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Abstract

Alcohol consumption is one of the most prevalent correlates of antiretroviral therapy (ART)
adherence, yet causal processes underlying this association remain largely unexplored. The goal
of this systematic review was to develop a conceptual model that describes the causal effect

of alcohol consumption on ART nonadherence. We reviewed 230 studies that examined the
association between alcohol consumption and ART adherence with three primary aims: (1) to
replicate and extend previous reviews of the literature, (2) to summarize and critique study
designs capable of answering questions about temporal overlap and (3) to summarize potential
mechanisms of action. A model of alcohol-associated ART nonadherence was proposed to guide
future work, integrating general theories of ART adherence and theory on the psychological

and behavioral effects of alcohol intoxication. The conceptual model describes two mechanistic
processes—prospective memory impairment and interactive toxicity beliefs/avoidance behaviors
—involved in alcohol-associated intentional and unintentional nonadherence, respectively. This
model can be used to guide future research on the causal processes involved in the frequently
observed correlation between alcohol consumption and adherence.
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Approximately 38 million people are living with Figure 2 HIV (PWH) globally, with 1.7
million new infections in 2018 (World Health Organization [WHQO], 2019). While incidence
and HIV-related deaths have fallen by almost 40% since 2000, the disease continues to be a
major public health problem, having caused more than 35 million deaths since the onset of
the epidemic (WHO, 2019). The decrease in HIV incidence and HIV-related deaths over the
last two decades is largely attributable to increased access to antiretroviral therapy (ART).
When taken as prescribed, ART suppresses HIV replication, decreases plasma HIV RNA
levels (i.e., “viral load”) to undetectable levels, and reduces the risk of onward transmission
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to zero (J. Cohen, 2011; M. Cohen et al., 2011; Rodger et al., 2016; Rodger, 2018).

ART “treatment as prevention” (TasP) has thus become the primary method for reducing
transmission, spurring campaigns to increase HIV testing, treatment, and viral suppression
worldwide (e.g., UNAIDS’ 90-90-90 campaign; U = U; Joint United Nations Program

on HIV/AIDS, 2018). The TasP movement has launched public health efforts to increase
universal HIV testing, and the initiation of ART as close in time as possible to diagnosis.
These universal test-and-treat (UTT) models have proven feasible in sub-Saharan Africa —
achieving high population-level viral suppression and reduced HIV incidence (Havlir et al.,
2020). There are, however, special populations for which the benefits of UTT are attenuated.
For example, men categorized as hazardous drinkers (i.e., score = 8 on the Alcohol Use
Disorders Identification Test [AUDIT]), were less likely to link to HIV care and initiate ART
in one of the trials associated with the Universal Test and Treat Trial (UT3C) Consortium
(Sabapathy et al., 2017). The success of TasP thus rests on the critical assumption of linkage
to HIV care, and acceptable levels of medication adherence.

The importance of adherence in HIV treatment and prevention

Taking medications as prescribed (i.e., being adhereni) is the single most important patient-
related factor in HIV treatment success, and the most common cause of treatment failure
and disease progression (Molberding & Deeks, 2010). Historically, 95% has been the

level of adherence necessary for optimal population-level viral suppression (Viswanathan
et al., 2015). However, newer ART regimens have been shown to be more forgiving

— with 80%-90% adherence observed as sufficient for virologic control (Gordon et al.,
2015; Viswanathan et al., 2015). Even so, findings from the annual cross-sectional survey
associated with the U.S. National HIV Surveillance System (A= 11,914 PWH), reveal

that viral rebound is significantly more likely among PWH who report <100% adherence
in the last 30 days compared to PWH who report 100% adherence (adjusted Prevalence
Ratio[aPR]=1.88, 95% confidence interval [CI] = 1.58, 2.23; p< 0.001; Craw et al., 2020),
and real time adherence monitoring among PWH who report < 80% adherence has revealed
that the odds of viral rebound increase by 25% (p < 0.01) with each day of nonadherence
beyond 48 hours (Haberer et al., 2015). A meta-analysis of 84 observational studies across
20 countries found that the mean proportion of individuals reporting =90% ART adherence
was only 62% (Ortego et al., 2011), underscoring the identification of risk factors for
nonadherence as important for successful HIV treatment-related outcomes.

Correlates of ART adherence

Medication adherence is complex and influenced by multiple factors related to the patient,
the treatment, the disease, the provider, and the patient-provider relationship (Ammassari
et al., 2002). Over the past two decades, numerous correlates of ART adherence have

been identified in the HIV literature (Shubber et al., 2016; Mills et al., 2006; Engler et

al., 2018; Atkinson & Petrozzino, 2009; Fogarty et al., 2002; Ammassari et al., 2002;
Langebeek et al., 2014). In the most comprehensive of these reviews, Langebeek et al.,
(2014) conducted a meta-analysis of 207 studies involving 103,836 HIV-infected patients.
The review aimed to characterize the magnitude of the association between ART adherence
and sociodemographic (e.g., age, financial constraints), interpersonal (e.g., social support,
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stigma), disease (e.g., time since diagnosis), treatment (e.g., time on ART), and patient (e.g.,
substance use, depressive symptoms, self-efficacy)-related factors. The strongest correlate
was adherence self-efficacy (Standardized Mean Difference [SMD] = .60, 95% CI = .47,
.73) and the second strongest correlate was current substance use (SMD = -.39, 95% ClI

= -.52, .25), both of which were characterized as “medium” in effect size. Indeed, alcohol
consumption has been increasingly recognized as enhancing the risk for poor treatment-
related outcomes at nearly every stage of the HIV care continuum (Vagenas et al., 2015).

Alcohol use among people living with HIV (PWH)

The prevalence of at-risk alcohol use (i.e., drinking that exceeds 3 drinks [4 for men] on

a single day and 7 drinks [14 for men] in a week; Current Reviews Editorial Staff, 2018)
among PWH has been found to range from 8% to 42%, with drinkers disproportionately
represented among PWH given alcohol’s association with behaviors (e.g., condomless sex,
ART nonadherence) that increase risk for onward transmission (Williams et al., 2016).

