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Abstract Erroneous beliefs that it is toxic to drink alcohol
while taking antiretroviral therapies (ART) used for treat-
ing HIV infection, known as alcohol interactive toxicity
beliefs, may at least in part account for ART nonadherence
among alcohol drinkers. This study was conducted to test a
conceptual framework to explain the effects of interactive
toxicity beliefs on ART adherence. Computerized surveys
were administered to 124 participants receiving HIV care
in the southeastern US. Serial mediation model with per-
ceived sensitivity to medicines predicting HIV viral load
through three mediating variables: alcohol-ART interactive
toxicity beliefs, alcohol-ART avoidance behaviors, and
ART adherence. HIV viral load extracted from medical
records. Perceived sensitivity to medicines predicted HIV
viral load; greater perceptions of medication sensitivity
predicted lower HIV viral loads. In addition, there was a
significant indirect effect of the serial chain of interactive
toxicity beliefs — avoidance behaviors —» ART adher-
ence, indicating partial mediation of the relationship
between perceived sensitivity to medicines and higher HIV
viral load. Perceived sensitivity to medicines provides a
conceptual basis for the effects of alcohol-medication
interactive toxicity beliefs on ART adherence. Interactive
toxicity beliefs are modifiable and can be altered to prevent
intentional ART nonadherence.
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Introduction

Antiretroviral therapies (ART) have transformed HIV
infection from a universally fatal disease to a medically
manageable chronic illness. ART works to suppress HIV
activity and spare damage to the immune system. The
hallmark of ART is to suppress HIV replication to a level
under which sensitive HIV viral load testing is unable to
detect viral activity. Unfortunately, not all people living
with HIV are experiencing the full benefits of ART.
Alcohol use, for example, impedes ART adherence through
multiple mechanisms, including impaired memory, cogni-
tive distortions, hangover effects, and other factors leading
to lapses in treatment (Fritz et al., 2010; Hendershot et al.,
2009). In addition to alcohol’s role in unintentional non-
adherence, recent research has shown that as many as half
of people receiving ART who drink alcohol delay or forgo
taking their medications when drinking (Fatch et al., 2017;
Pellowski et al., 2016). Although ART can certainly have
side-effects, which can range from mild to severe, in the
absence of liver disease, combining alcohol use with ART
is not toxic or harmful. For example, Truvada, a combi-
nation of emtricitabine and tenofovir disoproxil fumarate,
is among the most commonly used combinations of
antiretroviral therapy and its pharmaceutical packaging
states “Truvada may cause dizziness. This effect may be
worse if you take it with alcohol or certain medicines. Use
Truvada with caution. Do not drive or perform other pos-
sibly unsafe tasks until you know how you react to it.”
Thus, mixing Truvada with alcohol is not completely
benign, but does not raise significant toxicity concerns, and
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there is no warning of health hazards resulting from mixing
Truvada with alcohol. Nevertheless, it is common for
individuals to believe that it is hazardous to take ART
when drinking (Kalichman et al., 2012).

Concerns about mixing ART and alcohol may stem from
individual differences in perceived sensitivity to medicines.
Among people living with HIV, perceived sensitivity to
medicines is associated with ART nonadherence (Horne
et al.,, 2013b), and this association may be mediated by
medication concerns (Horne et al., 2013a). Erroneous
beliefs that it is toxic to mix ART with alcohol, known as
alcohol interactive toxicity beliefs, may at least in part
account for the relationship between alcohol use and ART
nonadherence and ultimately HIV viral load (Kalichman
et al., 2009b, 2012, 2015). Interactive toxicity beliefs may
be conceptualized as one facet of a broader medication
belief system (Kalichman et al., 2013). In general, beliefs
regarding the balance between the perceived necessity of
medicines relative to perceived concerns, influence medi-
cation uptake and adherence (Horne et al., 2007, 2013a). In
addition, individuals who perceive greater sensitivity to
medicines may be particularly vulnerable to medication
concerns (Nestoriuc et al., 2010), and medication concerns
may partially explain the association between perceived
sensitivity to medicines and poorer medication adherence
(Horne et al., 2013b).

