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Abstract Little is known about trends in depression at
antiretroviral therapy (ART) initiation among people living
with HIV (PLHIV) in low- and middle-income countries. We
used data from an ongoing cohort of treatment-naive PLHIV
inrural Uganda to estimate secular trends in depression among
PLHIV at ART initiation. We fitted linear regression models
with depression symptom severity as the outcome variable
and year of cohort entry (2005-2012) as the explanatory
variable, adjusting for socio-demographic variables and
assessing physical health score, body mass index (BMI), and
CD4 count as potential mediators of a secular trend in
depression symptom severity. There was a statistically sig-
nificant negative association between year of entry and
depression symptom severity, suggesting a 3.1 % relative
decline in the mean depression symptom severity score at
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ART initiation in each year of study recruitment after the first
year. This trend remained statistically significant after inclu-
sion of baseline socio-demographic characteristics to the
model and appeared to be driven by improved physical health
scores, but not CD4 count or BMI.
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Resumen Poco se sabe acerca de las tendencias de la
depresion en el inicio de la terapia antirretroviral (TAR)
entre las personas que viven con VIH (PVVIH) en los
paises de bajos y medianos ingresos. Utilizamos datos de
una cohorte en curso de PVVIH sin terapia antirretroviral
previo de Uganda rural para estimar las tendencias secul-
ares en la depresion entre PVVIH en el inicio del TAR.
Hemos implementado modelos de regresion lineal, utili-
zando como variable de resultado la severidad de los
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sintomas de depresion y como variable explicativa, el afio
de entrada cohorte (2005-2012), ajustandolos a variables
sociodemograficas y evaluando la puntuacion de la salud
fisica, indice de masa corporal (IMC) y el recuento de CD4
como mediadores potenciales de una tendencia secular en
la severidad de los sintomas de depresion. Se observo una
asociacion negativa estadisticamente significativa entre el
afio de la entrada y la severidad de los sintomas de de-
presion, lo que sugiere una disminucion relativa del 3,1 %
en la puntuacion media de los sintomas de depresion de
gravedad en el inicio del TAR en cada afio de la contra-
tacion del estudio después del primer afio. Esta tendencia
se mantuvo estadisticamente significativa después de la
inclusion de las caracteristicas sociodemograficas de base
para el modelo y parece que el cambio fue impulsado por la
mejora de resultados de salud fisica, pero no por el recu-
ento de CD4 o IMC.

Introduction

Depression is a highly prevalent and leading cause of
disability worldwide, particularly among people living
with HIV (PLHIV) in low- and middle-income coun-
tries (LMICs) [1-4]. Among PLHIV, depression has
been associated with poorer HIV-related outcomes,
including increased transmission risk [5, 6], greater
CD4 count declines [7, 8], reduced anti-retroviral
therapy (ART) adherence [9], and more rapid progres-
sion to AIDS and death [8, 10, 11]. More importantly,
depression is a modifiable risk factor: depression
treatment can result in reduced transmission risk [12]
and improved ART adherence and virologic outcomes
[13], although other studies have suggested that
depression treatment should be combined with behav-
ioral interventions in order to effect changes in these
HIV-related outcomes [14, 15].

Little is known about trends in depression among
PLHIV in LMICs during the early years of dramatic
expansions in access to ART [16]. The increasing avail-
ability of ART has resulted in patients presenting for care
with higher CD4 counts, lower burden of AIDS-related
illnesses, and higher health-related quality of life [17-19].
It seems plausible that PLHIV presenting for ART with
better physical health would also be less likely to be
depressed [20-22], given the known association between
physical health and mental health [23, 24] and the
increasingly understood biologic connections between HIV
disease and depression [25]. Thus, although it is unclear
whether the overall prevalence of depression among
PLHIV has changed, greater access to ART and earlier
ART initiation would be expected to result in concomitant
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declines in depression among PLHIV presenting for ART,
although the extent to which this has occurred is unknown.

