UCSF

UC San Francisco Previously Published Works

Title

Alcohol Use and Human Immunodeficiency Virus (HIV) Infection: Current Knowledge,
Implications, and Future Directions

Permalink

https://escholarship.org/uc/item/6t28m4f2

Journal
Alcoholism Clinical and Experimental Research, 40(10)

ISSN
0145-6008

Authors
Williams, Emily C
Hahn, Judith A
Saitz, Richard

Publication Date
2016-10-01

DOI
10.1111/acer.13204

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/6t28m4f2
https://escholarship.org/uc/item/6t28m4f2#author
https://escholarship.org
http://www.cdlib.org/

1Alcohol Use and Human Immunodeficiency Virus (HIV) Infection: Current Knowledge, Implications,

2 and Future Directions

3

4 Emily C. Williams, PhD, MPH"?

5 Judith A. Hahn, PhD, MA?

6 Richard Saitz, MD, MPH*®

7 Kendall Bryant, PhD®

8 Marlene C. Lira, BA®

9 Jeffrey H. Samet, MD, MA, MPH**
10

11 Veterans Health Administration (VA) Health Services Research and Development, Center of Innovation for
12 Veteran-Centered and Value-Driven Care, Seattle, WA'

13 University of Washington, Department of Health Services, Seattle, WA?

14 Departments of Medicine and Epidemiology and Biostatistics, University of California, San Francisco; San
15 Francisco, CA?

16  Department of Community Health Sciences, Boston University School of Public Health, Boston, MA*
17Clinical Addiction Research and Education (CARE) Unit, Section of General Internal Medicine, Department
18 of Medicine, Boston Medical Center, Boston University School of Medicine, Boston, MA®

19 Consortiums for HIV/AIDS and Alcohol Research Translation (CHAART) National Institute on Alcohol
20 Abuse and Alcoholism National Institutes of Health, Bethesda, MD®

21

22Correspondence should be addressed to:

23Jeffrey H. Samet, MD, MA, MPH

24Boston University Schools of Medicine and Public Health

25Boston Medical Center



26801 Massachusetts Ave, 2nd Floor
27Boston, MA 02118

28Phone: 617-414-7288

29Fax: 617-414-4676

30Email: jsamet@bu.edu.

31

32Abstract Word Count: 325

33

34Manuscript Word Count: 6,509

35

36Contflicts of Interest: The authors do not have conflicts of interest to declare.

w
N


mailto:jsamet@bu.edu

37ABSTRACT

38Alcohol use is common among people living with human immunodeficiency virus (HIV). In this narrative
39review, we describe literature regarding alcohol’s impact on transmission, care, co-infections and
40comorbidities that are common among people living with HIV (PLWH), as well as literature regarding
41linterventions to address alcohol use and its influences among PLWH. This narrative review identifies
42alcohol use as a risk factor for HIV transmission, as well as a factor impacting the clinical manifestations
43and management of HIV. Alcohol use appears to have additive and potentially synergistic effects on
44common HIV-related comorbidities. We find that interventions to modify drinking and improve HIV-related
45risks and outcomes have had limited success to date, and we recommend research in several areas.
46Consistent with Office of AIDS Research/National Institutes of Health priorities, we suggest research to
47better understand how and at what levels alcohol influences comorbid conditions among PLWH, to elucidate
48the mechanisms by which alcohol use is impacting comorbidities, and to understand whether decreases in
49alcohol use improve HIV-relevant outcomes. This should include studies regarding whether state-of-the-art
50medications used to treat common co-infections are safe for PLWH who drink alcohol. We recommend that
51future research among PLWH include validated self-report measures of alcohol use and/or biological
52measurements, ideally both. Additionally, subgroup variation in associations should be identified to ensure
53that the risks of particularly vulnerable populations are understood. This body of research should serve as a
54foundation for a next generation of intervention studies to address alcohol use from transmission to
55treatment of HIV. Intervention studies should inform implementation efforts to improve provision of
56alcohol-related interventions and treatments for PLWH in healthcare settings. By making further progress
57on understanding how alcohol use affects PLWH in the era of HIV as a chronic condition, this research
58should inform how we can mitigate transmission, achieve viral suppression, avoid exacerbating common
59comorbidities of HIV and alcohol use and make progress toward the 90-90-90 goals for engagement in the
60HIV treatment cascade.
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62INTRODUCTION

63  Both human immunodeficiency virus (HIV) and alcohol use are common worldwide (UNAIDS, 2015).
64In some cases, such as Russia and Uganda, high per capita alcohol use overlaps with a high prevalence of
65HIV (Rehm et al., 2006; Rehm et al., 2009a). In the U.S., approximately 1.1 million people are living with
66HIV (PLWH) (Hall et al., 2009; Lansky et al., 2010; Centers for Disease Control and Prevention, 2011;
67Centers for Disease Control and Prevention, 2012), and 88% of adults report any past-year alcohol use (>1
68drink), 25% report past-month heavy drinking (>5 drinks on > 1days), and 14% meet criteria for a past-year
69alcohol use disorder (Substance Abuse and Mental Health Services Administration, 2014; Grant et al.,
702015).

71 A substantial proportion of PLWH consume alcohol, many at unhealthy levels (heavy drinking and/or
72alcohol use disorder) (Saitz, 2005). The prevalence of unhealthy alcohol use in PLWH ranges from 8%
73(Galvan et al., 2002) to 42% (Samet et al., 2004b; Lefevre et al., 1995). Based on data from the U.S. general
74population, sub-populations at high risk of having both HIV and unhealthy alcohol use include men who
75have sex with men (MSM), racial/ethnic minorities, persons who inject drugs, sex workers, and persons of
76low socioeconomic status (Hall et al., 2009; Lansky et al., 2010; Pellowski et al., 2013; Delker et al., 2016).
77 In this narrative review, we describe literature regarding alcohol’s impact on HIV
78acquisition/transmission, care, co-infections and comorbidities common among PLWH, and morbidity and
79mortality, as well as literature regarding interventions to address alcohol use and its influences among
80PLWH.

