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Abstract

Purpose—We examined the effect of antiretroviral therapy (ART), and the predictive role of
depression, on condom use with primary partners.

Methods—Data from three studies in Uganda were combined into a sample of 750 patients with
a primary sex partner, with 502 starting ART and 248 entering HIV care, and followed for 12
months. Random-effects logistic regression models were used to examine the impact of ART, and
the influence of baseline level and change in depression, on condom use with primary partners.

Results—At Month 12, 61% ART and 67% non-ART patients were consistent condom users,
compared to 44% and 41% at baseline, respectively. Multivariate analysis revealed that consistent
condom use increased similarly for ART and non-ART patients, and that Minor Depression at
baseline and increased depression over time predicted inconsistent condom use.

Conclusions—Improved depression diagnosis and treatment could benefit HIV prevention.
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Though once viewed as an exemplar of successful reduction in HIV prevalence, Uganda’s
HIV prevalence rate has remained largely stagnant at around 7% for nearly the past decade
[1]. HIV transmission in Uganda and the larger region of sub-Saharan Africa often occurs
within stable relationships [2,3], with about half of heterosexual couples living with HIV
being serodiscordant [4,5], and 40-60% of new adult infections occurring in the context of
such relationships [5,6]. The little research that has examined the prevalence of unprotected
sex in heterosexual couples living with HIV in sub-Saharan Africa has found rates ranging
from 20% to 40% [7,8], but research in the region involving couples has focused mainly on
HIV disclosure and HIV testing [9,10], rather than identifying determinants of sexual risk

Corresponding Author: Glenn Wagner; RAND Corporation, 1776 Main St., Santa Monica, CA, USA 90407; (310) 393-0411,
X7698; fax: (310) 260-8159; gwagner@rand.org.

Conflict of Interest Statement: The authors have no conflict of interest to disclose.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Wagner et al.

Page 2

behavior. Understanding the factors and context that influence sexual risk behavior in
couples is critical for developing effective couples-based HIV prevention efforts.

Ongoing scale up of antiretroviral therapy (ART) continues across sub-Saharan Africa, and
in 2011 nearly 300,000 Ugandans had accessed ART [1]. HIV treatment is thought to have a
major influence on HIV prevention as highlighted by the current global emphasis on
“treatment as prevention” approaches [11,12]. ART can prevent transmission by
dramatically reducing viral load and infectiousness [13,14], but findings are mixed regarding
the effect of ART on condom use. Most studies in sub-Saharan Africa have found
unprotected sex to be reduced by 50-70% following initiation of ART [10,15-17], but at
least one study found ART to be associated with increased unprotected sex [18], and still
others have found no relationship [19]. Improved physical health from HIV treatment can
increase libido and sexual activity [10,20], and reduced infectiousness and treatment
optimism can contribute to complacency regarding condom use [21]. Methodological
limitations may contribute to these mixed results, as most of the above studies were either
cross-sectional [16,19] or were longitudinal but did not include a comparison group in their
analysis [15,17].

While its physical health benefits are thought to be the primary mechanism by which ART
influences sexual behavior, mental health may also play a role. Drawing on Social Cognitive
Theory [22], we postulate that depression influences condom use through symptoms such as
lack of motivation, hopelessness, and fatigue, which may diminish self-efficacy and
motivation to negotiate safe sex and protect oneself and one’s partner(s). Also, low libido
can be a symptom of depression, and some may avoid using condoms in an attempt to
improve sexual performance (e.g., erectile functioning) in the context of reduced interest
[23]. The literature reveals an inconsistent link between depression and condom use [24,25].
Most studies have been cross-sectional, but one longitudinal study of people living with HIV
in the U.S. found that both positive and negative mood states can be associated with condom
use, and that depressive symptoms and sexual risk behavior tend to change in tandem [26].
Cross-cultural research in Uganda has supported the validity of the Western construction of
depression [27], and with research showing that 10-20% of people living with HIV in sub-
Saharan Africa have Major Depression, and another 20-30% have sub-clinical but elevated
depressive symptoms [28-31], the role of depression in condom use behavior needs to be
further explored. Understanding how depression may influence condom use has implications
for policy and funding regarding integration of mental health services into HIV care
programs that are largely void of such services in sub-Saharan Africa.

