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Abstract

Background—Alcohol use disorders (AUDs) are highly prevalent and associated with non-
adherence to antiretroviral therapy, decreased health care utilization and poor HIV treatment
outcomes among HIV-infected individuals.

Objectives—To systematically review studies assessing the impact of AUDs on: (1) medication
adherence, (2) health care utilization and (3) biological treatment outcomes among people living
with HIV/AIDS (PLWHA).

Data Sources—Six electronic databases and Google Scholar were queried for articles published
in English, French and Spanish from 1988 to 2010. Selected references from primary articles were
also examined.

Review Methods—Selection criteria included: 1) AUD and adherence (N=20); 2) AUD and
health services utilization (N=11); or 3) AUD with CD4 count or HIVV-1 RNA treatment outcomes
(N=10). Reviews, animal studies, non-peer reviewed documents and ongoing studies with
unpublished data were excluded. Studies that did not differentiate HIV+ from HIV- status and
those that did not distinguish between drug and alcohol use were also excluded. Data were
extracted, appraised and summarized.

Data Synthesis and Conclusions—Our findings consistently support an association between
AUDs and decreased adherence to antiretroviral therapy and poor HIV treatment outcomes among
HIV-infected individuals. Their effect on health care utilization, however, was variable.
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1. Introduction

Alcohol use disorders (AUDs) and HIV are both widespread, but result in intertwined global
epidemics that generate significant morbidity and mortality. HIV/AIDS results in more than
2 million deaths annually and has caused 25 million cumulative deaths since the beginning
of the epidemic (World Health Organization, 2009). Similarly, there are 1.8 million alcohol-
related deaths annually world-wide (World Health Organization, 2007). In the U.S., 14
million Americans meet DSM-IV criteria for alcohol dependence and even more experience
problems with alcohol (Isaki and Kresina, 2000). While AUDs alone cause significant
physical, mental and social impairment, they also exacerbate other co-morbid conditions like
HIV due to decreased adherence with medications (Hendershot et al., 2009), decreased
health care utilization (Zarkin et al., 2004) and increased HIV risk behaviors associated with
disinhibition (Fisher et al., 2007; Justus et al., 2000). In this way, AUDs and HIV act
synergistically at the individual and societal level to negatively impact health.

AUDs are generally defined by ingestion of alcohol over a period of time and in patterns
that lead to problems with health, personal relationships, work or the law. Most literature on
the topic employs either the Diagnostic and Statistical Manual-1V (DSM-1V) or the
International Classification of Diseases-10 (ICD-10) criteria to define alcohol dependence,
abuse, or “harmful use” but many other definitions exist. In 2001-2002, the National
Institute on Alcohol Abuse and Alcoholism (NIAAA) estimated that 4.65% of the US
population were alcohol abusers (Grant et al., 2004), while more recent data from the WHO
shows that 11% of Americans are heavy drinkers (World Health Organization, 2004).
Though already widespread in the general population, AUDs seem to be even more common
among people living with HIV/AIDS (PLWHA) (Balla et al., 1994; Galvan et al., 2002).
The prevalence of AUDs among PLWHA is 2-4 times higher than among uninfected
populations (Petry, 1999) and ranges from 8% to 41% (Cook et al., 2001; Lefevre et al.,
1995; Tucker et al., 2003). These prevalence estimates likely reflect the diverse definitions
and measurements of alcohol problems used. For example, a U.S. probability survey of
PLWHA receiving medical care found that 53% of participants reported any alcohol
ingestion in the past month; 15% of these were classified as heavy drinkers (Galvan et al.,
2002). This rate is twice that estimated among the general population (Greenfield et al.,
2000). Irrespective of the definition used, AUDs among HIV-infected persons are common
and alcohol consumption has been shown to decrease overall survival in this population
(Braithwaite et al., 2007).

