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Abstract

Despite the well-documented relationship between depression and antiretroviral therapy (ART)
non-adherence, few studies have identified explanatory pathways through which depression
affects adherence. The current study tested lifestyle structure—the degree of organization and
routinization of daily activities—as a mediator of this relationship, given previous evidence of
lifestyle structure being associated with both depression and ART nonadherence. HIV-infected
individuals starting or re-starting ART in the California Collaborative Treatment Group 578 study
(n = 199) were assessed over 48 weeks. Adherence was measured using electronic monitoring
caps to determine dose timing and doses taken, and viral load was assessed. The mediating role of
lifestyle structure was tested using generalized linear mixed-effects modeling and bootstrapping.
Lifestyle significantly mediated the relationship between depression and both measures of ART
adherence behavior. Interventions that minimize disruptions to lifestyle structure and link
adherence to daily activities may be useful for individuals with depression and ART
nonadherence.
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Introduction

Methods

Poor adherence to antiretroviral therapy (ART) is a crucial behavioral factor associated with
worse virologic outcomes and mortality among HIV-infected individuals [1, 2]. Although
newer regimens are more forgiving [3-5], many individuals continue to demonstrate
suboptimal adherence [6], including in particular individuals with depression [7]. Depressive
symptoms, either at clinical or sub-clinical levels, are consistently associated with
nonadherence [8, 9]. As a consequence, individuals with depressive symptoms and
suboptimal adherence are almost six times more likely to die than individuals without
depressive symptoms who are adherent [10].

Despite numerous studies demonstrating a relationship between depressive symptoms and
ART nonadherence, there is strikingly little research that attempts to explain how depression
impacts adherence. A recent meta-analysis and review of studies examining the relationship
between depression and ART adherence (n = 35,029; 95 independent samples) noted that
none of the included studies examined “how” depression is related to nonadherence [8].
Understanding the mechanisms that drive the relationship between depression and
nonadherence may inform intervention efforts that address both symptoms of depression and
adherence behaviors [11].

One factor that is associated with both depression and adherence, which may contribute to
the understanding of how depression relates to adherence, is the degree of structure and
organization in one’s daily life. Previous research examining behavioral patterns of
depression have shown that depression interferes with ‘lifestyle structure’—the extent to
which activities are organized and routinized in daily life—as evidenced by the observed
relationship between depressive symptoms and lower levels of engagement in meaningful
and consistent activities [12-19]. Lifestyle structure is also strongly related to medication
adherence; numerous lines of research have suggested that one’s patterns of activity
engagement are strongly related to ART adherence, and in particular, changes in daily
routine and ability to fit a regimen into a daily routine consistently predict ART adherence
over and above other factors commonly related to adherence [20-25]. Despite its relevance
to both depression and ART adherence, lifestyle structure has not been empirically tested as
a potential explanatory mechanism in this relationship between depressive symptoms and
ART adherence. The current study examined the role of lifestyle structure in mediating the
relationship between depressive symptoms and ART nonadherence in a longitudinal sample
of HIV-infected individuals starting or re-starting ART.

Participants and Procedures

The data for this analysis were drawn from the California Collaborative Treatment Group
(CCTG) 578 study, which was a three-arm, randomized controlled trial to evaluate a
cognitive behavioral intervention to improve adherence among HIV-infected individuals
starting or re-starting ART [26]. Randomization followed a 1:1:1 ratio to either 1) a five-
session cognitive-behavioral therapy (CBT) intervention with a two-week placebo practice
trial; 2) the five-session CBT intervention without the practice trial; or 3) usual clinical care.
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Stratification was based upon clinic site and ART status (naive or experienced). Inclusion
criteria included being age 18 years or older, and planning to begin or re-start (after at least
two months off treatment) an ART regimen; individuals who had previously been on ART
had to report adherence difficulties or indicate that they would benefit from an adherence
intervention. Other inclusion criteria included HIV RNA levels at greater than or equal to
3,000 copies/mL, no active substance abuse, and being fluent in English or Spanish.
Assessments were administered at baseline (Week 0) and Weeks 4, 12, 24 and 48 after ART
initiation, including blood draws. All study participants provided informed consent. All
procedures were IRB approved. Procedures were approved by the IRB at each of the five
HIV primary care clinics that comprise the CCTG and the RAND Corporation. More details
regarding the larger trial can be found in Wagner et al. 2006 [26].

