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Abstract

The use of mobile health technologies (mHealth) to ameliorate HIV care has considerably risen in low- and
middle-income countries (LMICs) since 2010. Yet, the discrepancies in the results of accompanying studies
warrant an updated and systematic consolidation of all available evidence. We report a systematic review of
studies testing whether text/image messages, interactive voice response reminders, or calls promote adherence
and retention to antiretroviral therapy (ART) in LMICs. We systematically compiled studies published in
English until June 2018 from PubMed/Medline, Web of Science, WHO database, ProQuest Dissertations and
Theses, and manual search. We used the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) 2009 and used frequency analysis to assess reported findings. In total, we compiled 35 published
articles: 27 completed studies and 8 protocols. Among the main 27 studies, 17 examine adherence, 5 retention,
and 5 both measures. Results indicate that 56% report positive and statistically significantly impacts of mHealth
on primary outcomes, the remaining 44% report insignificant results. While 41% of studies found a positive and
significant effect for adherence, only 12% improved retention. The evidence shows ambiguous results (with
high variability) about the effectiveness of mobile phone-assisted mHealth interventions to boost adherence and
retention to ART. The literature also points to short follow-up periods, small samples, and limited geographical
coverage. Hence, future research should focus on evaluating longer interventions with more patients spread
across wider areas to address whether mHealth can be effectively used in LMICs.

Keywords: HIV/AIDS patient care, mobile health technology (mHealth), antiretroviral treatment, short mes-
sage service, low- and middle-income countries

Introduction about 22.5% of patients in sub-Saharan Africa (SSA) dis-

continue ART within the first 10 months, and 56% are lost to

DHERENCE AND RETENTION to antiretroviral therapy

(ART) are difficult to achieve for people living with
human immunodeficiency virus (PLHIV) in particular in
low- and middle-income countries (LMICs).! PLHIV often
face strong social and economic restrictions preventing them
from sustaining ART. The main challenges in adherence and
retention result from income losses due to lay-offs and high
travel costs to medical centers that are likely to intensify
discrimination, stigma, and disinformation.'™ For instance,

follow-up or die within the first 2 years of treatment.*®

To respond to this emergency, the World Health Organi-
zation (WHO) fosters the use of mobile health technologies
(mHealth) in LMICs.” Mobile phones facilitate instant
communication across long distances that may encourage
patients to adhere and retain to quality care.>® In particular,
systems of short message services (SMS) can remind patients
to take their pills, to attend refill appointments, and to retain
in treatment. When SMS are used effectively, they comprise
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a low-barrier and low-cost intervention that yields cost-
efficient impacts on the health of PLHIV.'® These potentially
attractive benefits have stimulated numerous assessments to
test whether SMS reminders can indeed improve adherence
and retention to medical protocols in LMICs.”"!

Yet, there is scattered evidence about the effectiveness of
SMS and other mobile phone-assisted mHealth interventions
in LMICs despite their appealing features. One group of in-
terventions shows that mobile reminders effectively promote
adherence and retention to ART,'Z’l3 but a number of studies
find insignificant impacts.'"*'> The high variability across
findings and the considerable number of recent studies war-
rant the compilation of a comprehensive systematic review to
organize and report the overall designs and results of SMS
interventions for PLHIV in LMICs since systematic reviews
are important to inform health policies and future research by
establishing a global assessment of the full evidence.'®™'8

This article contributes to the literature by presenting an
updated systematic review of primary studies about mobile
phone-assisted mHealth interventions that use SMS remind-
ers, interactive voice response (IVR) reminders, or calling to
promote adherence and retention to ART in LMICs. We have
also included studies in the analysis that combine SMS, IVR,
or calling with other support, such as counseling. We have
opted for this combination of interventions since we consider
that it provides the most comprehensive overview of the
scope and value added of mobile phone assisted mHealth
interventions in LMICs. We focus on LMICs for two reasons:
first, existing systematic reviews consolidating the evidence
of mobile phone interventions on adherence and retention to
ART focus on develoged countries or evaluate general areas
of health instead.'®** Yet, given the high pace in the im-
plementation and publication of recent studies, a review for
LMICs becomes of paramount importance to assess the state
of the art of the role of mobile phone interventions for ART.
Second, PLHIV in LMICs suffer from the disease and ART in
fundamentally different forms compared to patients in de-
veloped countries. Thus, this systematic review can serve as
an indication for future research and public programs in-
volving mHealth in LMICs.

Materials and Methods

We conducted a systematic literature search of studies
assessing the use of mobile phone technology to promote
adherence and retention to ART in LMICs. We used the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses 2009 (PRISMA 2009)** when retrieving potentially
relevant studies and when integrating and reporting the evi-
dence based on inclusion and exclusion criteria®> (see com-
plete checklist in Supplementary Appendix SA1 available
online).

Search strategy

The study used a systematic web search to review primary
studies on mobile phone-assisted mHealth interventions and
ART in LMICs. The inclusion criteria are based on the Po-
pulation Intervention Comparison Outcome (PICO) model.
As shown in Table 1, we formulated the search strategy using
five terms/categories. Terms within sets are connected via
OR, and terms between sets are connected using AND. All
sets search the title, abstract, and keywords of articles. Fur-
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ther details are found in Supplementary Appendix SA2
(available online) that displays the general search used.

We screened four web-based sources and included a
manual-based approach to identify studies published until
June 2018. We searched for primary studies in the following
databases: PubMed, Web of Science, ProQuest Dissertations
and Theses, and the WHO Global Health Library. To yield
database specific results, the general query was adjusted for
ProQuest Dissertations and Theses and the WHO Global
Health Library. In the additional manual search, we used the
reference lists of the articles included in the most recent
primary empirical studies.

