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Interventions to improve
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Medicine, Hangzhou, China

Background: Medication adherence in HIV-infected pregnant women remains
suboptimal. This systematic review and meta-analysis aimed to evaluate the
effectiveness of interventions on improving antiretroviral adherence targeting
among HIV-infected pregnant women.

Methods: Five databases were screened to identify quasi-experimental studies
and randomized controlled trials. The risk ratios (RR) and confidential intervals
(Cl) were extracted to estimate the improvement in antiretroviral adherence
after interventions compared with control conditions. This study was registered
with PROSPERO, number CRD42021256317.

Results: Nine studies were included in the review, totaling 2,900 participants.
Three interventions had significance: enhanced standard of care (eSOC, RR
1.14, 95%Cl 1.07-1.22, Z = 3.79, P < 0.01), eSOC with supporter (RR 1.12,
95%Cl 1.04-1.20, Z = 2.97, P < 0.01) and device reminder (RR 1.33, 95%Cl
1.04-1.72,Z=2.23,P=0.03).

Discussion: The study supported the eSOC and the device reminder as
effective intervention strategies for improving HIV medication adherence.
Based on the current findings, the study called for more efforts to
improve antiretroviral care for pregnant women through involving multicenter,
large-sample, and high-quality research and combining the device reminder
with other intervention methods.

Systematic review registration: https://www.crd.york.ac.uk/prospero/
display_record.php?ID=CRD42021256317, identifier CRD42021256317.
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Introduction

There are approximately 37.6 million people suffering from
HIV globally. In 2020, more than half of the people living
with HIV (PLWH) were in eastern and southern Africa, with
females accounting for nearly 50% of new HIV infectors (1, 2).
Owing to various Prevention of Mother-to-Child Transmission
(PMTCT) programs, 95% of HIV-infected pregnant women
living in eastern and southern Africa had access to antiretroviral
medicines to reduce mother-to-child transmission of HIV.
Despite emerging preventive programs worldwide, the HIV
prevention services are less assessable in Eastern and Southern
Africa (2-7). Moreover, poor adherence to medication was
commonly found in HIV-infected pregnant women (8, 9). It
was suggested that the medication adherence declined across the
gestation, and was lower in the postnatal period compared to the
prenatal period (10-15).

Multiple factors could lead to inadequate adherence to
medication among pregnant women living with HIV, including
depressive symptoms, financial dependence, morning sickness,
social stigma, and caregiver burden (16-19). Additionally, in
resource-shortage regions, such as South Africa, non-disclosure
of HIV serostatus to life partners was significantly associated
with poor adherence during pregnancy (20). To address such
inadequate adherence, a series of interventions have been
implemented and evaluated, such as incentives, short message
service (SMS), supporters, and cognitive behavioral therapy
(21-24). However, the evidence regarding their effectiveness
of improving adherence remains mixed (25). For example, the
enhanced standard of care (eSOC), as one of the primary
interventions, is used to provide counseling or short educational
sessions on medication adherence for pregnant women living
with HIV. While no significant group difference in pharmacy
adherence was found in a study based on video-viewing (25,
26). Moreover, measurements to evaluate medication adherence
have been inconsistent (27). According to the evidence base,
the pill count and self-report are the most commonly used
among interventional studies (28). Meanwhile, several research
used the medication events monitoring system (MEMS) as the
outcome measurement, which records times of opening the
container by using a microprocessor (29-31). As a result of
measurement inconsistency, the barrier is created to comparison
among different interventions.

