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Abstract

The success of highly active antiretroviral therapy (HAART) among persons living with HIV is largely de-
pendent on strict medication adherence. Recent research suggests that alcohol and other drug use (AOD) may be
an important barrier to HAART adherence. In this study, we examined the impact of AOD on HAART ad-
herence as well as the moderating effects of general and medication-specific social support. The data were
collected as part of a longitudinal randomized control trial with 224 HIV-positive patients at an HIV primary
care clinic in the northwestern United States. Findings indicated that AOD use was negatively associated with
HAART adherence and that medication-specific (but not general) social support moderated the AOD-adherence
association at 3 (but not at 6 or 9) months. Results indicate the importance of medication-specific social support
to treat comorbid AOD use and HIV; implications for future research and intervention programs for HIV-
positive AOD users are discussed.

Introduction

Highly active antiretroviral therapy (HAART) is
now the standard of care for persons living with HIV/

AIDS (PLWH) because of its demonstrated effectiveness at
restraining viral replication, slowing clinical progression to
AIDS, and increasing life expectancy.1,2 Indeed, HAART has
transformed HIV/AIDS from an acute life-threatening illness
to a chronic condition. The success of HAART, however, de-
pends largely on optimal medication adherence.3,4 Although
maintaining high levels of adherence appears to be important
even for modern HAART regimens, adherence has been
found to decrease significantly over time.5 Inadequate adher-
ence continues to be one of the most frequent reasons for poor
treatment outcomes and lack of sustained treatment benefits.6

Alcohol and other drug use (AOD) use is an important
potential adherence barrier to examine because it is highly
prevalent among PLWH. Indeed, large population surveys
have indicated that 40% of HIV-positive persons have used
illicit drugs in the previous year, and more than 12% screened
positive for drug dependence.7 In addition, 8–10% of HIV
patients report heavy alcohol use (defined as drinking 5 or
more drinks 4 or more days per month),8–10 which is about
twice that estimated in the general population (4.5%).11

Not only is AOD use common among PLWH, but there is
convincing evidence that AOD use is associated with non-
adherence to HAART.8,12–15 Specifically, alcohol use has been
shown to correlate negatively with adherence in both cross-
sectional16–18 and longitudinal studies.10,19,20 In a meta-
analytic review, Hendershot et al.13 found that PLWH who
used alcohol were about half as likely to be classified as ad-
herent as those who abstained. In terms of drug use, some
studies have found that adherence to HIV medication is lower
among current drug users21 and that adherence declines in
periods of relapse.22 A systematic review of 41 studies of
adherence to HAART among drug users found that active
substance use was associated with poor adherence.14

It should be noted that results from studies of AOD use and
adherence association have been inconsistent.23,24 Indeed,
some studies have found weak or no significant relationships
between AOD use and poor adherence.25–28 Potential reasons
for such discrepancies may include insufficient power in
smaller samples and inconsistency in measurement ap-
proaches of AOD use and medication adherence.24

On the other hand, these discrepant findings could reflect
the influence of moderating variables that have not yet been
systematically evaluated.13 Examining moderators of the
substance use-medication adherence relationship is crucial

1Department of Psychology, 2School of Social Work, 3Department of Psychiatry and Behavioral Sciences, University of Washington, Seattle,
Washington.

AIDS PATIENT CARE and STDs
Volume 25, Number 3, 2011
ª Mary Ann Liebert, Inc.
DOI: 10.1089/apc.2010.0314

181



because it will help identify factors that may improve ad-
herence and treatment effectiveness for this group and thus
has implications for interventions targeting HIV-positive
AOD users.

Social support is a likely moderator. It is one of the most
consistent correlates of HAART adherence12,25,29 and, in a
meta-analysis, DiMatteo and colleagues30 demonstrated that
social support accounted for significant associations with
treatment adherence across a variety of illnesses. Although
not a specific measure of the relational aspects of social sup-
port, living with someone has also been found to positively
associate with adherence.31,32 Consistent with these findings,
studies have shown that underdeveloped partner, family,
peer, and health care provider supports are associated with
suboptimal adherence to dose instructions.15,18,33,34

Other findings specifically link social support to AOD use
and adherence. For example, several studies have shown that
drug use may adversely affect individuals’ social sup-
port.25,35,36 In addition, in a study among active injection
drug users, adjusted odds of viral suppression were at least
three times higher among those with higher social support.37

Indeed, among a study of 130 crack cocaine users, adher-
ence was found to improve with a more satisfying social
network.33

In the present study, we examined whether social support
may be an important factor to consider in attempts to un-
derstand and promote adherence among HIV-positive indi-
viduals who are AOD users. Specifically, we looked at the
relationship between AOD and adherence and investigated
whether social support, both general and medication-specific,
moderated the relation between alcohol use and adherence
and between drug use and adherence.