Study selection

A two-stage selection process was chosen to determine
eligibility. The first stage selected articles using title
screening. Additional screening was applied using similarity
of keywords in cases where articles had unclear titles. During
the second-stage screening process, we reviewed abstracts
and full texts (when necessary). More specifically, in the
second-stage, we screened for articles that satisfied the fol-
lowing criteria:

1. Target outcome: adherence or retention to ART among
PLHIV.

2. Empirical studies with interventions using electronic
text/image messaging, IVR or call (as stand-alone or
combined with other support such as counseling) for
adult patients (>15 years).

3. Quantitative report of (at least) one outcome from the
following three: (i) adherence (self-report, pill count,
electronic drug monitoring device, or pharmacy refill),
(ii) retention (missed visits or patient remains on
ART), and/or (iii) biological (viral load, CD4+ count,
or biomarker).

4. English articles published until June 2018 in LMICs.*®

Data extraction

Two reviewers (B.A.D. and L.A.-M.) independently con-
ducted the search, the examination of eligibility, and the
extraction of data. We used a standardized Microsoft Excel
data template. Individually and separately, the two reviewers
collected the following information about each study: pub-
lication features (year of publication, outlet/publisher, study
country, web source), characteristics of the design [length of
intervention, sample size, study type such as randomized
controlled trial (RCT)], targeted participants, intervention
(text/image/voice, language and frequency), outcome char-
acteristics (adherence and/or retention), and intervention re-
sults (sign, magnitude, and significance of the estimates).

Assessment of risk of bias

We evaluated the methodological risk of bias (ROB) of
compiled studies in accordance with the Cochrane Handbook
for Systematic Reviews of Interventions.?” The process in-
cluded that one reviewer (B.A.D.) evaluated the ROB and a
second reviewer (L.A.-M.) independently reviewed it as well.
All discrepancies were resolved with discussion and con-
sensus. For the ROB, we report random sequence generation,
allocation concealment, blinding, incomplete outcome data,



Downloaded by Erasmus MC - Rotterdam from www.liebertpub.com at 02/26/20. For persona use only.

SYSTEMATIC REVIEW OF mHEALTH FOR PLHIV IN LMICs

61

TABLE 1. TERMS FOR THE LITERATURE SEARCH

Database Sets Categories

Terms

PubMed, Web of Science
(IST Web of Knowledge),
ProQuest Dissertations
& Theses, WHO Global
Health Library

Set 1 Mobile phone

Set 2 HIV

Mobile phone; *mPhone; cellular phone; text message; cell
phone; SMS; short message service; simple message
service; pager; two*way electronic message* system;
voice call *; IVR; interactive voice *

HIV*; *HIV; AIDS; people living with HIV*AIDS; human
immunodeficiency virus; PLWHA

Set 3 Retention or adherence Adheren*; medication * adherence; retention; medication *

Set 4 Aantiretroviral therapy

Set 5 Region/setting

retention; CD4; biomarker; viral load

*ART; antiretroviral therapy; highly active antiretroviral
therapy; ARV

low income *; middle income *; low* and middle * income
countr*; developing countr*

The asterisk (*) is added to the search terms as a placeholder for any unknown or wildcard term.

selective outcome reporting, and other sources of bias for
RCTs. In addition, we included intention to treat analysis (ITT)
for the incomplete outcome data of the ROB domain: defined
as participants being assessed based on their initial treatment
assignment (regardless of treated arm).*® We develop the ROB
only for RCT studies. We do not conduct the ROB assessment
for other types of interventions as there is no consensus on the
quality assessment for non-RCT studies.”” RCTs were cate-
gorized at highest ROB when rated high for the random se-
quence generation and allocation concealment domains.

Analysis of data

Our analytical approach uses a descriptive summary of
the articles included in the systematic review. To develop the
analysis of the data, we performed a frequency analysis of the
following characteristics: general characteristics, interven-
tion characteristics, as well as the results/conclusions of the
intervention. Although interesting, we decided not to conduct
a meta-analysis given the eminent heterogeneities in the
study characteristics, missing data on designs, intervention
durations, and missing p values in the reported outcomes.

Results

This section presents the results of the systematic review.
We divide the findings into: (1) selection of studies and data
extraction, (2) characteristics of studies, (3) ROB, and (4)
overall assessment of the effectiveness of mHealth inter-
ventions. The main assessment examines the 27 completed
studies using frequency analysis.

Selection of studies and data extraction

The selection and extraction of data were developed by
two independent and separate reviewers (B.A.D. and L.A.-M.).
Following the two-stage selection process, the first stage
identified a total of 195 studies using title screening. Most
first-stage studies were irrelevant as we used an inclusive
search query that resulted in a large set of false hits. Thus, we
conducted the second-stage screening process by reviewing
abstracts and full texts (when necessary). Figure 1 shows the
flowchart and number of studies identified and selected
across the two-stage selection process.

The screening of titles and abstracts in the second stage
excluded 102 articles that were selected in the first stage. The
duplication of studies was also common across electronic

databases, so only 75 peer-reviewed articles remained in our
systematic review after removing duplicates. In addition, we
dropped another 49 studies after the careful assessment of full
texts. Supplementary Appendix SA3 (available online) pro-
vides a complete record of excluded studies with a justifi-
cation for their exclusion. The subsequent manual search
identified 27 additional studies through citation tracking.
After review of the abstracts and full texts, only nine more
articles were added as they matched the inclusion criteria.
Table 2 presents the number of studies retrieved and selected
per database. At the end of the process, we identified and
selected a final sample of 27 completed studies and 8 pro-
tocols. Table 3 presents detailed information of the included
articles. Note that the eight protocols are excluded from our
analysis as we focus on after-intervention estimates.

Characteristics of the studies

In terms of scope, the 27 completed studies were carried
out in Africa, Asia, and Latin America. Articles on Africa
have the highest share reaching about 63%. Twelve studies
were performed in Cameroon, Kenya, South Africa, and
Uganda (three in each country), while Mozambique and
Swaziland account for four articles (two each), and one was
done in Nigeria. This strong focus on Africa is consistent with
the high prevalence of HIV on the continent; more than 3.9
million children and adults in SSA undergo ART and the
management of the HIV egidemic is a priority on the inter-
national health agenda.zg’3 Meanwhile, Asian countries ac-
counted for 33% of the 27 articles: 8 articles tested
interventions in China and India (4 in each country) and a
single article shows results for Pakistan. Only one study was
conducted in Latin America (Brazil).