For people who drink alcohol, alcohol-ART interactive
toxicity beliefs may explain the association between per-
ceived sensitivity to medicines and ART adherence (Horne
et al.,, 2013b), and ultimately HIV suppression. Specifi-
cally, people taking ART who drink, perceive themselves
as sensitive to medications, and hold interactive toxicity
beliefs may engage in behaviors aimed at avoiding mixing
alcohol with ART—such as delaying or stopping medica-
tions when drinking—Ileading to nonadherence and
uncontrolled HIV. This chain of associations between
interactive toxicity beliefs and alcohol-ART avoidance
behaviors may therefore help explain the link between
perceived sensitivity to medicine and unsuppressed HIV
among patients who drink. In pragmatic terms, interactive
toxicity beliefs and their associated behaviors may serve as
points of intervention, as beliefs are likely more amenable
to change for improving adherence among drinkers than
are dispositions such as perceived sensitivity to medicine.

The current study was undertaken to test a serial
mediation model where the predicted effects of perceived
sensitivity to medicines on HIV viral load would be
mediated by three serially positioned variables: interactive
toxicity  beliefs — alcohol-ART  avoidance  behav-
iors - ART adherence. Based on previous studies, we
hypothesized that perceived sensitivity to medicines would
be associated with greater interactive toxicity beliefs
(Faasse et al., 2015; Horne et al., 2013b), which would be

related to behaviors intended to avoid mixing ART and
alcohol (Kalichman et al., 2015), leading to poorer adher-
ence (Kalichman et al., 2012), and ultimately unsuppressed
HIV viral load. Beyond these expected direct effects, we
predicted an indirect effect of the serial mediation of
beliefs — avoidance — nonadherence on the association
between perceived sensitivity to medicines and HIV sup-
pression among people receiving ART who drink alcohol.

Methods
Setting and participants

This study was conducted at a publicly funded HIV clinic
in central Georgia. More than 65% of people living with
HIV in rural areas of the US reside in southern states and
more than half of people living with HIV in Georgia reside
in areas outside of major metropolitan areas. The CDC
estimates that 1 in 51 Georgians will become HIV infected
in their lifetime (CDC, 2016). The 13 counties served by
the participating clinic have poverty rates more than double
those nationally (US Census, 2017). A total of 124 men and
74 women who had been diagnosed with HIV infection and
were being treated for HIV infection at the clinic com-
pleted the study measures between February and April,
2016. The current study only included the 79 men and 45
women who reported current use of alcohol.

Computerized interviews
Demographic and health characteristics

Audio computer-assisted self-interviews (ACASI) col-
lected participant demographic characteristics (i.e., gender,
age, years of education, ethnicity, employment status, etc.),
history of incarceration, mental health treatment, substance
use services, and 11 common ART side-effects asked on
4-point scales, 0 = Not experiencing, 3 = Severely expe-
riencing, summed to a total score (Carrieri et al., 2007),
alpha = .83. To assess alcohol use we administered the
Alcohol Use Disorders Identification Test (AUDIT), a
10-item scale designed to measure alcohol consumption
and identify risks for alcohol abuse and dependence
(Saunders et al., 1993). The first three items of the AUDIT
represent quantity and frequency of alcohol use and the
remaining seven items concern problems incurred from
drinking alcohol. Scores on the AUDIT range from 0 to 40
and the AUIDT has demonstrated acceptable internal
consistency. Scores of greater than 8 indicate high-risk for
alcohol use disorders and problem drinking, with demon-
strated specificities between .80 and .90 (Maisto et al.,
2000). In the current sample, the AUDIT was internally
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consistent, alpha = .90. We also asked participants whether
they had used other drugs, including marijuana, cocaine/
crack, inhalants (e.g., poppers), amphetamines, in the past
month.

