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Abstract

We investigated the associations between depressive symptoms and adherence to antiretroviral
therapy (ART) among people living with HIV (PLHIV). We searched the PubMed, EMBASE and
Cochrane CENTRAL databases for studies that studies that reported an association between
depression and adherence to ART as a primary or secondary outcome. We used a random-effect
model to pool the risk estimates from the individual studies. The odds ratio (OR) with their 95%
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CIs were used as summary estimates. Of 2,861 citations, 111 studies that recruited 42,366 PLHIV
met our inclusion criteria. When reported, the rate of PLHIV with depressive symptoms ranged
from 12.8% to 78% and the proportion of PLHIV who achieved good adherence ( >80%) ranged
from 20% to 98%. There were no significant differences in rate of depressive symptoms in PLHIV
by country income group; however, the proportion of PLHIV who achieved good adherence was
significantly higher in lower-income countries (as defined in the 2012 World Bank Country
Income Groups) (pooled rate = 86%) compared to higher-income countries (pooled rate = 67.5%;
p<.05). We found that the likelihood of achieving good ART adherence was 42% lower among
those with depressive symptoms compared to those without (pooled OR = 0.58, 95% CI 0.55 to
0.62). The relationship between depressive symptoms and adherence to ART was consistent
across the country’s income group, study design, and adherence rates. We found that the
magnitude of the association significantly decreases with more recent publications and increasing
study sample size. The higher the prevalence of depressive symptoms of PLHIV recruited in the
studies, the lower the likelihood of achieving good adherence to ART. In conclusion, the
likelihood of achieving good adherence was lower among those with depressive symptoms
compared to those without.

Keywords
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INTRODUCTION

There is a significant global burden of psychiatric disorders among people living with HIV
(PLHIV) across low-, middle-, and high-resource settings, and the presence of such
disorders interferes with optimal adherence to antiretroviral therapy (ART), most notably
with major depressive disorder [1, 2]. Depression is the most common psychiatric disorder
among PLHIV [1], with HIV-positive individuals being twice as likely to be diagnosed with
depression compared to HIV-negative individuals [3]. Even at subclinical levels, depressive
symptoms have been shown to disrupt adherence to antiretroviral therapy (ART) [4, 2],
which increases the likelihood of ART treatment failure, development of ART resistance,
and continued HIV transmission [5-7]. Particularly in resource-limited settings, poor ART
adherence may lead to failure of the only available first- and second-line ART regimens [8].
Further, depression also is associated with accelerated HIV disease progression and
mortality among PLHIV [9, 10].

Although extensive research has documented the relationship between depression and
nonadherence across diverse global settings, there have been few efforts to aggregate
existing research using meta-analytic techniques. DiMatteo et al.[11] conducted a meta-
analysis of the relationship between depression and adherence across numerous chronic
conditions, although this meta-analysis did not include HIV/AIDS. More recently, there
have been two other meta-analytic studies that examined ART adherence and depression
with individuals with HIV. Gonzalez et al. (2011) [4] conducted a meta-analysis of the
relationship between depression and ART adherence among PLHIV specifically, examining
whether this relationship differed based upon key study characteristics, including types of
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assessments, study design, and setting. Nakimuli-Mpungu et al. (2012) [12] pooled studies
conducted in sub-Saharan Africa that examined the prevalence of clinical depression and
depressive symptoms, and examined associations with ART adherence when adherence was
assessed. Each of these reviews pointed to a lower likelihood of adherence among
individuals with depression compared to individuals without depression, and that this
relationship is consistent across diverse settings, samples, and clinical thresholds.

Further efforts are needed to ensure up-to-date analysis of existing data on the relationship
between depression and ART adherence and to expand upon prior meta-analyses to
understand the extent to which depression influences ART adherence and the specific
circumstances in which depression is most likely to affect ART adherence. This will
ultimately improve our efforts in developing treatment approaches to simultaneously address
depression and adherence and will inform how and when to implement depression and
adherence interventions for PLHIV. This is crucial for planning of mental health
programming in the context of HIV care worldwide, mobilizing resources in resource-
limited global settings to address the behavioural health needs of PLHIV, and for promoting
advocacy efforts to address mental health and adherence concerns among PLHIV
worldwide.