Method

Procedure

The data used in this analysis were collected as part of a
National Institues of Health (NIH)-funded randomized con-
trol trial conducted in an outpatient HIV clinic in a large city in
the Pacific Northwest to study the effect of pager reminders
and peer support on HAART adherence. In order to be in-
cluded in this study, participants needed to either be initiating
HAART for the first time or changing HAART regimens, be 18
years of age or older, not have a psychotic disorder or de-
mentia diagnosis, and live within range of the pagers. Parti-
cipants (N¼ 224) were randomly assigned to one of four study
arms: (1) pager intervention, (2) peer intervention, (3) both
interventions, or (4) standard of care. Computer-assisted self-
interviews were administered at baseline, 2 weeks, and 3, 6,
and 9 months. The intervention involved the use of pro-
grammable two-way pagers and peers trained to provide so-
cial support during a 3-month intervention period. The pager
intervention consisted of a customized pager system in which
participants received reminder text messages particular to
their medication regimen. In addition to dose reminders, ed-
ucational and entertainment text messages also were sent. The
peer intervention consisted of pairing participants with clinic
patients who were HIV-positive and currently on HAART
who provided medication-related social support to partici-
pants via bimonthly group gatherings and weekly phone calls.
A full description of the study procedures and outcomes of the
intervention are provided elsewhere (masked for review).37a

Participants

Of the 224 participants in the study, 47% self-identified as
white, 30% as African American, 11% as Latino/Hispanic, 4%
American Indian or Alaskan Native, and 8% as other or mixed
race. The mean age was 40 years (standard deviation [SD]¼ 8;
range, 19–60), and the majority of participants were male
(76%), unemployed (81%), and low income (51% with yearly
incomes below $552). The sample was fairly well educated:
71% had a high school degree or GED and 9% had a college
degree.

Measures

Demographic questions included items on age, gender,
race/ethnicity, employment status (coded as unemployed or
employed part- or full-time), and education (coded as less
than high school or at least high school degree/GED).

Medication adherence. Medication adherence was as-
sessed at 2 weeks and 3, 6, and 9 months with one item from
the Simplified Medication Adherence Questionnaire (SMAQ;
Knobel et al., 2002), in which the number of doses missed
during the previous 7 days was reported on an ordinal scale
(none of the time, 1–2 times, 3–5 times, 6–10 times, or more
than 10 times). Since few participants (8–16%) reported
missing more than 1–2 doses in the past week at any given
time point, a dichotomous variable was created in which
participants were classified as 100% adherent if they reported
missing zero doses and nonadherent if they reported missing
one or more doses in the last 7 days.

Alcohol use. Alcohol consumption, drinking behavior,
and alcohol-related problems in the past year were measured
at baseline using the 10-item Alcohol Use Disorder Identifi-
cation Test (AUDIT).38 The AUDIT is more sensitive for
hazardous or harmful drinking patterns and, therefore, is
better suited than other measures of alcohol abuse or depen-
dence to identify a wider spectrum of alcohol problems.39

Three items assess alcohol consumption (e.g., ‘‘How often do
you have a drink containing alcohol?’’); three assess drinking
behavior (e.g., ‘‘How often did you find that you were not able
to stop drinking once you had started?’’); and four assess al-
cohol-related problems and adverse reactions (e.g., ‘‘How
often during the last year have you been unable to remember
what happened the night before because you had been
drinking?’’). Each item included 5 response options (e.g.,
never, less than monthly, monthly, weekly, daily or almost
daily) and was scored from 0 to 4, with overall scores ranging
from 0 to 40 and higher scores indicating more problematic
alcohol use. In development and validation (N¼ 1888), 92% of
those with hazardous or harmful alcohol use (judged by
World Health Organization and the ICD-10 system) scored at
least 8 points on the AUDIT scale.38 Therefore, a score of 8 or
more is interpreted as indicative of a strong likelihood of
hazardous or harmful alcohol consumption. In the current
study, Cronbach a was 0.85.

Hard drug use. We used three items at baseline to assess
the average weekly frequency of use of cocaine, heroin, and
methamphetamine in the past year. Each item has 9 response
options (e.g., never, less than once per week, 1, 2, 3, 4, 5, 6, or 7
days per week). Because multiple drug use is common and
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combining a range of substances used may be a more reliable
predictor than individual drug use indicators,24 we computed
an index of ‘‘hard drug’’ use as the average of the weekly
frequency of cocaine, heroin, and methamphetamine use
over the last year. We excluded marijuana from our indica-
tor because it is especially likely to be used by individuals
with HIV/AIDS for perceived relief of HIV-associated
symptoms.40

General social support. We used the 19-item Medical
Outcomes Study-Social Support survey (MOS-SS)41 at base-
line to assess how participants perceive the availability of
various types of support including companionship or assis-
tance when they need it. The items (e.g., ‘‘Someone to confide
in or talk to about yourself or your problems’’ or ‘‘Someone to
do something enjoyable with’’) are scored from 0 (none of the
time) to 4 (all of the time). Items were averaged to form an
index of general support ranging from 0 to 4, with higher
scores reflecting more social support. Previous studies have
demonstrated that the MOS-SS has high internal consistency
(Cronbach a¼ 0.97) and sufficient test–retest reliability
(a¼ 0.78).41 In the current study, Cronbach a was 0.98.