AUDs have many important public health consequences because of alcohol's association
with: 1) direct deleterious consequences on one's health; 2) increased HIV risk-taking
behaviors among PLWHA, thereby potentially resulting in increased HIV transmission
(Shuper et al., 2009a; Woolf and Maisto, 2009); 3) decreased adherence to highly active
antiretroviral therapy (HAART) that may contribute to development of drug resistance
mutations (National Institute on Alcohol Abuse and Alcoholism, 2002); 4) delay in HIV
diagnosis and subsequent decreased health care utilization (Zarkin et al., 2004); 5) increased
risk for Hepatitis C Virus infection (Cheng et al., 2007); 6) acceleration of cognitive decline
(Anand et al., 2010; Green et al., 2004); 7) higher prevalence of mental illness (RachBeisel
et al., 1999) and 8) overall increased mortality (National Institute on Alcohol Abuse and
Alcoholism, 2002). AUDs alone have profound adverse health consequences but for
PLWHAs, these consequences are amplified.

The impact of AUDs on HIV prevalence (Kalichman et al., 2007) and HIV risk behaviors
has recently been reviewed (Shuper et al., 2009b). In this paper, we extend findings from
PLWHAs and AUDs and systematically review the impact of AUDs on other outcomes:
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adherence to antiretroviral therapy, health care utilization, and biological treatment outcome
measures.

2. Methods

2.1 Data Search

Briefly, PubMed, Cochrane, Web of Knowledge, SCOPUS, CINAHL, and Yale University
Library were queried for peer-reviewed original human research published in English,
French or Spanish from 1988 to 2009. Google Scholar and primary references were also
reviewed for details or other articles. The keywords and their combinations used in the
search are available as an electronic appendix!.

2.2 Study Selection and Inclusion/Exclusion criteria

Figure 1 provides the CONSORT flow for systematic reviews. The original search resulted
in more than 5143 documents for which 315 articles met the following inclusion criteria: 1)
alcohol use and HAART adherence; 2) alcohol use and health services utilization; or 3)
alcohol use and biological HIV treatment outcome measures (CD4 count and HIV-1 RNA).
Of these, 274 were subsequently excluded because they were either review articles, non-peer
reviewed newspaper articles and letters, were not human studies, described ongoing studies
with no data published or lacked the stated outcomes of interest. Manuscripts were also
excluded if the outcome of interest was analyzed without differentiating HIV-infected from
HIV-uninfected subjects or if alcohol and drug use were not distinguished.

2.3 Data Extraction

Standardized data collection forms were used to extract all data, including: study authors;
study site; year and duration of study; study design; population characteristics; sample size;
type of measurement used to define AUDs, antiretroviral adherence, or healthcare
utilization; type of health care use examined; and biological HIV treatment outcome
measures. When the article used more than one definition for AUDs, antiretroviral
adherence, healthcare utilization or HIV treatment outcomes, all definitions were included.
In cases where no standardized definition of AUD was used, the terms used by the authors
were noted.

2.4 Definitions and measures

2.4.1 Measures of Alcohol Use—AUDs represent an array of distinct conditions and
are defined by diagnostic, epidemiological or screening criteria that have considerable
overlap. In addition to DSM-IV and ICD-10 definitions for AUDs, alcohol use is
additionally categorized by the number of drinks (e.g., heavy, moderate, light) and its impact
on health (e.g., hazardous drinking, harmful, at-risk, binge drinking, etc.). Standardized and
non-standardized assessment tools define many of these drinking thresholds based on the
amount of alcohol consumed. We therefore present the definitions used by the authors,
including the terminology, assessment tool and their threshold (not always consistent with
existing standards).

Categories of AUDs encountered in these articles included: alcohol dependence (by DSM-
IV and DSM-111 criteria), alcohol problems (by ICD-9-CM coding), hazardous drinking,
heavy drinking, heavy alcohol use, at-risk drinking, alcohol use frequency, light/moderate/
severe drinking (using WHO definition), and binge drinking. Some studies used multiple
measures in parallel (e.g., by combining heavy drinking and hazardous drinking); one study

1The electronic appendix is available with the online version of this article at doi:xxx/j.drugalcdep.xxx ...
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created an Alcohol Factor, which included problem drinking, negative consequences of
drinking and total alcohol consumption. Some studies failed to provide a definition for their
alcohol measures at all and simply defined alcohol use as having had any alcohol. Because
of the wide array of alcohol use measures used by the investigators, we used the term
“alcohol use disorders” (AUDs) for uniformity and placed the exact term used by the
authors in parentheses.