Additionally, according to the 90-90-90 target, 90% of
people living with HIV globally should be diagnosed, 90% of
those diagnosed should receive antiretroviral therapy (ART)
and 90% of them ought to achieve virological suppression
(32). A meta-analysis evaluated the effectiveness of various
interventions to improve adherence in pregnant women in
sub-Saharan Africa. In their study, pregnant women who
had not received medication before the intervention were
included together with PMTCT program participants. As such,
the denominator in calculating medication adherence rate
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was a mixture of HIV-infected pregnant women who chose
to start to take medicine and PMTCT program participants,
making it difficult to distinguish the effects of intervention
itself and PMTCT. Besides, little is known about whether or
how different study characteristics, including study design,
setting, measurements used, and intervention duration,
impact the effectiveness of the previous intervention to
improve medication adherence among pregnant women. To
fill these gaps of knowledge, the current meta-analysis sought
to investigate the effectiveness of different interventions
in medication adherence which may provide insights
for better approaches to support pregnant women living

with HIV.

Methods

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guideline was used for this systematic
review and meta-analysis (33). This review was registered in
the international prospective register of systematic reviews
CRD42021256317).
conducted the review independently and disagreements

(registration number: Two reviewers
between the two reviewers were resolved through discussing

with a third reviewer.

Search strategy and selection criteria

To reduce heterogeneity caused by the development of
adherence intervention in recent years, we only included
studies that were conducted in 2000s and therefore limited
the publication date of articles to January 2000 till May
2021. Five databases were searched: Cochrane Central
Register of Controlled Trials, PubMed, Embase, CINAHL,
and Web of Science. We also updated the search of
conference abstracts and non-article texts on the Bielefeld
Academic Search Engine. The search terms were split
into four components: HIV/AIDS, pregnancy, medication
and adherence. A detailed search strategy is presented in
Supplementary Table SI.

Studies that met the following criteria were included in
this meta-analysis: (1) participants were HIV positive pregnant
women only; (2) studies defined clear medication adherence
measures; (3) studies were randomized controlled trials (RCTs)
or quasi-experimental studies. Studies were excluded if they
reported a medication initiation ratio improved by the
prevention of transmission program instead of medication
adherence outcome.

Researchers (JZ and JYY) independently reviewed all titles
and abstracts after duplications had been removed and then
conducted a full-text review following the inclusion and
exclusion criteria. A third investigator (XXY) participated in
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the discussion regarding the eligibility of studies when any
discrepancies occurred.

Data extraction for the included studies was completed
using a standardized extraction form. The following data were
included: (1) study characteristics (e.g., first author, publication
year, country, and study design); (2) demographics of the study
sample (e.g., age and sample size); (3) intervention approaches,
measures of adherence, and thresholds of adherence. The
definition of adherence was the proportion of women adherent
to medication in the intervention and control groups (34).
Adherence data from each article has been dual reviewed by
JZ and JYY and then transferred into absolute number format.
Discrepancies were consulted with the third investigator (XXY).

The quality of the included RCTs and quasi-experimental
studies was assessed based on the Cochrane guideline (35).
An overall score of study quality was first assigned and
then the quality of reporting, internal validity (bias and
confounding), power and external validity were marked by
two researchers independently. All marks were classified into
three levels, including (1) level A: less than or equal to three
unsatisfied criteria; (2) level B: greater than three but less
than seven unsatisfied criteria; (3) level C: greater than or
equal to seven unsatisfied criteria. There are five dimensions of
quality evaluation based on the Grading of Recommendations
Assessment, Development, and Evaluation (GRADE) system:
the risk of bias, inaccuracy, inconsistency, indirectness, and
publication bias (36-38). GRADEpro software was used in this

10.3389/fpubh.2022.1056915

process and the quality of the evidence was categorized into four
levels to reflect the strength of evidence: high quality, medium
quality, low quality, and very low quality.

