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Abstract

Background: Limited evidence exists on the value for money of mHealth information programsin low resource settings.

Objective: This study sought to model the incremental cost-effectiveness of gradually scaling up text messaging services to
pregnant women throughout Gauteng province, South Africafrom 2012 to 2017.

Methods: Data collection occurred as part of a retrospective study in 6 health centers in Gauteng province. Stage-based short
message service (SMS) text messages on maternal health were sent to pregnant women twice per week during pregnancy and
continued until the infant’sfirst birthday. Program costs, incremental coststo users, and the health system costs for these women
were measured along with changes in the utilization of antenatal care visits and childhood immunizations and compared with
those from a control group of pregnant women who received no SMS text messages. Incremental changes in utilization were
entered into the Lives Saved Tool and used to forecast lives saved and disability adjusted life years (DALY s) averted by scaling
up program activities over 5 years to reach 60% of pregnant women across Gauteng province. Uncertainty was characterized
using one-way and probabilistic uncertainty analyses.

Results: Five-year program costs were estimated to be US $1.2 million, 17% of which were incurred by costs on program
development and 31% on SM S text message delivery costs. Costs to users were US $1.66 to attend clinic-based services, nearly
90% of which was attributed to wages lost. Costs to the health system included provider time costs to register users (US $0.08)
and to provide antenatal care (US $4.36) and postnatal care (US $3.08) services. Incremental costs per DALY averted from a
societal perspective ranged from US $1985 in the first year of implementation to US $200 in the 5th year. At awillingness-to-pay
threshold of US $2000, the project had a 40% probability of being cost-effectivein year 1 versus 100% in all years thereafter.

Conclusions:  Study findings suggest that delivering SMS text messages on materna health information to pregnant and
postpartum women may be a cost-effective strategy for bolstering antenatal care and childhood immunizations, even at very small
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margins of coverage increases. Primary data obtained prospectively as part of more rigorous study designs are needed to validate

modeled results.

(JMIR Mhealth Uhealth 2018;6(7):€153) doi: 10.2196/mheslth.8185
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Introduction

The use of mobile and wirelesstechnology for health (mHealth)
[1] has the potential to address critical gaps in timely and
appropriate care-seeking across the continuum of care from
pregnancy to postpartum [2]. mHealth solutions that target
pregnant women have been shown to increase the utilization of
antenatal care (ANC), skilled birth attendance (SBA), and
childhood immunization rates[3]. While the program strategies
and types of mHealth solutions have varied, delivery of health
information content to pregnant women using short message
service (SMS) text messaging has been effective in bolstering
service utilization in several settings.

In Zanzibar and Malawi, maternal SMS text messaging
initiatives have demonstrated a significant effect on the
utilization of health services and health outcomes. In Zanzibar,
the Wired Mothers Program provided unidirectional SMS text
messaging and direct two-way communication using afree call
voucher system to provide remindersfor ANC visits; gestational
age-specific reproductive, maternal, newborn, and child health
(RMNCH) information; and an emergency medical response
system. Program activities were associated with an increase in
24 ANCvisits (OR 2.39, 95% Cl 1.03-5.55) [4], in SBA among
urban women (OR 5.73, 95% ClI, 1.51-21.81) [5], and reduced
perinatal mortality (OR 0.50, 95% CI 0.27-0.90) [6]. In Malawi,
the Chipatala Cha Pa Foni program used a toll-free hotline to
provide health information and advice, as well as tips and
reminders through SM S text messaging tailored to the client’s
week of pregnancy or child's age. Program activities were
associated with improved RMNCH knowledge and behavior
including increased utilization of ANC within thefirst trimester,
increased bed-net use for pregnant women and children, and
breastfeeding within 1 hour of birth [7].

Beyond these programs, the Mobile Alliance for Materna
Action (MAMA) program has provided stage-based maternal
health information using SM S text messaging in Bangladesh,
India, Nigeria, and South Africa and has supported content to
projects in 54 countries globaly. With the exception of
formative findings from activities in Bangladesh [8], evidence
on the effectiveness of MAMA is limited. Findings from a
retrospective case-control study in South Africa suggest a
significant increase in the uptake of >4 ANC visits (Adjusted
OR 3.21, 95% CI 1.73-5.98) and comprehensive care, defined
as=4 ANC visitsand receiving all vaccinationsat 1 year of age
(Adjusted OR 3.2, 95% Cl 1.63-6.31) [9,10].

The emergence of data suggesting that stage-based SMS text
messages on maternal health information may yield
improvementsin utilization across the continuum of care, from
pregnancy, delivery to postpartum, ispromising [4-6]. Yet, little
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is known about the value for money of maternal SMS text
messaging initiatives. Cost-effectiveness analyses (CEAS) aim
to generate evidence on the costs and consequences of 2 or more
alternatives [11]. CEAs may be used in conjunction with
affordability analyses for informed decision-making on the
appropriate and optimal allocation of finite resources [11]. In
the context of digital health programs, the costs required to
establish and support the technological components of the
program, including architecture, SM S text messaging delivery,
device, and other costs, when coupled with the rapid pace of
technology turnover, raise questions about the long-term
viability and value of theseinitiatives compared with alternative
resource USes.

To complement effortsto determine the effectiveness of MAMA
in South Africa, we model ed theincremental cost-effectiveness
of gradually scaling up SM Stext messaging servicesto pregnant
women throughout Gauteng province, South Africafrom 2012
to 2017. Thismodel-based analysisis anticipated to provide an
early estimate of the cost-effectiveness of MAMA and inform
future efforts to prospectively monitor costs and conseguences
of maternal SMS text messaging programs in low- and
middle-income countries.

