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Abstract
Previous studies documenting an association between alcohol use and HIV medication
nonadherence, have been unable to distinguish between-persons characteristics from within-person
characteristics representing the temporally linked effects of alcohol. Hierarchical Linear Modeling
(HLM) explored within- and between-person predictors of adherence during the past 14 days, as well
as factors that moderate the event-level effects of alcohol consumption among 272 HIV-positive men
and women with alcohol problems. On days in which participants drank, they had almost 9 times
higher odds of medication nonadherence, with each drink increasing the odds by 20%. The cognitive
and alcohol factors had significant between-person effects on adherence. Individuals with strong and
rigid beliefs about the importance of strict medication adherence were significantly more affected
by each dose of alcohol, while individuals with more alcohol use and problems were less affected
by each drink. Regimen complexity increased the effects of having 1 or more drinks. These results
highlight the importance of promoting medication adherence among alcohol-using adults, especially
among patients with complex regimens or with high confidence and positive attitudes toward HIV
medication.
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In a national probability survey of HIV-positive adults receiving medical care in the United
States (Galvan et al., 2002), 53% of participants reported drinking in the past month. Although
only 8% (or 15% of those reporting any drinking) were classified as heavy drinkers (defined
as five or more drinks on 4 or more days during the previous month), this rate is approximately
twice that estimated among the general population (Greenfield, Midanik, & Rogers, 2000).
Rates of alcohol problems among people infected with HIV range from 8% to 41% (Cook et
al., 2001; Lefevre et al., 1995; Tucker, Burnam, Sherbourne, Kung, & Gifford, 2003). One
reason for the wide range is that each study uses different definitions of alcohol problems, uses
different measurement tools, and categorizes levels of alcohol use uniquely. Nonetheless,
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alcohol misuse and use among HIV-positive persons is common, and alcohol consumption has
been shown to decrease overall survival in this population (Braithwaite et al., 2007).

A major concern with alcohol use in HIV-infected people is the impact it has on HIV medication
adherence. Adherence is the primary predictor of treatment success (Bangsberg 2006b). Poor
adherence, once defined as less than 95% of doses taken, is now more specifically considered
in relation to the class of medication in the regimen. Bangsberg (2006a) and his colleagues
(Bangsberg et al., 2005) suggested that for single protease inhibitors, the window for viral
suppression is 80–95% adherence, and for non-nucleoside reverse transcriptase inhibitors, the
window is 54–100% adherence. The window has not yet been determined for other classes of
HIV medication.

Alcohol use has been frequently linked with poor adherence (Chandler, Lau, & Moore, 2006;
Parsons, Rosof, & Mustanski, 2007). In a study of 267 HIV-infected persons with a history of
alcohol problems and taking antiretroviral medication, alcohol consumption was the most
significant predictor of nonadherence (Samet, Horton, Meli, Freedberg, & Palepu, 2004). In
another study, nearly half of problem drinkers reported taking medication off schedule, in
comparison with 26% of those without problem drinking (Cook et al., 2001). In a study of
1,910 HIV-positive persons, those who drank at least moderately were significantly more likely
to be nonadherent (Tucker et al., 2003). Fairly consistently, studies find that drinking is
associated with nonadherence to HIV medications.

The true nature of the association between alcohol use and HIV medication adherence is yet
to be understood. In most studies, the association between alcohol consumption and poor
adherence may have been confounded by traits that may play a causal role in both frequency
of alcohol consumption and poor adherence to medication, including personality factors (e.g.,
impulsivity and risk taking), psychiatric symptoms (e.g., anhedonia), cognitive or attitudinal
factors (e.g., high value on health), or situational factors (e.g., chaotic and stressful
environment). In our previous work—looking broadly at the role of social, cognitive, affective,
and alcohol factors on adherence—it was the alcohol and cognitive factors that emerged as
significant predictors of adherence (Parsons et al., 2007). Whether alcohol is actually driving
nonadherence remains unclear.

