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Abstract

Background: South Africa, a middle-income country, has an adolescent fertility rate far higher than that of high-income
countries. Adolescent girls and young women have an increased risk of pregnancy-related complications and lower antenatal
appointment attendance rates than older adult pregnant women. Mobile health (mHealth) interventions to improve health behaviors
among pregnant adolescent girls and young women in low- and middle-income countries are scarce.

Objective: This paper describes the development and components of an mHealth intervention to improve antenatal appointment
attendance and health behavioral determinants among pregnant adolescent girls and young women in South Africa and details
the protocol for a pilot randomized controlled trial that evaluated the intervention’s efficacy and user acceptability.

Methods: The intervention, Teen MomConnect, sent tailored motivational behavior change and behavioral reinforcement SMS
text messages to participants about antenatal appointment keeping and pregnancy behaviors. The delivery methodology of the
intervention was adapted from MomConnect, an mHealth education program for pregnant women in South Africa that has
nationwide coverage. In addition, participants received a face-to-face motivational interviewing session delivered by a trained
research assistant. Pregnant adolescent girls and young women aged 13 to 20 years were recruited from health facilities and
community networks. Participants were randomized into the control group that received the standard MomConnect health SMS
text messages or the experimental group that received the Teen MomConnect intervention. Participants completed a baseline
questionnaire upon enrollment in the study and a follow-up questionnaire after the end of their pregnancy. The questionnaires
assessed demographic characteristics, pregnancy behaviors, and the psychosocial determinants of antenatal appointment attendance
(knowledge, attitudes, social support, risk perceptions, self-efficacy, intention, and action planning). Feasibility was assessed
using descriptive analyses of acceptability, study implementation processes, and perceived satisfaction with the intervention. The
number of appointments attended was obtained from the participants’ clinic records. Appointment attendance was compared
between the control and experimental groups, as were awareness of HIV status and the psychosocial determinants of antenatal
appointment attendance.

Results: Participant recruitment was conducted from May 2018 to December 2018, and the questionnaire-based data collection
was completed by December 2019. Overall, 412 participants were enrolled.
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Conclusions: This paper describes the Teen MomConnect intervention to improve antenatal appointment attendance and
pregnancy health behaviors among adolescent girls and young women. The results on the intervention’s preliminary efficacy and
user acceptability will inform policy makers and health program officers on how tailored, age-appropriate, and motivational
health behavior messages can be delivered via mobile phone to pregnant adolescent girls and young women.

Trial Registration: Pan African Clinical Trial Registry (PACTR) PACTR201912734889796;
https://pactr.samrc.ac.za/TrialDisplay.aspx?TrialID=9565

International Registered Report Identifier (IRRID): DERR1-10.2196/43654

(JMIR Res Protoc 2023;12:e43654) doi: 10.2196/43654
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Introduction

Background
South Africa’s adolescent fertility rate of 68 births per 1000
girls aged 15 to 19 years is more than quadruple that of
high-income countries [1]. Adolescent girls and young women
have an increased risk of pregnancy-related complications,
including low birth weight, eclampsia, and preterm birth,
compared with older women [2-6]. Furthermore, maternal and
infant mortality rates are higher in adolescents than in adult
women [5,7]. Pregnant adolescents also face problems such as
iron deficiency, inadequate nutrition, and higher engagement
in tobacco smoking and alcohol and substance use [4] and have
more psychological and social needs than older women [4,8].

The adolescent Institutional Maternal Mortality Ratio in South
Africa was 76.9 deaths per 100,000 live births in 2014 to 2016
[9]. The Confidential Enquiries into Maternal Deaths found that
almost three-quarters of the deaths among adolescent mothers
were from factors such as non–pregnancy-related infections
(including HIV or AIDS-related infections, tuberculosis, or
pneumonia), hypertension, obstetric hemorrhage, and medical
and surgical disorders [9].