Uganda, a low-income country in sub-Saharan Africa
with a generalized HIV epidemic, offers a window into
examining trends in depression among PLHIV presenting
for initial treatment. Estimates of the prevalence of
depressive disorders or clinically significant symptoms of
depression among PLHIV in Uganda have ranged from 13
to 47 %, depending on the measure used [4, 26, 27]. As in
other LMICs, access to ART in Uganda has expanded
rapidly in recent years, and PLHIV may be initiating
treatment earlier in the course of their disease [28, 29].
Whether these changing patterns in the timing of ART
initiation are driving changes in depression among PLHIV
presenting for treatment in Uganda is unknown.

This study has two aims. The first aim is to estimate
secular trends in depression among PLHIV presenting for
ART initiation in rural Uganda. The second aim is to
understand the factors that may explain these changes. The
improved physical health of patients presenting for care
may be particularly important under the assumption that
earlier ART initiation, by preserving physical health, may
prevent the development of depression [23]. Evidence of a
role for improved physical health in explaining secular
trends in depression among PLHIV at ART initiation may
therefore provide an important rationale for expanding
access to ART in LMICs.

Methods
Study Design

Data for this analysis were obtained from the Uganda
AIDS Rural Treatment Outcomes (UARTO) study, an
ongoing cohort of treatment-naive PLHIV begun in 2005.
Participants were recruited from the Mbarara Immune
Suppression Syndrome (ISS) Clinic, an HIV clinic located
in the rural Mbarara district approximately 275 km south-
west of the capital city, Kampala. The clinic is prototypical
of HIV clinics in the region that receive funding from
bilateral and multilateral programs such as the U.S. Presi-
dent’s Emergency Plan for AIDS Relief (PEPFAR) [30].
More than 100 patients are initiated on ART each month.
Patients were eligible for participation in the UARTO
study if they were newly initiating ART, were at least
18 years of age, and lived within 60 km of the clinic. At
the pre-treatment baseline visit, participants underwent
blood draws and structured interviews conducted by a
research assistant in the local language, Runyankole.
Patients whose baseline visits occurred between 2005 and
2012 were included in this analysis. Recruitment strategies
have been unchanged since the inception of the study.
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Written consent was obtained from all study partici-
pants. If there were cultural literacy reasons why a signa-
ture would not be appropriate, participants were allowed to
sign consent forms with a thumbprint. Ethical approval for
all study procedures was obtained from the University of
California at San Francisco Committee on Human
Research, the Partners Human Research Committee, and
the Institutional Ethical Review Committee at Mbarara
University of Science and Technology. Consistent with
national guidelines, we received clearance for the study
from the Uganda National Council for Science and Tech-
nology and from the Research Secretariat in the Office of
the President.

Measures

The primary outcome of interest in this analysis was
depression symptom severity, measured as a continuous
variable using the 15-item depression sub-scale of the
Hopkins Symptom Checklist (HSCL-D) [31]. This sub-
scale was modified for the local context with the addition
of a 16th item (‘‘feeling like I don’t care about my health’”)
[32, 33]. We removed the four somatic items (‘‘feeling low
in energy, slowed down,” ‘‘feeling fidgety,”” ‘‘poor
appetite,”” and ‘‘having difficulty falling or staying
asleep’’) and averaged across the remaining 12 cognitive-
affective items to avoid possible overlap between symp-
toms of depression and symptoms of HIV infection [34].
For the purposes of characterizing the sample to compare
to other studies, participants were classified as having
probable depression using the conventional threshold of
greater than 1.75 [35]. At baseline, the estimated scale
reliability coefficient for the modified HSCL-D was 0.86.