81

82Alcohol Use and Risk Behaviors for HIV Acquisition/Transmission

83  Alcohol use has a strong and consistent association with HIV incidence (Shuper et al., 2010; Scott-
84Sheldon et al., 2016). Associations between alcohol use and sex-risk behaviors have been identified
85consistently (Shuper et al., 2009; Samet et al., 2007b; Maisto and Simons, 2016; Maisto et al., 2012). A

86meta-analysis of 30 experimental studies found that participants randomly assigned to consume alcohol
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87reported stronger intentions to engage in unprotected sex, weaker sexual communication and negotiation
88skills, and higher levels of sexual arousal than participants assigned to either placebo or no-alcohol control
89groups (Scott-Sheldon et al., 2016), suggesting a causal link between alcohol use and sexual risk taking (and
90thus HIV transmission).
91  Several studies have tested interventions focused either on reducing HIV risk among people who drink
92or on reducing alcohol use to reduce HIV transmission (Carrasco et al., 2016; Samet and Walley, 2010;
93Eaton et al., 2013; Kalichman et al., 2008; Samet et al., 2015; Samet et al., 2008; Monti et al., 2016;
94Kennedy et al., 2016) with limited success, especially with regards to sustained effects across multiple
95domains (e.g., reductions of both alcohol and sex-risk behaviors). A review of interventions tested in sub-
96Saharan Africa suggested a need for interventions that address alcohol use and HIV risk both at individual
97and policy levels (Carrasco et al., 2016).
98
99Alcohol Use and the HIV Treatment Cascade
100  The HIV treatment cascade identifies five stages of HIV medical care—1) diagnosis, 2) linkage to
101medical care, 3) engagement with/retention in medical care, 4) treatment with antiretroviral therapy (ART),
102and 5) achievement of viral suppression—all considered essential targets to meet in order to effectively treat
103and prevent the spread of HIV (Joint United Nations Programme on HIV/AIDS, 2014; Skarbinski et al.,
1042015; Mugavero et al., 2013; Bor et al., 2015; Cohen et al., 2014; Park et al., 2007). World Health
1050rganization (WHO) goals for 2020 are the achievement of 90-90-90 with regard to percent identification,
106engagement with ART initiation, and viral suppression (Joint United Nations Programme on HIV/AIDS,
1072014)
108  Alcohol use has been shown to influence HIV care and outcomes at every stage of the cascade (Azar et
109al., 2010b; Vagenas et al., 2015); it is associated with lower receipt of HIV testing (Fatch et al., 2013;
110Vagenas et al., 2014; Bengtson et al., 2014), greater delay in engaging with medical care after testing

111positive (Samet et al., 1998), delay in, lower quality of, and worse retention in HIV treatment (Samet et al.,
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1122001; Korthuis et al., 2012; Cunningham et al., 2006; Giordano et al., 2005; Samet et al., 2003; Monroe et
113al., 2016), and non-adherence to ART (Hendershot et al., 2009). Some studies have also identified
114associations between alcohol use and disease progression (see below) (Hahn and Samet, 2010). The high
115prevalence of alcohol use and the fact it is often unaddressed likely combine to result in suboptimal
116engagement. Reducing alcohol use may be fertile ground for interventions aimed at meeting WHO goals.
117Alcohol and Treatment with ART—Adherence

118  The association between alcohol use and non-adherence to ART has received substantial attention
119regarding alcohol’s role in the HIV treatment cascade (Hendershot et al., 2009). Some studies reveal any
120(versus no) alcohol use is associated with non-adherence (Hendershot et al., 2009; Samet et al., 2004a).
1210ther studies have found threshold effects of heavy drinking (Samet et al., 2004a) or dose response
122relationships between the amount consumed and the number of pills missed (Braithwaite et al., 2005;
123Parsons et al., 2008). The association between alcohol use and non-adherence is thought to reflect both
124failure to take medications as a result of complex dosing regimens and intoxication due to heavy drinking
125episodes, as well as intentional missed doses due to beliefs regarding potential toxic interactions between
126 ART and alcohol (Kalichman et al., 2013a; Kalichman et al., 2013b; Parsons et al., 2007b; Pellowski et al.,
1272016). The extent to which alcohol and ART have toxic interactions and at what levels remains unclear,
128though potential biological mechanisms by which toxicity may exist have been described (Kumar et al.,
1292015; Hu et al., 2015; McCance-Katz et al., 2013)and one recent study identified potential interactive effects
1300n liver disease (Bilal et al., 2016).

131 At least two studies have tested interventions aimed at simultaneously reducing alcohol use and
132improving ART adherence (Samet and Walley, 2010). One tested a nurse-led multi-component intervention
133that included 4 visits over 3 months, which had no effect on alcohol use or ART adherence (Samet et al.,
1342005). The other tested eight 1-hour individual sessions of motivational interviewing and cognitive
135behavioral skills over 3 months; positive intervention effects on self-reported medication adherence and

136markers of disease progression were observed at 3 months, but not sustained (Parsons et al., 2007a). Given
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137the substantial influence of this modifiable risk factor on this key treatment goal, further research is
138warranted regarding how to influence ART adherence via reducing drinking, or in the context of continued
139drinking.