Maternal health and pregnancy outcomes among adolescent
girls and young women can be improved through appropriate
antenatal care (ANC) and practicing healthy behaviors during
pregnancy. Behaviors that are recommended for a healthy
pregnancy include following a healthy diet; practicing physical
activity; taking nutrient and folate supplements; practicing oral
hygiene; managing preexisting conditions; and avoiding the use
of tobacco, alcohol, and illicit substances [10]. Notably, pregnant
adolescents often have poor diet quality, inadequate nutritional
knowledge [11], and less knowledge of danger signs [12]. These
adolescents typically have less knowledge of what to expect
and how to appropriately care for themselves during pregnancy
[13,14]. Furthermore, environments of lower socioeconomic
status hamper the ability to practice healthy pregnancy
behaviors. This is relevant as teenage pregnancies in South
Africa are more prevalent in areas of lower socioeconomic status
[15].

Early initiation and routine attendance to ANC allows for the
prevention, early detection, and management of risk factors and
pregnancy-related complications and for the provision of
pregnancy-related health promotion [16]. In South Africa, where

basic ANC is available at public health facilities at no cost, 77%
of pregnant adolescents attend the recommended requisite of at
least 4 ANC visits [17]. Studies indicate lower ANC attendance
and late ANC booking among adolescents and very young
women in South Africa than older women [18,19].

Mobile health (mHealth) interventions are increasingly being
used to provide educational, motivational, and behavioral
content for a range of issues such as smoking cessation, weight
loss, and mental and sexual health [20-23]. SMS text messaging
has been previously shown to positively influence the uptake
of antenatal visits among pregnant women in low- and
middle-income countries (LMICs) [24]. SMS text messaging
has the ability to reach large populations with no costs incurred
by the recipients. The high mobile phone access in South Africa,
a middle-income country, provides opportunities for mHealth
behavior change programs to reach large numbers of people
and improve health behaviors. Currently, 92% of South Africans
own a mobile phone [25], with youth being significant
contributors to the mobile phone market. As early as 2012,
approximately 70% of high school learners reported having
their own mobile phone [26].

The MomConnect program [27], launched by the South African
National Department of Health in 2014, is one of the largest
mHealth programs worldwide. MomConnect uses mobile phones
to register pregnancies in a central database and sends SMS text
messages containing maternal health information to pregnant
women in the language of their choice throughout the course
of their pregnancy until 1 year after giving birth. MomConnect
messages are based on maternal health SMS text messages from
the Mobile Alliance for Maternal Action in South Africa [28].
Pregnant women are routinely assisted in registering on
MomConnect when they attend ANC at health facilities.
Between August 2014 and April 2017, over 1.1 million women
were successfully registered to MomConnect, corresponding
to approximately half of the women attending ANC and 60%
of those attending ANC that own a mobile phone [29]. Nearly
one-third of registrations occur by the end of the first trimester
of pregnancy [29].

Given that the MomConnect messages were designed more for
adult pregnant women, we posited that it might be beneficial
to adapt the message content for adolescent girls and young
women. In light of this, a review of MomConnect registrations
found that the odds of opting out of MomConnect were higher
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for younger women, that is, those aged <25 years [29], thus
suggesting a need for retaining younger audiences. In addition,
MomConnect sends a fixed set of messages based on the stage
of pregnancy. A growing number of mHealth interventions
provide tailored messages whereby participants receive content
that is matched to a sociodemographic, motivational, behavioral,
or personality attribute [30,31]. Therefore, messages that are
cognitively, language, age, and context appropriate; motivational
in nature; and tailored to the behaviors, attitudes, and health
status of pregnant adolescent girls and young women may have
the potential to increase uptake of content and induce greater
behavior change.

Objectives
There are currently few mHealth studies on interventions that
are specifically targeted at improving health behaviors among
pregnant adolescent girls and young women in LMICs [32].
Their behavioral, cognitive, and motivational needs and position
in society are distinctly different from those of adult women.
Therefore, this study sought to develop a mobile-based
intervention targeting pregnant adolescent girls and young
women. It adapts the MomConnect methodology. It includes
motivational behavior change and behavioral reinforcement
messages aimed at improving ANC attendance and its
psychosocial determinants during pregnancy, as well as tailored
message feedback on behavioral and psychosocial determinants.
The intervention, titled Teen MomConnect, would be embedded
in an SMS text messaging–based system similar to that of
MomConnect. An additional component of the Teen
MomConnect intervention is a motivational interviewing (MI)
face-to-face counseling session delivered by research assistants.
This paper describes the development and components of the

intervention as well as the protocol for the pilot 2-arm
randomized controlled trial (RCT) to evaluate the intervention’s
preliminary efficacy and user acceptability.