Explanatory variables of interest measured at ART initia-
tion included socio-demographic variables as well as three
measures of physical health: the Medical Outcomes Study-
HIV Health Survey (MOS-HIV) Physical Health Summary
(PHS) score [36], CD4+ T-lymphocyte cell count, and body
mass index (BMI). BMI was chosen as a surrogate for nutri-
tional status, with lower values suggesting possible wasting or
malnutrition. Socio-demographic variables included age in
years, gender, educational attainment (higher than primary
level vs. primary or none), marital status (legally married/not
separated or cohabiting with a primary partner vs. other),
household asset wealth, employment status, and heavy alco-
hol use. Among women, pregnancy status was determined by
patient self-report. For the asset wealth measure, we applied
principal components analysis to a series of 25 binary vari-
ables for household-owned assets and housing characteristics
[37]. The first principal component was retained and used to
define the wealth index and was entered into the regression
models as a continuous variable, with higher values indicating
greater asset wealth. History of heavy alcohol use was

measured by the three-item consumption subset of the Alco-
hol Use Disorders Identification Test (AUDIT-C) [38].

Statistical Analysis

We used descriptive statistics to characterize the sample.
To summarize changes in depression by year of cohort
entry, we estimated mean HSCL-D scores among subjects
with complete data on the variables of interest. Categorical
variables were compared with y” tests and continuous
variables were compared with ¢ tests. To estimate changes
in depression severity scores over time, a linear regression
model was fitted with HSCL-D score as the outcome var-
iable and year of cohort entry as the explanatory variable.
A statistically significant and negative regression coeffi-
cient was considered evidence that depression symptom
severity among PLHIV at ART initiation was declining
over time. As an alternative parameterization, we fitted a
simple linear regression model specifying time as a series
of dummy variables for each 1-year period, using a Wald-
type F test to test the joint statistical significance of the
time dummy variables. For this and all other analyses, a
gender interaction term was included in the models to test
for evidence of variation in association by gender and
separate models were fitted for men and women. We did
this for two reasons. First, previous studies have demon-
strated that correlates of depression are gender-specific [32,
39]. Second, the majority of participants in HIV treatment
studies in sub-Saharan Africa, including UARTO, are
women [40]. The regression models for women initially
included all women regardless of pregnancy status, but in a
subsequent sensitivity analysis we excluded pregnant
women from the models.

We then returned to the model with HSCL-D as the
outcome variable and year of cohort entry as a continuous
explanatory variable. To obtain an adjusted estimate for the
regression coefficient for year of entry, we fitted a multi-
variable linear regression model with the inclusion of
socio-demographic characteristics measured at ART initi-
ation including age, gender (for the analysis of the overall
cohort), educational attainment, marital status, household
asset wealth, employment status, and heavy alcohol use.
Using this multivariable model, we then sought to identify
mediators of any changes in depression symptom severity
at presentation by adding the explanatory variables of
interest (BMI, CD4 count, and PHS) to the model and re-
assessing the statistical significance of the regression
coefficient for year of cohort entry. Reduced statistical
significance of the regression coefficient was considered
evidence for a variable’s role in explaining the trends in
depression symptom severity at ART initiation.

For any variables that were shown to possibly explain
changes over time in depression symptom severity, we
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Fig. 1 Mean HSCL-D scores
by year of entry, stratified by
gender. Bars represent standard
errors
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fitted a new regression model with that variable as the
outcome and year of cohort entry as a continuous explan-
atory variable, adjusting for baseline socio-demographic
characteristics. A statistically significant regression coef-
ficient for year of cohort entry was considered evidence for
a meaningful trend over time for the variable in question.
All analyses were performed using SAS software
(Version 9.3, SAS Institute, Cary, NC). Regression diag-
nostic procedures yielded no evidence of collinearity or
overly-influential outliers in any of the models.

Results

Missing data for any given variable ranged from <1 to
16 %. Due to lack of overlap in missing values, of the 690
persons in the complete UARTO cohort, 534 persons
(77.4 %) were included in the regression models as com-
plete cases. There were no significant differences between
complete cases and persons with missing data for any of
the variables of interest, including mean CD4 count (187
vs. 196; t = 0.69, p = 0.49) and mean HSCL-D score
(1.64 vs. 1.58, t = 1.11, p = 0.27).