140Alcohol and Achievement of Viral Suppression—Disease Progression

141 While multiple studies have identified associations between alcohol use and HIV disease
142progression, the extent to which alcohol use directly affects disease progression is not fully resolved (Hahn
143and Samet, 2010; Azar et al., 2010a). Identified associations may be mediated by behavioral mechanisms—
144the most common being non-adherence to ART—or they may be direct, resulting from biological
145mechanisms (Hahn and Samet, 2010).

146 Several plausible biological mechanisms may account for how alcohol may increase pre-ART HIV
147disease progression. Both HIV and alcohol are established causes of microbial translocation and systemic
148inflammation (Thurman, 1998; Brenchley et al., 2006; Douek, 2007), and both induce immune activation.
149Therefore, it is plausible that alcohol may accelerate the progression of HIV disease via these pathways.
150Alcohol use may contribute to T cell proliferative defects (Szabo et al., 2004). And both HIV and alcohol
151cause a similar disruption of the normal gut microbiome, which may contribute to systemic immune
152activation by either impairing gut barrier integrity or absorption of bacteria-derived metabolites that confer
153immune defects (Dillon et al., 2014). Markers of microbial translocation are associated with increased
154opportunistic co-infections (Cassol et al., 2010), HIV disease progression (Marchetti et al., 2008; Balagopal
155et al., 2008), and mortality (Sandler et al., 2010). The link between alcohol use and markers of microbial
156translocation in PLWH has been examined to a limited extent, and findings have been mixed (Monnig et al.,
1572016; Hunt et al., 2014; Cioe et al., 2015; Balagopal et al., 2008; Carrico et al., 2015). Experimental studies
1580f the effect of alcohol on progression of the simian immunodeficiency virus (SIV) in macaques largely
159support the biologic plausibility of alcohol’s influence on disease progression (Amedee et al., 2014;
160Marcondes et al., 2008; Kumar et al., 2005; Bagby et al., 2006; Poonia et al., 2006; Molina et al., 2006).

161However, the most recent study, which randomized macaques to chronic heavy drinking (versus sucrose)
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162and subsequently to ART (versus no ART), identified no association between chronic heavy drinking and
163viral load over 4 months, regardless of ART status (Molina et al., 2014a).

164 The results of human observational studies have been mixed, perhaps because of factors that can
165affect disease progression in people outside of tightly controlled experimental settings (Hahn and Samet,
1662010). Of the several prospective studies conducted in the pre-highly active ART era (Kaslow et al., 1989;
167Penkower et al., 1995; Eskild and Petersen, 1994; Tang et al., 1997; Veugelers et al., 1994; Webber et al.,
1681999; Chandiwana et al., 1999), none found an association between alcohol consumption and the onset of
169the Acquired Immune Deficiency Syndrome (AIDS). In the highly-active ART era, after controlling for ART
170use, four prospective studies found no association between heavy drinking and HIV disease progression, as
171measured by CD4 cell count or HIV viral load (Ghebremichael et al., 2009; Cook et al., 2008; Chander et
172al., 2006b; Kowalski et al., 2012), and one identified an increased risk of virological failure associated with
173heavy alcohol use (Deiss et al., 2016). Two earlier prospective studies that separately examined HIV
174disease progression among those not on ART found that heavy alcohol consumption was associated with
175lower CD4 cell count (Samet et al., 2007a) and shorter time to CD4 cell count <200 cells/mm? B ¢tal. 2010)
176but not differences in HIV viral load (Samet et al., 2007a; Baum et al., 2010). These studies both had small
177samples of persons not on ART (n=128 and n=87 respectively). A 7-year study among 5,067 Swiss PLWH,
178which stratified analyses by ART naive and individuals initiating ART, found no association between
179alcohol use and virological failure or CD4 cell counts over time in either group (Conen et al., 2013).
180Findings to date suggest the possibility that alcohol use may not directly influence disease progression.
181However, further research is needed to explore longer term outcomes associated with heavy drinking in
182macaques, as well as influences of alcohol use on disease progression among larger samples of PLWH and
183among untreated PLWH.

184

185Alcohol Use and HIV-Associated Comorbidities
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186 Medical illnesses associated with alcohol use often seen in older adults without HIV infection
187(Cherpitel et al., 2015) are now occurring as common comorbid conditions in younger PLWH despite
188prolonged viral suppression (Crothers et al., 2009; Hasse et al., 2011; Simmons et al., 2013; Guaraldi et al.,
1892011; Sharma et al., 2015; Shiau et al., 2013; Hansen et al., 2012), which may reflect premature aging (High
190et al., 2012; Justice and Falutz, 2014). In addition to the direct, toxic pathophysiologic effects of both HIV
191and alcohol, mechanisms that are likely to lead to high rates of comorbid conditions among PLWH include
192immune senescence (the effects of aging on the function of the immune system), inflammation, and
193hypercoagulability (High et al., 2012; Deeks, 2009; Deeks, 2011; Katz et al., 2015). Because alcohol use
194impacts some of these same mechanisms, there has been investigation of the role of alcohol use in HIV-
195related comorbidities (Neuman et al., 2012; Bryant et al., 2010; Freiberg et al., 2010; Sarkar et al., 2015;
196World Health Organization, 2015), and the study of comorbidities is now a high priority for NIH (National
197Institutes of Health, 2015). We review research to date on HIV-associated comorbidities in which alcohol
198may play a role.