Assessment Measures

Demographics—Participants self-reported their age, gender, race/ethnicity, employment
status (coded yes/no for employed vs. unemployed), and housing stability (coded yes/no for
stable housing arrangement).

Medication adherence—ART adherence was measured using electronic monitoring caps
(electronic drug exposure monitor eDEM caps; AARDEX Ltx., Zug, Switzerland). Data
from the caps were used to calculate both the percentage of prescribed doses taken (“dose
taking”) and the percentage of prescribed doses taken within the specified time window (2
h for twice-a-day regimens and +3 h for once-a-day regimens) for the antiretroviral
monitored by the cap (“dose timing”). Adherence to only one antiretroviral pill in the
participant’s ART regimen was monitored by the cap; this was the medication with the most
daily doses or the medication considered to be the “base” of the regimen. Dose taking
calculations were adjusted in line with self-reported occasions in which instructions related
to the use of the eDEM cap were not followed (i.e., multiple doses were removed at once,
doses were dispensed from another bottle, or the cap was removed without taking a dose)
[27, 28]. Adherence was not monitored by the electronic caps continuously; rather, only for
the first 4 weeks of ART and then again during the 2 weeks prior to each subsequent
assessment.

HIV viral load—Blood draws were completed at all adherence assessment time points to
obtain a measure of HIV RNA level as a biological indicator of adherence. Assays were
processed at a central laboratory (Quest Diagnostic Laboratories, San Clemente, California,
USA) using Roche Amplicore ultrasensitive version 1.5, limit of detection 50 copies/mL.
Percentage of individuals with undetectable viral load (<50 copies/mL) also was calculated.

Baseline HIV clinical characteristics—ART naivety (i.e., whether a participant had
ever been on ART prior to the current trial) was determined via the primary care provider’s
assessment of clinical history at baseline. CD4 cell count at baseline was assessed via blood
draw.

Depressive symptoms—Depressive symptoms were measured using the depression
subscale of the Brief Symptom Inventory [29], which has previously been validated and
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used with medical populations [30]. It includes six symptoms (e.g., feeling blue; feeling
hopeless about the future). Respondents indicate how much they were bothered or distressed
by each symptom during the past week on a 5-point Likert type scale (0 = not at all; 4 =
extremely). The raw depression score is the mean of the six items. Standardized t-scores can
be calculated for ease of interpretation (i.e., comparing to a mean in the general population
of 50, S.D. = 10, and clinical cut-off of 63) [29, 30]. Internal consistency in the current
sample was good (at baseline: a = 0.86).

Lifestyle structure—L.ifestyle structure was measured using a previously validated 9-
item self-report measure of the degree of structure and organization in one’s life [23, 31].
Example items include “my days consist of doing the same things at the same times” and “I
get up at nearly the same time each day”. Responses are rated on a 5-point Likert scale (1 =
never; 5 = always); a mean score was calculated. Higher scores represent greater structure in
one’s daily life. Internal consistency in the current sample ranged from a = 0.70-0.77 across
assessments.

Statistical Analyses

The primary aim was to test the longitudinal mediational role of lifestyle structure in the
relationship between depressive symptoms and ART adherence. Three measures of ART
adherence were considered in separate models: dose taking, dose timing, and viral load (as a
biological indicator of adherence). Study arm was controlled for in all analyses. Analyses
were conducted using generalized linear mixed-effects modeling in SPSS 21.

A sequential process mediation model [32] was used (i.e., the predictor variable was
assessed temporally before the mediator, and the mediator was assessed temporally before
the DV). The temporal sequencing of these variables has been suggested to be a necessary
requirement for testing mediation [33]. For each model, the predictor variable was time
invariant (depressive symptoms at baseline), the mediator (lifestyle) was time varying (i.e.,
baseline through week 12), and each of the DVs were time varying (i.e., weeks 12-48). In
sequentially stacking these variables, this model addresses temporal ordering and allows for
testing of mediation [33].