2.4.2 Antiretroviral adherence measurements—NMultiple methods, both validated
and unvalidated, were used to assess HAART adherence (Table 1). They included self-
reports, hospital or clinic records, pharmacy records, pill counts and electronic monitoring
systems. Adherence was reported either as a continuous or binary measure (adherent vs.
non-adherent) according to a specified threshold. In the reviewed studies, adherence was
reported either in association with AUDs or as the proportion of the sample meeting a
specified adherence threshold. Both of these measures were extracted and are presented in
Table 12. Adherence threshold measurements vary considerably and may involve a single
time point or are longitudinal. Some studies used a number of missed doses as a cut-off;
others used >95% adherence, 100% adherence, or a pre-defined response to a self-report
questionnaire. Time until regimen discontinuation was also used. The time period over
which adherence was assessed ranged from the previous 24 hours to the previous 6 months.
There was absolutely no uniformity in adherence measurements so drawing comparisons
between studies was challenging.

2.4.3 Healthcare utilization measures—Data on health care utilization were extracted
and classified as outpatient visits (or ambulatory visits), Emergency Department (ED) visits,
hogspitalizations, being prescribed HAART and “other” measures of health care use (Table
2)°.

2.4.4 Biological HIV treatment outcome measures—Biological HIV treatment
outcome measures included CD4 count (cells/mL) and viral load (HIV-1 RNA copies/mL)
levels. CD4 lymphocyte counts were characterized either as a binary measure or by absolute
changes from baseline. HIV-1 RNA levels were categorized into virologic suppression
(HIV-1 RNA<400 or <500), detectable viral load (HIV-1 RNA>400 or >500) or as log
transformation change from baseline.

3.1 The impact of alcohol use disorders on HAART adherence

Twenty studies met final inclusion criteria for this category (see Table 1). Study designs
included prospective observational cohorts (N=7), cross-sectional analyses (N=11) and
randomized controlled trials (N=2).

3.1.1 HAART adherence in prospective observational cohorts—Decreased
HAART adherence among those with AUDs was reported in 5 of 7 longitudinal studies. Of
these, three large cohorts of PLWHA used missing 1 or 2 doses as their adherence
measurement, but the timeframe over which adherence was assessed differed substantially
(e.g., past week, 2 weeks or 4 weeks). AUD measurements (heavy drinking, hazardous
drinking or severe drinking) differed substantially as well (Chander et al., 2006; Conen et
al., 2009; Tucker et al., 2004). Two other studies also found decreasing levels of adherence
in association with alcohol (Golin et al., 2002; Samet et al., 2004) but they used smaller

2 more detailed version of Table 1 is available with the online version of this article at doi:xxx/j.drugalcdep.xxx ...
A more detailed version of Table 2 is available with the online version of this article at doi:xxx/j.drugalcdep.xxx ...
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cohorts. One study found poor adherence overall in their sample; nonetheless, subjects using
“any alcohol use in the prior 30 days”, had significantly lower adherence (66.3%) than non-
users (74.2%) (Golin et al., 2002).

Two prospective cohort studies found no significant association between HAART adherence
and AUDs. The measurement for adherence, however, may be responsible for the differing
outcomes. In one study of 266 PLWHA, non-adherence was defined as medication
discontinuation (Kim et al., 2006); this definition applies to non-persistence rather than non-
adherence; non-adherence is typically characterized by missing a percentage of prescribed
doses while non-persistence involves a pre-specified “gap” in treatment. This analysis was
further complicated by the high concomitant prevalence of depression and its correlation
with drug and alcohol use disorders. Of the 17% who discontinued HAART, it was
depression, but not hazardous drinking, that was associated non-persistence. In another
study of 148 PLWHA, HAART adherence was associated with age over 50 years (53% vs.
26%), but not alcohol use. The authors contend that older age groups have less substance use
disorders overall and generally adhere better to medications. Absent from their discussion is
that defining AUDs as “any use” of alcohol is perhaps a threshold too low to significantly
impact adherence (Hinkin et al., 2004).