Methods

Setting

In South Africa, 1 in 24 children die before their 5™ birthday;
25% due to undernutrition, 25% in the first 28 days of life, and
>50% outside of theformal health sector [12]. South Africahas
the greatest number of HIV cases globally, and an estimated
32% of maternal deaths are attributed to HIV [13]. With a
population of 13.5 million, Gauteng is South Africa’'s most
populous province and comprises 24% of the country’s total
population [14]. An estimated 29% of the pregnant women in
the study areaand 12% of the total population in Gauteng were
HIV+ [15]. In 2015, HIV and tuberculosis (TB) accounted for
24% of deathsamong women and 27% among men 25-64 years
of age [16]. In addition to the high burden of HIV and TB,
noncommunicable diseases (NCDs) remain a leading cause of
mortality and were the cause of over 80% of all deathsin 2015
[16]. Whilethe utilization of care during pregnancy isuniversal,
institutional births are high (97% in 2008-2009) [17], 86% of
women receive postnatal care (PNC) in the clinic within 6 days
of birth[16], and nearly all children under 1 year of agereceive
full immunizations [16], significant gaps persist in the
timeliness, continuity, and quality of care. During pregnancy,
only 49% of women attend their first ANC clinic prior to 20
weeks [16]. HIV testing coverage is the lowest in the country,
and at 23%, fals well below the national average of 32%.
Finally, timely diagnosis and appropriate management for
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hypertension (prevalence of 36% in 2012) and other risk factors
for NCDs remain poor.

Program Description

The MAMA program was initiated in 2012 in South Africato
bolster the utilization of RMNCH services among pregnant and
postpartum women by sending registered users stage-based
SMSS text messages twice per week during pregnancy and up
to the infant's first birthday [9]. Women attending ANC
(n=5111) and PNC (n=4953) servicesin 6 health facilitiesfrom
June 15, 2012 to August 19, 2014 were registered to receive
bi-weekly MAMA SMS text messages during pregnancy and
up to the child's first birthday. Content included information
on maternal and postpartum danger signs, nutrition, and
care-seeking during pregnancy, delivery, and postpartum. To
approximate enrollment trends among pregnant women at scale
across Gauteng, we projected the number of registered users
based on the monthly trends observed during the MAMA
implementation. By year 5, program activities were projected
to expand to include the enrollment of an estimated 60% of all
pregnant women in Gauteng.

Study Design and Sampling

Data on costs and effects were collected during exit interviews
with women attending ANC services in 6 clinics in
Johannesburg as part of a retrospective case-control study
performed from October 2014 to June 2015. Among 608 eligible
women, 356 appeared for requested face-to-face interviews. Of
these women, 181 had been all ocated to the intervention group
and 175 to the comparison group (Multimedia appendix 1).
Despite completing exit interviews, significant gaps in the
recording of health information on health cards existed, and
reliance, where possible, was based on patients recall of
servicesreceived. Final analyseswere performed on 87 women
enrolled during pregnancy to receive MAMA messages and 90
women enrolled into the comparison arm. Women with
incomplete data records, those who did not show up for
follow-up interviews, or whowereenrolled into MAMA during
the postpartum period were excluded from the final analyses.

Health Effects

Primary outcome measures assessed as part of the retrospective
case-control study included attendance rates for ANC visits 1
through 4 and immunization rates at birth, 6, 10, 14 weeks, and
9 months after birth. We have also presented estimates of the
proportion of children fully immunized and those who received
comprehensive care (defined as at least 4 ANC visits[ANCA4+]
and full immunizations). Despite datalimitations, findingsfrom
the retrospective case-control study suggested that women
exposed to SMS text messages were more likely to attend at
least the recommended 4 ANC visits (OR 3.21, 95% ClI
1.73-5.98) and complete comprehensive care, (OR 3.2, 95% Cl
1.63-6.31) than women not exposed [10]. Rates for individual
immunizations were also observed to increase by 1%-6%.
However, the high baseline rates of utilization coupled with the
small number of study participantswith complete dataindicated
that the study was not powered to detect whether these trends
weresignificant. Neverthel ess, the trends observed were entered
into the Lives Saved Tool (LiST) [18] to generate an estimate
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of lives saved through project activities for each year of
implementation and adjusted for increases in the number of
registered users over the 5-year analytic time horizon. Lives
saved were trandlated into DALYs averted based on a 3%
discount rate, no age weighting, and using alife expectancy of
66 years for a South African woman [19].

Costs

For this model-based analysis, economic costs were estimated
fromasocietal perspectiveinclusive of program, health systems,
and user costs for a 5-year analytic time horizon (2012-2017).
Program costs were defined as the costs required to develop,
start-up, and support ongoing implementation. These were
captured using an ingredients approach based on program
activities, drawing from financia records and informant
interviews with project implementing partners (Wits RHI,
Cdll-Life, and Pragkelt Foundation), and through observations
of health careworkers providing routine ANC and PNC services
within facilities. Costs were further categorized into capital
(costs with a life expectancy of >1 year) and recurrent costs,
with the former annualized over the lifetime of the project or
life span of the item as appropriate and discounted at 3%.
Devel opment and start-up phase costs were viewed as one-time
activities and similarly annualized over the lifetime of the
project.

Incremental costs to the health system sought to capture costs
associated with registration and increases in utilization. These
included provider time costs to register patients into MAMA,
aswell asto provideroutine clinical services during pregnancy
and postpartum, including immunizations. These costs were
estimated based on informant interviews, with provider salaries
drawn from PayScale.com, an online salary, benefits, and
compensation information company, and verified by the human
resources department of Wits RHI.

Coststo usersincluded all out-of-pocket paymentsincurred for
care or treatment-seeking, including direct costs associated with
medical care (consultation fees, medicine/commodity costs) as
well as costs for transport/treatment-seeking and indirect costs
dueto wages|ost resulting from time spent seeking care or away
fromincome-generating activities. These were measured through
patient interviews in intervention and comparison arms and
generalized to the sample population as rollout occurred.

Data Analysis

Costs were adjusted to 2015 USD dollars using consumer price
indices [20] and aforeign exchange rate of 15.40 [21]. Capital
costs were annualized using a 3% discount rate and estimates
of local life expectancies. Health effects were analyzed using
bivariate and multivariable logistic regression. Parameter costs
and effects were adjusted to the projected sample population
for each of the 5 years of implementation. Incremental costs
were divided by incremental health effects to generate a
deterministic estimate of theincremental cost-effectivenessratio
(ICER), expressed as a cost per life saved and cost per DALY
averted. To test for uncertainty, one-way and probabilistic
sensitivity analyses were conducted. The latter was performed
in Microsoft Excel using a Monte Carlo simulation with 1000
iterations per analysis. The resulting mean point estimate was
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obtained by dividing mean costs by mean effects. The 95% CI
for the ICER is presented based on percentiles. A
cost-effectiveness plane and cost-effectiveness acceptability
curvewere used to calculate the probability that theintervention
would be cost-effective for each of the several standard
thresholds of cost-effectiveness. Cost-effectiveness was
ultimately determined according to thresholds set forth by the
Commission for Macroeconomics and Health and World Health
Organization, which stipulate that an intervention is “highly
cost-effective” and “cost-effective” at 1 and 3 times,
respectively, the value of per capitagross domestic product per
DALY averted. To facilitate comparison with alternative
resource uses, we additionally compared findings against those
avalable in the literature, including the Disease Control
Priorities Project 39 edition, which highlights low-cost
high-priority interventions for key regions globally.

