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Abstract Depression is common among people living with
HIV (PLHIV). Studies on the relationship between
depression and use of antiretroviral therapy (ART) are
inconclusive. A meta-analysis was conducted to summarize
the relationship between depression and ART use among
PLHIV. Ten electronic databases, conference abstracts, and
dissertations were searched. A random effects meta-anal-
ysis was performed to pool the odds ratio estimates from
eligible studies. Subgroup analyses and meta-regression
were conducted for moderator analysis. Sensitivity analysis
was performed to find influential studies. A funnel plot, the
Egger test, and the trim and fill analysis were used to detect
publication bias. The pooled sample size was 7375 PLHIV
from nine eligible studies. The pooled prevalence of
depression was 41% (95% confidence interval [CI]
29-53%). The pooled ART use rate was 52% (95% CI
37-67%). PLHIV with depression were 14% less likely
(pooled odds ratio [OR] = 0.86; 95% CI 0.71-1.05) to use
ART than those without depression. Subgroup analyses
showed that depression was significantly associated with
no ART use (pooled OR 0.84; 95% CI 0.71-0.99) among
studies with a prospective study design (11 estimates from
nine studies). Moderator analyses did not show any
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statistically significant effects. The publication bias anal-
yses showed small study effects may not exist. Depression
was associated with non-use of ART among PLHIV.
Studies are needed to explore this association in other
countries with varied populations, as most published
studies have been conducted in the United States.

Keywords Depression - Antiretroviral therapy - People
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Introduction

Depression is common among people living with HIV
(PLHIV). A meta-analysis in 2014 reported that the
prevalence of depression among PLHIV was 39% (95%
confidence interval [CI]: 33-45%) [1]. Depression is a
persistent mood disorder, characterized by feelings of
sadness, loss, anger, and frustration that interfere with daily
living. Depression can impair individuals’ social and cog-
nitive functioning, and lead to disability and suicide at its’
worst cases. Although cost-effective treatments are avail-
able for depression, a substantial proportion of depressed
individuals are never been diagnosed and treated [2].
Research has shown that depression has a negative impact
on the uptake of HIV testing and care [3-6]. Individuals
with depression can experience self-abasement, cognitive
impairment, and self-isolation [7], which might explain
why some depressed PLHIV are less likely to engage in
HIV care.

Antiretroviral therapy (ART) is beneficial for both HIV-
infected individuals and public health. For individuals,
ART can boost their immune system, reduce the likelihood
of opportunistic infections, slow progression to AIDS, and
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improve AIDS survival [8, 9]. Research has also shown
that ART can reduce chances of both AIDS and Non-
AIDS-related death [10]. From a public health perspective,
ART can reduce HIV secondary transmission by lowering
viral load among PLHIV. HIV testing and care are the key
components of the strategy of “Treatment as Prevention”
for preventing new infections [11]. HIV testing is the
gateway to HIV care, and only those who are linked to and
retained in care have the opportunity of starting ART.
However, coverage of ART is less than 50% in most
countries [12-14].

Depression could be one of barriers for ART use.
Depressed individuals may feel desperate and have social
functioning impairment, including weakening HIV care
seeking behavior. However, the effect of depression on
ART use is inconclusive in the literature. Some studies
have shown that individuals with depression were less
likely to initiate ART [15-21], while other studies have
indicated that depression could increase the likelihood of
ART use [22-24]. An argument is that depression might be
a reflection of health concern, and can motivate PLHIV to
seek HIV care and use ART. Turner and Fleishman
reported that the effect of depression on ART use differed
by ethnic groups [25]. The prevalence of depression and
access to HIV care can vary among different ethnic groups.
In addition, study design, measurement of depression and
ART use, criteria for ART initiation, and settings where
studies were conducted may have impacts on the associa-
tion between depression and ART use. Given these dis-
parate reports, we conducted a meta-analysis to summarize
the evidence on the association between depression and
ART use among PLHIV.