We have conducted three longitudinal studies of people living with HIV entering HIV care
or starting ART in Uganda over the past five years, with the primary goal of examining
social and economic benefits of HIV treatment. In the analysis reported here, we combined
data from these studies to examine the effects of ART and HIV care on condom use among
participants with a primary sex partner, and the role of depression as a determinant of
condom use. More specifically, we assessed whether the influence of depression varied by
depression severity (both globally, as well as diagnostically with regard to Minor vs. Major
Depression), and whether change in depression was related to corresponding changes in
condom use after accounting for the direct impact of ART.
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Study Design

Setting

Sample

Data from three longitudinal studies were merged for the analysis. Participants in Studies A
and B enrolled in studies of ART impact on multiple health outcomes; both study samples
were comprised solely of patients just entering HIV care and included both patients starting
ART and those not yet eligible for ART. Enrolment for Study A was between January and
September 2008, while Study B enrolled patients from July 2008 to August 2009.
Participants in Study C had been in HIV care for different lengths of time but were about to
start ART at study enrollment (between January 2010 and February 2011). Study C was
designed specifically to examine the role of depression and antidepressant therapy on the
socioeconomic outcomes of ART; in addition to depression being assessed at each time
point, antidepressants were prescribed to those who were clinically depressed. Thus, all
participants in Studies A and B could be included in the analysis for this paper, but only the
participants in Study C who did not receive antidepressant therapy could be included.
Depression diagnosis and treatment was not available as part of usual care at any of the
participating clinics. In addition, only participants with a primary sex partner at a minimum
of two survey assessments were included in the analysis for this paper so that we could
examine potential change in condom use; however, the primary partner did not have to be
the same individual at each assessment. In each of the three studies, participants completed
assessments at baseline and months 6 and 12.

Study A was conducted at two HIV clinics operated by Joint Clinical Research Center in
Kampala and Kakira. Study B was conducted at two HIV clinics in Kampala, one operated
by Reach Out Mbuya and one by Mulago-Mbarara Teaching Hospitals Joint AIDS Program.
Study C was conducted at four HIV clinics operated by Mildmay Uganda, in Kampala and
the rural towns of Mityana, Naggalama and Mukono (each of which are within 100 km of
Kampala). These clinics generally serve clients in the lower socioeconomic strata.

Eligibility criteria for Studies A and B included being age 18 years or older, just started
receiving care at the clinic and completed evaluation for ART eligibility, and if ineligible for
ART, then CD4 cell count < 400 cells/mm?3 (which signifies some immune suppression). In
Study C, participants needed to be 18 years of age or older and just been prescribed ART. In
all studies, the primary eligibility criteria for initiation of ART was having a CD4 cell count
< 250 cells/mm?3 or a WHO HIV disease stage 111 or IV (AIDS diagnosis). Eligible patients
were enrolled consecutively in each study. Providers referred eligible patients who were
interested in participating to the study coordinator for consent procedures, screening and
scheduling of baseline interviews. All participants were required to provide written informed
consent. Study coordinators in each study reported that very few (<5%) eligible patients
refused to participate. The study protocol was approved by IRBs at RAND, Makerere
University (Studies B and C), and Joint Clinical Research Center (Study A), as well as the
Uganda National Council of Science and Technology.
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All measures were interviewer-administered by trained interviewers in Luganda, the
predominant language in this region of Uganda. The questionnaire was translated into
Luganda using standard translation and back-translation methodology. All measures were
administered at each of the three assessment time points.

Condom use—Condom use during sexual intercourse with one’s primary partner over the
past 6 months was measured using a 5-point rating scale from “never” to “always,” which
was converted to a binary variable representing whether or not condoms were always used
(consistent condom use).

Depression—The 9-item Patient Health Questionnaire (PHQ-9) [32] was used to measure
the presence of depressive symptoms over the past 2 weeks. Each of the 9 items corresponds
to the symptoms used to diagnose depression according to DSM-IV (Diagnostic and
Statistics Manual of Mental Disorders, 4™ Edition) criteria [33]; responses to each item
range from 0 ‘not at all’ to 3 ‘nearly every day.’ Items were summed with a possible range
of 0-27, with scores < 5 representing no depression, 5-9 representing ‘mild,” 10-14
‘moderate,” 15-19 ‘moderately severe’ and 20-27 ‘severe’ depression. Scores > 9
correspond highly to Major Depression (88% specificity and sensitivity) when compared
with a diagnostic clinical interview [32]. While the PHQ-9 is not a diagnostic tool per se, in
this analysis scores of 5-9 are taken to represent the likelihood of having “Minor
Depression” and scores greater than 9 represent the likelihood of having “Major
Depression.” The PHQ-9 has been used successfully with HIV-infected individuals in other
studies within sub-Saharan Africa [34].