3.1.2 HAART Adherence in cross-sectional studies—Table 1 describes the 11
cross-sectional studies that were examined for the impact of AUDs on HAART adherence.
Nine studies noted significantly decreased adherence in association with AUDs (Braithwaite
et al., 2005;Chesney et al., 2000;Cook et al., 2001;Michel et al., 2010;Murphy et al.,
2002;Murphy et al., 2004;Parsons et al., 2007a;Parsons et al., 2007b;Peretti-Watel et al.,
2006; Tucker et al., 2003). The differences in these studies pertained to how the AUD was
defined (hazardous drinking, heavy drinking, binge drinking, or positive CAGE
questionnaire screen) and the period of assessment (past day, past 3 days, past week, past 2
weeks, or past month).

Three studies measured alcohol use (regular use, any use, or use frequency) rather than
abuse in their analyses (Murphy et al., 2002; Murphy et al., 2004; Peretti-Watel et al., 2006).
One study found ‘any alcohol use’ to be associated with past 3-day HAART adherence
[OR=0.199, P < 0.05], but not with past week adherence (Murphy et al., 2002). On the other
hand, another study reported an association between ‘increasing alcohol use’ and HAART
adherence over the prior month [AOR=0.51 (0.33-0.79) at 95% CI] but not with past 3-day
or past week adherence (Murphy et al., 2004). The inconsistency of these findings may be
the vague definition of ‘alcohol use’, which did not necessarily relate to any marker of
severity, chronicity or abuse.

A decade-old study compared adherent to non-adherent subjects and reported a significantly
higher median consumption of alcoholic drinks in the past 30 days among non-adherent
subjects despite only modest levels (9 drinks per month) of alcohol consumption in the
overall sample (Chesney et al., 2000). In another study of 272 PLWHA on HAART meeting
criteria for problem drinking using the AUDIT (Alcohol Use Disorder Identification Test)
an Alcohol Factor was created as a composite of problem drinking, negative consequences
of drinking and total alcohol consumption. Increasing levels of AUDs, represented by the
Alcohol Factor, were significantly associated with decreased adherence (Parsons et al.,
2007b). Four additional cross-sectional studies also found AUDs (including heavy drinking,
hazardous drinking, harmful alcohol consumption or binge drinking) to be associated with
decreased adherence (Braithwaite et al., 2005; Cook et al., 2001; Michel et al., 2010; Tucker
et al., 2003). These primarily used the past week as their sole assessment period for
adherence; Cook et al 2001 also used past day measures (not significant) and Braithwaite et
al 2005 only used past month adherence. A recent cross-sectional study also found a
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correlation between non-adherence and AUDs (alcohol abuse) among homeless PLWHA.
These results, however, must be interpreted cautiously in light of the fact that adherence was
measured over a narrow 2-day time-period (Friedman et al., 2009).

One cross-sectional study of HIV-infected men who have sex with men (MSM) failed to
find an association between AUDs (hazardous drinking) and decreased adherence
(Kleeberger et al., 2001). In this study, the 539 participants were followed for 15 years and,
on average, attended 90% of their scheduled appointments over this time. The authors
therefore suggest that this extraordinary adherence to clinical follow-up would then translate
into adherence to their HIV medications.

3.1.3 HAART adherence in randomized controlled trials (RCTs)—Two RCTs
examined the effect of psychotherapeutic interventions on adherence in HIV-infected
alcohol drinkers. In the first, 143 PLWHA with AUDs (hazardous drinkers) were
randomized to either combined motivational interviewing and cognitive behavioral therapy
or standard educational sessions. Compared to controls, the intervention group experienced
significantly higher increases in HAART adherence over 3 months. The intervention,
however, failed to maintain adherence by 6 months, suggesting that it was not durable or the
sample was insufficiently powered to detect small differences in adherence (Parsons et al.,
2007a). In another RCT of 151 PLWHA with AUDs (hazardous drinkers) a multi-
component psychotherapeutic intervention (composed of an educational/motivational
session, a medications reminder and individualized counseling) was compared to standard of
care. The differences in adherence between the two groups did not differ appreciably in
either short (1-6 months) or long-term follow-up (12-13 months) (Samet et al., 2005).

