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ABSTRACT

BACKGROUND: At the end of the first decade of the 2000’s, South Africa had poor, and
worsening, maternal and neonatal health outcomes. In parallel, the use of mobile phone
technology to support health care (mHealth) increased dramatically. Maternal mHealth has
potential to support maternal care; studies of its effects have been limited, but the results have
been encouraging. The Mobile Alliance for Maternal Action (MAMA) project launched a
maternal mHealth project in South Africa aiming to improve maternal, neonatal, and child
health outcomes using informational SMS/text messages.

AIM: To assess the informative maternal health SMS intervention, MAMA SMS, in
Johannesburg, South Africa by comparing maternal and infant health outcomes of users with
non-users, conducting a cost-effective analysis on the intervention, reporting on feedback
given during focus group discussions attended by users, and conducting a comparison study
on users of MomConnect, the maternal mHealth programme that replaced MAMA SMS.

METHODS: Sub-study I was cluster observational study of mother-infant-pairs who were
followed from pregnancy to one year postnatal to monitor maternal health outcomes. The
intervention arm which received the SMS intervention included 87 pairs while the control
arm included 90 pairs. Sub-study 11 was a cohort study of HIV-positive women and their
infants who were followed from pregnancy until one year postnatal, to monitor maternal
health and HIV-related outcomes. The intervention arm, which received the SMS
intervention included 235 mother-infant-pairs, while the control arm included 586 pairs. Sub-
study 111 was a cost-effectiveness analysis study measuring costs at the societal level, along
with measured changes in health care utilisation and health outcomes measured in sub-study
I. Data were entered into the Lives Saved Tool and used to forecast lives saved and DALY's
averted of gradually scaling up program activities to reach 60% of pregnant women across
Gauteng province within 5 years. Sub-study IV was a qualitative study based on data from
four FGDs with MAMA SMS participants who had been receiving messages for at least four
months. 15 females and three males participated with ages ranging from 20 to 36 years. Sub-
study V used the same methods as sub-study | to investigate the MomConnect maternal
mHealth intervention implemented by the National Department of Health and based on
MAMA SMS. The intervention arm included 115 participants while the control arm had 37
participants.

RESULTS: Intervention participants were more likely to attend all recommended antenatal
and postnatal visits including all recommended first year vaccinations (RR: 1.71, 95% CI:
1.30-2.23) and were more likely to attend at least the recommended four antenatal visits (RR:
1.59, 95% CI: 1.23-2.04) (sub-study I). HIVV-positive intervention participants also attended
more ANC visits (5.16 vs. 3.95, p<0.01) and were more likely to attend at least the
recommended four ANC visits (relative risk (RR): 1.41, 95% confidence interval (Cl): 1.15—
1.72). Birth outcomes of intervention participants improved as they had an increased chance
of a normal vaginal delivery (RR: 1.10, 95% CI: 1.02-1.19) and a lower risk of delivering a
low-birth weight infant (<2500 g) (RR: 0.14, 95% CI: 0.02-1.07). In the intervention group,
there was a trend towards higher attendance to infant polymerase chain reaction (PCR) testing
within six weeks after birth (81.3% vs. 75.4%, p=0.06) (sub-study II). Incremental costs
per DALY averted from a societal perspective ranged from $1,985 USD in the first year of
implementation to $200 USD in the 5th year. At a willingness to pay threshold of $2,000
USD, the intervention had a 40% probability of being cost effective in year 1 versus 100%
in years 2 through 5 (sub-study I11). Focus group participant feedback regarding the health
system was mixed, with some participants having positive experiences, and a number of
participants sharing negative experiences such as long waiting times, understaffed clinics and
poor service. They reported that the messages were timely, written clearly and seemed



supportive. Most participants reported regularly sharing the messages with both friends and
family (sub-study 1V). MomConnect recipients showed no differences in health outcomes
measured, including complete maternal health coverage, number of ANC visits attended,
likelihood of low-birthweight infants, or EPI coverage compared to the control arm. The
control arm had higher than expected baseline coverage for all outcomes measured (sub-
study V).

CONCLUSIONS: The results from the clinical studies show an improvement in achieving
complete maternal-infant continuum of care, provide evidence of a positive impact of
informative maternal mHealth messaging sent to pregnant women and new mothers,
particularly if the baseline or starting health outcomes are sub-optimal (sub-studies I, 11 and
V). The cost effectiveness evaluation findings suggest that SMS-based maternal health
information messages delivered to pregnant women may be a cost-effective strategy for
bolstering ANC and childhood immunizations, even at very small margins of coverage
increases. Primary data obtained prospectively as part of more rigorous study designs are
needed to validate modelled results (sub-study I11). By providing timely and relevant
information to pregnant women and new parents, contextually relevant maternal mHealth
interventions could play a cost-effective part in improving maternal and child health
outcomes and quality of care across the globe (sub-study 1V).

POPULAR SCIENCE SUMMARY

This research was conducted to measure any benefit or drawback of a maternal SMS project
which sent pregnancy and child support information to pregnant women and new mothers in
Johannesburg, South Africa. The maternal health information was sent to mobile phones
twice a week, starting during pregnancy, and continued after delivery until the child was one
year of age.

Five studies were conducted, three compared changes in pregnancy and child health issues
among SMS recipients which was compared to women and children who did not receive the
messages. One of the studies compared the costs of the project with the health improvements
that were observed to estimate cost-effectiveness. The last study was based on feedback from
recipients, both men and women, who participated in focus group discussions consisting of
three to six individuals each.

The results from the comparison studies showed when average health outcomes are less than
ideal (i.e.: too few maternal health visits during pregnancy), individuals who received the
messages showed increased levels of attendance to maternal and infant health care visits and
improvements in some health issues. However, when average health outcomes are already
within recommended levels, there is no difference between the two groups. The cost-
effectiveness study showed that if the SMS project was continued and expanded throughout
the province at the same rate over five years it would be cost-effective after only two years.
Lastly, feedback from the users showed that they found the messages trustworthy, timely,
useful, and some women reported regularly following advice that was given in the messages
more than that of their own mothers. Together, the results from this study provide evidence
that maternal mHealth messages improve maternal health outcomes and can be cost effective
to run when used where there is a strong need for better outcomes.
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LIST OF ABBREVIATIONS

ANC Antenatal Care

ART Antiretroviral Treatment

AZT Zidovudine (HIV medicine)
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ICER Incremental Cost Effectiveness Ratio
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mHealth Mobile phone-based health care support
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PDA Personal Digital Assistant
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SMS Short Messaging System (Also known as ‘text messages’)
SSA Sub-Saharan Africa
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OPPERATIONAL DEFINITIONS

Complete coverage

eHealth

Healthcare worker

Health facility

Health outcomes

MAMA

MAMA Global

MAMA SMS

MAMA South Africa

mHealth

Mother-infant-pair
Participant
PNC/EPI visit
Service uptake

User (of MAMA
SMS)

Attendance to all (South African) government-recommended
maternal and infant health visits from conception to one year
postnatal. Specifically, complete coverage entails at least 4 ANC
visits and all 16 infant immunizations.

The use of electronic devices to support or augment health care
provision. Often used as a short-hand for electronic medical record
databases, but also used to entail any electronic device or system.

A medically trained staff member employed at a healthcare
facility.

A physical structure where health services are offered. In South
Africa this means primary clinics, community care centres and
hospitals.

A measurable result related to a specific aspect of health care. For
example: a change in infant weight over time.

The Mobile Alliance for Maternal Action, a consortium founded
by the mHealth Alliance, USAID, United Nations Foundation,
Johnson & Johnson and BabyCentre.

The headquarters for the MAMA consortium, based in
Washington, DC.

A free twice-weekly SMS/text message-based maternal health
service offered by MAMA South Africa.

The South African-based consortium implementing MAMA in
South Africa. Organisationally, MAMA SA consisted of Praekelt
Foundation (management and technology implementation), Cell-
Life (content) and Wits RHI (clinical implementation, monitoring
and evaluation).

A subset of eHealth, often defined as the use of a mobile
technology device (e.g.: cell phone, pager, etc.) to support or
augment health care services.

The combination of a mother and her infant. Usually used when
monitoring postnatal care visits.

An individual who has agreed to be part of the MAMA SMS
research projects.

A postnatal visit with a health care worker at a healthcare facility
to check on a mother-infant-pair and provide vaccinations.

The use of a health care service as intended.

An individual who has registered to receive the MAMA SMS
maternal health messages.



1 INTRODUCTION
1.1 MHEALTH

1.1.1 History of mHealth

mHealth, or the use of mobile devices to augment health care services (1) is a growing area of
interest in the medical field. mHealth is a subset of eHealth (2). Starting in the 1980s, the first
electronic devices that could be thought to be mHealth devices were small “vest pocket
computers’ used by physicians as reference tools (3). Later, in the 1990s, pagers and personal
digital assistants (PDAs) became popular and were used by physicians (4). mHealth has
become more pervasive since the price of mobile phones (cell phones) has fallen and affordable
to the general population.

1.1.2 SMS as mHealth

Short message system (SMS) or phone-based text messages were first offered to the public in
1993. SMS-based patient communication was available to confirm appointments for patients
of some Singaporean doctors’ offices and was reported as early as the year 2000 (5). By 2003,
scientific articles reporting on pilot studies on the use of SMS-based communication for patient
support were being reported in medical journals covering eating disorders (6) and diabetes (7).
In the same year a physician-written opinion piece in the British Medical Journal was
recommending patient communication using SMS for sharing test results and follow-up advice,
to receive feedback about a patient's treatment intervention, upcoming tests to be done, or to
book appointments (8). However, this view was not without its detractors as communication
with patients using new mediums of communication technology brings with it medicolegal
issues (9).

SMS remained the primary focus of mHealth throughout the first decade of the 2000s). Of this
research, many early in the decade were pilots or feasibility studies (10-14). As the decade
wore on, results from a variety of randomised control trials (RCTs) were reported in scientific
journals (15-20), some of which showed no significant effect on the primary outcome.
Systematic reviews of mHealth interventions also started being published around this time (21
and section 1.1.5, below). Of note, most mHealth research done in the mid-to-late noughties
was completed in high-resource settings, albeit with a few exceptions (10,22,23).

1.1.3 mHealth for HIV in Africa

In the early 2010s a pair of seminal studies were published reporting RCTs using mHealth
interventions in Africa. Lester et al. (24) published an RCT in the Lancet looking at HIV-
positive patients starting antiretroviral treatment (ART) in Nairobi, Kenya. The results showed
that one SMS a week containing a one word question, and expecting a reply every week for a
year was sufficient to significantly increase medicine adherence and suppress viral loads
compared to those receiving no weekly message (the standard of care). Pop-Eleches et al. (25)
provided additional evidence for mHealth interventions for HIV-positive patients from their



mHealth RCT, also in Kenya. In this study, patients in four intervention arms received a variety
of message length (short and long) or frequency (daily and weekly), and compared to a control
arm which received the standard of care with no messages. The results showed that participants
who received a weekly short SMS had a statistically significant increase in the primary
outcome, 90% adherence to ART. Together, these two studies provided strong support to the
idea that weekly SMSs could improve health outcomes of HIV-positive patients on ART.

1.1.4 History of maternal mHealth research

1.1.4.1 Wired mothers and antenatal care

One of, if not the first, maternal mHealth research studies was a cluster-randomised controlled
conducted in Zanzibar, starting in 2009 (26,27) using SMSs and mobile phone airtime credit,
to support pregnant women and new mothers. The study included 2550 women at 24 facilities
on the island and the first study results showed that urban intervention participants were more
likely to deliver with a skilled birth attendant (Odds Ratio, 5.73; 95% CI: 1.51-21.81) (26).
The second article to come from the study showed an increase in the portion of women who
attended at least four ANC visits in the intervention group (adjusted OR: 2.39; 95% CI: 1.03—
5.55) (27). This increase in achieving four or more ANC visits was also found in other maternal
mHealth studies, in Thailand (28) and India (29), however these were not RCTs. These similar
outcomes are of interest as multiple other non-mHealth intervention research has shown
difficulty achieving a statistically significant increase in at least four ANC visits (30,31).

1.1.4.2 Text4Baby

Arguably, the first large-scale maternal mHealth intervention was Text4Baby, launched in the
USA in February, 2010 (32). Text4Baby offered free bi-weekly SMSs to pregnant women
throughout the United States and expected to reach over one million pregnant women per year
(32). While Text4Baby reached hundreds of thousands of individuals and seemed to have the
desired impact (33,34), it no longer is promoted to the same extent, likely due to the
proliferation of other, often web-based, sources of maternal health information available in the
USA.