Medication social support. We created an 8-item survey
of medication-specific social support to identify how often
others may have helped participants with their antiretroviral
therapy over a 3-month period (e.g., ‘‘Reminded you to take
your medications’’; ‘‘Helped you to believe you can take your
medications as prescribed’’; ‘‘Checked in with you about your
medications’’), scored from 0 (never) to 4 (very often). As over
a third of the participants were initiating HAART at baseline,
medication social support was not assessed until the 3-month
assessment. Items were averaged to form a medication-
specific index of support ranging from 0 to 4, with higher
scores reflecting more medication social support. A confir-
matory factor analysis found that the 8 items adequately
measured a single latent dimension of medication-specific
social support [w2(18)¼ 28.49, p¼ 0.06; Normed Fit Index
0.97; Comparative Fit Index¼ 0.99; RMSEA¼ 0.05]. In the
current study, Cronbach a was 0.92.

Statistical methods

To assess for differences between participants with com-
plete self-report data (82%), those who missed a single as-
sessment (10%), and those who missed two or more
assessments (8%), w2 tests and one-way analyses of variance
(ANOVAs) were conducted on categorical and continuous
sociodemographic characteristics, respectively. No significant
differences were found among these three groups on age,
gender, race/ethnicity, employment, and education.

A multiple imputation using chained equations approach
was utilized to address missing data.42 First, 10 complete
datasets were generated by imputing the missing values in the
original dataset. All subsequent analyses were replicated
across each of the imputed datasets, with the final results
calculated as a pooled average of the 10 analyses.

In descriptive analyses, we looked at means, standard de-
viations, and bivariate correlations of the demographic,
medication adherence, AOD, and social support variables.
Logistic regression was used to determine whether age, gen-
der, race/ethnicity, employment, and education prospec-
tively predicted 3-, 6-, or 9-month medication adherence.

We initially considered evaluating adherence across time
using a growth curve approach. We first conducted a pre-
liminary growth curve analysis43 to assess variability across
participants in the rate of change (i.e., linear slope) in 100%
medication adherence (dichotomous) across the four time
points. This unconditional model, which excluded all other
predictors, estimated for each participant an intercept
[b¼ 0.92, standard error (SE)¼ 0.14, p< 0.001] and a linear
slope (b¼�0.20, SE¼ 0.06, p¼ 0.002) and allowed both to
randomly vary across participants. The variances of intercepts
[variance¼ 0.95, w2(223)¼ 250.32, p¼ 0.10] and slopes [vari-
ance¼ 0.002, w2(223)¼ 181.36, p> 0.50] were nonsignificant,
indicating that there was not sufficient variation in either the
initial levels of medication adherence or the adherence tra-
jectories from participant to participant to warrant a using a
growth curve approach for the moderation analyses. Conse-
quently, we proceeded with a more focused longitudinal
analysis that evaluated the moderation hypotheses sepa-
rately at each follow-up time point, controlling for baseline
adherence.

Since the data came from an intervention study on adher-
ence, we also controlled for intervention group. Specifically,
logistic regression was used to investigate the association
between each of the two AOD predictors and 100% medica-
tion adherence at 3, 6, and 9 months. In each of the 6 models,
the adherence outcome was regressed on the AOD predictor,
general social support, medication social support, AOD�
general social support, and AOD�medication social sup-
port, with baseline adherence, race/ethnicity, age, prescribed
doses, and intervention group included as covariates. All
predictor variables were centered at their means, as re-
commended by Aiken and West.44

Where significant moderating effects were found, we used
the simple slope technique44 to interpret the relationship be-
tween each AOD predictor and the adherence outcome. Since
social support (the moderator) was assessed as a continuous
variable, the relationship between AOD and adherence was
depicted at three levels of social support. Specifically, the
predicted probability of 100% adherence was evaluated sep-
arately at ‘‘high support’’ (þ1 SD above the mean), ‘‘average
support’’ (the mean), and ‘‘low support’’ (�1 SD below the
mean) with all other covariates held at their means.

Results

Descriptive analyses

Means, standard deviations, and bivariate correlations of
the demographic, medication adherence, AOD, and social
support variables are presented in Table 1. Overall, the per-
centage of participants self-reporting 100% adherence in the
past week declined over time (from 73% to 59%). With respect
to patterns of adherence, 30% of participants reported 100%
adherence at all assessment points, 43% were 100% adherent
at 2 weeks and became non-adherent at follow-up, 20% were
initially nonadherent and achieved 100% adherence at one or
more follow-ups, and 6% reported being nonadherent at all
assessment points.

The baseline prevalence of past-year hazardous drinking
was 27%, based on an AUDIT score of �8. Black [M¼ 7.25,
SD¼ 9.33; t(215.5)¼ 2.63, p¼ 0.01] and other or mixed race
[M¼ 7.52, SD¼ 9.01; t(216.7)¼ 2.07, p¼ 0.04] participants had
higher AUDIT scores than White participants (M¼ 4.15,
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SD¼ 5.62). Over half (55%) of the sample reported any co-
caine, heroin, or methamphetamine use in the past year, with
unemployed participants (M¼ 0.69, SD¼ 1.07) reporting a
higher weekly frequency of use compared with participants
employed part- or full-time (M¼ 0.34, SD¼ 0.63), t(217.7)¼
�2.01, p¼ 0.05. Perceptions of general social support
(M¼ 2.47, SD¼ 1.10) were higher than received medication-
specific support (M¼ 1.54, SD¼ 1.15), t(766.5)¼ 9.72, p< 0.001,
and inversely associated with age, r¼�0.16, p¼ 0.01.