There were 379 women (71.0 %) and 155 men (29.0 %)
in the sample. The number of women and men entering the
cohort per year are included in Figs. 1 and 2. Baseline
characteristics are stratified by gender in Table 1. Average
age was 35 years old. Women were younger than men (33
vs. 38 years, p < 0.001), and were less likely to be married
(40 vs. 72 %, p <0.001) or employed (68 vs. 90 %,
p < 0.001). Women had a higher BMI (22.4 vs. 19.9,
p < 0.001) and were less likely to screen positive for heavy
alcohol use (19 vs. 39 %, p < 0.001). 33 (8.7 %) of the
women were pregnant at the time of entry into the cohort.
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154 (28.8 %) respondents, including significantly more
women than men (35.4 vs. 12.9 %, p < 0.001), had HSCL-
D scores consistent with probable depression. The mean
HSCL-D score was higher for women compared to men
(1.68 vs. 1.34, p < 0.001). Mean depression scores by year
of cohort entry are shown in Fig. 1; there appeared to be a
downward trend among women, but not among men.

To formally test for changes in depression symptom
severity at ART initiation, a linear regression model with
HSCL-D score as the outcome variable and year of cohort
entry as the explanatory variable revealed a statistically
significant negative association between year of entry and
HSCL-D score (b = —0.05;95 % CI —0.07 to —0.03). This
suggests a 3.1 % (5/158) relative decline in the mean
depression symptom severity score in each year of study
recruitment after the first year. When disaggregated by
gender, we found a declining trend among the women
(b = —0.05; 95 % CI —0.08 to —0.03) but not the men
(b = —0.03;95 % CI —0.05t00.001), although a formal test
of interaction by gender did not yield a statistically signifi-
cant result (t = 1.28, p = 0.20). The alternative parame-
terization of a linear regression model specifying time as a
series of dummy variables for each 1-year period was con-
sistent with this finding, rejecting the null hypothesis that
mean depression symptom severity at ART initiation was
constant across time among women (F = 6.41, p < 0.001)
but not among men (F = 1.35, p = 0.23).

After inclusion of baseline socio-demographic charac-
teristics including age, gender, educational attainment,
marital status, household asset wealth, employment status,
and heavy alcohol use in a multivariable linear regression
model, the adjusted regression coefficient for year of cohort
entry remained statistically significant (b = —0.04; 95 %
CI —0.06 to —0.02). As in the unadjusted model, the
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Ta'f’le 1 Characteristics of Characteristic Overall Women Men T test/y” test P value
patients by gender (n = 534) (n = 379) (n = 155) statistic
Age, mean (SD) (Year) 34.5 (8.9) 33.1 (8.8) 38.0 (8.2) 5.91 <0.001
Achieved more than primary 141 (26.4) 97 (25.6) 44 (28.4) 0.44 0.51
education, n (%)
Married (%) 263 (49.3) 152 (40.1) 111 (71.6)  43.69 <0.001
Pregnant (%) 33 (8.7)
Household asset index, mean 0.03 (2.1) 0.004 (2.1) 0.11 (2.1) 0.53 0.60
(SD)
Employed (%) 396 (74.2) 256 (67.6) 140 (90.3)  29.78 <0.001
AUDIT-C positive screen for 134 (25.1) 73 (19.3) 61 (39.3) 23.63 <0.001
heavy alcohol use, n (%)
Body mass index, mean (SD) 21.6 (3.7) 22.4 (3.9) 19.9 (2.3) 7.42 <0.001
CD4 cell count, mean (SD) 186.8 (140.3) 191.6 (140.3) 175.0 (140.2) 1.25 0.21
MOS-HIV physical health 51.1 (11.6) 50.9 (11.4) 514 (12.0) 0.41 0.68
summary score, mean (SD)
HSCL-D score, mean (SD) 1.58 (0.58) 1.68 (0.60) 1.34 (0.39) 6.49 <0.001
Probable depression (HSCL-D 154 (28.8) 134 (35.4) 20 (12.9) 27.0 <0.001