Methods
Literature Search and Study Selection

A systematic literature search was performed according to
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA). We aimed to identify studies
that evaluated the relationship between depression and
ART use, published between 1996 advent of combination
ART and December 15th, 2015. Ten electronic databases
were searched: BIOSIS Previews (Biological Abstracts &
Biological Abstracts/RRM, Thomson Scientific Technical
Support, New York), Embase (Elsevier, Amsterdam, The
Netherlands), Ovid Medline (Ovid Technologies, Inc., New
York), Pubmed (National Center for Biotechnology Infor-
mation, Bethesda MD), PsycINFO (American Psychologi-
cal  Association, Washington), Scopus (Elsevier,
Amsterdam, The Netherlands), Web of Science (Thomson
Scientific Technical Support, New York), CNKI (Tongfang

Knowledge Network Technology Co. Ltd., Beijing, China),
CQVIP (Chonggqing VIP Information Co. Ltd., Chongqing,
China), and Wanfang Data (Chinese Ministry of Science &
Technology, Beijing, China). CNKI, CQVIP and Wanfang
Data were Chinese Databases. We also searched confer-
ence abstracts from 2001 to 2015 of the International AIDS
Society (IAS) Conference (http://www.abstract-archive.org/)
and Conference on Retroviruses and Opportunistic Infec-
tions (CROI), and searched dissertations and theses through
ProQuest (1996-2015).

We used four main search terms based on the search
strings developed by the Cochrane Collaboration. The
search strategy for PubMed is attached in the appendix.

Study Criteria and Selection

The criteria for eligible studies are as follows: (1) used any
study design; (2) targeted PLHIV; (3) measured depression
as an exposure variable; (4) measured ART use as an
outcome variable; and (5) provided sufficient information
to calculate effect size (ES) estimates. We originally
intended a separate assessment of anxiety, but found only
one eligible paper.

Studies searched from multiple electronic databases
were imported into EndNote 6.0 (Thomson Reuters Cor-
poration, New York). Title screening was conducted after
removing duplicates. Most irrelevant studies were excluded
in this phase. The remaining studies were further screened
by reading abstracts. Only studies that mentioned the
association between depression and ART use were chosen
for full text screening.

Data Extraction

For eligible studies, the following information was
extracted in a standardized manner: first author’s name,
year of publication, study period, study country, study
design, sample size, study population (transmission route),
percentage of Caucasians in study population, percentage
of male participants, prevalence of depression, method of
measuring depression, and method of measuring ART use.

ART use was a self-reported binary outcome in most of
the eligible studies. Hence, odds ratios [OR] were used to
quantify the association between depression and ART use
among PLHIV. People without depression were used as the
reference group for the calculation of OR. Several studies
also reported the association using risk ratio or hazard
ratio; we calculated OR and 95% confidence interval [CI]
based on available data for synthesis. If data were not
available in the paper, we contacted corresponding authors
for related information that could be used for adjusted OR,
or raw data that we could use to calculate crude OR.
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Statistical Methods

A random effects meta-analysis using inverse variance
weights was used to pool effect sizes across eligible stud-
ies. The natural logarithm of OR and 95% CI were used in
the synthesis. We then transformed the overall effect size
back into OR and 95% CI for ease of interpretation. The
meta-analysis results were displayed with a forest plot.

To assess heterogeneity among eligible studies, the Q
statistic, I? statistic, and 72 were used [26, 27]. The Q
statistic is underpowered to detect true heterogeneity, given
that a small number of studies are included. Hence, we
used a 10% significance level to increase our power to
detect heterogeneity using the Q statistic.

To control for the effects of potential moderators and to
explore the source of heterogeneity between studies, sub-
group analyses and a random effects meta-regression
model were conducted. Sensitivity analyses were per-
formed to find influential studies, and we removed one
study analysis at a time (total 11 populations in nine
studies). We used a funnel plot, the Egger test, and the trim
and fill analysis to assess publication bias. All statistical
analyses were conducted in Stata 12.0 (Stata Corporation,
College Station, TX).

