. At-Risk Alcohol Use is
Associated with Antiretroviral Treatment Nonadherence Among Adults Living with HIVV/AIDS.
Alcoholism: Clinical and Experimental Research. 2017;41(8):1518-25.

Cook RT, Stapleton JT, Ballas ZK, Klinzman D. Effect of a single ethanol exposure on HIV
replication in human lymphocytes. Journal of investigative medicine: the official publication of the
American Federation for Clinical Research. 1997;45(5):265-71. [PubMed: 9249999]

Midde NM, Sinha N, Lukka PB, Meibohm B, Kumar S. Alterations in cellular pharmacokinetics
and pharmacodynamics of elvitegravir in response to ethanol exposure in HIV-1 infected
monocytic (U1) cells. PloS one. 2017;12(2):e0172628. [PubMed: 28231276]

AIDS Behav. Author manuscript; available in PMC 2022 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lesko et al.

46.

47.

48.

49.

50.

5L

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Page 12

Kalichman SC, Grebler T, Amaral CM, McNerney M, White D, Kalichman MO, et al. Viral
suppression and antiretroviral medication adherence among alcohol using HIV-positive adults.
International journal of behavioral medicine. 2014;21 (5):811-20. [PubMed: 24085706]

Conen A, Wang Q, Glass TR, Fux CA, Thurnheer MC, Orasch C, et al. Association of Alcohol
Consumption and HIV Surrogate Markers in Participants of the Swiss HIV Cohort Study. JAIDS
Journal of Acquired Immune Deficiency Syndromes. 2013;64(5):472-8. [PubMed: 23892243]

Nolan S, Walley AY, Heeren TC, Patts GJ, Ventura AS, Sullivan MM, et al. HIV-infected
individuals who use alcohol and other drugs, and virologic suppression. AIDS care.
2017;29(9):1129-36. [PubMed: 28513200]

Matson TE, McGinnis KA, Rubinsky AD, Frost MC, Czarnogorski M, Bryant KJ, et al. Gender
and alcohol use: influences on HIV care continuum in a national cohort of patients with HIV. Aids.
2018;32(15):2247-53. [PubMed: 30005010]

Palepu A, Horton NJ, Tibbetts N, Meli S, Samet JH. Uptake and adherence to highly active
antiretroviral therapy among HIV-infected people with alcohol and other substance use problems:
the impact of substance abuse treatment. Addiction. 2004;99(3):361-8. [PubMed: 14982549]

Lucas GM, Gebo KA, Chaisson RE, Moore RD. Longitudinal assessment of the effects of drug and
alcohol abuse on HIV-1 treatment outcomes in an urban clinic. AIDS. 2002;16(5):767-74.
[PubMed: 11964533]

Lesko CR, Keil AP, Fojo AT, Chander G, Lau B, Moore RD. Recent substance use and probability
of unsuppressed HIV viral load among persons on antiretroviral therapy in continuity care. Am J
Epidemiol. 2019.

van Smeden M, Lash TL, Groenwold RH. Reflection on modern methods: five myths about
measurement error in epidemiological research. International Journal of Epidemiology. 2019.

Lucas N, Windsor TD, Caldwell TM, Rodgers B. Psychological distress in non-drinkers:
associations with previous heavy drinking and current social relationships. Alcohol & Alcoholism.
2009;45(1):95-102. [PubMed: 19917637]

Parsons JT, Golub SA, Rosof E, Holder C. Motivational interviewing and cognitive-behavioral
intervention to improve HIV medication adherence among hazardous drinkers: a randomized
controlled trial. Journal of acquired immune deficiency syndromes (1999). 2007;46(4):443.
[PubMed: 18077833]

Parry CD, Morojele NK, Myers BJ, Kekwaletswe CT, Manda SO, Sorsdahl K, et al. Efficacy of an
alcohol-focused intervention for improving adherence to antiretroviral therapy (ART) and HIV
treatment outcomes—a randomised controlled trial protocol. BMC infectious diseases.
2014;14(1):500. [PubMed: 25212696]

Springer SA, Di Paola A, Barbour R, Azar MM, Altice FL. Extended-release naltrexone improves
viral suppression among incarcerated persons living with HIV and alcohol use disorders
transitioning to the community: results from a double-blind, placebo-controlled trial. JAIDS
Journal of Acquired Immune Deficiency Syndromes. 2018;79(1):92-100. [PubMed: 29781884]

Edelman EJ, Maisto SA, Hansen NB, Cutter CJ, Dziura J, Deng Y, et al. Integrated stepped alcohol
treatment for patients with HIV and alcohol use disorder: a randomised controlled trial. The
Lancet HIV. 2019.