In the United States (U.S.), studies suggest that 66% of PWH report consuming alcohol

in the previous year (Blair et al., 2014), 8% — 29% report at-risk drinking (Marshall et

al., 2015; Sullivan et al., 2011), 30% report current binge drinking (>5 drinks in past 30
days; Kelly et al., 2016), and 10% — 35% currently meet or have previously met criteria

for alcohol use disorder (AUD; Justice et al., 2016). These levels of at-risk and binge

(i.e., alcohol consumption that results in blood alcohol concentration (BAC) levels of at
least 0.08 g/dL, which typically occurs after 4 drinks for women/5 drinks for men over 2
hours; National Institute on Alcohol Abuse and Alcoholism, 2011) alcohol consumption are
higher compared to the U.S. general population (Center for Disease Control [CDC], 2018),
although when PWH are compared to demographically similar HIV-uninfected samples,
the levels of consumption may be more equivalent (Park et al., 2016). In sub-Saharan
Africa, the region of the world most affected by HIV, prevalence of at-risk and binge
alcohol consumption has been found to be higher among PWH compared to people who are
HIV-uninfected (Brandt, 2009; Nouaman et al., 2018), although consumption varies widely
be region. For example, the prevalence of binge drinking among PWH in ranges from 14%
in Senegal to 82% in Zambia, with 7%-12% of PWH screening positive on the Alcohol Use
Disorders Identification Test (AUDIT) in South Africa and Nigeria respectively (Farley et
al., 2010; Myer et al., 2008).

PWH who are at-risk drinkers, compared to those who abstain, experience a significant
increase in risk for engagement in sexual risk behavior (Shuper et al., 2009), lack of viral
suppression (Chander et al., 2006), less ART utilization (Chander et al., 2006), taking ART
medications off schedule (Cook et al., 2001), sub-optimal adherence to ART (Hendershot et
al., 2009), and mortality (Braithwaite et al., 2005). Understanding the association between
alcohol consumption and adherence thus has the potential to decrease onward transmission
and improve HIV treatment-related outcomes.

Alcohol use and adherence to ART

As of December 2019, five systematic reviews (Costa et al., 2018, 2018; Ge et al., 2018;
Grodensky et al., 2012; Vagenas et al., 2015) and two meta-analyses (Hendershot et
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al., 2009; Velloza et al., 2019) have been published on the association between alcohol
consumption and ART adherence. Of these reviews, the two most comprehensive are the
2009 meta-analysis by Hendershot et al. and the 2012 systematic review by Grodensky
et al., having summarized 40 and 47 studies, respectively. Hendershot et al. (2009) found
that people who consume alcohol were ~50% less likely (OR = .55; 95% CI = .49, .61)
to be classified as adherent (variably defined) compared to abstainers or those who drank
relatively less. The odds of nonadherence were most extreme when at-risk drinkers were
compared to abstainers or those who drank relatively less (OR = .47, 95% CI = .41, .55).
These results did not include event-level studies, limiting the ability to draw conclusions
about temporal overlap of the two behaviors.

Grodensky et al. (2012) largely replicated Hendershot et al.’s (2009) findings, and extended
them by summarizing separately event-level studies that were designed to examine temporal
overlap. Only two event-level studies had been published on the topic at the time
(Braithwaite et al., 2008, 2005), both of which used Timeline Followback (TLFB) data
from the Veterans Aging Cohort Study (VACS), but combined ART medications and other
medications into one adherence outcome variable. Braithwaite et al. (2008) found that
whereas abstainers missed doses to prescribed medications on 2% of surveyed days, binge
drinkers missed doses on 11% of drinking days, 7% of postdrinking days, and 4% of
nondrinking days. Braithwaite and Bryant (2010) also investigated the relative influence

of alcohol consumption on adherence and survival among PWH and found a clinically
significant decline in adherence on days when a threshold of two standard drinks were
consumed, even when adjusted for individual difference factors. Braithwaite’s analyses
have been interpreted as evidence of alcohol-related cognitive impairment, which was
described as a “causal mechanism linking alcohol consumption to nonadherence” (p. 1651).
The assumption that the acute cognitive and/or behavioral effects of alcohol consumption
have a causal effect on medication adherence is not currently supported by experimental
data however, nor is there a theoretical model that describes hypothesized mechanistic
pathways. It is unknown at this time to what degree alcohol intoxication accounts for
nonadherence on any given nonadherence event, and the cumulative impact of alcohol-
associated nonadherence events over time.

Purpose and focus of the present review

Most reviews and meta-analyses on alcohol consumption and ART adherence assume a
causal process, and even go so far as to conclude that “it is now clearly time to move from
assessment to intervention” (Azar et al., 2010, p.10). Our interpretation of the status of the
literature is consistent with Hendershot et al. (2009), who noted over ten years ago that
while the association between alcohol and nonadherence is “replicable and reliable,” the
“causal nature of the association is difficult to speak to (p. 8).” In order for ART adherence
interventions to adequately address alcohol consumption, and result in clinically-meaningful
behavior change, the temporal ordering and mechanisms underlying the association must
be clarified (Kazdin, 2007; Tryon, 2018). Indeed, a theory-based conceptual framework
explicating the processes by which alcohol use results in nonadherence is critical for
identifying intervention content most likely to result in behavior change (Hagger et al.,
2020).
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In this review we synthesize relevant literature toward the end of developing a theoretical
model of the mechanisms underlying the association between alcohol intoxication and ART
adherence. To this end, we characterized the studies reviewed by their research design and
the information that each design can yield regarding a causal connection between alcohol
consumption and ART adherence, and the mechanism(s) that may underlie it. Critical in
this regard is the idea of “temporality.” In this context, temporality refers to femporal
overlap, or that alcohol consumption is occurring prior to the behavior of interest (i.e.,
adherence or non-adherence to an ART regimen), and that the acute pharmacological effects
of alcohol, such as intoxication or hangover, co-occur with adherence/non-adherence during
the same event. Table 1 summarizes the research designs that have been used to examine
the association between alcohol consumption and ART adherence. Experimental studies,
which feature ideal temporality, are not listed in Table 1 because there have been, to our
knowledge, no published experimental studies of alcohol intoxication and ART adherence.
The research designs that are included in Table 1 are listed in descending order of temporal
overlap, and as Table 1 shows, have respective associated value in generating hypotheses
about causal relations between alcohol consumption and ART adherence and mechanism(s)
that may underlie them.

To move the field towards a more mechanistic and theory-informed understanding of the
alcohol-ART adherence relation, the overall goal of this review was to develop a conceptual
model that describes the causal effect of alcohol consumption on ART nonadherence. Such
a model could be used to design experimental and event-level studies capable of testing
hypotheses about the causal effects of alcohol consumption on nonadherence, and the
proportion of the variance in nonadherence events that can be attributed to these effects.

To accomplish this goal, we conducted a broad systematic review of the literature on
alcohol use and ART adherence with three primary aims: Aim 1: To replicate and extend
previous reviews of global association studies, by summarizing changes in the frequency of
measurement, and noting any advances and/or consistencies with Grodensky et al. (2012)
and Hendershot et al. (2009). Aim 2: To separately summarize and critique situational

and event-level studjes—designs capable of answering questions about temporal overlap.
Aim 3: To extract and summarize potential mediators and mechanisms of the alcohol
consumption-ART adherence relation from any quantitative study that conducted a statistical
test of mediation, and qualitative studies that discussed mechanisms of action.