199Common Co-Infections

200Hepatitis C and Tuberculosis

201 Approximately 25 — 30% of PLWH are co-infected with hepatitis C virus (HCV) (Alter, 2006; Platt
202et al., 2016). Chronic HCV infection is a major cause of morbidity and mortality among PLWH (Sulkowski,
2032013). PLWH with HCV co-infection have accelerated progression of HCV-related liver disease (i.e.,
204cirrhosis and liver cancer) (Sulkowski, 2007a; Sulkowski, 2007b; Sulkowski, 2008). Although little is
205known about how low-level drinking influences HCV outcomes, abstinence from alcohol use is
206recommended for PLWH with HCV co-infection (Tsui et al., 2013) because liver disease outcomes are also
207adversely impacted by alcohol use (Peters and Terrault, 2002; Morgan et al., 2003; Sulkowski, 2007a;
208Sulkowski, 2007b; Sulkowski, 2008; Cooper and Cameron, 2005; Safdar and Schiff, 2004; Schiff and

2090zden, 2003; Fuster et al., 2014; Fuster et al., 2013; Tsui et al., 2013; Tsui et al., 2006).
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210 Similarly, both alcohol use and HIV are associated with increased risk of tuberculosis (TB) infection
211(Lonnroth et al., 2008; Rehm et al., 2009b), which is the leading cause of mortality in PLWH worldwide
212(World Health Organization, 2014; UNAIDS, 2015). Alcohol use (any versus none) is associated with an
213increased risk (up to 3-fold) of having active TB and poorer TB outcomes (Volkmann et al., 2016), likely as
214a result of alcohol’s impact on the immune system, poor TB treatment adherence, and social marginalization
215that increases risk for infection (Rehm et al., 2009b), all of which may be amplified among PLWH given
216potential overlapping mechanisms.

217 Alcohol use is relevant to each of these common co-infections not only due to its potential to speed
218their progression but also because it likely influences their care. Alcohol use was a contraindication to
219previously used treatments for HCV, and the WHO warns against the use of isoniazid preventive therapy—
220commonly used to prevent mortality and active TB among PLWH—in persons with “regular and heavy
221alcohol use”(World Health Organization, 2011). While the WHO recommendation was made based on prior
222reports of isoniazid toxicity among heavy drinkers, no studies have systematically assessed the safety of TB
223preventive therapy in heavy drinkers with or without HIV infection. Moreover, it is unknown whether
224emerging treatments for HCV—directly acting antivirals that are highly effective in HIV co-infected
225patients (Sulkowski, 2013)—have contraindications for persons who drink. This is a rapidly evolving story
226for both co-infections; studies are needed to assess whether alcohol use is associated with poor outcomes
227among PLWH who are treated for HCV or TB infection. In the meantime, historical contraindications and
228current WHO recommendations are likely to influence clinical decision making regarding provision of
229recommended treatments. Given that alcohol use is an established risk factor for decreased ART adherence
230(Hendershot et al., 2009) and data suggest risk for active TB treatment discontinuation (Kendall et al.,
2312013), it will also be important to assess alcohol’s influence on adherence to and completion of treatments
232for both co-infections, as well as to identify interventions that may support reduced drinking and treatment
233adherence.

234Cardiovascular Diseases
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235 PLWH who drink heavily and/or meet criteria for alcohol use disorders are at increased risk for
236coronary heart disease (CHD) and other cardiovascular diseases (CVD) (Freiberg et al., 2013; Freiberg et
237al., 2010). In one study heavy drinking was a risk factor for CHD among PLWH but not those without HIV
238(Freiberg et al., 2010). Mechanisms underlying CHD risk among PLWH are unclear but have been linked to
239inflammation (Niaura et al., 2000; Armabh et al., 2012). ART and HIV viral suppression do not eliminate the
240increased risk of CHD (Freiberg et al., 2013), nor does ART return increased inflammation to pre-HIV
241infection levels (Freiberg et al., 2015). A systematic review of 13 studies suggests an increased risk of CVD
242associated with any and heavy alcohol use among PLWH ranging from 37% (95% CI: 2% - 84%) to 78%
243(95% CI: 9% - 293%) (Kelso et al., 2015). While it is clear that alcohol increases risk for CVD among
244PLWH, alcohol’s role in CVD risk merits further inquiry. For instance, the levels of alcohol use at which
245CVD risk is increased for PLWH are unclear: most studies have not compared non-drinking to low-level or
246“moderate” drinking, but one large observational study that did identified a protective effect of low-level
247drinking (Carrieri et al., 2012). In addition, while cardiomyopathy is a condition for which both alcohol and
248HIV can be underlying etiologies, the additive or synergistic impact of these combined exposures for this
249pathology has not been delineated.

250Cancers

251 Rates of non-AIDS-defining cancer deaths are increasing among PLWH (Smith et al., 2014) and
252contributing an ever-greater health burden (Deeken et al., 2012; Shiels et al., 2011; Cutrell and Bedimo,
2532013). Relative to uninfected persons, PLWH are at higher risk for many cancers, likely due to a
254combination of the direct toxic effects of the HIV virus, as well as chronic inflammation and immune
255suppression/activation, and high rates of co-infections and risk factors, such as smoking (Cutrell and
256Bedimo, 2013; Sigel et al., 2012; Bedimo et al., 2009; Borges et al., 2014; McGinnis et al., 2006; Park et al.,
2572016). Alcohol use may be another risk factor. Mechanisms by which rates of cancer may be elevated
258among PLWH (e.g., immune system effects, inflammation, and co-occurrence with other risk factors)

2590overlap with mechanisms by which alcohol use adversely influences cancer outcomes. However, the
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260specific role of alcohol use in cancer risk among PLWH is unknown (D'Souza et al., 2014). Alcohol use is a
261risk factor for liver and head and neck cancers among PLWH (McGinnis et al., 2006; Freedman et al., 2007;
262Viswanathan and Wilson, 2004), and findings from one study suggest that, together, alcohol use and HCV
263accounted for increased risk of liver cancer, but not non-Hodgkins lymphoma, among PLWH (McGinnis et
264al., 2006). Findings to date suggest alcohol’s influence on cancers among PLWH is likely complex; alcohol
265may be a stronger contributor to some cancers than others and may have additive or synergistic effects on
266cancer-related outcomes.