Methods

Development Process

Messaging Content
Formative qualitative research with pregnant adolescents, a
review of maternal health education resources, and a review of
the existing MomConnect messages provided extensive data
that were collectively used to develop and refine the Teen
MomConnect intervention messages.

First, key behavioral domains were identified to be included.
A multidisciplinary team of researchers in behavioral science,
health communication, maternal health, and mHealth and
individuals from the technical implementing partner of the
MomConnect program reviewed the messages in the existing
MomConnect program to categorize them into behavioral
domains. To further refine the list of behaviors that place young
mothers at risk to be relevant to South African pregnant
adolescents, existing maternal health education materials such
as the Western Cape Department of Health “Caring for mothers,
Caring for you” maternity health education booklet, maternity
care guidelines in South Africa, and a review of the literature
were used. The data gathered from this work resulted in the
selection of 13 behavioral domains for the intervention
messages, which are listed in Textbox 1. Health communication
specialists from the research team drafted a few examples of
intervention messages from each of these behavioral domains
and their determinants that were to be pretested.

Textbox 1. List of behavioral domains for the intervention messages.

• Alcohol

• Appointment keeping

• Attitude toward pregnancy

• Clinic attendance

• General health information

• Illegal drugs

• Nutrition

• Self-care and hygiene

• Smoking

• Social stigma

• Social support

• Sexually transmitted diseases

• Tuberculosis

The formative qualitative research with pregnant adolescent
girls and young women comprised 4 individual in-depth
interviews and 4 mini focus group discussions of between 2 and
5 participants among a sample of 19 pregnant adolescent girls
and young women aged 13 to 19 years who attended ANC
services in Cape Town, South Africa [33]. The interviews and

focus groups investigated experiences with ANC attendance,
perceptions of MomConnect, determinants of appointment
attendance, and the environmental and social context of
participants. In addition, participants were asked to provide
feedback on the initial Teen MomConnect sample messages
that were drafted by the research team. The findings from the
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qualitative research informed the fine-tuning of the messages
and the development of new messages. The following
paragraphs provide a detailed description of the data gathered
and how they were used for the creation of the messages.

Feedback from the participants on the MomConnect program
in general was that MomConnect provided valuable information
about the baby’s development at various stages of pregnancy.
The participants valued that the messages communicated
directives to attend appointments, practice healthy behaviors,
and prepare for labor admission. They found that being able to
read the SMS text messages and make sense of them in their
own time was more helpful than being told the information all
at once at the health facility. Some participants reported that
several MomConnect messages contained information that was
not applicable to everyone or that they already knew. They
expressed the need for language that is simple, concise, and
appropriate for young people and suggested including teenage
slang to be more understandable. Participants requested more
specific information, such as the kind of food to eat rather than
generic advice to eat healthily. The need for information on
labor, labor signs, hygiene practices, high blood pressure, and
the consequences of not exercising was expressed. Some
participants reported that they would like to be checked up on
regularly to ensure that they were receiving the messages after
registering. The feedback indicated an overall need for a more
personalized or tailored messaging approach.

Feedback on the Teen MomConnect draft messages was that
participants appreciated the specific and practical examples of
behaviors and healthy foods provided within the draft messages.
They welcomed message content on topics that they were
unaware of, such as explanations of why practicing behaviors
such as exercise was important. They reported that some
messages provided examples that were impractical in their
environments, such as exercise activities that were costly or
unavailable in their residential areas. Participants suggested
including messages that reminded them of their appointment
dates. Findings from the focus groups on factors contributing
to antenatal appointment attendance and the social context of
participants also informed the development and refinement of
the intervention messages.

Stakeholder meetings held with professional officers from the
Western Cape Department of Health provided further insights
into experiences with the MomConnect program, adolescent
access to basic ANC services, local health facility operations,
and the recruitment of pregnant adolescent girls and young
women from the facilities. This information was used to
contextualize the proposed intervention content.

