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Abstract

Alcohol use may have significant negative impacts on individuals’ ability to remain adherent to
ART, and may also yield other negative psychosocial, health-related, and behavioral outcomes. In
addition, false beliefs about the consequences of mixing alcohol with ART use may cause
individuals to avoid taking ART when drinking (alcohol-related ART avoidance). Although
research conducted in the US and Europe has reported on alcohol-ART avoidance, the current
study presents among the first quantitative evidence of alcohol-related intentional ART
nonadherence in South Africa. Patients receiving ART from a community clinic in Cape Town (N
=441) completed anonymous surveys of alcohol use, ART adherence, and alcohol-ART avoidance.
Results showed that 292 (66%) participants reported current alcohol use; 25% who use alcohol
believed that people who drink should stop taking ART when they are drinking and 24% stop their
own ART when drinking. Alcohol-ART avoidance mediated the association between alcohol use
and ART adherence. Results were robust when controlling for participant age, gender, current care
status, and first versus second line ART. We found alcohol-ART avoidance may threaten
successful ART in South Africa. Corrective messages that take a harm reduction approach to
maximize ART adherence when drinking should be implemented in existing clinical services.

Introduction

The global scale-up of antiretroviral therapy (ART) has brought HIV treatment to nearly 21
million people living with HIV (HIV.gov, 2018), stirring hope of curtailing or perhaps even
ending HIV epidemics. Alcohol use is among the many threats to the progress of HIV
treatment is alcohol use. Concerns about the risks of alcohol use on health can lead to
cessation of drinking after testing HIV positive (Hahn et al., 2016; Hahn et al., 2014), and
again at the onset of ART (Santos et al., 2014), often rebounding after a brief time (Hahn et
al., 2016). For some patients who continue drinking after starting ART, there may be
significant negative effects of alcohol use on adherence, such as through impaired memory
(Hendershot, Stoner, Pantalone, & Simoni, 2009). Studies show that even moderate use of
alcohol is associated with incomplete ART adherence (Denison et al., 2018; Kim et al.,
2017; Veld, Pengpid, Colebunders, Skaal, & Peltzer, 2017) and meta-analyses find that
alcohol use is reliably associated with poor ART adherence (Heestermans, Browne, Aitken,
Vervoort, & Klipstein-Grobusch, 2016), including in southern Africa (Shubber et al., 2016).
The effects of alcohol on unintentional nonadherence, particularly those associated with
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memory, are often addressed in interventions to improve ART adherence (Simoni, Amico,
Pearson, & Malow, 2008; Simoni, Pearson, Pantalone, Marks, & Crepaz, 2006).

Alcohol use can also lead to intentional nonadherence (alcohol-ART avoidance), which is
not typically addressed in current interventions. Specifically, beliefs that it is harmful to mix
alcohol with ART, referred to as alcohol-ART interactive toxicity beliefs, can motivate
individuals to avoid taking ART when drinking alcohol (Kalichman et al., 2015). In
Germany, for example, 24% of patients with suboptimal ART adherence state that they skip
ART when drinking or using drugs (Boretzki et al., 2017), and in the US as many as one in
three people living with HIV who use alcohol and drugs stop taking their medications when
drinking (Kalichman et al., 2013; Kalichman et al., 2015; Pellowski, Kalichman, Kalichman,
& Cherry, 2016). Alcohol-ART interactive toxicity beliefs may threaten ART adherence in
South Africa, a country with the world’s largest ART expansion program (UNAIDS, 2014)
and among the highest rates of alcohol consumption (Fritz, Morojele, & Kalichman, 2010).

Similar to the US and Europe, alcohol-related intentional nonadherence has been described
in southern Africa. Research in Uganda found that 24% of patients receiving HIV services
endorsed the belief that people should stop taking ART when drinking, and 15% indicated
that they themselves occasionally stop taking ART in anticipation of using alcohol (Fatch et
al., 2017; UNAIDS, 2017). Qualitative studies in South Africa find it is common to fear
mixing alcohol with ART (NKkosi, Rich, Kekwaletswe, & Morojele, 2016) and caregivers
encourage their HIV positive partners to not take their ART when drinking (Conroy et al.,
2017). These studies show that among people who continue drinking after initiating ART,
intentional nonadherence may be a source of suboptimal HIV treatment outcomes in
southern Africa.