The methods for this systematic review followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines. The protocol was pre-
registered at Prospero (registration # CRD42018092336) on April 6th, 2018.

Study Inclusion Criteria

Inclusion criteria for the quantitative global association studies in Aim 1 were as follows:
(1) included a sample of HIV-positive adults who were prescribed ART, (2) examined
the association between alcohol consumption and ART adherence, with a clearly defined
measure of each, (3) reported an adjusted statistical parameter of alcohol consumption
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as a correlate of ART adherence in a multivariate model, and (4) published in an English-
language peer-reviewed journal. ART adherence was operationalized as medication-taking
behavior, as opposed to a pharmacological outcome of adherence behavior (e.g., viral

load). For Aim 2, only situational and event-level studies were included consistent with

the definitions provided in Table 1. For Aim 3, because we anticipated finding a low number
of quantitative studies focused on mediation and/or mechanisms of action, we also searched
for qualitative studies that could inform this aim. Inclusion criteria for the qualitative studies
were as follows: (1) included a sample of HIV-positive adults who were prescribed ART, (2)
examined the association between alcohol use and ART adherence, and (3) published in an
English-language peer-reviewed journal.

Search Strategy

An electronic search of all peer-reviewed, English-language articles published through
December 315!, 2019 was conducted using the PubMed, PsycINFO, PsycArticles, CINAHL,
and SCOPUS databases. The following Boolean search terms were used in each

database: (HIV OR “human immunodeficiency virus” OR HIV-1 OR AIDS OR “acquired
immunodeficiency syndrome” OR PWHA OR PWH) AND (alcohol OR alcoholism OR
“alcohol use” OR liquor OR drinking OR “alcohol drinking” OR AUD OR “substance
use” OR ethanol) AND (adherence OR nonadherence OR compliance OR noncompliance
OR “medication adherence” OR medication OR “treatment refusal” OR treatment) AND
(HAART OR *“highly active antiretroviral therapy” OR antiretroviral OR “antiretroviral
therapy” OR ARV OR ART OR “combination therapy” OR “HIV treatment”). Reference
lists of articles were reviewed in-depth for additional relevant citations not captured by
the electronic search. We also cross-referenced the results of our review with those of
Grodensky et al. (2012) and Hendershot et al. (2009).

Data Extraction

The titles and abstracts of all records identified by this search strategy were independently
screened by two coders to determine eligibility for full-text review. To resolve any
discrepancies in eligibility for full-text review, the two coders met and discussed their
rationale for categorizing each discrepant record and came to an agreement on the most
appropriate categorization. This process was repeated for any article that was identified
through the reference list of articles reviewed in-depth and those that were cross-referenced
from the Grodensky et al., (2012) and Hendershot et al., (2009) reviews. Each full-text
record was independently reviewed by one member of the team of five coders (co-authors
AS, JR, JF, DM, & MF) to determine eligibility. A randomly selected subset (25%) of

both the quantitative and qualitative articles were coded by a second, independent coder

to assess for agreement in classifying the full-text article for study eligibility. An inter-
coder reliability analysis yielded an overall agreement of 95%. Subsequently, all records
categorized as eligible to be included in the synthesis were reviewed in detail by two
independent coders and all information relevant to Aims 1-3 were extracted from the
full-text. Any discrepancies between the data extracted from the records were discussed and
resolved in team meetings attended by all five coders while consulting with the full-text
article.
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Aim 1.—In order to replicate and extend the Grodensky et al. (2012) and Hendershot et

al. (2009) reviews, and summarize changes in the frequency of measurement, data extracted
from all quantitative global association studies included: study design, geographic location
in which the study was conducted, study sample, measurement of alcohol consumption,
time frame over which alcohol consumption was assessed, measurement or ART adherence,
time frame over which ART adherence was assessed, overlap in the time frame over which
alcohol consumption and ART adherence were assessed, study results, and any proposed
mechanisms by which alcohol consumption was theorized to influence ART adherence.

Aim 2.—Situational and event-level studies were coded separately and in greater

depth. Additional data extracted from these studies included: funding agency, sample
demographics, study eligibility criteria, recruitment strategies, method of event-level or
situational data-collection, temporal overlap between alcohol use and ART adherence
measurement, approach to data analysis, global association analysis results, and event-level
analysis results.

Aim 3.—Any quantitative study that conducted a statistical test of mediation, reporting
both direct and indirect effects, was also coded in greater depth. Data extracted for these
studies were the same as the studies included in Aim 2 with the addition of the following:
measurement of the mediator, statistical test of mediation, and results of the mediation
analysis. As noted above, all quantitative studies were also coded for any mention of
proposed mechanisms by which alcohol consumption was theorized to influence ART
adherence in the introduction and/or discussion section.

All of the qualitative studies were coded for geographic location in which the study was
conducted, study sample, primary themes/findings, and proposed mechanism by which
alcohol consumption influenced ART adherence. Any qualitative study that explicitly
discussed potential mechanisms of action was flagged for more in-depth review. Data
extracted from these studies included: geographic location in which the study was
conducted, funding agency, study sample, sample demographics, study eligibility criteria,
recruitment methodology, interview questions assessing alcohol consumption, interview
questions assessing ART adherence, proposed mechanism by which alcohol consumption
influenced adherence, qualitative data analysis approach, primary themes/findings, and
supporting quotes.

The results of the electronic literature search yielded a total of 3,544 unique records. After
screening the titles and abstracts of these records, 747 were identified as suitable for a
full-text review, including 15 that were identified by either the reference sections of studies
that were reviewed in-depth or articles that the electronic search did not capture but were
found when cross-referencing the Grodensky et al. (2012) and Hendershot et al. (2009)
reviews. A total of 230 articles met eligibility criteria to be included in the final synthesis.
Figure 1 describes the study-selection process using the PRISMA flow diagram. Of the
193 quantitative articles that met eligibility criteria for review in Aim 1, only 5% (n=

9) described event-level or situational association studies eligible for review in Aim 2.
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Although 25% (7= 48) of the quantitative articles proposed a potential mechanism of action
in the introduction or discussion section, only 2% (/7= 3) conducted a mediation analysis
for review in Aim 3. Of the 35 eligible qualitative articles, 69% (/7= 24) discussed potential
mechanisms of action and were also reviewed in Aim 3. Due to the large number of studies
that met eligibility criteria (M = 230), we provide summaries of only the studies that were
reviewed in-depth for Aims 2 (Table 2) and 3 (Table 3).

Aim 1: Replicate and extend previous reviews of the global association literature.