This systematic review and meta-analysis builds upon prior reviews and meta-analyses in
this area [11, 4, 12] by incorporating studies on depression and ART adherence published
through April 2014 using additional databases, as well as examining novel subgroup
analyses to test whether the association between depression and adherence differs based
upon: 1) rates of depressive symptoms and ART adherence in study samples; 2) publication
date; 3) country income group (low, middle, high); and 4) study characteristics (sample size,
design). Further, we sought to identify whether there was a difference in prevalence rate of
depressive symptoms and ART adherence by country income group.

MATERIAL AND METHODS

Information sources and Search strategy

We conducted searches on the PUBMED, EMBASE and Cochrane CENTRAL databases
from inception in April 2014. We used key words related to: with the terms “depressive
disorder” OR “depressive” AND “disorder”, “Depression” AND “HIV” OR “HIV” AND
adherence AND antiretroviral AND “therapy” OR “therapy” OR “therapeutics” OR
“therapeutics”. In addition, we manually checked the reference list of the identified studies.

Selection criteria

We evaluated each identified study against the following predetermined selection criteria:
e Sudy population: people living with HIV on any ART, regardless of location.

¢ Sudy design: all studies [cross-sectional studies, cohort studies, randomized
controlled trials (RCTs)].

e Outcomes: studies that reported an association between depression and adherence
to ART as a primary or secondary outcome.
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Data abstraction

For each study identified that met the selection criteria, we extracted the following data from
each publication: the first author’s last name, the year of publication, the country where the
study was performed, study design, years of data collection, sample size, measure of
exposure (indicators of adherence and depression), mean age, percentage female, depression
rate and adherence to ART rate and the risk estimate with corresponding 95% Cls. The
information on the country where the study was performed was then classified both
according to geographical area and country’s income level (high- and middle-income
countries).

Study selection

Two of the authors (OU and JM) evaluated the eligibility of studies obtained from the
literature search. In cases of discrepancy the third author (JBN) reviewed the studies until
agreement was reached by consensus. One reviewer (OU) extracted data and others checked
the extracted data.

Data synthesis

We used odds ratio (OR) to quantify the association between depression and adherence to
ART. We used 80% or more as the threshold for good adherence as used by studies included
in this meta-analysis as well as in our previous published work [13, 14]. If risk estimates
were not reported, we calculated them from the raw data presented in the article, we
followed Lipsey and Wilson [15] and Borenstein et al [16] procedures for computing odds
ratios from effect sizes, mean, standard deviations, t tests, contingency table data, or exact p-
values. Study specific natural logarithm of odds ratio were weighted by the inverse of the
variance (presented or calculated from the confidence limits) to compute summary natural
logarithm of odds ratio with 95% CIs. The meta-analyses were performed using a random-
effects model of DerSimonian and Laird [17], which incorporates both within- and between-
study variability, since we anticipated between-study heterogeneity. The pooled estimates
were then converted back to odds ratios and 95% Cls for presentation.

Following the overall analyses, a number of subgroup analyses were performed with respect
to publication year, study design, country’s income group, sample size, adherence measure
methods, rate of depression and adherence rate. To evaluate the stability of the results and to
test whether one study had an excessive influence on the meta-analysis, leave-one-study-out
sensitivity analysis was performed [18]. The scope of this analysis was to evaluate the
influence of individual studies, by estimating pooled estimate in the absence of each study.
We assessed heterogeneity amongst trials by inspecting the forest plots and using the chi-
squared test for heterogeneity with a 10% level of statistical significance, and using the 12
statistic with a value of 50% representing moderate heterogeneity [19, 20]. Random-effect
meta-regression was performed to investigate the source of heterogeneity. The independent
variable was natural logarithm of odds ratio and explanatory factors were study-level
variables listed above. All tests were two tailed. For all tests, a probability level less than
0.05 was considered significant. This review was reported according to the PRISMA
recommendations for meta-analyses [21]. Stata 12.1 (Stata Corporation, College Station,
TX) software was used for statistical analyses.
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Study characteristics