Results
Results of Literature Search

Figure 1 shows the process of our study selection. The
initial searches in 10 individual electronic databases yiel-
ded 3116 records, and in conference websites, we found
1042 conference abstracts, of which 1324 were duplicates
and were excluded, leaving 2834 records for title and
abstract screening. Thirty-two publications were identified
for full text screening of which 13 reported associations
between depression and ART use, and were eligible for our
meta-analysis. Two studies did not report enough infor-
mation to calculate effect sizes [28, 29], and two studies
had overlapping samples [30, 31]. Hence, nine unique
studies were included in our analyses. Two of these studies
contributed two estimates of OR, as heterogeneous effects
were observed across different study populations (e.g.,
drug users vs. non-users, and Caucasian vs. Black/His-
panic). Hence, we had 11 effect size estimates in the
quantitative synthesis.

Description of Studies
Table 1 summarizes the characteristics of the studies. Of

7375 pooled study participants, 68% were women, Cau-
casians represented 30%, and 15% had a CD4+
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T-lymphocyte (CD4) count less than 350 cells/pL. Seven
of nine studies used a scale for measuring depression, one
study was based on physician’s diagnosis [16], and one
study used self-report of depressive symptoms [22]. For
ART use, six studies used self-report, and the other three
studies were based on medical records. Seven studies used
a prospective cohort design, and two were cross-sectional.
Six of nine studies were conducted in the continental
United States, with the other three from Puerto Rico,
Uganda, and Russia. All of them were published between
2004 and 2014.

Effect of Depression on ART Use

The prevalence of depression ranged from 19% to 77% in
the included studies, and the pooled depression prevalence
was 41% (95% CI 29-53%). ART use rate varied from
11% to 71%, and the pooled estimation was 52% (95% CI
37-67%). The pooled synthesis showed that depressed
PLHIV were 14% less likely to use ART than those
without depression (OR 0.86; 95% CI 0.71-1.05; Fig. 2).
The Q statistic rejected the null hypothesis that the true
heterogeneity was due to chance (chis-square: 32.20,
degree of freedom = 10, P < 0.001) at a 10% significance
level. The I* statistic indicated that 68.9% of variance
could be explained by true heterogeneity. The variability of
effect sizes (t°) across studies was 0.061.

Moderator Analyses

Table 2 presents results of pooled OR from the subgroup
analyses. The synthesized point estimates from studies with
a prospective design, studies conducted in the continental
United States, and studies using scale screening for
depression showed that depression was associated with a
lower likelihood of ART use. The pooled estimate from
studies with a prospective study design showed a statisti-
cally significant association between depression and ART
use (pooled OR 0.84; 95% CI 0.71-0.99). The pooled
results from studies conducted in the continental United
States showed a marginally significant effect on ART use
(pooled OR 0.85; 95% CI 0.71-1.01). In the subgroup
analyses by the measurement methods of ART use, the
pooled point estimates were different (0.91 for scale
screening vs. 0.62 for medical records), and their 95%
confidence intervals did not substantially overlap. The
pooled point estimate in studies without limitation on CD4
count was 0.91 (95% CI 0.71-1.17), and the synthesized
estimate from studies targeting patients with a CD4 count
less than 350 cells/uL. was 0.75 (95% CI 0.55-1.03).
However, none of these differences was statistically sig-
nificant in the random effects meta-regression model.
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3116 records
identified through
database searching

Identification

2834 records for title and
abstract screening

Screening

32 records for full text

screening
13 records eligible

Eligibility

9 records included for
meta-analysis

11 effect size estimates

Publication year and percentage of Caucasian participants
were not significant factors, either.

Included

Fig. 1 Flow chart of study selection

Sensitivity Analyses and Publication Bias

Sensitivity analyses were conducted to detect influential
studies in our meta-analysis. Table 3 lists the pooled OR,
with one study at a time removed from the meta-analysis.
We found that two studies caused a relative large change
on point estimation, and both confidence intervals excluded
1.00, when either was removed [22, 25]. This indicated that
the two studies were influential studies compared to the rest
of the studies included in this synthesis. The study by
Turner and colleagues showed depressed PLHIV were
more likely to be on ART, and this conclusion was contrary
to most other studies in our analysis. This study was con-
ducted among Caucasian whites who might have more
access to care for both depression and ART, and the
association between depression and ART use among them
might differ from other populations [22, 25]. The study by
Feliciano and colleagues also had the similar finding.
Depression was measured by self-report in response to a
study question “are you depressed?” This measurement
might introduce information bias [22, 25]. These two
studies were influential in our meta-analysis.