1.1.4.3 MAMA & MomConnect

The Mobile Alliance for Maternal Action (MAMA) Global partnership was launched in late
2011 by then Secretary of State, Hillary Clinton, as a public-private partnership between
USAID, Johnson & Johnson, the UN Foundation and BabyCentre and was created to promote
the use of mHealth to improve maternal health outcomes in Bangladesh (where the service was
called Aponjon), India and South Africa (35,36). Academic research output on the global
MAMA projects has been limited. One example is from Ahsan and Raihan (37) who wrote
about a self-reported increase in attendance to at least four or more ANC visits. In South Africa,
the MAMA SMS project was handed over to the National Department of Health (NDoH) in
2014 and relaunched nationally as MomConnect, with mother ‘help desk’. MomConnect had
reached half a million users by early 2016 (38).



1.1.4.4 Maternal mHealth supporting postnatal care

Studies looking at improving attendance to clinical visits during postnatal period are limited in
number. One of the first, an observational study in Nigeria showed that SMS reminder
messages reduced the number of women who failed to attend scheduled appointments by half
compared to a historical control (39). Another, larger study in Bangladesh used a pre-post
intervention methodology to study the mTika project (40). This program sent SMS reminders
for EPI (Expanded Program on Immunization) visits to new mothers and showed an increase
in the difference in difference of rural and urban groups by 29.5% (p<0.001) and 27.1 (p<0.05)
respectively (40). No published results from RCTs looking at the effect of mHealth on postnatal
care only have been identified.

1.1.5 Systematic reviews of maternal mHealth interventions

A handful of systematic reviews addressing maternal mHealth in low-resource settings were
recently published (41-44). Each of the reviews highlight evidence of improvements in
maternal and neonatal health outcomes as evidence in RCTs and non-RCTs and there is
agreement that further and higher quality research is needed. Watterson et al. suggest “...further
rigorous evaluation of mHealth programmes is needed in a broader variety of settings” (43)
while Lee et al. state “...overall the available evidence is weak and the results, in most cases,
are too inconsistent to enable robust conclusions to be drawn about impacts on patient health
outcomes” (42). Additionally, a lack of registered RCTs was identified as a concern by Sondaal
(41). A gap that has been identified is the exclusive focus on a single component of the maternal
and child health continuum of care instead of providing “...an integrated system that follows
women and children through the maternal, neonatal, and child health continuum” (43).

Another common use for maternal mHealth interventions are those targeting health care
workers. A recent systematic review included ten intervention and nine descriptive studies
conducted in low and middle income countries (45). The intervention studies were broken
down into two types of mHealth use; data collection and SMS communication/education; both
of which were reported to be effective tools for communication, education and data collection
(45). Technology issues were found to be a challenge for multiple mHealth projects. The
review did not discuss interventions that communicated directly with patients, but more
effective maternal health care workers could translate into healthier, better informed patients.

1.1.6 Economic evaluation of mHealth interventions

Economic evaluations in healthcare, in the form of cost effectiveness analyses (CEAS) have
been part of public health since at least the late 1970s (46). CEAs are still part of most economic
evaluation (47,48) however they are not without critique, including the theoretical basis of
some analysis tools used and type of efficiency (allocative vs technical) used (49). Economic
evaluations of mHealth interventions have been recommended by health researchers since at
least 2012 (50) as they provide a more holistic approach to understanding the viability of an
intervention. A number of mHealth-based projects and interventions have conducted economic
evaluations, 39 of which were highlighted in a recent systematic review which concluded that



a large portion of the articles reviewed showed cost effectiveness (51). The review also
cautioned that not all articles reported sufficient detail according to the CHEERS checklist (52),
an economic evaluation reporting standard, which made them difficult to compare and
interpret.

1.1.6.1 Economic evaluation of maternal mHealth interventions

To date there have been few economic evaluations of maternal mHealth interventions (42).
One that has been published looked the results from an RCT which aimed to increase physical
activity in new mothers with children under one year using a holistic multimethod intervention
which included SMS (53). The study showed the intervention to be cost effective, but seems to
have ignored the study outcome showing there was no effect six months after the intervention.
A review of the literature shows that at least one additional economic evaluation on maternal
mHealth is planned for in the near future; the Weltel PMTCT study is planning to conduct a
cost effectiveness analysis and a cost utility analysis on the intervention (54), but further
evidence is needed.

1.1.7 Acceptability of mHealth

User acceptability testing which reviews the method of communication and the information
communicated to the users is an important, but often neglected aspect of any mHealth
intervention (55). In 2012, Coomes et al. provided an overview of the various elements that
must be decided on for any mHealth intervention, including functionality, number of
components, interactivity, frequency, timing and tailoring (56). While the articles’ focus is on
HIV care specifically, the elements discussed are arguably important for all mHealth
interventions. When dealing with health issues that potentially have stigma, such as HIV, issues
around confidentiality will undoubtedly arise (57). Conducting investigations into acceptability
and feasibility to advise the intervention (55,58-61) is encouraged.

Research highlighting routine assessments of ongoing mHealth interventions are published
much less frequently. One example of this was in rural Ghana where researchers investigated
the impact of a smartphone app used by community health nurses (62). The study showed that
while the app improved productivity, was easily integrated into care and accepted by its users,
there were issues relating to usability and feasibility due to patient volumes, staffing issues and
technology issues (62). Being able to become aware of these challenges is the first step towards
remedying them and thus highlights the importance of ongoing acceptability assessments.

1.1.8 Gaps in current maternal mHealth research

Despite increasing and more rigorous research being conducted, there are many gaps in the
maternal mHealth literature. These include; limited cost-effectiveness evaluation (42) and
ongoing user acceptability testing, few studies that follow the continuum of care from
confirmation of pregnancy through to at least one year of age (41,43,63), and a lack of a deep
understanding on how mHealth can support provision of ART to pregnant women and new
mothers (64). This thesis aims to provide additional scientific evidence around these topics.



1.2 THE HIV/AIDS EPIDEMIC

1.2.1 Global burden of HIV

The human immunodeficiency virus (HIV), which causes acquired immunodeficiency
syndrome (AIDS), has been a major global public health issue for the past few decades (65).
In 2015, 36.7 million individuals were living with HIV globally and 1.1 million died from
AIDS-related illnesses in that year (65).

Since the mid-1990s, combination ART for HIV-positive individuals was first identified as a
viable treatment (66). Since then, combination ART has drastically improved the quality of life
and delayed the onset of AIDS-related illnesses (67). Since September 2015, the WHO has
recommended ART for all HIV-positive individuals (68) and in June 2016, it was estimated
that roughly 18.2 million people were accessing ART (69). With increased access to ART over
the past decade, the number of HIV-related deaths and number of babies born HIV-positive
has decreased, but continues to be much too high (69).

1.2.2 HIV burden in Sub-Saharan Africa

Sub-Saharan Africa (SSA), has the largest burden of HIV globally with almost 1 out of 25
adults (4.4%) living with HIV, which makes up almost 70% of the people living with HIV
worldwide in 2015 (65). In 2016 there was an estimated 6000 people newly infected with HIV
per year, with two-thirds of these new infections occurring in SSA (70). In 2014, 41% of all
HIV-positive individuals in the WHO African region were able to access ART (71).
Additionally, over 70% of global AIDS-related deaths in 2013 occurred in SSA (72). To
grapple with this huge disease burden, many high-income countries are supporting countries in
SSA with HIV testing, care, research and treatment projects (73). In South Africa, it is
estimated that just over 7 million people are living with HIV while national HIV prevalence
rates stand at 12.7% of the general population, 18.9% of adults 15-49 years old, and 22.3% of
adult women; the national incidence rates among adults was 1.27% in 2016 (74). As of March
2016, over 3.4 million South Africans were on ART (75), which is only half of the WHO goal
of providing ART to all people living with HIV.

1.2.3 Mother-to-child-transmission of HIV

Vertical HIV transmission, or mother to child transmission (MTCT) is the most common route
through which children are infected by HIV. There is minor disagreement regarding the exact
rate of vertical HIV transmission among untreated women; Navér et al (76) suggest it sits at
18-25% while Stek (77) suggests the rate is between 14% and 40%. Nonetheless, research into
medicines that support prevention of mother to child transmission (PMTCT) has been ongoing
since 1994 when the first available antiretroviral (zidovudine or AZT) for reducing MTCT was
reported in the ACTG 076 study (78) and more effective regimens have been identified since.
Using the 2016 WHO Consolidated Guidelines on the Use of the Antiretroviral Drugs for
Treating and Preventing HIV Infections (79), and with appropriate retention and adherence, it
is possible to cut the risk of mother-to-child transmission to less than 5% for breastfeeding



women and to zero amongst women who do not breastfeed (80). Globally, national prevention
of mother to child transmission of HIV (PMTCT) programmes have been launched and been
quite successful (81-85).

1.2.4 HIV & reproductive health

1.2.4.1 HIV in pregnancy

Due to high rates of vertical transmission without treatment, the WHO has been recommending
pregnancy HIV testing on an opt-out (i.e.: done by default) basis (86) and since 2012, lifelong
ARV treatment for all HIV-positive pregnant women, also called Option B+ (87). There is
evidence to suggest that increased usage of ART during pregnancy by HIV-positive women
decreases maternal mortality (88).

1.2.4.2 HIV transmission in new-borns

Birth and breastfeeding are high-risk activities for vertical HIV-transmission (89). Previous
research has shown that exclusive breastfeeding or exclusive bottle feeding have a lower risk
of HIV transmission than mixed feeding, (90,91). For this reason, the current recommendation
for resource-limited settings is for postnatal Nevirapine (NVP) syrup to be provided to all HIV-
exposed new-borns, ART to the mother, and exclusive breastfeeding for the first six months to
minimise the chance of transmission (92). Regular HIV testing of exposed infants is also
recommended (92), however the testing timeline protocol varies over time and by country.

1.2.5 Treatment of HIV

The impact of suppressive ART on sexual infection risk has been comprehensively
demonstrated; ART should be started early as this has been shown to decrease morbidity and
mortality in the infected individual (93,94). Additionally, there is strong evidence that shows
effective ART suppresses the HIV virus and almost completely eliminated the risk of
transmission (95). Together, the evidence from the last few years has demonstrated clinical
benefit starting modern ART immediately, irrespective of immunological status, leading to a
widespread recommendation for a “test and treat” approach (68,96). Test and treat has further
enjoyed support from mathematical models and observational studies, demonstrating public
health benefit in that increasing ART coverage may substantially impact on new infections
(97,98).

UNAIDS and WHO have driven the “90-90-90” initiative since 2015, as a strategy aiming to
maximise the expansion of ART coverage for both individual health as well as decreasing new
infections. The initiative calls for 90% of people living with HIV to know their status, 90% of
those to be initiated on ART and 90% of those on ART maintaining viral suppression (68,99).
90-90-90 relies on effective case finding and successful referral for ART initiation, as well as
retention, a problem across the world documented widely in the so-called “care cascade’’
(100,101). To date, at least seven countries have achieved the 90-90-90 targets, including
Botswana, Cambodia, Denmark, Iceland, Singapore, Sweden and the United Kingdom of Great
Britain and Northern Ireland (102).
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1.3 SOUTH AFRICA

1.3.1 History of HIV/AIDS care and treatment in South Africa

South Africa has a history of delayed reaction to the HIV epidemic. The first confirmed AIDS-
related deaths in South Africa were in December 1981 (103). By 1987 the South African
government acknowledged AIDS as a public health issue when it was added to the official list
of communicable diseases (104). In 1988 the Department of Health created a structure for
promoting awareness about HIV/AIDS, and by 1990 there were an estimated 74,000 to 120,000
South Africans living with HIV (104). Following that, and with the starting of a new, inclusive
democracy in the early and mid-1990s, HIV/AIDS was not the main focus of the day (105).

In 1998 the then Minister of Health, Dr. Nkosazana Zuma, stopped a research project that was
to test AZT, one of the early ARVs, to HIV-positive pregnant women (106). In early 2000 a
new Minister of Health created SANAC, the South African National AIDS Council which
provided support services around HIV and AIDS, but notably was silent about ARV treatment
(104). Access to NVP as an early antenatal PMTCT drug was mandated to be provided by the
public health system through the South African High Court in 2002, an order that was generally
ignored which resulted in the launching of the civil society group, Treatment Action Campaign
(TAC) (104). Through TAC’s coordinated lobbying efforts, the government approved a plan
for ART coverage, including PMTCT, in 2003. It was launched in 2004 with the support of a
number international partners, and in 2005 achieved its target of having at least one care and
treatment centre on every one of South Africa’s 53 health districts (105), despite the number
of individuals on treatment being significantly below targets (104).