Results

Figure 1 presents data on the observed and forecasted enrolIment
trends over the 5-year analytic time horizon of the project. In
years 1 and 2, atotal of 2879 and 8161 women were enrolled
to receive MAMA messages, representing 1% and 3% of total
pregnancies in Gauteng, respectively. Extending this monthly
pattern of enrollment, we estimated a 10% monthly growth in
the number of usersregistered to the program. This corresponds
to atotal of 18,419 (6% of preghant women), 57,214 (19% of
pregnant women), and 179,562 (60% of pregnant women)
enrolled inyears 3, 4, and 5 of the program, respectively.

Table 1 presents program costs for implementation and
technology support for each year of the program. Years 1 and
2 reflect costs incurred by the program, whereas years 3-5
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represent forecasted costs anticipated with the scale up of
implementation across Gauteng. Among key sub-categories of
costs, technology support costs comprised 63% of total program
costs, half of which was spent on SMS text message delivery
costs. The annual estimates of implementation support costs
were primarily attributed to the annualized estimates of
development costsincurred at the project’sinception to support
content development and localization and the development of
training materials. Overall, personnel costs comprised 18% of
annual costs, including 9% for program support staff and 9%
for technology support and management personnel.

Figure 2 presents data on trends in the total program cost per
registered user and per case of comprehensive care (=4 ANC
and full immunization). Multimedia Appendix 2 summarizes
year 5 parameter inputsfor the probabilistic sensitivity analyses
(similar tables are presented in Multimedia A ppendices 3-6 for
each of the first 4 years of the program). By year 5, out of
179,562 registered users across Gauteng, 95% of those exposed
to MAMA were estimated to have received all childhood
immunizations compared with 90% of non-MAMA users.
Similarly, 72% of those exposed to MAMA received >4 ANC
visits compared with only 46% in the comparison arm. A total
of 67% of MAMA users were estimated to receive
comprehensive care compared with 39% of non-MAMA users.
By inputting individual coverage datainto LiST, we estimated
that atotal of 182 (range, 109-199) liveswould be saved in the
year 5 of the program. Multimedia Appendix 7 presents data
on the number of individuals expected to attend =4 ANC visits
and have fully immunized children and the total number of
comprehensive care users by year 5 of the program along with
corresponding estimates of thelives saved and DALY s averted.
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Figure 1. Observed and forecasted enrollment trends over 5 years: July 2012-June 2017. Total users denote women registered to receive MAMA
messaging while comprehensive care refersto the subpopul ation that attended all recommended antenatal care 1to 4 visitsand had children that received
the fully package of immunizations.
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Table 1. Forecasted 5-year costsin 2015 US $ for gradua rollout in Gauteng province, South Africa.

Category Total program Total program Forecasted, Forecasted, Forecasted, Total cost over 5
cost, July 2012to  cost, July 2013to  July 2014to July 2015to July 2016to years (% of total cost)
June 2013 June 2014 June2015  June2016  June 2017

Implementation support

Development 37,353.42 38,474.03 39,628.25 39,628.25 42,041.61 197,125.55 (17)
Start-up 17,765.76 18,298.74 18,847.70 18,847.70 19,995.52 93,755.41 (8)
Training 149.73 — 73.86 — 80.51 304.10 (0)
Personnel 18,375.80 18,798.00 19,630.41 20,514.67 21,398.94 98,717.82 (8)
Buildings 5974.80 5644.53 5894.48 6160.00 6425.52 30,099.33 (3)
Transport 3223.16 3044.99 3179.83 3323.06 3466.30 16,237.34 (1)
Communication 537.19 507.50 529.97 553.84 577.72 2706.22 (0)
Subtotal implementation support  83,379.87 84,767.78 86,081.31 89,027.53 93,986.12 437,242.60 (37)

Technology costs

Start-up/devel opment 129.89 129.89 137.03 144.08 158.74 699.63 (0)
Content maintenance 10,478.75 12,876.98 9167.21 9442.22 9725.49 51,690.64 (4)
Technology maintenance 8279.94 36,864.04 18,509.92 19,333.07 20,156.87 103,143.84 (9)
Project management/personnel  25,697.90 30,970.64 15,588.69 16,625.15 17,709.78 106,592.15 (9)
Monitoring and evaluation 1842.36 1961.43 108.72 111.99 115.34 4139.84 (0)
Building/overhead 10,073.21 13,088.45 12,225.42 12,765.21 13,305.66 61,457.94 (5)
Travel 11,353.19 8606.91 3100.02 3237.30 3374.71 29,672.13 (3)
SMS text message delivery 5384.11 9857.96 23,233.68 75,421.98 246,909.46  360,807.20 (31)
SMSS text message trandation 1736.80 1855.87 1855.87 1855.87 1855.87 9160.28 (1)
Printing 4726.26 — — — — 4726.26 (0)
Subtotal technology 79,702.40 116,212.16 83,926.55 138,936.88  313,311.93  732,089.92 (63)
Total 163,082.27 200,979.94 170,007.86 227,964.40 407,298.04  1,169,332.51 (100)

Figure 2. 5-year trendsin the total program cost per registered user and per case of comprehensive care (CC) received among MAMA users over 60
months.
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Estimates of service utilization were used to forecast the costs to MAMA as well as treating additional cases (Multimedia
to the health system associated with registering pregnant women  Appendix 2). Assuming a 3-minute registration time, provider
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costs to register each woman were estimated to be US $0.08
(range of $0.04-0.11), while ANC counseling service delivery
costs were estimated to be US $1.28 for ANC 1 and US $1.03
for each of the remaining ANC 2-4 visits. PNC was estimated
to cost US $1.03 for PNC 1 and US $0.51 for each of the
remaining 5 visits. Adjusting for differentials in utilization
across study arms, total ANC 4+ and PNC 5+ costs were
$1,101,947 in the MAMA study arm and $857,070 in the
comparison arm.