Scott-Sheldon LAJ, Carey KB, Johnson BT, Carey MP, Team MR. Behavioral Interventions
Targeting Alcohol Use Among People Living with HIV/AIDS: A Systematic Review and Meta-
Analysis. AIDS Behav. 2017;21(Suppl 2):126-43. [PubMed: 28831609]

Chander G, Hutton HE, Lau B, Xu X, McCaul ME. Brief Intervention Decreases Drinking
Frequency in HIV-Infected, Heavy Drinking Women: Results of a Randomized Controlled Trial. J
Acquir Immune Defic Syndr. 2015;70(2):137-45. [PubMed: 25967270]

Naar-King S, Parsons JT, Murphy DA, Chen X, Harris DR, Belzer ME. Improving health outcomes
for youth living with the human immunodeficiency virus: a multisite randomized trial of a
motivational intervention targeting multiple risk behaviors. Archives of pediatrics & adolescent
medicine. 2009;163(12):1092-8. [PubMed: 19996045]

Naar-King S, Wright K, Parsons JT, Frey M, Templin T, Lam P, et al. Healthy choices:
motivational enhancement therapy for health risk behaviors in HIV-positive youth. AIDS
Education & Prevention. 2006;18(1):1-11. [PubMed: 16539572]

AIDS Behav. Author manuscript; available in PMC 2022 April 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lesko et al.

63.

64.

65.

66.

67.

68.

69.

70.

Page 13

Sullivan LE, Goulet JL, Justice AC, Fiellin DA. Alcohol consumption and depressive symptoms
over time: a longitudinal study of patients with and without HIV infection. Drug and alcohol
dependence. 2011;117(2-3):158-63 [PubMed: 21345624]

Shuter J Forgiveness of non-adherence to HIV-1 antiretroviral therapy. Journal of Antimicrobial
Chemotherapy. 2008;61(4):769-73.

Viswanathan S, Detels R, Mehta SH, Macatangay BJC, Kirk GD, Jacobson LP. Level of Adherence
and HIV RNA Suppression in the Current Era of Highly Active Antiretroviral Therapy (HAART).
AIDS and Behavior. 2015;19(4):601-11. [PubMed: 25342151]

Rosenblum M, Deeks SG, van der Laan M, Bangsberg DR. The risk of virologic failure decreases
with duration of HIV suppression, at greater than 50% adherence to antiretroviral therapy. PloS
one. 2009;4(9):e7196. [PubMed: 19787058]

Kobin AB, Sheth NU. Levels of adherence required for virologic suppression among newer
antiretroviral medications. Annals of Pharmacotherapy. 2011;45(3):372-9.

Bangsberg DR. Less Than 95% Adherence to Nonnucleoside Reverse-Transcriptase Inhibitor
Therapy Can Lead to Viral Suppression. Clinical Infectious Diseases. 2006;43(7):939-41.
[PubMed: 16941380]

Gordon LL, Gharibian D, Chong K, Chun H. Comparison of HIV virologic failure rates between
patients with variable adherence to three antiretroviral regimen types. AIDS patient care and
STDs. 2015;29(7):384-8. [PubMed: 26114665]

Simoni J, Nance R, Delaney J, Wilson I, Aunon F, Safren S, et al., editors. HIV viral load in US
clinics over time: trends and predictors from CNICS. Conference on Retroviruses and
Opportunistic Infections; 2016.

AIDS Behav. Author manuscript; available in PMC 2022 April 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Lesko et al.

TABLE 1.