Of the 184 global association studies identified by this review, 135 were cross sectional

and 49 were longitudinal; 53 of the studies were published between 1998-2009 and 131
were published between 2010-2019. We compared studies that were published pre- and
post-2009 on the type of alcohol consumption and ART adherence measures used, the
number of global and event-level studies included, and the general conclusions reached from
the included studies. Consistent with previous reviews, there was considerable heterogeneity
in the assessment of both alcohol use (see Figure 3) and ART adherence (see Figure 4),

as well as wide variability in the time frames over which both were assessed (e.g., alcohol
use over the previous year, ART adherence over the previous 30-days). The frequency

of the measures used to assess alcohol consumption has changed since 2009, with an
increase in the use of validated measures (e.g., the AUDIT), and a decrease in the use

of non-specific dichotomous categorizations (see Figure 3). For example, prior to 2010,
26% of the global association studies available in the literature used a dichotomous drinker/
nondrinker measure, compared to 18% of the global association published between 2010-
2018. Similarly, only 6% of studies published prior to 2010 used the AUDIT, and no

studies used the AUDIT-C, whereas after 2010, 31% of the global association studies

used the AUDIT and 12% used the AUDIT-C. Similar changes were observed in the
adherence measures, with a decrease in the use of percent adherent and dichotomous
measures over time, from 38% to 26% and 11% to 5%, respectively (see Figure 4). There
was a concomitant, but small, increase in the use of visual analog scale (\VAS) ratings of
adherence (from 2% to 11%), unannounced pill counts (from 4% to 7%), multiple measures
of adherence (from 9% to 12%), and pharmacy refills (from 0% to 2%), indicating a

subtle shift towards more objective measurement. The primary methodological change over
time however was the increase in the number of event-level studies from zero (pre-2010)

to seven (five unique studies). The conclusions that can be drawn from the 1998-2009

and 2010-2019 subgroups of global association studies are remarkably similar—the global
association studies generally revealed a significant and negative association between alcohol
use and ART adherence, which was observed regardless of study design and/or mode of
measurement.

Aim 2: Summarize and critique study designs capable of answering questions about
temporal overlap.

Our search revealed two publications, representing one unique situational association study
(Kalichman, Horne, et al., 2019; Kalichman, Katner, et al., 2019) and seven publications,
representing five unique event-level studies (Kalichman et al., 2013, 2014; Parsons et al.,
2008; Pellowski, Kalichman, Cherry, et al., 2016; Pellowski, Kalichman, Kalichman, et al.,
2016; J. Schensul et al., 2017; Sileo et al., 2016). The two publications that examined

Health Psychol Rev. Author manuscript; available in PMC 2023 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Woolf-King et al.

Page 9

the situational association between alcohol use and ART adherence asked 124 PWH who
reported current alcohol consumption to report if they had “practiced” one of six different
alcohol-ART avoidance behaviors (e.g., “I skip taking my HIV medications if | will be
drinking™). Participants with suppressed viral load were significantly less likely to endorse
skipping ART while consuming alcohol, compared to participants with unsuppressed viral
load, although only a minority of participants endorsed this item (7% of participants who
were virally suppressed and 18% of participants who were unsuppressed).

A total of seven publications, representing five unique studies, assessed discrete drinking
events and examined the event-level co-occurrence of alcohol consumption and ART
adherence (Kalichman et al., 2013, 2014; Parsons et al., 2008; Pellowski, Kalichman,
Cherry, et al., 2016; Pellowski, Kalichman, Kalichman, et al., 2016; J. Schensul et al.,
2017; Sileo et al., 2016). Three of the event-level studies were conducted in the U.S., one
study was conducted in South Africa (Sileo et al., 2016), and one was conducted in India
(J. Schensul et al., 2017). Two of the studies involved the collection of retrospective daily
data using the TLFB (Parsons et al., 2008; J. Schensul et al., 2017), and the remaining
three collected prospective daily data using cell-phone-based text messages and/or phone
interviews, sometimes supplemented with unannounced pill counts (Kalichman et al., 2013,
2014) or Wisepill monitoring (Pellowski, Kalichman, Cherry, et al., 2016; Pellowski,
Kalichman, Kalichman, et al., 2016).

Parsons et al. (2008) were the first to publish findings on the day-level association between
alcohol use and ART adherence among a sample of 272 predominantly male (78%) and
Black (58%) at-risk drinkers. Using retrospective daily data collected via the TLFB, Parsons
et al. (2008) examined the association between the number of standard drinks consumed

on a given day and the odds of ART nonadherence on that same day. Multilevel modeling
was used to estimate the odds of ART nonadherence at the within-person level, while also
accounting for several between-subjects factors (e.g., attitudes towards HIV medication
adherence, demographics). Results indicated that the odds of ART nonadherence on a given
day increased by 1.20 (95% CI = 1.18, 1.22) for each standard drink consumed. In analyses
in which alcohol use was treated as a dichotomous variable, the odds of nonadherence

on days in which alcohol was consumed were 8.78 times higher (95% CI = 7.16, 10.77)
compared with days in which alcohol was not consumed. These findings were consistent
with the other event-level study that used the TLFB with a sample of HIV-positive men from
India (J. Schensul et al., 2017). Results also supported a strong and significant association
between alcohol consumption and ART adherence, with nonadherence significantly more
likely to occur on drinking days compared to nondrinking days, and significantly more likely
on binge drinking days (defined as six or more drinks), compared to non-binge drinking
days (J. Schensul et al., 2017).

The three other event-level studies were prospective, cell-phone-based, daily diary studies.
Pellowski and colleagues (2016) enrolled 59 PWH (68% men) who reported experiencing
food insecurity in the previous month. Alcohol consumption was assessed via daily

text message surveys, and ART adherence was assessed via daily electronic medication
monitoring (Wisepill) for a period of 45 days. Consuming alcohol on a given day was
significantly associated with missing a dose of medication on that same day (Pellowski,
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Kalichman, Cherry, et al., 2016). In another analysis of these data, the association between
quantity of alcohol consumed on a given day and medication nonadherence on that same
day was no longer significant in a multivariate multilevel model that included a variable
measuring alcohol-ART interactive toxicity beliefs, which were significantly, and negatively,
associated with adherence (Pellowski, Kalichman, Kalichman, et al., 2016).