Mean costs to users for attending ANC and PNC were drawn
from structured interviews and included food, wageslost, child
care, and transport costs (Multimedia Appendix 2). The mean
cost per visit was $1.66 for ANC and $1.48 for PNC. Thelargest
proportion of costswere attributed to wages|ost (90%), followed
by transportation (5%), child care (4%), and food (1%).
Multimedia Appendix 3 summarizes data on costs and
consequences for years 1-5 by study arm. Deterministic
estimates of the incremental cost per live saved from a societal
perspective ranged from US $56,011 in year 1 to US $5652 in
year 5. Estimates of the cost per DALY averted similarly
declined from US $1985 in year 1 to US $200 in year 5.
Probabilistic estimates mirror this pattern.

LeFevreet a

Figure 3 presents the cost-effectiveness plane for each year, 1
through 5, whereas Figure 4 depicts incrementa
cost-effectiveness acceptability curves for each year of
implementation. The cost per DALY averted falls beneath the
2015 Gross National Income (GNI) for South Africa of US
$6080 for each of the 5 years of implementation. At a lower
willingness-to-pay threshold of $250, the probability of
achieving cost-effectiveness ranges from 0% in year 1 to 64%
inyear 5.

Using the South Africa's Gross National 1ncome per capitafor
2015 of US$6080 as the threshold, program activities have a
100% probability of being cost-effective. At lower
willingness-to-pay thresholds, the probability of MAMA being
cost-effective increases over time as the number of users
increases along with anticipated health effects.

To compliment probabilistic sensitivity analyses, we also
conducted one-way sensitivity analyses to identify key drivers
of the incremental cost per DALY averted (Figure 5). The
leading driver of incremental cost-effectiveness is the number
of lives saved and corresponding number of DALY's averted,
followed by programmatic costs associated with SMS text
message delivery costs.

Figure 3. Cost effectiveness plane of years 1-5 of MAMA implementation vs. Status quo in Gauteng, South Africa. Individual dots represent the
incremental costs and incremental disability adjusted life years (DALY s) averted for each of 1,000 simulations conducted by year of implementation.
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Figure4. Incremental cost effectiveness acceptability curve of years 1-5 of MAMA implementation vs status quo in Gauteng, South Africa. Using the
South Africa’s gross national income (GNI) per capitafor 2015 of US $6,080 as the threshold, program activities have a 100% probability of being cost
effective. At lower willingness pay thresholds, the probability of MAMA being cost effective increases over time as the number of usersincreases along

with anticipated health effects. DALY: Disability adjusted life years.
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Figure 5. One way sensitivity analysis of key drivers of incremental cost per disability adjusted life year (DALY) averted for year 5 of program
implementation (al costsin US$). ANC: antenatal care; PNC: postnatal care; SMS: short message service.
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Discussion

Summary of Key Findings

Study findings modeling the incremental cost-effectiveness of
exposureto SM Stext messages during delivery and postpartum
on care-seeking and childhood immunizations suggest that the
cost per DALY averted ranges from US $1985 in year 1 when
only 1% of pregnant women are registered to US $200 in year
5 when 60% of pregnant women are included. Societal coststo

implement MAMA in the 5 year of implementation were
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estimated to be US $3.6 million dollars, 59% of which represent
costs borne by usersto seek carefor ANC and PNC, 30% costs
to the health system, and 11% program costs. When considered
against a status quo comparator, the incremental annual cost to
implement MAMA at 60% coverageis US $1.03 million.

To estimate the health effects of SM S text messaging exposure,
we drew from sample data on changes in the utilization of
services among MAMA users and nearby non-MAMA-using
mother-infant pairs for ANC and childhood immunizations up
to 9 months. Less than 100 complete records were available in
each study arm. When coupled with the existing high rates of
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service utilization, it meant that we were not powered to measure
changes in the utilizations rates for individual vaccines.
However, we were powered to measure observed changes in
the utilization for ANC and comprehensive care (defined as
ANC 1-4 and full immunizations). Based on available data,
1%-4% increases in immunization rates were observed by
vaccinetypeaongwithal4%increaseinal 4 ANCvisits. The
latter finding is consistent with changes in coverage observed
in Zanzibar as part of the Wired Mothers Program [4] and with
emerging findings from the mCare project in Bangladesh.
However, it is noteworthy that the overall utilization of ANC
ishigher in South Africathan elsewherein theregion, including
Zanzibar; thus, it is feasible that we have overestimated health
effects. Efforts to account for this were made through one-way
and probabilistic sensitivity analyses, which sought to explore
the effects of changing individual parameters, including
coverage, on overall cost-effectiveness.

In the 2 years since the MAMA program ended, the National
Department of Health (NDOH) has developed and rapidly scaled
amaternal SM Stext messaging program called “MomConnect,”
which is based on MAMA but with less specific messages on
the prevention of mother-to-child transmission of HIV. Like
MAMA, MomConnect registers pregnancies and links expectant
mothersto gestation age-specific pregnancy information, while
also providing access to a help desk for reporting compliments
or complaints on service delivery. Since its inception,
MomConnect has grown to become one of the largest mHealth
initiatives globally, registering >1 million pregnant women in
>95% (3300) of health facilitiesin South Africatoreceive SMS
text messages on maternal health information [22]. While data
on the cost-effectiveness of MomConnect are not available,
trends in the number of registered usersin this analysis mirror
those attained. With many of the technology partners
overlapping, it is feasible that costs and value for money
estimates will be similar.