1.3.2 Public health care in South Africa

South Africa has a two-tier health system, public and private, with approximately 85% of the
population using some of the largely free government-run public system, which is funded from
the country’s tax base (107). There are over 4300 public health care facilities across the country,
which provide comprehensive health services from primary to tertiary level, with the majority
providing HIV care (108). Provision of health services is the responsibility of provincial and
local governments. The NDoH provides policy on minimum standards and standardised
protocols, and assists the Department of Treasury in setting budgets, but implementation of
these are left to the provincial and local governments. Since 2003, the American PEPFAR
(President's Emergency Plan for AIDS Relief) programme had been a significant funder of
HIV/AIDS projects in the country (109).

Given national HIV prevalence rates in South Africa, a large portion of government health care
funding goes to supporting HIV-positive patients. ART has been offered to HIV-positive
patients since 2004 if they meet a certain CD4 cell count threshold; this threshold was originally
set at 200 cells/mm3 in 2004, raised to 350 cellssfmm3 in 2010, 500 cells/mm3 in 2013, and
with the introduction of test and treat, the threshold was removed completely in 2016 (110).
The HIV programme, largely due to accurate costing forecasts leading to decreased costs of
medicines, has received South African government Treasury support as it has expanded over



the last 12 years (108). An example of this success can be seen in the national adult (ages 15-
49) HIV incidence rate which has steadily fallen from its peak of 1.83% (adults aged 15-49
years infected by HIV per year) in 2006 to 1.27% in 2016 (74).

South African HIV testing rates are relatively high, with over 65% of adults knowing their
status (111). However, immediate linkage to the next levels of care of newly diagnosed HIV-
positive individuals has historically been low (100) as in the past it has required those
individuals to await laboratory results prior to starting treatment. Prior to the 2015 WHO ART
initiation guidelines (68), improved access to point-of-care CD4 diagnosis was widely
anticipated to improve linkage to care due to the possibility of initiating newly identified HIV-
positive patients on ART immediately. Unfortunately, the point-of-care CD4 diagnosis
implementation yielded disappointingly limited success, suggesting other interventions were
required (112-114). Supporting patients within the cascade of care may require multiple
disparate but complementary interventions (114). HIV diagnosis is usually performed by lay
counsellors, sometimes outside of clinical flow of patient care within facilities or away from
conventional clinical environments.

1.3.3 Mobile phone ownership in South Africa

South Africa has had a regular increase in mobile phone ownership for many years and recently
almost 90% of all South Africans reported ownership of a mobile phone (115). Another
measure of mobile phone access shows that in 2015 there were 164 subscriptions per 100
inhabitants, with a total of almost 88 million active mobile phone accounts in a country with
54.5 million (116). SMS is a common method of communication in South Africa with high
mobile phone ownership combined with high literacy rates (117). Therefore, SMS is an
essential tool when it comes to South African mHealth interventions, at least until smartphones
become as common as non-smartphones.

1.4 MATERNAL AND NEWBORN HEALTH

1.4.1 Antenatal care

Attendance to professional maternal and infant health services during pregnancy (ANC) and
postnatal follow-up (PNC), including maternal and infant vaccinations, are key factors
contributing to a healthy pregnancy, delivery and child (118,119). Together, ANC, PNC and
infant vaccinations constitute the core of the maternal, neonatal, and infant health continuum
of care (120), along with delivery with a skilled birth attendant (121). ANC visits allow medical
professionals to identify health problems related to the pregnancy (122). Lassie et al. (123) note
that “groups [that] have more antenatal-care visits have lower maternal, foetal, and neonatal
morbidity and mortality than those who have fewer antenatal-care visits” (p. 8). The WHO
currently recommends a minimum of four visits for all pregnancies (124).

1.4.2 Postnatal care

Visits to health care professionals during the postnatal period allows health care workers to
provide both preventative and curative care such as detecting and identifying potential health
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challenges, while offering prophylactic vaccines on a regular schedule and extra support, such
as HIV testing for HIV-exposed infants, when necessary (120).

Starting with the introduction of the smallpox vaccine in 1796, vaccines have revolutionised
global public health. The 2016 WHO Expanded Programme on Immunization (EPI) guidelines
recommend infant immunization start within 24 hours of birth and continue along a planned
schedule until all recommended doses are received (125). Globally, EPI programmes have been
successful and immunization rates in the first year of life are high; rates for DTP (diphtheria,
tetanus and pertussis) and polio immunization stood at 86% in 2014, with measles and Hepatitis
B coverage at 85% and 83% respectively (126). In South Africa, although official (NDoH)
rates are generally quite high, WHO estimates are generally lower; the official DTP1 coverage
rate is 85% and estimated to be 74% by the WHO, the official measles (MCV1) coverage rate
of 81% is estimated to be 60%, and the official Hepatitis B (HepB3) coverage rate of 84%, is
estimated to be 66% (127).

1.4.2.1 Postnatal PMTCT

Early identification of HIV in infants is a key aspect of PMTCT as early diagnosis and access
to ART significantly reduces infant HIV-related morbidity and mortality (128-130).
Approximately 30-40% of MTCT HIV infections occur during the breastfeeding period and
therefore ART adherence and exclusive breastfeeding are important (131,132). Infant ARV
prophylaxis has also been found to decrease the vertical transmission rate (133). Early infant
diagnosis through regular HIV testing to detect and treat HIV-positive infants is also strongly
encouraged (68).

1.4.3 Maternal and infant health in South Africa

South Africa did not meet the key child and maternal mortality UN Millennium Development
Goals four and five, largely due to the burden of HIV (134). However, infant health figures
have been improving since the mid-noughties; after peaking at 61.8 deaths per 1000 live births
in 2005 (135), the infant mortality rate has almost halved to 32 per 1000 in 2016 (136).
Childhood mortality improved too; between 2004 and 2015, overall under-five mortality
decreased from 80 to 41 deaths per 1000 (137). Despite those improvements HIV-related
ilness was responsible for approximately 42% of South African maternal deaths in 2013 (138).

WHO immunization data on South Africa (126) combined with previous research on EPI
coverage in South Africa (139), reported measles outbreaks (140), and articles highlighting
poor treatment of maternal health patients (141) highlight that ANC and PNC is not being
utilised optimally in South Africa.

1.4.3.1 PMTCT in South Africa

PMTCT protocols in South Africa have changed a number of times since 2003 when treatment
was first offered to HIV-infected pregnant women and their infants (142) due to advances in
medication regimens. By 2008 the vertical transmission rate was approximately 12% and in
that year AZT and NVP were provided from the 28th week of pregnancy with NVP given
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during labour, NVP syrup for the infant within 72 hours after birth and lifelong ART provided
to women with a CD4 count of 200 cells/mm3 or lower and or WHO clinical stage 4 disease
(142). In 2010, coverage of AZT for pregnant mothers in South Africa was estimated to be
over 95% (104) and the PMTCT protocol evolved to WHO PMTCT Option A; AZT from 14
weeks of pregnancy for women with CD4 counts higher than 350 cells/mm3 with NVP and
ART in labour, combination treatment for women with CD4 counts of 350 cells/mma3 or lower
(143). WHO PMTCT Option B was introduced in 2012, followed by B+ in 2015, and in 2016
vertical HIV transmission was estimated to be 4% (144).

While ART access has contributed to decreasing vertical HIV transmission from mother to
child to 2.8% in 2011 (145) and to 1.6% in 2014 (134), there are still many service gaps and
missed opportunities throughout the country (146,147). These unresolved issues, combined
with the maternal healthcare issues described above shows there is room for improvement
along the maternal and infant health continuum in South Africa’s public healthcare system.

1.5 RESEARCH OVERVIEW

1.5.1 MAMA SMS ‘Pilot’

The implementation of MAMA SMS was planned prior to the current study. Funding for the
project was secured in 2011 from the United National Foundation, BabyCentre, Johnson &
Johnson, and the mHealth Alliance. Planning was done in early 2012, which included an FGD
with potential MAMA SMS users to investigate acceptance of the name, the use of PMTCT
messaging, and content writing level.

MAMA SMS was first offered in one health facility in early July 2012 as a pilot. Between 2012
and 2013 early recruitment challenges were identified and remedied and additional facilities
were added while a detailed RCT-based research plan to evaluate the effectiveness of MAMA
SMS was developed. Throughout this period the implementation/study team conducted
operations research procedures as part of routine project monitoring and evaluation. As rollout
began, the MAMA SMS team was in regular communication with the NDoH as part of regular
participating in the Department’s National Maternal and Child mHealth Task Team meetings
discussing potential transfer of this program to the national government.

The RCT research plan was accepted by the University of Witwatersrand Human Research
Ethics Committee in January 2014 and this author joined the Karolinska Institutet’s PhD
programme in March. In April 2014, the South African NDoH publicly announced
MomConnect, based on MAMA SMS, would be launched country-wide in August 2014,
replacing MAMA SMS. This timeline resulted in the need to significantly modify the planned
evaluation study of MAMA SMS given the fact that that even if the RCT started recruiting
immediately, there would be insufficient time to recruit the required number of participants
identified in the sample size calculations. In addition, changing the target participant base to
MomConnect enrolees was not possible due to a request by the NDoH that all health facilities
offering ANC services across the country start to offer MomConnect concurrently, eliminating
the possibility of an RCT-based study with a control arm.
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1.5.2 Changes to research plan

The study team re-evaluated the situation and analysed the options available to move forward
with research while simultaneously ensuring that high quality and relevant outcomes resulted.
Based on this goal, the study team modified the study plan to instead use the “pilot” MAMA
SMS users as intervention participants, and retrospectively identify other mother-infant-pairs
who received ANC & PNC care at the same time at other healthcare facilities to act as controls
(sub-studies I & I1). During the research plan re-evaluation, funding was identified to add a
health economist to support an economic evaluation of the MAMA SMS data (sub-study I11).
Furthermore, focus group discussion (FGD) transcripts from FGDs conducted as part of the
pilot were available to add to the quantitative sub-studies (sub-study 1V). The last piece of the
research plan was added in 2015, after early results from sub-study | & Il were shared with the
NDoH. Upon review of the results, the NDoH formally requested a study of MomConnect
users using the same methods and outcome measures as sub-study I, resulting in sub-study V.

1.6 AIM OF THESIS

1.6.1 General aim

To evaluate the effectiveness of the MAMA SMS intervention from health care utilisation, cost
effectiveness and user perspectives, in order to add to the scientific body of evidence of
maternal mHealth.

1.6.2 Specific aims of each sub-study

1. To determine the effectiveness of a mobile phone-based maternal health SMS-based
intervention, MAMA SMS versus a control arm, in increasing attendance to maternal,
neonatal and child health (MNCH) services by women (HIV-infected and who are non-
HIV infected) and their infants (Sub-study I).

2. To determine the effectiveness of MAMA SMS versus a control arm in improving
infant and maternal health indicators in HIV-positive women (Sub-study II).

3. Toconduct a cost effectiveness analysis of implementing and scaling up an SMS-based
mobile phone intervention of maternal and new-born health messages to inform
sustainability discussions for the South African NDoH and other maternal mHealth
project implementers (Sub-study II).

4. To investigate experiences of male and female MAMA SMS participants through focus
group discussions in order to identify and understand factors that can lead to its impact
(Sub-study V).

5. To determine the effectiveness of the newer MomConnect SMS-based mobile phone
intervention of maternal and new-born health messages versus a control arm (Sub-study
V).
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2 METHODS
2.1 STUDY SETTING

2.1.1 Socio-economic setting

Gauteng province is located in the north-centre of the country, is the smallest of South Africa’s
nine provinces at just over 18,000 km? and has the largest population with approximately 14
million inhabitants (149). Gauteng contributes one third of South Africa’s GDP, with a GDP
per capita of R80,486 in 2014 ($7541 in 2014 USD); almost 50% more than the national per
capita GDP (150).

|

Figure 1: Location of the city of Johannesburg (red) in relation to Gauteng province (light yellow) and South Africa (tan).
(Image Source: Wikipedia Commons)

The research for was conducted in public sector hospitals and clinics in Hillbrow, part of the
inner-city of Johannesburg within Gauteng province, South Africa. Hillbrow is a densely
populated inner-city urban area with high levels of immigration, poverty, under- and
unemployment, alcohol abuse, gender violence and sex work (113,148).