Relationship variables—Relationship status (single, married, in a committed
relationship) and presence of a regular sex partner (among those not married or in a
committed relationship) were assessed. HIV status (positive, negative, unknown) of the
primary sex partner was assessed, as well as whether the respondent had disclosed their HIV
status to this partner.

Demographic and medical characteristics included age, sex, education (classified as a
binary indicator of having any secondary education), work status (engaged in food or
income generating activity over the past 7 days), and CD4 cell count (abstracted from
medical chart).

Data Analysis

Descriptive statistics were computed for the continuous and binary measures, followed by
bivariate tests (two-tailed t-tests, chi square tests) to assess sample differences across the
three studies and by treatment condition. Because participants included in the analysis
reported having a primary partner for the first time either at study baseline or Month 6, the
“baseline” for analyses involving the primary sex partner represented the first study
assessment in which the respondent reported having a primary partner.
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Multivariate random-effects logistic regression models were used to examine the effects of
ART and HIV care on consistent condom use with primary partner measured across three
assessments, assuming a linear trend in the outcome between baseline and Month 12. We
assumed a hierarchical data structure with multiple assessments nested within participants,
and with participants nested within their study site. The model specification included a
random intercept for each study site and participant to allow for baseline differences in the
outcome across sites and participants. This approach also produced adjusted standard errors
that accounted for correlations among multiple assessments conducted with each person, and
participants at the same study site.

With the potential for systematic differences in baseline characteristics between the ART
and non-ART groups as a result of the lack of randomization, we adjusted for such biases
using propensity score weights. Specifically, we included 18 baseline variables in the
propensity score model to predict the likelihood of each study participant being in the ART
or non-ART groups. The inverse of this predicted likelihood was used to generate a
propensity score weight to equalize the distribution of baseline variables among members of
the two groups in order to represent the characteristics of the underlying population from
which they were drawn.

The propensity score weights were computed using generalized boosted models (GBM), a
flexible, nonparametric estimation technique that can regress the treatment indicator (ART
versus non-ART) onto a large number of baseline covariates [35,36]. These procedures were
implemented using the twang (Toolkit for Weighting and Analysis of Nonequivalent
Groups) package in R, and balance between the ART and non-ART groups was assessed
across a number of twang diagnostic criteria [37]. To assess for significant differences
between the two groups, we calculated the standardized mean difference (SMD) for all 18
variables before and after propensity-score weighting. SMD values of 0 represent no
difference in means, and SMD differences greater than 0.25 (or less than —0.25) are
considered to be "moderate effect size differences" [38]. The majority of variables showed
good balance, and the few that did not were either included as covariates (e.g., CD4 count)
or highly correlated with other variables in the model and thus excluded.

The random effects models with propensity score weights were fit using a maximum
likelihood approach in XTMELOGIT in Stata [39]. Note that we did not use attrition
weights because our sample included only participants with a primary partner at no less than
two of the three assessments, and condom use data at those time points, resulting in all
participants having at least partial follow-up data.

Model Specification—Three models were estimated to examine the effect of ART on
change in consistent condom use over 12 months of treatment, and the potential role of
depression in explaining these changes. The dependent variable in the models was change in
consistent condom use across the three study assessments. All three models included the
following core set of independent variables: 1) ART status (representing whether or not the
ART and non-ART groups differ on condom use at baseline), 2) time [ordinal variable
representing the change in condom use for each additional unit of time (i.e., 6 months) over
the three time periods, and which is attributed to the comparison or non-ART group], 3) the
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interaction of ART status by time (representing the change in consistent condom use with
each unit of time among ART patients relative to the non-ART group), and 4) covariates
including age, male sex, HIV status of primary partner, any secondary education, work
status and baseline CD4 count.