Logistic regression analyses assessed whether age, gender,
race/ethnicity, employment, and education prospectively
predicted 3-, 6-, or 9-month medication adherence, controlling
for baseline adherence. In these models, the adherence out-
come was regressed on baseline adherence and the demo-
graphic predictors. At 3 months, African American
participants were less likely to report 100% adherence than
White participants [odds ratio (OR)¼ 0.35, SE¼ 0.13, 95%
confidence interval (CI)¼ 0.17–0.71, p< 0.01] and each addi-
tional year of age was associated with lower odds of adher-

ence (OR¼ 0.96, SE¼ 0.02, 95% CI¼ 0.92–1.00, p¼ 0.04). On
average, African American participants were more re-
presented in the older ages (M¼ 43 years, SD¼ 7) than Cau-
casian (M¼ 39, SD¼ 9), Latino (M¼ 38 years, SD¼ 10), or
other and mixed race participants (M¼ 39 years, SD¼ 7).
When the prospective association between age and 3-month
adherence was examined controlling for race, older age was
no longer a statistically significant predictor of adherence
(OR¼ 0.96, SE¼ 0.02, 95% CI¼ 0.92-1.01, p¼ 0.11). Socio-
demographic factors were not significantly associated with
adherence at 6 and 9 months. Since race/ethnicity and age
were significantly related to at least one of the adherence
outcomes, we controlled for these demographic factors sta-
tistically in further analyses.

Moderator analyses

A summary of the moderation findings across all time
points is presented in Table 2.

Table 1. Descriptive Data and Intercorrelations for Main Variables

2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. Mean SD Rangea

Demographics
1. Age 0.05 �0.10 0.15b 0.09 �0.11 �0.01 0.02 �0.01 �0.01 �0.16b 0.02 40.01 8.16 19–60
2. Genderc,d �0.17b �0.21b 0.06 �0.07 �0.12d �0.06 0.03 �0.05 0.06 0.08 0.24 0.43 0–1
3. Employmente,f 0.06 0.13d 0.08 0.08 0.04 0.03 �0.13b 0.06 0.06 0.19 0.39 0–1
4. Educationf,g 0.12d 0.08 0.04 �0.06 �0.10 0.04 0.05 0.07 0.79 0.41 0–1

100% Adherence
5. 2 weeksf 0.33b 0.05 0.23b �0.16b �0.04 0.08 �0.02 0.73 0.44 0–1
6. 3 monthsf 0.25b 0.27b �0.22b �0.09 0.14d 0.11 0.65 0.48 0–1
7. 6 monthsf 0.25b 0.03 �0.06 �0.06 0.05 0.63 0.48 0–1
8. 9 monthsf �0.08 �0.12d 0.15b 0.03 0.59 0.49 0–1

Substance use
9. AUDIT 0.32b �0.02 0.07 5.62 7.60 0–38
10. Hard drug 0.01 0.01 0.62 1.02 0–7

Social support
11. General 0.23b 2.47 1.10 0–4
12. Medication 1.54 1.15 0–4

aRange taken from the nonimputed data.
bp< 0.05.
c0¼male, 1¼ female.
dp< 0.10.
e0¼unemployed, 1¼part-/full-time.
fMean interpreted as the proportion of participants coded as 1.
g0¼ less than high school, 1¼high school degree or GED.
SD, standard deviation.

Table 2. Summary of Moderation Analyses

Time point

3 months 6 months 9 months
OR (95% CI) OR (95% CI) OR (95% CI)

Moderators of alcohol use
General social support 0.99 (0.94–1.10) 1.01 (0.97–1.06) 1.00 (0.96–1.04)
Medication social support 1.06 (1.01–1.12)a 1.01 (0.97–1.05) 1.00 (0.96–1.04)

Moderators of hard drug use
General social support 1.23 (0.82–1.86) 1.09 (0.78–1.53) 1.09 (0.78–1.52)
Medication social support 1.52 (1.10–2.09)a 1.07 (0.77–1.48) 1.01 (0.73–1.41)

ap< 0.05.
OR, odds ratio; CI, confidence interval.
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Alcohol use. The interaction of AUDIT�general social
support was non-significant (OR¼ 0.99, SE¼ 0.02, 95% CI
0.94–1.03, p¼ 0.50), indicating that the association between
initial AUDIT score and 3-month medication adherence was
comparable across all levels of initial general social support.
On the other hand, medication-specific social support mod-
erated the effects of alcohol use (OR¼ 1.06, SE¼ 0.03, 95%
CI¼ 1.01–1.12, p¼ 0.01), indicating that higher medication
social support attenuated the association between initial al-
cohol use and medication adherence at 3 months. The buff-
ering effect did not persist at the 6- and 9-month time points.

Hard drug use. Findings were similar with respect to
hard drug use. The interaction of hard drug use and general
social support was also non-significant (OR¼ 1.23, SE¼ 0.26,
95% CI¼ 0.82–1.86, p¼ 0.32), indicating that the association of
initial hard drug use and 3-month medication adherence was
similar at all levels of general social support. On the other
hand, medication-specific social support moderated the effect
of hard drug use (OR¼ 1.52, SE¼ 0.25, 95% CI¼ 1.10–2.09,
p¼ 0.01), such that higher medication-specific social support
reduced the association between initial hard drug use and
medication adherence at 3 months. Once again, there were no
buffering effects at 6 or 9 months.