3.2 The impact of alcohol use disorders on health care utilization

Eleven articles assessed the relationship between AUDs and health care utilization among
PLWHA. In general, there was some disparity in the reported impact of alcohol use on
health services utilization. See Table 2 for these parameters.

3.2.1 Impact of AUDs on outpatient visits—Seven articles examined the impact of
AUDs on outpatient visits. Three of these studies found an association between AUDs and
decreased utilization of outpatient services. A comparative study of two non-
contemporaneous U.S. cohorts of PLWHA found that AUDs (heavy drinking) were
significantly associated with fewer ambulatory visits among an underserved group targeted
for supportive outreach, but not in a nationally representative group of PLWHA who were
engaged in HIV care (Cunningham et al., 2006). Similarly, in a cross-sectional analysis of
349 PLWHAs with alcohol problems, AUDs (alcohol addiction severity) were significantly
associated with fewer ambulatory visits (Kim et al., 2006). Among Veterans, similar results
were found among 881 HIV-infected men with AUDs (hazardous drinking) (Gordon et al.,
2006).

In contrast, two studies reported increased frequency of outpatient visits among PLWHA
with AUDs compared to those without them. In one study, medical records of 16,048 HIV-
infected veterans were followed prospectively for 12 months. Those with AUDs (alcohol
problems) had significantly higher numbers of ambulatory visits overall but there was no
association between AUDSs and use of primary care or surgical clinics (Kraemer et al.,
2006). The reason for this discrepancy in visit-type may have been that the majority of
ambulatory visits by those with AUDs were for drug treatment or psychiatric care, rather
than engagement in HIV treatment. Another study of 238 PLWHA found that AUDs (binge
drinking) were associated with increased regular outpatient visits (Cunningham et al., 2006).

Drug Alcohol Depend. Author manuscript; available in PMC 2011 December 1.
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Finally, two studies did not find a significant association between AUDs and outpatient
visits (Cunningham et al., 2007; Masson et al., 2004). The authors of both these articles
speculated that heavy alcohol intake leads to an increase in acute care services (ED visits or
hospitalizations) rather than use of more routine outpatient services. Future studies must
carefully separate HIV primary care visits from more episodic care provided in EDs.

3.2.2 Impact of AUDs on hospitalizations—Three articles found a significant increase
in frequency of hospitalizations among PLWHA with AUDs (hazardous drinking, alcohol
dependence classified by ADS scale or ICD-9 coding) (Gordon et al., 2006; Kraemer et al.,
2006; Palepu et al., 2005). Four other studies, however, found no such association
(Cunningham et al., 2006; Josephs et al., 2010; Kim et al., 2006; Masson et al., 2004). In
some of these studies, binge drinking was used as a measure of AUDs, which may have not
appropriately captured the type of chronic alcohol abuse that might result in medical-related
(rather than trauma) hospitalization (Cunningham et al., 2006; Josephs et al., 2010). Other
inconsistencies may explain the lack of association found between AUDs and
hospitalization. One study included only hospital admissions from the ED, thereby
potentially overlooking direct admissions from the community or clinics (Josephs et al.,
2010). Two other studies (Murphy et al., 2002; Murphy et al., 2004) risked sampling bias by
studying populations that were disproportionately homeless and in which hospitalizations
may have thus been driven by environmental factors or other co-morbid illnesses other than
AUDs or HIV.