To more definitively reveal the presence of a direct relationship between alcohol use and
nonadherence, findings must establish whether or not these two behaviors occur
simultaneously. As Braithwaite et al. (2005) have pointed out, “it is difficult to make inferences
regarding the likely causality of this association because few studies controlled for these
potential confounding variables and none performed detailed dose-response or temporal
analyses.” Braithwaite et al. (2005) went on to do a temporal and dose response analysis for
2,702 HIV-positive and HIV-negative veterans and the impact of alcohol use on adherence to
medication (both HIV and non-HIV medication). The unit of their analysis was “patient
day” (level of drinking and missed medication on each day of the past 30 days assessed by
using timeline followback), and analysis consisted of univariate logistic models that controlled
for multiple observations by using cluster analysis. They found that alcohol consumption
demonstrated a temporal and dose-response relationship to poor adherence. In other words,
when the participants drank, they were more likely to miss medication, and when they drank
more, they were even more likely to miss medication. They also found that HIV-positive people
had poor adherence at lower levels of alcohol consumption than HIV-negative people,
suggesting sensitivity to an alcohol-adherence relationship among this group.

The current study used hierarchical linear modeling (HLM) to investigate temporal and dose
response relationships between alcohol use and medication adherence in an HIV- positive
sample experiencing alcohol problems. The hierarchical models fit to these data took into
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account the “nesting” of multiple reports from the same individual; failure to take this
dependency into account would have violated the assumption of independent observations.
Our models simultaneously tested the temporal, within-person association between alcohol use
and medication adherence; the between-persons main effects of individual-level cognitive,
alcohol, and regimen factors; and for the first time, the moderating effects of individual-level
factors on the relationship between alcohol consumption and medication adherence. As in
Braithwaite et al. (2005), we explore the effects of alcohol both as a dichotomous variable (i.e.,
at least one drink) and as a continuous variable (i.e., number of standard drinks). Our study
strengthens the literature both for the use of HLM and because the sample is one of the largest
studies exploring the effect of alcohol on adherence with an exclusive sample of problem
alcohol users. The analyses build on our previous work using regression analyses and structural
equation modeling to evaluate the factors that predict adherence by using event-level analyses
to test for a temporal association between the consumption of alcohol and medication adherence
on the same day. We similarly build on our previous work, which identified latent variables
that underlie multiple components of alcohol use and problems and cognitive factors related
to medication adherence and which found no association between affective (e.g., depression
and anxiety) and social factors (e.g., social support) and adherence (Parsons et al., 2007). We
utilize factor scores in our analyses to better represent these broad constructs and also to reduce
the effects of measurement error (Bollen, 1989).

Method
Participants

Participants were 272 HIV-positive men and women living in the greater New York City
metropolitan area who were currently taking antiretroviral medication, reported problem-level
drinking, and agreed to be part of a randomized clinical trial comparing motivational
interviewing (MI) and cognitive behavioral therapy (CBT) to education for increasing
medication adherence and reducing alcohol use. Data were collected between 2002 and 2005.
Two recruitment methods were used: (a) interested patients contacted us in response to flyers
placed in clinic waiting rooms and were then screened by telephone (n = 179, 65.8%) and (b)
interested patients completed an on-site screener during HIV-related community events (n =
93, 34.2%). Inclusion criteria were: age greater than 18 years, a score of 8 or above on the
Alcohol Use Disorder Identification Test (AUDIT), and currently on a highly active anti-
retroviral therapy (HAART) regimen. A score of 8 on the AUDIT suggests problem-level
drinking (Maisto, Carey, Carey, Gordon, & Gleason, 2000). People for whom their drug-related
problems were more severe than were their alcohol-related problems and those with active
psychosis were excluded.

A total number of 1,285 individuals phoned the project line for screening. Of these, 898 were
excluded because they failed to meet eligibility criteria at the time of phone screening or upon
secondary screening during the initial visit. The most common reasons for ineligibility were
greater problems associated with other drug use in comparison with alcohol (n = 564), a score
of less than 8 on the AUDIT (n = 308), and no alcohol use in the past 30 days (n = 61). A total
of 105 failed to show for their first appointment, resulting in 282 eligible participants. However,
10 of these had incomplete baseline data, so the final sample for analysis was 272. The research
was reviewed and approved by the Institutional Review Board of the investigators.