Perceived sensitivity to medicines

We used the Perceived Sensitivity to Medicines scale to
assess participant’s perceptions of their sensitivity to
medications, i.e., how they view their body’s reactivity and
susceptibly to medication effects and side-effects. Con-
ceptual development and psychometric analyses demon-
strate the 5-item scale reliable and valid (Faasse et al.,
2015; Horne et al., 2013b). Items include “Even small
amounts of medicines can upset my body”, “My body
overreacts to medicines” and “I usually have stronger
reactions to medicines than most people”. Responses were
made on a 5-point scale, from 1 = Strongly disagree to
5 = Strongly disagree, with 3 = Uncertain. Scores repre-
sent the sum of item responses, ranging from 5 to 25. The
Perceived Sensitivity to Medicines scale was internally
consistent in the current sample, alpha = .82.

Alcohol-ART interactive toxicity beliefs

Participants completed three indicators of diverging beliefs
that underlie motivations to avoid mixing alcohol and
ART, specifically measuring beliefs about the hazards of
drinking and taking ART. The items were “Alcohol and
HIV medications should never be mixed”, “Alcohol breaks
down HIV medications so they will not work right”, and
“A person should stop taking their HIV medications if they
are going to be drinking”. The interactive toxicity beliefs
indicators therefore represent a range of misinformation
regarding alcohol consumption in relation to taking ART.
Items were responded to on 4-point scales, 1 = Strongly
disagree to 4 = Strongly agree.

Alcohol-ART avoidance behaviors

Participants completed a measure of behaviors that stem
from alcohol-ART interactive toxicity beliefs. This mea-
sure explicitly asks about instances of intentionally not
taking ART when drinking alcohol (Altice et al., 2001;
Sankar et al., 2007). Participants completed six-items
concerning actions that they have taken regarding their
ART and drinking alcohol (Altice et al., 2001; Kalichman
et al., 2009b; Sankar et al., 2007). Items are shown in the
results section and were responded to regarding whether
participants had performed each of the six actions coded as
0 = Not practiced, 1 = Practiced. Scores represent the
summed number of behaviors endorsed.
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Medication adherence

We used an established rating scale, The Visual Analogue
Scale, to assess ART adherence over the previous month
(Giordano et al., 2004). The adherence rating scale asks
individuals to indicate the point along a continuum show-
ing how much of their ART they have taken in the past
month. For the computerized administration we adapted the
response format by using a 100-point slide bar tool
anchored by 0%, 50% and 100%. The standard instructions
are designed to counter socially desirable response biases
by acknowledging that it can be difficult to take ART
(Simoni et al., 2006). The instructions read, “We would be
surprised if most people take 100% of their medications.
Below, 0% means you have taken none of their HIV
medications this past month, 50% means you have taken
half of your HIV medications this past month and 100%
means you have taken every single dose this past month.
What percent of your HIV medications did you take?”
Participants indicated the percentage of medications taken
by clicking their mouse anywhere on the 100-point slide
bar continuum. The adherence rating scale used in this
study has been found reliable and valid (Finitsis et al.,
2016), including significantly associated with HIV viral
load (Bangsberg et al., 2001; Giordano et al., 2004;
Kalichman et al., 2009a).

HIV viral load and CD4 cell count

Lab reports of HIV viral load and absolute CD4 cell counts
were abstracted from electronic medical records. In
accordance with HIV treatment guidelines (International
Advisory Panel, 2015) we define suppressed HIV viral load
as < 200 copies/mL—a threshold that nearly eliminates
most cases of apparent viremia caused by HIV viral load
blips or assay variability. We used the HIV viral load most
proximal to survey completion, coded as 0 = suppressed
HIV viral load, and 1 = unsuppressed HIV viral load. We
also collected absolute CD4 cell counts to describe par-
ticipant health status; CD4 cell counts under 500 cells/cc?
indicate immune system impairment and values under 200
cells/cc? are diagnostic for AIDS. The CD4 cell count most
proximal to the survey date was used for sample descrip-
tion.