Elsewhere, data on the value for money of digital health
programs are slowly emerging. However, to our knowledge,
thisisthefirst study to provide evidence on the value for money
of maternal SMS text messaging programs. To date, a dozen
peer-reviewed papers comprise the body of evidence on the
value for money of mHealth solutions, including CEAs (6
studies) [23-26], cost-utility analyses (2 studies) [27,28], and
cost-benefit analyses (4 studies) [29-32]. The distribution of
digital health application types include 4 studies focused on
client education and behavior change communication, 2 on
electronic decision support, 2 on provider training and education,
2 on sensors and point-of-care diagnostics, and one on
provider-to-provider communication [33]. Across disease aress,
42% of studies focus on general health, 25% on infectious
diseases, 25% on chronic diseases, and 8% on women's health
[33]. Efforts to compare these studies with MAMA are
challenging, given the differences in the outcome measures
used. None of the identified CEAS report outcome metrics in
units comparable (eg, lives saved) to those reported here, and
only one of the 2 cost-utility analyses used DALYs as the
outcome measure. Where the latter is concerned, a 2012
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cost-utility analysis of a tuberculosis control strategy in
Thailand, wherein patients received daily SMS text messages
from a village health volunteer reminding them to take their
medication, was associated with a median ICER of 350
international dollars (or US $4270) per DALY averted [27].
However, the uncertainty ranges around the health gain in
DALYs were wide and crossed zero, suggesting that no
distinction could be made in cost-effectiveness between mobile
phone reminders and the comparator [27]. Findingsfrom a2013
cost-utility analysis of telemedicine to screen for diabetic
retinopathy in India reported that screening once in a lifetime
(US $2692 per Quality Adjusted Life Year, QALY, gained),
twicein alifetime (US $2475 per QALY gained), and every 5
years (US $3134 per QALY gained) were cost-effective using
the WHO threshold recommendations [28]. However, annual
screenings and/or those every 3 years did not fall below the
threshold for cost-effectiveness [28]. Collective consideration
of thisbody of evidence, in conjunction with our study findings,
suggests that mobile SMS text messaging interventions for
maternal health may compare favorably with the handful of
other cost-effectiveness studies of mHealth interventions
emerging from lower- and middle-income countries.

Limitations

From the outset, we sought to base thisanalysison primary data
and focus only on the 2-year analytic time horizon of the
program. However, primary data collection efforts were
hampered by challenges in patient recruitment and data
compl eteness. Whilewe sought to obtain data on immunizations
from the paper-based booklets provided by NDOH to mothers
and completed by health workers at thetime of service delivery,
in practice, significant gaps in the compl eteness and quality of
record keeping meant that a large proportion of interviewed
participants were excluded from the final analyses. In shifting
to amodel-based analysis, we sought not only to morerigorously
capture uncertainty but also consider theimplications of service
delivery at scale. Except for variable costs associated with SMS
text message delivery, much of the technological costs
associated with the MAMA program activities were fixed,
irrespective of the scale of implementation. That said, our
findings clearly suggest that greater value for money is attained
with increasing scale. We hope that further analyses drawing
from primary data of maternal SMS text messaging at scale
through MomConnect and other initiatives will confirm this.

Conclusions

Thisisafirst of itskind study to provide an evidence-informed
model of the value for money of maternal SM S text messaging
programs. Study findings suggest that SM'S text messages to
pregnant and postpartum women are cost-effective, according
to the GNI per capita thresholds for South Africa
Cogt-effectiveness improves with scale. Further efforts are
needed to determine the value for money of maternal SM S text
messaging under more robust study designs and in differing
settings where technological (network coverage and access to
mobile phones), epidemiological, and health systems profiles
may differ.

http://mhealth.jmir.org/2018/7/e153/

JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 7 | €153 | p. 9
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH LeFevreet d

Acknowledgments

The data underpinning this analysis were gathered through interviews with providers and mothers registered to receive MAMA
messages in Gauteng. The authors are grateful to these individuals for their generosity, time, and insights. We additionally thank
Dr Garrett Mehl and Dr Patty Mechael for their guidance and support to the project.

MAMA activities in South Africa were funded by USAID through a grant provided to Wits RHI. Time costs for JHSPH study
authors were provided by the World Health Organization’s Innovation Working Group Catalytic mHealth Grants Program.

Authors Contributions

JC isthe principal investigator. JC conceived the ideafor this research with inputs from ALeFevre, and JE. ALeFevre, MCE, and
JC designed the data collection instruments for patient interviews. JC oversaw the data collection and quantitative data entry with
support from IB. DR, AN, and JC collected data on program costs. ALeFevre conducted the probabilistic sensitivity analysis
with inputs from Y J. 1B, DM, and JE provided critical inputs to the quantitative analyses and interpretation of results. ALeFevre
conducted the analyses and wrote the first draft of the manuscript with inputs from JC, MCE and al other authors. All authors
approved the final draft.

Conflictsof Interest
None declared

Multimedia Appendix 1
Eligibility and enrollment flow of study participants included.

[PDE File (Adobe PDFE File), 115K B-Multimedia Appendix 1]

Multimedia Appendix 2
Parameters for probabilistic sensitivity analysis drawing from Year 5 costs (All currency in US $).

[PDE File (Adobe PDF File), 193K B-Multimedia Appendix 2]

Multimedia Appendix 3
Year 1 Program costsin US $ for gradual rollout in Gauteng province, South Africa.

[PDE File (Adobe PDF Fil€), 141K B-Multimedia Appendix 3]

Multimedia Appendix 7
Year 2 Program costsin US $ for gradual rollout in Gauteng province, South Africa

[PDE File (Adobe PDF File), 141KB-Multimedia Appendix 7]

Multimedia Appendix 5
Year 3 Program costsin US $ for gradual rollout in Gauteng province, South Africa.

[PDE File (Adobe PDF File), 142K B-Multimedia Appendix 5]

Multimedia Appendix 6
Year 4 Program costsin US $ for gradual rollout in Gauteng province, South Africa

[PDE File (Adobe PDF File), 141KB-Multimedia Appendix 6]

References

1.  World Hedlth Organization. Geneva: WHO; 2006. eHealth Tools & Services. Needs of the Member States: Report of the
WHO Glaobal Observatory for eHealth URL : http://apps.who.int/medicinedocs/documents/s16468e/s16468e.pdf [accessed
2018-06-15] [WebCite Cache ID 70BoRK9Zb)]

2. Mehl G, Vasudevan L, Gonsalves L, Berg M, Seimon T, Temmerman M, et al. Harnessing mHealth in Low-Resource
Settings to Overcome Health System Constraints and Achieve Universal Accessto Healthcare. In: Marsch L, Lord S,
Dallery J, editors. Behavioral Health Care and Technology: Using Science-Based Innovations to Transform Practice. New
York, New York: Oxford University Press; Nov 2014:239-263.