Procedure
All participants underwent a baseline interview intended to examine sociodemographic and
biopsychosocial variables such as mental health, adherence-related social support and social
norms, decision-making processes regarding adherence and alcohol use, regimen
characteristics, motivation to change current behavior, and viral load and CD4 counts. The
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findings reported in this article represent data from the baseline interviews. The majority of
the assessment was completed on an audio computer-assisted self-interview (ACASI) in which
the participant responded to automated questions on a computer screen that they could either
read or listen to with headphones. ACASI has been found to be an effective interview method
for people of diverse educational backgrounds, and because they have audio assistance it
eliminates the effects that reading ability has on internal validity (Gribble, Miller, Rogers, &
Turner, 1999; Turner et al., 1998). Viral load and CD4 counts were obtained through an on-
site blood draw by a certified phlebotomist. The interview generally lasted about 3 hr, and
participants were paid $30.

Level 2 (Between-Subjects) Measures
Demographics—Participants were asked a series of demographic questions including age,
gender, ethnicity, relationship status, sexual identity, and employment status.

Cognitive factor—Multiple scales measuring attitudes toward HIV medication adherence
were used to measure the cognitive factor. The Adherence Attitudes Scale is an 18-item scale
developed for a previous study on medication adherence (Halkitis, Kutnick, & Slater, 2005).
It is intended to measure risk perception regarding vulnerability to treatment failure and other
perceived negative health outcomes resulting from nonadherence. In our sample, the scale
demonstrated good reliability (α = .95). The Decisional Balance Scale was constructed to
measure attitudes toward adherence through a 22-item measure that includes perceived pros
and cons of adhering. This measure is based on the Decisional Balance Inventory (Velicer,
DiClemente, Prochaska, & Brandenburg, 1985) and adapted for pros and cons of taking HIV
medication. The measure demonstrated good reliability (α = .89) in our sample. The Confidence
for Adherence Scale consists of 11 items that were specifically developed for HIV medication
adherence self-efficacy through pilot work with HIV-positive adults (Parsons, Rosof,
Punzalan, & DiMaria, 2005). The measure asks participants to rate on a 5-point scale how
confident they are that they could take their HIV medications on time under several
circumstances (e.g., on vacation and out at night). The scale demonstrated good internal
consistency in this sample (α = .91). Maximum likelihood (ML) factor analysis found the
existence of one underlying factor that explained 40.22% of the total variance in these scales
and provided a good fit to the data (Parsons et al., 2007). A score created using the regression
method functioned as our measure of the Cognitive factor in all analyses.

Alcohol factor—Two different scales measuring alcohol-related problems and one measure
of alcohol consumption were used to constitute the alcohol factor. First, during the screening
interview we used the AUDIT, a 10-item survey, which measures alcohol consumption,
dependence symptoms, and personal and social harm related to drinking over the past 30 days.
The AUDIT has demonstrated good content, criterion, and construct validity and reliability
(Bohn, Babor, & Kranzler, 1995). Second, during the ACASI, we assessed the negative
consequences of alcohol use for the past 90 days on specific domains of the participants' lives
using the Drinker Inventory of Negative Consequences (DrinC). The DrinC was used in Project
MATCH and demonstrates good psychometric properties (Miller & Tonigan, 1995). Third,
total current alcohol consumption was assessed using a timeline follow-back (TLFB) interview
(Sobell & Sobell, 1992), during which participants reflected back on the past 30 days to report
the number of standard drinks consumed each day. Research staff assisted with the TLFB
interview to mark memorable events on the calendar as anchor points and then assisted the
participant to recall day by day the number of standard drinks consumed. ML factor analysis
found one factor that explained 38.92% of the total variance in each of these alcohol scales
(see Parsons et al., 2007). A factor score created using the regression method was used as our
measure of the Alcohol factor in all analyses.
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HIV medication side effects—Two variables were used. The first was created by summing
the total number of side effects attributed to HIV medications out of 13 possible effects, and
the second examined the level of distress reported by the participant regarding these side effects
on a scale from 0 (not at all) to 3 (extremely). These items we combined into a single variable
by computing individual z scores and then summing them together.