Figure 1 shows the process of study identification and selection. The literature search
yielded 2861citations. After review of the title and abstract 134 full text articles were
selected for critical reading. A total of 111 studies [22-77, 10, 78-98, 6, 99-130] that
recruited 42,366 PLHIV met the inclusion criteria. Table 1 shows the characteristics of the
included studies. These studies were published between 1993 and 2013. Most of the studies
were conducted in the USA (n=74, 67.0%), followed by France (n=4, 4.5%), Ethiopia (n=4,
3.6%) and South Africa (n=4, 3.6%). Most of the studies were cross-sectional (n=86,
77.5%). Twenty-four studies had a cohort design (21.4%). Only one was a case-control
study. Most of the studies used self-reported questionnaires to measure adherence (n=92,
82.8%), followed by pharmacy refills (n=8, 7.1%), MEMS caps (n=7, 6.2%) and pill count
(n=4, 3.6%).

Overall summary of the meta-analyses

Association

When reported, the rate of people living with HIV (PLHIV) with depressive symptoms
ranged from 12.8% to as much as 78% (Figure 2); and proportion of PLHIV who achieved
good ( 280%) adherence ranged from as low as 20% to as much as 98% (Figure 3). There
was no significant difference in the rate of depressive symptoms in PLHIV across low-
income (pooled rate = 31.8%, 95% CI 17.0% to 51.5%), middle-income (pooled rate =
47.4%, 95% CI 31.3 to 64.1%) and high-income countries (pooled rate = 37.1%, 95% CI
30.6 to 44.2%)(p-value for interaction = 0.313). The overall pooled rate was 39.1% (95%CI:
33.2% to 45.2% (Figure 2). However, the proportion of PLHIV who achieved good
adherence was significantly higher in lower income countries (pooled rate = 86%, 95% CI
62.2% to 95.8%) than high-income countries (pooled rate = 67.5%, 95% CI1 61.6% to
72.9%) (p-value for interaction = 0.017) (Figure 3). The proportion of PLHIV who achieved
good adherence tended to be higher in lower income countries (pooled rate = 86%, 95% CI
62.2% to 95.8%) than middle income countries (pooled rate = 74.4%, 95% CI 62.7% to
83.4%), but this difference did not reach statistical significant level (p-value for interaction =
0.145). The random-effect meta-analysis yielded a pooled OR of 0.58 (95% CI 0.55 to 0.62,
n=112), such that the likelihood of achieving good adherence was 42% lower among those
with depressive symptoms compared to those without (Figure 4). There was evidence of
substantial statistical heterogeneity between the study results (x2 = 849; df = 111; p=0.000)
with the degree of heterogeneity quantified by the 12 as 86.6%.

by different subgroups

The results of subgroup analyses are shown in Table 2. There was not a significant
difference in the likelihood of achieving good adherence among PLHIV with depression
symptoms in studies conducted in middle-income countries (pooled OR = 0.39, 95% CI 0.25
to 0.63) compared with those from both low- (pooled OR = 0.52, 95% CI 0.40 to 0.68) and
high-income countries (pooled OR = 0.59, 95% CI 0.56 to 0.63)(p-value for interaction =
0.338). Similarly, we found no evidence of statistically significant differentials in the
association between depression and adherence to ART across study design, adherence rate
and adherence measures.
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However, we found evidence that the magnitude of the association between depression and
adherence to ART decreases with increasing year of publication, such that the likelihood of
achieving good adherence among PLHIV with depressive symptoms were higher in the most
recent studies (2011 to 2013) compared with those reported between 1993 and 2000 (pooled
OR = 0.63 versus 0.33, p-value for interaction = 0.007) (Figure 5A). Similarly, we found
evidence of small study bias, i.e. the association was more pronounced among studies with
small sample sizes (Figure 5B). The result of subgroup analysis also showed statistically
significant differentials in the reported association across depression rates, such that the
likelihood of achieving good adherence among PLHIV with depression was lower in studies
with the highest depression rates (50% or more) compared with studies with moderate (20 to
50%) and low (<20%) depression rates (pooled OR = 0.48 vs. 0.66 vs 0.63, p-value for
interaction = 0.038).