Despite Gauteng province having the largest GDP per capita, income is not evenly distributed
while the average annual income per household was R57,500 in 2011 ($8,550 in 2011 USD)
(151). A more precise review of the data shows that 54% of households have a total annual
income of under R40,000 ($5,947 in 2011 USD).
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Annual household income

Under R5k - R10k - R20k - R40k - R75k - R150k- R300k- R&00k- RL1.2M- Over
R4800 R10k R20k R40k R75k R150k R300k R600k R1.2M R2.5M R2.5M

Figure 2: Categorised average annual household income (2011 data)
(Source: South African Census 2011. Image credit: WaziMaps.co.za)

2.1.1.1 Immigration

As an economic powerhouse within the Southern Africa region, South Africa has seen a
number of immigrants from neighbouring countries. The 2011 census showed that 4.2% of the
population, or 2.2 million individuals were born outside of South Africa, with over 70% of
those born in other African countries (151). In 2008 there were a number of xenophobic attacks
on migrants, highlighting the relative deprivation felt by many South Africans and a sense of
nationalism and blaming others for their circumstances (152). Violence against African
immigrants occurred again in 2013 and 2015 (153). Gauteng province has the largest
percentage of population born outside of South Africa which was 6% in 2016 (154).

2.1.1.2 Phone ownership & internet access

In 2016, 98.4% of households in Gauteng owned a mobile phone while less than 15% of
households had internet access at home (155).

2.1.2 Inner-city Johannesburg

2.1.2.1 Health care system overview

In Johannesburg’s Health Region F public health care system there are 16 primary health care
facilities (clinics) run by the city, a community health centre and a specialised maternity centre
both also run by the city, and a tertiary hospital, run by the province of Gauteng. One of the
largest ART treatment sites in South Africa is based in Hillbrow (148). Public sector health
resources in the area are chronically under-resourced and in high demand.

2.1.2.2 HIV rates, risk factors & care

HIV prevalence in the City of Johannesburg was estimated to be 11% in 2012 (111), with
antenatal HIV prevalence estimated to be 29.6% (156). HIV-related risk factors include the
aforementioned high levels of alcohol abuse, violence, sex work, migration in an overcrowded
urban environment with significant poverty (148,157). Together, the high HIV rates and
multitude of risk factors result in a complex situation given the ongoing stigma associated with
HIV which has resulted in unique methods to respond to the ongoing challenges of providing
care to underserved populations, such as immigrants (158).
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2.1.2.3 Reproductive health

All public sector health clinics in the region offer ANC and PNC services, most provide family
planning services, and there are two delivery sites; the specialised maternity centre
(Shandukani Maternity Centre) and the tertiary hospital (Charlotte Maxeke General Hospital).
Reproductive health services are offered as a first-come-first-serve basis and are often in high
demand and chronically understaffed, resulting in significant wait times for patients. Antenatal
care is generally quite high, at approximately 90%, which is lower than the national average
which is 95% (156). The lower than national rate could be partly due to ANC first visits (new
pregnancy confirmation) are usually limited in number per day, meaning women can, and are,
regularly turned away if they do not arrive to the health care facility sufficiently early, often
hours before operating hours (141).

2.2 MAMA OPERATIONS RESEARCH

MAMA SMS was in operation from 2 July 2012 until 21 August 2014, when MomConnect
was launched. It was initially offered in one health care facility with ANC and PNC/EPI
services, and was scaled up to six facilities over its lifespan. While the MAMA program was
active, there was a large focus on operations research which included detailed face-to-face
interviews which collected sociodemographic information, costing data, quality of health data
and permission to access health records of MAMA users. This data was used to both improve

the MAMA project and prepare for the RCT that was planned at the time.

2.3 SUB-STUDIES OVERVIEW

Table 1: Overview of sub-studies.

Sub- | Design & Research question(s) | Timeline of | Methods
study | population Data
Collection
I Cluster Is the MAMA SMS | June 2012 - | Study participants recruited at
observational | intervention an May 2015 | healthcare facilities during
study effective strategy to ANC visit; half of facilities
increase rates of offered SMS intervention to
Intervention | ANC attendance, participants. All participants
(n=87) vs EPI coverage, and invited to in-person interviews
control comprehensive one year postnatal. Clinical
(n=90) maternal, neonatal data recorded from ANC card
and infant care, and infant Road-to-Health
among mother-infant booklet.
pairs?
I Retrospective | Is the MAMA SMS | April 2013 | Study participants recruited at
cohort study | intervention an - April healthcare facilities during
effective strategy for | 2015 ANC visit; all HIV positive;
Intervention | improving retention- intervention participants
(n=235) vs in-ANC, increasing received SMS intervention.
postnatal infant HIV Demographic data collected
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control testing and during in-person interview
(n=586) improving birth and from clinical database.
outcomes for HIV- Clinical data recorded from
positive women, and clinical database.
their infants?

I Economic Based on the June 2011 - | Using outcomes from sub-
Evaluation MAMA SMS August study I and MAMA SMS,
modelling implementation, 2014 data was modelled outwards
incremental | would it be cost on a five-year time horizon.
cost effective to expand Programmatic, health facility
effectiveness | this programme and user costing data was
based on throughout Gauteng collected from programme
results of Province? partners, health facilities and
sub-study | users, and compared between
and intervention and control
projecting cohorts. Incremental changes
forward in service utilisation were
using a five entered into the Lives Saved
year analytic Tool to forecast lives saved
time horizon. and DALY s averted by

scaling intervention across the
province over 5 years.

v Focus Group | What are the factors | October Four focus group discussions
Discussions | that led to the impact | 2013 - sixty to ninety minutes in

of the MAMA October length were held with MAMA
3 Female project? 2014 SMS recipients in English
groups What feedback do using a guide. FGDs were
(n=15) female and male transcribed and entered into
MAMA users Dedoose qualitative data
1 male group | participants have analysis software, themes
(n=3) about the were identified and coded for
programme? analysis.

\Y Cohort study | Is MomConnect an | September | Intervention participants

effective strategy to | 2014 - received SMS intervention.
Intervention | increase utilisation December | Study participants identified
(n=115) vs of maternal health 2016 through intervention recipient
control care services, among database and ANC delivery
(n=37) mother-infant pairs? cards at delivery facility. All

participants invited to in-
person interviews one year
postnatal. Clinical data
recorded from ANC card and
infant Road-to-Health
booklet.
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2.4 SUB-STUDY METHODOLOGY

2.4.1 Sub-study I

J Interventionarm ‘ J Control arm ‘
| |
Assessed for Assessed for
eligibility: 181 eligibility: 175

Excluded due to . Excluded due to i

‘ incomplete data: 94 SRS ‘ incomplete data: 85 AT
Included in Included in
analysis: 87 analysis: 90

Figure 3: Sub-study | participant flow chart

Sub-study 1 was a cluster observational trial of mother and infant pairs attending public health
care services in inner-city Johannesburg, South Africa. Intervention participants were identified
from a list of women who joined MAMA SMS during their pregnancy while control
participants were recruited while receiving PNC at participating health facilities. Individuals
were eligible if they were over the age of 18, received ANC and PNC care at participating
facilities between June 2012 and June 2014, delivered at one of two participating delivery sites,
had regular access to a mobile phone and would attend an in-person study interview. The
primary outcome was receiving ‘comprehensive care’ by completing the maternal-and-infant
continuum of care. Comprehensive care was defined as attending all NDoH recommended
MNCH care from pregnancy until the infant was one year of age which was a binary variable
including attending four or more ANC visits and receiving all infant vaccinations. Secondary
outcomes included proportion of participants who attended at least two, three, four and five
ANC visits, mean number of ANC visits attended, and mean vaccination coverage.

Standard of care: The standard of care offered for maternal and infant care in the provincially-
run ANC/PNC sites included testing and retesting for HIV, diabetes and anaemia as per
national protocol, provision of vitamin and mineral supplements, recommendations to attend
at least four ANC visits before delivery, encouragement to deliver at a health facility, and attend
all five PNC/EPI visits. An ANC card was provided to patients who were responsible for
bringing it to each ANC visit and delivery. A Road to Health (RTH) booklet was provided to
them at the delivery site which they were instructed to bring to each PNC/EPI visit.
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Intervention: Intervention participants received the standard of care, plus the intervention
which consisted of free twice-weekly one-way maternal health SMSs sent throughout
pregnancy and for one year postnatal. The SMSs contained supportive and informative
information timed to the stage of pregnancy and age of the child. Content for the message was
created as part of the MAMA South Africa project (159) by a team of local maternal and infant
health professionals. A range of maternal and infant health topics were included, such as
healthy eating, psycho-social support, reminders of ANC/EPI/PNC appointments, HIV/-related
information and delivery planning.

Sub-study procedures: All participants attended an in-person interview where socio-
demographic data were collected and they provided their infants Road to Health (RTH)
booklets containing ANC history. ANC attendance data were collected from clinical ANC
records and EPI coverage data were collected from infant RTH booklets. All study data were
digitised and stored using Research Electronic Data Capture (REDCap), hosted at the
University of Witwatersrand. REDCap is a secure, web-based application designed to support
data capture for research studies (160). Data analysis was conducted using STATA version
14.0 (161) using an export from the REDCap database.

Sample Size: No reliable local baseline data for complete EPI coverage at one year of age
could be identified to calculate sample size. Study team therefore used 2013 WHO data on
South Africa’s measles vaccination coverage rate at one year of age, which was 66%, as a
proxy baseline (162). To identify an increase in coverage from 66% to 86%, the minimum
required for herd immunity from most childhood vaccines (163), at 80% power and 95%
confidence, a sample size of 71 individuals per arm was identified.

2.4.2 Sub-study Il

Sub-study Il was a retrospective cohort study of HIV-positive women receiving maternal health
care in inner-city Johannesburg, South Africa. Individuals were eligible to participate if they
were over the age of 18, attended their first ANC visit between 1 April 2013 and 18 August
2014, received ANC and PNC care at participating ANC/PNC facilities, delivered at a local
health facility site, had regular access to a mobile phone and their ANC card and delivery
records could be identified at the delivery site. The study population consisted of a sample of
individuals included in sub-study I, plus additional individuals identified by the study team.
The primary outcome was uptake of HIV PCR testing within six weeks postpartum. Secondary
outcomes included the total number of ANC visits attended; the likelihood of attending, at least,
four ANC visits; the proportion of normal vaginal deliveries and proportion of new-borns with
low birth weight.

Standard of care: The standard of care was similar to sub-study I, with the addition of PMTCT
support from healthcare workers and a recommendation to attend infant PCR testing at 6-weeks
postnatal
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eligibility: 292 eligibility: 664
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analysis: 235 | analysis: 586

Figure 4: Sub-study Il participant flow diagram

Intervention: The intervention was the same as sub-study | with additional PMTCT-related
messages for individuals that requested them. The PMTCT SMSs replaced approximately 20
general support SMSs but were not mandatory due to HIV-related stigma and disclosure issues.

Sub-study procedures: HIV positive individuals were identified through a record review at
the delivery sites by the study team. These individuals were contacted by telephone to invite
them to participate in the study and upon their acceptance, participant data was recorded from
the ANC cards and delivery reports. 6-week PCR testing data was collected from the delivery
site PCR testing database. All data was entered into REDCap for centralisation (as described
in section 2.4.1) and exported to SPSS version 22 (164) for analysis.

Sample size: To see an increase attendance to the 6-week PCR testing from the baseline of
67% to the facility’s target of 75%, with 90% power and 95% confidence, sample size
calculations indicated that a sample size of 504 individuals per study group was required.

2.4.3 Sub-study Il

Sub-study 111 was an economic evaluation of MAMA SMS using data from the first two years
of MAMA SMS implementation, the outcomes from sub-study I, and modelling that data
outwards on a five-year time horizon. Modelling was based on the average rate of expansion
during the MAMA SMS pilot project, found to be approximately 7% per month.