HIV medication regimen complexity—This variable was created by summing the total
number of dosing times and the total number of HAART pills taken per day.

Level 1 (Within-Subject) Measures
Alcohol use—Data on the number of standard drinks consumed each day for the past 14 days
were obtained from the TLFB. The TLFB has demonstrated good test–retest reliability,
convergent validity, and agreement with collateral reports and urine assays for alcohol and
drug abuse (Demarce, Burden, Lash, Stephens, & Brambow, 2007; Fals-Stewart, O'Farrell,
Freitas, McFarlin, & Rutigliano, 2000; Rice, 2007). TLFB reports of drinking behaviors are
comparable to those obtained via daily diaries, palm computers, and interactive voice-response
systems (Carney, Tennen, Affleck, DelBoca, & Kranzler, 1998; Toll, Cooney, McKee, &
O'Malley, 2006). Furthermore, previous studies using a multilevel analytic approach have
utilized the TLFB to examine temporal relationships between alcohol use and victimization
(Parks & Fals-Stewart, 2004), alcohol use and sexual behavior (Irwin, Morgenstern, Parsons,
Wainberg, & Labouvie, 2006; Weinhardt, Carey, Carey, Maisto, & Gordon, 2001), and alcohol
use and HIV medication adherence (Braithwaite et al., 2005).

In order to investigate the complexities of the putative relationship between alcohol and
medication adherence, alcohol use was defined in two ways. First, in order to measure whether
consumption of any amount of alcohol was related to medication nonadherence, a dichotomous
consumption variable was created with 0 representing no alcohol consumption and 1
representing consumption of one or more alcoholic drinks. Second, in order to investigate a
dose-response relationship between alcohol consumption and medication adherence, a
continuous- consumption variable was created, which represented the total number of standard
drinks consumed on each day.

Adherence—Adherence to HIV medication was also assessed using the TLFB to help
participants recall day by day all medication doses taken and missed during the past 2 weeks.
The TLFB has been used in previous studies to assess HIV medication adherence (Braithwaite
et al., 2005), and such self-reports have been significantly correlated with viral load and CD4
counts (Parsons, Rosof, & Mustanski, 2005). Self-report measures of adherence are robust and
compare well to electronic measures (Pearson, Simoni, Hoff, Kurth, & Martin, 2007; Simoni
et al., 2006). Research staff assisted with the TLFB interview to mark memorable events on
the calendar as anchor points and then assisted the participant to recall day by day the number
of doses missed. A period of 14 days was used to have the opportunity to capture 2 weeks of
both weekday and weekend activity. Adherence was defined as at least 95% of all doses taken
on a single day. This variable was scored so that 0 = adherent and 1 = nonadherent. It is
important to note that during the time participants were enrolled in the study (2002–2005),
HIV treatment providers and researchers were working under the premise that 95% adherence
was necessary to successfully treat HIV infection and achieve maximal viral suppression, and
participants were being instructed to maintain that level of adherence.

Analytic Strategy
Multilevel modeling using HLM v. 6.0 (Raudenbush & Bryk, 2002) was used to analyze the
daily diary data. Multilevel modeling is an analytic procedure developed to account for the
dependency in observations when data have a nested, multilevel structure, such as days (Level
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1) nested within person (Level 2). In this case, the Level 1 relationship between alcohol
consumption and medication adherence is modeled individually for each participant, and the
average relationship, across participants, is reported. It is also possible to include Level 2
variables in the model to account for differences between participants in the average level of
medication adherence or as moderators of the relationship between alcohol consumption and
adherence. For example, we include the alcohol factor both as a predictor of average level of
medication adherence and as a moderator of the relationship between daily alcohol
consumption and medication adherence. Because the outcomes are binary, the Bernoulli
outcome with LaPlace estimation was used as recommended by Raudenbush and Bryk
(2002), which produces estimates of the odds ratio of nonadherence occurring conditionally
on alcohol consumption. None of the Level 1 variables were centered, because they were either
dichotomous or had a meaningful value for zero (e.g., number of drinks). Similarly, the Level
2 variables did not need to be centered within the HLM program, because they either had a
meaningful value at zero (e.g., regimen complexity) or they were standardized and already had
a mean of approximately zero.