The two most common interventions investigate the im-
pact of: (1) standardized SMS messages (text, image, or
both), or (2) IVR reminders. Nearly 90% (n=24) of the
studies investigate standardized SMS messages, of which
four are combined with IVR, calling or counseling. One study
in China combined calls with bimonthly nurse home visits.>'
Ownership of a mobile phone was not an eligibility criterion
in two RCTs that provided mobile phones (Rural Kenya and
South India)."'*!'* Only two of the RCTs assessed IVR alone
with one of them finding no statistically significant impact.
Moreover, we find high variation in terms of the time period,
during which patients received the intervention. The
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195 search results identified via
electronic database

102 excluded after 1 stage screening
of title and abstract — false hits

18 excluded since identified
» as duplicates

v

FIG. 1. Flowchart of literature selec-

2 stage screening: 735 studies
for full text review

Y

27 additional records
identified via manual

49 excluded after full text review:

* Review papers, qualitative, non-
English studies, not a low-or
middle-income country, no SMS

> or voice call used

tion process.

search

9 additional studies

—__.{ 8 protocol studies excluded: no results

added for review »

Y

27 studies included in the review ‘

minimum time that patients received messages was 1 month
(implemented in three studies in North Western Cameroon,
Southern India, and Indian West Bengal).”** A maximum
period of 24 months was used for a study on health care
delivery in South India.'* The average evaluation period was
9 months. Assessing the RCT studies separately, we find a
similar picture of short-term interventions except for one
study."* In terms of evaluation designs, 74% are RCTs
(n=20), 7.4% are cohort studies (n=2), and 7.4% use a
quasiexperimental design (n=2). The remaining 11.2% in-
clude controlled studies (n=3) that use before—after, cross
sectional, or pilot designs.

The messages were formulated to remind patients of medi-
cation, appointments, education, and/or counseling offers. The
content was often generic (10 of 27 studies). This approach is
supported with evidence from Peru examining the perceptions
of PLHIV about message content and suggesting that concise,
general messages are the preferred choice.®® In contrast, in
three reviewed studies, message content was personalized, in-
cluding the name of the recipient. In 14 of the 27 studies, the
authors did not explicitly specify the content of the messages.
Several examples of message content are presented in Fig. 2.
Regarding the language of the messages, in 17 studies the

TABLE 2. LITERATURE SEARCH RESULTS BY DATABASE

Results Results
Database retrieved selected
PubMed 115 16 (3)
Web of Science (ISI Web 24 2

of Knowledge)

ProQuest Dissertations & Theses 15 0
WHO Global Health Library 41 14
Hand-searching/citation tracing 27 8 (1)
Total 222 27 (8)

Figures in parentheses stand for protocol studies.

message reminders were sent in the local or preferred language
of the participant. This finding builds on earlier research
showing that illiteracgl is negatively associated with impacts of
message reminders.

The geographical coverage of the interventions is not
uniform across studies but tends to be restricted. Nearly one
in three studies focuses on urban areas. It was only in Africa
that also interventions in rural areas were studied (7 of the 17
studies). The 10 studies from Asia and Latin America focus
merely on urban areas. No study uses a nationally represen-
tative sampling strategy in the evaluation design. But as
complementary results, we identify two published protocols
that aim at addressing this weakness. First, L’Engle et al.*’
published a protocol to conduct a 3-year intervention with
1600 patients in 5-regions of Ghana. But this study was
suspended before launching the intervention due to un-
certainties about the success of implementation. Second,
there is one published protocol implementing a nationwide
study with a representative sample in Burkina Faso.*® This
study rests on a sample of more than 3800 patients in a five-
arm RCT over a 2-year period.

Our findings show high variability in the number of par-
ticipants and evaluation methods but similarities in the age of

Generic:

* How would you describe using the Wisepill medication container?” and “How do
you feel about someone monitoring how you are taking your medicine every
day?”

or

* You are important to your family. Please remember to take vour medication. You
can call us at this number: +237 XXX XXXX.

Personalized:

« Hi (First name), this is your clinic. Remember to take your pills on schedule in
order 1o (One of: be strong or live a long life or feel well). Thank you.

or

* Hi. Your health is the most important thing. We expect to see you at vour

upcoming appointment scheduled for the day xx-xx-xxxx.

FIG. 2. Examples of message reminders sent to patients.
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the target group. The largest study included 2255 partici-
pants, but about 74% of the studies had less than 500 par-
ticipants with a median of 196. Recent studies argue that
research about adherence and retention to ART require large
sample sizes as well as sustained periods of the mHealth
intervention.®>8 However, more than half of the studies in-
cluded in the review only assesses short-run impacts in small
samples. There are three exceptions (studies in Mozambique,
South Africa, and Swaziland) that on average assess 2152
patients over a 12 months period.**™*' Across the 20 RCTs,
only 2 use a large sample and 9 have less than the median
sample size of the 27 studies selected in the present review. In
contrast, the review finds similarities across studies in the
minimum age of the participants. Most interventions targeted
participants older than 18 years, who were relatively ART-
naive (no more than 3 months), and in possession of a mobile
phone. Two studies included participants from the age of 15
years (South Africa and Uganda).*** In five articles, the age
of the participants was not specified.

Regarding publication dates, we find studies from de-
veloped countries since the early 2000s.” For LMICs, the
first two studies for China and Kenya were published in
2010.3"** Both studies were performed in three different
HIV clinics with different economic conditions. In Kenya, a
total of 538 patients were randomly assigned to a control
and treatment group, while the intervention in China only
included 116 patients. Over the years, the number of inter-
ventions has been increasing (review details in Table 3).
The median article appeared in 2014 and most articles were
published in 2017.