Perspective: Sub-study 111 used a societal perspective which included MAMA SMS user time
and costs, health care system time and costs, plus programme implementation costs.
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J Intervention arm J Control arm
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analysis: 181 analysis: 175

Figure 5: Sub-study I11 participant costing data flow chart

Data sources: The study team created three data collection tools, based on previous economic
evaluation studies. These tools consisted of 1. a MAMA SMS user costs incurred survey which
covered costs associated to owning a mobile phone, amount of time and money spent travelling
to and from each clinic visit, amount of time spent at the clinic per visit, cost of wages lost to
attend clinic visits, amount of money spent on child care per clinic visit, and number of
unplanned health care visits attended for maternal or child health care. 2. Health care system
costs, including amount and cost of each consumable used at each planned ANC and PNC/EPI
visit, and amount and cost of health care worker time spent per planned health care visit. 3.
Programmatic costs for the three MAMA SMS implementing partners, including planning,
initiation and rollout costs for each organisation including human resources, facilities and
technology (SMS sending) costs. Additionally, the WHO Quality of Life-BREF (165), a
standardised quality of life survey tool was used to measure health-related quality of life of
participants.

Sub-study procedures: A sample of MAMA SMS users were interviewed and completed the
user costing tool, health care workers providing ANC and PNC services completed the health
care systems costs tool, health care staff costs were collected from an online database of South
African health care worker wages. Incremental changes in utilization from sub-study | were
inputted into the Lives Saved Tool (LiST), a tool used to model the impact of scaling-up health-
related interventions used to reduce maternal, neonatal and child mortality, (166) to forecast
lives saved and DALYSs averted of gradually scaling up program activities to reach 60% of
pregnant women across Gauteng province within 5 years. Uncertainty was characterized using
one way and probabilistic uncertainty analyses.
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2.4.4 Sub-study IV

Table 2: Focus group discussion participant overview

Gender of Number of Age
FGD . L
participants participants Range
1 Female 5 20-36
2 Female 4 28-35
3 Female 6 21-36
4 Male 3 22-32

Sub-study IV consisted of focus group discussions (FGDs) with users of the MAMA SMS
service with the aim of identifying factors that led to the impact of the MAMA project and
elicit feedback from female and male MAMA users about the service. A purposive sampling
method was used to identify participants. Recruitment of females was done at the ANC and
PNC clinics on the day of the FGD by identifying women in line if they were MAMA users
for at least two months and their child was under one year of age to determine eligibility. Upon
confirmation of eligibility they were informed about the FGD and participation fee. Women
who expressed interest were then invited to participate that day. Four FGDs were held between
October 2013 and October 2014 in Johannesburg’s inner-city. Three FGDs were comprised of
both pregnant and postnatal females while one included males with children.

Male FGD recruitment was done via telephone a week before the FGD was held. All
individuals who had identified as male during the MAMA signup process were contacted and
invited to participate in the FGD on the following Saturday. Saturday was selected as it was
thought it would increase the chances of employed participants attending. During the telephone
call, eligibility was confirmed and the potential participants were informed of the FGD and of
the participant reimbursement.

Focus group tools: The FGD guide was created by the study team and used to guide the
discussion over a set of topics relevant for the study team. These topics included participant
previous experiences of receiving healthcare services in the public and private sectors, their
experiences of the MAMA SMS service including signup, message content and frequency,
trust in and sharing of messages, acceptability and a discussion of changes in behaviour that
might be due to the messages.

Analysis: The FGDs transcripts were analysed and coded using the Framework Method based
on codes and categories. Thematic analysis was used identify the overarching themes from the
FGDs. The study team then categorised transcript excerpts to identify quotes pertaining to
identified topics, themes and sub-themes.
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2.4.5 Sub-study V

identified: 3563

|

MomConnect users

Control participants
identified: 1056

i | i i
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contact: 1657 1506 contact: 575 481
1 i i
: Delivered at Delivered at
Delivered - I
elsewhere: 811 study sites: study sites:
a ' y 1095 N 481
L i S
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Figure 6: Sub-study V study recruitment flow chart

Sub-study V was a follow-up to sub-study I, including women who had received MomConnect
messages rather than MAMA SMS messages. At the time sub-study V was conducted, MAMA
SMS had ended and MomConnect was part of the maternal health standard of care across public
sector ANC sites throughout South Africa. Due to the national roll-out of MomConnect, and
specifically having no ANC sites not offering MomConnect to act as controls, a number of
minor changes to study methodology from sub-study I, were required:

Sub-study V was a retrospective cohort study of mother-infant-pairs who received maternal
health care in inner-city Johannesburg. Individuals were eligible to participate if they were over
the age of 18 at study recruitment, attended ANC services at one of the public ANC sites in
Johannesburg’s Health Region F between 1 September 2014 and 1 July 2015, delivered at one
of the two delivery sites in the same area, their ANC card could be identified at the delivery
site and they agreed to participate in the study.
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To identify eligible intervention participants the NDoH provided a list of 3563 MomConnect
users who were thought to be pre-eligible based on dates and location of signup. The order of
the list was randomised and individuals were contacted one-by-one to identify where they
delivered and inform them of the study. Of the MomConnect users identified, 1100 were
reached and gave birth in the participating study sites; each of these were invited to participate.
When a participant agreed, the ANC card was searched for at the delivery sites and if found, it
was entered into the study REDCap database. The participant was called back and invited to
attend an in-person interview, similar to the interview that was part of sub-study |.

In aiming to increase comparability between study cohorts, potential control participants were
identified during the identification process of intervention ANC cards. The identification of
control participants was done based on finding ANC cards of women who were not part of
MomConnect. Upon finding the intervention participants ANC card, additional ANC cards
were found from women who delivered within five days, did not subscribe to MomConnect
(cross checked on the MomConnect database), and attended ANC at the same facility as the
intervention participant. These potential control participants were then called and invited to
participate in the study and scheduled an in-person interview.

Outcomes: The primary and secondary outcomes were the same as sub-study I.
Standard of care: The standard of care was the same as sub-study I.

Intervention: Intervention participants received the standard of care, plus twice-weekly stage-
based MomConnect SMSs throughout their pregnancy and until their child was one year of
age. The MomConnect SMSs were based on the MAMA SMSs described above, however there
was no set of special HIV-related messages; all women received the same messages (timed to
the stage of their pregnancy), some of which were HIV-related messages.

Sub-study procedures: The procedures for this study were the same as sub-study | the only
difference being a sample of participants did not provide their RTH booklets, so only their
ANC data was included for analysis.

Sample size: Comprehensive coverage in sub-study | control participants was used as a
baseline to calculate sample size. To identify the same 56% increase, from 46% to 72% at 90%
power and 95% confidence, a sample size of 74 participants were required.

2.5 ETHICS

2.5.1 Ethics training, ethical practice and ethics approval

As Principal Investigator for the study and being affiliated with both Karolinska Institutet and
the University of Witwatersrand, completed a Good Clinical Practice (GCP) training
programme based on the most recent version of the Declaration of Helsinki (167). Attending
GCP training and receiving GCP certification is a requirement of the University of
Witwatersrand ethical review board approval process for all study team members. For this
reason, all research team members were trained and certified in GCP as well as provided with
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additional training and support around completing participant informed consent, ensuring
participant privacy and confidentiality, best practice around patient data storage and data
quality issues which were important for both the study, but also participants who participated
in the sub-studies. These practices ensured that even though ethical permission from the
University of Witwatersrand was given and participants provided informed consent, the entire
research process was conducted in an ethical manner.

At the time of the study, there was significant stigma around HIV, which remains to this day.
To ensure participant privacy and minimise the likelihood of accidental disclosure of HIV
status, the study team established a plan. It included analysing the touch-points with study
participants and implementing strategies to minimise accidental disclosure during participant
recruitment, during the study, and during follow-up. For recruitment, study staff were provided
detailed training around patient privacy, recruitment was completed in private, and participants
were informed about the message content prior to agreeing to participate. During the study
accidental disclosure was minimised by offering two streams of messages, allowing
participants to choose how explicit the SMS information would be around HIV-related issues
(see section 4.10.1 below for more detail). And during follow-up all study participants who
attended FGDs or surveys were informed at multiple points that they were not required to
disclose their HIV status to anyone, at any time. There were no known cases of accidental
disclosure at any point of the research project.

All sub-studies were approved under University of Witwatersrand Human Research Ethics
Committee (Sub-studies I, I, 1, & V under clearance certificate: M140984; sub-study 1V
under clearance certificate: M120649). All participants provided informed consent prior to
participation and their identity remains confidential. Study transcripts had personal details of
participants removed and confidentiality was maintained during all steps of the research
process. Copies of study data has been held on password protected access-limited databases.
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3 RESULTS

3.1 MAMA SMS OPERATIONS RESEARCH

MAMA operations research provided information for two groups of users; select basic
information from all MAMA SMS recipients, and a more complete demographic profile of a
selection of MAMA SMS study participants.

A total of 12,681 individuals signed up to MAMA SMS. Of that, 4,215 individuals or 33.2%
were recruited at facility 1, 4,024 individuals, or 31.7% were recruited at facility 2, 1676 or
13.2% at facility 3, 268 or 2.1% at facility 4, 1,133 or 8.9% at facility 5, and 1,365 individuals
or 10.8% at facility 6.

Facility patient
reruiterffrom
12,000

1

Cumulative Frequency

Date of recruitment

Figure 7: Cumulative recruitment to MAMA SMS by facility from July 2012 through August 2014.

The age range at recruitment was 18 to 52, with an average age of 26.92 years (SD: 5.47 years).
There were 68 (0.5%) individuals did not want to share their age.

8,837 (69.7%) individuals provided their average monthly household income at signup. The
most common response was under R1000 per month (42.5%, N=3,756) followed by R3000-
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R4000 per month (26.2%, N=2,314) and R2000-R3000 per month (10.5%, N=927). The
remaining income groups included fewer than 10% of participants.

Average monthly income frequency
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Figure 8: Histogram showing MAMA SMS participant average monthly income.

The number of previous live births was reported by 12,666 (99.9%) of participants with an
average of 0.94 (SD=0.922) and a range from 0 to 6.
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Figure 9: Histogram showing number of previous live births of MAMA SMS participants.
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Starting August 2012, participants were asked if they have access to the internet either on their
phone or at home/work. Of the 9295 individuals asked, most answered that they did not have
access to the internet (60.9%, N=5,660), while 39.1% said they did (N=3,635).
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Figure 10: Cumulative frequency by date of response to question "Do you have access to the internet?" by MAMA SMS
participants at signup.

As the internet became more ubiquitous and a part of everyday life, internet usage increased.
A large change can be seen when comparing the number of people who said “Yes” to having
internet during the first three months of the question being asked (27.8%) with the last three
months of the project (49.8%).

Participants were not asked their HIV status. They were asked if they would like to receive
HIV-related messages. Almost half (44%, N=5,579) of all MAMA SMS participants requested
the HIV-related messages at sign up, despite there being an approximate HIV-positivity rate of
30% among pregnant women in the region.

Results from the MAMA face-to-face interviews showed that most were born outside of South
Africa (247/431, 57.3%), a majority had completed secondary school (296/432, 68.5%); most
were living with a partner (290/425, 68.2%), a majority were employed (237/432, 54.9%),
either full time (23.6%), part time (23.8%), or self-employed (7.4%); more than half of women
came from households where the average monthly income was under R4,001 per month
(233/409, 53.9%).
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3.2 PARTICIPANT OVERVIEW

Table 3: Number of intervention and control participant per sub-study.

Number of | Number of
Sub- | . )
intervention control
study - "
participants | participants
| 87 90
I 235 586
111 18 N/A
AV N/A N/A
v 115 121

For the comparative sub-studies (I, Il & V) participant demographics were compared across
arms to test for homogeneity. Demographic results in sub-study | showed that both arms were
homogeneous with the exception of country of birth, with the intervention group having more
South African-born participants (intervention: 45% vs control: 29%, p=0.04). In sub-study 11
control participants were found to have had a higher mean parity (1.16 intervention vs 1.58
control, p<0.001) and more intervention participants attended their first ANC visit prior to 20
weeks gestation (intervention: 36.2% vs control: 19.4%, p<0.001). In sub-study V, the
demographic results of both study arms were found to be homogeneous. Demographic
heterogeneity, where found in sub-studies | and 11, was controlled for during data analysis (see
manuscript | and Il for details).

3.3 MEDICAL OUTCOMES

Three of the sub-studies (I, 1l & V) were comparative and investigated at medical outcomes
related to mother-infant-pairs.

Table 4: MNCH topics and outcomes included in sub-studies I, Il & V.