Although the TLFB approach to assessing substance use has been found to have high retest
reliability, convergent validity, and agreement with collateral reports and biological data (e.g.,
Fals-Stewart et al., 2000), we tested for one type of systematic reporting bias that could lead
us to fail to identify a true association (i.e., Type II error) or wrongly identify a false associations
(i.e., Type I error). If participants systematically tended to underreport one behavior (e.g.,
alcohol use) and overreport the other behavior (e.g., medication adherence) as they went further
back through the timeline, it would result in an underestimate of the true relationship between
alcohol consumption and medication adherence. On the other hand, if participants tended to
increasingly overreport or underreport both behaviors as they went back through their timeline,
it would result in an overestimate of the true relationship between alcohol consumption and
medication adherence that was actually attributable to day in the timeline. To test for this
possibility, we used a multilevel model with day in timeline (1 to 14) as an independent Level
1 predictor and alcohol consumption and medication adherence as dependent variables. If a
significant linear effect of day exists, it suggests that systematic error in reporting has occurred
and that day in timeline should be regressed out of reports of alcohol consumption and
medication adherence before the relationship between these two variables is computed. Of
course this analysis only tests for an important type of systematic self-report bias that could
result in some kinds of false conclusions, but does not test for unsystematic inaccuracies in the
TLFB data that would require another kind of design.

Results
The sample was predominantly men (78.3%, n = 213) and was ethnically diverse with 57.7%
(n = 157) of the sample identifying as African American and 24.7% (n = 67) as Hispanic (see
Table 1). Over half the sample (59.9%, n = 163) identified as gay or bisexual. Mean age was
43.7 (SD = 7.23) and ranged from 26 to 66 years. Gender, age, ethnicity, education, and sexual
orientation were not significantly predictive of medication adherence (Parsons et al., 2007) and
were not included in analyses. Furthermore, for within-person analyses, individuals are treated
as their own controls, eliminating confounding effects of individual differences in
demographics.

While all participants had at least a score of 8 on the AUDIT, indicating a level of problematic
drinking (Maisto et al., 2000), the mean AUDIT score was 18.58 (SD = 7.26). On average,
participants drank on 39.4% of days, and on those days the mean number of drinks consumed
was 7.5 (SD = 8.09). Despite the severity of drinking in the sample, the majority (57.7%, n =
157) had never been treated for alcohol abuse. At least 95% adherence was reported by 43.0%
(n = 118) of participants, and mean adherence for the past 14 days was 84.4%. Mean number
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of HAART medications was 2.82 (SD = .91), and the sample was on HIV medication for an
average of 6.99 (SD = 4.15) years. On the basis of HIV polymerase chain reaction (PCR)
analyses done at the baseline assessment and transformation into log10, the mean log10 HIV
viral load was detected at an average of 3.29 copies/ml (SD = 1.47). The logarithmic
transformation of the absolute number of copies has become the preferred unit of measurement
for viral load. Mean CD4 counts were 418.41 (SD = 296.01).

Day in timeline did not show a significant linear association with medication adherence (OR
= 1.01, 95% CI = .99 – 1.03). Similarly, day in timeline did not show a significant linear
relationship with number of standard drinks reported (β = −0.01, SE = 0.02, p = .495). The lack
of a significant relationship between day in timeline and reports of medication adherence or
number of standard drinks suggests the lack of systematic error related to day in the TLFB.

Table 2 contains the results of the multilevel model fit to reports of HIV medication
nonadherence and number of standard drinks consumed at Level 1, and the Cognitive, Alcohol,
Side Effect, and Regimen Complexity factors at Level 2. The model allowed for main effects
of each independent variable as well as cross-level interactions for which Level 2 variables
moderated the relationship between alcohol consumption and medication adherence. At the
top of Table 2, the parameter estimate 0.056 represents the mean odds of medication
nonadherence on days in which no alcohol was consumed, holding constant all Level 2
predictors at their mean level. Moving down the table, the odds ratio 1.200 represents the effect
of consuming alcohol on the likelihood of medication nonadherence. This represents a
significant increase of 20% in the odds of medication nonadherence for each standard drink
consumed.

