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Abstract

Background: In low resource circumstances, non-adherence for available health services is a major cause of
inefficiency in health care delivery. MHealth has been projected as a possible solution to support women
during pregnancy, birth and puerperium period, to increase the uptake of essential maternal services.

Objectives: This systematic review and meta-analysis study was aimed to determine the effectiveness of
short message services (SMS)on Focused Antenatal Care (FANC) visits and the attendance of skilled birth
professionals in Low and Middle Income Countries (LMICs).

Methods: We searched a broad body of literature from electronic databases—Cochrane review, CINAHL,
PsycINFO, PubMed and Google Scholar to collect comprehensive evidence on the role of SMS on FANC
visits and skilled birth attendance. We extracted data from randomized clinical trials (RCTs) only. Meta-
analyses were conducted using random-effects models with inverse variance method in Review Manager
(RevMan) computer software. Qualities of the included studies were determined by GRADEpro, and risk of bias was
assessed using Cochrane Collaboration risk of bias tool.

Results: Of the 1224 non-duplicated articles screened, only 7 RCT studies representing 8324 participants met eligibility
criteria and included in this synthesis. On aggregate, there were statistically significant associations in experimental group
in that pregnant mothers who received text messaging had a 174% increase in FANC visits (OR =2.74 (95% Cl: 141, 532)
and 82% in skilled birth attendance (OR = 1.82 (95% Cl: 1.33, 2.49). The I test result indicated high heterogeneity 1 =78%
(P <.001). The overall qualities of included studies were moderate, and had low risk of bias.

Conclusions: SMS has positive effects for the uptake of FANC visits and skilled birth attendance in LMICs. A short
messaging service targeting pregnant woman is an invaluable, affordable intervention to improve maternal healthcare
seeking behaviors.
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Plain English summary

Non-attendance of available services is a major cause of
inefficiency in healthcare delivery. MHealth has been
projected as a possible solution to support women dur-
ing pregnancy, birth and puerperium period, to increase
the uptake of essential maternal services. This study was
determine the impact of SMS on FANC visits and the
attendance of skilled birth professionals in LMICs.

A broad range of databases published between 2008 and
2017— Cochrane, CINAHL, PsycINFO, PubMed, Web of
Science and Google scholar—were used to search relevant
literature. Based on a priori set criteria, only 7 RCTs
relevant to this study were systematically reviewed.
Two reviewers extracted the required information from
the relevant articles separately. Meta-analyses were
conducted using random-effects models with inverse
variance method in Review Manager (RevMan) com-
puter software.

On aggregate, there were statistically significant associ-
ations in experimental groups in that pregnant mothers
who received text messaging had a 174% increase in
FANC visits (OR =2.74 (95% CI: 1.41, 5.32) and 82% in
skilled birth attendance (OR =1.82 (95% CI: 1.33, 2.49).
The overall qualities of included studies were moderate,
and had low risk of bias.

In conclusion; SMS has positive effects for the uptake
of FANC visits and skilled birth attendance in LMICs.

Background

Despite ongoing efforts to improve maternal and child
health in developing countries, mortality rates still
remain high, with 1 in 160 lifetime risk of maternal mor-
tality in developing regions as compared to 1 in 3700 for
women living in developed regions [1]. Limited access to
preventive maternal health services, poor administration,
limited logistic and technical ability, insufficient financial
assets and scarcity of skilled health personnel’s are some
of the reasons for this disparity [2].

The essential interventions with proven role to reduce
maternal mortality include antenatal care (ANC) (during
pregnancy), skilled birth attendances (SBA) during intra-
partum (labour and delivery) access to contraception for
postponing, spacing and limiting because the worldwide
increase in postponing, spacing and limiting pregnancies
has, in itself, been the most important single factor for
dramatically reducing the mortality of mothers and their
children the last 50 years [3, 4]. Babies do much better
when they are well-spaced [4]. In Ethiopia, infants born
less than two years after a previous birth have particu-
larly high under-five mortality rates (179 deaths per
1000 live births, compared with 72 deaths per 1000 live
births for infants born three years after the previous
birth). Twenty percent of infants in Ethiopia are born
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less than two years after a previous birth [5] and the
postpartum periods (follow-up after delivery) [6]. In-
deed, studies in Tanzania and Ethiopia have confirmed
the capacity of focused ANC (FANC) and postnatal
care (PNC) provision to mitigate maternal mortality
[7-9]. Data from Demographic and Health Surveys
(DHS), however, reported that two-thirds of women
deliver without skilled birth attendance, only 13% hav-
ing received a postnatal check-up within 48 h in 23
African countries [10]. In addition, about half of preg-
nant, in low and middle-income countries (LMICs),
attain the World Health Organization (WHO) recom-
mended level of at least four ANC visits (i.e., FANC)
[11]. Nonetheless, non-attendance of services is a
major cause of inefficiency in healthcare delivery. The
field of mHealth, or mobile health, has been projected as
a possible solution to many of the problems in LMICs in
tackling workforce scarcity and health education opacity,
as well as, mHealth has been promoted for record keeping
or data recording in general [12].