Page 14

Demographic and clinical characteristics of ART-experienced people living with HIV across all included
person-periods, 2010-2018, stratified by change in alcohol consumption from first patient-reported outcomes
assessment to second patient-reported outcomes assessment 3-18 months later

Persons Observations
Total Stable, abstaining  Stable, drinking Increasing Decreasing
N 10080 41335 12335 5969 9672 9849
Male? 8339 (82.7) 33640 (81.4) 9263 (75.1) 5127 (85.9) 8157 (84.3) 8369 (85.0)
Age 46 (38, 53) 49 (41, 55) 51 (44, 57) 48 (40, 55) 47 (38, 53) 47 (38, 53)
Race/ethnicity
Black 3789 (37.7) 16871 (41.0) 5701 (46.3) 1958 (33.0) 3785 (39.3) 3765 (38.4)
White 4394 (43.8) 17511 (42.5) 4525 (36.8) 3271 (55.1) 4170 (43.3) 4355 (44.4)
Hispanic 1452 (14.5) 5591 (13.6) 1717 (14.0) 559 (9.4) 1395 (14.5) 1376 (14.0)
Other 406 (4.0) 1205 (2.9) 369 (3.0) 154 (2.6) 281 (2.9) 308 (3.0)
Missing 39 157 23 27 41 45
MSM 6535 (65.8) 26279 (64.2) 6460 (53.1) 4439 (74.9) 6616 (69.0) 6825 (69.9)
IDU 1233 (12.4) 4967 (12.1) 2044 (16.8) 401 (6.8) 1020 (10.6) 1020 (10.4)
Missing 144 407 164 40 87 88
D4 cells /uLb 496 (311, 698) 545 (356, 758) 543 (350, 759) 568 (381, 764) 546 (358, 758) 542 (355, 752)
Missing 165 822 222 113 215 207
Recent
Tobacco smoking 3524 (36.0) 13192 (32.9) 3847 (31.5) 1601 (26.9) 3381 (35.2) 3460 (35.4)
Missing 292 1240 104 26 66 7
Cocaine use 617 (6.8) 2066 (5.4) 262 (2.3) 238 (4.1) 771 (8.3) 600 (6.3)
Missing 1014 3023 869 147 369 268
Opioid use 225 (2.6) 739 (2.1) 152 (1.5) 69 (1.2) 245 (2.8) 212 (2.4)
Missing 1583 5893 2192 318 999 1004
Methamphetamine use 745 (8.3) 2197 (5.8) 408 (3.6) 334 (5.8) 676 (7.3) 643 (6.9)
Missing 1091 3416 1033 167 431 490
Marijuana use 2798 (31.1) 10296 (27.0) 1577 (13.8) 1750 (30.1) 3309 (35.7) 3000 (31.8)
Missing 1086 3146 906 156 413 402
Panic
Disorder 1190 (12.1) 4601 (11.4) 1224 (10.1) 584 (9.9) 1177 (12.3) 1186 (12.2)
Symptoms 1300 (13.2) 4683 (11.6) 1225 (10.1) 680 (11.5) 1185 (12.4) 1155 (11.9)
Missing 215 931 177 65 128 120
Depression
Severe 1005 (10.7) 3497 (8.8) 979 (8.4) 367 (6.2) 862 (9.2) 809 (8.4)
Moderate 1094 (11.7) 4186 (10.5) 1193 (10.3) 514 (8.7) 986 (10.5) 1034 (10.8)
Mild 2159 (23.1) 8620 (21.6) 2378 (20.5) 1225 (20.8) 2128 (22.6) 2101 (21.9)
Missing 721 1437 714 84 257 268
VACS index?¢ 17 (6, 29) 18 (7, 28) 22 (12, 34) 16 (6, 24) 16 (6, 27) 16 (6, 27)
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Persons Observations
Total Stable, abstaining ~ Stable, drinking Increasing Decreasing
Missing 614 2705 764 387 670 662

aNumber (%) unless otherwise specified
b .
Median (IQR)

cModified to exclude contributions of viral load
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Number (percent) of person-periods according to first patient-reported outcomes assessment (rows) and

TABLE 2.