>1.75), n (%)

inclusion of a gender interaction term in the model did not
yield a statistically significant coefficient for the interaction
term (t = 1.38, p = 0.17). However, when disaggregated
by gender, the adjusted regression coefficient for year of
cohort entry was statistically significant among the women
(b = —0.05; 95 % CI —0.08 to —0.02), but not among the
men (b = —0.02; 95 % CI —0.05 to 0.01). A sensitivity
analysis excluding pregnant women from the women-only
model did not produce a substantively different result for
the adjusted coefficient for year of cohort entry (b =
—0.05, 95 % CI —0.08 to —0.02). Results of the multi-
variable linear regression model, stratified by gender, are
included in Table 2.

Turning next to the explanatory variables of interest, the
adjusted regression coefficient for year of cohort entry
remained statistically significant (among the overall cohort
and among women) with the addition of BMI and CD4
count. Among women, trends in pregnancy status at ART
initiation did not explain the trends in depression symptom
severity. However, when PHS was added to the model, it
had a statistically significant association with depression
symptom severity in the overall cohort (b = —0.02; 95 %
CI —0.022 to —0.015), among women (b = —0.023; 95 %
CI —-0.028 to —0.018), and among men (b = —0.010;
95 % CI —0.015 to —0.004). The regression coefficient for
year of cohort entry was reduced in magnitude in both the
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Table 2 Linear regression

Variable Men Women

estimates for the association

between year of cohort entry Adjusted 95 % CI Adjusted 95 % CI

and depression symptom coefficient coefficient

severity, with covariates
Year of cohort entry —0.019 (—=0.047, 0.009) —0.052 (—0.080, —0.025)
Age, per 10 years 0.005 (—0.081, 0.071) —0.036 (—0.106, 0.034)
Achieved secondary 0.074 (—0.073, 0.222) 0.078 (—0.066, 0.222)

education

Unmarried 0.083 (—0.058, 0.224) 0.057 (—0.072, 0.186)
Asset index 0.0004 (—0.033, 0.032) —0.018 (—0.048, 0.013)
Unemployed 0.187 (—=0.021, 0.394) 0.095 (—0.034, 0.225)
Heavy alcohol use 0.065 (—0.063, 0.193) 0.051 (—0.102, 0.205)

overall cohort (b = —0.018; 95 % CI —0.038 to 0.002) and
among women (b = —0.029; 95 % CI —0.054 to —0.003).

Fitting a model with PHS as the outcome variable and
year of cohort entry as a continuous explanatory variable
while adjusting for baseline socio-demographic character-
istics, we found a statistically significant positive associa-
tion between year of entry and PHS (b = 1.33; 95 % CI
0.90-1.77). This association was observed among both
men (b=204; 95% CI 1.23-2.85) and women
(b = 1.05; 95 % CI 0.53-1.56). The inclusion of a gender
interaction term in the model did not yield a statistically
significant coefficient for the interaction term (t = 1.91,
p = 0.06). Mean PHS scores by year of cohort entry are
shown in Fig. 2.

Discussion

In this analysis of data on PLHIV initiating ART in rural
Uganda over a 7 year period, we observed a decline over
time in mean depression severity scores among women
(but not men) at ART initiation. The observed decline was
not explained by secular changes in the socio-demographic
characteristics of persons presenting for ART initiation.
Rather, this decline was explained by secular changes in
physical health: that is, the mean level of depression
symptom severity appeared to be declining among women
at ART initiation because they were initiating treatment at
a higher level of physical health status. This finding should
not be interpreted to suggest that the overall prevalence of
depression among PLHIV is declining; rather, it appears
that healthier PLHIV who are presenting to care in the era
of ART expansion have, on average, lower levels of
depression symptom severity. Our findings have important
implications for policymakers as they suggest another
possible benefit of expansion of ART to healthier popula-
tions in LMICs may be the diminution of depression-
related sequelae among PLHIV.