Participants were treated as random effects, with random slopes and intercepts, while all
remaining variables were fixed effects. In doing so, each participant was allowed to have a
unique initial score and growth trajectory. Further, the scaled identity covariance structure
was chosen based on the best goodness-of-fit (as evaluated by the Akaike Information
Criterion), compared to competing covariance structures. The mediator and all DVs—dose
taking, dose timing, and viral load (VVL)—were assessed for normality. Each adherence DV
was highly skewed; therefore, viral load values were logyq transformed, and to properly
model the non-normally distributed ART adherence/VL data, a gamma regression was
employed (i.e., a gamma distribution with a log link for testing paths b, ¢, and c’). Lifestyle
structure was normally distributed, and a linear model was utilized (for testing path a).

Study arm and housing stability were statistically controlled in all analyses. Additional
potential covariates were also considered, including age, gender, race/ethnicity, employment
status, number of ART doses prescribed per day, baseline CD4 count, and ART naivety
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prior to the study. However, only housing stability was significantly related to the DVs and
included as a potential covariate. Yet, it is worth noting that even when other potential
covariates were retained, the parameter estimates in the mediation model were not
significantly altered. In path b, baseline depressive symptoms and the first assessment of
ART adherence were also controlled.

If paths a and b were both significant, mediation was tested using a Monte Carlo simulator
to test the statistical significance of the mediating, or indirect effect (a*b) [32]. The indirect
effect, a*b, is mathematically equivalent to ¢ minus c’, and as such, represents the
quantification of a mediated effect [34]. The Monte Carlo method is a form of
bootstrapping, in which random draws from the distributions of the a and b paths are
simulated and the product of these values is computed, which are used to estimate a 95 %
confidence interval (CI) around the observed value of a*b. The indirect effect is interpreted
as “statistically significant” if 0 is not contained between the lower and upper bounds of the
CI [35, 36].

Bootstrapping methods are generally preferred over traditional methods of studying
mediation (i.e., the causal steps approach and the product of coefficients approach; [37]),
particularly for small samples, because there are no assumptions about the shape of the
sampling distribution of the indirect effect [38]. Additionally, the causal steps approach
requires a significant ¢ path. However, current statistical thinking recommends that a
significant ¢ path may be superfluous and not required to test for mediation, and that only
paths a and b are required to be significant to test for mediation [37, 39]. Given these
limitations and in order to increase our power in the current analyses, we utilized
bootstrapping methods to test the indirect effect.

A sample of 241 individuals was screened for study eligibility and 230 were enrolled and
randomized to one of the three study arms. Of the 230 randomized, 199 started ART and
constituted the sample for this analysis. There were 135 participants on ART at week 48 (see
[26] for more details regarding the number of participants at each assessment wave).

Demographic and Clinical Characteristics

The sample was 20 % female, 30 % Caucasian, 14 % African American, 49 % Latino(a),
and 2 % Asian-Pacific Islander; 35 % were employed, 17 % had a college degree, and 28 %
reported having unstable housing accommodations (see [26] for additional demographic
characteristics). Mean depression score at baseline was 0.95 (S.D. = 0.85), which indicates
elevated depressive symptoms (i.e., normed standardized t score [30] of 74.94 in comparison
to the mean in the general population of 50 and BSI clinical cut-off of 63) [29]. Regarding
baseline HIV clinical characteristics, 30 % were HIV antiretroviral naive and 86 % had CD4
cell count <350 cells/pl. Depending on assessment wave, 60—-66 % of the sample was taking
a Pl-based ART regimen, and 72-76 % were on a twice-a-day regimen (vs. 24-27 % on
once-a-day). Mean dose taking adherence during the assessment period was 87.9 % (SD =
18.9) for dose taking and 78.2 % (SD = 24.5) for dose timing. Percentage of the sample with
an undetectable viral load (<50 copies/mL) was 10 % at the start of the assessment period
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and 17 % at week 48. Across time, bivariate correlations revealed that viral load was
significantly related to both dose timing adherence (r = —0.16, p = 0.004) and dose taking
adherence (r = —0.18, p = 0.001). Similarly, point-biserial bivariate correlations revealed
that viral load suppression (<50 copies/mL) was significantly related to both dose timing
adherence (r = 0.11 p = 0.04) and dose taking adherence (r = 0.14, p = 0.01). Dose timing
and dose taking were also highly correlated (r = 0.81, p < 0.0001).