3.2.3 Impact of AUDs on Emergency Department (ED) visits—Seven studies
assessed the impact of AUDs on ED visits. Of these, four found significant increases in
frequency of ED visits among PLWHA with AUDs compared to PLWHAs without AUDs
(Cunningham et al., 2007; Josephs et al., 2010; Kraemer et al., 2006; Masson et al., 2004).
Three articles found no such association between ED utilization and AUDs (Cunningham et
al., 2006; Gordon et al., 2006; Kim et al., 2006). Access to substance abuse treatment among
PLWHAs in some of these studies may have led to less severe alcohol use and fewer ED
visits. Furthermore, one paper did not measure ED visits to locations other than the Veterans
Administration (VA) hospitals, which may have affected their results since most patients
requiring emergency services live too far from VA services (Gordon et al., 2006).

3.2.4 Impact of AUDs on HAART utilization—Two papers reviewed assessed non-
initiation of HAART despite clinical indication among PLWHA with AUDs. In a
prospective cohort of 1171 PLWHA in Baltimore, those with AUDs (hazardous drinking)
reported significantly decreased initiation of HAART over a 6-month period (Chander et al.,
2006). A cross-sectional survey of 238 PLWHA arrived at similar conclusions whereby
binge drinking was associated with decreased entry onto HAART (Cunningham et al.,
2006).

3.2.5 Impact of AUDs on other measures of health care use—Health care
utilization was broadened to include use of substance abuse and mental health treatment
services. One paper found a significantly increased frequency of mental health care visits by
HIV-infected veterans with AUDs compared to those without them (Kraemer et al., 2006).
In another cross-sectional, multisite study of 803 PLWHA, subjects with AUDs (alcohol
dependence) were significantly less likely to engage in drug treatment services (including
outpatient clinics, self-help sessions or residential treatment programs). AUDs were not
associated, however, with use of mental health services (Weaver et al., 2008) or receipt of
PCP prophylaxis, and other quality of care indicators (Cunningham et al., 2006).
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4. The impact of alcohol use disorders on health outcomes

Ten investigations (Table 3)# assessed the impact of AUDs on biological HIV treatment
outcomes, measured by CD4 counts (cells/mL) and HIVV-1 RNA viral load (VL) (copies/
mL). These measures are distal surrogates of accessing and properly utilizing HAART. The
consequences of a non-suppressed VL are its association with HAART non-adherence,
development of resultant drug-resistant viral mutations and accelerated progression of
disease. Among PLWHA, the presence of AUDs was associated with increased VLs in five
studies and decreased CD4 counts in four. A prospective study of HIV-infected veterans
found that a detectable VL was more common among hazardous drinkers compared to non-
hazardous drinkers (64.8% vs. 48.2%). There was no association found, however, between
alcohol dependence, alcohol abuse or hazardous drinking and CD4 counts (Conigliaro et al.,
2003). Another cross-sectional study of 349 PLWHAs with AUDs (hazardous drinking)
found that among those on HAART (N=205), hazardous drinking was significantly
associated with higher VL levels. Although there was a trend towards lower mean CD4
counts among those with AUDs, it did not achieve statistical significance (Samet et al.,
2003). A Canadian study of HIV-infected drug injectors reported that any alcohol use in the
previous 6 months was significantly associated with virologic non-suppression (Palepu et
al., 2003). Another study used a more standard AUD definition (hazardous drinking) and
similarly found it to be associated with virologic non-suppression (Chander et al., 2006). In
a large prospective cohort, PLWHA with AUDs (severe drinking) had an increased
likelihood of viral non-suppression and lower CD4 counts compared to moderate and light
drinkers (Conen et al., 2009). Among a cohort of 2770 HIV-infected women, disparate
associations between AUDs (hazardous drinking) and CD4 counts were reported; AUDs
were significantly lower among women with 200-500 cells/mL, but not for those under 200
cells/mL (Cook et al., 2009). Though the authors speculate that those with higher CD4
counts felt well-enough to drink, but those with CD4>500 cells/mL did not differ from those
with CD4<200. Alternatively, those with CD4<200 cells/mL might have been more likely to
be on HAART given clinical guidelines for therapy. Similarly, in another longitudinal
cohort which measured response to HAART over a period of 5 years, PLWHA with AUDs
(hazardous drinking) had significantly decreased mean CD4 counts compared to those
without AUDs among subjects not taking HAART; VL, however, did not differ over time
(Samet et al., 2007). The discrepant findings between effect of AUDs on viral load and CD4
count may be explained by the dynamics of HIV infection, in which VL changes occur more
rapidly than CD4 counts in response to HAART.