What differed across the 3 models were the depression-related independent variables to
compare the influence of global depressive symptoms to categorical depression severity.
The regression effects for each measure of depression over time were decomposed into two
parts: (i) a baseline value of the measure, and (ii) change from baseline in the measure. The
main effect of the baseline value estimated the cross-sectional association between baseline
depression and consistent condom use, while the main effect of the change score estimated
whether change in depression is prospectively associated with change in consistent condom
use. The first model included baseline depressive symptoms (measured by the continuous
PHQ-9 total score) and the interaction of time and change in depressive symptoms from
baseline to Month 12. A positive change score indicates a reduction in depressive symptoms,
while a negative change score indicates increased symptoms. The second model included
separate baseline indicators of having Major Depression (PHQ-9 score > 9) and Minor
Depression (PHQ-9 score between 5-9), and the interaction of time and change in
depression symptoms (as measured by PHQ-9 total score and coded as in the first model).
The third model was similar to model 2 as it also included baseline indicators of Major and
Minor Depression, but its two interaction terms were for time by categorical improvement in
depression severity (with the three categories being none, Minor or Major Depression), and
time by worsening of depressive severity category; this served to separately estimate change
in consistent condom use among those who improved vs. those who got worse with respect
to depression. The indicators of categorical change in depression severity were binary: “1”
for improving severity indicated that someone went from Major to Minor or no depression,
or Minor Depression to none, while “0” represented either no change or worsening of
severity category; with regard to the indicator of worsening severity, “1” indicated that
someone went from no depression to Minor or Major Depression, or from Minor to Major
Depression, while “0” represented no change or an improvement in severity category.

Sensitivity analysis—The primary analysis used an intention-to-treat (ITT) approach,
which included all participants in the ART and non-ART groups classified by their ART
status at baseline, regardless of change in ART status after baseline. This produced a
conservative estimate of the effects of ART given that 72 non-ART patients started ART
during the study period (34 at Month 6 and 38 by Month 12); also 4 ART patients stopped
taking ART during the study (1 by Month 6 and 3 by Month 12). We tested the robustness of
the ITT analysis with a sensitivity analysis that excluded the 76 participants who switched
treatment assignments during the course of the study. We conducted a second sensitivity
analysis in which non-ART patients who started ART at Month 6 were allowed to switch
over to the ART arm starting at Month 6. In the second sensitivity analysis, we used a time-
lag effect model to assess the effect of baseline treatment assignment on change between
baseline and Month 6, and the “actual” rather than baseline treatment assignment on the
change between Month 6 and Month 12 to allow for the time between receiving treatment
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and seeing an effect of treatment. We chose not to present the data from the sensitivity
analyses, because the findings remained unchanged from the original ITT models.

Sample Characteristics

Of the 1,731 participants in the merged dataset, 750 reported having a primary sex partner in
at least two of the three assessments, thus comprising the sample included in this analysis.
(Note that 68% of the 750 had a primary partner at all three assessments). Of the 750, 299
were from Study A, 188 from Study B, and 263 from Study C; 502 (69%) were starting
ART and 248 were in the non-ART group. The baseline characteristics of the complete
sample, as well as by study and ART status, are presented in Table 1. The subgroups drawn
from the three studies differed significantly on several variables. Mean age was higher in
Study C compared to Study B [35.4 years vs. 33.0; t(449) = 3.2, p = .007]. Study C had a
greater proportion of participants with an HIVV-negative partner compared to those in Study
B [22% vs. 11%; t(449) = 3.1, p = .009], and fewer with a partner of unknown HIV status
compared to Study A [24% vs. 40%); t(560) = 3.7, p = .001]. Mean CD4 count varied
significantly across studies, with the lowest average CD4 count (sickest patients) in Study C,
which was expected given that all participants in Study C were ART eligible [F(2,717) =
41.7, p <.0001]. There were between-study differences on all depression measures, with the
highest level of depression observed among participants of Study A, followed by Study B,
and the lowest level of depression being in Study C because we excluded its clinically
depressed participants as they were receiving antidepressants [Depression symptoms:
F(2,747) = 30.2, p < .0001; Major Depression: F(2,747) = 4.00, p = 0.02; Minor Depression:
F(2,747) = 16.8, p <.0001]. In baseline comparisons with the non-ART group, the ART
group had a higher mean age [35.0 years vs. 33.4; t(747) = 2.5, p = .01], a greater proportion
of males [45% vs. 37%; t(748) = 2.2, p = .03], and (as expected) a lower CD4 count [158 vs.
354; t(303) = 17.1, p < .0001] (see Table 1); the two groups also differed significantly with
regard to measures of depression, but not consistent condom use, as described below.