1042 records
identified through
other sources

2834 records after duplication removed

2802 records were
excluded

18 records were excluded
2 were review;
11 did not report depression;
5 did not include ART initiation.

4 records were excluded;
2 records had overlapped study samples with
studies included for meta-analysis;
2 records did not have data to calculate odds
ratio (authors did not response to email).

For publication bias, the funnel plot was asymmetric
(Fig. 3). However, the Egger test failed to reject the null
hypothesis that no small study effects exist at a 5% sig-
nificance level. The trim and fill analysis did not yield any
trimmed or filled studies. There is no significant publica-
tion bias.

Discussion

Our meta-analysis of 11 populations in nine studies
including 7375 PLHIV suggested that depression was
associated with a lower likelihood of ART use. Though the
overall finding was not significant at a 5% significance
level, subgroup analyses showed a statistically significant
reduction in ART use among depressed patients in the
subset of studies with a prospective study design, or using a
scale for depression measurement, or utilizing medical
records to assure ART use. Prospective studies could pro-
vide more convincing evidence due to the ascertained
temporal relationship. Studies with more rigorous mea-
surements of depression and ART use could reduce
reporting bias. Hence, pooled results from these subgroup
analyses should be more reliable. Of nine included studies,
six were conducted in the continental United States, and
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Table 1 Studies on association between depression and use of antiretroviral therapy (ART) among people living with HIV (PLHIV)

Study Country Population Study Depression ART use Sample % of % of Depression CD4 as
design measurement measurement size Caucasians males prevalence  ART
(%) criteria
(cells/
uL)
Martinez et al. Uganda PLHIV Cross- Hopkins Medical 421 0 37 19 All
[13] sectional Symptom records
Checklist
Tegger et al. U.S. PLHIV Prospective  Physician Medical 173 53 82 31 <350
[14] records
Hightow- U.S. HIV- Prospective CES-D Medical 60 0 100 30 <350
Weidman infected records
et al. [18] young
MSM
Goodness et al. Russia ~ HIV- Prospective BDI-II score  Self-report 133 100 53 59 <350
[15] infected
heavy
drinkers
Cook et al. U.S. HIV- Prospective CES-D Self-report 1371 22 0 55 All
among infected
nondrug women
users [16]
Cook et al. u.s. HIV- Prospective CES-D Self-report 339 22 0 55 All
among drug infected
users [16] women
Cohen et al. U.S. HIV- Prospective CES-D Self-report 750 16 0 45 <350
[17] infected
women
Turner et al. U.S. PLHIV Prospective  CIDI-SF Self-report 1062 100 84 28 All
among
Whites [23]
Turner BJ uU.S. PLHIV Prospective  CIDI-SF Self-report 920 0 56 28 All
et al.-among
Blacks and
Hispanics
(23]
Lillie-Blanton ~ U.S. HIV- Prospective CES-D Self-report 1354 14 0 26 All
et al. [19] infected
women
Feliciano et al. Puerto ~ HIV- Cross- Self-report Self-report 792 0 84 71 All
[20] Rico infected sectional
PWID

MSM men who have sex with men, CES-D Center for Epidemiologic Studies Depression Scale, BDI-II Beck Depression Inventory-II, CIDI-SF
Composite International Diagnostic Interview short-form, PWID people who inject drugs

three studies (four populations) were from the Women’s
Interagency HIV Study (WIHS) that contributed signifi-
cantly to the overall effect [18, 19, 21]. WIHS is a multi-
site prospective cohort study to understand how HIV
impacts women’s lives, in which depression and anxiety
were evaluated. More studies in different regions and
populations are needed to provide more evidence for the
effect of depression on ART use among PLHIV.
Depression measured among PLHIV is less likely to be
a reflection of the immediate emotional reaction to HIV

@ Springer

positive status and health concerns [32], as these studies
included participants who had typically known their posi-
tive status for years or months. Depressed individuals can
experience impairment of cognitive and social functioning
[33]. In such cases, they might be less likely to seek HIV
care and initiate ART use. Intervention for depression
among PLHIV is important to improve their mental health
in the long-run, and may have an indirect effect on
increasing ART use.
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Study OR (95% Cl)