A longitudinal measurement burst design in which ten consecutive days of daily data were
collected six times during a 12-month period, was used to investigate interactive toxicity
beliefs in a sample of 178 PWH (30% women; Kalichman et al., 2013). In one analysis

of these data, three days of daily alcohol consumption assessments were compared to three
days of retrospective self-reported adherence data (Kalichman et al., 2013). Participants who
reported at baseline that that they skip or stop their ART when drinking (i.e., adherence
avoidance behaviors), were almost three times more likely to have days with concurrent
alcohol consumption and missed medications, compared with participants who did not
report adherence avoidance behaviors (aOR = 2.90; 95% CI = 1.09,7.68; Kalichman et al.,
2013). In another analysis of these data, Kalichman et al. (2014) compared participants
who had taken at least 85% of their prescribed ART (assessed by monthly unannounced
cell-phone-based pill counts) over the course of the study with participants who had taken
less than 85% of prescribed ART. Those categorized as less than 85% adherent were 3.26
times (95% CI = 1.82, 5.61) more likely to report missing medication on days alcohol

was consumed in analyses adjusted for marital status, employment status, and age. There
were no analyses in either publication directly comparing adherence on drinking days to
adherence on non-drinking days.

A 42-day daily diary study of 74 (70% women) PWH from South Africa did make this
comparison, and found that participants who consumed any alcohol (aOR = 3.18, 95% CI
= 2.25, 4.49), low to moderate levels of alcohol (for men: 1-4 drinks; for women: 1-3.3
drinks; aOR = 4.29, 95% CI = 2.81, 6.56), and binge-levels of alcohol (for men 6+ drinks;
for women 3.4+ drinks; aOR = 2.31, 95% CI = 1.56, 3.42) on a given day were 2—4 times
more likely to report missing ART on that same day, compared with days in which no
alcohol was consumed (Sileo et al., 2016). The analyses controlled for sociodemographic
variables (gender, age, education, SES, and marital status) and time. Furthermore, the results
were similar in analyses that controlled for each person’s average level of consumption,
with each additional drink beyond what the participant typically drinks associated with
significantly increased odds for ART nonadherence (aOR = 1.06, 95% CI = 1.02, 1.11).

It is noteworthy that only 5% of the quantitative studies in this review collected event-level
data, and of these, three studies collected prospective daily data— the only design capable of
examining the co-occurrence of alcohol and ART nonadherence over time. Even among the
three daily diary studies, only one included analyses that compared adherence on drinking
and non-drinking days (Sileo et al., 2016). This study also stands out for the examination of
different levels of alcohol consumption and the statistical control for each person’s average
level of consumption. It is studies like Sileo et al. (2016) that permit conclusions about
temporal overlap and provide a template for replication in other samples of PWH.
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Aim 3: Extract and summarize potential mediators and mechanisms of the alcohol use-
ART relation from the reviewed studies.

There were only three articles that examined a statistical mediator of the alcohol
consumption — ART adherence relation, and we could not find an article that formally
examined a mechanism —i.e., the steps or processes that explain the ways in which alcohol
has an effect on ART adherence (Kazdin, 2007). However, we did find several quantitative
and qualitative articles that discussed potential mechanisms of action. We summarize first
the studies that conducted a statistical test of mediation, followed by a summary of the most
commonly proposed mechanisms of action.

Summary of quantitative studies that conducted a mediation analysis.

We identified three studies that conducted a mediation analysis in which the direct and
indirect association of alcohol consumption on ART adherence was examined via an
intervening variable (Kekwaletswe et al., 2017; Malow et al., 2013; Tucker et al., 2004). All
three of the studies were conducted with cross-sectional data, which prevented conclusions
about temporal ordering and the direction of the associations. The predictions about the role
of the mediating variable also appeared to be determined from the data available rather than
generated a priori based on commonly applied theory of health behavior. It is difficult to
interpret these findings beyond the idea that the variables are all correlated in some way.
Indeed, in any mediation analysis, a significant mediation statistic can occur for several
reasons (e.g., the statistically significant mediator is simply a correlate of the dependent
variable, or a correlate of the true mediator; Fiedler et al., 2011), and cannot, especially
without an a prioritheoretical rationale, be taken as evidence of a causal process. We
therefore focus the remainder of the review on studies that are relevant to testing theoretical
mechanisms of action.

Summary of studies that describe a potential mechanism of action.

Of the 230 records that met eligibility criteria to be included in this review, 31% (7= 72;
48 quantitative studies, 24 qualitative studies) discussed a potential mechanism by which
alcohol use influences ART adherence. The mechanisms described primarily involved the
negative effect of alcohol consumption on the ability to remember to take medications (i.e.,
“forgetting”; n= 23 studies), and alcohol-ART interactive toxicity beliefs (n= 17 studies);
25 studies described both mechanisms in the same article. These two mechanisms explain
two different types of adherence, unintentional (forgetting) and intentional (toxicity beliefs
and associated behaviors), a distinction that has been recognized in the broader adherence
literature for some time (Clifford et al., 2008), and which is addressed in more detail in the
Discussion section.

Cognitive impairment/forgetting.—Of the studies that mentioned a mechanism, 71% (n
= 17) of the qualitative studies and 65% (/7= 31) of the quantitative studies mentioned a
mechanism consistent with alcohol consumption-related “forgetting.” Participants expressed
this idea repeatedly in interviews and focus groups with HIV patients and providers.
Although none of the qualitative studies were designed to specifically probe for evidence

of this mechanism, the ways in which alcohol consumption was described as inducing
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forgetfulness were remarkably consistent across studies conducted worldwide. Also
noteworthy is that of the qualitative studies that were designed to gather open-ended
feedback about generalbarriers to ART adherence (Adeniyi et al., 2018; Axelsson et al.,
2015; Barnett et al., 2013; Bukenya et al., 2019; Dahab et al., 2008; Moucheraud et al.,
2019; Mukumbang et al., 2017), rather than alcohol-specific barriers, alcohol consumption
and alcohol-induced forgetting emerged as one of a few primary barriers to adherence.

In these studies, all conducted in sub-Saharan Africa, alcohol was frequently described as
“mak(ing) you forget things” (Dahab et al., 2008, p. 3), especially taking ART as-prescribed
(“when | got drunk | used to forget to take my drugs,” Mukumbang et al., 2017, p. 5; “I
was drinking beer and was forgetting an entire week,” Axelsson et al., 2015, p.14; “I take
alcohol excessively and not only forget to take food, but also drugs,” Bukenya et al., 2019,
p.4) and attending medical appointments (“they get drunk and forget their appointment
dates,” Moucheraud et al., 2019, p.409). In the qualitative studies specifically designed

to examine alcohol-related adherence barriers (Conroy et al., 2017; Conroy et al., 2020;
Hershow et al., 2018; Madhombiro et al., 2018; Nkosi et al., 2016; S. Schensul et al.,
2017; Sileo et al., 2019; Sorsdahl et al., 2019), alcohol consumption was again described
as inducing forgetfulness that leads to medication nonadherence as described by couples
from Malawi (“when | drank beer that day it was very difficult for me to remember to
take my medications,” Conroy et al., 2017 p. 206), men and women in Zimbabwe (“you
can forget to take your medication when you are drunk,” Madhombiro et al., 2018 p.