For the vast majority of participants, their primary sex partner was a spouse or someone that
they were in a committed relationship with (88%), while the remaining 12% were single and
not in a committed relationship and their primary partner was someone they had regular sex
with. Almost half (49%) of the sample had a primary partner who was also HIV-positive,
while 17% reported that their partner was HIV-negative, and the other 34% did not know the
HIV status of their partner. Most (81%) of the participants reported having disclosed their
HIV status to their primary partner. However, while rates of disclosure were very high
among those who knew the HIV status of their partner, whether their partner was HIV-
positive (98%) or HIV-negative (89%), just over half (53%) of the participants who did not
know the HIV status of their partner had disclosed [y2(2, N = 676) =189.5, p < .0001].

Condom use—The distribution of condom use was bimodal with 43% reporting that they
‘always’ used a condom during sexual intercourse with their primary partner in the 6 months
prior to baseline, and 35% reporting that they ‘never’ used condoms; only 22% reported
using condoms ‘rarely’, ‘sometimes’ or ‘often’. The ART (44%) and non-ART (41%)
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groups did not differ significantly in the proportion of participants reporting always used
condoms with their primary partner during the 6 months prior to baseline [x2(1, N = 678) =
0.7, p = .42]. Condom use differed significantly by partner’s HIV status. Those with an
HIV-negative partner had the highest rate of consistent condom use at 59%, compared to
43% among those whose partner was also HIV-positive, but respondents who did not know
the HIV status of their partner had the lowest rate of 32% [x2(2, N = 666) = 22.3, p <.0001].

Depression—The mean PHQ-9 at baseline was 3.60 (SD = 3.3), while 6% likely had
Major Depression (scored > 9 on PHQ-9) and 28% likely had Minor Depression (scored
between 5-9 on PHQ-9). The ART group had a higher rate of Major Depression [8% vs.
3%; x2(1, N = 750) = 7.1, p = .002] and higher PHQ-9 total score [mean = 3.79 vs. 3.22;
t(748) = 2.4, p=.02] (see Table 1).

Change in Consistent Condom Use Over Time

In bivariate analyses, rates of consistent condom use in the ART group increased
significantly from baseline (43%) to Month 6 [55%; McNemar Test: p =.001, n = 395), and
further increased to 61% by Month 12 (McNemar Test: p =.012, n = 347). In the non-ART
group, consistent condom use also increased significantly from baseline (38%) to Month 6
(52%; McNemar Test: p=.003, n = 209), and then had a further marginal increase to 63%
by Month 12 (McNemar Test: p = .08, n = 176). Rates of consistent condom use were not
significantly different between the ART and non-ART groups at any assessment.

In the multivariate analyses, each of the three models revealed no baseline difference
between the ART and non-ART groups on condom use, and the interaction of time and ART
status was not associated with condom use; however, the coefficient of time was significant
in each model, indicating that consistent condom use increased significantly over time for
the sample as a whole, and similarly in both the ART and non-ART groups (see Table 2).
For each 6-month interval in the study period, the odds of consistent condom use improved
by 48% to 60%, depending on the model. Each of the 3 models examined different aspects
of how baseline depression and change in depression may relate to change in consistent
condom use.

In model 1, greater baseline depressive symptoms (PHQ-9 total score) was marginally
associated with lower odds of using condoms consistently over the 12-month study, while
greater reduction in depressive symptoms from baseline to Month 12 was significantly
associated with increased odds of always using condoms; each unit of positive or negative
change in depressive symptoms was associated with a corresponding 4% change in the odds
of consistent condom use.

Models 2 and 3 both showed that having Minor Depression at baseline was significantly
associated with having 35% and 36% lower odds of consistent condom use, respectively,
while having Major Depression was not associated with condom use. Similar to Model 1,
each unit of positive or negative change in depressive symptoms was significantly
associated with a corresponding 4% change in the odds of consistent condom use, while a
worsening of categorical depression status was significantly associated with 44% lower odds
of using condoms consistently over time in model 3 (see Table 2).
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Covariates that significantly predicted consistent condom use over time were baseline
measures of sex and partner HIV status; in all 3 models, men and those who had an HIV-
negative partner were more likely to report consistent condom use, while participants who
did not know the HIV status of their partner were less likely to use condoms (see Table 2).
Both sensitivity analyses produced similar results with regard to variables that were
significantly related to consistent condom use; therefore, we chose not to present the data
from these models.