ROB in the identified studies

Figure 3 presents a summary of the ROB items for the
RCTs. Exactly 85% of the 20 articles that use RCTs were
rated having low risk of random sequence generation bias.
Most studies applied computer-assisted randomization or
minimization. The remaining three studies (15%) had unclear
risk of random sequence generation. For allocation conceal-
ment, we find a similar pattern: 80% of the studies were at
low risk, while the rest at an unclear level. Importantly, none
of the studies was rated at high risk in these two domains.
However, blinding of participants, medical staff, and asses-
sors was not done across studies. Performance bias was rated
at high risk for most studies (85%). Similar results are ob-
served for detection bias; yet, four studies had a low bias in
this domain. The other domains of ROB were rated at low risk
for 70-95% of the studies.

Detailed ROB assessments for each reviewed study are
provided in Supplementary Appendix SA4 (available on-
line); 13 studies were rated with low risk in all domains
except for blinding, which was rated at high risk. For the
remaining seven RCTs, at least one item of selection bias was
unclear.>">*7 Two studies did not show ITT estimates'**
and the estimation method was unclear in one other study.*®
This latter study was also rated with high attrition bias. No other
study obtained a high-risk score in attrition bias. Moreover, one
study scored high in risk of selective reporting bias*® whereas
five studies showed an unclear bias.'****>4*>* Other dimen-
sions of bias, such as conflict of interest or funding, were un-
clear in two studies,32‘42 while all the remaining studies had low
ROB results.
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Did SMS or IVR promote adherence and retention?

Of the 27 published studies included in our systematic review,
17 (63%) examined the utilization of mobile technology (SMS,
voice or both) on adherence while only 5 (18.5%) assessed re-
tention. Another 5 (18.5%) of the studies evaluate both adher-
ence and retention to ART. Adherence was typically defined
using self-reports, pill counts, an electronic medication event
monitoring system, and/or suppression of viral load. In turn,
retention was measured as loss to follow-up (with and without
identifiable cause) or the rate of scheduled visits missed.

In total, 56% of the studies found that mobile technology had
positive and statistically significant impacts on adherence and
retention (n=15). In contrast, 44% report that using mobile
phones was not effective to ameliorate any of these two out-
comes in PLHIV (n=12). If we examine each outcome sepa-
rately, for adherence, 41% find positive and significant results
and 28% insignificant impacts, while 12% of the studies re-
ported positive retention effects and 19% insignificant effects.
Note that we have 5 studies that reported both adherence and
retention resulting in 10 outcomes plus the 22 studies that re-
ported either retention or adherence. This results in a total of 32
possible outcomes: 22 adherence and 10 retention outcomes, of
which 13 and 4 found positive and statistically significant ef-
fects, respectively. Overall, the systematic review shows that
only about one in two studies has achieved the objective of
measurable improvements in ART revealing high variability
across studies and outcomes. The findings further suggest that
mobile phone-assisted mHealth has higher impacts on mea-
sures of adherence than retention. Table 4 presents the results
for the main outcomes of the systematic review. Since across
studies, a host of different outcome indicators has been chosen,
we can only speculate that identifiable impacts might depend, at
least to some extent, on the choice of outcome.

Furthermore, the previous literature argues that the lack of
positive and statistically significant impacts is linked to the
small number of completed RCTs.>! Notice, however, that
RCT designs represent the dominant evaluation method in
our review (74%, 20 of 27 studies). Thus, after restricting our
sample to RCT studies as a qualitative robustness test, we find
that 60% (12 of 20) show a positive and statistically signifi-
cant increase of adherence and/or retention to ART. This
result is consistent with the findings obtained using the whole
sample. There is only a 4-percentage point difference in favor
of the randomized studies.

Discussion

This article conducts a systematic review of mobile phone-
assisted mHealth interventions designed to improve adher-
ence and retention to ART in LMICs. Informed by the
PRISMA 2009 Guidelines, we systematically included
studies from PubMed/Medline, Web of Science, WHO da-
tabase, ProQuest Dissertations and Theses, and manual
search published in English language until June 2018 (in-
clusive). We used frequency analysis of the collected data to
systematically examine the results of the reported outcomes.
We selected a total of 35 studies divided between 27 com-
pleted evaluations with published results and 8 protocols of
ongoing interventions. Among the 27 finished studies 17
(63%) investigated adherence to ART, 5 studies (18.5%)
focused on retention in care, and 5 (18.5%) jointly assessed
adherence and retention; in terms of the geographical



(panunuo)