Factors modifying the association between depression and adherence to ART as identified
by meta-regression analyses

Factors modifying the association between depression and adherence and proportion of
explained between-study variability as identified by meta-regression analyses are shown in
Table 3. In the multivariable model, only publication year, sample size and depression rate
were statistically significantly associated with pooled estimates. Differences in depression
rates, sample sizes and publication year explained 30.1%, 23.3%, and 17.4% in between
study variability in measure of association between depression and adherence respectively.

DISCUSSION

This study builds upon prior reviews and meta-analyses of the relationship between
depression and ART nonadherence in low-, middle-, and high-income countries and
examined whether the association between depression and ART adherence differs based on
study characteristics, rates of adherence and/or depression, publication year, and country
income level. Based upon 111 eligible studies with over 42,000 PLHIV across low-,
middle-, and high-income countries, rates of depressive symptoms ranged from
approximately 13% to 78%, and the proportion of PLHIV who achieved optimal adherence
(280%) ranged from 20% to 98%. The wide range of rates of depressive symptoms reported
across studies may reflect the variability in measurement tools to assess depressive
symptoms among PLHIV and variability in the clinical cut-offs used across studies [131].
The overall pooled rate of depressive symptoms in our analysis (39.5%) is in line with prior
pooled rates of depressive symptoms (as opposed to clinical levels of depression)
(31.2%[12]; 29.5%[131]). The higher rate found in our analysis may reflect that we did not
distinguish between clinical levels of depression and depressive symptoms, which may have
inflated estimates in the current analysis. Pooled estimates from the combined studies
indicated that the likelihood of achieving optimal adherence was 42% lower among those
with depressive symptoms compared to those without. This is in line with a prior meta-
analysis that included studies conducted in sub-Saharan Africa, which found that individuals
with depressive symptoms had a 55% lower likelihood of achieving optimal adherence
compared to individuals without depressive symptoms [12]. Prior meta-analyses not specific
to low-resource settings have found the relationship between depression and ART non-
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adherence to have a small to moderate effect size (i.e., r =.19-.21) [11, 4]; with studies
consistently demonstrating a lower likelihood of optimal ART adherence in the context of
depression.

This study hypothesized that variations in the strength of the association between depression
and ART non-adherence may be affected by a range of factors, including those related to
study characteristics (study design, assessments, sample size, publication year, setting), rates
of adherence and/or depression. Subgroup analyses showed that the relationship between
depression and ART adherence did not significantly vary by country income group (low,
middle, high), study design (cross-sectional vs. cohort), adherence measure used (MEMS,
pill count, or pharmacy refills compared to self-report) or adherence rates (50-75% and
>75% vs. <50%). A prior meta-analysis of the relationship between depression and ART
adherence [4] found significantly greater associations between depression and ART
adherence when adherence was assessed via interview vs. self-report, and via continuous vs.
dichotomous measurement; however, in line with our findings, their analysis showed that
the association did not differ when comparing MEMS and pharmacy refill to self-report.
This further supports their conclusion that the relationship between depression and self-
reported ART non-adherence cannot be explained exclusively by biased recall evident in the
context of depression [4].

Our findings that the association between depression and ART adherence did not differ
based upon study design or country income level was also consistent with the prior meta-
analysis by Gonzalez et al [4]. Although the data available in our review was similarly
skewed towards higher-income countries (N=93), there were more studies conducted in
middle (n=10) and low-income counties (N=8) included in comparison to the previous meta-
analysis, which compared only low (n=5) to high (n=90) resource settings. Findings
demonstrate no significant differences by income group, with only a non-significant trend
pointing to the lowest likelihood of depressed PLHIV achieving optimal adherence in
middle-income countries compared to PLHIV in low- or high-income countries in our
analysis.

When examining differences in rates of depression and ART adherence by country income
group, there were no differences in rates of depression in PLHIV across low-, middle-, and
high-income countries, further supporting prior evidence that depression is also a significant
public health burden in developing countries. Although in this meta-analysis we did not
examine whether the included studies used a culturally-validated measure of depression, a
recently published meta-analysis [131] identified that assessments used to screen for
depression among PLHIV in low-resource settings (i.e., Sub-Saharan Africa) largely
demonstrated good internal consistency (alphas ranging from .63 to .95).. Our findings,
along with those from prior meta-analyses [12, 131], suggest that PLHIV in developing
countries are self-reporting symptoms that are in line with DSM-defined models of
depression.