http://mhealth.jmir.org/2018/7/e153/ JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 7 | €153 | p. 10
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=mhealth_v6i7e153_app1.pdf&filename=984d62492c75601906ed270e5c762e01.pdf
https://jmir.org/api/download?alt_name=mhealth_v6i7e153_app1.pdf&filename=984d62492c75601906ed270e5c762e01.pdf
https://jmir.org/api/download?alt_name=mhealth_v6i7e153_app2.pdf&filename=99c08203f951be349f817f8afe83b933.pdf
https://jmir.org/api/download?alt_name=mhealth_v6i7e153_app2.pdf&filename=99c08203f951be349f817f8afe83b933.pdf
https://jmir.org/api/download?alt_name=mhealth_v6i7e153_app3.pdf&filename=1ed44096421a54b225571bc465eb5ac0.pdf
https://jmir.org/api/download?alt_name=mhealth_v6i7e153_app3.pdf&filename=1ed44096421a54b225571bc465eb5ac0.pdf
https://jmir.org/api/download?alt_name=mhealth_v6i7e153_app4.pdf&filename=9be802be31c1e5579e18b7efef57bf9a.pdf
https://jmir.org/api/download?alt_name=mhealth_v6i7e153_app4.pdf&filename=9be802be31c1e5579e18b7efef57bf9a.pdf
https://jmir.org/api/download?alt_name=mhealth_v6i7e153_app5.pdf&filename=3b33f7df2e76b95e00ce8bb3f8f7f920.pdf
https://jmir.org/api/download?alt_name=mhealth_v6i7e153_app5.pdf&filename=3b33f7df2e76b95e00ce8bb3f8f7f920.pdf
https://jmir.org/api/download?alt_name=mhealth_v6i7e153_app6.pdf&filename=6ca1fb2ac8510efb08eef611dae1eab5.pdf
https://jmir.org/api/download?alt_name=mhealth_v6i7e153_app6.pdf&filename=6ca1fb2ac8510efb08eef611dae1eab5.pdf
http://apps.who.int/medicinedocs/documents/s16468e/s16468e.pdf
http://www.webcitation.org/

                                            70BoRK9Zb
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH LeFevreet d

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Watterson J, Walsh J, Madeka |. Using mHealth to Improve Usage of Antenatal Care, Postnatal Care, and Immunization:
A Systematic Review of the Literature. Biomed Res Int 2015;2015:153402 [FREE Full text] [doi: 10.1155/2015/153402]
[Medline: 26380263]

Lund S, Nielsen B, Hemed M, Boas |, Said A, Said K, et a. Maobile phones improve antenatal care attendancein Zanzibar:
acluster randomized controlled trial. BMC Pregnancy Childbirth 2014 Jan 17;14:29 [FREE Full text] [doi:
10.1186/1471-2393-14-29] [Medline: 24438517]

Lund S,Hemed M, Nielsen B, Said A, Said K, Makungu M, et al. M obile phones as ahealth communication tool toimprove
skilled attendance at delivery in Zanzibar: acluster-randomised controlled trial. BJOG 2012 Sep;119(10):1256-1264 [FREE
Full text] [doi: 10.1111/].1471-0528.2012.03413.x] [Medline: 22805598]

Lund S, Rasch V, Hemed M, Boas|, Said A, Said K, et al. Mobile phone intervention reduces perinatal mortality in zanzibar:
secondary outcomes of a cluster randomized controlled trial. IMIR Mhealth Uhealth 2014 Mar 26;2(1):e15 [FREE Full
text] [doi: 10.2196/mhealth.2941] [Medline: 25098184]

Watkins SC, Robinson A, Dalious M. Village Reach/Invest in Knowledge Initiative. Malawi; 2013 Dec. Evaluation of the
Information and Communi cations Technology for Maternal, Newborn and Child Health Project Known locally as* Chipatala
ChaPaFoni” (Heath Center by Phone) A pilot project of the Concern Worldwide Innovations for Maternal, Newborn &
Child Health Project URL: http://www.vill agereach.org/wp-content/upl oads/2017/07/

ICT_for MNCH_Report_131211md FINAL.pdf [accessed 2018-06-15] [WebCite Cache ID 70BoXx1JO]

Rajan R, Raithan A, Alam M, Agarwal SA, Ahsan A, Ahsan R, et . MAMA Bangladesh. 2013 Dec. MAMA “APONJON”
Formative Research Report URL : https://www.mheal thknowl edge.org/sites/defaul t/files/

MAM A%20Bangladesh%20Formative%20Research%20Report.pdf [accessed 2018-06-15] [WebCite Cachel D 70Bodw54m)]
Coleman J, BohlinK, Thorson A, Black V, Mechael P, Mangxaba J, et a. Effectiveness of an SM S-based maternal mHealth
intervention to improve clinical outcomes of HIV-positive pregnant women. AIDS Care 2017 Dec;29(7):890-897. [doi:
10.1080/09540121.2017.1280126] [Medline: 28107805]

Coleman J, Lau Chan V, Black V, Thorson A, Eriksen J. Improving maternal and infant health using mHealth text messages
in alow-resource urban setting in South Africa. Submitted 2018 (forthcoming).

LeFevre A, Shillcutt S, Broomhead S, Labrique A, Jones T. Defining a staged-based process for economic and financial
evaluations of mHealth programs. Cost Eff Resour Alloc 2017;15:5 [FREE Full text] [doi: 10.1186/s12962-017-0067-6]
[Medline: 28428734]

UNICEF/WHO/The World Bank/United Nations Population Division. Unicef. New York; 2015. Levels & Trendsin Child
Mortality URL: https://www.unicef.org/publications/files/Child Mortality Report 2015 Web 9 Sept_15.pdf [accessed
2018-06-15] [WebCite Cache ID 70B0i 77JW]

WHO Africa. 2015. Trendsin Maternal Mortality: 1990 to 2015 URL: http://www.afro.who.int/sites/defaul t/files/2017-05/
trends-in-maternal -mortality-1990-t0-2015.pdf [accessed 2018-06-15] [WebCite Cache ID 70Bos2WeS)

Statistics South Africa. Statistics South Africa. 2016 Aug 25. Mid-year population estimates 2016 URL : https://www.
statssa.gov.za/publications/P0302/P03022016.pdf [accessed 2018-06-15] [WebCite Cache ID 70BozT QS]]

Shisana O, Rehle T, Simbayi I, ZumaK, Jooste S, Jungi N, et al. Human Sciences Research Council Press. 2014. South
African National HIV Prevalence, Incidence and Behaviour Survey, 2012 URL: http://www.hsrc.ac.zalen/research-outputs/
ktree-doc/15031 [accessed 2018-06-15] [WebCite Cache ID 70BpAPKpj]