Predicted probabilities of adherence

To interpret the degree to which medication social support
buffered the effect of AOD use on adherence, the probability
of 100% adherence at 3 months was plotted at each AUDIT
score (Fig. 1) and average hard drug frequency (Fig. 2) at þ1
SD, mean, and �1 SD levels of medication social support.

AUDIT score. For an individual with high support (1 SD
above the mean), the probability of 100% adherence was 75%
(95% CI¼ 64–84%) with an AUDIT score of 0 and 77% (95%
CI¼ 61–88%) with an AUDIT score at the clinical threshold of
8. For an individual with average support, the probability of
100% adherence was 68% (95% CI¼ 61–76%) with an AUDIT

score of 0 versus 58% (95% CI¼ 45–71%) with an AUDIT score
at the clinical threshold of 8. For an individual with low
support, the probability of 100% adherence was 61% (95%
CI¼ 49–73%) with an AUDIT score of 0 versus 37% (95%
CI¼ 19–58%) with an AUDIT score at the clinical threshold of
8. Essentially, as medication-specific social support increased,
the association between AUDIT scores and adherence was
diminished and disappeared at high levels of support.

Hard drug frequency. Results were similar for hard drug
use. For an individual with high support, the probability of
100% adherence was 74% (95% CI¼ 63–84%) with 0 days per
week of hard drug use compared to 78% (95% CI¼ 64–89%)
with 1 day per week of hard drug use. For an individual with
average support, the probability of 100% adherence was 70%
(95% CI¼ 62–77%) with 0 days per week of hard drug use
compared to 65% (95% CI¼ 53–75%) with 1 day per week of
hard drug use. For an individual with low support, the
probability of 100% adherence was 65% (95% CI¼ 53–75%)
with 0 days per week of hard drug use compared to 48% (95%
CI¼ 30–65%) with 1 day per week of hard drug use. Similarly
as in the alcohol use models, medication-specific social sup-
port buffered the effects of hard drug use on adherence, such
that as support increased the effects of drug use on adherence
diminished, disappearing at high levels of support.

Post hoc analyses

Post hoc analyses were conducted to evaluate three hy-
potheses for elucidating the presence of moderation effects at
the 3-month time point, but not at 6 or 9 months. The first
hypothesis was that social support was not sufficiently high at
6 or 9 months to buffer the effect of AOD use on adherence.
We used linear growth curve modeling to evaluate the change
in social support across time. In these analyses, each social
support variable was regressed on the corresponding month
of assessment. Mean levels of general support social support
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at baseline (M¼ 2.47, SD¼ 1.10); 3 (M¼ 2.54, SD¼ 1.10); 6
(M¼ 2.54, SD¼ 1.13); and 9 months (M¼ 2.55, SD¼ 1.18)
were stable across time, b¼ 0.01, SE¼ 0.01, 95% CI¼�0.01–
0.02, p¼ 0.37. In contrast, mean levels of medication-specific
social support dropped significantly between 3 (M¼ 1.54,
SD¼ 1.15), 6 (M¼ 1.31, SD¼ 1.07), and 9 months (M¼ 1.21,
SD¼ 1.17), b¼�0.05, SE¼ 0.01, 95% CI¼�0.08 to �0.03,
p< 0.001. These results support the possibility that a floor
effect with medication-specific social support accounted for
the lack of moderation after 3 months when the intervention
ended.

The second hypothesis was that only levels of social sup-
port concurrent with the outcome would moderate the rela-
tion between baseline AOD levels and medication adherence
at 6 and 9 months. In these analyses, the 6- and 9-month
measures of general and medication-specific social support
were evaluated as the moderators for the 6- and 9-month
analyses, respectively. Concurrent levels of general and
medication-specific social support did not have a buffering
effect on the AOD-adherence associations at 6 or 9 months,
suggesting no support for this hypothesis.

The third hypothesis was that social support was a ‘‘short-
term protective factor’’ that would only moderate the relation
between baseline AOD levels and medication adherence
within intervals no longer than 3 months. In these analyses,
we modified the original moderation models to assess shorter
longitudinal intervals (i.e., 9-month adherence controlling for
6-month AOD levels and 6-month adherence controlling for 3-
month AOD levels). No additional findings emerged at the 6-
and 9-month time points when the longitudinal intervals were
narrowed, failing to support the ‘‘short-term protective fac-
tor’’ hypothesis.

Discussion

In a diverse sample of 224 men and women living with HIV
in the Pacific Northwest, overall self-reported adherence to
antiretroviral medications was moderate, declining over time
from 73% to 59%. African Americans, in particular, reported
lower adherence compared to white participants at 3 months,
and older age was also associated with lower odds of adher-
ence. The latter association appeared to be an artifact of there
being more older African Americans in our sample. Indeed,
while previous research has demonstrated that minority sta-
tus is often associated with nonadherence, older age tends to
be associated with higher rates of antiretroviral adherence.45

In addition, prevalence of AOD was high in the sample: one
fourth of the sample met or exceeded the clinical threshold of
the AUDIT, indicating a strong likelihood for hazardous or
harmful alcohol consumption, while over half of the sample
reported hard drug use.

