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Abstract
A systematic review and meta-analysis was conducted to determine the efficacy of women-focused ART adherence interven-
tions. Included studies (a) reported on a behavioral ART adherence intervention for cis-women living with HIV, (b) measured 
ART adherence as an outcome, and (c) employed a randomized controlled trial design. Thirteen studies were included in the 
meta-analysis. Overall, interventions significantly improved ART adherence compared to control conditions (random-effects 
d = 0.82, 95% CI [0.18, 1.45], p = 0.01), however, this was largely driven by two studies that had effect sizes greater than 3 
standard errors above the mean effect size. Key moderators were location, recruitment method, group-based intervention, 
and alteration of the healthcare system. Innovative behavioral interventions that focus on young women and adolescents, 
target the critical periods of pregnancy and postpartum and test the integration of multiple levels of intervention to create 
lasting effects on ART adherence are needed.
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Resumen
Se llevó a cabo una revisión sistemática y un metaanálisis para determinar la eficacia de las intervenciones de adherencia 
al tratamiento antirretroviral (TAR) centradas en las mujeres. Los estudios incluidos (a) informaron sobre una intervención 
conductual de adherencia a TAR para mujeres cisgénero que viven con VIH, (b) midieron la adherencia a TAR como resul-
tado y (c) emplearon un diseño de ensayo controlado aleatorio. Se incluyeron trece estudios en el metaanálisis. En general, 
las intervenciones mejoraron significativamente la adherencia al tratamiento de TAR en comparación con las condiciones 
de control (efectos aleatorios d = 0,84, IC del 95% [0,21, 1,47], p = 0,01), sin embargo, esto se debió principalmente a dos 
estudios que tuvieron tamaños de efectos superiores a 3 errores estándares por encima del tamaño medio del efecto. Los 
moderadores clave fueron la ubicación, el método de reclutamiento, la intervención grupal y la alteración del sistema de 
salud. Se necesitan intervenciones innovadoras de comportamiento que se enfoquen en mujeres jóvenes y adolescentes, que 
se centren en los períodos críticos del embarazo y el posparto y que prueben la integración de múltiples niveles de interven-
ción para crear efectos duraderos en la adherencia al tratamiento antirretroviral.

Introduction

Globally, there are an estimated 17.8 million women living 
with HIV and young women and adolescent girls are dispro-
portionately impacted [1, 2]. HIV/AIDS is also the leading 
cause of death among women of reproductive age, globally 
[3]. High adherence to antiretroviral therapy (ART) has sig-
nificant health benefits for women living with HIV including 
improved immune functioning and increased life expectancy 
[4, 5]. Adherence to ART is defined as a participant’s abil-
ity to follow prescribed medication orders including time 
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and frequency. Measures of adherence can be expressed as 
percentages, indicating the number of pills taken divided 
by the number of pills prescribed for a given period, or as 
a qualitative assessment. Adherence is the essential behav-
ior to reach HIV viral load suppression, the last step of the 
HIV treatment cascade. ART adherence among women liv-
ing with HIV also confers significant public health benefits 
as it reduces infectiousness to their sexual partners and/or 
infants during pregnancy and/or breastfeeding [6–9]. Given 
the global scale and gendered nature of the epidemic, women 
and girls represent a key population to receive targeted 
efforts that improve adherence to ART.

Overall, cis-gender (individuals whose gender identities 
align with their sex-assigned at-birth) differences in ART 
adherence and HIV treatment outcomes are complex and 
largely dependent on contextual factors including access 
to care, institutional prioritization of health for sub-popu-
lations, and differing levels of stigma. In a meta-analysis of 
56 observational studies conducted globally that reported 
adherence by gender, Ortega and colleagues found that 62% 
of women achieved ≥ 90% adherence compared to 67% of 
men (p < 0.10) [10]. Other individual studies in sub-Saharan 
Africa have found contrary results, particularly that women 
are more adherent and have stronger immunologic responses 
[11, 12]. Furthermore, reviews of ART adherence reveal 
factors such as emotional distress, stigma, and the nega-
tive impacts of poor social relationships may be intensified 
among women living with HIV, which can impede optimal 
ART adherence [13, 14]. Thus, the factors that influence 
adherence may be very different between men and women.

Women may face additional mental health barriers in 
comparison to their male counterparts. The prevalence of 
depression among women is almost universally higher than 
that of men globally [15, 16]. Cognitive depressive symp-
toms and severe depression have both been shown to sig-
nificantly impact adequate ART adherence in people living 
with HIV [17]. Specifically, among women living with HIV, 
depression is a robust predictor of ART non-adherence [18, 
19]. Given the high prevalence of depression among women 
and its impact on ART adherence, mental health factors war-
rant consideration in investigating the efficacy of HIV adher-
ence interventions addressing women’s needs.

Women also experience key life events, such as preg-
nancy, the postpartum period, and motherhood, which 
can have a large impact on a woman’s ability to prioritize 
her own health. In a review of 51 studies conducted in 
high, middle, and low-income countries, Nachega and col-
leagues found that 73.5% of pregnant women had optimal 
ART adherence while only 53.0% of women postpartum 
had adequate adherence (i.e. > 80% by study cut-off) [19]. 
Among pregnant and postpartum women living with HIV, 
being younger, having lower levels of education, non-
disclosure of their status to partners or family, and having 

inadequate family support were all associated with lower 
ART adherence [20]. Moreover, pregnant and postpartum 
mothers living with HIV face unique circumstances that 
can impact ART adherence, such as vertical transmission 
risks, stigma associated with childbearing among HIV 
positive mothers, change in familial roles, possible post-
partum complications (e.g. postpartum depression) and 
balancing infant care with self-care [21].

In addition to addressing common behavioral strategies 
and individual motivations for treatment adherence, utiliz-
ing gender empowerment principles and addressing the 
impact of the systemic oppression of women and gender 
dynamics may have significant impacts on women’s abil-
ity to adhere to ART. Gender empowerment and gender 
dynamics have been shown to significantly impact wom-
en’s health outcomes, including unplanned pregnancy, 
HIV testing, new STI acquisition, and contraception use 
[22]. Furthermore, reproductive and maternal-child health 
interventions that seek to empower women to address their 
own health needs and behaviors have strong evidence of 
efficacy [23, 24]. The concepts of gender and empower-
ment and gender dynamics may be particularly relevant 
for ART adherence in cases where partner disclosure of 
status may be difficult, a seroconcordant partner does not 
prioritize their own treatment, areas where women’s rights 
are restricted, or situations of poverty where women have 
less access to education. The extent to which ART adher-
ence interventions for women address issues of gender 
empowerment or dynamics and the impact this has on 
ART adherence outcomes, however, is unknown.

With women facing unique barriers to adherence, 
women-focused behavioral ART adherence interventions 
appear warranted. However, little is known about the effi-
cacy of these types of interventions. Previous systematic 
reviews and meta-analyses have focused on the use of ART 
to treat HIV infection in women [25], the provision antiret-
rovirals to women to reduce vertical transmission [26, 27] 
integration of prevention of mother-to-child transmis-
sion (PMTCT) interventions into antenatal care [28], and 
improving retention in HIV care for women [29]. How-
ever, no studies have specifically reviewed the evidence 
on behavioral ART adherence interventions for women 
living with HIV.

The current systematic review and meta-analysis aims 
to fill the gaps in knowledge with the following objectives: 
(1) survey the literature to identify and categorize behavio-
ral interventions that have been conducted to improve ART 
adherence specifically for cis-gender women living with 
HIV, (2) determine overall efficacy of randomized controlled 
trials testing ART adherence interventions for this popula-
tion, and (3) identify key moderators of the efficacy of these 
interventions to pinpoint potential avenues for future inter-
vention development.
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Methods

Systematic Review and Search Strategy

We carried out a systematic review of the literature and 
completed a descriptive review of interventions that 
met our inclusion criteria along with a meta-analysis of 
intervention ART adherence outcomes. We adhered to 
PRISMA guidelines [30] (Checklist is included as sup-
plemental material). Relevant studies were located using 
several search strategies. Electronic databases (PubMed, 
PyscINFO, CINAHL, and ProQuest Dissertations and 
Theses Global) were searched on May 23, 2017 using 
Boolean operators: (ART​ OR “antiretroviral therapy” 
OR HAART​ OR “Highly active antiretroviral therapy”) 
AND (adherence OR compliance OR nonadherence OR 
noncompliance) AND (women OR female* OR girl* OR 
mother*). Conference abstracts were also reviewed from 
the past 3 years of the International Conference on HIV 
Treatment and Prevention Adherence (2015, 2016, 2017) 
and the Inter-CFAR Joint Symposium on HIV Research 
in Women (2016). Finally, reference sections of relevant 
review articles were searched for any studies potentially 
meeting inclusion criteria.