Health Systems Trust. 2015 Oct. District Health Barometer 2014/15 URL : https.//www.heal th-e.org.za/wp-content/upl oads/
2015/10/Complete DHB_2014 15_linked.pdf [accessed 2018-06-15] [WebCite Cache ID 70BpHJGP2]

Health Systems Trust. 2009. District Health Barometer 2008/2009 URL : http://www.hst.org.za/publications/
District%20Heal th%20Barometers/ Compl ete%20dhb0809. pdf[ WebCite Cache ID 70BglOPDm)]

Johns Hopkins Bloomberg School of Public Health. The Lives Saved Tool — software that estimates survival of mothers
and children. Baltimore URL: http://www.livessavedtool.org/ [accessed 2018-05-31] [WebCite Cache |D 6zpa2pS6m]
World Health Organization. Country Profile: South Africa. Geneva: WHO URL : http://www.who.int/countries/zaf/en/
[accessed 2018-05-30] [WebCite Cache ID 6zpaHcoUy]

International Monetary Fund. World Economic Outlook Database, October 2013. Washington, D.C: IMF URL: http://www.
imf.org/external/pubs/ft/weo/2013/02/weodata/weosel co.

aspx?29=2603& sg=Al +countries+%2F+Emerging+market+and-+devel oping+economies+%2F+Sub-Saharan+Africa
[accessed 2018-05-30]

OANDA. Currency Converter Foreign Exchange Rates. URL : http://www.oanda.com/currency/converter/ [accessed
2018-05-31] [WebCite Cache ID 6AREIkiPU]

Barron P, Pillay Y, Fernandes A, Sebidi J, Allen R. The MomConnect mHealth initiative in South Africa: Early impact on
the supply side of MCH services. JPublic Health Policy 2016 Nov;37(Suppl 2):201-212. [doi: 10.1057/s41271-016-0015-2]
[Medline: 27899795]

Dodani S, Songer T, Ahmed Z, Laporte RE. Building research capacity in developing countries: cost-effectiveness of an
epidemiology course taught by traditional and video-tel econferencing methods in Pakistan. Telemed J E Health 2012
Oct;18(8):621-628. [doi: 10.1089/tmj.2011.0262] [Medline: 23061643]

http://mhealth.jmir.org/2018/7/e153/ JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 7| €153 | p. 11

RenderX

(page number not for citation purposes)


https://dx.doi.org/10.1155/2015/153402
http://dx.doi.org/10.1155/2015/153402
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26380263&dopt=Abstract
https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/1471-2393-14-29
http://dx.doi.org/10.1186/1471-2393-14-29
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24438517&dopt=Abstract
http://dx.doi.org/10.1111/j.1471-0528.2012.03413.x
http://dx.doi.org/10.1111/j.1471-0528.2012.03413.x
http://dx.doi.org/10.1111/j.1471-0528.2012.03413.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22805598&dopt=Abstract
http://mhealth.jmir.org/2014/1/e15/
http://mhealth.jmir.org/2014/1/e15/
http://dx.doi.org/10.2196/mhealth.2941
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25098184&dopt=Abstract
http://www.villagereach.org/wp-content/uploads/2017/07/ICT_for_MNCH_Report_131211md_FINAL.pdf
http://www.villagereach.org/wp-content/uploads/2017/07/ICT_for_MNCH_Report_131211md_FINAL.pdf
http://www.webcitation.org/

                                            70BoXx1JO
https://www.mhealthknowledge.org/sites/default/files/MAMA%20Bangladesh%20Formative%20Research%20Report.pdf
https://www.mhealthknowledge.org/sites/default/files/MAMA%20Bangladesh%20Formative%20Research%20Report.pdf
http://www.webcitation.org/

                                            70Bodw54m
http://dx.doi.org/10.1080/09540121.2017.1280126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28107805&dopt=Abstract
https://resource-allocation.biomedcentral.com/articles/10.1186/s12962-017-0067-6
http://dx.doi.org/10.1186/s12962-017-0067-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28428734&dopt=Abstract
https://www.unicef.org/publications/files/Child_Mortality_Report_2015_Web_9_Sept_15.pdf
http://www.webcitation.org/

                                            70Boi77JW
http://www.afro.who.int/sites/default/files/2017-05/trends-in-maternal-mortality-1990-to-2015.pdf
http://www.afro.who.int/sites/default/files/2017-05/trends-in-maternal-mortality-1990-to-2015.pdf
http://www.webcitation.org/

                                            70Bos2WeS
https://www.statssa.gov.za/publications/P0302/P03022016.pdf
https://www.statssa.gov.za/publications/P0302/P03022016.pdf
http://www.webcitation.org/

                                            70BozTQSj
http://www.hsrc.ac.za/en/research-outputs/ktree-doc/15031
http://www.hsrc.ac.za/en/research-outputs/ktree-doc/15031
http://www.webcitation.org/

                                            70BpAPkpj
https://www.health-e.org.za/wp-content/uploads/2015/10/Complete_DHB_2014_15_linked.pdf
https://www.health-e.org.za/wp-content/uploads/2015/10/Complete_DHB_2014_15_linked.pdf
http://www.webcitation.org/

                                            70BpHJGP2
http://www.hst.org.za/publications/District%20Health%20Barometers/Complete%20dhb0809.pdf
http://www.hst.org.za/publications/District%20Health%20Barometers/Complete%20dhb0809.pdf
http://www.webcitation.org/

                                            70BqIOPDm
http://www.livessavedtool.org/
http://www.webcitation.org/

                                            6zpa2pS6m
http://www.who.int/countries/zaf/en/
http://www.webcitation.org/

                                            6zpaHcoUy
http://www.imf.org/external/pubs/ft/weo/2013/02/weodata/weoselco.aspx?g=2603&sg=All+countries+%2F+Emerging+market+and+developing+economies+%2F+Sub-Saharan+Africa
http://www.imf.org/external/pubs/ft/weo/2013/02/weodata/weoselco.aspx?g=2603&sg=All+countries+%2F+Emerging+market+and+developing+economies+%2F+Sub-Saharan+Africa
http://www.imf.org/external/pubs/ft/weo/2013/02/weodata/weoselco.aspx?g=2603&sg=All+countries+%2F+Emerging+market+and+developing+economies+%2F+Sub-Saharan+Africa
http://www.oanda.com/currency/converter/
http://www.webcitation.org/