267Neurological Disorders

268 The severity of HIV-associated neurocognitive disorders (HAND) (Antinori et al., 2007) has
269declined in the post-ART era, but PLWH continue to face an array of neurological problems (Sacktor et al.,
2702016; Heaton et al., 2011; Heaton et al., 2010; Elbirt et al., 2015; Harezlak et al., 2011). Alcohol use
271disorders are a known risk factor for neurocognitive dysfunction and are linked to impaired memory and
272decision making (Anand et al., 2010; Loeber et al., 2009). Alcohol use and HIV may have combined effects
273on neurocognitive decline (Anand et al., 2010; Persidsky et al., 2011; Thaler et al., 2015). However, the
274findings of studies assessing this question have been mixed. Some suggest that alcohol and HI'V have
275additive adverse effects (Rothlind et al., 2005; Green et al., 2004), while a cross-sectional study of HIV-
276infected alcohol users found lower than average neurocognitive scores, but no significant relationship
277between number of heavy drinking days and neurocognitive performance (Attonito et al., 2014; Attonito,
2782013). The interplay of alcohol and neurocognitive decline among PLWH merits further research.

279 Other related issues are also in need of further investigation. For instance, pain is common and
280associated with unhealthy alcohol use among PLWH (Merlin, 2015; Merlin et al., 2012a; Tsui et al., 2014).
281Because pain itself may interrupt engagement in HIV care (Berg et al., 2009; Merlin et al., 2012b) and may
282also induce alcohol use as a coping mechanism (Tsui et al., 2014), alcohol’s role in pain management among
283PLWH, is an area ripe for further study. Another issue in need of further investigation is alcohol’s role in

284neuropathy among PLWH. While both HIV and HIV treatments have known associations with neuropathy
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285(Amruth et al., 2014), the role in these associations of a known etiology of peripheral neuropathy, alcohol
286use, has not been described.

287Metabolic Complications

288 PLWH experience metabolic complications, which increase the risk of diabetes and cardiovascular
289disease (Crum-Cianflone et al., 2010; Crum-Cianflone et al., 2008; Samaras, 2012; Samaras et al., 2007;
290Calvo and Martinez, 2014). PLWH frequently gain weight following ART initiation (Lakey et al., 2013;
291Justice and Falutz, 2014). The prevalence of metabolic complications and diabetes is higher among PLWH
292than among those without HIV and is generally linked to lipid imbalances resulting from ART and chronic
293low-grade inflammation from HIV (Paula et al., 2013; Samaras et al., 2007; Jacobson et al., 2006;
294Mozumdar and Liguori, 2011; Rasmussen et al., 2012; De Wit et al., 2008). Alcohol use is associated with
295diabetes (Howard et al., 2004) and metabolic derangements consistent with lipodystrophy (Cheng et al.,
2962009). Alcohol use has also been linked to oxidative stress on muscles, bones and adipose tissue, and is
297thought to exacerbate lipid imbalances from HIV (Molina et al., 2014b). However, among PLWH and those
298without HIV, associations with alcohol use and both diabetes and metabolic syndrome appear to be U-
299shaped such that “moderate” alcohol use may be protective, whereas heavy drinking increases risk (Howard
300et al., 2004; Butt et al., 2009; Samaras et al., 2007; Tiozzo et al., 2015; Freiberg et al., 2004; Sidorenkov et
301al., 2010; Wakabayashi, 2014; Athyros et al., 2007). Research is needed regarding the potentially complex
302ways in which alcohol use influences metabolic complications among PLWH.

303Falls and Injury

304 Up to 30% of PLWH experience falls annually (Erlandson et al., 2012). Falls can lead to fractures,
305which are 40-60% more common in PLWH relative to those without HIV (Sharma et al., 2015; Shiau et al.,
3062013; Hansen et al., 2012), likely as a result of both high-energy injuries and fragility. Alcohol use is a
307potent risk factor for falls and fractures (Cherpitel et al., 2015; Cawthon et al., 2006; Kanis et al., 2004; Berg
308et al., 2008; Mukamal et al., 2007; Zhang et al., 2014) and it can also exacerbate inflammation, which could

309influence complications related to recovery from falls and fractures. Further research on the association
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310between alcohol use and falls and injury among PLWH is needed, as is investigation of the role of alcohol
311reduction in fall prevention among PLWH.

3120ther Substance Use

313 More than 42% of PLWH in the US smoke (with some studies reporting 46-84%), compared with
314less than 20% of the general population (Lifson and Lando, 2012; Lifson et al., 2010; Mdodo et al., 2015;
315Marshall et al., 2009; Cooperman, 2016). Among PLWH, smoking is associated with increased risk for
316bacterial pneumonia, chronic obstructive pulmonary disease (COPD), coronary heart disease (CHD) and its
317associated complications, and decreased bone mineral density (Lifson et al., 2010; Cooperman, 2016).
318Though evidence is mixed (Kabali et al., 2011; Marshall et al., 2009), smoking may also be associated with
319HIV disease progression (Hile et al., 2016). Smoking is more strongly associated with poor health outcomes
320among PLWH than among those without HIV (Crothers et al., 2009; Crothers et al., 2005) and is likely an
321important contributor to the substantial comorbidity experienced by PLWH (Marshall et al., 2009). Smoking
322and alcohol use are correlated with one another in PLWH (Braithwaite et al., 2016) and, due to the potential
323for additive inflammatory effects of alcohol use and smoking (Niaura et al., 2000; Armah et al., 2012),
324PLWH who both smoke and drink alcohol may be at greater risk for adverse health outcomes, such as CHD
325and pneumonia. Despite the potential syndemic effects and the common co-occurrence of smoking and
326alcohol use among PLWH (Braithwaite et al., 2016), little research has investigated the synergistic effects of
327alcohol and tobacco use among PLWH, and interventions to improve both among PLWH.