"SYJUOW g J& 918D Ul UOTJUIY
‘eIRp [[yo1 Aoeuureyd

SINS

uowt

pue passIlw SIsOp JO Joquunu Kem-ouo Apyoom 1 1se9[ Je 10J LYV uooowe)) (S102)
1399 ON ‘V¥S ‘SVA Sulsn 20ud1oypy LOY ‘SYIUOIA 9 UO sIedk [ SINPY 00T ‘opunoex ANO SOTd ~ Meqdenqiy O
-a3ueyo JotAByeq VS pue wasks Juriojruowr SIAS Aem yIwag onyqnd
SUIAQIYOR UT 9AT}ORJJ JUOAQ UOIBDIPAW OIUONIJ[Q@  -OM]) PUB Aem-duo sIeak Jo uimor (L10D)
SAem[e JoU I8 SIOPUIAI SINS AqQ paInseaw 90UAIYPY IOV SYUOIN 21 TZ 01 G woyj pady gee epue3n ‘eredwey] uvoLouy  IAewouury 6
'SQWOoINO AIBPUOIS ‘dn mo[[oJ 01 sso|
jou Inq ‘voissaiddns [eIia uonuey ‘(Tuysardod goy>) SIAS Aem
JO $9JBI pUB 2JUIAYPE [V peo[ [eHA [-AJH ewise[d  -om] AP{eom yim LYV Sunenur o5e eAUQY| ‘operley] +(0100)
paaoxdur Apueoyrusis SINS  Jo uorssaxddns pue 9,665 VIS IOV ‘SYIUOIN 71 JO SIBdA Q12 SINPY 8€S pue 1qOITeN J20UDT Y] 10197 8
“(Tuysardod
uorssaxddns VNI AIH UI 0071>) uorssaxddns SINS
sj[nsal jueoyrugis oN ‘sdnoi3 VN AIH pue SIWNAIN Kem-9uo ‘1DY LYV Sunieniur ofe (9100
[joq UI JB[IWIS SBM QOUIAYPY 3uIsn paje[no[ed AOUAIYPY jorid ‘SYIUOIN ¢ JO SIBOA Q] SINPY €9 epued() ‘erereqy sarv 01QeH L
Sosop UAI pue SINS
‘SINS Pue JAI £q 110dax possiw pajiodal-J[as APeom  yiim [ejuowLIadxo 1o(€102)
-J[9S IIM UQ3S 20UAIdYpe YSIH pue SINHIN BIA Q0UdIUpy  -Isenb ‘SYIUOIN ] USIP[IYD 9t pUR SINPY 6 epued() ‘Teiny sarv RIQeH 9
BILYY Sunp
-98e10A00 uondrrosaid paAIdsqo Aep yoed SOTUIO 9y} J& PI[[oIud ynog ‘rerns UoIS12(] pup
Ul JSBAIOUL [[BWS B YIIm 103 uonduosaid 1YV pIea SINS pajoojul ATH 25 ur oI ATH soyvuLLofu] op(L107)
POIBIDOSSE SeM IOpUIaI SINS € JOo 20udsaxd oy} :90UAIAYPY  “MOYOD ‘SYIUOIN 7] JO SIBIA Q12 SINPY GGTZ  UNI-JUSWUIIAOLD) oI DOIWG Ma3100n ¢
SIopUIWIAI
*SOAIIUADUL [RIOUBUL jusunurodde anbiqurezopy
[RUONIPUOD INOYIIM PUB )M pue soSessowr  3ur)sd) pue JUI[[ASUNOD ‘QourAo0Id
U29M19q 2OUAIIJIP OU Inq sisougerp  I[EIY SINS ‘IDY  AIejunjoA ur ATH yim Quequeyu] 6 (L100)
‘UOTIURIAI JO POOYI[ANI] PISLaIdU] Io)Je SYIUOW 7] I8 UONUIY  IAISN[O ‘SYIUOIA ¢  ‘SIeak Q12 SINPVY +00T pue omndelNy  auwpay SOTd mg +
v anbiquiezo SoUOAPULS
PayIe)s A[JUQDAI oYM 3SOL]) pur SAep G1 I0A0 10J ‘IV ‘(orurpo ey Louaronfoq
syjuoned ueqin 103 INq ‘ILYV JOpUTWAX QuI[-1SI1 SUTATOAI orqnd ueqin aununuy
uo sjuaned [[e 10J 218D ATH SINS Aem-quo PIO sIedk |12 7 pue [eini 1) paamboy ¢ (9100)
ul Uorjual ur judwasorduwr oN 1B ATH UI UONUAY ‘LOY ‘SYIUOIN 1  SINpe pajooJul-ATH 0€8  douraoxd ondepy Jo pumor Koaeq ¢
..8urzznq,,
S9OIAIAS SUI[ASUNOD S[[B0 passIw SQOIAIAS SUI[ASUNOD {2404
S9JeI Q0UBPUINIE pue Sunsa) ATH 2yl 1e UM 19)Je/210J2q pue 3unsa) ATH Jo sasvasiq 0o(€10T)
oAoxdwlr jou pIp UONUIAIU] SOUBPUSNIE JO 9JBI I} UONUIAY SYIUON 71 Surpuane syuaned Sy  pUB[IZBMS ‘[BINY snonoafuy nury 7
ouepuae K[uo AIBd ATH 03 pasodxa
osearour ued syuaned ornerpad MAI Ue J0 ‘A[uo IO 1M PojodJuI
Jo s1axed 10y syuunurodde juounyurodde panpayos SIAS B “JAI pue sem ‘s1eak G> uoowe)) $asDISI(]
AIH ponpayos jJo  Aysnoraaxd e Surpuape sjuoned SINS Aem-auo PIIYo ® Suruedwoooe ‘fean1 pue snonoafuy o100
sIopurwal paseq-ouoyd 9[IqOIA Jo uonodoad oy uonualey ‘LY ‘SYPIUON SIBOA Q12 SINPY ¢Hg  UBQINIWAS ‘UBQI) Joouvy ayJ eudlg |
SUOISN]OUOI/SITNSIY U02INQ) usisa(q §21IS1421004DYD 2]dUIDS UoNIOT puinop (1vak)  ‘ON

Jod
AOYIND JSA1]

SHIANLS d4dNTON] dHL 40 SOILSTIALOVIAVH)) "¢ d714dV ],

*A|uo asn feucsted 104 "0z/92/20 Te W0 gndIisce | MMM WOo1) Wepenoy - DN snwsei3 Aq papeojumoqd

64



(panunuod)

suondniayur
JuowWBAI} 2OUALIdX
0} A[oY1] sso] Apyueoyrugis

pasdefa s£ep <
1 dn-mof[oJ 01 1S0[ UOTIUA)AI

yipard dn-doy pue
Surreys sqrqowr
10J 99F M
SIANS Aem-auo

syuowt
€> LYV pajeniur a1om

eAuay (1T00)