Topic Outcome of Sub- Sub- Sub-
interest study I | study Il | study V
ANC Average Visits X X X
Four of more visits X X X
Five or more visits X X

Delivery | Delivery method

Mean birth weight

Low birth weight

PNC/EPI | Infant age at first
HIV test
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EPI coverage at 1 X X
year of age
“Complete ANC & PNC/EPI X X
coverage”

3.3.1 ANC

3.3.1.1 Mean ANC visits

Intervention participants in sub-study | were found to average 4.4 ANC visits (95% Confidence
Interval: 4.0-4.7), those in sub-study Il averaged 5.16 visits (95% ClI: 4.71-5.61) and 4.24 visits
(95% CI: 4.02-4.63) in sub-study V. This compares to an average of 3.2 visits (95% CI: 2.9-
3.5) for control participants in sub-study I, 3.95 visits (95% CI: 3.55-4.35) in sub-study Il and
4.32 visits (95% CI: 3.93-4.55) on average in sub-study V. Comparing the results from each
study individually showed that the differences in mean ANC visits was statistically significant
in sub-study | for the unadjusted data (p<0.001) and adjusted data (p<0.001), and in sub-study
I1 (P<0.001), but not sub-study V (p=0.709).

3.3.1.2 Four or more ANC visits

In sub-study I, 72.4% (63/87 of intervention participants attended at least four ANC visits
versus 45.6% (41/90 of control participants (p<0.001). Sub-study Il showed 82.2% (60/73) of
intervention participants attend at least four ANC visits compared to 58.5% (55/94) of control
participants (p<0.001) with a relative risk of 1.4 (95% CI: 1.15-1.72). Outcomes from sub-
study V showed intervention and control participants attendance to four or more ANC visits at
67% and 67.7% respectively (77/115 and 82/121, p=0.894).

3.3.1.3 Five or more ANC visits

In sub-study I, 41.4% of intervention participants attended five or more ANC visits compared
to 17.8% of control participants (p=0.001). Whereas, in sub-study V, 42.6% of intervention
participants attended five or more ANC visits versus 41.3% of control (p=0.841).

3.3.2 Delivery

3.3.2.1 Delivery method

Investigating the method of delivery analysed in sub-study Il showed that intervention
participants had a statistically significant higher likelihood of a normal vaginal birth (84.2% vs
76.5%, p=0.03) and a lower likelihood of a caesarean section (15.8% vs 22.9%, p=0.039). The
relative risk of a vaginal birth by a control participant was 1.10 (95% CI: 1.02-1.19) and of a
caesarean section 0.21 (95% CI: 0.15-0.28). A breech birth occurred in 0.7% (3/467) of control
participants and no intervention participants (p=0.558).

29



3.3.2.2 Mean birth weight

Both arms of sub-study’s Il and V has similar mean birthweights. Intervention participants in
sub-study Il had a mean of 3.1 kg (Standard deviation (SD): 0.32 kg) while intervention
participants had a mean birth weight of 3 kg (SD: 0.47 kg) which was not statistically
significant (p=0.188). Both arms of sub-study V had a mean birth weight of 3.07 kg (SD:
intervention: 0.47 kg and control: 0.51 kg, p=0.948).

3.3.2.3 Low birth weight

There was a trend of control participants having a higher likelihood of giving birth to a low
birth weight infant (<2.5 kg) than intervention participants (1.4% vs 9.9%), but this was not
statistically significant (p=0.054). The opposite trend was found in sub-study V with control
participants being less likely to give birth to a low birth weight infant than intervention
participants (8.3% vs 9.7%) which was also non-significant (p=0.813).

3.3.3 PNC/EPI

3.3.3.1 6 week PCR attendance & mean age of infant at 6-week PCR

Data from sub-study V showed that 81.3% of intervention participants attended their infants 6-
week PCR visit on time, compared to 75.4% of control participants who did (p=0.064). Further,
there was a trend towards a lower average age of infant at their first PCR test for intervention
participants (9.5 weeks, SD: 10.6 weeks) compared to control participants (11.1 weeks, SD:
13.6 weeks) which was not statistically significant (p=0.138).

3.3.3.2 Full EPI coverage

EPI coverage for participants in both arms of sub-study’s I and V was similar with intervention
arms in both having slightly results. In sub-study I, 95% of intervention participants had
complete coverage (95 CI: 91%-100%) compared to 89% of control participants (95% CI:
82%-96%, p=0.110). The results from sub-study V showed that 93.9% of intervention
participants had complete EPI coverage compared to 91.7% of control participants (p=0.636).

3.3.4 ‘Comprehensive care’

The likelihood of receiving comprehensive care in sub-study I was 71% higher among
intervention participants compared to control participants (Relative Risk (RR): 1.71, 95% CI:
1.29-2.26). Adjusting for participant country of birth, the relationship continued to be
significant (OR = 3.2, 95% CI: 1.63-6.31). No such difference was found in sub-study V;
intervention participants were as likely to receive comprehensive care as control participants
(RR: 0.87,95% CI: 0.68-1.11).

3.4 ECONOMIC EVALUATION

Based on actual MAMA SMS expansion, found to be 10% per month, the number of
individuals enrolled during years 3, 4 and 5 being 18,419, 57,214, and 179,562 respectively.
During year 5, approximately 60% of all pregnant women in Gauteng would be enrolled.
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Program cost per user and per case of comprehensive care decreased as the number of
individuals enrolled per year increased. In year 1, the cost was approximately $56.65 per user
and $84.55 per case of comprehensive care (all costs in USD). By the end of year 5, the cost
per user would been $2.27 and $3.39 per case of comprehensive care (see figure 11).
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Figure 11: 5-year trends in the total program cost per registered user and per case of comprehensive care (CC) received
among MAMA users over 60 months.

Inputting the individual coverage data from sub-study | into LiST, it was estimated that 182
(range of 109 to 199) lives would be saved in year five, in addition to the DALY averted
through expansion of the program.

The implementation cost per user and case of comprehensive care was combined with the
forecast lives saved and DALY's averted during project scale up and 1000 bootstrap with
replacement were run resulting in the following cost effectiveness plane.

£3.000,000
$4.000.000
Yex 1
Yex 2

e d

Yex 4
. i Yexr 5
34.000.000

£2.000.000

B0, 000,000

Incremental cosls n 2016 USDS

S T L DALYs Averted

-51,000.000

=$2,000.000

Figure 12: 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 DALYs averted for each of 1,000 simulations conducted by year of
implementation.
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Figure 12 (previous page) shows that incremental cost per DALY averted from a societal
perspective fell from $1985 in year one to $200 in year 5.

Figure 13, below, shows that assuming a willingness to pay threshold of $2000 in year 1, there
would be a 40% probability of the intervention being cost effective in year 1. Using the same
willingness to pay threshold, years 2 to 5 have a 100% probability of being cost effective. Using
a lower willingness to pay threshold, the probability of being cost effective ranges from 0% in
year 1 to approximately 64% in year 5.
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Figure 13: Incremental cost effectiveness acceptability curve of years 1-5 of MAMA implementation vs. Status quo in
Gauteng, South Africa. Using the South Africa’s GNI per capita for 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 users’ increases along with anticipated health effects.

An analysis of participant responses to the WHO Quality of Life-BREF tool showed no
statistical difference between intervention and control participant responses among four of the
five domains included (Table 5). The exception was the physical domain, where intervention
participants had higher ratings than their control peers (intervention: 3.37 vs control: 3.29,
p=0.009). No difference was found in the psychological, social relationships, environment or
self-evaluation domains.

Table 5: MAMA SMS participant responses to the WHO Quality Of Life-BREF survey tool.

Arm Mean response | Std. Dev. | 95% CI p
(out of 5)

Physical Domain

Intervention 3.37 0.381 3.34-3.41
(n=433) 0.009
Control (n=174) 3.29 0.322 3.24-3.33
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Psychological Domain

Intervention 3.71 0.433 3.67-3.75
0.157

Control 3.66 0.386 [3.60-3.71

Social relationships Domain

Intervention 3.92 0.708 3.86-3.99

0.070
Control 3.81 0.662 3.71-3.91

Environment Domain

Intervention 3.3 0.476 3.25-3.34

0.233
Control 3.35 0.439 [3.28-341

Self-Evaluation Domain

Intervention 3.93 0.624 3.87-3.99

0.077
Control 3.82 0.669 [3.73-3.93

3.5 QUALITATIVE

Four focus groups, segregated by gender, were held. The three women-only FGDs included a
total of 15 participants while there was three participants in the male FGD. Many of the same
themes and feedback came through at each of the FGD’s. Three overarching themes were
identified; project context, factors possibly contributing to project success, and feedback on the
project.

Contextually, participants mentioned money-related issues regularly, sub-optimal social
support, and a variety of experiences of the public health care system. Money issues included
having to share their accommodation with other families, not being able to afford the “perfect’
doctors in the private health care system, and how a lack of money can cause marital strife.
Thus, the lack of cost associated to registering to MAMA was seen as a strong positive as it
did not add to their cost of living. Social support, while often offered, was not always
appreciated or was in contradiction to the MAMA messages. However, the male FGD
participants mentioned the pride they felt in being able to support their partners. It was
discussions about the public health system that provided the strongest reactions at all FGD’s.
While there were a handful of positive stories (usually around HIV testing and support), the
majority were negative. Together, the negative experiences highlighted how the existing health
system was not supporting the needs of the patients.

Given the contextual factors, some factors that could have contributed to the health outcomes
observed in sub-study’s I & Il relate to appropriateness of implementation methods. For
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example, the registration process was assisted by MAMA staff whose only job was to help with
registration. This allowed recruiters to put all their effort in ensuring the registration experience
was fruitful and appropriate. An example of the appropriateness was shown by one participants
who mentioned they were provided sufficient empathy and privacy with their HIV-positive
status. Additionally, the use of SMS was seen as the best communications choice available,
and the messages arrived on a reliable schedule. Lastly, the messages were seen as accessible
and no participants mentioned having difficulty with understanding them. Asked if they would
have preferred another language, all participants agreed that English was best.

Feedback from the project covered three broad categories; relevance of the SMS content, a
trust in the content and acceptability of the messages by participants. Participants repeatedly
mentioned that messages arrived containing information just was they needed it; for example,
explaining how to identify teething and how to deal with it just as a child started teething.
Furthermore, participants would mention that their mothers often tried to offer advice on baby
care, but rather than follow their advice on the ‘old way’ of doing things, they would prefer to
follow the advice given in the MAMA SMSs. Asked if they appreciated the messages, all
participants said they did. Additionally, many participants requested additional messages past
their child's first birthday, while some participants appreciated the messages to such an extent
that they claimed to be willing to pay for them.
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4 DISCUSSION

The research described in this thesis investigated the impact of an SMS-based maternal
mHealth intervention in inner-city Johannesburg, South Africa. It explored health outcomes of
intervention participants compared to control participants, analysed the results of focus group
discussions with users, and conducted a cost-effectiveness analysis modelling a provincial-
wide expansion of the intervention over a five-year time horizon using actual data from years
one and two.

Results from the research suggest that the MAMA SMS maternal mHealth intervention
increased maternal and infant health care uptake, improved some delivery outcomes and
showed a trend towards improving others. An assessment of MAMA SMS user focus group
discussion feedback identified that individuals were able to differentiate the highly reliable and
acceptable MAMA SMS service as being different and separate from the health care system,
which was generally seen as providing poor, unfriendly service. Economies of scale allowed
by mHealth, meant that the improvements in health outcomes seen by MAMA SMS users
would be cost-effective upon scale-up. A follow-up study of users from the government
implemented MomConnect program showed that those receiving similar maternal health SMSs
had no difference in health outcomes or service uptake compared to non-recipients.

4.1 ANTENATAL OUTCOMES

The observed increase in mean ANC visits, attendance to four or more and five or more ANC
visits, among the intervention arms in sub-studies | and Il is supported by a number of other
maternal mHealth studies conducted in low-resource settings (27,28). In each of these studies,
the baseline ANC attendance rate was suboptimal and attendance by intervention participants
was increased by a statistically significant amount.

On the contrary, sub-study V showed essentially no difference between study arms when
looking at mean ANC visits or four or more ANC visits. Over two-thirds of participants in both
arms attended at least four ANC visits and the average number of ANC visits was above four
for both arms. Ideally 100% of SMS-recipients would attend four or more ANC visits, but this
did not occur. This is similar to some maternal mHealth studies (30,31) that showed no
statistically significant increase in attendance to four or more ANC visits however both of the
other studies had lower rates in both intervention and control arms, when compared to sub-
study V. It is hypothesized that there were health care system improvements at the health care
facilities which resulted in an improvement in baseline ANC visits. This is likely the reason
that there was a marked improvement in average number of ANC visits among control
participants in sub-study V compared to control participants in sub-studies | and II.