On the other hand, there is a rapid increase in mobile
phone coverage in developing countries bringing up a
new unprecedented opportunities for providing health
information to a large number of people at a low price
[13-15]. Radio broadcasting is not limited to a target
group. The international telecommunication union
reported that in 2013, global mobile-phone subscrip-
tions reached 6.8 billion and that the mobile-cellular
penetration rate or the number of active mobile phone
users within a specific population reached 89% in de-
veloping countries [16]. An estimated 184 million
women own mobile phones in low-income countries
[17]. More than 60% of individuals now have access to
a mobile phone in sub-Saharan Africa [18].

One of the vital areas tackled by mHealth interven-
tions is the support provided to women during preg-
nancy, birth and puerperium to reduce maternal and
child mortality [19]. Prior studies including one sys-
tematic review have revealed that text messaging may
be a capable and effective tool to provide support,
offer messages and encourage visits of women during
prenatal and postpartum periods [20-23]. Intervention
by mobile telephone, including contact by short mes-
sage service and multimedia message service (MMS)
pictures, deliver frequent reminders on nutritional and
physical activities or recommendations.. These inter-
ventions are convenient and potentially cost-effective
in encouraging pregnant women to maintain healthy
behaviors. The use of mobile phone-based technology
in healthcare has emerged to augment the healthcare
services where the population is underserved, espe-
cially in rural areas [24]. During pregnancy, mHealth
can be used for point-of-care remote consultation, fa-
cilitating referral and access to health facilities and for
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promoting timely contact (appointment) with the
community health workers [16].

Nonetheless, to our knowledge, none of these studies
explored a pooled effect of SMS on FANC visits and
skilled birth attendance. Thus, the evidence base is still
unclear, inconsistence and inconclusive. This systematic
review and meta-analysis was aimed to determine the
effectiveness of short message services on FANC visits
and SBA rate in LMICs.

Methods

Search methods for identification of studies

A broad range of databases—Cochrane, CINAHL, Psy-
cINFO, PubMed, Web of Science and Google scholar—
published between 2008 and 2017 were used to search
relevant literature. The search was extended to high qual-
ity studies by retrieving from the reference lists of in-
cluded studies. The search strategy used the combination
of the following key terms: “mHealth” “mobile pho-
ne*”,“SMS”, “text message”, “telemedicine*”, AND “preg-
nancy”, “maternal health”, “prenatal Care” AND “LMICs”.
Searches were done by two reviewers (FW and GD) inde-
pendently and any conflicts were resolved by discussion,
and last author (AAA) was consulted whenever appropri-
ate.. Search strategy are provided in Additional file 1.
Boolean operators — ‘OR’ or ‘AND’ — were used. Endnote
reference manager software was used to collect and
organize search outcomes and for removal of duplicate ar-
ticles. Search for the study was carried out from 1 Febru-
ary 2018 to 30 April 2018.

Included studies

In order to reduce heterogeneity and increase compar-
ability across included studies, we considered studies
with only randomized clinical trial that determined the
role of SMS for pregnant mothers.

Population pregnant women in LMICs who attended
ANC visit(s) in all settings (i.e. primary care settings
(services in primary health care), outpatient settings
(outpatient clinics), community settings (public health
services) and hospital settings).

Types of interventions

Interventions that use SMS as reminders for a scheduled
health appointment(s) were included. We excluded
appointment reminders provided for other services, for
example, for socialization purposes.

Types of outcome measures
Primary outcome: the effect of mobile phone texting
message service on FANC visits.

Secondary outcome: the effect of mobile phone texting
message service on the skilled birth attendance. Primary
and secondary outcomes were considered based on their
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natural order (i.e., FANC visits for pregnancy, and then
for delivery).

Data extraction

The data extraction format was constructed and pilot-
tested with a subset of eligible studies, and then summa-
rized using a table. Two reviewers (FW, GD) separately
extracted the required information from the relevant ar-
ticles. Further information was request from primary
authors through email (whenever indicated). Discrepan-
cies were resolved by consensus, whenever appropriate.
Data extracted from the included studies: author’s name,
year of publication, country of study, participant charac-
teristics, study design, types of interventions and main
findings (FANC and SBA). For dichotomous data, we ex-
tracted the number of participants with outcome of
interest and total sample size.