Prospective analyses indicated that medication-specific
social support moderated the association between both alco-
hol and hard drugs at baseline and adherence to antiretroviral
medication three months later. Specifically, when alcohol
problems increased from the lowest measured level to the
clinical threshold, the probability of 100% medication adher-
ence remained stable (75–77%) among individuals with high
medication support. In contrast, the probability of 100% ad-
herence decreased from 61% to 37% when medication support
was low. Similarly, medication support buffered the effect of
hard drug use on medication adherence. When weekly hard

drug use increased from zero to 1 day the probability of 100%
medication adherence among individuals with high medica-
tion support remained the same (74–78%). However, when
medication support was low, the probability of 100% adher-
ence decreased from 65% to 48%. Interestingly, there was no
finding of a moderating role of general social support.

While these findings should be viewed as preliminary, they
offer an explanation to the stubbornly inconsistent findings
in the literature regarding associations between AOD use
and antiretroviral adherence. Although there have been calls
to investigate factors that might explain the inconsistencies,
few researchers have systematically examined potential
moderators of this relationship. Given the consistently posi-
tive association between social support and adherence and its
applicability in interventions, social support was targeted as a
moderator. Our findings showed that medication-specific but
not general social support moderated the association between
AOD use and adherence. Perhaps this is because general so-
cial support has been shown to promote well-being, while
specific social support is tied to particular functions.46 Opti-
mal adherence to antiretroviral medication requires fastidious
attention to daily scheduling, the ability to plan ahead for
possible disruptions, and forbearance in the face of treatment
fatigue and environmental obstacles. Social support that
specifically addresses medication adherence would more
likely target these antecedents of adherence. Indeed, in a sys-
tematic review of the research literature on patient support
and education interventions intended to improve adherence,
findings showed that interventions targeting practical medi-
cation management skills were associated with improved
adherence outcomes.47 Alternatively, another potential ex-
planation for the differential findings for medication-specific
versus general support is that the two measures assessed
different dimensions of support: the general social support
items tapped perceptions of available support while the
medication-specific social support items assessed actual re-
ceipt of support. Future research might attempt to disentangle
the specificity and type of support.

Our results suggest that even if PLWH use drugs or alcohol,
there may be factors that help them achieve optimal adher-
ence. Thus, if abstinence is an unrealistic goal (which seems
likely among many of the chronic users among HIV popula-
tions), a harm reduction approach that stresses consistent
adherence bolstered with support specifically targeted to
medication taking even during times of AOD use might be
adopted. Some have argued that this is not ideal, as at least
with alcohol use, abstinence has been associated with better
adherence compared with at-risk usage or moderate-usage.10

Nonetheless, our findings showed that there are protective
factors (i.e., medication-specific social support) that may help
individuals with their medication regimens when abstinence
does not appear obtainable. This offers preliminary support
for practice and policy guidelines for HIV treatment and care.

There may be intervention components beyond medica-
tion-specific social support that could help HIV-positive AOD
users achieve better adherence. For example, a motivational
interviewing and cognitive-behavioral intervention with
PLWH who met criteria for hazardous drinking showed that
while there were no significant intervention effects for alcohol
use, participants showed improvement in adherence at 3
month follow-up.48 Supplemental education about interac-
tions may also be helpful; while controlled intervention
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studies are largely not available, existing data suggest that
interactions between medications commonly prescribed for
patients with HIV and illicit drugs can occur, and health care
professionals should encourage open dialogue with their
patients on this issue.49

Enhancing social support services in general for HIV-
positive AOD users, which may include promoting a stable
routine and structure that also provides medication-specific
support, is another type of intervention that may prove useful.
Indeed, although studies have generally shown that adher-
ence is lower among current drug users,14,21 other studies
have found that HIV-positive drug users who have access to
substance abuse and mental health treatment achieve similar
levels of adherence as HIV-positive non-illicit drug users.14,50

Referrals and treatment for mental health problems may be
particularly beneficial for this population as AOD is often
associated with depression,51 a consistent barrier to adherence
and HIV viral suppression.30,52 Finally, other studies have
highlighted the importance of the patient-provider relation-
ship and communication supports, especially social support
and ancillary services, in increasing adherence among mar-
ginalized populations.14,37 Health care professionals may be a
rich resource for providing patients with medication-specific
social support. Provider education around these issues may
thus be an important intervention component to ensure that
opportunities to provide medication support are taken, cre-
ated, and maintained.

Taken together, our results suggest the importance of
medication-specific social support to treat comorbid HIV and
AOD use. Indeed, researchers have called for multifaceted
interventions that are able to address a matrix of factors to
promote adherence.53,54 Medication-specific social support
may be one such important factor.