Data analysis

The extracted data were exported to Review Manager
5.4 software for meta-analysis. Risk ratios (RRs) and 95%
confidence intervals (CIs) were used to quantify the association
between intervention effect and adherence to medication. Since
intervention was used as “exposure,” it could be interpreted as a
protective factor if RR and corresponding 95% CI are above 1.
the I?
Heterogeneity refers to the variation between the included

Heterogeneity was assessed using statistic.
studies assessed as follows: if I? < 49%, this was considered
“low” heterogeneity; if I2 = 50 — 74%, this was considered
“moderate” heterogeneity; and if 12 > 75%, this was considered
“high” heterogeneity (39). Subgroup analyses were conducted
to investigate the extent to which study characteristics and
adherence measures may have been potential sources of
heterogeneity. A random-effects model was chosen when
considerable heterogeneity was found within a subgroup. A
funnel plot was used in reporting publication bias. The number
of included studies in our meta-analysis is <10, which means
the result of regression may be unstable, in this case, the results
of meta-regression were presented in supplement (40).

[ Identification of studies via databases and registers ] [ Identification of studies via other methods ]
—
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Total (o 467 ) < Records removed before Records identified from:
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FIGURE 1
Flowchart of study selection.
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TABLE 1 Characteristics of studies included (N = 9).

References Country  Setting Study design Sample Age Intervention Length of Description of intervention methods ADH THD of
size mean % SD time (m) measure® ADHb, %
Cheng et al. (46) China Urban Randomized 60 26.0 Device 3 Participants used an intelligent electronic medicine kit ~ Electronic >95%
controlled trial reminder that can help patients remind them to take drugs monitoring
constantly. systems
Kieffer et al. (45) Swaziland Urban Quasi-experimental 922 NR°¢ esOC! 4 Participants received care by nurses who had a 1-day Dried blood  detection of
and rural  study training course which was provided to increase spots NVP
knowledge and skills in provision of PMTCT and to
enhance confidence and skills in counseling.
Kim et al. (26) Malawi Urban Randomized 306 27.4 eSOC! 1 Participants received VITAL (Video-intervention to Pill count >90%
controlled trial Inspire Treatment Adherence for Life) before ART.
Kiweewa et al. (23) Uganda Rural Randomized 85 273452 Supporter 12 ART nurses managed most follow-up visits at longer Pill count >95%
controlled trial intervals between visits, and patients were supported by
peer counselors and home visiting.
Mepham et al. (44)  South Africa, Rural Randomized 94 NR esOC! 9 Adherence counseling carried out by pharmacy staff and Pill count >95%
Kenya, and controlled trial additional adherence counseling was provided by Zulu
Burkina Faso interviewers experienced in adherence counseling and
with similar social backgrounds to mothers.
Nance et al. (41) Tanzania Urban Cluster randomized 678 NR eSOC? with 11 Participants received interventions with four integrated ~Medication >95%
controlled trial supporter components: (1) formal linkage of CHWs to health possession
facilities; (2) CHW-led antiretroviral therapy (ART) ratio
adherence counseling; (3) loss to follow-up tracing by
CHWs; and 4) Action Birth Cards (ABCs), a birth
planning tool.
Okonyji et al. (43) Kenya Urban Quasi-experimental 434 24.0 (21.0-27.0)¢  eSOC! with 6 The status of participants between 14 weeks and 24 Pill count >95%
study supporter weeks postpartum who received adherence counseling
and social support from study staff.
Weiss et al. (42) South Africa  Rural Randomized 24 282471 eSOC 1 Participants took part in 4 successive sessions utilizeda  Dried blood  detection of
controlled trial cognitive-behavioral training approach, which wereled  spots antiretroviral
by trained gender-matched facilitators. drugs
Yotebieng et al. (22) Congo Urban Randomized 297 28.5 (25.0-34.0)! Incentives 17 Participants received standard of care plus small and Pill count 100%

controlled trial

increasing cash payments.