Quality of evidence

The overall quality of evidence was evaluated using the
Grades of Recommendation, Assessment, Development
and Evaluation (GRADE) methods [25]. GRADE pro-
filer was used to compute the evidence profile and
categorize the quality of evidence. The quality of evi-
dence was classified as: (1) high quality (further re-
search is extremely unlikely to change the credibility of
the pooled results); (2) moderate quality (further
research is likely to influence the credibility of pooled
results and may change the estimate); (3) low quality
(further research is extremely likely to influence the
credibility of pooled results and likely to change the es-
timate); and (4) very low quality (the pooled results
have extreme uncertainty) [25].

Assessment of risk of bias

Two authors (FW, GD) evaluated the risk of bias of the
included studies using Cochrane Collaboration tool.
Methodological quality of each study was appraised by
retrieving information on five components related to
the design, execution and reporting of randomized tri-
als: randomization technique, allocation concealment,
blinding, manner of handling withdrawals and compar-
ability of randomized groups, with respect to baseline
characteristics [26]. Studies were considered to have a
low risk of bias when all key aspects were assessed and
found to be at low risk for bias [26]. Consistent discus-
sion was in place to settle any controversial idea, or a
third author (AAA) was used as a mediator.

Data synthesis and analysis

Characteristics of the 7 included RCTs were summarized
and presented in a descriptive table (Table 1). The ex-
tracted data were entered in to Microsoft excel spread-
sheet and then exported to RevMan version 5.3 software
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for meta-analysis. Pooled effects odds ratio (OR) and its
corresponding 95% confidence interval (CI) was esti-
mated by using the inverse-variance method of random-
effects model [27]. Funnel plot and egger test were used
to test for publication bias. Heterogeneity between stud-
ies was assessed by calculating the I? statistic and its cor-
responding 95% CI using Rev-Man version 5.3 [28]. To
verify the results, two researchers (FW, GD) independ-
ently computed main statistical analysis and checked for
consistency.

Operational definition

Focused anti-natal care: recommends that all health
pregnant women should have a minimum of four sched-
uled comprehensive antenatal visits during pregnancy.

MHealth: use of mobile and wireless technologies to
support the achievement of health objectives.

Skilled birth attendants are midwifes, doctors or
nurses who have been educated and trained in the skills
needed to manage pregnancies, childbirth and the im-
mediate postnatal period, including the identification,
management and referral of complications in women
and newborns.

Results

Study inclusion

The search strategy identified 1453 articles. Of these,
229 articles were excluded due to duplication. A total of
1224 unique citations met potential inclusion for this re-
view. The defined inclusion criteria were applied to the
title, and where necessary, abstracts for these citations
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were revised by two researchers (FW, GD), independ-
ently. The reviewers agreed that 33 citations met inclu-
sion criteria and a further 1191 citations did not meet
inclusion criteria for the review.

Thirty-three full text articles were further screened. Of
these, 26 were excluded since 7 articles were systematic
reviews on other related topics [16, 29-34], 14 were
non-controlled clinical trials [35-48], and 5 RCTs
reported different outcomes of interest [49-53]. Based
on a priori set criteria, only 7 RCTs relevant to this
study were systematically reviewed (Fig. 1). A meta-ana-
lysis was done from 4RCTs that specifically determined
the effect of SMS on FANC visits and skilled birth at-
tendance. (Table 1).

Characteristics of the included studies

RCTs at clinic- and community-levels on SMS for preg-
nant mothers were included. Studies those explicitly
addressed the effect of mHealth interventions on FANC
visits and skilled birth attendance, and reported that the
mobile phone interventions increase FANC visits (>4
visits) and skilled birth attendance at delivery were con-
ducted in India [54], Zanzibar [55, 56] and Kenya [27].
Study done by Atnafu, a community-based RCT,
reported that the proportion of mothers receiving SMS
were more likely to receive FANC as compared to no
interventions group. The number of study participants
(intervention group) ranged from 32 [57] to 1311 [55].
Study characteristics and primary outcomes of reviewed
articles were summarized in Tablel. Finally, a meta-ana-
lysis was done using 3 RCTs studies.