Page 16

. . . a
second patient-reported outcomes assessment (columns, with row percentages in parentheses) alcohol use",

2010-2018, N=41,335

Decrease in alcohol consumption No Increase in alcohol consumption ~ Missing
change
Low- Low- . Low- Low- ;
Total, d’r\:grll;zr risk, risk, I_:,'Ig:g risk, risk, '_:,'ISE

column % no binge binge no binge binge
Non- 15501 12335 1753
drinking (39.2) 831) (11g) 679(46)  84(06) 650
Low-risk, 12863 1808 2091 4124 2141 2015
no binge (32.5) (14.7) 17.0) (335) (174) (164 182@H 552
Low-risk, 9600 2108 2152 1610 2111
binge (24.3) 686 (75)  (230) (23.5) (17.6) @30) 49764 436

N 537 224 260

High-risk 1585 (40)  123(82) 12080)  (35g (149 235(157) (173) 86
Missing 1786 5757 b b b b ar7? arg? 797 216

aNIAAA-defined risk drinking levels and binge drinking

Cannot be determined whether these were indeed increases or decreases in drinking since they were missing drinking on the first patient-reported
outcomes assessment
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Risk ratios (crude and adjusteda) for the association between self-reported drinking on the second patient-
reported outcomes assessment and viral non-suppression, across 41,335 person-periods contributed by 10,080

unique patients engaged in care in CNICS, 2010-2018

Non-drinker

Low-risk, no binge

Low-risk, binge

High-risk

1.03 (0.95, 1.11)
1.02 (0.94, 1.12)
1.08 (0.93, 1.26)

1.09 (1.00, 1.19)
1.09 (0.99, 1.20)
1.16 (0.98, 1.38)

1.26 (1.09, 1.44)
1.24 (1.05, 1.47)
1.30 (1.01, 1.69)

Crude

Overall 1.
Men 1.
Women 1.
Adjusteda

Overall 1.
Men 1.
Women 1

1.09 (1.0, 1.18)
1.08 (0.99, 1.18)
1.11 (0.94, 1.32)

1.17 (1.07, 1.28)
1.17 (1.06, 1.29)
1.19 (0.98, 1.44)

1.24 (1.04, 1.49)
1.22 (1.00, 1.50)
1.33 (0.95, 1.87)

Abbreviations: CNICS, Centers for AIDS Research Network of Integrated Clinical Systems; eGFR, estimated glomerular filtration rate; FIB-4,

Fibrosis-4 Index for Liver Fibrosis; IDU, injection drug use; MSM, men who have sex with men; VACS, Veterans Aging Cohort Study

aAdjustment for sex; race/ethnicity; MSM, IDU; calendar year; CNICS clinic; modified VACS index (a function of age, CD4 cell count,

hemoglobin, FIB-4, eGFR, and hepatitis C viral infection); recent and prior cocaine and opioid use; panic symptoms; depressive symptoms; and

current smoking
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TABLE 4.

Risk ratios (crude and adjusteda) for the association between self-reported drinking at second patient-reported
outcomes assessment (columns) and viral non-suppression, stratified by self-reported drinking at first patient-
reported outcomes assessment (rows), across 41,335 person-periods contributed by 10,080 unique patients
engaged in care in CNICS, 2010-2018