Although alcohol can be associated with ART nonadherence, the degree to which the
detrimental effects of alcohol on adherence can be attributed to intentional nonadherence has
not yet been studied in South Africa. The current research was undertaken to test the
hypothesis that intentional nonadherence, as reflected in behaviors to avoid mixing alcohol
with ART, would significantly contribute to the relationship between alcohol use and ART
nonadherence. We performed a mediation analysis within a regression framework to test the
direct and indirect effects of alcohol use and alcohol-ART avoidance behaviors on ART
adherence among people who continue drinking after initiating ART.

Participants and Setting

The study was conducted in a resource constrained township in Cape Town, South Africa.
We collected data at a public health clinic that has an ART dispensary and has instituted the
South African national guidelines for shifting primary care tasks in a system of
differentiated care. Because of the volume of patients receiving ART, the clinic provides
minimal professional services to patients that are defined as stable; specifically, those
patients who are HIV viral suppressed, have not been late to pick up their ART refills, and
do not have a co-occurring clinical condition such as pregnancy or tuberculosis. Stable
patients are administered ART through adherence clubs where they receive 3-month supplies
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of ART, have their viral load tested infrequently, and receive services from
paraprofessionals. In contrast, patients who are not defined as stable (viral unsuppressed,
late to pick up ART, have a co-occurring condition) receive their ART monthly, viral load
monitored more frequently, and receive services from professional nurses and pharmacists.
Instituting differentiated care, including adherence clubs, is intended to maximize the
number of patients treated by diverting resources toward those patients in greatest need
(Meyer-Rath et al., 2017; Mukumbang, Van Belle, Marchal, & Van Wyk, 2016). Participants
in the current study were recruited while waiting for their ART to be dispensed and included
persons who were in adherence clubs and not in adherence clubs.

Measures were collected in an anonymous self-administered survey presented in English and
Xhosa, the two languages spoken by nearly all clinic patients. Participants were provided a
survey and clipboard and were instructed to read each question and provide their responses.
Participants requiring assistance due to literacy concerns (< 5%) were administered the
survey in an interview by research staff. Measures included demographic and health
characteristics, substance use, ART adherence, alcohol-ART interactive toxicity beliefs, and
alcohol-ART avoidance behaviors. All measures were derived from previous studies on
alcohol-ART intentional nonadherence and were pilot tested with native speakers for clarity
and translation/back translation accuracy (Kalichman et al., 2013; Kalichman et al., 2015).

Demographic and health characteristics.—Participants reported their age, gender,
race, level of formal education, and marital status. We also asked participants to indicate
their perceived health status on a 4-point rating scale of physical well-being, ranging from 1
= ‘Poor’ to 4 = “Excellent’.

Alcohol and other drug use.—The three item Alcohol Use Disorder Identification Test
- Consumption scale (AUDIT-C) assessed quantity and frequency of alcohol use (Maisto,
Conigliaro, McNeil, Kraemer, & Kelley, 2000). This measure has been validated in South
Africa and is recommended for screening for alcohol use in South African clinical settings
(Babor, 2001; Parry et al., 2016; Saunders, Aasland, Babor, DeLaFuente, & Grant, 1993).
Responses to the three items are summed to score the AUDIT-C. The AUDIT-C was reliable
in the current sample, alpha = .89. For other drug use, participants were asked whether they
had used cannabis (dagga), methamphetamine (Tik), inhalants, cocaine, or any other
recreational drug in the previous month.

ART adherence.—This study used the three item self-report instrument for retrospective
adherence (IRA) (Wilson et al., 2014).The items represent the number of days medications
were taken over the previous 7 days, the frequency of taking medications as directed, and a
self-perception rating of how well medications were taken over the previous week. The
items therefore include an estimation of ART adherence. The three items as well as
frequencies for responses are shown in the results. We used methods suggested by Wilson et
al. to convert scores from each item on a scale of 0 to 100 using linear transformations and
calculating the mean to a single adherence score with a range from 0 to 100, interpreted as
percent adherence over the past week. Wilson et al. found that the IRA correlates .74 with
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electronically monitored ART adherence. In the current study the three transformed items
created an internally consistent composite, alpha = .73.