4.1.1 Delivery outcomes

Infant birth weight has not been reported in previous mHealth studies. It was included in the
current study for two reasons; firstly, due to the specific messaging related to having a healthy
and diverse diet during pregnancy, based on feedback from early MAMA participants who
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reported that the recommendation to eat a variety of foods and food groups during pregnancy
was not previously suggested, and secondly, the study team hypothesised that the pregnancy
diet messaging could result in healthier babies at birth, as measured by birth weight, due to the
potential preference of inexpensive less nutritious foods of this population.

Results from sub-studies Il and V, the two with birth weight data, showed no difference in
average birth weight when comparing intervention and control arms. A trend towards fewer
low-birthweight infants (<2.5 kg) born to intervention participants was noted in sub-study II
(intervention: 1.4% vs control: 9.9%) which was non-significant (p=0.054). In sub-study V,
which saw better health outcomes among the control arm for all health outcomes compared to
sub-study I, there was no difference in low birthweight infants between study arms.

It appears that the healthy and diverse diet messaging in the MAMA SMSs had an effect in
maternal diet. This comes from both the strong trend found in the data, combined with the
feedback from MAMA SMS users who stated that the recommendation to have a diverse diet
during pregnancy was new information. Much of the feedback received was that women
thought that only increases in the quantity of food during pregnancy was important (resulting
in increases in consumption of ‘pap’, an inexpensive and filling coarse maize meal staple) and
did not understand the importance of variety and quality.

The trend towards fewer low-birthweight infants is interesting and should be explored in further
detail. It is unfortunate that birth weight was only included in sub-studies Il and V and not in |
as a there is an established link between ANC attendance and low birth weight (168).
Furthermore, there is evidence that low birth weight contributes to both infant mortality and
childhood morbidity (169). For these reasons, it’s recommended that future maternal mHealth
research that include interventions around diet should include infant birth weight as an
outcome. The original Text4Baby maternal mHealth project that MAMA SMS was based on
had planned to evaluate birthweight as an outcome indicator (170), however no published work
on birthweight of Text4Baby users is available. In Thailand, an RCT with 68 maternal health
participants did not identify differences in birth weight between intervention and control arms,
however it was not powered to identify a difference in birth weight (171).

4.2 POSTNATAL OUTCOMES

4.2.1 PCR testing

Data from sub-study Il showed a non-significant trend towards intervention participants being
more likely to have a PCR test within 6 weeks of birth (intervention: 81.3% vs control: 75.4%,
p=0.064). This trend is similar to another South African study (172) which found that an
mHealth SMS & voice call service increased infant 10-week PCR increase from 63.3% to 90%
(p=<0.001). These studies had two major differences. One, the other study used a combination
of SMS and voice contact, compared to the MAMA SMS project which was SMS only.
Secondly, the end-points were different, 6 weeks postnatal vs 10 weeks postnatal. This is due
to the study sites in the non-MAMA study already having implemented WHO PMTCT Option
B+, which recommends 10-week postnatal PCR testing, while the MAMA SMS study site was
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still using the previous 6-week postnatal PCR testing recommendation that was adherent to
NDoH guidelines at the time, which has since changed to birth and 10-week testing (173).

A MAMA SMS message was sent to women receiving the PMTCT messaging to attend their
ANC visits at 6-weeks post-natal. However, in sub-study Il, the average age at first PCR
testing, in weeks, was much higher for both groups than the government-recommended 6-
weeks and statistically similar (intervention: 9.5 weeks vs control: 11.14 weeks, p=0.138). It is
notable that the mean age of testing is so close to the current government recommendation of
10-week PCR testing. It is possible that women attending the clinics might have been told by
staff to attend PCR testing at 10 weeks post-natal, as per the guidelines that were upcoming but
not officially implemented at the time. This could account for the average attendance of PCR
visits being so close to 10 weeks postnatal, with the MAMA SMS messaging accounting for
the small, non-significant trend towards earlier testing due to the 6-week PCR message that
was sent.

4.2.2 PNC/EPI attendance

No significant difference in EPI attendance (defined as attendance to and receiving of a
vaccination) was found in either sub-studies 1 or V. In sub-study I, a trend was noted, but there
were too few participants to achieve statistical significance (intervention: 95% vs control: 89%,
p=0.110). In sub-study V, the control arm had higher than expected baseline EPI attendance
date, resulting in the two study arms having similar outcomes (intervention: 93.9% vs control:
91.7%, p=0.636). Domek (174) also found a non-statistically significant trend towards higher
EPI coverage among participants in a mHealth pilot intervention. This contrasts with a similar
study in Bangladesh; Uddin (40) found a strong increase in completed EPI coverage in that
intervention group. However, the Bangladesh study started with a lower baseline of EPI
coverage of under 66% at one year postnatal.

A baseline population level EPI coverage rate of over 90% is usually the goal for most public
health programmes as it will result in the necessary herd immunity required for the entire
population (163). Therefore in this population, vaccination outcomes are not as significant as
the other health outcomes, if the baseline coverage at population level is already above 90%.
Given the relatively small study size and high baselines rates of EPI attendance, it is not
surprising that the current studies were unable to identify a difference between the study arms
in either sub-study.

4.2.3 Complete coverage

Sub-studies | and V both looked at ‘complete coverage’ of attendance to all government
recommended ANC and PNC visits, spanning from conception through to one year postnatal
which has not been reported on previously. The results from sub-study | showed statistically
significant difference between the two study arms. Data from sub-study V was inconclusive
due to the high baseline ANC and EPI attendance rates for control arm participants and missing
participant data; no trend was seen based on the data that was available.

37



Despite there being no previous studies investigating maternal mHealth outcomes from
conception until one year post-natal, this will change soon. There is currently an ongoing study
in China (175) which is including the same ‘complete coverage’ outcomes as the current study,
which will be a welcome addition to body of evidence.

In situations with relatively high baseline (maternal health) outcomes, it can be difficult to
identify slight improvements in individual health indicators due to an intervention. Inclusion
of maternal health outcomes over a longer time period and including more individual data
points in a composite indicator such as ‘complete coverage’ for maternal (or other health)
mHealth interventions should become more common and be more useful.

4.3 ECONOMIC EVALUATION

Sub-study I11 showed that based on continued expansion of MAMA SMS and the same health
outcomes that were identified in sub-study I, MAMA SMS would be a cost effective
intervention as modelled. This is an interesting finding, and surprisingly difficult to compare
with other published research. To my knowledge, no other maternal mHealth cost effectiveness
research has been published previously, despite calls highlighting its importance (42,176).

A cost-utility analysis looking at mHealth-based tuberculosis infection control in Thailand is
likely the closest costing study to sub-study Ill. In that study (177), patients were sent daily
SMSs from community health workers, reminding them to take their medicine. Results from
the study showed that the incremental cost-effectiveness ratio (ICER) was US $4270 per
disability adjusted life year (DALY) averted. However, the uncertainty ranges were wide,
crossed zero, and were no different than the comparator. This contrasts with sub-study I11 which
showed the societal costs per DALY averted was approximately US $1985 in year 1,
decreasing to US $200 per DALY averted by year 5 and had much less uncertainty.

Results from analysing the WHO Quality of Life-BREF tool showed that the population
generally had the same quality of life score at the end of the study, with the exception of the
physical domain, with intervention participants indicating they had less pain, along with more
energy and sleep. While it is not possible to know for sure, one hypothesis for this difference
is that the intervention participants had healthier children due to the intervention which
translated to less psychological stress more and better sleep. On the other hand, the difference
could be representative of a statistical anomaly.

Cost-effective analysis are complex and include assumptions. Sub-study Il was based on
research data from sub-study | which was a retrospective, non-randomised study. At the same
time, sub-study Il utilised a societal perspective when looking at costs, so all possible costs
were included, and the model still showed that the intervention would be cost effective.

4.4 QUALITATIVE OUTCOMES

Feedback from users during the focus group discussions (FGDs) discussed in sub-study 1V was
generally negative with regards to the health care system, while essentially exclusively positive
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in relation to the MAMA SMS intervention. Previous qualitative maternal mHealth studies
have also reported that users of mHealth interventions often have preconceived positive notions
of the intervention even before they use or interact with it (178,179). Additionally, participants
in another maternal mHealth FGD, this time in rural northern Canada, reported that the
intervention was both relevant and highly acceptable (180). This ‘technology halo’ effect can
positively influence the impact or effect of a technology-based intervention. For this reason,
long term studies of technology-based interventions are essential. Sub-study 1V included FGD
transcripts from users who had been using the MAMA SMS intervention for at least four
months and a maximum of 11 months; possibly not sufficient time for the halo to have worn
off.

The trust in the content of the messages by the MAMA SMS participants was the most
unexpected aspect of the FGDs. Having many participants report following recommendations
and advice in the messages despite receiving contradicting advice from friends, family
members, and even their mothers, was a testament to the trust in the intervention. The first time
a participant mentioned they followed message advice over family and friends, the study team
chalked it up to participants providing a socially desirable response (181). Once multiple
participants reported similar stories across focus groups, it gave evidence to the fact that what
was being reported was a factual representation of reality. It is hypothesized that the trust in the
messages was in part due to the intervention being offered out of a healthcare facility. It is
possible that if the intervention had been offered from a random street corner or a for-profit
media company it would have been less trusted by the participants (182).

Including men in the FGDs for a maternal mHealth intervention was important in that it has,
surprisingly, been described very infrequently (183). This is despite a call for men to be more
involved in maternal health generally (184-186). While there was little difference in the
responses between the male and female participants, including both is an important aspect of
research. Hopefully future maternal mHealth research will include male partners and/or
caregivers more frequently.

4.5 CHANGE IN INTERNET ACCESS

MAMA SMS was conducted at an interesting point in time: there was an inflection point of
internet adoption in South Africa. When MAMA SMS started, internet usage was limited to
early adopters, usually those with the means to pay for internet access at an internet cafe, buy
an early smartphone, use an internet enabled device through work, or buy a computer for their
home. While less than 30% of respondents claimed to have internet access at the in late 2013,
this number increased to just under 50% by mid-2014. It’s likely that internet access among
the population was lower when MAMA SMS launched in 2012. This increase in internet usage
is important to the study. At the start of the study and during the FGDs, SMS was identified as
the preferred method of communication because there was no other inexpensive method of
personalised information. Increasing internet access, especially by smartphone, results in
additional methods of communicating personalised maternal health information and allows for
relatively inexpensive two-way communication between patient and health care system.
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4.6 MATERNAL HEALTH SMSS AS PART OF BEHAVIOUR CHANGE
COMMUNICATION

Behaviour change communication (BCC), using various strategies to change attitudes and in-
turn behaviour, is a broad topic that has been a target of public health and other research for
decades (187,188). Much has been written about the use of mHealth interventions as BCC
throughout the world (21,51,176,189). This section is not meant to be a deep dive into the topic,
but rather a note regarding how BCC links to the current research and included sub-studies and
show the linkages.

Clinical maternal and child health visits are short and full of new information, especially for
individuals pregnant for the first time. When provided an overload of information during a
short clinical visit, some of it will be forgotten. Maternal health SMSs, by virtue of being small
pieces of relevant information that advises on behaviour that are sent regularly by a trusted
source and can be reviewed at any time, can be an important source of knowledge. These short
pieces of text corroborate and augment the information provided during clinical visits or other
sources. Together, these aspects could change attitudes, leading to positive health outcomes.

4.7 MAMA SMS INCREASED MNCH SERVICE UPTAKE WHEN BASELINE IS
LOW

Sub-studies I and Il showed that when baseline health outcomes data is sub-optimal, maternal
mHealth messages like MAMA can nudge population-level data upwards. In contrast, when
baseline health outcomes are within an optimal range it is more difficult to see any kind of
change/improvement, as per sub-study V. A maternal mHealth intervention like MAMA SMS
or MomConnect is therefore likely to be more cost effective when implemented where there
are poorer baseline health outcomes.