DISCUSSION

The results of this longitudinal analysis reveal that consistent condom use with primary sex
partners dramatically increases among both ART and non-ART patients in the first year of
HIV care or ART in Uganda. Our results also suggest that mental health may play a key role
in consistent condom use, as depression level at treatment outset is significantly associated
with condom use, and change in depression is a significant predictor of change in consistent
condom use during the year of treatment.

The restored health and improved physical functioning that is associated with HIV treatment
may result in increased sexual activity [10,20], which could present heightened opportunities
for HIV transmission. However, our data indicate that the longer clients are receiving HIV
treatment, the more likely they are to always use condoms with the primary partner, at least
during the first year of HIV care or ART. On average, consistent condom use increased by
over 50% during the 12 month period of receiving treatment. Several other studies in
Uganda [15,16] and the larger region [10,17] have found that ART is associated with
increased condom use, but this is among the few longitudinal studies, and one of the first to
demonstrate that HIV care in general, not only ART, is associated with reduced sexual risk
behavior. HIV care exposes patients to prevention education, and to a community of peers
and providers that emphasize healthy behavior and prevention—all of which may help
patients practice safer sex. With the emergence of evidence that viral suppression from ART
results in greatly reduced infectiousness [12—14], these findings add further credence to the
prevention benefits of ART and HIV care in general.

Depression appears to play a significant role in condom use behavior with primary partners
among people living with HIV in Uganda. Severity of depressive symptoms at the onset of
treatment was marginally predictive of condom use, but when examining categorical levels
of depression it was Minor Depression, not Major Depression, that was associated with a
one-third lower likelihood of consistent condom use. This may seem counterintuitive, as one
might expect that Major Depression would have a stronger negative relationship to condom
use. Possible explanations include the low number of participants with Major Depression,
which hampered our power to detect an association, and that more severe forms of
depression may impede sexual activity in general, preventing even the opportunity to use a
condom [40]. More mild forms of depression may not be severe enough to limit sexual
activity, but may influence motivation and decision making related to condom use [41].

Other prior research has found unprotected sex to be associated with depression among
people living with HIV in Uganda [26], but this is one of the first longitudinal studies to
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show that change in depressive symptoms correspond to like changes in the likelihood of
consistent condom use over time. Our data suggest that a 5-point change in the PHQ-9 total
score (which is the amount that distinguishes the severity levels of depression as measured
by the scale) alters the odds of consistent condom use by 20%, while a categorical
representation of worsening depression (e.g., from none to Minor Depression, or Minor to
Major Depression) reduced the odds of consistent condom use by 44%. Changes in mood
may affect condom use through its effects on physical and sexual functioning, motivation
and self-efficacy to negotiate condom use with their partner, as suggested by Social
Cognitive Theory [22]. However, it is also possible that condom use and risk behavior
influence mood states and depression; engaging in risk behavior may lead to anxiety and
depression, while successfully negotiating condom use may result in improved
psychological well-being. We are not able to establish causality with our data given the non-
randomized assignment of treatment, and the relationship between condom use and
depression may be bidirectional. It is also worth noting that depressive symptoms may
impede HIV prevention by contributing to ART nonadherence [42], which can result in
higher viral load and increased infectiousness. These findings suggest that integration of
depression diagnosis and treatment into HIV care programs could represent an important
avenue by which HIV care in Uganda and other parts of sub-Saharan Africa can further
contribute to HIV prevention.

Despite the improvement observed in consistent condom use, high rates of unprotected sex
were maintained in this sample. At Month 12, about 30-40% of the sample continued to
report unprotected sex with their primary partner, many of whom were at risk for
transmission. In our study, participants in serodiscordant couples were most likely to be
using condoms consistently with their primary partner, where as respondents who did not
know the HIV status of their primary partner were least likely to be using condoms. Not
knowing the HIV status of one’s partner may indicate either that the partner has not tested,
and/or the respondent has not disclosed or discussed HIV status with their partner. Non-
disclosure of HIV status has been found to be associated with unprotected sex with a stable
sex partner in South Africa [43], and without disclosure, requests to use condoms are
thought to suggest infidelity or lack of trust [44,45], making it difficult to use condoms if a
partner’s HIV status is unknown [46]. The sex of the respondent was an independent
predictor of condom use, with women being less likely to report consistent condom use; this
may speak to the relative lack of control that women have over the use of male condoms,
and the potential benefits to making the female condom more available in this setting. Taken
together, these findings highlight the need for prevention efforts among people living with
HIV to go beyond HIV medical care and “treatment as prevention” paradigms [11].