49), hazardous-drinking PWH from Vietnam (“drinking wine had made me forget to take
medicine,” Hershow et al., 2018, p. 6), and men living with HIV in South Africa (“If you
drink you are likely to forget to take your treatment,” NKkosi et al., 2016, p. 372), India (“I
forget because I drink,” S. Schensul et al., 2017, p. 721), and Uganda (Sileo et al., 2019).

Interactive Toxicity Beliefs.—The belief that alcohol is toxic when combined with ART
was mentioned in a majority (67%; n= 16) of the qualitative and quantitative 54% (7=

26) studies that described a mechanism. This belief was prevalent among both patients and
providers in several different regions of the world, leading to intentional avoidance of ART
when consuming alcohol. Again, the qualitative studies on general barriers to adherence
were consistent in identifying beliefs about the interactive toxicity of alcohol and ART as
among the most frequently cited reasons for nonadherence among providers and PWH in
South Africa (Barnett et al., 2013; Fitzgerald et al., 2010), Tanzania (Lyimo et al., 2012),
Ethiopia (Balcha et al., 2011), Uganda (Bukenya et al., 2019), and the U.S. (Laws et al.,
2015). In qualitative studies specifically designed to examine alcohol-related ART adherence
barriers among drinkers, a majority of the participants in the studies endorsed toxicity
beliefs and associated behaviors, which were again remarkably consistent across diverse
settings. At-risk drinkers from South Africa (“I don’t take ARVs when | have been drinking.
| feel that | don’t want to mix my treatment with alcohol,” Pengpid & Peltzer, 2014, p.

390; “the pills that we are taking do not work with alcohol,” Sorsdahl et al., 2019, p. 1051),
light and moderate drinkers from the U.S. (“My doctor told me they don’t mix. You’re

not supposed to take alcohol when taking the HAART medication — period,” Sanker et al.,
2007, p. 198), drinkers from El Salvador (“It’s not because | forget or because | didn’t bring
it with me. It’s because you can’t take it with alcohol,” Dickson-Gomez et al., 2015, p.
1727), Zimbabwe (“alcohol and medication are not compatible,” “there will be competition
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between alcohol and medication,” Madhombiro et al., 2018, p. 49), and Uganda (“since | am
drunk, if I swallow my medication | would go through a very bad experience,” Sileo et al.,
2019, p. 38), couples from Malawi (“My partner drinks alcohol and the medication cannot
be combined with alcohol,” Conroy et al., 2020, p. 1603), and South Africa (“most of them
who were doing that have died, which means they are dangerous once you stop taking them
or mix them with alcohol,” Conroy et al., 2017, p. 1887), men living with HIV in South
Africa (“alcohol effects ARVS” Nkosi et al., 2016, p. 372), India (“Yes, when | drink that
day, I skip the medicine. | have a fear, if | take the medicine then it will have an effect on
my health,” S. Schensul et al., 2017, p. 721), and Uganda (“It is not that I just forget to
take my medication, but just fear that since | have taken some alcohol...l would go through
a very bad experience,”; Sileo et al., 2019, p. 38) all described the fear of mixing alcohol
with ART and ways in which it results in intentional nonadherence. Of note, the strength
and influence of toxicity beliefs may vary by drinking quantity and frequency, with heavier
drinkers less likely to endorse toxicity beliefs and behaviors compared with infrequent or
moderate drinkers (Laws et al., 2015).

In summary, alcohol was described as having an effect on adherence via two

distinct pathways: unintentional nonadherence associated with forgetting, and intentional
nonadherence associated with toxicity beliefs. The ways in which these mechanisms were
described were highly consistent across many different study populations, recruited from
countries all over the world. A model of the causal process by which alcohol consumption
results in nonadherence should thus include each as potential mechanism of action.

DISCUSSION

We conducted a systematic review of 230 studies that examined the association between
alcohol consumption and ART adherence. The global association studies were consistent

in showing a significant, and negative, correlation between the two variables. The increase
in the number of event-level studies observed, the majority of which were published after
the Hendershot et al. (2009) and Grodensky et al. (2012) reviews, is encouraging and
provides some insight into the co-occurrence of alcohol consumption and nonadherence on
a given day. These studies revealed that nonadherence is 2—4 times more likely on days

in which alcohol is consumed, compared with the days in which alcohol is not consumed.
The qualitative studies reviewed were also remarkably consistent in describing the cognitive
effects of alcohol consumption on adherence, and the influence of toxicity beliefs. We next
describe existing theory on ART adherence and the acute effects of alcohol consumption

on human behavior, and subsequently propose a model that synthesizes both with the
research reviewed in this paper. The derived model emphasizes the research findings about
possible mechanisms underlying the inverse relation between alcohol consumption and ART
adherence.

General theories of adherence.

Theoretical models used to guide general medication adherence interventions (Conn,
Enriquez, et al., 2016; Conn, Ruppar, et al., 2016) are similar to those used in the ART
adherence literature (Amico et al., 2018; Munro et al., 2007), and map on to well-established
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theories of health behavior such as the Information-Motivation-Behavioral Skills (IMB)
model, Social Cognitive Theory (SCT), and the Theory of Planned Behavior (TPB). There
is significant overlap in the core constructs of these theories, which focus on beliefs

and knowledge about medications, motivation and self-efficacy for taking medications

as prescribed, and intentions and goal setting for achieving optimal adherence. While

no single theory has emerged as superior, models that integrate aspects of knowledge,
expectancies, beliefs, motivation, and skills tend to produce the largest intervention effects
(Conn, Enriquez, et al., 2016; Conn, Ruppar, et al., 2016).

In a review of health behavior theories that have been applied to ART adherence (Munro

et al., 2007), the IMB model (Fisher et al., 2008) emerged as unique given that it was
developed specifically to explain HIV-related behavior and to guide the development of ART
adherence support strategies. The IMB model suggests that ART adherence information
(e.g., regimen complexity, side effects, correct utilization) and adherence motivation (e.g.,
personal attitudes and beliefs about the outcome of suboptimal adherence, social beliefs
about significant other’s support for adherence and motivation to comply with these beliefs)
directly and indirectly predict adherence behavior (i.e., taking ART as prescribed) via self-
efficacy for ART adherence behavioral skills (e.g., self-cueing and self-administering ART
medications). The IMB model also describes several moderating factors, one of which is
“acute impairments in psychological functioning” consistent with substance use, although it
does not systematically integrate the effects of alcohol consumption on human behavior —
which is characteristic of all the health behavior theories described above. We thus describe
next theory on the acute effects of alcohol on behavior, and subsequently integrate this
theory with Fisher et al.’s (2008) IMB model.