328 Similarly, other drug use is common among PLWH (Green et al., 2010; Bing et al., 2001; Korthuis et
329al., 2012; Mathers et al., 2008) and often co-occurs with alcohol use (Green et al., 2010; Walley et al., 2008;
330Van Tieu and Koblin, 2009). This combination is likely to increase risk for multiple adverse outcomes.
331Given that drug use is associated with poorer engagement with the HIV treatment cascade, including
332medication adherence (Peretti-Watel et al., 2006; Mugavero et al., 2006), co-occurring alcohol and drug use
333may additively or synergistically adversely influence engagement with HIV care. Further, co-occurring

334alcohol and drug use may exacerbate severity of comorbid conditions, such as neurological function (Meyer
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335et al., 2013; Weber et al., 2013; Hauser and Knapp, 2014), and outcomes of common co-infections among
336PLWH, which, in some cases, are disproportionately distributed among people who use drugs. For instance,
337an estimated 82% of people who inject drugs with HIV have HCV (Platt et al., 2016). Finally, alcohol use
338may enhance risk for drug overdose (Coffin et al., 2007; Shah et al., 2008; Coffin et al., 2003; Riley et al.,
3392016). Because similar levels of alcohol consumption may have greater effects for PLWH compared to
340those without HIV (McGinnis et al., 2016; Justice et al., 2016; McCance-Katz et al., 2012), alcohol’s
341influence on overdose may be enhanced among PLWH. Research is needed to more comprehensively
342understand the clustering of risks among PLWH and the combined effects of these risk profiles on adverse
343outcomes.

344Mental Health Disorders

345 In addition to other substance use, mental health disorders, including depression, anxiety, trauma,
346and, stress are common among PLWH (Sullivan et al., 2011; Sullivan et al., 2008; Chander et al., 2006a;
347Walkup et al., 2008; Braithwaite et al., 2016). The majority of research to date on alcohol use and mental
348health conditions among PLWH has focused on depression. Both alcohol use and depression are associated
349with reduced engagement with the HIV treatment cascade and adverse HIV-related consequences (Cruess et
350al., 2005; Cruess et al., 2003; Evans et al., 2002; Leserman, 2003; Leserman, 2008; Leserman et al., 2008;
351Ghebremichael et al., 2009; Kim et al., 2007; Goodness et al., 2014). Unhealthy (relative to low-risk)
352alcohol use is associated with higher risk of depressive symptoms (Sullivan et al., 2011), and longitudinal
353research among PLWH suggests that this association is uni-directional, such that alcohol use precedes
354depressive symptoms (Fergusson et al., 2009). Moreover, changes in drinking appeared to result in
355concomitant changes in depressive symptoms such that PLWH who switch to higher or lower level drinking
356experience a similar alteration in their depressive symptoms (Sullivan et al., 2011). While the association
357between alcohol use and depression appears to be similar for people with and without HIV (Sullivan et al.,
3582011), the common co-occurrence of these conditions and both of their influences on poor HIV-related

359outcomes is likely to have at least an additive effect on PLWH. Psychological trauma, stress, and anxiety,

29 15
30



360which often co-occur with heavy alcohol use (Pence et al., 2008), are associated with adverse HIV-related
361outcomes (Chander et al., 2006a; Leserman, 2003; Leserman, 2008; Leserman et al., 2008; Machtinger et
362al., 2012 ; Liebschutz et al., 2000). Research is needed to understand the potential synergistic effects of
363alcohol use with these common mental health conditions among PLWH, including investigation of issues
364related to temporality, mechanisms, prevention, and treatment in the context of co-occurring alcohol use and
365mental health conditions (Chander et al., 2006a). Finally, research on associations between alcohol use and
366co-occurring serious mental illness among PLWH is needed.

367Morbidity and Mortality

368 While mortality rates among PLWH have declined (Simmons et al., 2013; Hasse et al., 2011), PLWH
369are still at higher risk for mortality, as well as physiological frailty, relative to those without HIV (Justice
370and Falutz, 2014). Alcohol use is associated with increased risk of mortality in general samples (Kinder et
371al., 2009; Rehm et al., 2001; Rehm et al., 2003), as well as specifically among PLWH (Neblett et al., 2011;
372Wandeler et al., 2016; Justice et al., 2016). While most large observational studies, including one among
373PLWH (Wandeler et al., 2016), have identified a J-shaped association between alcohol use and all-cause
374mortality (with a protective effect of low-level or “moderate” drinking), a recent meta-analysis (not HIV-
375specific) of 87 studies including over 3 million people, which adjusted for study design characteristics
376known to bias results, found no protective effect of low-level drinking (Stockwell et al., 2016). A recent
377study demonstrated an association between alcohol use and both physiological frailty and mortality among
378PLWH but did not include a non-drinker group, and thus was not able to assess the effects of low-level or
379“moderate” drinking on morbidity and mortality (Justice et al., 2016). However, this study’s findings
380suggested that PLWH experienced risk at lower levels of alcohol use relative to uninfected individuals (>30
381drinks per month for PLWH versus >70 drinks per month for those without HIV for mortality) (Justice et al.,
3822016). These findings are aligned with previous research, which has identified greater blood alcohol
383concentration (McCance-Katz et al., 2012) and increased likelihood of feeling “a buzz” (McGinnis et al.,

3842016) at similar levels of drinking for PLWH relative to those without HIV. Together these findings suggest
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385the possibility that alcohol’s influence on health is greater among PLWH than it is among uninfected
386populations and further highlight the need to gain clarity and precision regarding how and at what levels
387alcohol use influences health among PLWH, as well as underlying mechanisms.