Procedures

Participants were recruited through targeted convenience
sampling. During a scheduled office visit, clinic patients
were invited to participate in the study. A total of 257
patients were invited to complete the survey while waiting
for their clinical appointment and 198 agreed, yielding a
77% response rate. Following informed consent, partici-
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pants completed the ACASI and provided permission for
the researchers to retrieve their electronic medical records.
Participants were compensated for their time to complete
the study measures with a $15 cash (ATM) card. The
university Institutional Review Boards approved all pro-
cedures.

Data analyses

Analyses were performed for the 124 participants reporting
current alcohol use on the AUDIT. Our sample size was
determined by practical considerations. For descriptive
analyses, participants were grouped on the basis of their
medical records abstracted HIV viral load: HIV viral load
suppressed (< 200 RNA copies/mL, n = 84) and HIV viral
load unsuppressed (> 200 RNA copies/mL, n = 40).
Descriptive analyses compared HIV viral load suppressed
and HIV viral load unsuppressed participants using con-
tingency table X? tests for categorical variables and inde-
pendent t-tests for continuous variables. Bivariate
associations among continuous variables were examined
with Pearson correlation coefficients and point bi-serial
correlations for dichotomous HIV viral load in relation to
continuous measures. Our main analyses tested the serial
mediation model in Fig. 1 that specifies the serial associ-
ations between Perceived Sensitivity to Medicines — HIV
Viral Load, mediated by Interactive Toxicity
Beliefs — Avoiding ART when Drinking —» ART
Adherence. We used the SPSS PROCESS (v 3.1) macro for
mediation analyses to test multiple mediators using boot-
strap statistical techniques (Hayes, 2013). Multiple medi-
ator models are appropriately analysed using regression
when data are cross-sectional (Judd & Kenny, 1981). The
PROCESS macro estimates all paths designated in the
model. Specifically, we used the Model 6 Template for
multiple (3) mediating variables in an x—y relationship
(Hayes, 2013). This model tests the effects of the predictor
variable (perceived sensitivity to medicines) on three
mediator variables (M1 = alcohol interactive toxicity
beliefs, M2 = avoidance behaviors, and M3 = adherence;

representing the a paths), the effects of the mediator vari-
ables on the outcome (HIV viral load, representing the b
paths), and the effects of the predictor variable on the
outcome (the ¢ path). PROCESS detects binary outcome
variables, such as HIV viral load in this study, and esti-
mates the direct and indirect effects, as well as the paths
from the mediating variables to the outcome using logistic
regression (Hayes & Mathes, 2009). Thus, coefficients
predicting the mediators are estimated using ordinary least
squares regression, and paths for the dichotomous outcome
are estimated with maximum-likelihood based logistic
regression (Hayes, 2013). Our model included participant
gender, race, years since testing HIV positive, and expe-
riencing medication side-effects as control variables. These
control variables were selected to remove confounding
effects of known health disparities in race and gender
among people living with HIV, the effects of time on HIV
disease progression, and the effects of medication side-
effects on ART adherence. We report 95% confidence
intervals (CI) for the indirect effects of sensitivity to
medicines on HIV viral load via alcohol-ART interactive
toxicity beliefs, alcohol-ART avoidance behaviors, and
adherence that were estimated from 5000 bootstrap
resamples. To examine the robustness of our results, we
also repeated the analysis without covariates. There were
no missing data for any variables included in the model.
All analyses report exact p-values with respect to statistical
significance.