Inclusion Criteria

All identified study titles and abstracts were screened for 
eligibility criteria and studies potentially meeting inclu-
sion criteria underwent full text review. Studies were 
included in the descriptive review if they: (1) reported on 
a behavioral/counseling ART adherence intervention for 
cis-women living with HIV, (2) reported ART adherence 
for at least one follow-up, and (3) employed a randomized 
controlled trial (RCT) design. Multi-level interventions 
that included a behavioral counseling component could 
have been included, although we did not find any in our 
search. Studies were not restricted by sample age inclu-
sion criteria. Studies were excluded if they (1) did not 
report ART adherence outcomes, (2) included an interven-
tion that was not behavioral (for example, the provision 
of ART with no associated ART adherence counseling), 
(3) did not focus specifically on cis-gender women liv-
ing with HIV (for example, interventions that included 
men and women [such as couples-based interventions] and 
reported disaggregated results by gender were excluded), 
and/or (4) only included a description or protocol of an 
intervention. Furthermore, for studies that met the above 
inclusion/exclusion criteria but did not provide sufficient 
statistics to calculate effect sizes, study authors were con-
tacted (number of studies k = 5). In the instance where 

additional information from authors was not available, the 
study was included in the descriptive review but not the 
meta-analysis.

Study Characteristic Coding and Inter‑rater 
Reliability

Two trained independent raters (JP, DP) coded all eligible 
studies utilizing a custom coding form. Information on a 
variety of characteristics was collected including general 
study information (e.g. year of publication, location), inclu-
sion and exclusion criteria for individual studies, baseline 
participant characteristics (e.g. age, education, marital sta-
tus), intervention design (e.g. intervention format, number of 
sessions, session length) and intervention content (e.g. skills 
building, goal setting, gender empowerment). A complete 
list of extracted variables can be found in Supplementary 
Material.

Inter-rater reliability was calculated for the study charac-
teristic coding. Categorical variables were calculated using 
Cohen’s k (mean k = 0.71, mean agreement was 87.30%). 
Spearman correlations were calculated for continuous vari-
ables (mean r = 0.91). Discrepancies between raters were 
reconciled through discussion.

Coding of Methodological Quality of Included 
Studies

Methodological quality was also assessed using an adapted 
version of the Downs and Black methodological quality 
scale [31]. The original scale includes 27 items with sub-
scales that cover reporting bias, external validity, internal 
validity, selection bias, and power. All items were used 
except one item that addressed power because it was deemed 
irrelevant, as the purpose of the meta-analysis is to accom-
modate studies that may be underpowered due to small sam-
ple sizes. Methodological quality scores could range from 
0 to 26. A score of 24–26 was considered excellent, 20–23 
good, 15–19 fair, and a score of 14 or below was considered 
poor [32].

Calculation of Effect Sizes (ESs) and Analytic 
Approach

Effect sizes (ESs) were calculated using standardized mean 
differences (Cohen’s d) comparing the intervention and con-
trol condition divided by the pooled standard deviation, to 
adjust for within study measurement and sample size biases 
[33, 34]. Positive ESs indicate higher ART adherence in the 
intervention condition whereas negative ESs indicate higher 
ART adherence in the control condition at follow-up. Means 
and standard deviations were the preferred statistical infor-
mation for calculating ESs but when they were not available 
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other statistical tests were used (e.g. F test statistics). Test 
statistics that did not control for other variables, such as age 
or education, were preferred. When baseline ART adherence 
measures were available, they were utilized in calculating 
the ESs. When studies reported ART adherence outcomes 
using multiple measures of adherence (e.g. multiple meas-
ures of self-report, pill count, MEMScap; number of studies 
k = 3), ESs were calculated for each individual measure and 
then these values were averaged [35–37]. Similarly, when 
studies reported outcomes for multiple follow-up time points 
(k = 4), ESs were calculated for each time point and then col-
lapsed [38–41]. For studies that reported HIV viral load and/
or CD4 T cell count outcomes [40–42], standardized mean 
difference ESs were also calculated. Two researchers (JP, 
DP) independently calculated all ESs and any discrepancies 
were resolved through discussion.

Analyses were conducted following fixed-effects and 
random-effects assumptions using Stata 15.0 [43–46]. 
The presence of heterogeneity was assessed using the Q 
statistic and magnitude of heterogeneity across ESs was 
assessed using the I2 statistic [47]. Higher values of the 
I2 statistic indicate increased heterogeneity (i.e. more 
variation in study outcomes than would be expected by 
sampling error alone). A priori moderators of ES mag-
nitude were examined using modified weighted least 
squares regression analysis with the inverse variance of 
the ES as the weights. To test for possible reporting bias 
toward findings where the intervention condition signifi-
cantly improved adherence over the control condition, 
we graphed a funnel plot and implemented the trim and 
fill technique [48], as well as calculated the Begg’s and 
Egger’s tests [49, 50].
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Fig. 1   PRISMA flow chart of literature search for randomized controlled trials testing ART behavioral adherence interventions tailored for 
women living with HIV
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Results

A total of 5966 titles and abstracts were reviewed (Fig. 1). 
Of these, 5900 were excluded as information provided in 
the title and abstract did not meet one or more of the inclu-
sion criteria. Sixty-six articles were deemed potentially 
relevant and the full text was reviewed to further assess 
eligibility. Of these, 52 did not meet all inclusion criteria: 
6 articles reported on outcomes that did not include adher-
ence, 1 article did not report on a behavioral intervention, 
12 articles presented an intervention that was not specifi-
cally for women, 27 articles did not employ a randomized 
controlled trial design, and 1 was found to not focus on an 
HIV-positive population. An additional 5 were descrip-
tions or protocols of interventions that did not report 
on outcome results. For these 5 articles, 2 studies were 
already included in the search with reported outcomes [51, 
52] For the other 3, the literature was searched to see if 
outcomes were published but all 3 of the protocols were 
recent and trial results are pending [53–55].

Description of Studies

Fourteen studies (from 14 published articles) are included 
in the qualitative synthesis (Table  1) [35–42, 51, 52, 
56–59]. The majority of studies were conducted in North 
America (k = 7) and Africa (k = 4), with two additional 
studies conducted in Asia and one in South America, con-
tributing a total of 1806 participants. The mean age was 
35.8 (SD = 7.3) years and 63.2% of participants completed 
high school/secondary school. Of the studies that reported 
marital status (k = 12), 51.2% of participants were mar-
ried (SD = 27.7, range 23%–93% of samples). The meth-
odological quality of these studies ranged from 15 to 21 
and all fell into either the “good” or “fair” categories of 
methodological quality.

The majority of samples were recruited from clinics 
(k = 13). Flyers (k = 2) and recruiting from community 
based organizations/support groups (k = 3) were addi-
tional methods of recruitment. No intervention recruited 
participants based on level of non-adherence or ART 
naivety, however, for studies that reported baseline adher-
ence using percentages, the majority had adherence below 
90% (k = 6). Two studies [37, 39] included only pregnant 
women and 2 studies [38, 59] focused on women with 
mental health issues (i.e. depression, history of child sex-
ual abuse).

Behavioral interventions were delivered to individu-
als (k = 6) or in groups (k = 6), and two interventions 
combined these delivery types. All of the interven-
tions included multiple sessions (median number of 

sessions = 9; M = 16.3, SD = 17.7), spread over a consid-
erable amount of time (median number of weeks = 15, 
M = 18.8, SD = 12.9, range 4–39 weeks). Additionally, 
most of these interventions addressed issues in addition 
to ART adherence including sexual risk reduction (k = 4), 
mental health (k = 2), and substance use (k = 3).

There was considerable variety in the method of delivery 
of interventions included: 4 used a form of technology (e.g. 
SMS/text message reminders, cell phone counseling), and 
2 altered the healthcare system in some way (e.g. task-shift-
ing to peer counselors and nurses compared to physicians). 
Furthermore, 8 used a variety of behavioral counseling 
techniques including cognitive-behavioral therapy (k = 8), 
psycho-education (k = 7), and motivational interviewing 
(k = 4) with 5 interventions using two or more of these tech-
niques. The content of the interventions was also variable: 
7 incorporated role playing or skills building into the ses-
sions, 4 used goal-setting, 5 included coping strategies, and 
9 included discussions of barriers/facilitators to ART adher-
ence and strategies to address them.