To our knowledge, this study is the first to have exam-
ined secular trends in depression at ART initiation among
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PLHIV presenting for ART in LMICs. The association
between improved physical health and lower depression
severity is conceptually consistent with earlier studies
demonstrating an association between HIV-related physical
symptoms and psychological distress or depressive symp-
toms [20-22], which may be mediated in part by biologic
pathways such as increased induction of indoleamine 2,3-
dioxygenase-1 among patients with advanced disease [25].
The improvement in physical health status among PLHIV
in our cohort likely relates to the trend in LMICs of earlier
ART initiation, before patients begin experiencing the
physical health status declines caused by HIV-related
opportunistic infections and wasting [41].

The results of this study demonstrate that patients’
physical health at the time of ART initiation is an impor-
tant factor explaining secular declines in depression
symptom severity among PLHIV presenting for ART ini-
tiation. Although further study is needed, the implication is
that if PLHIV present to care before they feel sick, they
may be less likely to suffer the known negative outcomes
associated with co-morbid depression, including risky
transmission behaviors [5, 6], reduced adherence to therapy
[9], and increased rates of morbidity and mortality [7, 8,
10, 11]. Therefore, the findings of this study suggest
another important justification for earlier ART initiation for
PLHIV in LMICs.

One important caveat is our finding that changes in CD4
count did not explain the observed decline over time in
mean depression severity scores. The reason for this is
unclear, but may have to do with the large standard devi-
ations for CD4 count in our cohort, which may have
reduced the predictive power of this variable compared to
PHS. Previous studies on the association between CD4
count and depression or mental health quality of life scores
in LMICs have yielded inconsistent findings [4, 5, 42, 43].

There are several limitations to our study. First, although
we observed a decline over time in mean depression
severity scores among women but not men presenting for
ART, the gender interaction terms in our models were not
statistically significant, possibly due to the much smaller
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sample size of men in the UARTO cohort. Thus, our ability
to make definitive gender comparisons is limited. Based on
the magnitudes of the coefficients for year of cohort entry,
it appears that trends in depression at ART initiation are
different for men compared to women, but an alternative
hypothesis could be that we simply lacked adequate sta-
tistical power to estimate gender-specific models. Second,
although the Mbarara ISS Clinic is prototypical of ART
scale-up clinics in other LMICs, particularly in sub-Saha-
ran Africa, our findings may not generalize to other
LMICs. Third, we did not have access to data on DSM-
consistent diagnoses of depressive disorders. The HSCL-D
measures depression symptom severity and the conven-
tional cutoff of >1.75 only identifies persons with symp-
toms indicative of probable depression. However, this
limitation should not affect our estimates about trends in
depression symptom severity, as we have no reason to
expect systematic scoring biases in the HSCL-D over time.
Furthermore, random measurement error in the dependent
variable would tend to bias our results towards the null,
thereby strengthening our confidence in the statistically
significant findings that were observed.

In conclusion, in this study of PLHIV in rural Uganda, we
found evidence for a decline over time in mean depression
severity score among women (but not men) presenting for
initiation of ART. The observed decline was not explained
by secular changes in socio-demographic characteristics, but
rather by secular changes in physical health likely related to
initiation of ART at earlier stages of disease. These findings
suggest an important further rationale for earlier ART initi-
ation in LMICs, as patients may be less likely to suffer the
negative outcomes associated with co-morbid depression
such as risky transmission behaviors, reduced adherence to
therapy, and increased rates of morbidity and mortality.
Further study is needed to confirm our findings in other
LMICs and the association between earlier ART initiation
and diminution of depression-related sequelae.
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