Three studies found no association between AUDs and either CD4 count or VL. Among 239
PLWHA, VL and CD4 counts did not differ among those with AUDs versus those who did
not (Henrich et al., 2008). This may, in part, be explained by the use of non-validated
criteria for alcohol abuse: >3 drinks/day for 10 years and a history of driving while
intoxicated. In a case-control study comparing PLWHASs with and without AUDs (alcohol
dependence), mean CD4 counts and VLs were not significantly different. Subjects with
CD4<100 cells/mL and those with medical disabilities, however, were excluded from the
study, possibly attenuating any existing associations (Rosenbloom et al., 2007). Among
HIV-infected problem drinkers enrolled in a randomized control trial comparing a multi-
component intervention versus standard care, no significant differences in CD4 and VL were
detected overall or between the intervention and control groups (Samet et al., 2005).

4A more detailed version of Table 3 is available with the online version of this article at doi:xxx/j.drugalcdep.xxx ...
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4. Discussion

AUDs and HIV are prevalent and each independently contribute negatively to poor health
outcomes. When combined, there appears to be synergistic negative consequences that result
in increased morbidity and mortality. The literature on the interface of these two fields is
staggering and is complicated further by the added contribution of co-morbid mental illness,
which is highly prevalent among both groups. The findings from existing studies vary based
upon the population being studied, study design, and measurements used to define AUDs,
HAART adherence and types of HIV treatment outcomes. In this systematic review, we
comprehensively assembled and clarified these definitions to determine the impact of AUDs
on adherence to antiretroviral therapy (N=20), health care utilization (N=11) and HIV
treatment outcomes (N=10). In general, and with some notable exceptions, AUDs negatively
impact adherence to antiretroviral therapy, health care utilization and HIV treatment
outcomes.

The reviewed studies included longitudinal, cross-sectional, case-control studies and
randomized controlled trials to examine the impact of AUDs on HAART adherence, health
care utilization patterns and HIV treatment outcomes. Most studies confirm that the presence
of AUDs, particularly with increasing levels of severity, significantly decreases HAART
adherence. Challenging within these studies are the ways in which adherence was assessed
(self-reports vs. MEMS caps vs. pill counts) and the thresholds that qualified as suboptimal
adherence. The simplicity of new antiretroviral regimens and varying thresholds required to
sustain virologic suppression among differing antiretroviral medication classes now begs the
question: is it really adherence (the intermediary outcome) or viral suppression itself that we
should aim to measure and achieve in practice (Bangsberg, 2006; Parienti et al., 2009)?
Thus, even among PLWHA who have AUDs, interventions that statistically improve
adherence by even 10-20% would not lead to clinically relevant virological outcomes,
evidenced by the availability of contemporary regimens that include NNRTIs and newer
boosted protease inhibitors with long half lives (Parienti et al., 2010); the latter are also
impressively resistant to development of resistance even in the setting of poor adherence
(Tarn et al., 2008).