Although all of the interventions were for women, very 
few addressed issues specifically related to gender. Only 3 
studies integrated gender empowerment principles or dis-
cussed intervention content in terms of gender-specific con-
cepts such as interconnectedness or collectivism. Further-
more, 4 studies utilized theory to guide intervention content, 
however, none of the theories used were gender-specific or 
acknowledged gender differences (theories used were: Social 
Cognitive Theory, Information-Motivation-Behavioral 
Skills, Self-Regulation Theory).

To measure ART adherence as an outcome, self-report 
was the most common method (k = 8) using a variety of vali-
dated scales including the Visual Analog Scale (VAS), the 
Antiretroviral General Adherence Scale (AGAS), the AIDS 
Clinical Trial Group scale (ACTG), and the Adherence to 
Medication Scale (AMS). Several studies used pill counts 
(k = 4) or electronic monitoring (e.g. MEMS cap, Wisepill; 
k = 3). Three studies used multiple methods to measure 
adherence. Four studies used a reference period for adher-
ence of 30 days, 4 used a 7-day reference period, and 2 used 
a 2 week reference period. The duration of time between the 
end of the intervention and the follow-up assessment ranged 
from immediate post-test to 6 months.

Overall Efficacy of the Interventions

Of the 14 included studies, 13 reported sufficient ART adher-
ence data (either within the report or when the authors were 
contacted) and were included in the meta-analysis (Fig. 2). 
[35–42, 52, 56–59] Overall, interventions significantly 
improved ART adherence compared to control conditions 
(random-effects d = 0.82, 95% CI [0.18, 1.45], p = 0.01). 
Two studies, Nyamathi et al. [52] and Surilena et al. [40] had 



2003AIDS and Behavior (2019) 23:1998–2013	

1 3

Ta
bl

e 
1  

C
ha

ra
ct

er
ist

ic
s o

f s
tu

di
es

 in
cl

ud
ed

 in
 th

e 
qu

al
ita

tiv
e 

sy
nt

he
si

s

A
ut

ho
r a

nd
 y

ea
r

Jo
ur

na
l/c

on
fe

re
nc

e
Lo

ca
tio

n
B

as
el

in
e 

sa
m

pl
e 

ch
ar

ac
-

te
ris

tic
s

In
te

rv
en

tio
n 

de
si

gn
A

dh
er

en
ce

 m
ea

su
re

m
en

t
B

as
el

in
e 

ad
he

re
nc

e
M

et
ho

do
lo

gi
ca

l 
qu

al
ity

da
 C

os
ta

 e
t a

l. 
20

12
 [3

5]
In

te
rn

at
io

na
l J

ou
rn

al
 o

f 
M

ed
ic

al
 In

fo
rm

at
ic

s
Sa

o 
Pa

ul
o,

 B
ra

zi
l

29
 w

om
en

; m
ea

n 
ag

e:
 

34
.6

; 6
7%

 m
ar

rie
d;

 
52

%
 c

om
pl

et
ed

 se
co

nd
-

ar
y 

ed
uc

at
io

n

SM
S-

ba
se

d 
in

te
rv

en
tio

n 
te

ste
d 

ov
er

 4
 m

on
th

s, 
m

es
sa

ge
s w

er
e 

tie
d 

to
 d

os
e 

tim
e 

an
d 

de
liv

er
ed

 4
 ti

m
es

 
pe

r w
ee

k 
ve

rs
us

 c
on

tro
l 

th
at

 d
id

 n
ot

 re
ce

iv
e 

SM
S 

m
es

sa
ge

s

SR
 (n

um
be

r m
is

se
d 

in
 

la
st 

30
 d

ay
s)

, p
ill

 c
ou

nt
 

(%
, m

on
th

ly
), 

M
ed

ic
a-

tio
n 

Ev
en

t M
on

ito
rin

g 
Sy

ste
m

 (%
, M

EM
S)

 
ca

ps
 (m

on
th

ly
); 

1,
 2

, 3
, 

4 
m

on
th

s f
ol

lo
w

-u
p

In
te

rv
en

tio
n =

 75
%

 
(M

EM
S)

 T
ot

al
 sc

or
e =

 18
 R

at
-

in
g =

 F
ai

r
C

on
tro

l =
 61

.5
4%

H
ol

st
ad

 e
t a

l. 
20

11
 [5

1]
A

ID
S 

an
d 

B
eh

av
io

r
A

tla
nt

a,
 G

A
20

7 
w

om
en

; m
ea

n 
ag

e:
 

43
.5

; 2
7.

2%
 m

ar
rie

d;
 

80
.8

%
 c

om
pl

et
ed

 se
c-

on
da

ry
 e

du
ca

tio
n

M
ot

iv
at

io
n 

in
te

rv
ie

w
in

g 
gr

ou
p 

ba
se

d 
in

te
rv

en
tio

n 
us

in
g 

So
ci

al
 C

og
ni

tiv
e 

Th
eo

ry
 to

 p
ro

m
ot

e 
m

ed
ic

a-
tio

n 
ad

he
re

nc
e 

an
d 

ris
k 

re
du

ct
io

n 
be

ha
vi

or
s (

8 
se

ss
io

ns
) v

er
su

s a
 h

ea
lth

 
pr

om
ot

io
n 

gr
ou

p 
ba

se
d 

co
nt

ro
l (

8 
se

ss
io

ns
)

M
EM

S 
ca

ps
 (%

, 
2 

w
ee

ks
), 

3,
 6

, a
nd

 
9 

m
on

th
s f

ol
lo

w
-u

p

In
te

rv
en

tio
n =

 73
.5

%
 

(S
D

 =
 33

.5
)

To
ta

l s
co

re
 =

 19
 R

at
-

in
g =

 F
ai

r
C

on
tro

l =
 74

.9
%

 
(S

D
 =

 31
.8

)

H
ol

st
ad

 e
t a

l. 
20

12
 [3

6]
A

fr
ic

an
 Jo

ur
na

l o
f 

Re
pr

od
uc

tiv
e 

H
ea

lth
La

go
s, 

N
ig

er
ia

60
 w

om
en

; m
ea

n 
ag

e:
 

30
.7

; 4
6%

 m
ar

rie
d;

 
90

%
 c

om
pl

et
ed

 se
co

nd
-

ar
y 

ed
uc

at
io

n

M
ot

iv
at

io
n 

in
te

rv
ie

w
in

g 
gr

ou
p 

ba
se

d 
in

te
rv

en
tio

n 
us

in
g 

So
ci

al
 C

og
ni

tiv
e 

Th
eo

ry
 to

 p
ro

m
ot

e 
m

ed
ic

a-
tio

n 
ad

he
re

nc
e 

an
d 

ris
k 

re
du

ct
io

n 
be

ha
vi

or
s (

8 
se

ss
io

ns
) v

er
su

s a
 h

ea
lth

 
pr

om
ot

io
n 

gr
ou

p 
ba

se
d 

co
nt

ro
l (

8 
se

ss
io

ns
)

SR
 (V

A
S 

[%
, 3

0 
da

ys
], 

A
G

A
S 

[s
co

re
 o

n 
sc

al
e,

 3
0 

da
ys

], 
A

C
TG

 
[s

co
re

 o
n 

sc
al

e,
 u

p 
to

 3
 m

on
th

s a
go

])
; 

6 
m

on
th

 fo
llo

w
-u

p

B
as

el
in

e 
da

ta
 n

ot
 

re
po

rte
d

To
ta

l s
co

re
 =

 20
 R

at
-

in
g =

 G
oo

d

Jo
ne

s e
t a

l. 
20

03
 [5

6]
A

ID
S 

C
ar

e
M

ia
m

i, 
N

ew
 Y

or
k 

C
ity

, 
an

d 
N

ew
 Je

rs
ey

, U
SA

17
4 

w
om

en
 w

ith
 A

ID
S;

 
m

ea
n 

ag
e:

 3
7;