                                            6AREIkiPU
http://dx.doi.org/10.1057/s41271-016-0015-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27899795&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2011.0262
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23061643&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH LeFevreet d

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

White JS, Dow WH, Rungruanghiranya S. Commitment contracts and team incentives: arandomized controlled trial for
smoking cessation in Thailand. Am J Prev Med 2013 Nov;45(5):533-542 [EREE Full text] [doi:
10.1016/j.amepre.2013.06.020] [Medline: 24139765]

Chen Z, Fang L, Chen L, Dai H. Comparison of an SM S text messaging and phone reminder to improve attendance at a
health promotion center: A randomized controlled trial. J. Zhejiang Univ. Sci. B 2008 Jan;9(1):34-38. [doi:
10.1631/jzus.B071464] [Medline: 18196610]

Rashid RM, Ramli S, John J, Dahlui M. Cost effective analysis of recall methods for cervical cancer screening in
Selangor--results from a prospective randomized controlled trial. Asian Pac J Cancer Prev 2014;15(13):5143-5147 [FREE
Full text] [Medline: 25040965]

Hunchangsith P, Barendregt JJ, Vos T, Bertram M. Cost-effectiveness of various tubercul osis control strategiesin Thailand.
Value Health 2012;15(1 Suppl):S50-S55 [FREE Full text] [doi: 10.1016/j.jval.2011.11.006] [Medline: 22265067]
Rachapelle S, Legood R, Alavi Y, Lindfield R, Sharma T, Kuper H, et al. The cost-utility of telemedicine to screen for
diabetic retinopathy in India. Ophthalmology 2013 Mar;120(3):566-573. [doi: 10.1016/j.ophtha.2012.09.002] [Medline:
23211635]

Latifi K, Lecgj |, Bekteshi F, Dasho E, Doarn C, Merrell R, et a. Cost-benefit analysis on the use of telemedicine program
of Kosovafor continuous medical education: a sustainable and efficient model to rebuild medical systemsin developing
countries. Telemed J E Health 2011 Dec;17(10):757-762. [doi: 10.1089/tmj.2011.0102] [Medline: 22011053]

Broomhead S, Mars M. Retrospective return on investment analysis of an electronic treatment adherence device piloted in
the Northern Cape Province. Telemed J E Health 2012;18(1):24-31. [doi: 10.1089/tmj.2011.0143] [Medline: 22150713]
Andrade M, Maia A, Cardoso C, Alkmim M, Ribeiro ALP. Cost-benefit of the telecardiology servicein the state of Minas
Gerais. Minas Telecardio Project. Arq Bras Cardiol 2011 Oct;97(4):307-316 [FREE Full text] [Medline: 21808852]
Bernal-Sanchez G, de LTJ, Robles-Bonilla C, Campos-Romero A, Otero-Meza C. [Cost/benefit and cost/effectiveness
study: Anahuac telemedicineg]. Cirugiay cirujanos 2007;75(3):227-235. [Medline: 17659176]

LeFevre A, Stauss N, Gross P, Jones T, Agarwal S, Broomhead S, et al. Systematic review of economic evaluations of
eHealth and mHealth programs in low and middle income countries from 2005-2015. Unknown 2017 Submitted for
publication.

Abbreviations

ANC: antenatal care

CC: comprehensive care

DALY: disability adjusted life year

GNI: gross national income

ICER: incremental cost-effectivenessratio
LiST: Lives Saved Tool

MAMA: Mobile Alliance for Maternal Action
NDOH: National Department of Health

PNC: postnatal care

QALY: quality adjusted life year

RMNCH: reproductive, maternal, newborn, and child health
SBA: skilled birth attendance

SMS: short message service

Edited by G Eysenbach; submitted 11.06.17; peer-reviewed by | Montagni, E Ball, | Holeman; commentsto author 17.08.17; revised
version received 09.12.17; accepted 19.04.18; published 27.07.18

Please cite as:

LeFevre A, Cabrera-Escobar MA, Mohan D, Eriksen J, Rogers D, Neo Parsons A, Barrel, Jo Y, Labrique A, Coleman J

Forecasting the Value for Money of Mobile Maternal Health Information Messages on Improving Utilization of Maternal and Child
Health Services in Gauteng, South Africa: Cost-Effectiveness Analysis

JMIR Mhealth Uhealth 2018;6(7):e153

URL: http://mhealth.jmir.org/2018/7/€153/

doi: 10.2196/mhealth.8185

PMID: 30054263

©Amnesty LeFevre, Maria A Cabrera-Escobar, Diwakar Mohan, Jaran Eriksen, Debbie Rogers, Annie Neo Parsons, Iman Barre,
Youngji Jo, Alain Labrique, Jesse Coleman. Originaly published in IMIR Mheath and Uhealth (http://mhealth.jmir.org),

http://mhealth.jmir.org/2018/7/e153/ JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 7 | €153 | p. 12

RenderX

(page number not for citation purposes)


http://europepmc.org/abstract/MED/24139765
http://dx.doi.org/10.1016/j.amepre.2013.06.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24139765&dopt=Abstract
http://dx.doi.org/10.1631/jzus.B071464
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18196610&dopt=Abstract
http://journal.waocp.org/?sid=Entrez:PubMed&id=pmid:25040965&key=2014.15.13.5143
http://journal.waocp.org/?sid=Entrez:PubMed&id=pmid:25040965&key=2014.15.13.5143
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25040965&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1098-3015(11)03543-1
http://dx.doi.org/10.1016/j.jval.2011.11.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22265067&dopt=Abstract
http://dx.doi.org/10.1016/j.ophtha.2012.09.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23211635&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2011.0102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22011053&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2011.0143
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22150713&dopt=Abstract
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0066-782X2011005000080&lng=en&nrm=iso&tlng=en
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21808852&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17659176&dopt=Abstract
http://mhealth.jmir.org/2018/7/e153/
http://dx.doi.org/10.2196/mhealth.8185
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30054263&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

http://mhealth.jmir.org/2018/7/e153/

RenderX

JMIR MHEALTH AND UHEALTH LeFevreet d

27.07.2018. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first publishedin IMIR mhealth and uhealth, is properly cited. The complete bibliographic information,
alink to the original publication on http://mhealth.jmir.org/, as well as this copyright and license information must be included.

JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 7 | €153 | p. 13
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