The parameters listed under the Level 2 section of Table 2 represent the main effects of these
variables on the average rate of medication nonadherence for each participant. These effects
are conceptually similar to the results that would be achieved if each participant's medication
nonadherence was averaged across their reports, and then the Cognitive, Alcohol, Side Effect,
and Regimen Complexity factors were regressed onto these means. Under the Cognitive factor,
the significant odds ratio of 0.601 indicates that a 1 standard deviation increase in the Cognitive
factor resulted in a 40% decrease (i.e., 1–0.60) in the odds of medication nonadherence across
all days. The Alcohol factor was also significantly related to medication nonadherence, with
a 1 standard deviation increase in this factor associated with a 62% increase in the odds of
medication nonadherence, holding all other predictors constant. The Side Effects and Regimen
Complexity factors failed to show a significant main effect on medication adherence.

In the bottom third of Table 2 are the cross-level interactions, which allow for the Level 2
predictors to moderate the relationship between number of standard drinks and the odds of
medication nonadherence. As is seen in the table, both the Cognitive and Alcohol factors
significantly moderated the relationship between alcohol consumption and medication
nonadherence. Figure 1a illustrates the moderating effect of the Cognitive factor. In this figure,
the heavy line represents the relationship between number of standard drinks (x axis) and the
probability of medication nonadherence (y axis) for participants 1 standard deviation above
the mean on the Cognitive factor, whereas the thin line represents this relationship for
participants 1 standard deviation below the mean. These lines significantly differ in both
intercept and slope, as is indicated by the parameter estimates in Table 2. The difference in
intercept indicates that participants higher on the Cognitive factor are less likely to be
nonadherent to their HIV medication when no alcohol is being consumed. The small difference
in slope indicates that participants who scored higher on the Cognitive factor were more
strongly affected by alcohol consumption in regards to medication adherence. Figure 1b
illustrates the moderating effect of the Alcohol factor on the relationship between alcohol
consumption and medication nonadherence. Again, both the slopes and the intercepts are
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significantly different between those higher (heavy line) and lower (thin line) on the Alcohol
factor. When no alcohol is being consumed, participants higher on the Alcohol factor are still
less likely to be adherent to their HIV medications, as is indicated by the difference in intercept.
However, the difference in slope between these two lines suggests that individuals higher on
the Alcohol factor are less affected in their medication adherence by the consumption of
alcohol. Neither the Side Effect nor the Regimen Complexity factors moderated the
relationship between alcohol consumption and medication adherence.

Table 3 contains the results of the HLM analysis treating alcohol consumption as a dichotomous
variable. In this model, having one or more drinks increased the odds of nonadherence by 8.78
times. As before, the Alcohol and Cognitive factors had significant main effects on individual
differences in medication adherence. In this model there was a difference in the moderators of
the association between alcohol consumption and medication adherence in comparison with
the model that treated alcohol consumption as a continuous variable. Here, neither the Alcohol
or Cognitive factorshowed significant moderation, but the Regimen Complexity factor did. As
is shown in Figure 2, participants who had more complex regimens (bar with cross-hatch) were
more affected by having one or more drinks than did participants who had less complex
regimens (open bar).

Discussion
This sample of urban HIV-positive men and women dealing with alcohol-related problems and
the need for HIV medication adherence allowed a close examination of the relationship
between these two behaviors in unprecedented ways. We found consumption of alcohol
significantly and substantially increased the odds of medication nonadherence. Moreover, with
each additional drink the odds of nonadherence continued to increase. This is a within-person
relationship localized in time so that alcohol consumption was linked to reports of medication
adherence on the same day.