 4
8%

 
si

ng
le

; 5
2%

 c
om

pl
et

ed
 

se
co

nd
ar

y 
ed

uc
at

io
n

C
og

ni
tiv

e-
be

ha
vi

or
al

 st
re

ss
 

m
an

ag
em

en
t/e

xp
re

s-
si

ve
 su

pp
or

tiv
e 

th
er

ap
y 

(C
B

SM
 +

) g
ro

up
 in

te
rv

en
-

tio
n 

(1
0 

se
ss

io
ns

) v
er

su
s 

tim
e-

m
at

ch
ed

 in
di

vi
du

al
 

ba
se

d 
in

fo
rm

at
io

na
l/e

du
ca

-
tio

na
l c

on
tro

l

SR
 (A

M
S 

[%
, 7

 d
ay

s]
); 

ba
se

lin
e,

 1
0 

w
ee

k 
fo

llo
w

-u
p;

 *
 e

ffe
ct

 si
ze

 
co

ul
d 

on
ly

 b
e 

ca
lc

u-
la

te
d 

fo
r l

ow
 a

dh
er

er
s 

at
 b

as
el

in
e

* 
lo

w
 a

dh
er

er
s a

t 
ba

se
lin

e;
 In

te
rv

en
-

tio
n =

 46
%

 (S
D

 =
 28

.4
)

To
ta

l s
co

re
 =

 16
 R

at
-

in
g =

 F
ai

r

C
on

tro
l =

 51
%

 
(S

D
 =

 25
.7

)

Jo
ne

s e
t a

l. 
20

07
 [5

7]
A

ID
S 

an
d 

B
eh

av
io

r
M

ia
m

i, 
N

ew
 Y

or
k 

C
ity

, 
an

d 
N

ew
 Je

rs
ey

, U
SA

17
7 

w
om

en
; m

ea
n 

ag
e:

 
41

; 5
3%

 c
om

pl
et

ed
 se

c-
on

da
ry

 e
du

ca
tio

n

2 ×
 2 

fa
ct

or
ia

l d
es

ig
n-

 P
ha

se
 

1:
 C

B
SM

 +
 gr

ou
p 

ve
rs

us
 

in
di

vi
du

al
 (b

ot
h 

10
 se

s-
si

on
s)

; P
ha

se
 2

: H
ea

lth
ie

r 
Li

fe
sty

le
s g

ro
up

s v
er

su
s 

in
di

vi
du

al
 (b

ot
h 

6 
se

s-
si

on
s)

SR
 (A

C
TG

 [%
, 4

 d
ay

s]
); 

ba
se

lin
e,

 3
 a

nd
 6

 m
on

th
 

fo
llo

w
-u

ps
 *

eff
ec

t 
si

ze
 a

ny
 g

ro
up

 v
er

su
s 

in
di

vi
du

al
 o

nl
y

B
as

el
in

e 
da

ta
 n

ot
 

re
po

rte
d

 T
ot

al
 sc

or
e =

 16
 R

at
-

in
g =

 F
ai

r

K
em

pf
 e

t a
l. 

20
16

 [3
8]

11
th

 In
te

rn
at

io
na

l 
C

on
fe

re
nc

e 
on

 H
IV

 
Tr

ea
tm

en
t a

nd
 P

re
ve

n-
tio

n 
A

dh
er

en
ce

Ru
ra

l A
la

ba
m

a,
 U

SA
22

 w
om

en
 w

ith
 d

ep
re

s-
si

on
; m

ea
n 

ag
e:

 4
5.

8;
 

32
%

 m
ar

rie
d;

 8
2%

 
co

m
pl

et
ed

 se
co

nd
ar

y 
ed

uc
at

io
n

C
og

ni
tiv

e 
B

eh
av

io
ra

l 
Th

er
ap

y 
fo

r A
dh

er
en

ce
 a

nd
 

D
ep

re
ss

io
n 

(C
B

T-
A

D
) i

n 
H

IV
 (1

0 
se

ss
io

ns
) v

er
su

s 
tim

e-
m

at
ch

ed
 su

pp
or

tiv
e 

ps
yc

ho
th

er
ap

y 
(b

ot
h 

vi
a 

te
le

m
ed

ic
in

e)

W
is

ep
ill

 [%
, p

as
t w

ee
k]

; 
ba

se
lin

e,
 3

 a
nd

 6
 m

on
th

 
fo

llo
w

-u
ps

In
te

rv
en

tio
n =

 94
.8

%
 

(S
D

 =
 13

.2
)

 T
ot

al
 sc

or
eb  =

 18
 R

at
-

in
g =

 F
ai

r
C

on
tro

l =
 84

.4
%

 
(S

D
 =

 26
.7

)



2004	 AIDS and Behavior (2019) 23:1998–2013

1 3

Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r a

nd
 y

ea
r

Jo
ur

na
l/c

on
fe

re
nc

e
Lo

ca
tio

n
B

as
el

in
e 

sa
m

pl
e 

ch
ar

ac
-

te
ris

tic
s

In
te

rv
en

tio
n 

de
si

gn
A

dh
er

en
ce

 m
ea

su
re

m
en

t
B

as
el

in
e 

ad
he

re
nc

e
M

et
ho

do
lo

gi
ca

l 
qu

al
ity

K
iw

ee
w

a 
et

 a
l. 

20
13

 [4
2]

JA
ID

S:
 Jo

ur
na

l o
f 

A
cq

ui
re

d 
Im

m
un

e 
D

efi
ci

en
cy

 S
yn

dr
om

es

K
am

pa
la

, U
ga

nd
a

92
 w

om
en

 w
ho

 w
er

e 
W

H
O

 st
ag

e 
II

I/I
V

 o
r 

ha
d 

C
D

4 
ce

ll 
co

un
ts

 
le

ss
 th

an
 2

00
 a

tte
nd

-
in

g 
PM

TC
T 

pr
og

ra
m

 
(p

re
gn

an
cy

/p
os

tp
ar

tu
m

 
w

as
 n

ot
 a

n 
in

cl
us

io
n 

cr
ite

ria
 fo

r e
nt

ry
 in

to
 

th
e 

stu
dy

); 
m

ea
n 

ag
e:

 
27

.3
; 7

8%
 m

ar
rie

d;
 

52
%

 c
om

pl
et

ed
 se

co
nd

-
ar

y 
ed

uc
at

io
n

In
te

rv
en

tio
n 

de
liv

er
ed

 b
y 

nu
rs

es
 tr

ai
ne

d 
in

 A
RT

 
m

an
ag

em
en

t a
nd

 p
ee

r 
co

un
se

lo
rs

 (7
 se

ss
io

ns
 

ac
ro

ss
 1

 y
ea

r)
 w

ith
 h

om
e 

vi
si

ts
 b

y 
pe

er
 c

ou
ns

el
or

s 
fo

r m
is

se
d 

ap
po

in
tm

en
ts

 
ve

rs
us

 st
an

da
rd

 c
lin

ic
-

ba
se

d 
m

od
el

Pi
ll 

co
un

t [
%

, s
tu

dy
 

pe
rio

d]
; 6

–1
2 

m
on

th
s 

af
te

r A
RT

 in
iti

at
io

n

B
as

el
in

e 
da

ta
 n

ot
 

re
po

rte
d

 T
ot

al
 sc

or
e =

 21
 R

at
-

in
g =

 G
oo

d

M
an

n 
20

01
 [5

8]
A

nn
al

s o
f B

eh
av

io
ra

l 
M

ed
ic

in
e

N
R

44
 w

om
en

; m
ea

n 
ag

e:
 

38
.5

; 2
3%

 m
ar

rie
d

Ex
pr

es
si

ve
 fu

tu
re

 w
rit

in
g 

gr
ou

p 
(1

0 
m

in
, t

w
ic

e 
a 

w
ee

k 
fo

r 4
 w

ee
ks

) v
er

su
s 

no
 w

rit
in

g 
gr

ou
p

SR
 (R

A
N

D
 M

ed
ic

al
 

O
ut

co
m

es
 S

tu
dy

, [
6 

po
in

t L
ik

er
t S

ca
le

, 
pa

st 
m

on
th

])
; b

as
el

in
e,

 
1 

m
on

th
 fo

llo
w

-u
p

In
te

rv
en

tio
n =

 4.
54

 
(S

D
 =

 0.
28

; i
te

m
s 

av
er

ag
ed

 fr
om

 a
 6

 
po

in
t L

ik
er

t s
ca

le
)

To
ta

l s
co

re
 =

 17
 R

at
-

in
g =

 F
ai

r

C
on

tro
l =

 4.
93

 
(S

D
 =

 0.
22

)
M

es
se

rs
m

ith
 e

t a
l. 