The acute effects of alcohol consumption on human behavior.

We argue that of the numerous pharmacological effects of alcohol consumption on human
behavior, those on cognitive functioning are most pertinent to medication adherence. In this
regard, it is well-established that at low to moderate doses (blood alcohol concentrations
[BACs] of .07%) or higher, alcohol consumption reliably impairs memory and other
neurocognitive functions (e.g., Cromer et al., 2010; Mintzer, 2007). The immediate effect
in the context of medication adherence is that individuals are more likely to forget to take
their medications as prescribed when their BACs are in the .07% range. This “forgetting,”
or more precisely not remembering to remember, can also be conceived of as a prospective
memory failure, which has been shown in experimental studies to be acutely affected by
alcohol consumption (Leitz et al., 2009; Montgomery et al., 2011; Paraskevaides et al.,
2010; Smith-Spark et al., 2016; Walter & Bayen, 2016), and uniquely related to medication
adherence among PWH (Avci et al., 2018; Woods et al., 2007).

An integrated conceptual model of alcohol consumption and ART adherence.

The IMB model and theory on the acute effects of alcohol ingestion can be combined

to understand how alcohol consumption affects intentional and unintentional ART
nonadherence, and how this effect fits within the broader general adherence literature.
Figure 5 presents the IMB model of ART adherence as described by Fisher et al. (2008).
This model succinctly categorizes the many correlates of ART adherence identified in the
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literature, and how they are related to adherence behavior and HIV-related outcomes. We
propose that the path from adherence-related behavioral skills to adherence behavior is
moderated by alcohol consumption. When alcohol is consumed, it can influence adherence
behavior in one of two ways: (1) via the cognitive effects of alcohol consumption theorized
to cause a prospective memory failure, leading to unintentional ART nonadherence or (2) via
medication-related beliefs about mixing alcohol and ART (i.e., interactive toxicity beliefs),
leading to intentional ART nonadherence. We further propose that the main effect of alcohol
consumption on intentional and unintentional nonadherence is moderated by several person-
level factors including provider beliefs, level of routine or busyness in everyday life, the
timing and complexity of the ART regimen, and the presence of other daily medications.

These two proposed mechanisms, and their differential role in unintentional and intentional
ART nonadherence, are consistent with the broader adherence literature, which has shown
unintentional and intentional nonadherence to be governed by distinct processes (Clifford
et al., 2008). Unintentional nonadherers are more likely to endorse “forgetting” as a

reason for not taking medication as-prescribed, compared to intentional nonadherers, who
are more likely to endorse concerns about the medication and its side effects (Clifford

et al., 2008). We discuss next the two alcohol-related mechanisms of unintentional and
intentional nonadherence specific to the HIV literature. However, it is important to note that
these mechanisms are likely relevant to other chronic diseases for which alcohol has been
identified as a significant correlate of nonadherence (e.g., diabetes, hypertension, depression;
Grodensky et al., 2012), the implications of which are discussed below.

Alcohol consumption and unintentional nonadherence: Prospective memory as a
mechanism of action.

We were unable to locate a publication that has formally examined cognitive impairment
from alcohol consumption as a mechanism of the alcohol-unintentional nonadherence
relation. There is however literature suggesting that the “forgetting” so commonly reported
by PWH who consume alcohol is a particular type of cognitive impairment, known as

a prospective memory failure, that is influenced by both alcohol consumption and HIV
status, and uniquely implicated in medication-taking behavior. Prospective memory, or
remembering to remember, is the “neurocognitive capacity to successfully form, maintain,
and execute an intention at a particular point in the future,” (Zogg et al., 2012, p. 48).
Prospective memory is a process that involves several stages, the first of which is the
formation of an intention (e.g., | must take my medication at 9 a.m.), followed by a delay
(e.g., minutes, hours) in which attention is allocated towards competing activities of daily
life. The environment is continuously monitored for a relevant cue that signals intention
retrieval, and, once detected, the content of the intention (e.g., take my medication at 9
a.m.) is recalled and then ultimately executed (e.g., the pill is extracted from the medicine
bottle and swallowed). Impairment in this prospective memory process is prevalent among
PWH, and is uniquely associated with ART nonadherence even when controlling for global
cognitive impairment (Woods et al., 2008). Additionally, alcohol administration studies have
shown that low to moderate doses of alcohol (i.e., BAC = .02% — .07%) significantly impair
performance on prospective memory tasks among undergraduate social drinkers (Leitz et
al., 2009; Montgomery et al., 2011; Paraskevaides et al., 2010; Smith-Spark et al., 2016;
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Walter & Bayen, 2016), although there are no experimental studies on the effects of alcohol
consumption on prospective memory impairment among PWH. We view this as a significant
gap in the literature given that alcohol consumption has been shown to have unique acute
effects on PWH when compared to HIV-uninfected controls (Justice et al., 2016; Shuper et
al., 2018).

The extent to which alcohol-associated prospective memory impairment affects ART
adherence likely depends, at least in part, on the level of routine in one’s everyday life,

the timing of the ART dose, the complexity of the ART regimen, and the presence and
complexity of other pharmacological treatments. The literature on alcohol use and ART
adherence has not addressed the role of these factors, in particular the presence of multiple
concurrent medication regimens for comorbid conditions, which we view as an important
direction for future research (Back & Marzolini, 2020; Mata-Marin et al., 2019; Ware et
al., 2019). Regarding the timing of the ART dose, the role of acute intoxication, and its
effects on prospective memory processes that could affect ART adherence, is certainly
different if the ART dose has already been administered when the drinking event is initiated
(e.g., a once-a-day pill is taken in the morning, and alcohol consumption is initiated in

the evening; Marcum & Gellad, 2012). The routine disruption and cognitive effects of
intoxication can however persist the day following a drinking event (i.e., hangover effects),
causing a prospective memory failure that could affect medication adherence the following
day. Indeed, event-level data on alcohol and adherence among PWH have shown significant,
negative effects on both the day-of and day-after a drinking event (Braithwaite et al., 2008).
Alcohol administration studies with PWH that examine the effect of a controlled dose of
alcohol on prospective memory tasks, coupled with daily diary studies that account for
regimen complexity, timing, and comorbid pharmacological treatments, are needed in order
to fully test the model presented in Figure 5 (Justice et al., 2018; Manzano-Garcia et al.,
2018).

Alcohol consumption and intentional nonadherence: Toxicity beliefs and adherence
avoidance behavior as a mechanism of action.