2 ADH measure, adherence measure; "THD of ADH, threshold of adherence; °NR, not reported; 4eSOC, enhanced standard of care; °median age and interquartile range.

e 32 noyz
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Results

The database search yielded 4,620 records and the citation
search yielded 17 records. The 17 studies retrieved in the citation
search came from a systematic review exploring the similar
topic. After removing 900 duplicate studies, the remaining
records’ titles and abstracts were reviewed. Of these, 3,642 were
found to be irrelevant and were therefore excluded. Then two
researchers independently reviewed the full texts of 75 studies
retrieved from the database search and 15 reports from the
citation search. With 81 studies excluding due to the unmet
population, study design, and outcome, a total of nine studies
were finally included in this meta-analysis (Figure 1) (22, 23, 26,
41-46).

Study characteristics

The nine selected studies including 2,900 HIV-positive
participants were published between 2011 and 2020. The main
characteristics of each study are shown in Table 1. Except for
one study conducted in China, the rest included studies were
all from Africa. In terms of study design, the included studies
comprised seven randomized controlled trials and two quasi-
experimental studies. Five of these studies were conducted in
urban settings, three were conducted in rural settings and one
was conducted in both urban and rural settings. Six studies
reported demographics showed that the mean age of participants
was under 30 years. For the outcomes measurement, five of
the studies collected adherence data by counting the remaining
pills, two used dried blood spots (DBS), one used medication
possession ratio (MPR), and one used electronic monitoring
systems (EMS). Participants from those studies were considered
adherent to medication according to each standard of studies
with the adherence threshold of at least 90%. The other two
studies used DBS, which adapted the detection of antiretroviral
drugs in a blood sample as the measurement of adherence.

Intervention characteristics

The included studies evaluated four medication adherence-
improving interventions and one mixed intervention. Our
present study referred to the following definitions described
by Kanters et al. for intervention classification: (1) enhanced
standard of care (eSOC), which is a commonly used intervention
including adherence counseling and group sessions aiming at
increasing participants’ knowledge of ART as well as motivation
to adopt ART; (2) supporter, defined as any kind of support from
peer, family, health educator or other individuals; (3) incentive,
which means the use of material or financial reward; (4) device
reminder, referring to interventions that use an alarm clock,
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TABLE 2 Quality scores for assessing the risk of bias in the RCTs and quasi-experimental study.
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Okoniji et al. (43)

Weiss et al. (42)
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Experimental Control

)y © baro ants -
1.1.1 Supporte
Kiweewa 2013 45 45 38 40 4.1%
Subtotal (95% CI) 45 40 4.1%
Total events 45 39
Heterogeneity: Not applicable
Test for overall effect: Z = 0.77 (P = 0.44)
1.1.2 Enhanced standard of care
Mepham 2011 30 50 27 4 28%
Kieffer 2011 369 459 320 463 31.1%
Weiss 2013 9 12 6 12  06%
Kim 2019 95 146 85 160 8.9%
Subtotal (95% CI) 667 679 43.4%
Total events 503 448
Heterogeneity: Chi? = 1.98, df = 3 (P = 0.58); > = 0%
Test for overall effect: Z = 3.79 (P = 0.0002)
1.1.3 Enhanced standard of care with supporter
Okonji 2012 366 434 338 434 33.1%
Nance 2017 88 304 85 374 75%
Subtotal (95% CI) 738 808 40.6%
Total events 454 424
Heterogeneity: Chi* =201, df =1 (P =0.16); I* = 50%
Test for overall effect: Z = 2.97 (P = 0.003)
1.1.4 Device reminder
Cheng 2020 28 30 21 30 21%
Subtotal (95% CI) 30 30 21%
Total events 28 21
Heterogeneity: Not applicable
Test for overall effect: Z = 2.23 (P = 0.03)
1.1.5 Incentives
Yotebieng 2016 109 156 g6 141 9.9%
Subtotal (95% CI) 156 141 9.9%
Total events 109 96
Heterogeneity: Not applicable
Test for overall effect: Z = 0.33 (P = 0.74)
Total (95% CI) 1636 1698 100.0%
Total events 1139 1028

Heterogeneity: Chi* = 14.08, df = 8 (P = 0.08); I*=43%
Test for overall effect: Z = 4.91 (P < 0.00001)