Tegger MK et al (2008)
Martinez P. et al (2008)
Goodness TM et al (2014)

0.54 (0.21, 1.35)
0.57 (0.31, 1.06)
0.59 (0.27, 1.26)
0.65 (0.51, 0.82)
0.74 (0.55, 1.00)
0.82 (0.60, 1.12)
0.83 (0.33, 2.04)
0.84 (0.56, 1.25)
0.93 (0.83, 1.05)
1.33 (1.00, 1.76)

Cook JA et al-drug users (2007)
Lillie-Blanton M et al (2010)

Turner BJ et al-Black/Hispanic (2006)
Hightow-Weidman LB et al (2011)
Cohen MH et al (2004)

Cook JA et al-nondrug users (2007)
Turner BJ et al-White (2006)

Feliciano DV et al (2008) — 8 348(1.56,7.73)

Overall 0.86 (0.71, 1.05)

NOTE: Weights are from random effects analysis

129 773
Disfavor depression Favor depression

Fig. 2 Forest plot of the effect of depression on antiretroviral therapy use among people living with HIV

Table 2 Subgroup analyses of association between depression and antiretroviral therapy (ART) use

Subgroup No. of publications Pooled odds ratio (95% confidence interval)

Overall 11 0.86 (0.71-1.05)

Study design

Prospective 9 0.84 (0.71-0.99)

Cross-sectional 2 Not done
Country

Continental United States 0.85 (0.71-1.01)

Russia, Puerto Rico, Uganda 1.04 (0.34-3.17)
Measurement of Depression

Scale screening 9 0.83 (0.70-0.98)

Physician diagnosis 1 Not applicable

Self-report 1 Not applicable
Measurement of ART use

Self-report 0.91 (0.73-1.13)

Medical record 0.62 (0.39-0.96)
CD4 count criterion for starting ART (cells/uL)

<350 4 0.75 (0.55-1.03)

No limitation 7 0.91 (0.71-1.17)

Both depression and ART use rates may vary in dif-
ferent ethnic groups. Some studies found that HIV-infected
Caucasians had a higher prevalence of both depression and

ART use compared to those of Hispanics and African
Americans [25]. However, few studies have treated eth-
nicity as a potential effect modifier. Ethnicity was only
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Table 3 Sensitivity analyses of

. . Removed study
association between depression

Pooled odds ratio (95% confidence interval)

and antiretroviral therapy use Martinez et al. [13]

Tegger et al. [14]
Hightow-Weidman et al. [18]
Goodness et al. [15]

Cook et al. among nondrug users [16]
Cook et al. among drug users [16]

Cohen et al. [17]
Turner et al. among White [23]

Turner et al. among Black and Hispanic [23]

Lillie-Blanton et al. [19]
Feliciano et al. [20]
Overall effect, no study removed

0.89 (0.72-1.09)
0.88 (0.72-1.08)
0.86 (0.70-1.06)
0.88 (0.72-1.08)
0.85 (0.66-1.10)
0.90 (0.73-1.11)
0.87 (0.70-1.08)
0.81 (0.66-0.98)
0.87 (0.69-1.09)
0.88 (0.71-1.10)
0.82 (0.69-0.97)
0.86 (0.71-1.05)

Fig. 3 Funnel plot for assessing
publication bias
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considered as a confounding variable for adjustment in
most of included studies. Given the potential effect modi-
fication of ethnic group, failure to consider this may lead to
a misleading combined result, given that heterogeneous
effects exist. Illicit drug use might be an effect modifier for
the association between depression and ART use [18].
Most studies in our meta-analysis did not report on this
potential interaction. Hence, the pooled effect size on
depression and ART use can be biased, due to ignoring the
potential heterogeneous effects across different groups.
Research has shown that the prevalence of depression
among PLHIV can vary among countries with varied
income levels [1]. Some studies suggested that PLHIV
from high- and middle-income countries had higher
prevalence of depression than those from low-income
countries [1]. The coverage of ART also varied in countries
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with different income levels [34]. Six of nine studies
included in this analysis were conducted in a high-income
country- the United States, so we could not perform a
subgroup analysis by country income level. Thus, our study
findings may not be generalized to the entire HIV-infected
global population, as we did not have a representative
sample from countries with varied income levels. We
excluded two eligible studies due to incomplete data to
calculate effect sizes, and we failed to elicit responses from
the authors [28, 29]. One study was conducted in Nepal,
and the other was in the continental United States. If we
could add these two studies to our meta-analysis, our
results might change.