Mediation Results: Dose Taking Adherence

Elevated depressive symptoms at baseline significantly predicted lowered lifestyle structure
across time, y=-0.16, SE = 0.04, 95 % CI [-0.25, -0.08], t(525) = -3.7, p < 0.0001 (path
a). In turn, poor lifestyle structure predicted lower dose taking adherence across time, y =
0.05, SE = 0.02, 95 % CI [0.006, 0.09], t(332) = 2.2, p = 0.03 (path b). Neither path ¢
(relationship between depressive symptoms and adherence), y = —0.001, SE = 0.02, 95 % ClI
[-0.03, 0.03], t(332) = —0.08, p = 0.94, nor path ¢’ were significant (y=-0.02, SE = 0.02,
95 % CI [-0.06, 0.02], t(351) = —1.05, p = 0.30). However, there was a significant effect for
the mediational path via calculation of the indirect effect, or a*b (y=—-0.008, 95 % ClI
[-0.02, —-0.001)).

Mediation Results: Dose Timing Adherence

Elevated depressive symptoms at baseline significantly predicted lowered lifestyle structure
across time (path a), y=-0.16, SE = 0.04, 95 % CI [-0.25, —-0.08], t(525) = -3.7, p <
0.0001. In turn, poor lifestyle structure predicted lower dose timing adherence across time
(path b), y=0.08, SE = 0.03, 95 % CI [0.02, 0.13], t(329) = 2.8, p = 0.005. The relationship
between depressive symptoms and adherence (path ¢) also emerged as significant, with
elevated depressive symptoms at baseline predicting poorer adherence across time, y =
-0.06, SE = 0.03, 95 % CI [-0.11, —0.003], t(349) = -2.1, p = 0.04. Path ¢’ was non-
significant (y=-0.01, SE = 0.02, 95 % CI [-0.05, 0.03], t(329) = -0.51, p = 0.61) and there
was a significant effect for the mediational path via calculation of the indirect effect, a*b (y
=-0.013, 95 % CI [-0.026, —0.003]). See Fig. 1 for a depiction of both models (dose taking
and dose timing).

Mediation Results: Viral Load

Elevated depressive symptoms at baseline significantly predicted lowered lifestyle structure
across time (path a), y=-0.16, SE = 0.04, 95 % CI [-0.25, —0.08], t(525) = -3.7, p <
0.0001. However, poor lifestyle structure did not significantly predict viral load across time
(path b), y=-0.04, SE = 0.05, 95 % CI [-0.13, 0.05], t(353) = -0.9, p = 0.37. Given that
path b was non-significant, a significant mediational pathway (i.e., a*b, indirect effect) was
not possible to be tested.

Discussion

The current study is one of the first efforts to identify mediators of the relationship between
depressive symptoms and ART nonadherence among individuals living with HIV. Given its
previously established relationship to both depression and ART adherence [23], the current
study focused on lifestyle structure—the degree of structure and organization in one’s daily
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life—as an explanatory factor in the relationship between depressive symptoms and three
longitudinally assessed indicators of ART adherence. Assessments were conducted
sequentially to allow for testing of mediation.

Our data demonstrated a significant mediating effect of lifestyle structure in the relationship
between depressive symptoms and both behavioral measures of adherence (dose taking and
dose timing). These findings suggest that the degree of structure to one’s daily activities may
be an important path through which depression disrupts adherence behavior and furthers our
understanding of how depression affects ART adherence. By pinpointing specific processes
through which depression influences adherence, targeted strategies may be developed with
aims of improving the efficacy and parsimony of existing interventions. Current findings
suggest that efforts to improve both depression and adherence should incorporate a
consideration of the structure to one’s daily life activities. Existing empirically supported
interventions that address increasing structure and regularity of activities, such as behavioral
activation (BA), which aims to reduce depressive symptoms by scheduling regular enjoyable
and meaningful activities (e.g. [40]), may be particularly suited for this purpose. Indeed,
existing treatments that integrate adherence interventions and BA techniques for depressed
HIV-positive clients (e.g., [28, 41, 42]) promote increasing structure and regularity of daily
routines, and these interventions have shown improvements in both depression and
adherence. Furthermore, many ART adherence counseling interventions, including the
intervention administered in this study, incorporate exercises that help clients tailor their
ART regimens to their daily routine by linking the timing of doses to specific routinized
activities, and building structure or routinization of activities when needed [26, 43]. Our
findings suggest that intervention research should examine lifestyle structure as a
mechanism that may explain the effects of the intervention on both depression and
adherence outcomes.