Results

Table 1 shows the demographic and health characteristics
of the current sample. Participants were diagnosed with
HIV infection for more than 11 years on average. In terms
of current health status, 12% of the sample showed evi-
dence of advanced HIV disease with CD4 cell counts under
200 and 33% had unsuppressed HIV viral loads. As
expected, individuals with unsuppressed HIV viral loads
demonstrated poorer ART adherence and lower CD4 cell

Alcohol-ART .21_16 Avoiding & _4;017
i p=-011  Delaying p =02 ART
In.t(?ractlv.e Taking ART "| Adherence
122 Toxicity Beliefs When Drinking 3
p=.02 p=.01
Perceived -.089 Detectable
Sensitivity to p=.09 Y HIVRNA
Medicines "| (> 200 Copies)

Fig. 1 Serial mediation model predicting HIV viral load from perceived sensitivity to medicines mediated by interactive toxicity beliefs,
alcohol-ART avoidance behaviors, and ART adherence unadjusted for covariates
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Table 1 Demographic and health characteristics of HIV positive drinkers with suppressed and unsuppressed HIV viral load

Characteristic Suppressed HIV viral load (N = 84) Unsuppressed HIV viral load (N = 40) x> p
N % N %
Men 53 61 26 64 0.09 .76
Women 31 39 14 36
African-American 68 84 38 95 3.31 191
White 10 12 2 5
Other 3 4
Disabled 29 36 14 35
Unemployed 34 38 11 28 4.74 44
History of incarceration 43 53 20 50 0.10 74
Mental health history 33 41 15 38 0.05 A48
Substance use treatment history 21 26 9 23 0.16 .68
Drug use in past month 36 44 19 47 0.10 75
ART adherence
< 80% 11 14 19 53 19.36 .01
< 85% 12 15 19 53 17.74 .01
< 90% 12 15 21 58 22.49 .01
CD4 cell count < 200 4 5 11 28 12.55 .01
M SD M SD t
Age 44.8 11.0 413 124 1.57 A1
Years of education 12.5 2.0 12.8 1.5 0.75 45
Years since testing HIV positive 11.9 8.0 11.7 8.9 0.09 .92
AUDIT-consumption score 34 2.3 3.7 23 0.77 43
Log HIV viral load 0.2 0.5 3.1 1.3 -
CD#4 cell count 680.4 277.3 408.7 295.5 4.92 .01
Characteristic Suppressed HIV viral load (N = 84) Unsuppressed HIV viral load (N = 40) t P
M SD M SD
Perceived medicine sensitivity 18.8 4.2 17.1 4.3 2.13 .03
Alcohol interactive toxicity beliefs 8.0 2.5 7.1 2.6 1.36 17
Alcohol interaction avoidance 1.6 14 1.8 1.9 0.42 .67
ART adherence 91.1 19.8 67.5 33.6 4.71 .01

AUDIT alcohol use disorders identification test, ART antiretroviral therapy

counts. In addition, participants with suppressed HIV viral
load had higher perceived sensitivity to medicines scores.

Alcohol-ART avoidance behaviors

Table 2 shows the number and proportions of participants
with suppressed and unsuppressed HIV viral loads report-
ing behaviors related to intentional nonadherence when
drinking. The most frequently occurring behaviors were
waiting to take ART after drinking (53%) and not mixing
alcohol and HIV medications because it is not safe (39%).
In addition, nearly one in three participants indicated that
they wait to drink if they have taken their ART and nearly
one in four indicated that they stop taking ART when

@ Springer

drinking alcohol. There were two alcohol-ART avoidance
behaviors for which participants grouped as suppressed
HIV viral load versus unsuppressed HIV viral load were
significantly different, “I skip taking my HIV medications
if I will be drinking alcohol” and “If I know I am going to
be drinking alcohol, I won’t take my medications that
day.” In both cases, participants with unsuppressed HIV
viral load were more likely to avoid mixing alcohol and
ART.