Heterogeneity assessment suggested that the majority of
variance was due to the true heterogeneity. We did not find
a significant moderator effect in either the subgroup
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analyses or Meta regression between different groups
(Table 2). A small number of studies in our meta-analysis
might limit our power to detect the true difference. In
addition, we cannot evaluate the variance within groups, as
studies within groups used different methods to measure a
certain variables. Take the measurement of depression as
an example. Within the group of studies using scales for
screening depression, some studies used the Center for
Epidemiologic Studies Depression Scale (CES-D), and
other used the Composite International Diagnostic Inter-
view short-form (CIDI-SF) (Table 1). Even though studies
used the same scale for depression, they might choose
different thresholds for depression (CES-D: 16 vs. 23 as the
cutoff value). Self-reported depression is a potentially
biased measure. Hence, further studies on depression and
ART use with a common measurement method are nec-
essary to provide a more convincing pool estimate.

Publication bias was not noted in this meta-analysis. The
Egger test failed to reject small study effects, and the trim
and fill analysis did not trim or add a single study. As
studies included in our meta-analysis were mostly from the
continental United States, studies conducted in other
regions might have different results. In conclusion, our
study was the first meta-analysis to evaluate the association
between depression and ART use among PLHIV. The
evidence suggests that depression is associated with lower
uptake of ART, particularly noted in the higher quality
studies, and integrating mental health service into HIV care
may improve ART use among PLHIV. As most of studies
related to depression and ART use were implemented in
the continental United States, more research is needed to
provide evidences from other countries with varied eth-
nicities and income levels, especially low- and middle-in-
come countries.
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Appendix

The search strategy for PubMed is listed below:

(1) HIV/AIDS strings: (HIV InfectionsfMeSH] OR
HIV[MeSH] OR hiv[tiab] OR hiv-1[tiab] OR hiv-
2*[tiab] OR hivl[tiab] OR hiv2[tiab] OR hiv
infect*[tiab] OR human immunodeficiency virus
[tiab]OR human immune deficiency virus[tiab] OR
human immuno-deficiency virus[tiab] OR human
immune-deficiency  virus[tiab] OR  ((human
immun*) AND(deficiency virus[tiab])) OR acquired
immunodeficiency syndromes[tiab] OR acquired
immune deficiency syndrome[tiab] OR acquired
immuno-deficiency syndrome[tiab] OR acquired
immune-deficiency syndrome[tiab] OR ((acquired
immun*) AND (deficiency syndrome[tiab])) or
“sexually transmitted diseases, viral”’[mh] OR HIV
[tiab] OR HIV/AIDS[tiab] OR HIV-infected[tiab]
OR HIVJtitle] OR HIV/AIDS[title] OR HIV-
infected[title]);

(2) ART strings: (“antiretroviral therapy, highly active”
[MeSH] OR “anti-retroviral agents”[MeSH] OR
“antiviral agents”[MeSH:NoExp] OR ((anti[tiab])
AND (hiv[tiab])) OR antiretroviral*[tiab] OR
((anti[tiab]) AND (retroviral*[tiab])) OR HAART
[tiab] OR ((anti[tiab]) AND (acquired immun*[tiab])
AND (deficiency[tiab]));

(3) Use strings: (initiate[tiab] OR initiating[tiab] OR
initiation[tiab] OR “when to start”[tiab] OR early
treatment[tiab] OR deferred treatment[tiab] OR
earlier treatment[tiab] OR use[tiab] OR acceptance
[tiab] OR (start*[tiab] AND therapy[tiab]));

(4) Depression strings: (depress* OR dysthymi* OR
anxiety [MeSH] OR anxious[MeSH] OR GAD);

(5) Published year: “1996”[PDAT]: “2015”[PDAT];

(6) The strategy was 1&2&3&4&S5.