In contrast to other studies (e.g., [9, 44]) our data do not support a relationship between
depression and dose taking adherence; however, depression was significantly related to dose
timing, suggesting that depression interferes with one’s ability to take medications on time,
but not whether the dose is actually taken. This adds further credence to the need for more
nuanced investigations of the relationship between depression and adherence, with
measurement strategies that go beyond global depression or distress to include measures of
symptom type (i.e., cognitive vs. somatic) and severity [9], and adherence measures other
than the convention mean or dichotomized dose taking adherence. Also, our findings
suggest that other factors—such as disruptions in daily life structure—may be what drive the
relationship between depression and adherence, not just the presence of depressive
symptoms. It is also noteworthy that these findings remained significant over and above
housing stability—a factor that could have an extremely important role in these
relationships. Given the robustness of the mediating effect in both models, it is somewhat
surprising that there was in fact a significant relationship between depressive symptoms and
dose timing (path c; Model 2).

Given that lifestyle structure was not associated with viral load, we could not test the
mediation model with viral load as the outcome. The lack of relationship between lifestyle
structure and viral load may be the case for a few reasons. First, the relationship between
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lifestyle structure and viral load is likely mediated by behavioral adherence, which will be
important to investigate in future research with larger samples that are powered to test a
larger model with multiple mediating pathways. Additionally, 70 % of the sample had
previously been on ART, and as such may have been more likely to have drug resistance
upon initiating ART in this study, which may have affected these individuals’ biological
response to ART. Finally, given that a low percentage of our sample had viral load
suppression, there may not have been sufficient variability in rates of viral load suppression
to be powered to detect changes in viral load suppression over time.

Strengths of the study include longitudinal assessments over 48 weeks, objective
measurement of adherence and biological outcomes, as well as use of multilevel modeling
techniques to test for mediation. Although multilevel modeling increased our power to test
study aims, a larger sample size is important for future work. Further, although our analyses
are an improvement over cross-sectional designs in that we can address temporal precedence
more accurately, only experimental designs that manipulate the mediator—lifestyle structure
—can speak to causality. Finally, we relied on self-report methods for depression and
lifestyle, rather than more objective diagnostic interviews and direct observation.

In conclusion, findings provide evidence for lifestyle structure as an important factor to
consider in understanding the relationship between depression and ART adherence behavior.
Intervention components that aim to minimize disruptions in lifestyle and daily structure,
increase routinization of daily activities and link dose taking to these routines may serve to
improve both adherence and depression. Further research is needed to better our
understanding of the underlying mechanisms that drive the relationship between depressive
symptoms and adherence, including the role of daily structure and routines. We hope these
findings provide a useful starting point for this line of work.
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Model 1: Indirect effect of lifestyle in the relationship between depressive symptoms and electronic
monitored dose taking adherence

Lifestyle
Structure
(Baseline to
Week 12)
Depressive Adherence:
Symptoms | -----ooooo o ___ > Dose Taking
(Baseline) Path ¢: v=-.001 (Weeks 12 to 48)
(c’:y=-02)

Model 2: Indirect effect of lifestyle in the relationship between depressive symptoms and electronic
monitored dose timing adherence

Pt -}
Lifestyle
Structure
(Baseline to
Week 12)
Depressive Adherence:
Symptoms | s - - e > Dose Timing
(Baseline) * Path ¢: y=-.06 (Weeks 12 to 48)
(c’:y=-01)

Fig. 1.
Models testing indirect effect of lifestyle structure in the relationship between depressive

symptoms and two measures of electronically-monitored ART adherence. Note * = p < 0.05;
** =p <0.01; *** =p <0.001; **** =p < 0.0001. The indirect effect (a*b) was significant
in both models
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