FIGURE 2

Test for subaroup differences: Chi* = 8.25. df =4 (P = 0.08). I* = 51.5%

Risk Ratio Risk Ratio
1.03[0.96, 1.10] 2013 i
1.03 [0.96, 1.10] L 4
0.98[0.71, 1.35] 2011 e
1.16[1.08, 1.25] 2011 - R
1.50 [0.78, 2.88] 2013 »
1.10[0.92, 1.31] 2019 e
1.14 [1.07,1.22] L
1.08[1.01, 1.15] 2012 el
1.27[0.99, 1.65] 2017 T
1.12 [1.04, 1.20] <
1.33[1.04, 1.72] 2020 —
1.33 [1.04, 1.72] i
1.03[0.88, 1.20] 2016 =
1.03 [0.88, 1.20] .
1.12[1.07, 1.17]
05 07 1 15 2
control experimental

Overall forest plot showing the impact of different improvement approaches to medication adherence.

electronic medicine kit, or other devices to manage medication
intake (47).

Quality assessment

Quality assessment scores of included studies are shown
in Table 2. Four of the nine studies were rated as level
A, and five of them were rated as level B. No study was
rated as level C. All studies recruited participants from
representative samples.
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Main analysis

Figure 2 shows the overall effect sizes for studies that
reported the impact of five approaches to improve the
adherence to medication of pregnant women living with
HIV. Of the total participants analyzed, 1,139 of 1,636
(69.6%) in intervention groups and 1,028 of 1,698 (60.5%)
in control groups had good medication adherence (RR
1.11, 95%CI 1.07-1.17, Z = 491, P <0.01). In our meta-
analysis, three interventions that made a significant impact
were: eSOC (RR 1.14, 95%CI 1.07-1.22, Z = 3.79, P <
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TABLE 3 Subgroup analyses by study characteristics.

10.3389/fpubh.2022.1056915

Subgroup n Statistical method Risk ratio zZ p 12 (%)
(95% CI)

Overall 9 Mean difference 1.12 (1.07, 1.17) 491 <0.01 43
(M-H, fixed, 95% CI)

Adherence measures

Dried blood spots 2 Mean difference 1.17 (1.08, 1.26) 4.06 <0.01 0.0
(M-H, fixed, 95% CI)

Pill count 5 Mean difference 1.06 (1.01, 1.12) 2.27 0.02 0.0
(M-H, fixed, 95% CI)

Medication possession ratio 1 Mean difference 1.27 (0.99, 1.65) 1.85 0.06 /
(M-H, fixed, 95% CI)

Electronic monitoring systems 1 Mean difference 1.12 (1.07, 1.17) 2.23 0.03 /
(M-H, fixed, 95% CI)

Study setting

Urban 5 Mean difference 1.10 (1.03, 1.18) 2.74 <0.01 15
(M-H, fixed, 95% CI)

Urban and rural 1 Mean difference 1.16 (1.08, 1.25) 3.91 <0.01 /
(M-H, fixed, 95% CI)

Rural 3 Mean difference 1.03 (0.96, 1.10) 0.85 0.40 0
(M-H, fixed, 95% CI)

Region/country

Africa 8 Mean difference 1.11 (1.06, 1.17) 4.67 <0.01 39
(M-H, fixed, 95% CI)

China 1 Mean difference 1.33 (1.04, 1.72) 2.23 0.03 /
(M-H, fixed, 95% CI)

Study design

Quasi experimental design 2 Mean difference 1.12 (1.04, 1.20) 2.96 <0.01 55
(M-H, random, 95% CI)

Randomized controlled trial 7 Mean difference 1.12 (1.02, 1.22) 245 0.01 48
(M-H, fixed, 95% CI)

Length of intervention

<6 months 5 Mean difference 1.13 (1.07,1.18) 4.90 <0.01 18
(M-H, fixed, 95% CI)

> 6 months 4 Mean difference 1.06 (0.93, 1.19) 0.88 0.38 52
(M-H, random, 95% CI)

Published year

Before 2015 5 Mean difference 1.09 (1.01, 1.17) 2.25 0.05 56
(M-H, random, 95% CI)

2015 and later 4 Mean difference 1.14 (1.02, 1.26) 2.38 0.02 28

(M-H, fixed, 95% CI)

The bold values indicate the values which are statistically significant at the level of 0.05.