20
17

 
[3

7]
12

th
 In

te
rn

at
io

na
l 

C
on

fe
re

nc
e 

on
 H

IV
 

Tr
ea

tm
en

t a
nd

 P
re

ve
n-

tio
n 

A
dh

er
en

ce

M
ity

an
a,

 U
ga

nd
a

13
3 

pr
eg

na
nt

 w
om

en
 (1

2-
28

 w
ee

ks
) o

n 
on

ce
 d

ay
 

re
gi

m
en

s;
 m

ea
n 

ag
e:

 
25

.4
; 7

3%
 m

ar
rie

d;
 

94
%

 c
om

pl
et

ed
 se

co
nd

-
ar

y 
ed

uc
at

io
n

SM
S 

re
m

in
de

r i
f W

is
ep

ill
 

w
as

 n
ot

 o
pe

ne
d 

w
ith

in
 2

 h
 

of
 d

os
e 

tim
e +

 m
on

th
ly

 
In

fo
rm

at
io

n 
M

ot
iv

at
io

n 
B

eh
av

io
ra

l S
ki

lls
 (I

M
B

)-
ba

se
d 

co
un

se
lin

g 
se

ss
io

ns
 

us
in

g 
W

is
ep

ill
 d

at
a 

fo
r 

fe
ed

ba
ck

 (u
p 

to
 9

 m
on

th
s)

 
ve

rs
us

 n
o 

in
te

rv
en

tio
n

W
is

ep
ill

 [%
 a

nd
 

th
re

sh
ol

d,
 in

te
rv

en
tio

n 
pe

rio
d]

; I
nt

er
ve

nt
io

n 
pe

rio
d

In
te

rv
en

tio
n =

 78
.5

5%
 

(S
D

 =
 23

.9
)

 T
ot

al
 sc

or
eb  =

 16
 R

at
-

in
g =

 F
ai

r
C

on
tro

l =
 75

.8
9%

 
(S

D
 =

 24
.5

)

N
ya

m
at

hi
 e

t a
l. 

20
12

 
[5

2]
N

ur
si

ng
 R

es
ea

rc
h

A
nd

ra
 P

ra
de

sh
, I

nd
ia

68
 w

om
en

 li
vi

ng
 w

ith
 

A
ID

S 
an

d 
on

 A
RT

 fo
r 

at
 le

as
t 3

 m
on

th
s;

 m
ea

n 
ag

e:
 3

1.
2;

 5
2%

 m
ar

-
rie

d;
 2

2%
 c

om
pl

et
ed

 
se

co
nd

ar
y 

ed
uc

at
io

n

A
sh

a-
Li

fe
 in

te
rv

en
tio

n 
co

ns
ist

in
g 

of
 6

 g
ro

up
 

cl
as

se
s a

nd
 h

om
e 

vi
si

ts
 

an
d 

as
si

st
an

ce
 in

 o
ve

r-
co

m
in

g 
ba

rr
ie

r t
o 

ca
re

 
by

 A
cc

re
di

te
d 

So
ci

al
 

H
ea

lth
 A

ct
iv

ist
s (

A
sh

as
) 

ve
rs

us
 6

 g
ro

up
 c

la
ss

es
 ti

m
e 

m
at

ch
ed

 to
 in

te
rv

en
tio

n 
w

ith
 A

sh
a 

vi
si

ts
 th

at
 w

er
e 

le
ss

 su
pp

or
tiv

e;
 b

ot
h 

la
ste

d 
6 

m
on

th
s

Pi
ll 

co
un

t [
%

, p
as

t 
m

on
th

]; 
m

on
th

ly
 fo

r 
6 

m
on

th
s

In
te

rv
en

tio
n =

 41
.7

%
 

(S
D

 =
 9.

5)
 T

ot
al

 sc
or

e =
 18

 R
at

-
in

g =
 F

ai
r

C
on

tro
l =

 54
.9

%
 

(S
D

 =
 16

.9
)

Sa
rn

a 
et

 a
l. 

20
17

 [3
9]

12
th

 In
te

rn
at

io
na

l 
C

on
fe

re
nc

e 
on

 H
IV

 
Tr

ea
tm

en
t a

nd
 P

re
ve

n-
tio

n 
A

dh
er

en
ce

K
is

um
u,

 K
en

ya
40

4 
pr

eg
na

nt
 w

om
en

 (1
4-

36
 w

ee
ks

); 
m

ea
n 

ag
e:

 
25

; 8
2%

 m
ar

rie
d

In
di

vi
du

al
 se

lf-
re

gu
la

tio
n 

th
eo

ry
 b

as
ed

 c
ou

ns
el

in
g 

de
liv

er
ed

 v
ia

 c
el

l-p
ho

ne
 

(m
ax

im
um

 o
f 2

4 
an

te
na

ta
l 

ca
lls

 a
nd

 1
6 

po
stn

at
al

 
ca

lls
) v

er
su

s s
ta

nd
ar

d 
ca

re

Ph
ar

m
ac

y 
re

fil
ls

 [p
ro

-
po

rti
on

 a
bo

ve
 9

0%
, 

tim
e 

fr
am

e 
un

cl
ea

r]
; 

de
liv

er
y,

 6
 w

ee
ks

 
po

stp
ar

tu
m

, 1
4 

w
ee

ks
 

po
stp

ar
tu

m

B
as

el
in

e 
da

ta
 n

ot
 

re
po

rte
d

 T
ot

al
 sc

or
eb  =

 15
 R

at
-

in
g =

 F
ai

r



2005AIDS and Behavior (2019) 23:1998–2013	

1 3

Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r a

nd
 y

ea
r

Jo
ur

na
l/c

on
fe

re
nc

e
Lo

ca
tio

n
B

as
el

in
e 

sa
m

pl
e 

ch
ar

ac
-

te
ris

tic
s

In
te

rv
en

tio
n 

de
si

gn
A

dh
er

en
ce

 m
ea

su
re

m
en

t
B

as
el

in
e 

ad
he

re
nc

e
M

et
ho

do
lo

gi
ca

l 
qu

al
ity

Su
ril

en
a 

et
 a

l. 
20

14
 [4

0]
A

ct
a 

M
ed

ic
a 

In
do

ne
si

-
an

a:
 T

he
 In

do
ne

si
an

 
Jo

ur
na

l o
f I

nt
er

na
l 

M
ed

ic
in

e

Ja
ka

rta
, I

nd
on

es
ia

16
0 

w
om

en
 in

fe
ct

ed
 

th
ro

ug
h 

th
ei

r h
us

ba
nd

/
pa

rtn
er

; m
ea

n 
ag

e:
 

33
.5

1;
 9

3%
 m

ar
rie

d

R
at

io
na

l e
m

ot
iv

e 
be

ha
vi

or
 

th
er

ap
y 

(R
EB

T)
 6

 se
ss

io
ns

 
of

 in
di

vi
du

al
 th

er
ap

y/
w

ee
k 

an
d 

2 
se

ss
io

n 
of

 g
ro

up
 

th
er

ap
y/

w
ee

k 
(8

 w
ee

ks
) 

ve
rs

us
 n

o 
in

te
rv

en
tio

n

SR
 (s

ca
le

 n
ot

 sp
ec

ifi
ed

 
[%

, p
as

t w
ee

k]
); 

pi
ll 

co
un

t [
%

, p
as

t w
ee

k]
; 

w
ee

kl
y 

fo
r 8

 w
ee

ks

In
te

rv
en

tio
n =

 74
%

 (9
5%

 
C

I [
69

.0
, 7

5.
3]

), 
(S

el
f-

re
po

rt)

 T
ot

al
 sc

or
e =

 17
 R

at
-

in
g =

 F
ai

r

C
on

tro
l =

 77
%

 (9
5%

 C
I 

[7
1.