PUB 90UAIAYPE PAAIYIY SINAIN Suisn 90UIAYPY ‘LOY ‘SYOM 8t ‘SIBA Q1< SINPV [¢  ‘@oulA0ld BZUBAN Sary soyoerg-dod 61
sIeak 1< pade
punoJ 1M S193JJ9 JAI sjuoned pasuarradxa BUIYD JuUIDIL] +o(€100)
jueoyrusis A[[eonsnels oN vViS ‘LD ‘SYUON € pue QAlBN 96] ‘oouraoid ueuunx 2 youvasay SV Suenyg gJ
SQINSBAW QOUAIYPE IAY}0 unod nid ‘(quysordoo SINS Aem-om]
Io aInyrej [eo1S0[OIIA O} dwn) 00%<) uorssaiddns pue JAI Apoom QATRU YV 1 (P100)
IoIa U0 1031J0 WUBIYIUTIS ON peoy [e11a £q 20UAIAYPY ‘LOY ‘SYUOIN $  ‘09-81 PaSe SINPY [€9 eIpU] ‘BIpU (INOS rmg PUS LI
(papadu Lav
juedionted oy Ji) QA1OR ATY3IY Ul 91om puinof
QI1ed [V Ul UONuajaI SMOTAIIUIL S[[eo pue SINS ‘uone)sas Syoom 9¢z BOLIJY UINOS yiway piyd o(S10T)
Ul SOOUQIQJJIP JUBOYIUSIS ON  PUB SISIA AQ Pauyop UOnualey “Moyo)) ‘SYIUON ¢ uowom jueudaid ATH 0S ‘3angsouueyor pup [puiIv ZIeMydS 9]
SUIOAPULS
Louarorfoq
Qouaraype 1ood 10J aunuuy
JoudIaype SINS Aem-ouo YSII JB POWAIp dIom paainboy 0c(ST0T)
LYV poaoidur Apueoyrusig AINVAH Suisn 0ouaIdypy ‘LDY ‘SYIUON 9 ‘s1e0A Q12 SINPVY 611 eUIY)) ‘SUruueN Jo umor uiqes G
JUNOd [0 $D U0 (3oe193UT 0)
199]J9 ou Inq ‘9jel dDUAIAYPE SMO[[e Papaau JI) syjuowl ¢ Uey) dIow oua.Loypy
rewndoqgns Iomo[ pue 2109S SVA pue SINS Aem-auo OU 10J IV UO Iom pup 22U2.12f24J (L10D)
SV A Joysiy Apueoyrudis peHy VS AQ painseoul 90udIdypy ‘1O ‘SYIUOIN 9 ‘s1BRA Q12 SINpVY 001 eury) ‘SueASucy JuaD g ueny 1
SINS
pue JAJ ‘Moyoo
Q0UAIAYPE UO UOTIUIAIIUL JUNod reruowadxo JUSW[OIUD I0Jq 2 20(T100)
Y} JO 10939 JuedyIuIIS 1id £q painseaw 2ouaIypy  -Isenb ‘SYIUOIN I 10J LYV UO SINpY OS] eIpu ‘vlofedueyg ANO SOT1d son3upoy ¢l
SAUOLPULG
Y 7L< SIL Jo unoo fouaroifaoq
a1BD UI UONUAIY "(Tui/sardoo DLDH 2y 1® aunuuy
Ot>) uoissaiddns [eaia SINS Aem-ouo  judugean} SurOUAWIWOD BOLIJY paammboy +(S100)
juowaroxdwr Jueoyrusis oN [-ATH ‘QINVAH Sulsn 20ua1oypy ‘IO ‘SYIUON ¢  SIeak G2 sjudned gz ynos ‘umog, ade) Jo puinoyp PO ¢TI
(Tuysardod 0pO1>) [eroueury
uorssaxddns VN I-AIH se uotssaiddns -uou Joyjo snjd
[BIIA UT SQOURIAJIP JueOYIuIIs [BIIA BIA OUAIYPY QURINNIII J1 YAI aanisod ATH
OU JNq ‘UONIUIAI JAJYIE O} ‘sypuowt 7T Je Sunsd) aanisod 10 SINS Aem-ouo Pa1s9) A[mou pue oFe pue[Izems {(L102)
A1oY1] AP uedoyusIs UOTUIAINU] -AIH 191Je 218D Ul UONUIY ‘LOY ‘SUIUOIN 7 JO SIedA Q[ SINPY L6IT  ‘Ueqin pue [einy  auipap SO1d KIBNOIN 11
SUOISN]OUOI/SITNSIY 2U02INQ) usisa(q $21IS142100.4DYD 2]dUWIDS UoNIOT puinop (4vafk)  ‘oN

Jod
AOYIND JSA1]

(EINNILNOD)) "¢ d4T14V],

*A|uo asn feucsted 104 "0z/92/20 Te W0 gndIisce | MMM WOo1) Wepenoy - DN snwsei3 Aq papeojumoqd

65



*oreos Sofeue [ensiA ‘SYA ‘uondniiojur juaunearn ‘I, ‘eouaroype payrodar-jios

VS {811 PI[[0IIU0D PIZIWOpURT ‘[ DY {WAISAS SULIOIIUOW JUIAD UOIIBOIPAW ‘SINHIA 9SUOdSAT 9010A QATIORINUI YA ‘Q0I1AIP SULIOJIUOW JDUAIAYPE JTUONI[R ‘QINVH Adeioy) [eriaronaimue ‘[ YV