Alcohol interactive toxicity beliefs and alcohol-ART avoidance.—We included
two items to assess beliefs that people taking ART should not drink alcohol;

“Alcohol and ARV tablets should never be mixed” and “A person should stop taking their
ARV tablets if they are drinking alcohol”, responded to on a 3-point scale of 0 = *Disagree’,
1 = *Somewhat Agree’, and 2 = ‘Agee’. We examined the rates of endorsement as defined by
‘Agree’ responses. To assess alcohol-related intentional nonadherence, participants
responded to the item “I skip taking my ARV tablets because | will be drinking alcohol”, 0 =
‘Never’, 1 = ‘Sometimes’, and 2 = ‘Often’.

Data analyses

Results

Descriptive analyses were performed for the entire sample of 441 participants attending the
clinic ART dispensary and the model for our primary hypothesis was tested on the 293
participants reporting current alcohol use. For descriptive analyses, participants were
grouped on the basis of their current alcohol use; no alcohol use (n = 148) and current
alcohol use (n = 293). Descriptive analyses compared participants who were not drinking to
those who were drinking alcohol using contingency table X? tests for categorical variables
and independent t-tests for continuous variables. Bivariate associations among variables
included in the model were examined with Pearson correlation coefficients.

The main analyses tested the mediation model shown in Figure 1 that specifies the
associations between alcohol use and ART adherence, mediated by alcohol-ART avoidance.
We used the SPSS PROCESS macro for mediation analyses to test direct and indirect effects
using bootstrap statistical techniques. The PROCESS macro estimates all paths designated in
the model. Specifically, we used Hayes’ Template Model 4 for mediating an X —y
relationship (Hayes, 2013). This model tests the effects of the predictor variable (alcohol
use) on the mediator variable (alcohol-ART avoidance, representing the a path), the effects
of the mediator variable on the outcome (ART adherence, representing the b path), and the
effects of the predictor variable on the outcome (the ¢ path). We report the 95% confidence
intervals (ClI) for the indirect effects of alcohol use on ART adherence through alcohol-ART
avoidance estimated from 5,000 bootstrap resamples. We also performed sensitivity analyses
by repeating the mediation model with participant’s age, gender, whether currently in an
ART adherence club, and first versus second line therapy added as covariates to control for
potential confounding. We conducted a post-hoc power analysis entering three model
predictors, resulting effect size (R2), an error probability of .05 for a 2-tailed test. The result
showed that we had observed power of .99 to detect model effects. There were no missing
data for any variables included in the model.

We surveyed 463 HIV positive patients, of which 441 (95%) were currently taking ART.
Among those taking ART, a total of 293 (66%) participants reported current alcohol use and
of those who drink alcohol, 41% drink monthly or less often, 37% 2—4 times a month, and
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18% drink 2 or more times per week. In terms of quantity, 39% drink 1-2 drinks on a typical
drinking occasion, 33% have 3-4 drinks, 18% have 5-6 drinks, and 7% have 7 or more
drinks. Table 1 shows comparisons between the participants reporting no alcohol use and
those currently using alcohol. Participants who reported drinking were significantly more
likely to be men, unmarried, younger, and were more likely to use cannabis.

and antiretroviral therapy

Table 2 presents the HIV treatment characteristics of participants who did not and those who
did report current alcohol use. There were no differences between the two groups in their
taking single-tablet first line ART, frequency of dispensing ART, whether currently in an
ART adherence club, and having talked about alcohol use with clinic staff. However,
regarding indicators of ART adherence, alcohol drinkers demonstrated poorer adherence.
Overall, alcohol drinkers had an estimated 75% ART adherence compared to 87% for
nondrinkers, a significant difference. Three out of four participants agreed with the
interactive toxicity belief that alcohol and ART should not be mixed and more than one in
four agreed that a person should stop taking ART when drinking. Participants who reported
no current alcohol use were more likely to endorse the belief that a person should stop
taking ART when drinking. Among current alcohol drinkers, nearly one in four stated that
they skip taking their ART when drinking.