8,
 8

0.
3]

)

W
eb

el
 2

01
0 

[4
1]

A
ID

S 
C

ar
e

Sa
n 

Fr
an

ci
sc

o,
 U

SA
89

 w
om

en
; m

ea
n 

ag
e:

 
46

.9
; 3

%
 m

ar
rie

d;
 6

2%
 

co
m

pl
et

ed
 se

co
nd

ar
y 

ed
uc

at
io

n

Pe
er

-b
as

ed
 H

IV
 sy

m
pt

om
 

m
an

ag
em

en
t i

nt
er

ve
n-

tio
n 

us
in

g 
th

e 
Po

si
tiv

e 
Se

lf-
M

an
ag

em
en

t P
ro

gr
am

 
(P

SM
P)

 d
el

iv
er

ed
 to

 
gr

ou
ps

 (7
 w

ee
kl

y 
se

ss
io

ns
) 

ve
rs

us
 c

on
tro

l c
on

di
tio

n 
re

ce
iv

ed
 a

 c
op

y 
of

 H
IV

 
Sy

m
pt

om
 M

an
ag

em
en

t: 
A

 
M

an
ua

l f
or

 P
eo

pl
e 

Li
vi

ng
 

w
ith

 H
IV

SR
 (r

ev
is

ed
 A

C
TG

 [%
 

of
 m

is
se

d 
do

se
s, 

pa
st 

7 
da

ys
])

; b
as

el
in

e,
 

w
ee

ks
 2

, 6
, 1

0 
an

d 
14

In
te

rv
en

tio
n =

 6.
98

 
(S

D
 =

 17
.5

3)
c

 T
ot

al
 sc

or
e =

 18
 R

at
-

in
g =

 F
ai

r
C

on
tro

l =
 7.

92
 

(S
D

 =
 18

.8
1)

W
ya

tt 
et

 a
l. 

20
04

[5
9]

A
ID

S 
an

d 
be

ha
vi

or
Lo

s A
ng

el
es

, U
SA

14
7 

w
om

en
 w

ith
 a

 
hi

sto
ry

 o
f s

ex
ua

l 
ab

us
e;

 m
ea

n 
ag

e:
 4

1;
 

38
%

 m
ar

rie
d;

 5
6%

 
co

m
pl

et
ed

 se
co

nd
ar

y 
ed

uc
at

io
n

En
ha

nc
ed

 se
xu

al
 h

ea
lth

 
in

te
rv

en
tio

n 
(E

SH
I)

 ri
sk

 
re

du
ct

io
n 

gr
ou

p 
co

un
se

lin
g 

an
d 

w
ee

kl
y 

ca
lls

 (1
1 

w
ee

ks
) v

s. 
at

te
nt

io
n 

w
ai

t-
lis

t c
on

tro
l (

1 
gr

ou
p 

se
s-

si
on

 a
nd

 1
1 

w
ee

kl
y 

ca
lls

)

SR
 (H

ow
 m

an
y 

da
ys

 in
 

th
e 

pa
st 

2 
w

ee
ks

 h
ad

 
th

ey
 ta

ke
n 

th
ei

r H
IV

 
m

ed
ic

at
io

ns
 "e

xa
ct

ly
 a

s 
pr

es
cr

ib
ed

 (o
n 

sc
he

du
le

 
an

d 
th

e 
co

rr
ec

t d
os

e)
" 

[%
, 2

 w
ee

ks
]; 

po
st-

te
st 

(a
fte

r 1
1 

w
ee

ks
)

B
as

el
in

e 
da

ta
 n

ot
 

re
po

rte
d

To
ta

l S
co

re
 =

 2
0 

R
at

-
in

g 
=

 G
oo

d

SR
 se

lf-
re

po
rt,

 M
EM

S 
m

ed
ic

at
io

n 
ev

en
t m

on
ito

rin
g 

sy
ste

m
, V

AS
 v

is
ua

l-a
na

lo
g 

sc
al

e,
 A

G
AS

 A
nt

ire
tro

vi
ra

l G
en

er
al

 A
dh

er
en

ce
 S

ca
le

, A
C

TG
​ A

ID
S 

C
lin

ic
 T

ria
ls

 G
ro

up
, A

M
S 

A
dh

er
en

ce
 to

 M
ed

i-
ca

tio
n 

Sc
al

e,
 S

M
S 

sh
or

t m
es

sa
ge

 se
rv

ic
e,

 N
R 

no
t r

ep
or

te
d,

 P
M

TC
T​ 

pr
ev

en
tio

n 
of

 m
ot

he
r t

o 
ch

ild
 tr

an
sm

is
si

on
, A

RT
​ a

nt
ire

tro
vi

ra
l t

he
ra

py
a  O

nl
y 

on
e 

m
ea

su
re

 is
 re

po
rte

d 
pe

r s
tu

dy
. I

n 
stu

di
es

 th
at

 re
po

rte
d 

m
ul

tip
le

 m
ea

su
re

s o
f a

dh
er

en
ce

, t
he

 re
fe

re
nc

ed
 m

ea
su

re
 is

 in
 p

ar
en

th
es

es
 a

nd
 m

ea
su

re
s w

ith
 p

er
ce

nt
ag

es
 w

er
e 

pr
ef

er
re

d
b  Th

e 
m

et
ho

do
lo

gi
ca

l c
od

in
g 

fo
r t

he
se

 st
ud

ie
s m

ay
 b

e 
bi

as
ed

 d
ue

 to
 th

e 
fa

ct
 th

at
 c

od
in

g 
w

as
 b

as
ed

 o
n 

co
nf

er
en

ce
 a

bs
tra

ct
s a

nd
 sl

id
e 

pr
es

en
ta

tio
ns

 ra
th

er
 th

an
 fu

ll 
m

an
us

cr
ip

ts
c  W

he
n 

ca
lc

ul
at

in
g 

th
e 

eff
ec

t s
iz

es
 fo

r t
hi

s s
tu

dy
, t

he
se

 v
al

ue
s w

er
e 

tra
ns

fo
rm

ed
 to

 re
pr

es
en

t %
 a

dh
er

en
ce

 ra
th

er
 th

an
 %

 m
is

se
d



2006	 AIDS and Behavior (2019) 23:1998–2013

1 3

ESs greater than 3 standard errors above the mean ES. These 
two studies were both conducted in Asia (India and Indo-
nesia), were tested against a standard of care control condi-
tion, and had a group delivery component. When sensitivity 
analyses were run without these two studies, the mean ES for 
interventions on ART adherence was no longer significant 
(random effects d = 0.20, 95% CI [− 0.08, 0.48], p = 0.16). 
For the full model including all studies, the hypothesis of 
homogeneity was rejected (Q = 300.79, p < 0.001) and the 
I2 showed high levels of heterogeneity within study effects 
(I2 = 96.01%). Tests for publication/reporting bias showed 
relatively low levels of bias: trim and fill results showed no 
asymmetry for ART adherence and no missing studies were 
estimated. Furthermore, Begg’s and Egger’s tests were non-
significant (Begg’s z = 1.28, p = 0.20, Egger’s bias = 9.36 
[SE = 6.18], t = 1.51, p = 0.16).

Very few studies reported on HIV viral load (k = 3) and 
CD4 T-cell counts (k = 2) as outcomes in addition to ART 

adherence. In the studies that reported HIV viral load, 
interventions did not significantly decrease HIV viral load 
compared to control conditions (random effects d = − 0.16, 
95% CI − 0.40, 0.07, p = 0.16). The hypothesis of homo-
geneity was not rejected (Q = 0.50, p = 0.78), thus moder-
ator analyses were not conducted for HIV viral load out-
comes. Additionally, in studies that reported CD4 T-cell 
count results, interventions did not significantly increase 
CD4 T-cell counts compared to control conditions (random 
effects d = 0.14, 95% CI − 0.19, 0.47, p = 0.40). Additionally, 
the hypothesis of homogeneity was not rejected (Q = 0.03, 
p = 0.87), thus moderator analyses were not conducted for 
CD4 T-cell count outcomes (Figs. 3, 4).