Kalichman and colleagues have led the field in the exploration of interactive toxicity beliefs
and intentional nonadherence, demonstrating that between 10% — 43% of HIV-positive
drinkers report /intentionally skipping or stopping their ART medication when consuming
alcohol (Kalichman et al., 2009; Kalichman, Katner, et al., 2019). The prevalence of
interactive toxicity beliefs among PWH who report intentionally skipping or stopping ART
while drinking is predictably high — about 80% endorse that mixing HIV medications

and alcohol is not safe and/or that ART does not work well when consuming alcohol
(Kalichman et al., 2013). These beliefs have been reliably linked to intentional nonadherence
in daily diary studies — PWH who endorse interactive toxicity beliefs are significantly

more likely to miss doses of ART on drinking days (Kalichman et al., 2013; Pellowski,
Kalichman, Kalichman, et al., 2016). Conceptually, when alcohol is consumed, toxicity
beliefs activate what Kalichman, Katchner, and colleagues (2019) term “alcohol-ART
avoidance behaviors”—e.g., intentionally stopping or skipping HIV medications while
drinking. Although the temporal ordering of alcohol consumption, toxicity beliefs, alcohol-
ART avoidance behaviors, and ART adherence has not been established empirically, a
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preliminary serial mediation model (Kalichman, Katner, et al., 2019) indicates that this
sequence would likely be supported with intensive longitudinal data.

Limitations

This review has several limitations. First, we did not conduct a quantitative synthesis of

the findings, opting instead to provide a descriptive summary of the included studies with

a focus on event-level findings and the identification of potential mechanisms of action.
Our findings thus cannot be directly compared with Hendershot et al. (2009) and we
cannot comment on if the magnitude of the association between alcohol consumption

and ART adherence has changed in the past ten years. However, given that the methods

for investigating the association between alcohol consumption and ART adherence have
changed little since 2009, an updated meta-analysis may be of limited utility until more
event-level data are published. Second, the studies reviewed were highly variable in terms
of the measurement of alcohol consumption and ART adherence, sample composition,
study design, and primary research question. Although we report here broad conclusions
about the consistency with which alcohol consumption was correlated with ART adherence
across studies, and attempted to more heavily weight event-level data, the heterogeneity

of the literature, and the low percentage of event-level studies should be considered

in the interpretation of our findings. Finally, given the lack of quantitative studies

focused on mediators and/or mechanisms, the conceptual model we proposed is based on
qualitative data and theoretical speculation present in the discussion sections of the reviewed
manuscripts. It should thus be considered a preliminary characterization of potential
mechanistic processes and used as an impetus for hypothesis generation and continued
research.

Research and Clinical implications

The literature on alcohol consumption and ART adherence has proliferated over the

past two decades — providing numerous correlational studies that consistently show an
inverse association between the two variables. A renewed focus on the causal processes
and contextual factors that contribute to an alcohol-associated nonadherence event would
significantly advance this line of research. Experimental and intensive longitudinal data
could be used to test and refine the model described in Figure 5, providing PWH, and

the providers who treat them, with more precise and nuanced messages about alcohol’s
effect on HIV treatment-related outcomes. Additionally, the growing literature on alcohol
interventions for PLH could advance our understanding of the mechanisms underlying the
alcohol-ART adherence relation and provide some evidence of a causal effect if changes

in ART adherence in the experimental condition could be accounted for by changes to
drinking behavior. The proposed model could also be used to include variables relevant to
mechanistic processes in the design of future alcohol intervention RCTs. This would allow
for analyses that could examine the degree to which changes in ART adherence are predicted
by the processes such as prospective memory impairment and/or toxicity beliefs.

The mechanisms described in this review also have implications for nonadherence to
treatments for medical conditions other than HIV. Multiple studies have shown alcohol use
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to be correlated with nonadherence to treatment for diabetes, hypertension, and depression
(Grodensky et al., 2012) — diseases that are among the most widespread and costly in the
U.S. (CDC, 2019). The role of prospective memory in particular is likely to be relevant

to any chronic disease for which regular adherence to medications is required — especially
in populations for which prospective memory is already impaired (e.g., aging populations).
Future work is needed to clarify the extent to which findings from the HIV literature can be
applied to people living with other chronic diseases.

As the field moves towards studies that can better answer questions about causality and the
mechanisms of action proposed in Figure 5, we have a few implementable recommendations
for HIV care providers: (1) it is important to assess for interactive toxicity beliefs and
provide accurate information about the importance of taking ART even when alcohol is
consumed. Kalichman and colleagues have developed a three-item scale (Kalichman et

al., 2009), based on qualitative data from PWH, that has been used in several research
studies (Kalichman et al., 2015; Pellowski, Kalichman, Kalichman, et al., 2016), and could
be feasibly integrated into HIV care. The scale, especially if administered at treatment-
initiation, could be used to alert providers to the presence of interactive toxicity beliefs,

and prompt a corrective discussion. (2) Screening for, and offering evidence-based treatment
of, at-risk alcohol consumption has many benefits for PWH, and would likely improve
HIV-related outcomes via increased adherence to ART. While there are, at present, few
efficacious interventions for alcohol use among PWH (Madhombiro et al., 2019; Scott-
Sheldon et al., 2017), there is some evidence that screening, brief intervention, and self-
monitoring via daily cell-phone based assessments can significantly reduce quantity and
frequency of alcohol use among PWH (Aharonovich et al., 2017; Chander et al., 2015;
Hasin et al., 2013; Kahler et al., 2018; Papas et al., 2011; Velasquez et al., 2009). These
interventions can be feasibly integrated into HIV care and, at a minimum, alert the patient
and the provider to the potential role of alcohol consumption in the treatment of the patient’s
HIV. (3) For patients who report “forgetting” to take medication as a common consequence
of alcohol consumption, creating an individualized action plan for taking medications prior
to the drinking event and/or increasing the level of routinization in the patient’s daily life
may help decrease alcohol-associated unintentional nonadherence. While it is premature

to directly address prospective memory processes in ART adherence, helping patients
understand how and why they “forget” to take medications while drinking may increase
self-monitoring of adherence in anticipation of and/or during drinking events.

Conclusions

Alcohol consumption is associated with both intentional and unintentional nonadherence to
ART. The mechanisms underlying this association have yet to be fully established, although
theory and correlational studies indicate two processes worthy of continued research:
prospective memory impairment and interactive toxicity beliefs/avoidance behaviors. A
comprehensive model of alcohol-associated ART nonadherence was proposed as a guide
for future work, integrating general models of ART adherence and theory on acute alcohol
intoxication. This model can be refined as the literature increases in nuance and precision,
providing an evidence-based framework for the a priori specification of mechanisms of
action (Hagger et al., 2020), and the subsequent development and implementation of
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efficacious interventions capable of decreasing the impact of alcohol consumption on HIV
treatment and prevention.
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Note. ACTG = AIDS Clinical Trials Group, MEMS Cap = Medication Event Monitoring
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