The study has a number of limitations. With widespread access to ART in Uganda at the
time of study enrollment, we could not ethically randomly assign ART to matching groups
in Studies A and B. This resulted in a non-randomized comparison group with clear
differences, as there were indications that the non-ART group had better health at baseline
than the ART group; however, the non-ART group did have evidence of immune
suppression (CD4<400) and a strength of our analysis is the inclusion of propensity weights
which enabled us to adjust for the baseline differences between the ART and non-ART
groups. While having a non-ART group enabled us to control for other time trends in the
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context of receipt of HIV care, we could not account for natural changes in the outcomes in
the complete absence of HIV care. Also, our ability to detect a difference between ART and
non-ART patients may have been undercut by some non-ART patients who started ART
during the study period; however, our sensitivity analysis, in which participants who
switched treatment status during the study were excluded, resulted in the same multivariate
findings, suggesting that our results are robust. Additionally, our evaluation is limited by our
reliance on a self-report rather than diagnostic interview to assess depressive disorders and
to distinguish between Minor and Major Depression. As a result, our rates of these
depressive conditions are likely to be over-estimated, although the PHQ-9 has been shown
to have good criterion validity [32]. Also, self-report measures of condom use are vulnerable
to social desirability [47], so this is a potential confounder of the observed increase in
condom use over time. Lastly, studies with a longer follow-up are needed to examine the
possibility that as treatment continues, complacency sets in and condom use begins to
decline.

In this study of condom use among HIV clients in Uganda with primary sex partners,
consistent condom use increased significantly during the first year of HIV care or ART,
providing further evidence of the prevention benefits of HIV treatment. Our data shows that
these effects on condom use are strongly influenced by depression and its remediation.
Unfortunately, mental health services are largely absent in HIV care programs across
Uganda and SSA—potentially undercutting the prevention benefits of HIV treatment.
Research that examines the effects of depression treatment on sexual risk behavior will
inform policy decisions regarding the integration of depression treatment into HIV care and
strategies for optimizing ART as an agent for HIV prevention.
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Multivariate Analysis of Impact of ART and Change in Depression on Consistent Condom Use with Primary
Partner over 12 Months of HIV Treatment

Model 1
OR (95% CI)

Model 2
OR (95% CI)

Model 3
OR (95% CI)

ART status

1.23 (0.75, 2.01)

1.24 (0.76, 2.01)

1.22 (0.75, 1.99)

Time

1.48 (1.14, 1.91)""

1.49 (1.15,1.93)""

1.60 (1.22, 2.09)**

Time x ART status

0.89 (0.66, 1.21)

0.9 (0.66, 1.22)

0.89 (0.65, 1.21)

Cross-Sectional

Baseline depressive symptoms

0.95 (0.90, 1.01)*

Baseline Major Depression

1.00 (0.51, 1.94)

1.09 (0.57, 2.12)

Baseline Minor Depression

0.65 (0.47, 0.92)"

0.64 (0.43, 0.96)"

Prospective (change over time)

Time x reduced depressive symptoms

1.04 (1.01, 1.08)"*

1.04 (1.004, 1.073)"

Time x improved depression status

1.20 (0.90, 1.60)

Time x worsened depression status

0.56 (0.33, 0.97)"

Covariates
Age 1.00 (0.99, 1.02) 1.00 (0.99, 1.02) 1.00 (0.99, 1.02)
Male sex 1.66 (1.24, 2.24)* | 1.64 (1.22, 2.20)"*" | 1.64 (1.22, 2.20)**

Any secondary education

0.97 (0.67, 1.42)

0.94 (0.65, 1.37)

0.93 (0.64, 1.36)

Partner is HIV-negative@

1.63 (1.14, 2.33)""

1.62 (1.14, 2.31)""

1.62 (1.14, 2.32)"

Partner’s HIV status is unknown@

0.58 (0.42, 0.79)" ™"

0.58 (0.42, 0.80)" ™"

0.58 (0.42, 0.79)" ™"

Working over past 7 days

1.07 (0.78, 1.48)

110 (0.79, 1.51)"

1.09 (0.79, 1.50)

Baseline CD4 count

1.001 (1.000, 1.002)

1.001 (1.000, 1.002)

1.001 (1.000, 1.002)

a . - . L .
Reference group is participants with HIV-positive primary partner

+
p<.10,

*
p <.05,

* %

p<.01,

*%

*
p <.001
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