When comparing rates of ART adherence by income group, there were significant
differences in rates of ART adherence across country income groups, such that PLHIV in
lower-income countries were more likely to adhere than individuals in higher- and middle-
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income countries. These results continue to support the notion that optimal levels of ART
adherence can be achieved in lower-resource settings [132], even in the context of
psychiatric symptoms such as depression.

The lack of differences in the association between depression and ART adherence based
upon cross-sectional vs. longitudinal design may suggest that depression is as strongly
associated to adherence over time as it is when assessed simultaneously. However, more
studies that incorporate longitudinal designs are necessary to replicate this finding, as well
as to better understand the directionality of the association. Additionally, given that weaker
associations were detected when study sample sizes were larger, future studies should also
incorporate larger sample sizes to ensure stability of estimates and replication of existing
findings.

There was a significantly weaker association between depression and ART adherence in
more recent studies, such that the likelihood of PLHIV with depression achieving optimal
adherence was higher in the most recent studies (i.e., since 2011 when the prior meta-
analyses were published) compared to earlier studies published between 1993 and 2000.
Although not formally tested, this may be due to design characteristics of the eight studies
published between 2011 and 2013, or may potentially reflect the increased attention to and
efforts to integrate depression and mental health interventions into HIV care for PLHIV in
recent years [133—135] and possibly the impact of simplified ART regimens (lower pill
burden and once-daily dosing frequency) which has been shown to improve adherence
[136].

Studies that recruited samples with higher depression prevalence rates (i.e., >50%) had
lower likelihood of ART adherence; given the higher rates of depression in these samples,
these studies may have had targeted inclusion criteria based upon depression severity and
may have in turn recruited a more impaired population (i.e., with greater psychiatric or
medical co-morbidity), which may have also contributed to worse ART adherence. There
also may have been greater power to detect a relationship between depression and ART
nonadherence in a sample with higher rates of depression. Although we did not examine
depression severity and its impact on the relationship between depression and ART
adherence in the current meta-analysis, prior research has pointed to subclinical levels of
depression also being disruptive to ART adherence [4]. However, to inform screening and
targeted intervention efforts, continued research is needed to understand the clinical
threshold in which depressive symptoms are most likely to interfere with ART adherence.

While informative, the results of this meta-analysis should be interpreted with caution. The
observational nature of the data limits the ability to draw causal inferences. We found
statistically significant heterogeneity across the studies, thus suggesting that the percentage
of the variability in effect estimates that is due to heterogeneity rather than sampling error
(chance) is important. The heterogeneity may be due to differences in year of publication,
study sample sizes, geographical location, population recruited, reporting of adherence
measures and variability in handling confounding and mediating factors. Despite the
limitations noted, the findings of this systematic review and meta-analysis have important
implications for guiding future research on the association between depression and ART
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nonadherence, including the need for more studies conducted in low- and middle-income
countries, studies that incorporate a longitudinal design and larger sample sizes to further
ascertain the strength and directionality of this relationship.

In conclusion, we found that the likelihood of achieving good adherence was lower among
those with depressive symptoms compared to those without, and this association did not
differ by country income level, although there were significantly higher rates of adherence
in low- vs. higher income countries. The factors that were most relevant to the strength of
the association between depression and ART adherence included the year of study, sample
size, and depression prevalence rate in sample. Despite some remaining unanswered
questions regarding the relationship between depression and ART adherence, research
continues to point to the lower rates of adherence among individuals with depression, further
suggesting the need to screen and treat depression in the context of HIV care [133—-135] and
to further develop parsimonious, cost-effective interventions to simultaneously address
symptoms of depression and ART adherence among PLHIV [137, 138].
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Figure 3.

Proportion of people living with HIV with optimal ( >75%) adherence to antiretroviral

therapy
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Figure 4.
Forest plot showing the association between depression and adherence to ART

Curr HIV/AIDS Rep. Author manuscript; available in PMC 2015 September 01.