Bivariate correlations among model variables

Table 3 shows the Pearson correlations among model
variables. Perceived sensitivity to medicines scores were
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Table 2 Alcohol-ART avoidance behaviors among HIV positive drinkers with suppressed and unsuppressed HIV viral load

Suppressed HIV viral Unsuppressed HIV viral 3> p

load (N = 84) load (N = 40)

N % N %
I skip taking my HIV medications if I will be drinking alcohol 6 7 7 18 4.09 .04
I do not mix alcohol and HIV medications because it is not safe 36 44 12 32 1.52 21
If I were to drink alcohol, I would stop taking my 16 20 10 27 0.84 .35

HIV medications because I would not want to mix them

I wait to drink alcohol until I am not taking HIV medications 26 32 11 31 0.01 91
If I know I am going to be drinking alcohol, I won’t take my medications that day 9 8 9 24 3.72 .05
I wait at least a couple of hours after I take my medicine to drink alcohol 42 52 23 62 1.15 .28

Table 3 Correlation coefficients for model variables among HIV positive drinkers with suppressed and unsuppressed HIV viral load

Perceived medicine Alcohol interactive Alcohol-ART ART adherence
sensitivity toxicity beliefs avoidance

Alcohol interactive toxicity beliefs 25 (p =.01)

Alcohol interaction avoidance .05 (p =.55) 33 (p=.01)

ART adherence 03 (p=.72) —.09 (p =31 - 23 (p=.01)

HIV viral load® — .19 (p =.03) A2 (p=.17) —.03(p=.67) — 40 (p = .01)

“Point bi-serial correlations, suppressed HIV viral load = 0, unsuppressed HIV viral load = 1

significantly related to interactive toxicity beliefs and
inversely related to HIV viral load. As expected, interactive
toxicity beliefs were significantly associated with alcohol-
ART avoidance behaviors. In addition, alcohol-ART
avoidance behaviors were significantly inversely related to
ART adherence, and adherence was inversely related to
HIV viral load. This pattern of associations was consistent
with testing the proposed mediation model.

Perceived sensitivity to medicines and HIV viral
load serial mediation model

We tested the serial mediation model using multiple
regression analyses that included medication sensitivity
(independent variable), HIV viral load (dependent vari-
able), and alcohol interactive toxicity beliefs, alcohol-ART
avoidance behaviors, and ART adherence (mediating
variables). Results of the regression model are shown in
Fig. 1. The full model was significant in predicting HIV
viral load, Model X% = 22.53, p = .01, using McFadden
estimated R? the model accounted for 15.77% of the
variance in HIV viral load.

For tests of direct effects, results showed that increased
perceived sensitivity to medicines relates to lower odds of
detectable HIV viral load, b = — .089 (se = .052), p = .09,
95% CI — .193 to .014. The direct effect of perceived
sensitivity to medicines on alcohol interactive toxicity

beliefs was significant, b = .122, t = 2.26, p = .02, but not
alcohol-ART avoidance behaviors, b = — .020, ¢ = -0.63,
p =.52, and not ART adherence, b = — .030, 7 = 0.05,
p =.95. Alcohol interactive toxicity beliefs were signifi-
cantly related to alcohol-ART avoidance behaviors,
b = .246, t = 4.45, p = .01, and alcohol-ART avoidance
behaviors were in turn related to ART adherence, b = -
4.017, t = -2.31, p = .02, and ART adherence was related
to lower odds of detectable HIV viral load, b = — .033,
t=-3.72,p = .0l

The mediation effects of the three serial mediators were
tested using 5000 bootstrap resamples. The indirect effect
of perceived sensitivity to medicines on HIV viral load
through the three serially aligned mediators (Interactive
Toxicity Beliefs —» Avoiding ART when Drink-
ing — ART Adherence) on HIV viral load was significant,
b = — .004, se .003, 95% CI — .0158 to — .0003. All other
possible mediation paths were included in the model and
none of the other indirect effects were significant.