Moderators of ART Adherence ES Magnitude

Given the high levels of heterogeneity found in the ART 
adherence analyses, tests for moderators of ES magnitude 

Included Studies

de Costa et al. (2012) N=29

Holstad et al. (2012) N=60

Jones et al. (2003) N=97**

Jones et al. (2007) N=177

Kempf et al. (2016) N=22

Kiweewa et al. (2013) N=92

Mann (2001) N=44

Messersmith et al. (2017) N=133

Nyamathi et al. (2012) N=68

Sarna et al. (2017) N=404

Surilena et al. (2014) N=160

Webel (2010) N=89

Wyatt et al. (2004) N=147

ES [95%CI]

0.359 [0.194, 0.524]

1.714 [1.625, 1.803]

0.102 [0.071, 0.133]

0.423 [0.393,0.453]

-0.863 [-1.082, -0.644]

0.672 [0.626, 0.718]

-0.96 [-1.059, -0.861]

0.152 [0.123, 0.181]

5.851 [5.719, 5.983]

0.093 [0.082, 0.104]

3.74 [3.698, 3.782]

-0.116 [-0.171, -0.061]

0.074 [0.045, 0.102]

Mean ES= 0.82 [0.18,1.45]

-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5

Fig. 2   Effect size estimates for ART adherence at follow-up. Effect sizes are in alphabetical order. Positive effect sizes indicate increased ART 
adherence in the intervention condition at follow-up compared to control condition

Fig. 3   Effect size estimates for HIV viral load at follow-up. Effect sizes are in alphabetical order. Negative effect sizes indicate decreased HIV 
viral load in the intervention condition at follow-up compared to control condition
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were warranted. Several study characteristics were related 
to ES magnitude (Table 2). Studies that were conducted in 
developing countries had larger ESs (β = 0.50, p = 0.043). 
Studies that recruited participants in clinics had smaller ESs 
(β = − 0.76, p < 0.001) whereas studies that recruited through 
flyers had larger ESs (β = 0.66, p = 0.001; note: some stud-
ies used both methods). Studies with higher attrition rates 
had larger ESs as did studies that had less educated sam-
ples (β = 0.55, p = 0.02, β = − 0.55, p = 0.03, respectively). 
Studies that recruited based on mental health issue or preg-
nant women did not have larger ESs than studies that did 
not recruit these specific populations (β = − 0.29, p = 0.27, 
β = 0.17, p = 0.52, respectively).

With regards to intervention design and content, inter-
ventions that contained a group component had larger 
effect sizes (β = 0.47, p = 0.049). Finally, interventions that 
incorporated an alteration to the healthcare system (e.g. 
task-shifting from physician centered care to nurse and peer 
counselor care) had larger effect sizes (β = 0.53, p = 0.02). 
Specific intervention content (e.g. gender empowerment, 
skills building, goal setting) was not significantly related to 
ES magnitude. Methodological quality also was not signifi-
cantly related to ES magnitude (β = 0.11, p = 0.68). Control 
condition type was also not a significant moderator of ES 
magnitude (standard of care: β = 0.32, p = 0.22; Intervention 
not related to adherence: β = − 0.29, p = 0.27).

Characteristics of the measures used to assess adherence 
were also assessed as moderators. The use of self-report and 
Wisepill devices to measure adherence were not significantly 
related to ES magnitude, however, the use of pill counts were 
associated larger effect sizes (β = 0.65, p = 0.002). Measures 
that used a reference period of 30 days were not significantly 
related to ES magnitude nor were those that used a 7-day 
reference period.

Discussion

This is the first known meta-analysis to assess the efficacy 
of behavioral ART adherence interventions specifically for 
women living with HIV and to identify moderators of inter-
vention efficacy. Fourteen ART adherence trials targeting 

women were identified, and there was significant heteroge-
neity in the specific types/modalities of adherence interven-
tions, incorporation of gender-focused content or considera-
tions of gender in intervention delivery, geographic context, 
sampling approaches, and assessment of ART measures. 
Despite the heavy burden of HIV among women in sub-
Saharan Africa, we identified only 4 studies meeting inclu-
sion criteria conducted in this region.

On average, ART adherence interventions identified in 
this review significantly improved ART adherence com-
pared to control conditions; however, this finding is mainly 
driven by two interventions with very large effect sizes [40, 
52]. Nyamathi and colleagues conducted an intervention in 
rural India in which women received 6 group classes on 
HIV/AIDS knowledge, ART adherence, coping, reduc-
ing stigma, and nutrition. In addition, HIV-trained village 
women (“Ashas”) visited women in the intervention condi-
tion weekly to monitor barriers to ART adherence and to 
assist them with accessing healthcare and their prescriptions 
[52]. The control condition was a usual care program and the 
Ashas visited with the women in the control condition but 
did not provide the same supportive role. Surilena and col-
leagues conducted the other intervention that had a relatively 
large effect size in Jakarta, Indonesia [40]. This intervention 
consisted of 8 weekly sessions utilizing rational-emotive-
behavior-based interventional therapy, a type of psychother-
apy, and sessions were mixed in format between individual 
and group sessions. The common features between these 
two interventions are that they were conducted in Asia, were 
tested against a standard of care control condition, and had 
a group delivery component; however, only group deliv-
ery component was a significant moderator of effect size 
magnitude in our analyses. It is unclear if cultural context 
played a role in effect size magnitude, however, this should 
be explored in future research.

In general, the other 11 interventions show modest but 
significant effect sizes with two interventions showing 
large negative effects. These 11 studies are more consist-
ent with the larger ART adherence intervention literature; 
previous meta-analyses of ART adherence interventions 
for general populations living with HIV have revealed sig-
nificant but small effects (d = 0.35) on ART adherence over 

Fig. 4   Effect size estimates for CD4 T-cell count at follow-up. Effect sizes are in alphabetical order. Positive effect sizes indicate increased CD4 
T-cell counts in the intervention condition at follow-up compared to control condition
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Table 2   Moderators of effect 
size magnitude for ART 
adherence outcomes

Moderator Beta p-value k Mean

Publication year 0.24 0.36 2010
Developing country 0.5 0.043 7
Sample size − 0.01 0.97 104.23
Methodological quality 0.11 0.68 17.79
Recruitment
 By flyer 0.66 0.001 2
 In clinic − 0.76 < 0.001 12
 Through community based organizations/ − 0.25 0.34 3
 Support groups

Inclusion criteria
 Pregnant − 0.17 0.52 2
 Mental health issues − 0.29 0.27 2

Acceptance rate 0.04 0.91 62.58%
Attrition rate 0.55 0.02 79.32%
Baseline characteristics
 Age − 0.33 0.2 35.23
 Completed secondary education − 0.55 0.03 61.46%
 Single − 0.5 0.1 34.38%

Theory-based − 0.15 0.59 4
Group component 0.47 0.049 7
Control group
 Standard of care control/no intervention 0.32 0.22 7
 Intervention not related to adherence − 0.29 0.27 5

Intervention length (Days) 0.05 0.85 130
Number of intervention sessions 0.28 0.31 17
Length of follow-up (weeks) 0.3 0.25 13.7
Type of intervention
 Technology-based − 0.33 0.2 4
 Information/education 0.23 0.39 6
 Motivational − 0.06 0.82 3
 Cognitive-behavioral − 0.13 0.63 8
 Alteration of the healthcare system 0.53 0.02 2

Intervention content
 Gender empowerment 0.01 0.97 2
 Cultural relevance/tailoring 0.01 0.97 2
 Role playing/skills building − 0.32 0.22 6
 Feedback − 0.11 0.68 1
 Goal Setting − 0.09 0.74 3
 Discussion of barriers/facilitators/strategies 0.34 0.18 8
 Coping 0.08 0.77 5
 Symptom management − 0.13 0.62 2

Adherence measure characteristics
 Self report − 0.46 0.64 8
 Wisepill − 1.05 0.29 2
 Pill count 0.65 0.002 4
 30 day reference period 0.31 0.24 4
 7 day reference period − 0.04 0.87 4
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time [60, 61]. Furthermore, previous research has shown 
ART adherence interventions that do not specifically target 
those who were known to be non-adherent (such as the case 
with all the studies in this meta-analysis) have even smaller 
effects (d = 0.19) [60]. Thus, the magnitude of the effects 
sizes found in this systematic review and meta-analysis 
are consistent with the overall literature of ART adherence 
interventions.

Two studies included in this review had large negative 
effect sizes, such that participants in the control condition 
had better ART adherence at follow-up compared to those 
in the intervention condition. Of these, one study [38] had 
substantial differences in baseline adherence between the 
intervention and control conditions. The intervention condi-
tion, utilizing telemedicine-delivered cognitive behavioral 
therapy (CBT) for HIV positive women with depression, 
had a baseline adherence of 94.8% (vs 84.4% in the con-
trol), which left little room for improvement at follow-up for 
those in the intervention condition. This study highlights the 
necessity of recruiting those actually in need of adherence 
interventions (i.e. women with poor adherence at baseline).

The other study with a large negative effect [58] 
attempted to increase optimism, and thus increase positive 
health behaviors like adherence, with an expressive writing 
intervention in which those randomized to the intervention 
condition were given a journal and asked to write about the 
future for 10 min a day, twice a week for 4 weeks. Partici-
pants randomized to the control condition were not asked 
to write. HIV positive women who engaged in the writing 
activity had significantly worse adherence by the end of the 
study compared to the control condition. This study suggests 
that simple interventions may not be as effective as interven-
tions that target adherence as a dynamic health behavior with 
multi-faceted influences.