388

389HIV and Alcohol in a Social Context, Intersectionality, and Potential Subgroup Variation

390 Both HIV and alcohol use are stigmatized conditions about which discrimination is common.
391Therefore, the social and environmental contexts in which PLWH who drink live is likely to influence
392outcomes (Stokols, 1992). Moreover, both alcohol use and HIV disproportionately impact vulnerable
393populations, including people living in poverty and poor resource settings, those who experience multiple
394forms of social disadvantage, racial/ethnic minorities, and MSM (Grant et al., 2015; Hall et al., 2009;
395Lansky et al., 2010; Mulia et al., 2009; Pellowski et al., 2013). Many of these characteristics overlap within
396individuals (e.g., racial/ethnic minorities disproportionately live in poor resource settings). Intersectionality
397theory and syndemic perspectives (Kelly, 2009; Talman et al., 2013; Pellowski et al., 2013) suggest that the
398chronic psychosocial stresses observed over the life course for these populations are likely to synergistically
399influence health over time and, thus, may result in health disparities. Research should investigate subgroup
400variation resulting from lived experiences in associations between alcohol use and HIV-related outcomes, to
401ensure risks specific to vulnerable populations are understood.

402

403Addressing/Reducing Alcohol Use among PLWH

404 Despite its substantial burden on HIV and related illnesses, alcohol use is often overlooked in HIV
405care (Metsch et al., 2008; Conigliaro et al., 2003; Chander et al., 2016; Korthuis et al., 2008 ; Korthuis et al.,
4062011; Strauss et al., 2009a; Strauss et al., 2012). Research suggests substantial barriers to HIV care
407providers’ addressing alcohol use with their patients (Strauss et al., 2009a; Strauss et al., 2009b). Both
408PLWH and HIV care providers perceive alcohol use as a low priority for HIV clinical care relative to other

409domains of care (Fredericksen et al., 2015).
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410 Efforts to describe and address deficiencies in alcohol-related care among PLWH are occurring in
411several domains. First, ongoing health services research is being conducted to assess whether, in healthcare
412settings in which alcohol-related care is common (e.g., the Veterans Health Administration), differences in
413receipt of alcohol-related care exist across HIV status (Williams and Bradley, 2015). Studies are also
414underway to evaluate the comparative effectiveness of alcohol treatments among PLWH (Kraemer, 2013).
415Second, several studies of alcohol-related interventions have been tested among PLWH with unhealthy
416alcohol use (Papas et al., 2011; Samet et al., 2015; Hasin et al., 2013; Samet and Walley, 2010; Chander et
417al., 2015; World Health Organization, 2011), and others have been piloted (Edelman et al., 2012) or are
418ongoing (Edelman et al., 2016; Satre, 2012; McCaul, 2016; Armstrong et al., 1998; Parry et al., 2014; Papas
419%et al., 2010).

420 Research to date is mixed regarding the efficacy of alcohol-related interventions among PLWH
421(Samet and Walley, 2010). Three interventions studied to date have had positive findings (Papas et al., 2011;
422Hasin et al., 2013; Chander et al., 2015). First, Papas, et al tested the preliminary efficacy of a culturally
423adapted 6-session cognitive-behavioral therapy intervention delivered by paraprofessionals relative to a
424usual care, assessment-only control condition among PLWH receiving care (n=102) at a Kenyan outpatient
425HIV clinic (Papas et al., 2011). The intervention was associated with a reduction in percent drinking days
426and number of drinking days after 30 days and greater abstinence after 90 days (Papas et al., 2011). In the
427U.S., Hasin et al recruited 258 heavy drinkers with HIV from a large urban HIV primary care clinic. They
428compared an active control condition (educational materials and advice to reduce drinking at baseline and
42930- and 60-day follow-ups) to two intervention arms based on motivational interviewing (MI) (Hasin et al.,
4302013). The MI arm included a single 20-25 minute session of counselor-delivered MI with two 15-minute
431boosters at 30- and 60-days; the other arm (“MI+”) additionally included daily calls with “HealthCall”—an
432interactive voice-response (IVR) offering personalized feedback (Hasin et al., 2013). Overall group
433differences in the number of drinking days were observed at 60 days, with both MI and MI+ associated with

434fewer drinking days relative to the control group. No differences were observed between MI and MI+ in the
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435full sample, although MI+ was associated with fewer drinking days relative to MI among participants
436meeting criteria for alcohol dependence at baseline (but not among those who did not) (Hasin et al., 2013).
437Most recently, Chander et al tested a 2-session (plus 2 booster calls) brief intervention relative to a control
438among 74 HIV+ women from an urban HIV clinic and found that the intervention was associated with
439reduced frequency of alcohol use at 90 days (Chander et al., 2015). While long-term outcomes, and
4400utcomes beyond self-reported consumption (which is highly susceptible to social desirability bias) have not
441been measured, findings from these intervention studies suggest that alcohol use may be modifiable among
442PLWH who drink heavily. Moreover, the IVR component of Hasin’s MI+ has now been enhanced to be
443delivered via smartphones, with strong findings regarding acceptability and feasibility (Hasin et al., 2014).
444To the extent it is feasible, future research should measure long-term and objective clinical outcomes of
445these types of interventions, as well as to investigate sub-group differences in responses, and their potential
446for translation into real-world settings. Although likely to be dependent on specific contexts and settings,
447implementing multi-session interventions across settings may be met with substantial barriers (Papas et al.,
4482011; Papas et al., 2010). However, repeated brief interventions or mobile applications coupled with a
449single-session of MI may hold promise for translation into HIV clinics and resource poor settings.
451Summary and Future Directions.