References

1. Uthman OA, Magidson JF, Safren SA, Nachega JB. Depression
and adherence to antiretroviral therapy in low-, middle- and high-
income countries: a systematic review and meta-analysis. Curr
HIV/AIDS Rep. 2014;11(3):291-307.

2. Chisholm D, Sweeny K, Sheehan P, et al. Scaling-up treatment of
depression and anxiety: a global return on investment analysis.
Lancet Psychiatry. 2016;3(5):415-24.

3. Mayston R, Patel V, Abas M, et al. Psychological predictors for
attendance of post-HIV test counselling and linkage to care: the
Umeed cohort study in Goa, India. BMC Psychiatry.
2014;14:188.

@ Springer



1550

AIDS Behav (2018) 22:1542-1550

4.

10.

11.

12.

13.

14.

15.

17.

18.

19.

Traeger L, O’Cleirigh C, Skeer MR, Mayer KH, Safren SA. Risk
factors for missed HIV primary care visits among men who have
sex with men. J Behav Med. 2012;35(5):548-56.

. Ramirez-Avila L, Regan S, Giddy J, et al. Depressive symptoms

and their impact on health-seeking behaviors in newly-diagnosed
HIV-infected patients in Durban, South Africa. AIDS Behav.
2012;16(8):2226-35.

. Bhatia R, Hartman C, Kallen MA, Graham J, Giordano TP.

Persons newly diagnosed with HIV infection are at high risk for
depression and poor linkage to care: results from the Steps Study.
AIDS Behav. 2011;15(6):1161-70.

. Skodol AE, Schwartz S, Dohrenwend BP, Levav I, Shrout PE.

Minor depression in a cohort of young adults in Israel. Arch Gen
Psychiatry. 1994;51(7):542-51.

. Croda J, Croda MG, Neves A, dos Santos SDS. Benefit of

antiretroviral therapy on survival of human immunodeficiency
virus-infected patients admitted to an intensive care unit. Crit
Care Med. 2009;37(5):1605.

. Powderly WG, Landay A, Lederman MM. Recovery of the

immune system with antiretroviral therapy: the end of oppor-
tunism? JAMA. 1998;280(1):72-7.

Rodger AJ, Sabin CA. How have guidelines on when to start
antiretroviral therapy affected survival of people living with HIV
infection? Curr Opin HIV AIDS. 2016;11(5):487-91.

Vermund SH, Hayes RJ. Combination prevention: new hope for
stopping the epidemic. Curr HIV/AIDS Rep. 2013;10(2):169-86.
Mountain E, Mishra S, Vickerman P, Pickles M, Gilks C, Boily
MC. Antiretroviral therapy uptake, attrition, adherence and out-
comes among HIV-infected female sex workers: a systematic
review and meta-analysis. PLoS ONE. 2014;9(9):e105645.
Mugglin C, Estill J, Wandeler G, et al. Loss to programme
between HIV diagnosis and initiation of antiretroviral therapy in
sub-Saharan Africa: systematic review and meta-analysis. Trop
Med Int Health. 2012;17(12):1509-20.

Wolfe D, Carrieri MP, Shepard D. Treatment and care for
injecting drug users with HIV infection: a review of barriers and
ways forward. The Lancet. 2010;376(9738):355-66.

Martinez P, Andia I, Emenyonu N, et al. Alcohol use, depressive
symptoms and the receipt of antiretroviral therapy in Southwest
Uganda. AIDS Behav. 2008;12(4):605-12.

. Tegger MK, Crane HM, Tapia KA, Uldall KK, Holte SE, Kita-

hata MM. The effect of mental illness, substance use, and treat-
ment for depression on the initiation of highly active
antiretroviral therapy among HIV-infected individuals. AIDS
Patient Care STDs. 2008;22(3):233-43.

Goodness TM, Palfai TP, Cheng DM, et al. Depressive symptoms
and antiretroviral therapy (ART) initiation among HIV-infected
Russian drinkers. AIDS Behav. 2014;18(6):1085-93.