Mediation effects of alcohol-ART avoidance

For participants who were currently drinking alcohol, bivariate correlations among variables
included in our regression model showed that alcohol consumption was negatively correlated
with ART adherence, r = -.19, p = .01 and alcohol consumption was associated with
alcohol-ART avoidance, r = .21, p = .01. Also, alcohol-ART avoidance was associated with
ART adherence, r = -.26, p = .01. Results of the regression model predicting ART adherence
from alcohol use mediated by alcohol-ART avoidance among participants reporting alcohol
use are shown in Figure 1. Results indicated that the complete model was significant in
predicting ART adherence, Model F = 20.71, p = .01, accounting for 8.7% of the variance in
adherence. For tests of direct effects, results showed that alcohol consumption significantly
predicted intentional nonadherence, p = 0.03, se =.006, t = 4.59, p = .01. In addition,
alcohol-ART avoidance was significantly negatively related to ART adherence, = —10.06,
se =2.11, t=5.03, p = .01. The direct effect of greater alcohol consumption predicting
poorer ART adherence was statistically significant, p = —0.861, se =.303, = 2.83, p = .04.
The mediation effect of alcohol-ART avoidance was tested using 5,000 bootstrap resamples
and showed a significant indirect effect of alcohol consumption on ART adherence through
alcohol-ART avoidance, p = —.32, se = .133, 95%CI -.627 - —.104.

Sensitivity analysis

To test the robustness of our findings, we re-tested the model controlling for four potential
confounding variables: participant age, gender, current ART adherence club status, and first
versus second line therapy. Results mirrored those reported in the unadjusted model. The
model with covariates was significant, F = 12.03, p = .01, accounting for 14.7% of the
variance in adherence. All direct effects paths remained significant as did the indirect effect
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Discussion

Results showed that two-thirds of people receiving ART in a Cape Town community clinic
reported current alcohol use. Alcohol use varied from infrequent and modest drinking to
frequent heavy use. Patients who drank were younger, more likely unmarried, and reported
recent use of cannabis. These rates of alcohol consumption are themselves concerning
because alcohol use has the potential to cause health complications in people living with
HIV aside from the effects of alcohol use on adherence (Hahn & Samet, 2010). Consistent
with previous research (Hendershot et al. 2009; Kekwaletswe & Morojele, 2014a), we found
that participants who drank alcohol had significantly poorer ART adherence. While current
ART regimens no longer demand nearly perfect adherence, even the most forgiving ART
regimens will not sustain HIV suppression with less than 75% of medications taken
(Gordon, Gharibian, Chong, & Chun, 2015; Kimulwo et al., 2017). Previous qualitative
research in southern Africa suggested that alcohol-related intentional nonadherence may be
common (Fatch et al., 2017), as confirmed in the current study. We found that among
participants who were currently drinking alcohol, nearly one in four skips taking their ART
when drinking; a similar rate of intentional nonadherence that has been reported in the US
and Europe (Boretzki et al., 2017; Kalichman et al., 2012; Kalichman et al., 2009;
Kalichman et al., 2013; Kalichman et al., 2015).

We confirmed our primary hypothesis that alcohol-ART avoidance would partially account
for the relationship between alcohol consumption and ART nonadherence. While it is not
surprising that alcohol-ART avoidance would have a direct effect on ART nonadherence, no
previous study has shown that the degree of alcohol-ART avoidance is substantial enough to
mediate the association between alcohol use and nonadherence. The results accounted for
unintentional nonadherence embedded within the adherence measure. These findings show
that alcohol-ART avoidance among alcohol drinkers in South Africa is significant and an
essential target for ART adherence interventions.