Despite this optimistic view, however, findings only
showed medication-specific social support moderating the
AOD-adherence relationship at 3 months, but not at 6 or 9
months. Our post hoc analyses indicated that one possibility
for this was a progressive drop in medication-specific social
support at 6 and 9 months, which may have negated any
benefit that initial elevations in medication social support
would have afforded. Indeed, our results indicate that the
conclusion of the peer intervention at 3 months may have
accounted for this drop. Our findings are modest given that
the moderation effects did not replicate at 6 or 9 months;
however, the effect at 3 months was robust and consistent
with respect to both measures of AOD. Clearly, these results
need to be replicated to further clarify the role and impact of
medication-specific social support. One possibility is that
perhaps ongoing medication-specific social support needs to
be developed in programs for HIV-positive alcohol and sub-
stance users in order to maintain adherence gains.

Given that the buffering effect was moderate in size and
noted only at the 3-month assessment, our results should be
considered preliminary, and there are certainly other impor-
tant factors that impact adherence among AOD users, many of
which may be beyond the scope of social support to buffer.
Persons with heavy AOD use are at increased risk for home-
lessness, unemployment, and incarceration. Lack of stable
housing and changes in routines affect ability to track dose
intake and maintain adherence.55 For example, research has
shown that alcohol reduced patient abilities to maintain a
consistent pill-taking schedule.15 Another potential mecha-

nism is that patients who use AOD may intentionally skip
HAART doses because of beliefs about negative interactions
between AOD and HAART.56 Indeed, a recent study demon-
strated that beliefs that alcohol and HIV medications should
not be mixed were common among PLWH, and that stopping
antiretroviral therapy when drinking was associated with
treatment nonadherence over and above problem drinking.57

Alternatively, it may be that AOD use results in cognitive
impairments that make adherence more difficult.58-60 These
factors need to be considered as well in any comprehensive
adherence-promotion intervention. There were some meth-
odological limitations to our investigation. First, our estimates
of adherence relied solely on self-report, which is known to
overestimate adherence and is subject to recall bias and social
desirability.54 However, it is generally considered a valid as-
sessment technique that correlates consistently (if moderately)
with biological markers of treatment success such as viral load
and CD4 count.61,62 Second, we only found the effects for one
time point, suggesting the preliminary nature of our findings
and the potential tenuousness of the effect. Finally, the effect
sizes were moderate,63 suggesting that perhaps the inclusion
of other moderating factors are needed to more fully explain
the effects on adherence.

Indeed, future studies that examine potential moderators
and mediators of the relation between AOD and adherence
are crucial as they have important treatment implications for
this high-risk and marginalized group. A few studies have
begun to examine these relationships; for example, positive
affect and self-efficacy have been shown to be associated with
higher levels of adherence among drug users.33, 64 Our find-
ings suggest that medication-specific social support may be
another protective factor, potentially assisting with the de-
velopment of innovative psychological treatments designed
to meet the needs of HIV-positive AOD users.
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31. Godin G, Côté J, Naccache H, Lambert LD, Trottier S. Pre-
diction of adherence to antiretroviral therapy: a one-year
longitudinal study. AIDS Care 2005;17:493–504.

32. Pratt RJ, Robinson N, Loveday HP, et al. Adherence to an-
tiretroviral therapy: Appropriate use of self-reporting in
clinical practice. HIV Clin Trials 2001;2:146–159.

33. Atkinson JS, Schönnesson LN, Williams ML, Timpson SC.
Associations among correlates of schedule adherence to
antiretroviral therapy (ART): A path analysis of a sample of
crack cocaine using sexually active African-Americans with
HIV infection. AIDS Care 2008;20:253–262.

34. Roberts KJ. Physician-patient relationships, patient satisfac-
tion, and antiretroviral medication Adherence among HIV-
infected adults attending a public health clinic. AIDS Patient
Care STDs 2002;16:43–50.

35. Broadhead RS, Heckathorn DD, Altice FL, et al. Increasing
drug users’ adherence to HIV treatment: Results of a peer-
driven intervention feasibility study. Soc Sci Med 2002;55:
235–246.

36. Carrieri MP, Chesney MA, Spire B, et al. Failure to maintain
adherence to HAART in a cohort of French HIV-positive
injecting drug users. Int J Behav Med 2003;10:1–14.

37. Knowlton A, Arnsten J, Eldred L, et al. Individual, inter-
personal, and structural correlates of effective HAART use
among urban active injection drug users. J Acquir Immune
Defic Syndr 2006;41:486–492.

37a.Simoni JM, Huh D, Frick PA, Pearson CR, Andrasik MP,
Dunbar PJ, Hooton TM. Peer support and pager messaging
to promote antiretroviral modifying therapy in Seattle: a
randomized controlled trial. J Acquir Immune Defic Syndr
2009;52:465–473.

38. Saunders JB, Aasland OG, Babor TF, de la Fuente JR, Grant
M. Development of the Alcohol Use Disorders Identification
Test (AUDIT): WHO Collaborative Project on Early Detec-
tion of Persons with Harmful Alcohol Consumption—II.
Addiction 1993;88:791–804.

188 LEHAVOT ET AL.



39. Fiellin DA, Reid MC, O’Connor PG. Screening for alcohol
problems in primary care: A systematic review. Arch Intern
Med 2000;160:1977–1989.

40. Prentiss D, Power R, Balmas G, Tzuang G, Israelski DM.
Patterns of marijuana use among patients with HIV/AIDS
followed in a public health care setting. J Acquir Immune
Defic Syndr 2004;35:38–45.