0.01), eSOC with supporter (RR 1.12, 95%CI 1.04-1.20, Z
= 297, P < 0.01), and device reminder (RR 1.33, 95%CI
1.04-1.72, Z = 2.23, P = 0.03). However, there were no
statistically significant differences in supporter (RR 1.03, 95%CI

0.96-1.10, Z = 0.77, P

Frontiersin Public Health

0.44) and incentives (RR 1.03,

07

95%CI 0.88-1.20, Z = 0.33, P = 0.74) as compared with

control groups.

The overall I? was 43.0%, while after being stratified into five
subgroups, the heterogeneity within the enhanced standard of

care group had dramatically decreased (I = 0%).
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Subgroup analysis

The results of subgroup analyses are shown in Table 3. The
subgroup analyses by study design showed the both significant
improvement results for quasi-experimental studies (RR 1.12,
95%CI 1.04-1.20, Z = 2.96, P < 0.01) and RCT (RR 1.12, 95%CI
1.02-1.22, Z = 2.45, P = 0.01). Moreover, the similarly positive
results were seen from the following subgroup meta-analyses:
firstly, significant changes were obtained while measured by DBS
(RR 1.17, 95%CI 1.08-1.26, Z = 4.06, P < 0.01), pill count
(RR 1.05, 95%CI 1.01-1.09, Z = 2.27, P = 0.02), and EMS
(RR 1.12, 95%CI 1.07-1.17, Z = 2.23, P = 0.03); secondly,
interventions were found to be effective while conducted in
urban (RR 1.10, 95%CI 1.03-1.18, Z = 2.74, P < 0.01), urban
and rural (RR 1.16, 95%CI 1.08-1.23, Z = 3.91, P < 0.01);
positive effect were also found in different region/country, Africa
(RR 1.11, 95%CI 1.06-1.17, Z = 4.67, P < 0.01), China (RR
1.33, 95%CI 1.04-1.72, Z = 2.23, P = 0.03); thirdly, as for
intervention duration, intervention <6 months was tested to be
significantly effective (RR 1.16, 95%CI 1.07-1.17, Z = 4.09, P <
0.01). Finally, with the development of the management package
for HIV/AIDS, comprehensive clinical care has been promoted
worldwide (48, 49). Therefore, the basic educational conditions
of earlier studies may differ from recent trials and further
analysis support that time-varying may result in heterogeneity:
before 2015 (RR 1.09, 95%CI 1.01-1.17, Z = 2.25, P = 0.02),
2015 and later (RR 1.14, 95%CI 1.02-1.26, Z = 2.38, P = 0.02).
Although I? of study setting and measurement were low,
variations within quasi-experimental study and high GRADE
level subgroups were even higher than the total heterogeneity.

GRADE evidence of outcomes

The risk of bias might exist because of the method
of randomization, allocation concealment and unspecified
blinding (50). The overall quality of the evidence for
four adherence outcomes was moderate to high, but the
results were considered low for viral load and CD4 count
(Table 4). The funnel plot showed an even scattering of
points around the central axis, indicating no publication bias
(Figure 3).

Discussion

In this study, nine trials assessing the effect of interventions
on improving medication adherence among pregnant women
with HIV were analyzed. These nine trials that included 2,900
participants were conducted primarily in low- and middle-
income countries (LMICs) across Africa, except one RCT
conducted in Hangzhou, the capital of Zhejiang province, China.
No data from high-income countries has been found.
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TABLE 4 GRADE evidence profile of outcomes.
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FIGURE 3
Funnel plot showing publication bias for studies reporting
impact on adherence to medication of HIV+ pregnant women.