Cook JA, Grey DD, Burke-Miller JK, et al. Illicit drug use,
depression and their association with highly active antiretroviral
therapy in HIV-positive women. Drug Alcohol Depend.
2007;89(1):74-81.

Cohen MH, Cook JA, Grey D, et al. Medically eligible women
who do not use HAART: the importance of abuse, drug use, and
race. Am J Public Health. 2004;94(7):1147-51.

@ Springer

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Hightow-Weidman LB, Jones K, Phillips G II, Wohl A, Giordano
TP. Baseline clinical characteristics, antiretroviral therapy use,
and viral load suppression among HIV-positive young men of
color who have sex with men. AIDS Patient Care STDs.
2011;25(Sup1):S9-14.

Lillie-Blanton M, Stone VE, Jones AS, et al. Association of race,
substance abuse, and health insurance coverage with use of
highly active antiretroviral therapy among HIV-infected women,
2005. Am J Public Health. 2010;100(8):1493-9.

Baez Feliciano DV, Gomez MA, Fernandez-Santos DM, Quin-
tana R, Rios-Olivares E, Hunter-Mellado RF. Profile of puerto
rican HIV/AIDS patients with early and non-early initiation of
injection drug use. Ethn Dis. 2008;18(2 Suppl 2):S2-99—104.
Himelhoch S, Moore RD, Treisman G, Gebo KA. Does the
presence of a current psychiatric disorder in AIDS patients affect
the initiation of antiretroviral treatment and duration of therapy?
JAIDS. 2004;37(4):1457-63.

Mijch A, Burgess P, Judd F, et al. Increased health care utiliza-
tion and increased antiretroviral use in HIV-infected individuals
with mental health disorders. HIV Med. 2006;7(4):205-12.
Turner BJ, Fleishman JA. Effect of dysthymia on receipt of
HAART by minority HIV-infected women. J Gen Intern Med.
2006;21(12):1235-41.

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring
inconsistency in meta-analyses. BMJ. 2003;327(7414):557-60.
Egger M, Smith GD, Altman DG. Systematic reviews in health
care: meta-analysis in context. 2nd ed. London: BMJ; 2001.
Gardner LI, Holmberg SD, Moore J, et al. Use of highly active
antiretroviral therapy in HIV-infected women: impact of HIV
specialist care. JAIDS. 2002;29(1):69-75.

Amiya RM, Poudel KC, Poudel-Tandukar K, Kobayashi J, Jimba
M. Antiretroviral therapy as a risk factor for depression, suicidal
ideation, and suicide attempts among people living with HIV/
AIDS in the Kathmandu Valley, Nepal. Sex Transm Infect.
2013;89:3334.

Cook JA, Cohen MH, Burke J, et al. Effects of depressive
symptoms and mental health quality of life on use of highly
active antiretroviral therapy among HIV-seropositive women.
JAIDS. 2002;30(4):401-9.

Turner BJ, Fleishman JA, Wenger N, et al. Effects of drug abuse
and mental disorders on use and type of antiretroviral therapy in
HIV-infected persons. J Gen Intern Med. 2001;16(9):625-33.
Tao J, Vermund SH, Lu H, et al. Impact of depression and
anxiety on initiation of antiretroviral therapy among men who
have sex with men with newly diagnosed HIV infections in
China. AIDS Patient Care STDs. 2017;31(2):96-104.

Roca M, Lopez-Navarro E, Monzon S, et al. Cognitive impair-
ment in remitted and non-remitted depressive patients: a follow-
up comparison between first and recurrent episodes. Eur Neu-
ropsychopharmacol. 2015;25(11):1991-8.

UNAIDS. UNAIDS report on the global AIDS epidemic. In:
UNAIDS, WHO; 2013.



	Association Between Depression and Antiretroviral Therapy Use Among People Living with HIV: A Meta-analysis
	Abstract
	Introduction
	Methods
	Literature Search and Study Selection
	Study Criteria and Selection
	Data Extraction
	Statistical Methods

	Results
	Results of Literature Search
	Description of Studies
	Effect of Depression on ART Use
	Moderator Analyses
	Sensitivity Analyses and Publication Bias

	Discussion
	Acknowledgements
	Author contributions
	Appendix
	References