Suresunos
A[qyuowr yym 2013004
Qouaraype SINS Aem-ouo squow ¢z IV  euaSIN ‘[endsoy o) Jo (€100
paaoxdwr siopurwar SNS SIUNOJ [[99 +HD PUB VIS ‘LDY ‘SYIUOIN # U0 u23q pey suaned 01 [B119)Jo1 AIBNIQ], [PULNOf UDIIISIN BNpRIN LT
quowr |2 uooIowe))
SIANS Aem  10J IV PlenIul a1om ‘uo13ay puinof z MGSNV
souaroype pasoidwr SINS VAS -2u0 1Y YWON [ ‘STeaX 81< SINpPR 06 1S9OM YMON  S@IV u2dQ Y[ BUSesN 97
SINS LAV
Kem-ouo ‘10Y uo Jou ‘[euorye)sod eAUOY JuauDaL] pun op(9100)
SIAIS JO 109130 JuBOYIUSIS ON %665 VIS -IoIsn[ ‘SYIUOIN ¢  JO 93 ZE> USWOA (SS  ‘QOUIAOI] BZUBAN  Yo4Dasay STV Jkessey Gy
soyvuLLofuy
1P21p2
'S93BSSOW JO MIIAIUI SINS Aem-ouo av Jo pumor (€102
1YV 01 juaroype urewar o) djog pue SINHIN ‘Sununos [[id ‘vys ‘LOY ‘SYIUOJA f# UO UdWoMm URI[IZRIg [7 [1Zelg ‘O[ned OBS JpUOnDUIIIU] BISOD BP ¢
240D SAIV
u1 suv1oIs yd
syjuowr Jo uonyvroossy
QouIdYpe ‘peO] [BIIA pUE JUNOD MAI Apeom €2 10J LYV UO o1om uelsoyed [puoDUIIIU] o(1100)
LIV PoseaIoul UonUuQAINU] (D 1s9) uoneoynuapl [id ‘vyS ‘LOY ‘SYOM 01 ‘SIBOA Q12 SINPY 9L ‘peqewresy ay; fo uinor BWZ €7
SJISIA QUWIOY-9sINu
LYV 01 2oudraype Aryppuownq snid quowt |2 Suisamp
Sunowoid ur 9ARO9Ye (seouaraype MAI AP[eomIq  10J [V Poleniul a1om BUIYD o) (0100)
are YAJ snid sysia swoy Qw1 pue 9sop uo Yloq) VyS ‘1O ‘SYIUOIN 6 ‘SIBA Q12 SINPY 911  ‘@ouraoid ueuny Jo uinofp Suepy T
“9ouaIaype Juraroxdur SINS Aem
1o0j Koeoyye pue Afiqiseay -0Mm) [IM YAI LYV Sunye) arom 401a0Yagq +e(ST0T)
sojensuowdp 10[1d YAT viS Aqrep o[id ‘syooM # ‘sIeak Q1< SINPY 9f vIpU[ “BIey[0Y puv §qJy UeWOpUaMS [T
SINS
SIA'S ueys o[qeidoooe SIOpUIUIAI Kem-om) pue yjuowr
arow pareadde YAT nq ) Jo ssaunyasn paAraordd MAAI ‘Teuondas [Z 10J LYV UO 21om (T100)
‘douaroype 03 Joddns poAreorod SE pauyop SI 0UAIYPY SSOID ‘SYOOM ¥ ‘09—81 PoSe s)npy ggl  eIpuf ‘arofesueg 240D SAqIV Kaupis  Og
SUOISN]OUOI/SIINSIY us1saq $O1IS14210DDYD 2]dUIDS uo»IOY puinop JoylD?€) 0N

AOYIND 341

(QENNILNOD)) *¢ ATdV],

*A|uo asn feucsted 104 "0z/92/20 Te W0 gndIisce | MMM WOo1) Wepenoy - DN snwsei3 Aq papeojumoqd

66



Downloaded by Erasmus MC - Rotterdam from www.liebertpub.com at 02/26/20. For persona use only.

SYSTEMATIC REVIEW OF mHEALTH FOR PLHIV IN LMICs

Conflict of interest and funding (other biases)

Selective reporting (reporting bias)

Incomplete outcome data (ITT analysis)

Incomplete outcome data (attrition bias)

Blinding of outcome assessment (detection bias)

Blinding of participants and personnel (performance bias)
Allocation concealment (selection bias)

Random sequence generation (selection bias)

= Low risk of bias

o

Unclear risk of bias

25 50 75 100

m High risk of bias

FIG. 3. Summary of risk of bias items across included studies (%).

distribution, 17 studies were carried out in SSA, 9 in Asia,
and only 1 in Latin America.

We show that 56% of the 27 completed studies indicate that
mobile technology positively and significantly impacts adher-
ence and retention to ART. These findings are robust to ex-
cluding nonrandomized studies, which shows that results are
robust to design or program implementation. By outcome var-
iable, mobile phone-assisted mHealth is effective in increasing
adherence (41%) compared to retention (12%). Thus, the evi-
dence suggests that identifiable impacts of SMS, IVR, and call
for ART might be found only along some dimensions and
consequently also depend on the choice of outcome variable.
We find high variability in the characteristics of the interven-
tions. Moreover, most studies comprised short analysis periods
and small samples covering highly restricted geographical areas.
A serious downside is that not a single study achieves national
representativeness. Hence, the reviewed evidence is still rather
ambiguous about the effectiveness of mobile phone-assisted
mHealth interventions for PLHIV in LMICs. Future research in
the area must expand the study duration and sample size to
achieve better representativeness and gauge possible (new) di-
mensions of impact. An existing effort is presented in the pub-
lished protocol by Wagner et al. for Burkina Faso.*®

Does our systematic review agrees or disagrees
with the wider evidence?

Comparing the results from the present systematic review
with previous work confirms both, namely that (1) the impact
of SMS and IVR interventions is overall ambiguous, and that

(2) there is only scarce evidence of systematic reviews for
LMICs. First, a Cochrane review pooling two studies for
Kenya finds that SMS messages did not reduce the risk for
nonadherence.'® These two studies are also included in our
systematic review.'>** Second, Govindasamy et al.*' provide
a review of 24 studies published between 2004 and 2013
about retention in pre-ART care and initiation of ART from
various interventions (not only mHealth) in LMICs. Al-
though that review shows that several interventions produced
favorable outcomes in observational cohort studies, it has two
caveats compared to our systematic review: (1) it suffers
from unclear ROB, and (2) an incomprehensive selection of
studies published until 2013. We have included 12 studies
published until 2013, however, none of these studies was
included in the review by Govindasamy et al.*'

Kanters et al.’> show in a meta-analytical research that
multiple interventions are significantly better than single in-
terventions to improve adherence. Compared to standard care
alone, SMS interventions had positive impacts globally and
when only considering LMICs. Overall, the consolidated
evidence suggests that while (multiple) interventions can
improve adherence and viral suppression, their impact is
modest, fades over time, and differs across countries. In
similar vein, recent qualitative evidence from India suggests
that mobile phone-based counseling for HIV-positive women
is well perceived.” It is argued that calls might be more
acceptable in accompanying ART than SMS.