This meta-analysis found that eSOC, eSOC with supporter,
and device reminders positively improved medication
adherence among pregnant HIV-positive women compared
with standard care conditions. Pregnant women living with
HIV are particularly vulnerable, with many factors influencing
their medication-taking behavior (13, 16). It has been found
that poor knowledge of HIV/AIDS amongst pregnant women
with HIV is associated with high transmission and delay in
health-seeking behavior (49). Therefore, the eSOC intervention
has been adapted into many PMTCT programs in order to
raise awareness of pregnant women regarding HIV treatment
(51-53). Previous evidence has also shown that eSOC was
able to help these women access to social support and further
increase the medication adherence rate (25, 54). Nevertheless,
eSOC has been deemed unsustainable in LMICs due to a
lack of trained professionals (47). In contrast to the previous
meta-analysis, our study suggested that the combination of
social network support and education counseling is sufficient to
guide pregnant women to better adherence against HIV (25),
thereby, it may helpfully provide alternative measures in those
countries. This difference might be related to the study design
and measurement of medication adherence as we included
RCTs and quasi-experimental studies where upscaling programs
based on eSOC are normally absent. However, we found that
the effect of eSOC combined with supporter is even lower than
single intervention. It may be explained by the fact that visits
took by doctors or peer counselors during study was the major
intervention, so the effect was possibly obscured with prenatal
care provided by doctors or family members.

Our study also suggested that device reminder might be
particularly suitable for pregnant women living with HIV
in developing countries. It is one of the most cost-effective
interventions in the long run, however, it requires economic
input at the very beginning. Previous evidence showed that
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device reminder including clocks, smart pillboxes, and other
types of equipment that could ring or flash at a time set by
users were able to reduce the incidence of forgetting to take pills,
which has been considered as a major barrier of ART medication
adherence (55, 56). In addition, with the social isolation and
nondisclosure of HIV, physical and mental stress were identified
as barriers to HIV therapy adherence (57). In China, pregnant
women with HIV/AIDS have lower social support and those who
were not disclosing HIV status to anyone other than health care
providers showed a greater willingness to receive reminders than
others (54). These results suggested that device reminders may
be more effective with people live without enough social support,
and, more suitable for regions that could afford for the device
brought into service but hardly increase health care workers
(58). Overall, our evidence indicated that device reminders is an
effective intervention and may be better to combine with SMS,
particularly for pregnant women in LMICs. Furthermore, for
the future clinical application, peer counselors, mobile phone
text messages and other interventions are also emphasized by
WHO’s guidance on adherence support programs (59). Future
research should explore how partner and community support
combined with device reminder can be harnessed to improve
intervention effectiveness.

Subgroup analyses showed that intervention effects differed
based on study design, region, outcome measurements and
intervention duration. Moreover, the homogeneity across
subgroups indicated that geographic areas and measurement
approaches of research could be confounders in trials. Firstly,
the differences of intervention effect between regions of studies
may lie in their differentiated economic conditions and the
differences also can be explained by the diverse cultural
background of different continents, since the perceived stress
of interpersonal relationship with colleagues and even strangers
was identified as one major psychological factor of HIV-infected
women in China (60, 61). Although the vertical transmission
rates were relatively low in high-income countries or areas, the
medication adherence rates remained suboptimal reflecting by
the aspects of viral suppression and drug resistance prevention,
where pregnancy women with HIV and their children might
be facing great challenges in preventing potential transmission
and maintaining long-term life qualities (11, 12, 62). Therefore,
it is crucial for high-income countries or regions to facilitate
more ART adherence interventions during pregnancy and
postpartum. Additionally, the durations of trials in this meta-
analysis were from 1-17 months. In line with the previous
systematic review and meta-analysis (47), the alteration from
interventions were slight and seemed to wane over time after
interventions were withdrawn. Since antiretroviral therapy is
a lifelong requirement of PLWH, long-term and long-lasting
interventions are still needed for women at high risk of
inadequate adherence, especially during the postpartum period.