Page 22



1duosnuel Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Uthman et al.

Page 23

log OR of depression and adherence to ART

-3

R

S S S s s s

A) Year of publication

E & @

-1 -

-2

log OR of depression and adherence to ART

-3

0

0

LJ
(=3 4 10
log(Sample size)

-1

=

log OR of depression and adherence to ART

-3

T T T T T T T T

o 10 20 30 40 50 80 70 80 90 100
C) Depression rate (%)

Figure 5.
Relation between natural logarithm of the odds ratio of depression and adherence to ART

and publication year, sample size and depression rate.
The area of each circle is proportional to the precision of the odds ratio (inverse of its
variance).
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Table 2
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Pooled estimates for the association between depression adherence to antiretroviral therapy and series of

subgroup analyses

Subgroup n Odds ratio (95% CI) | 12 (%)
Overall 111 | 0.58 (0.54 to 0.62) 86.9
Country’s income group

High-income 92 0.59 (0.55 to 0.63) 87.8

Middle-income 10 0.39 (0.25 to 0.63) 75.6

Low-income 8 0.52 (0.40 to 0.68) 28.2
Publication year

1993 to 2000 7 0.33 (0.13 to 0.83) 93.4

2001 to 2005 46 0.58 (0.52 to 0.64) 85.6

2006 to 2010 50 0.58 (0.52 to 0.64) 73.4

2011 to 2013 8 0.61 (0.46 to 0.82) 79.3
Study design

Cross-sectional 86 0.53 (0.48 to 0.58) 85.5

Cohort 24 0.77 (0.71 to 0.83) 77.1
Sample size

Less than 100 25 0.41 (0.27 to 0.62) 81.9

100 to 500 67 0.61 (0.57 to 0.65) 82.8

500 or more 19 0.70 (0.62 to 0.79) 73.4
Depression rate

Less than 20% 5 0.63 (0.49 to 0.98) 83.4

20 to 50 % 18 0.66 (0.55 to 0.78) 70.4

50% plus 12 0.48 (0.41 to 0.57) 0.0
Adherence rate

Less than 50% 6 0.52 (0.43 to 0.62) 0.0

50 to 75% 27 0.75 (0.69 to 0.82) 73.9

75% plus 23 0.62 (0.54 to 0.72) 80.3
Adherence measure

Self-reported 92 0.61 (0.57 to 0.64) 83.9

MEMS cap 7 0.48 (0.18 to 1.31) 96.5

Pharmacy refills 8 0.62 (0.52 t0 0.76) 20.1

Pill count 4 0.56 (0.42 to 0.74) 0.0
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Meta-regression analyses

Table 3

Factor Ratio of odds ratio (95% CI) | P-value | Explained variance (%)
Country’s income group 0.0
High-income 1.10 (0.75 to 1.61) 0.632
Middle-income 0.83 (0.49 to 1.40) 0.489
Low-income 1 (reference)
Publication year 17.4
1993 to 2000 1 (reference)
2001 to 2005 1.97 (1.33 t0 2.92) 0.001
2006 to 2010 1.97 (1.33 t0 2.92) 0.001
2011 to 2013 2.07 (1.26 to 3.39) 0.004
Study design 1.0
Cross-sectional 0.87 (0.70 to 1.08) 0.208
Cohort 1 (reference)
Sample size 233
Less than 100 1 (reference)
100 to 500 1.48 (1.15to 1.91) 0.002
500 or more 1.85(1.39 t0 2.47) 0.000
Depression rate 30.1
Less than 20% 1 (reference)
20 to 50 % 0.96 (0.68 to 1.35) 0.815
50% plus 0.68 (0.47 to 0.99) 0.044
Adherence rate 5.0
Less than 50% 1 (reference)
50 to 75% 1.34 (0.94 to 1.94) 0.102
75% plus 1.28 (0.89 to 1.84) 0.182
Adherence measure 0.0
Self-reported 1 (reference)
Pharmacy refills 1.09 (0.77 to 1.54) 0.628
Pill count 0.98 (0.57 to 1.68) 0.948
MEMS cap 0.82 (0.56 to 1.20) 0.299
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