Decrease in alcohol consumption Increase in alcohol consumption
Low-risk, no  Low-risk, High- Low-risk, Low-risk,
Non-drinker binge binge risk No change no binge binge High-risk
Crude
Overall
e ) ) i } 1.16 (1.02, 1.38 (1.16, 1.89 (1.24,
Non-drinker 1. 1.31) 1.64) 2.90)
Low-risk, no 1.21 (1.05, 1.06 (0.91, 1 1.05 (0.92, 1.21 (1.05, 1.05 (0.67,
binge 1.40) 1.22) ' 1.21) 1.40) 1.66)
Low-risk, 1.26 (0.99, 1.18 (0.98, 1.18 (0.98, 1 1.14 (0.96, 1.28 (1.00,
binge 1.60) 1.41) 1.41) ’ 1.35) 1.65)
1.01
c 1.15 (0.67, 0.98 (0.57, 0.89 (0.63, 1.14 (0.78,
High-risk 1.98) 1.69) 1.27) (105617) L 1.67)
Men
. 1.21 (1.05, 1.36 (1.11, 1.95 (1.15,
Non-drinker L 1.40) 1.67) 3.31)
Low-risk, no 1.29 (1.10, 1.11 (0.95, 1 1.12 (0.96, 1.26 (1.08, 0.81 (0.40,
binge 1.52) 1.29) ’ 1.30) 1.47) 1.62)
Low-risk, 1.26 (0.98, 1.15 (0.95, 1.18(0.98, 1 1.14 (0.96, 1.27 (0.96,
binge 1.62) 1.40) 1.43) ’ 1.37) 1.68)
0.97
P 1.13 (0.58, 0.93 (0.47, 0.93(0.62, 1.15 (0.73,
High-risk 2.21) 1.83) 1.40) (105661) 1. 1.80)
Women
g 1.01 (0.80, 1.49 (1.09, 1.75 (0.87,
Non-drinker 1. 1.29) 2.03) 3.49)
Low-risk, no 0.93 (0.69, 0.90 (0.64, 1 0.83(0.59, 1.03 (0.74, 1.15 (0.60,
binge 1.25) 1.26) ’ 1.15) 1.44) 2.19)
Low-risk, 1.14 (0.64, 1.22 (0.75, 1.13 (0.7, 1 1.05 (0.63, 1.17 (0.67,
binge 2.04) 1.98) 1.81) ' 1.76) 2.04)
112
I 1.38 (0.48, 1.13 (0.41, 1.09 (0.49, 1.26 (0.55,
High-risk 3.95) 3.15) 2.44) (207426) L 2.87)
Adjusteda
Overall
s 1.16 (1.03, 1.35 (1.11, 1.89 (1.16,
Non-drinker L 1.32) 1.63) 3.08)
Low-risk, no 1.00 (0.85, 0.99 (0.85, 1 1.00 (0.86, 1.11 (0.95, 0.67 (0.34,
binge 1.17) 1.16) ’ 1.15) 1.30) 1.32)
Low-risk, 0.95 (0.73, 0.98 (0.81, 1.03 (0.85, 1 1.01 (0.85, 0.96 (0.72,
binge 1.24) 1.19) 1.24) : 1.22) 1.26)
0.78
A 0.79 (0.36, 0.65 (0.28, 0.77 (0.43, 0.93 (0.51,
High-risk 1.73) 1.49) 1.37) (10';171)' L 1.68)
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Decrease in alcohol consumption Increase in alcohol consumption
Low-risk, no  Low-risk, High- Low-risk, Low-risk,
Non-drinker binge binge risk No change no binge binge High-risk
Men
. 1.21 (1.04, 1.33 (1.06, 1.68 (0.87,
Non-drinker L 1.41) 1.67) 3.23)
Low-risk, no 1.05 (0.88, 1.03 (0.87, 1 1.05 (0.89, 1.14 (0.96, 0.58 (0.21,
binge 1.26) 1.21) ' 1.24) 1.36) 1.62)
Low-risk, 0.95 (0.71, 0.97 (0.79, 1.03 (0.85, 1 1.02 (0.85, 0.96 (0.70,
binge 1.26) 1.18) 1.26) : 1.23) 1.30)
0.88
I 0.96 (0.42, 0.70 (0.28, 0.88 (0.52, 1.05 (0.60,
High-risk 2.19) 1.76) 1.49) (10'(;1(% 1. 1.82)
Women
g 1.06 (0.82, 1.39 (0.95, 1.95 (0.72,
Non-drinker 1. 1.36) 2.05) 5.32)
Low-risk, no 0.83 (0.59, 0.86 (0.60, 1 0.77 (0.53, 0.97 (0.68, 1.10 (0.44,
binge 1.16) 1.23) : 1.10) 1.38) 2.74)
Low-risk, 1.00 (0.49, 1.05 (0.60, 0.98 (0.55, 1 0.96 (0.52, 0.96 (0.50,
binge 2.02) 1.86) 1.75) ' 1.75) 1.85)
1.03
I 1.57 (0.21, 0.81 (0.12, 0.88 (0.16, 1.18 (0.22,
High-risk 11.66) 5.53) 4.71) (5?612"’) L 6.48)

Abbreviations: CNICS, Center for AIDS Research Network of Integrated Clinical Systems; eGFR, estimated glomerular filtration rate; FI1B-4,
Fibrosis-4 Index for Liver Fibrosis; IDU, injection drug use; MSM, men who have sex with men; VACS, Veterans Aging Cohort Study

aAdjustment for sex; race/ethnicity; MSM, IDU; calendar year; CNICS clinic; modified VACS index (a function of age, CD4 cell count,
hemoglobin, FIB-4, eGFR, and hepatitis C viral infection); recent and prior cocaine and opioid use; panic symptoms; depressive symptoms; and

current smoking
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