Only 3 of the studies included in the meta-analysis 
reported on clinical outcomes (i.e. HIV viral load and CD4 
T-cell counts). Of those that reported on clinical outcomes, 
no significant decreases in HIV viral load or significant 
increases in CD4 T-cell counts were found. Furthermore, 
there was not demonstrable heterogeneity in these effect 
sizes so moderator analyses were not justified leading to a 
limitation of this meta-analysis. Key clinical markers such 
as HIV viral load, CD4 T-cell counts, and drug concentra-
tions, should be incorporated into future behavioral ART 
adherence interventions to parse out the best interventions 
for clinically meaningful improvements in ART adherence 
and reinforce the importance of bio-behavioral approaches.

A surprising finding of this meta-analysis was that 
although all of these interventions recruited only women, the 
extent of tailoring for women’s needs was lacking. Only 3 
studies included in the systematic review specifically stated 
that they integrated gender empowerment principles or dis-
cussed the intervention content in terms of gender-specific 

concepts such as interconnectedness or collectivism. For 
interventions delivered in a group format, discussions about 
difficulties with ART adherence as collectively experienced 
by women may have occurred but this was largely missing 
from discussions of intervention results and, thus, cannot 
be assumed. Gender-specific tailoring of behavioral ART 
adherence interventions is a clear area of improvement for 
future behavioral ART adherence interventions given the lit-
erature on gender empowerment and other health outcomes.

Furthermore, there were only 2 ART adherence inter-
ventions that specifically addressed the critical periods 
of pregnancy and postpartum and these interventions did 
not improve medication adherence (mean ES = 0.06; 95% 
CI = − 0.12, 0.25) [37, 39]. Targeting interventions specific 
to the sub-populations of pregnant and postpartum mothers 
are crucial for achieving “90-90-90” goals of many national 
and international health organizations (e.g., UNAIDS, 
WHO, CDC) [62]. Although women in these sub-popula-
tions generally share common motivations associated with 
childbirth and motherhood and tend to be already engaged 
within the health system, this review found that the few 
behavioral ART adherence interventions that specifically 
target this time period have limited efficacy. Innovative 
interventions are urgently needed to increase HIV treatment 
adherence in this critical population to improve maternal 
health and limit mother-to-child transmission, particularly 
during the postpartum period when mothers are more likely 
to be inadequately adherent [19].

This meta-analysis found several significant moderators 
of the magnitude of effect size. Notably, interventions that 
included a group component were shown to have larger 
effect sizes compared to interventions that were only deliv-
ered individually. Group-based interventions may increase 
feeling of social support, which has been shown to posi-
tively influence ART adherence [63, 64]. There are often 
organizational barriers to conducting interventions within 
a group setting, including needing to recruit a large number 
of women at the same time, physical space requirements, 
and group session attendance rates. However, the impact of 
this format on increasing ART adherence may warrant more 
effort in developing creative ways to incorporate a “group-
like” feel, such as through social media or other group chat 
technologies [65].

Due to the heterogeneity in specific intervention content, 
we were unable to quantify through meta-analysis whether 
specific intervention components were associated with effect 
size. The number of sessions conducted and the length of 
intervention time frame did not seem to matter, indicating 
that a “more is better approach” may not be warranted or 
necessary. Furthermore, no specific intervention content 
(e.g. skills-building, discussion of barriers, etc.) was shown 
to be a panacea to unlocking better ART adherence for 
women. Overall, standard counseling and psycho/educational 



2010	 AIDS and Behavior (2019) 23:1998–2013

1 3

approaches are important as a foundation for interventions, 
however, in order to move beyond modest effects, different, 
innovative approaches are urgently needed.

ART adherence is dynamic and multifaceted with many 
driving factors. Previous literature has suggested that in 
order to increase the impact of ART adherence interventions, 
there needs to be a focus on structural factors in addition 
to individual-level behavior change [66–68]. The results of 
our moderator analyses support this suggestion: interven-
tions that altered the healthcare system in some way had 
significantly larger ESs. Specifically, task shifting from phy-
sician centered care to nurse and peer counselor care [42] 
and utilizing additional HIV-trained clinic support staff to 
follow-up with women in the clinic and at home [52] signifi-
cantly improved ART adherence outcomes. Future interven-
tion development work should focus on the integration of 
structural and individual levels of behavior change to create 
dynamic interventions to simultaneously address some of the 
major factors influencing ART adherence, including clinic 
level barriers and support.

This meta-analysis has several limitations. This review 
was limited to English only articles and potentially relevant 
articles in other languages may have been excluded. Addi-
tionally, while we feel that the search string we used bal-
anced being comprehensive while eliminating irrelevant 
articles, it is possible that the search string was not compre-
hensive enough. Searching the reference sections of relevant 
review articles likely helped mitigate this, however, it is pos-
sible that there are articles that meet our inclusion criteria 
that were not picked up in our search. With all systematic 
reviews and meta-analyses, publication bias is a concern. We 
feel confident that this was not an issue for this meta-analysis 
due to the non-significant Begg’s and Egger’s tests and the 
fact that we were able to capture some of the grey literature 
through conference abstracts.

Additionally, we operationalized women-focused inter-
ventions to be behavioral ART adherence interventions that 
only recruited and enrolled women. There is likely a larger 
literature of interventions that focus on gender dynamics and 
empowerment issues in ART adherence within the context 
of mixed gender or dyadic interventions. However, none of 
the articles that were reviewed during the full text screening 
were excluded because they were dyadic interventions, indi-
cating that there are likely very few heterosexual couples-
based RCTs focused on ART adherence. Furthermore, this 
meta-analysis does not answer the question of “are interven-
tions that only recruit women better than interventions that 
are targeted for all people living with HIV?” This review was 
also limited to cis-gender women and does not address the 
intricate issues that impact ART adherence for trans-women.

The majority of studies included in this meta-analysis 
utilized self-report as their sole measure of adherence. 
While there is no gold standard for measuring adherence 

[69], combining different measures of adherence, such as 
biomarkers with self-report data may yield more accurate 
trial results [70]. This meta-analysis was also limited by the 
relatively small sample of studies that met inclusion criteria 
(k = 13). A larger portion of potentially relevant studies was 
excluded because they did not employ a randomized con-
trolled design. Randomized controlled trials were chosen as 
the inclusion criteria for this meta-analysis because they are 
the most rigorous way to determine efficacy of interventions. 
By using this stringent criterion, we may have excluded 
important and effective ART adherence interventions, how-
ever, these interventions, by nature of their design, would 
have included more biased results than those tested through 
RCTs. Notably, 3 of the studies that were included in this 
meta-analysis were conference abstracts supplemented by 
further information from authors when contacted [37–39]. 
These conference abstracts, along with the non-significant 
reporting bias tests, increase our confidence in the results of 
this meta-analysis.

Globally, issues of adherence and engagement in care 
among young women are of particular concern. However, 
the average age of participants was 35.8 years and no study 
specifically targeted adolescent girls or older adult women. 
This limits the conclusions that can be drawn for either age 
range, both of which may have individual concerns/circum-
stances that can impede adherence. Adolescent girls who are 
HIV positive must deal with the transition into adulthood, 
which means taking on the responsibility of her healthcare 
from her caregiver and contending with disclosure conver-
sations with sexual partners [71]. Additionally, given that 
many perinatally-infected children are now aging into adult-
hood, there may be increased concerns about HIV associated 
cognitive-development issues that could impact adherence 
behaviors [72, 73]. Older adult women may have issues 
associated with menopause or increased co-morbidities that 
could complicate their healthcare needs and ability to adhere 
to HIV treatment [74, 75].

Conclusions

Innovative behavioral interventions are urgently needed in 
order to achieve UNAIDS 90-90-90 targets globally [62]. 
Subsequent interventions for women should focus on spe-
cific gender-relevant contexts and periods in women’s lives 
where research has shown that there are challenges of HIV 
treatment adherence, such as during the postpartum period 
[19, 21]. Future research should focus on integrating multi-
ple levels of intervention, such as individual counseling and 
alterations to the healthcare system and through considering 
cultural contexts to create lasting, dynamic effects on ART 
adherence. Finally, new behavioral interventions also need 
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to measure the clinical consequences of adherence including 
HIV viral load and CD4 T-cell counts.
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