Health care utilization, like adherence, is a crucial element of HIV treatment success.
Routine and regular care is needed to monitor CD4 counts, viral loads, resistance testing,
and screening for opportunistic diseases and side effects among other necessities of
treatment. Decreased health care use appears to be common among PLWHA with co-morbid
AUDs because of alcohol's disruptive effects on cognition, judgment and lifestyle. AUDs
have also been associated with increased episodic health care use, like ED use, because of
increased morbidity associated with heavy drinking itself. By stratifying by these differing
types of health care use, we were able to aggregate these negative health care utilization
consequences among PLWHA and AUDs. Prospective studies using an array of AUD
measurements to examine health services utilization patterns merit further investigation.
From a clinical perspective, interventions that markedly decrease alcohol consumption are
likely to have the greatest enhancement on HIV treatment outcomes. Though
pharmacological interventions like depot naltrexone demonstrate modest improvements in
alcohol treatment outcomes, they have been confirmed to be superior to non-
pharmacological interventions (Anton et al., 2006), and may be one approach to effectively
engage patients in life-saving treatment. Pharmacological treatments have not, however,
been tested in HIV-infected populations. Alternatively, the co-location or integration of
services where both HIV and alcohol treatment are treated simultaneously in one setting
(Sylla et al., 2007), may be another effective strategy to engage patients and improve
outcomes. In either scenario, it is critical to create interventions that are efficacious, safe and
cost-effective.
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AUDs are commonly associated with poor CD4 and VL outcomes. While our review
specifically examined these two treatment outcomes, other health outcomes are also
negatively impacted by AUDs. Indeed, neuro-cognitive decline (Green et al., 2004),
depression (Sullivan et al., 2008), lipodystrophy (Cheng et al., 2009), and accelerated
progression to end-stage liver disease among HIVV/HCV co-infected patients (Cheng et al.,
2007) have all also been associated with AUDs among PLWHA.

There are several limitations to this review. While an extensive search of the literature
deployed multiple databases and search engines, there is no guarantee that all relevant
articles were found. Variations in definitions of AUDs, adherence and health care use made
between-study comparison more difficult to interpret. While selected studies included most
regions of the world, the vast majority was from the U.S., limiting generalizability. This is
relevant in that some regions of the world, like Eastern Europe and Africa, have staggering
rates of AUDs plus some of the most explosive HIV epidemics — potentially a perfect storm
for devastating consequences. Last, most studies did not disentangle whether an underlying
mental illness complicated care and worsened outcomes. Further studies will need to assess
the impact of depression and other mental illness on HIV treatment outcomes.

This systematic review is, to our knowledge, the first to examine the impact of AUDs
(defined broadly) on health care utilization and HIV treatment outcome measures in this
population. A meta-analysis of alcohol use and HAART adherence precedes our own and
reports an overall significant association between alcohol use and non-adherence
(Hendershot et al., 2009); this review did not examine the multiple operational definitions
we use here. With the mounting number of studies on the topic of AUDs and HIV outlined
by this systematic review, it is now clearly the time to move from assessment to
intervention. Interventions may target the individual; the clinical care setting; or address
structural barriers. They can be grounded in behavioral modification theory or include
pharmacological agents such as naltrexone that is approved for the treatment of alcohol use
disorders, but has not yet been empirically tested in PLWHASs (Anton et al., 2006).

It is clear that PLWHAS must first be diagnosed in order to enter into life-saving or life-
prolonging care. Though PLWHAS with AUDs present late to care (Samet et al., 1998),
once identified, it is essential to increase access and retention in care and to HAART. Once
prescribed HAART, interventions should have four primary goals: 1) retention on HAART
(persistence); 2) high HAART adherence levels; 3) to maximize CD4 counts and suppress
VL; and 4) to decrease HIV risk-taking behaviors. If interventions are able to maximize viral
suppression, they are likely to result in decreased HIV transmission to others even if HIV
risk behaviors are not reduced (Granich et al., 2009).

Most individual or group-based interventions target cognition and adherence to medications
alone. They may not, however, be sufficient to address other behavioral factors, such as
alcohol and drug use, which negatively impact both cognitive function as well as adherence
(Anand et al., 2010). Indeed, improved adherence is associated with recent abstinence from
alcohol, suggesting the need to markedly reduce alcohol use, perhaps with pharmacological
therapies (Samet et al., 2004). Alcohol-induced impairment has an immediate effect on
cognitive functioning that may impede self-efficacy and behaviors, including adherence to
prescribed longitudinal care. For example, PLWHASs have been demonstrated to feel less
confident about taking their HIV prescribed medications (Parsons et al., 2004) or attending
medical appointments when intoxicated (Meier et al., 2006; Palmer et al., 2009). Addressing
such issues are unclear but need addressing by future research. Regardless of the program
components, it is clear that effectively treating AUDs among PLWHA will likely improve
outcomes for the individual and society.
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Fig. 1.
Study selection flow diagram.
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