In sum, our review combines evidence from existing re-
views with new studies that were not considered in previous
systematic reviews on LMICs. We close an evidence gap as

TABLE 4. CLASSIFICATION OF OUTCOMES FROM THE REVIEWED ARTICLES

Outcome Insignificant impact Significant positive impact Total no. of articles (%)
Retention 3[1] 2 [2] 5 (18.5%); [3 (15%)]
Adherence 6 [4] 11 [8] 17 (63%); [12 (60%)]
Retention and adherence 3 [3] 2 [2] 5 (18.5%); [5 (25%)]
Total 12 [8] 15 [12] 27 (100%); [20 (100)]

Figures in square brackets stand for RCTs.
RCT, randomized controlled trial.
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there is scarce evidence rigorously compiling the existing
primary studies on mobile phone-assisted mHealth inter-
ventions for PLHIV outside developed countries.

In addition, our results can be more readily compared to
current findings for developed countries. A recent review of
35 studies carried out in developed countries, including 13
RCTs from the United States, found unclear results for in-
terventions evaluating a wider scope of sexually transmitted
diseases and health manazgement (prevention, detection,
treatment, and knowledge).”® Another systematic review of
34 studies (mainly United States, n=15) indicates that text
message interventions improve adherence rates, but this re-
view includes different methods of evaluation and diseases
(i.e., asthma, diabetes, heart problems, and schizophrenia).54
It evaluated only six studies involving patients in ART. Si-
milarly, Chaiyachati et al.,” in a review composed of 20
studies mainly from North America, found high variability in
the effectiveness of a combination of interventions that in-
clude (1) adherence reminders, (2) cognitive-behavioral in-
terventions, (3) education, (4) treatment supporters, and (5)
directly observed therapy. Although these five interventions
can improve adherence to ART, impacts are not coherent
across settings.” Similarly, Guy et al.>° find that SMS re-
minders reduce nonattendance rates and improve medical
attendance in a review of 18 studies (mostly) in European
countries that were published between 2006 and 2010.

Our systematic review differs in three fundamental points
from another systematic review of 28 interventions showin,
that mHealth provides positive impacts on HIV-outcomes.”
First, our research focuses exclusively on LMICs. In contrast,
Cooper et al.> jointly assess evidence from high- and low-
income settings. Most of our primary studies originate from
interventions in Africa (63%), while the majority of their
studies are from North America (56%). Second and contrary to
the earlier review, our review assesses not only adherence but
also retention. Third, we extend the timeframe to June 2018 and
thus expand it from the earlier end date of October 2016.

After a careful analysis of the existing literature we found
that available reviews are restricted to specific types of pro-
gram implementation,”®*>* or include only one of the two
primary outcomes.”° Moreover, as outlined above, existing
studies about LMICs tend to be limited in scope.'”' Our
review differs from previous work as we include all quanti-
tative study designs and the two most commonly assessed
outcomes (retention and adherence) of ART interventions.

Limitations

Our review has three main limitations. First, we only
compile studies written in English due to challenges review-
ing studies in other languages. Including articles in other
languages may provide a more holistic representation of
mHealth activities. Notably, countries speaking other lan-
guages may show different responses to mobile phone inter-
ventions. Yet, since English is the main scientific language,
we expect that we covered all major studies. Second, we ex-
clusively included studies from LMICs. We took that decision
because the health care system and situation of PLHIV are
very different in LMICs compared to high-income countries,
and we included a short comparison between our study and
related systematic reviews for developed countries. We are
aware that recently three innovative mHealth interventions for

DEMENA ET AL.

PLHIV have been implemented in the United States using (1)
a smartphone app to connect patients to clinic staff and edu-
cational resources,® (2) social media,”’ and (3) daily mes-
sages plus counseling.’®

Finally, we did not conduct a meta-analysis because of the
large heterogeneity across studies. We identified many differ-
ent study designs, intervention types, durations, various mea-
sures for similar outcomes, and, in particular, we found that
numerous p-values for the reported outcomes were missing.

Conclusions

We systematically review studies testing mHealth inter-
ventions (SMS, IVR, calls) on health outcomes of PLHIV in
LMICs that were published until June 2018. Previous sys-
tematic reviews concentrate on developed countries,54 are
restricted to specific types of program implementation,?*->*
are limited to RCT designs,"® or include only one of our two
primary outcomes.”?® There is scarce evidence rigorously
compiling the existing primary studies on mobile phone-
assisted mHealth interventions outside developed countries.
To the best of our knowledge, only one review was conducted
for LMICs assessing retention in pre-ART care and initiation
of ART from various interventions (not only mHealth) up to
the year 2013.%" Thus, our study expands the timeframe and
results by including the most recent studies for LMICs (until
June 2018) and also covers a larger set of outcomes and a
number of new studies that are not considered in previous
systematic reviews on LMICs.

The consolidated evidence shows ambiguous results (with
high variability) about the effectiveness of mobile phone-
assisted mHealth to boost adherence and retention to ART. The
review also points to short follow-up periods, small samples,
and narrow geographical areas, alth0u§h we highlight the
current intervention in Burkina Faso.”® Hence, evaluating
longer interventions and larger number of patients across wider
national spaces should be a priority of future research. The
latter may resolve whether mobile phone-assisted mHealth
interventions can be effectively used for PLHIV in LMICs.
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