With regard to outcome measurements, all nine studies
using different measurements of medication adherence among
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pregnant women might overestimate or underestimate the
results (63). For example, pill count referring to the number of
dosage units calculated between clinic visits can underestimates
adherence because patients often refill their medication before
running out (27, 64). Measuring medication drug levels
through DBS has also been proven equally effective and
more patient-friendly than plasma (65). Such direct measures
are considered the most accurate, but they can only show
whether patients have taken pills rather than reveal the
detailed patterns of nonadherence. The other measurement
like MPR, which was defined as the proportion of the daily
supply obtained over refill interval, is acceptable and easy to
calculate. However, the negligence of gaps in refills can lead
to an overestimation in adherence (64, 66). Lastly, as for the
commonly used self-report method, it is a subjective method
with the advantages of low cost and simplicity (67). Given these
reasons, future studies should have more careful consideration
in selecting suitable and comparable measurements, and
then strive for intervention and measurement consistency
across economies.

While looking into the quality and potential bias of included
studies. Due to the privacy and particularity of the disease, most
of the included studies reported that the outcome assessors were
not blinded to the exposure status of participants, which could
lead to measurement bias. Allocation concealment occurred in
all of the studies, for example, in forms of sequentially numbered
opaque sealed envelopes, numbered or coded containers,
central randomization by a coordinating center, and computer-
generated randomization that is not revealed ahead of time.
These methods have effectively reduced the selection bias.
“Dropouts” refers to individuals for whom there are no endpoint
measurements, often because they dropped out of the study or
were lost to follow-up (68). In this meta-analysis, 20% loss to
follow-up or below was considered to have no impact on the
quality of evidence. The outcome indicators of the included
studies are consistent with the purpose of their studies. Lastly,
the funnel plot showed an even scattering of points along the
central axis, indicating no publication bias.

This meta-analysis has several strengths besides updating
the current evidence. First of all, it is the first meta-analysis
that used more strict inclusion criteria of adherence outcome
measurements and data format, which ensured a high quality
of studies in the final analysis. The second, we did not set
geographical limitations before retrieval, thereby, this study
added multiplex experiences to previous studies that assessed
intervention effectiveness within a particular country context.

Despite these strengths, this review has three main
limitations. First, intervention effectiveness during the postnatal
period was not assessed since none of these studies collected data
from prenatal and postnatal periods separately. Secondly, nearly
all of the included studies took place in African countries, with
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the exception of one which was conducted in China. Because of
this, the results may not be generalizable to other settings and
population. Finally, the inclusion of quasi-experimental studies
might have introduced some confounds attributed to the lack of
experimental control. Similarly, the variation in interventions,
approaches and thresholds of outcome measurements might
have influenced the pooled effect size of the intervention.

Conclusions

This meta-analysis systematically reviewed studies published
up to May 2021 that assessed the effect of interventions on
medication adherence among HIV-positive pregnant women.
The eSOC and device reminders were found to significantly
improve adherence to medication. The results implied that
comparing to the resource-intensive eSOC, device reminders
are cost-effective and therefore may be most suitable for
enhancing adherence among pregnant women with HIV in
low-resource settings. Future research can be conducted to
investigate the implementation of device reminder interventions
in diverse contexts and its integration to the social support
systems. Current results also highlighted the future efforts
to improve antiretroviral care for pregnant women involve
multicenter, large sample, and high-quality studies that use
objective measures of adherence. In the end, this study called
for more high-quality evidence in this topic, especially from
developed countries, to inform clinical and political decision-
making which can ultimately improve health outcomes for
pregnant women living with HIV worldwide.
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