41. Sherbourne CD, Stewart AL. The MOS social support sur-
vey. Soc Sci Med 1991;32:705–714.

42. van Buuren S, Brands JPL, Groothuis-Oudshoorn CGM,
Rubin DB. Fully conditional specification in multivariate
imputation. J Stat Comput Simul 2006;76:1049–1064.

43. Raudenbush SW, Bryk AS. Hierarchical Linear Models:
Applications and Data Analysis Methods. Sage; 2002.

44. Aiken L, West S. Multiple regression: Testing and inter-
preting interactions. Newbury Park, CA: Sage; 1991.

45. Fogarty L, Roter D, Larson S, Burke J, Gillespie J, Levy R.
Patient adherence to HIV medication regimens: A review of
published and abstract reports. Patient Educ Couns. 2002;
46:93–108.

46. Darbes LA, Lewis MA. HIV-specific social support predicts
less sexual risk behavior in gay male couples. Health Psy-
chol 2005;24:617–622.

47. Rueda S, Park-Wyllie LY, Bayoumi AM, et al. Patient sup-
port and education for promoting adherence to highly active
antiretroviral therapy for HIV/AIDS. Cochrane Database
Syst Rev 2006;3:CD001442.

48. Parsons JT, Golub SA, Rosof E, Holder C. Motivational in-
terviewing and cognitive-behavioral intervention to improve
HIV medication adherence among hazardous drinkers: A
randomized controlled trial. J Acquir Immune Defic Syndr
2007;46:443–450.

49. Antoniou T, Tseng AL. Interactions between recreational
drugs and antiretroviral agents. Ann Pharmacother 2002;36:
1598–1613.

50. Crystal S, Sambamoorthi U, Moynihan PJ, McSpiritt E. In-
itiation and continuation of newer antiretroviral treatments
among medicaid recipients with AIDS. J Gen Intern Med
2001;16:850–859.

51. Tegger MK, Crane HM, Tapia KA, Uldall KK, Holte SE,
Kitahata MM. The effect of mental illness, substance use, and
treatment for depression on the initiation of highly active
antiretroviral therapy among HIV-infected individuals.
AIDS Patient Care STDs 2008;22:233–243.

52. Shacham E, Nurutdinova D, Onen N, Stamm K, Overton ET.
The interplay of sociodemographic factors on virologic
suppression among a U.S. outpatient HIV clinic population.
AIDS Patient Care STDs 2010;24:229–235.

53. Powell-Cope GM, White J, Henkelman EJ, Turner BJ. Qua-
litative and quantitative assessments of HAART adherence
of substance-abusing women. AIDS Care. 2003;15:239–249.

54. Reynolds NR. Adherence to antiretroviral therapies: state of
the science. Curr HIV Res 2004;2:207–214.

55. Bouhnik AD, Chesney M, Carrieri P, et al. Nonadherence
among HIV-infected injecting drug users: The impact of so-
cial instability. J Acquir Immune Defic Syndr. 2002;31(Suppl
3):S149–153.

56. Sankar A, Wunderlich T, Neufeld S, Luborsky M. Sero-
positive African Americans’ beliefs about alcohol and their
impact on anti-retroviral adherence. AIDS Behav 2007;11:
195–203.

57. Kalichman SC, Amaral CM, White D, et al. Prevalence and
clinical implications of interactive toxicity beliefs regarding
mixing alcohol and antiretroviral therapies among people
living with HIV/AIDS. AIDS Patient Care STDs 2009;23:
449–454.

58. Hinkin CH, Hardy DJ, Mason KI, et al. Medication adher-
ence in HIV-infected adults: effect of patient age, cognitive
status, and substance abuse. AIDS 2004;18(Suppl 1):S19–25.

59. Parsons JT, Rosof E, Mustanski B. Patient-related factors
predicting HIV medication adherence among men and
women with alcohol problems. J Health Psychol. 2007;12:
357–370.

60. Rothlind JC, Greenfield TM, Bruce AV, et al. Heavy alcohol
consumption in individuals with HIV infection: Effects on
neuropsychological performance. J Int Neuropsychol Soc
2005;11:70–83.

61. Pearson CR, Simoni JM, Hoff P, Kurth AE, Martin DP. As-
sessing antiretroviral adherence via electronic drug moni-
toring and self-report: An examination of key methodological
issues. AIDS Behav 2007;11:161–173.

62. Simoni JM, Kurth AE, Pearson CR, Pantalone DW, Merrill
JO, Frick PA. Self-report measures of antiretroviral therapy
adherence: A review with recommendations for HIV re-
search and clinical management. AIDS Behav 2006;10:227–
245.

63. Rosenthal JA. Qualitative descriptors of strength of associ-
ation and effect size. J Soc Service Res 1996;21:37.

64. Carrico AW, Johnson MO, Colfax GN, Moskowitz JT. Af-
fective correlates of stimulant use and adherence to anti-
retroviral therapy among HIV-positive methamphetamine
users. AIDS Behav 2010;14:769–777.

Address correspondence to:
Keren Lehavot, M.S.

Department of Psychology
University of Washington

Box 351525, Seattle, WA 98195

E-mail: klehavot@u.washington.edu

SUBSTANCE USE, ADHERENCE, AND SOCIAL SUPPORT 189