Consistent with our previous reports (Parsons et al., 2007, in press) using regression analyses
and structural equation modeling, both the Alcohol (a composite score of recent problems
related to alcohol use) and Cognitive (a composite score of attitudes regarding positive
expectations for taking HIV medications and self-efficacy to adhere) factors had significant
between-persons effects on medication adherence. The Cognitive and Alcohol factors also had
small but significant moderating effects on the within-person relationship between alcohol
consumption and medication nonadherence. Specifically, people with higher scores on the
Cognitive factor were less likely to be nonadherent when no alcohol was consumed but more
quickly affected in terms of their adherence than did those with lower Cognitive factor scores.
This suggests that people who are cognitively focused on their health (in terms of viewing
positive benefits of taking HIV medications and with high self-confidence in their ability to
adhere) are actually more negatively impacted by alcohol use than those who see few benefits
or have little self-efficacy for medication adherence.

The Health Belief Model (Rosenstock, 1974), which posits that a cost-benefit analysis precedes
a decision to take action, offers some explanation for why those with a higher cognitive
approach to their adherence were more impacted by alcohol, since intoxication is known to
impair executive cognitive functioning such as planning, organization, self-monitoring, and
attention. Alcohol may have a greater effect on their ability to think through health-related
decisions because they exercise a more conscientious approach in the first place. A second
explanation may lie in the particular beliefs participants hold regarding negative interactions
between medication and alcohol (Sankar, Wunderlich, Neufeld, & Luborsky, 2007). It may be
that participants made a purposeful decision to not take their HIV medications during drinking
episodes because of erroneous fears that it is actually worse to take medications while drinking
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than it is to skip doses. It is not clear why alcohol had less of an impact on people with lower
Cognitive factor scores. Perhaps for them, adherence is more of a habitual response, with less
room for behavioral disruption resulting from drinking. More research is necessary to fully
understand the link between cognitive factors and alcohol consumption.

For those with higher scores on the Alcohol factor (more severe alcohol-related problems),
alcohol use had less of an effect on adherence than for those with fewer alcohol- related
problems. These results are consistent with findings that light and moderate drinkers skip
medication when drinking more frequently than do heavy drinkers (Sankar et al., 2007). One
explanation is that people with more alcohol problems presumably drink more and may have
established a consistent drinking routine that may be less disruptive to behaviors such as
medication taking. However, for those who have lower scores on the Alcohol factor,
presumably the less frequent drinkers, adherence behaviors may be more disrupted by the break
in routine resulting from drinking.

Regimen complexity did not directly impact medication adherence, but it did moderate the
relationship between consuming any alcohol and nonadherence. Those with more complex
regimens were the most negatively affected in their adherence when consuming even one
alcoholic beverage. While previous findings have not directly shown this, one study did find
that cognitively compromised participants on more complex regimens had the greatest
difficulty with adherence (Hinkin et al., 2002). Once the stressor of alcohol is introduced, and
the associated cognitive impairment, regimen complexity then appears to become an issue.
Fortunately, regimen complexity will continue to become less of an issue as HAART dosing
becomes more simplified. People with more stressors in their lives may benefit the most from
a reduction in regimen complexity.

Although previous studies have identified side effects as a factor related to both HIV medication
nonadherence as well as overall reductions in quality of life among seropositive persons
(Ammassari et al., 2001; Johnson et al., 2005), we did not find that side effects moderated the
relationship between alcohol use and medication adherence. It is possible that, among a sample
composed entirely of those with problematic levels of alcohol use, that participants were unable
to distinguish between side effects attributed to HIV medications and those attributed to alcohol
abuse. In addition, participants in the study had been on HIV medications, on average, for
almost 7 years. As a result, participants have had considerable time to adjust to side effects and
develop strategies to cope with them, such that the side effects do not negatively impact their
adherence.