N=1453
—> ) )
« 1,435 = Records identified through database
'% 18 = Grey literature 229 = Duplication articles
é > removed
g
N1
— :
P N=1,191
1,224 articl d - >
" p£R4 Srficles screcan Excluded based on topic and
g abstract
o
%]
26 full articl luded
— Article reviewed for full text (n = 33) ull artic e.s exc.u ed:
= 7 = Systematic review on
2 .
;50 unrelated topics
=] 14 = Non RCT studies
o 5 = Not clearly reported
f—7p outcome(s) of interest
-]
o Article included for systematic review
£
E and meta-analysis (n = 7)
a___J
Fig. 1 Flow chart describing selection of studies for a systematic review and meta-analysis of the effect of SMSon FANC visits and skilled birth attendance
among pregnant women in LMICs
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Pooled effect of SMS on FANC and SBA

Three studies [57-59] were not included in meta-ana-
lysis because of inconsistent results. Two studies [57, 58]
supported for maternal care delivery system which re-
ported that mHealth intervention seems to have positive
impact on FANC and maternal satisfaction. However,
study done by Lau et al, 2014 [59] showed that SMS
had not significant effect on FANC for both the inter-
vention and experimental groups. Three out of the 7 in-
cluded studies assessed the impact of SMS on FANC
visits (as a primary outcome), and the other 3 included
studies assessed the impact of SMS on SBA at delivery
(as a secondary outcome). A total of 3345 participants
were included in the meta-analysis (Fig. 2). On aggre-
gate, there were statistically significant associations in
experimental groups in that pregnant mothers who
received text messaging had a 174% increase in FANC
visits (OR =2.74 (95% CI: 1.41, 5.32) and 82% in skilled
birth attendance (OR = 1.82 (95% CI: 1.33, 2.49). The I
test result indicated high heterogeneity (P <.001). The
overall qualities of included studies had low risk of bias
(Figs. 3 and 4). As Figs. 3 and 4 display a graphical
explanation of the risk of bias across the studies using
the Cochrane Collaboration tool. All of the studies ad-
equately described how the randomized allocation
sequence was generated, and all but one [60] of the
studies fully concealed the allocation prior to assignment
and not exper from attrition bias generated from incom-
plete outcome data. There are no studies clearly re-
ported blinding of outcome assessment (detection bias).
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Evidence on the level of quality was evaluated by using
GRADE pro criteria, which gave as a moderate level of
quality (Table 2).

Discussion
Principal findings
This meta-analysis detected a statistically significant
increase in FANC visits among pregnant mothers who
had received text messages as compared to their coun-
terparts. This study also found a significant difference
between intervention and control groups of pregnant
mothers who received text messaging and the likeli-
hood of having their delivery attended by skilled health
personnel as compared to those who did not receive
text messaging.

this finding is in keeping with a systematic review
done in Ethiopia that also showed that mHealth tools
are effective to influencing maternal and child health
services utilization by enhancing ANC/PNC attendances
and delivery in health institutions [29]. Another system-
atic review done by Feroz (2017) [31] that reported
mHealth interventions, particularly those delivered
through SMS, were associated with improved utilization
of preventive maternal healthcare services including
uptake of recommended ANC and PNC services. This
study also identified a significant difference between
intervention and control groups of pregnant mothers
who received text messaging and the likelihood of hav-
ing their delivery attended by skilled health personnel as
compared to those who did not receive text messaging.

Intervention Controll Odds Ratio Odds Ratio
Study or Subgroup Fvents Total Fwvents Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 FANC
Bangal VB et al.2017 115 200 47 200 16.3% 4.40[2.86, B.77] —
Lund etal., 2014 874 1311 385 1239 24.2% 1.73[1.47,2.03] =
T.Fedha 2014 177 191 166 204 11.0% 2.89[1.51,5573 s —
Subtotal (95% CI) 1702 1643 51.5% 2.74[1.41,5.32] ~ili—
Total events 266 A48
Heterogeneity: Tau?=0.30; Chi*=17.27, df= 2 (P=0.0002); F=88%
Testfor overall effect: 2= 2.97 (P =0.003)
1.1.2 skilled birth attendance
Bangal VB et al.2017 183 200 178 200 10.6% 1.33[0.68, 2.59] T
Lund etal., 2012 TEE 1284 560 1201 24.3% 1.69[1.44,1.98] -
T.Fedha 2014 168 191 150 206 13.5% 2.73[1.60, 4.69] —
Subtotal (95% CI) 1675 1607 48.5% 1.82[1.33, 2.49] -
Total events 1117 g88
Heterageneity: Tau®=0.04; Chi*= 347, df=2 (P=018); F=42%
Testfor overall effect: Z=3.71 (P = 0.0002)
Total (95% CI) 3377 3250 100.0% 2.19[1.65, 2.90] -
Total events 1883 1486
Heterogeneity: Tau®= 0.08; Chi®= 22.27, df= & (P = 0.0005); F= 78% [|=1 042 045 é :-5 11['
Testfor overall Eﬁe':_t Z=547F < 0.00001) Favours [Intervension] Favours [Control]
Testfor subgroup differences; Chi*=1.19,df=1 (P=027), F=16.3%
Fig. 2 Forest plot of the 7 RCT studies that quantitatively assessed the effect of mobile phone messaging on maternal healthcare services uptake
during pregnancy and at birth
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Random sequence generation (selection hias)