452 Alcohol use is common among PLWH, and is associated with HIV acquisition and transmission,
453lack of viral suppression, common comorbid conditions, and ultimately morbidity and mortality via both
454biological (e.g., oxidative stress) and behavioral (e.g., ART adherence) mechanisms (see: Figure 1).
455Associations between alcohol use and HIV-related care and outcomes are likely to be influenced by
456independent and/or overlapping lived experiences of vulnerable sub-populations that are disproportionately
457represented among PLWH (e.g., sexual minorities, homeless populations). Interventions to modify drinking
458and improve HIV-related risks and outcomes have been tested in various populations with limited success to

459date.
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460 Our review suggests further research in several areas. Consistent with NIH priorities (National
461Institutes of Health, 2015), substantial research is needed to better understand alcohol’s influence on co-
462infections and comorbid conditions that are common among PLWH, including elucidating the mechanisms
463by which alcohol use is impacting comorbidities. While research suggests the possibility that no level of
464alcohol use may be considered “safe” for PLWH (Justice et al.), given the high prevalence of alcohol use
465among PLWH, it will be necessary to better understand which patterns of use substantially increase risks
466and how. These investigations will require measures of all levels of drinking (including non-drinking). This
467work should also quantify how changes in alcohol use can alter the course of HIV-related outcomes. Studies
468that assess whether state-of-the-art medications are safe for co-infected PLWH who drink alcohol are
469needed in order to ensure adequate treatment of common co-infections. While new medications have
470emerged that appear to be highly effective at controlling both HCV and TB, contraindications of previous
471medications, as well as resulting stigma are likely to be barriers to treatment for PLWH who drink and have
472common co-infections.

473 Future studies of alcohol’s influence on common comorbidities among PLWH will need to explicitly
474address measurement issues plaguing the extant literature. While many studies of adverse outcomes among
475PLWH have not addressed alcohol use at all, many that have, have used alcohol measurements of varying
476quality. Future studies among PLWH, especially those of interventions which can be prone to mis-report,
477should include validated self-report measures of alcohol use. While diary-based methods of assessing
478consumption, such as Timeline Follow Back methods (Sobell et al., 1996), are considered state-of-the-art
479self-report measures, validated alcohol screens such as the Alcohol Use Disorders Identification Test
480(AUDIT) (Babor et al., 1989) and its abbreviated versions (i.e., the “AUDIT-C” made up of the first three
481questions regarding consumption (Bush et al., 1998; Bradley et al., 2007; Dawson et al., 2005), and the
482“AUDIT-3” comprised of the third question assessing heavy episodic drinking (Smith et al., 2009)) are also
483commonly-used self-report-based methods. When possible, due to limitations of self-report measures (e.g.,

484social desirability bias, recall bias), biological measurements such as phosphatidylethanol (PEth) are
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485recommended (though these also have limitations such as lack of sensitivity for low but still risky amounts)
486(Hahn et al., 2012; Wurst et al., 2005; Bajunirwe et al., 2014; Asiimwe et al., 2015), as well as objective
487measures of alcohol-related health consequences. Selection of optimal measures will depend on populations
488and contexts studied, and the purpose of the measurement. At all phases of this research, subgroup variation
489in associations should be identified, such that risks specific to vulnerable populations that are over-
490represented among PLWH (e.g., racial/ethnic minorities, MSM, people with co-occurring substance use,
491mental health conditions, and homelessness, and the intersections of these identities) are understood.

492 This research should serve as foundational work that can be translated into a next generation of
493intervention studies. Future interventions should address alcohol use at individual and policy levels and at
494all phases from transmission to treatment of HIV. Because alcohol use is prevalent and persistent among
495PLWH even after exposure to interventions, future interventions should focus on improving engagement in
496and adherence to HIV care, reducing acute health care utilization, and mitigating comorbid complications in
497the context of continued drinking. For instance, given the effectiveness of ART for treating HIV, and that
498alcohol use is a potential modifiable risk factor for non-adherence, this can be considered a challenging but
499reasonable area for continued research. Given that reductions in alcohol use observed in earlier studies have
500not translated into improvements in ART, interventions aimed at clustered risks and focused on clearly
501identified mechanisms linking alcohol use and ART are likely needed. Future interventions should be
502designed to provide information regarding the potential magnitude of benefit in HIV-related care and
503outcomes that may be obtained by addressing alcohol use. Once effective interventions are identified,
504identifying ways to implement them in real world health care settings will be important, as well as
505understanding barriers to doing so.

506 By making further progress on understanding the ramifications of alcohol use among PLWH in the
507era of HIV as a chronic condition, research should inform how we can mitigate transmission, achieve viral
508suppression and avoid exacerbating common comorbidities of HIV and alcohol use while making progress

509toward the 90-90-90 goals set out by the WHO (Joint United Nations Programme on HIV/AIDS, 2014).
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511Figure 1 Legend. The Influence of Alcohol Use on HIV Care and Outcomes
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