The current findings should be considered in light of the study limitations. This study relied
on self-report measures of alcohol use and ART adherence, both of which are sensitive to
social response biases. With respect to alcohol use, it is well-known that self-reported
alcohol use tends to be under-reported and therefore under-estimates drinking (Bajunirwe et
al., 2014). Our findings therefore should be considered a lower-bound estimate of alcohol
use among people living with HIV who are receiving ART in South Africa. For ART
adherence, self-report measures have the opposite reporting bias, resulting in over-reporting
adherence (Pearson, Simoni, Hoff, Kurth, & Martin, 2007). Thus, our measure of ART
adherence should be considered an upper-bound estimate. Our measures were also short in
terms of number of items, which may have affected their reliability. We did not have access
to clinical records or other reliable medical data concerning health status, particularly HIV
viral load. Future research should include clinical data. Our sample was one of convenience
and cannot be considered representative of people receiving ART in South Africa. With
these limitations in mind, we believe that the current study has implications for addressing
alcohol use in ART adherence interventions.
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The reliable detrimental effects of alcohol consumption on ART have been answered with
interventions focused on reducing alcohol use and efforts to resolve alcohol-related
unintentional nonadherence (Kekwaletswe & Morojele, 2014a, 2014b; Parry et al., 2014).
One cluster randomized trial, for example, is being conducted at 16 HIV clinics in
Zimbabwe using evidence-based treatments grounded in cognitive-behavior therapy and
motivational interviewing to reduce alcohol use to improve HIV care engagement and
clinical outcomes (Madhombiro et al., 2017). Other trials are testing adherence interventions
which include memory aides and medication management skills that can be impaired when
drinking (Madhombiro et al., 2017; Peltzer et al., 2012). Studies show that cognitive
behavioral interventions for alcohol use are cost-effective in southern Africa (Galarraga et
al., 2017). The degree to which existing interventions directly address alcohol-related
intentional nonadherence is uncertain. Providers should directly address alcohol-ART
interactive toxicity beliefs that motivate alcohol-ART avoidance. Corrective information
offered in interventions should avoid reinforcing alcohol use while emphasizing the essential
importance of taking ART even when drinking. Existing interventions should assist patients
in managing their ART when drinking, including correcting interactive toxicity beliefs and
counseling against intentional nonadherence. Interventions aimed toward improving ART
adherence will be enhanced by directly addressing alcohol use as a source of intentional as
well unintentional nonadherence.
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Mediation model of the effects of alcohol consumption on ART adherence through alcohol-
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Characteristics of HIV positive clinic patients reporting no use and current use of alcohol.

Table 1

No Alcohol Use (N=149)

Alcohol Use (N=293)

Characteristic N % N % X2 p
Men 23 15 75 25
Women 126 84 218 75 59 .01
Black 144 97 284 97 nfa
Age (M,SD) 36.3 9.3 344 7.6 23 .01
Education < high school 92 62 163 56
=High school 57 38 130 44 1.7 .19

Currently married 40 27 34 11 164 .01
Physical health

Poor 11 7 17 6

Fair 23 15 67 23

Very good-Excellent 115 78 209 71 37 15
Cannabis 7 5 38 13 73 .01
Methamphetamine (Tik) 0 4 2 nla
Other drugs 0 7 2 n/a
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Table 2

ART adherence and adherence behaviors among HIV positive clinic patients reporting no use and current use
of alcohol.

No Alcohol Use (N=149)  Alcohol Use (N=293)
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Adherence behavior N % N % X2 p
Taking single tablet ART 123 83 239 82 01 .77
Dispensed multiple months 75 50 138 47 02 .58
Currently in adherence club 92 62 176 60 01 .86
Discussed drinking while taking ART at clinic 105 71 224 76 15 21
Adherence
How many days did you miss taking your ART in past week?

0 107 73 139 50

1-2 29 19 92 33

3-4 7 4 29 10

5-7 6 4 19 7 256 .01
How good a job have you done taking your ART in the past week?
\ery poor 6 4 11 4
Poor 1 1 12 4
Fair 16 11 29 10
Good 37 25 89 28
Very good 41 28 69 24
Excellent 48 32 86 30 53 .37
How often did you take your ART in the past week?
Did not take any 1 1 9 3
Took only a few 14 9 21 7
Took most 39 27 93 32
Every time, never missed 95 64 170 58 6.6 .15
Total Adherence Score (M, SD) 86.8 22.23 75.3 23.7 43 .01
Alcohol interactive toxicity beliefs
Alcohol and ART should never be mixed. 112 75 203 70 24 .30
A person should stop taking ART when they are drinking alcohol. 51 35 72 25 81 .02
Alcohol-ART avoidance
| Skip my ART tablets because I will be drinking alcohol
Never 139 94 220 76
Sometimes 9 6 64 22
Often 0 5 2 219 .01
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