Mediation model controlling for potential confounds

We repeated the serial mediation model controlling for
gender, race, years since testing HIV positive, and ART
side effects. Results showed the full model remained sig-
nificant in predicting HIV viral load, Model X? = 24.92,
p = .01, McFadden R? indicated that the model explained
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17.71% of the variance. Examination of control variables
in relation to viral load showed that there were no signif-
icant effects of gender, b= — .307, p=.52; race,
b = — 258, p = .62; years since testing HIV positive,
b = .016, p = .57; or side-effects, b = — .610, p = .17. The
tests of direct effects showed that perceived sensitivity to
medicines significantly predicted HIV viral load,
b=— .119 (se = .056), p = .03, 95% CI — .230 to — .009.
The direct effect of perceived sensitivity to medicines
predicting alcohol interactive toxicity beliefs was also
significant, b = .125, r = 2.23, p = .02, but not alcohol-
ART avoidance behaviors, b = — .026,t = — .77, p = .44,
and not ART adherence, b = — .163, t = — .25, p =.79.
Alcohol interactive toxicity beliefs significantly predicted
alcohol-ART avoidance behaviors, b =.230, ¢ = 3.99,
p = .01, alcohol-ART avoidance behaviors predicted ART
adherence, b =-4.461, t=-247, p=.01, and ART
adherence predicted HIV viral load, b = — .035, ¢t = -3.70,
p = .00 = 1. The indirect effect of perceived sensitivity to
medicines on HIV viral load through the three serially
aligned mediators (Interactive Toxicity Beliefs — Avoid-
ing ART when Drinking — ART Adherence) on HIV viral
load was significant, b = — .004, se .004, 95% CI — .0200
to — .0002. All other possible mediation paths were
included in the model and again none of the other indirect
effects were significant.

Discussion

Results supported our hypothesis that interactive toxicity
beliefs would fit within a broader framework of perceived
sensitivity to medicines. However, perceived sensitivity to
medicines itself is part of an even broader framework of
mental representations or more general beliefs (social
representations) about medicines as a class of treatment
(Horne et al., 1999). In particular, individuals who are
suspicious of pharmaceuticals, perceiving them to be fun-
damentally harmful and over-prescribed by doctors (Horne
et al., 1999) characterize a ‘world-view’ of suspicions
about chemicals in food and the environment (Gupta &
Horne, 2001). Thus, how people vary in their perceptions
of personal sensitivity to the effects of medicines relates to
their use of medicines. Believing that one is more sensitive
than other people to the effects of medicines leads to a
reluctance to start medications (Horne et al., 2013b).
Beliefs about medications, perceptions of the self in rela-
tion to medicines, and other personal attributes, such as
drinking alcohol, can be thought of as ‘pharmaceutical
schema’, that is how ideas about pharmaceuticals are
organized. Future research is needed to test these concepts
as predictors of medication refusal and intentional ART
nonadherence.
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Cognitive-perceptual processes regarding the interplay
between medicines and bodily sensations offer a unifying
framework for understanding the more narrowly focused
beliefs about mixing alcohol with medications. We found
that direct effects of perceived sensitivity to medicines on
HIV viral load were mediated by the serial effects of
beliefs and behaviors. Greater perceptions of medication
sensitivity were associated with stronger beliefs that it is
harmful to mix alcohol with ART, which in turn lead to
behaviors directed at intentionally altering taking medica-
tion to avoid mixing alcohol with ART, which in turn
predicts ART nonadherence and higher HIV viral loads.
The indirect effects in our serial mediation model did not
fully account for the relationship between perceived sen-
sitivity and HIV viral load, however, indicating that our
framework is incomplete and there are likely other
explanatory variables for the relationship in addition to
interactive toxicity beliefs.