What does this mean for national-level maternal mHealth implementations if there are pockets
of poor health outcomes amid mostly optimal health outcomes? How about the opposite;
pockets of optimal health outcomes amid mostly poor health outcomes? Or, what happens
when there are high average levels of MNCH outcomes, but a sizeable population with poor
outcomes evenly interspersed throughout the country? These are issues that policy makers must
decide; should a maternal mHealth service be only focussed on individuals with poor health
outcomes? Is the cost of offering the maternal mHealth service to everyone in the
region/province/country justified by the improvements throughout the population even if 80%
or 90% (or 95%) of the population is already achieving the optimal levels of MNCH service
and outcomes? Some of these issues are discussed below.

4.8 ARE PSYCHO-SOCIAL AND DIFFICULT-TO-MEASURE BENEFITS OF
MESSAGES WORTH THE COST?

Qualitative data from the FGDs from sub-study IV show that users had a strong positive

psychological connection to message content of the maternal mHealth intervention messages.

The messages were able to provide information and psycho-social support to recipients when

the health system is overstretched and under resourced. Assuming the same connection to the
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messages was also felt by intervention participants in sub-study V, which showed no health
outcome improvements in the intervention arm, how does one measure or value the positive
connection that participants felt and the unmeasured maternal health knowledge improvement?

One method to investigate further would be to find ways to measure the impact that was not
able to be measured in the current research project. Future research could include factors such
as health facility visits that were avoided due to the messages. MAMA users had casually
reported to the study team multiple times that they did not need to bring their child in to a
facility due to the information contained in an SMS that was specifically relevant to an
immediate or ongoing child health issue.

4.9 METHODOLOGICAL CONSIDERATIONS

It was a disappointment that the originally planned RCT could not be conducted. However, the
subsequent methodological re-evaluation of the study was a tremendous learning experience.
While the resulting sub-studies might not have the same rigour, validity and reliability as an
RCT, they do benefit from the use of ‘real world’ data (and all the benefits and drawbacks that
entails) (190). The study team did our utmost to ensure the highest levels of rigour, validity and
reliability possible. Below is an overview of how this was done.

4.9.1 Quantitative methodological considerations

4.9.1.1 External validity

The populations included are from Hillbrow in inner-city Johannesburg. This population is
both relatively heterogeneous and unrepresentative of the South African population in general.
The study population was more urban than most of South Africa and had a higher proportion
of immigrants. However, the study sample was relatively representative of the general
population of South Africa along socio-demographic characteristics, including education,
employment, income levels, HIV rates and usage of the public health care system. It was also
representative of the Hillbrow population.

In addition, all control and intervention participants were invited to participate in the study after
their children were over one year of age. No data, demographic or otherwise, was collected on
non-participants. This is unfortunate since the study team has no information about how the
individuals who agreed to participate are similar (or different) than those who did not agree to
participate. It is of particular interest for sub-studies I, 1l and V as a large number of invited
individuals did not agree to participate, and even a large number of individuals who initially
agreed to participate did not attend the in-person interview.

The exact number of individuals offered MAMA SMS but declined was not methodologically
recorded, but reports from recruiters suggested approximately 95% (or higher) uptake. The two
common reasons for declining MAMA SMSs included not having a phone and already having
(a number of) children (with the implicit assumption that having children makes one a maternal
and child health expert).
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4.9.1.2 Internal validity

The three sub-studies which used health outcome data (sub-studies I, 1l & V) included
retrospective data of non-randomised participants. Ideally, each of these studies would be
conducted prospectively, but this was not possible due to the issues described above (see
section 1.5.2) resulting in the need to utilise data that was collected as part of routine data
collection procedures within the health care system in the current research project. The
resulting lack of prospective, RCT-based study methodology brings with it questions of internal
validity. To counter these issues, two methods were used. In sub-study I, there was a
randomisation of the intervention at the clinic-level, which goes some way towards improving
the methodological issues. In sub-studies | and IV participants were matched by ANC clinic,
birth month delivery site. For sub-study V control participants were matched by ANC clinic
attended and delivery site.

Conversely, the data were collected in ‘real world’ situations (190), without the ‘aura’ or
involved preparation processes that prospective studies entail, potentially contaminating results
by informing participants of participation in a trial and therefore potentially changing their
behaviour even before the intervention is introduced. This does not negate the limitations that
comes with the methodology, but provides a benefit that is missing in RCTs (190 Ch. 6).

The study methodologies left a potential for bias in the data for sub-studies I, Il and V. To
attempt to counter some of the bias, the intervention and control arms were tested for
homogeneity. Difference in the population were found in sub-studies I and Il which was
adjusted for using ANCOVA, with adjusted and unadjusted results reported on. In sub-study
V no difference was found between the study arms, which could be due to the small control
population size which provided demographic data. Thus, bias could be present in sub-study V,
which was noted in the study limitations.

Utilization of data from routinely collected ‘real word’ retrospective health care records meant
that the study team regularly encountered incomplete data. When missing non-clinical data was
encountered, it was defined as missing and not included in the data analysis. To ensure that the
clinical outcomes were not over-reported, missing clinical data, such as ANC & EPI
attendance, was marked as not completed or not done and included in the data analysis. This
resulted in a possible under-reporting of actual outcomes, but there was no reason to believe
that there was a difference in missing data or under-reporting between study arms.

Since the WHO Quality of Life-BREF tool was administered at only one time point, the end of
the study, it is not possible to measure changes in quality of life among participants. Having
two time-points, at the start and end of the study, would have allowed the team to add a quality
of life outcome, specifically, QALY (quality adjusted life years), to the economic evaluation,
adding to its methodological rigour (191,192).

Because the MomConnect intervention was (theoretically) offered to all ANC patients during
sub-study V, being able to identify such a large number of non-recipients (n=1056) of the
intervention (193) was surprising. The reasons could have been that the intervention was not
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offered to everyone at the same time or because of a more problematic reason in that some
individuals did not want to receive the intervention, introducing confounding (194). Was there
a specific reason why members of the control population chose not to receive the intervention
that was not measured and/or identified by the research team?

A further issue with retrospective data collection is the uncontrolled environment of the sub-
studies. In sub-studies I, Il and V, MAMA SMS and MomConnect users were contacted to
participate in the study more than a year after their babies were born. Control participants were
also were invited to participate one year after their babies were born and informed the study
was relating to maternal health, thus unaware of the MAMA SMS or MomConnect
interventions.

4.9.2 Qualitative methodological considerations

Sub-study 1V suffered from sample size limitations. Over-all the sample size was on the small
side, with 18 total participants; according to Guest et al (195), optimally, there should have
been an overall sample size of 25 or more across three FGD’s with each subpopulation (male
and female). The small population size in the current research meant that the opinions of users
was likely not exhaustive. Additionally, with only three men included, the male user
perspective is therefore limited. While there were only nine male users in the whole population
at the time the focus group was held, it is possible that had more men been included, additional
perspectives would have been shared. However, analysis of the male FGD transcripts showed
that the three participants had similar views, giving evidence that they reached a saturation
point (196) and including additional participants might not have provided additional insight.

Additionally, two of the focus groups (the male FGD and one of the female FGDs) included
only three participants, which is small for an FGD. A FGD with fewer than five individuals
can result in few people speaking or providing input and/or can ‘take over’ the FGD resulting
in the rest not providing their opinion (197). While the moderator(s) strived to ensure everyone
was provided an opportunity to share their opinion (198), there is still a strong potential for bias
when the FGD is so small (199). Conversely, small FGD sizes do allow those who are present,
especially individuals who might be sky, to provide more input and feedback than they might
have in a larger group (200).

4.10 STUDY-RELATED ETHICAL CONSIDERATIONS

4.10.1 Ensuring acceptance by end users

The message content within MAMA SMS was based on a set of SMSs provided by
BabyCentre, which is based in the UK (201). The original messages did not include any
references to HIV or PMTCT. With high rates of HIV among pregnant women, the MAMA
implementation and study teams realised it was morally imperative to include general HIV &
PMTCT-specific content in the SMSs (142,202). This was a unique situation as the first set of
messages had been provided by BabyCentre, which is based in the UK and did not include any
references to HIV or PMTCT. A team of maternal paediatric health clinicians and PMTCT
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specialists were selected to create the HIV/IPMTCT messaging. Finding a balance of
HIV/PMTCT and general (non-HIV) maternal health content was a challenge. To answer the
‘how’ to support these women, focus group discussions (FGDs) with potential users were held
(203). During these FGDs participants requested a stream of HIV content that was different
than the general content, while others mentioned they wanted some HIV content in the general
messages in case they find out they are HIV positive while receiving the messages. After
discussing these ideas further, it became clear that a number of HIV-positive women had not
disclosed their status to their partner for fear of violence or having their partner leave them and
thus did not want accidental disclosure of their HIV status due to the messages (204—-206). This
feedback resulted in the project offering two sets of messages; one set containing a significant
portion of PMTCT content, geared for HIV-positive women, and another general set of
messages that included only a handful of generic PMTCT messages.

4.10.2 Inclusion of males

The messages were created and customised for pregnant women. This made sense at the time
they were created since historical patriarchy in South African society meant practically no men
attended antenatal care (ANC) or postnatal care (PNC) visits. However, during MAMA'’s
second year, it became clear that a number of men were bringing their infants to postnatal
check-ups and showed interest in the MAMA SMS messages. This was a positive surprise for
the project team but there was unfortunately no funding at the time to create a new set of
messages for men. Not wanting to exclude fathers or limit who received the messages, the
MAMA SMS project team decided that any father or other interested person supporting the
mother or infant and attending ANC or PNC should be encouraged to sign up to the messages.
Additionally, anyone who was not the mother was to be informed that while the messages were
made for the mom, they also included useful information for those who were supporting the
mother or infant as well.

4.10.3 ‘Big picture’ issues

mHealth in general has another ethical issue; its own success. Should comprehensive maternal
mHealth interventions have the desired impact and improve outcomes for women and their
children, governments will want to offer them nationally. Due to the relatively low cost (i.e.:
under US $4 per person per pregnancy for MAMA SMS) and ease of use and scalability,
resources will be put towards these mHealth interventions which are made to supplement
existing care. The ethical issue, and my concern, is that once the maternal (or any) mHealth
intervention is implemented and improvements are realised, future austerity could result in
other, crucial but ‘un-sexy’, aspects of the healthcare system being cut, leaving the cheaper
mHealth intervention. This is a problem as | feel that mHealth should only be meant to be an
add-on to health systems that are already in place. This is since very little is known about the
continued medium-to-long term impact of mHealth in the face of budgetary cuts in other areas.
Unfortunately, this research project is beyond the scope of answering these difficult and
complex questions.
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5 CONCLUSIONS

The results from this thesis adds to the body of knowledge of maternal mHealth interventions
in low-resource settings.

e Maternal mHealth messaging can improve MNCH service uptake both pre- and
postnatally when starting from a suboptimal baseline (Sub-studies | & I1).

e Maternal mHealth interventions can be cost effective when implemented where MNCH
service uptake is suboptimal (Sub-study II).

e Regular SMS-based maternal and infant health information was welcomed and highly
valued by MAMA SMS recipients (Sub-study V).

e There was no evidence that maternal mHealth messaging improves clinical outcomes
at a population level when baseline outcomes are already within optimal levels (Sub-
study V).

Altogether, this thesis provides evidence that implementing maternal mHealth projects like
MAMA SMS and MomConnect can be successful when there is established need and are
introduced with local customisation, ongoing evaluation and detailed operations research
to measure impact.
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6 RECOMMENDATIONS

Insights from this thesis for policy makers at local, national and global levels, researchers,
funders, programme developers and implementers are as follows:

1.

3.

Costs of implementing maternal mHealth interventions are ‘front heavy’; there can be
significant up-front costs, but the cost per user decreases significantly as user numbers
increase. For this reason, a larger implementation is more likely to achieve cost-
effectiveness than a small offering.

SMS-based mHealth services can be used to support pregnant women diagnosed or at
high risk of hypertension, gestational diabetes, HIV, anaemia, asthma, or other
complications to provide customised risk- or diagnosis-specific information regarding
minimising risk or identifying danger signs and advise on steps to take if danger signs
are found.

As internet enabled smartphones increase in ubiquity, additional messaging services
become available. WhatsApp or Facebook messenger maternal health message systems
are already being created and should be monitored as they have a zero cost-per-message
price tag (assuming the end user has access to data on their phone).

Further research is needed to determine if maternal mHealth interventions have similar
outcomes in other settings. Specifically, cost effectiveness research of large-scale maternal
mHealth interventions is strongly recommended, as are stakeholder research (one-on-one
interviews, FGDs, surveys) and regular project/implementation evaluation.
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