Allocation concealment (selection bias)

Elinding of participants and personnel (performance hias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

0% 26% 50% 7A%  100%

. Low risk of bias

DUncIearrisk of hias

Il Hiah risk of bias

Fig. 3 Risk of bias graph: review authors' judgments about each risk of bias item presented as percentages across all included studies

Consistently, a systematic review done by Colaci (2017)
reported that phone text offered an opportunity to en-
hance acceptability of prenatal and obstetric care includ-
ing skilled birth attendance [30]. This is because SMS
interventions (e.g., reminders, feedback, etc.) boosts self-
efficacy, enhances provision of social support and create
peer-to-peer networks. It may also improve health-seek-
ing behaviors [60, 61]. Furthermore, Mobile phone ser-
vices, especially in certain population groups such as
teenage girls and pregnant women in remote areas, have
facilitated access to some healthcare services. Therefore,
SMS messaging has been used as an appointment re-
minder and can provide basic health information, not-
ably throughout pregnancy period [62]. Newer and
more cost-effective systems are being sought. This
technology can also cost effectively be adapted to ad-
dress the basic health needs of those living in remote
and rural areas [63].

Although few studies [57-59] were not included in the
meta-analysis because of unclear evidence and inconsist-
ent results, these studies strongly supported that mHealth
intervention can enhance client behavioral change and
mental satisfaction. This could increase the uptake of ma-
ternal healthcare services such as ANC, SBA at delivery
and PNC.

Interestingly, the quality of evidence was moderate,
suggesting the observed effect was close to true effect,
and that there was non-significant publication bias. The
present study differs from the previous studies in that
the eligiblility criteria were more rigorous, including
only on RCTs, a meta-analysis, and included a quality
assessment of the included articles.

The findings of this meta-analysis must be interpreted
cautiously in view of the strengths and limitations of the
included trials. To our knowledge, this is the first system-
atic review protocol with innovative approach including
pregnancy that will attempt to assess the pooled effect of
mobile text messaging on promoting FANC and SBA. As
well, this study is the fact that studies included in this
meta-analysis were well-performed and high-quality RCTs.

Additionally, with the enlarged size of the participants, we
have enhanced the statistical power to provide more pre-
cise and reliable effect estimates. Nonetheless, some of im-
portant limitations included the inclusion of studies
published only in English (language bias) may comprom-
ise representativeness. This study represented only studies
reported from six Countries, which may reflect selection
bias due to the limited number of studies included from
other equivalent countries.

Blinding of outcome assessment {detection hias)

® | ® | @ | Random sequence generation (selection bias)

® | ® | ® | @ |~iocation concealment (selection bias)

-~ . . . Blinding of paricipants and personnel {performance hias)

® ® | ® | @ |ncomplete outcome data (attrition bias)
® | ® | ® | ® | selective reporting (reporting hias)

Bangal VB etal.2017 ?
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Fig. 4 Risk of bias summary: review authors’ judgments about each
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Implications for research

Application of the ‘right’ strategy and/or technology is
an essential component of developing evidence-based
practice and ultimately improving maternal health care.
It is reasonable that in a resource-constrained setting,
mHealth interventions should be implemented in the
health care system to reduce maternal and child mortal-
ity. This systematic review and meta-analysis has pivotal
role in strengthening the capacity of institutions to make
evidence-based decisions through enhancing the applica-
tion of mHealth. In conclusion, this findings have broad
implications for public health policy in designing and
implementing mHealth interventions in low-resource
settings around the world. Furthermore, this study will
help inform clinical practice and future studies on the
effectiveness of media platforms.

Conclusions

SMS seem to have positive effects for the uptake of
FANC visits and SBA in LMICs. Thus, mobile phone ap-
plications may contribute towards improved maternal
healthcare seeking behavior and should be considered by
public health leaders and policy makers in resource-lim-
ited settings.

Additional file

[ Additional file 1: Search strategy. (DOCX 13 kb) ]
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