Our findings are consistent with several other studies
that have shown that alcohol-ART interactive toxicity
beliefs are prevalent among people living with HIV and
lead to intentional medication nonadherence (Altice et al.,
2001; Fatch et al., 2017; Kalichman et al., 2012; Sankar
et al., 2007). Interactive toxicity beliefs may originate from
overgeneralizing the true risks of mixing alcohol with other
medications, such as sedatives, anti-depressants, and some
over-the-counter remedies (Jalbert et al., 2008). Adding to
confusion may be reports in the early years of HIV treat-
ment concerning adverse interactions between some drugs
in one class of ART (Protease Inhibitors) and some illicit
drugs (McCance-Katz et al., 2013). Individuals are also
likely to hear that it is harmful for people with liver disease
to mix alcohol with ART. These messages, however, are
likely distorted given that all patients with compromised
liver functions are advised not to drink at all, regardless of
mixing alcohol with ART. Medication beliefs can underlie
behaviors aimed to avoid mixing alcohol and ART, as has
been demonstrated specifically for interactive toxicity
beliefs and ART adherence among alcohol drinkers (Pel-
lowski et al., 2016) and other drug users (Kalichman et al.,
2015). In the current study, we tested perceived sensitivity
to medicines as a broader construct to develop the first
conceptual framework to encompass interactive toxicity
beliefs, alcohol-ART avoidance behaviors, and ART
adherence.

Results of the current study should be interpreted in light
of its methodological limitations. We sampled participants
receiving services from a publicly funded HIV care pro-
vider and our sample was one of convenience. Thus, our
participants cannot be considered representative of people
living with HIV. In addition, the study was conducted in
just one state in the southeastern US, and is therefore also
geographically constrained. We specifically focused on
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individuals living with HIV who self-report alcohol use.
The limitations of self-reported drinking are well known
and likely resulted in removing people from our study who
did not openly acknowledge their drinking. We also relied
on self-reported measures for all of the other social and
behavioral variables in this study. Although we used
measures delivered by computerized interviews, the results
are still subject to reporting biases. In addition, our mea-
sure of interactive toxicity beliefs consisted of only three
indicators. In addition, the results while statistically sig-
nificant were of modest magnitude and should be consid-
ered preliminary and in need of independent replication.
Finally, the study design was cross-sectional and therefore
does not allow for directional or causal inferences among
variables. With these limitations in mind, we believe that
the current findings have implications for designing inter-
ventions aimed to address intentional nonadherence among
people receiving ART who drink alcohol.

While the indirect effects of the serial mediators in our
model were significant, they did not fully account for the
relationship between perceived medicine sensitivity and
HIV viral load. The model has thus far only been evaluated
in one sample with a small to moderate effect. Our findings
therefore require independent replication with larger sam-
ple sizes and in different geographical regions. Further-
more, other behaviors and psychological processes may
contribute to the model and call for additional study. For
example, Horne et al. (2013b) suggested that perceived
sensitivity to medicines is one of several potential features
of an individual’s underlying schema of the physical and
functional self and is likely to impact self-regulation
through ongoing somatic sensations and functional chan-
ges. Each of these processes may impact ART adherence
and may interact with beliefs about alcohol and other drug
use in relation to taking ART.

Our model, albeit with preliminary support, also points
to windows of opportunity for interventions. Perceived
sensitivity to medicines bolsters the very foundation for
taking medicines—that they will have an impact on bodily
systems. Perceptions of sensitivity are therefore potentially
beneficial for optimizing adherence and treatment out-
comes. Interactive toxicity beliefs and their associated
intentional nonadherence behaviors undermine, but do not
entirely negate, these associations. Interactive toxicity
beliefs are modifiable, and likely more malleable than
dispositions such as perceived sensitivities, and altering
underlying beliefs can be translated into behavioral inten-
tions and behavior (Ajzen & Fishbein, 1980). Direct
communication with patients who drink alcohol should
emphasize both the safety of ART when taken in proximity
to alcohol and the potency of ART when taken as directed.
Left unchecked, interactive toxicity beliefs and their
association with alcohol-ART avoidance behaviors will

erode confidence in medicines and undermine ART

adherence.
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