While we found no evidence of systematic error in reports of alcohol consumption and
medication adherence across days of reporting using the TLFB approach, it is important to
acknowledge that another type of measurement error is possible—participants may be less
accurate in their reports of behaviors as they go further back in their timeline. To the extent
that this occurs, it will result an in underestimate of the true relationship between alcohol
consumption and medication adherence. Because it is not possible to statistically correct for
this potential error in our design, the significant association between alcohol consumption and
medication adherence that we report should be considered the lower bound of the true
relationship. Fortunately, previous studies designed to test for this type of error among
substance- abusing populations suggest that the TLFB approach has good reliability and
validity (Demarce et al., 2007; Fals-Stewart et al., 2000; Rice, 2007). Of course, it is also
possible that the self-report data, in general, were subject to difficulties with recall among our
participants. Future studies should consider the use of multiple measures, self-report and
biological, in assessing both drinking behaviors and HIV medication adherence.
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Implications of this research point to the importance of cognitive–behavioral interventions
when addressing medication adherence. Those with a more cognitively driven approach to HIV
medication adherence suffered more in their adherence when drinking alcohol, suggesting
more of a disruption in cognitive processes. Behavioral interventions designed to help patients
solidify behavioral patterns around adherence behavior (particularly in the presence of alcohol
use) could offer a buffer against the interruption effect that alcohol appears to have. This could
be paired with motivational interviewing, which would help to highlight the discrepancy in
these patients between their general conscientious approach to adherence and their behavior
when drinking, as well as to enhance their self-efficacy to adhere in general, even while
drinking. Enhancing positive expectations for taking HIV medications, while at the same time
providing factual and accurate information regarding the lack of any real danger from mixing
alcohol with HIV medications, could further help to promote adherence during drinking
episodes.

Additionally, interventions that work to decrease quantity of, frequency of, and related alcohol
problems may increase medication adherence, even on days when a patient drinks. This speaks
to the relevance of harm reduction and therapies that consider reduction in alcohol use as an
acceptable goal. This has been seen most recently in much of the motivational interviewing
philosophy that asks clients to participate in goal setting, including nonabstinence goals. As
shown in our data, even reducing one or two drinks per drinking event can positively increase
HIV medication adherence, and as such, moderated drinking goals should be considered for
those patients not interested in abstinence.

A final implication of these findings is that less complex medication regimes are associated
with greater adherence when alcohol is being consumed. This is important information for
healthcare providers who may then consider alcohol use as a factor in determining medication
regimen. Providers should make special efforts to simplify the HIV medication regimens of
their patients who use alcohol. These results also call to attention the need for screening for
problem drinking in HIV-positive patients so that proper referrals to treatment can be made,
thereby potentially increasing medication adherence.
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Figure 1.
(A) Cognitive factors moderate the relationship between number of standard drinks and
medication adherence. (B) Alcohol factors moderate the relationship between number of
standard drinks and medication adherence. Medication nonadherence was coded so that 0 =
adherent and 1 = nonadherent. COGNITIV represents the standardized Cognitive factor score.
ALCOHOL represents the standardized Alcohol factor score.
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Figure 2.
Regimen complexity moderated the relationship between dichotomous alcohol consumption
and medication adherence. Medication nonadherence was coded so that 0 = adherent and 1 =
nonadherent. REGIMEN represents the sum of total number of dosing times and the total
number of HAART pills taken per day.
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Table 1
Characteristics of Study Participants (N = 272)

Characteristic n %

Race/ethnicity

 African American 157 57.7

 Hispanic 67 24.7

 White 30 11.0

 Mixed 8 2.9

 Other 10 3.7

Sexual identity

 Gay/homosexual 130 47.8%

 Straight/heterosexual 109 40.1%

 Bisexual 33 12.1%

Relationship status

 Single 160 58.8%

 Currently in a relationship 112 41.2%

Employment status

 Full-time 14 5.1%

 Part-time 32 11.8%

 Disabled—not working 86 31.6%

 Disabled—working off the books 16 5.9%

 Unemployed non-student 110 40.4%

 Unemployed student 14 5.1%

Income

 Less than $10,000 172 63.2%

 $10,000–$19,999 69 25.4%

 $20,000–$29,999 20 7.4%

 More than $30,000 11 4.0%

Education

 Did not complete high school 60 22.0%

 High school diploma/GED 102 37.5%

 Some college 68 25.0%

 Bachelor's degree 32 11.9%

 Graduate level training 10 3.6%

Note. Mean age = 43.7 years (SD = 7.23); mean CD4 counts = 418.41 (SD = 296.01); mean log10 HIV viral load = 3.29 copies/ml (SD = 1.47).
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