Following the stakeholder meetings and the qualitative research
findings on experiences with MomConnect and on the
perceptions of the Teen MomConnect draft messages, a full set
of SMS text messages was developed. The content and tailoring
of the messages were based on techniques for tailoring health
communication messages used in previous studies [30,31,34]
and were grounded in self-determination theory [35]. Therefore,
the messages applied an autonomy-supported tone to foster
autonomous motivation for behavior change [35]. As such, the
messages used phrases such as “consider to,” “you can choose

to,” or “have you been able to” instead of authoritative or
definitive phrases such as “you should.” Reflective statements
and questions rather than commands were often used, such as
“What can you do to remind yourself next time?” for participants
who forgot to attend their last appointment. The
self-determination theory components of enhancing competence
and relatedness were incorporated into the message content by
providing practical information on behavioral barriers (eg,
“giving up [smoking] even now can still have positive effects
for you and your baby”) and using language that was supportive,
respectful, and relatable. The messages were restricted to 160
characters to comply with the required length of an SMS text
message. The messages were developed in English and
translated and back translated into isiXhosa and Afrikaans. The
translated messages were checked to ensure that they maintained
the tone and intent of the original messages.

The final message library comprised 66 messages in English,
Afrikaans, and isiXhosa and covered the 13 behavioral domains.
The messages were tailored by pregnancy week and the week
in which the participant joined the intervention program (join
week). The logic flow allowed users who had missed messages
from earlier pregnancy weeks to be sent relevant catch-up
messages with the content they missed. There were 48 static or
1-way messages that did not require the user to respond and 18
“two-way” tailored message sets that asked the user a question.
The 2-way messages allowed participants to respond by typing
a letter corresponding to their response option. The user would
receive a tailored feedback message depending on their response
to the question. For example, the question assessing smoking
asked the following—“During the past month (30 days), on
how many days did you smoke cigarettes?”—with the following
options: “a. 0,” “b. 1 to 15,” and “c. 15 to 30.” If the participant
answered “a,” then they would receive the following message:
“Well done! By not smoking during pregnancy you will have
much lower chances of having a low birth-weight.” If they
answered “b” or “c” or did not respond to the question, they
would receive the following message: “Quitting smoking can
be hard but it is one of the most important things you can do
for a healthy pregnancy and healthy delivery.” Therefore, the
logic flow was designed to send a customized response even
when the user did not respond to the message. In this way, the
intervention would allow each user to receive a unique set of
messages based on their pregnancy week and responses to
questions. With regard to appointment attendance behavior, the
logic flow applied iterative tailoring for 2-way messages on
appointment attendance. These included appointment reminders
every 4 weeks for those who did and did not know their
appointment dates, checkups of whether the appointments were
actually attended, and tailored feedback addressing various
reasons for not attending each appointment. For affirmative
responses to 2-way messages on engaging in smoking, alcohol
use, and drug use, users would receive tailored follow-up
messages every 4 weeks motivating them to stop these
behaviors. Examples of messages on appointment attendance
and smoking behavior and their logic flows and timing are
presented in Multimedia Appendix 1, whereas brief example
messages of the remaining 11 message domains are presented
in Table 1.
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The MomConnect program used an open-source SMS text
messaging platform to distribute the messages, and user
registrations occurred via Unstructured Supplementary Service
Data (USSD). USSD is a communication protocol for mobile
phones to communicate with mobile network operators’
computers [29]. The Teen MomConnect intervention messages
were delivered via SMS text messages using the same
technology platform and user registration process as

MomConnect to facilitate comparability. Although a smartphone
app was considered to deliver the intervention, SMS text
messages were chosen as many adolescents and young people
did not have access to a smartphone and an app would incur
data costs to users. The intervention messages and the
corresponding coding and logic flows were integrated into the
technology platform used to implement MomConnect.

Table 1. Extract of SMS text messages.

TypeMessageMessage domain

Tailored response to consuming alcohol
in the past month

It can be hard to give up drinking but it is one of the most important things
you can do for a healthy pregnancy and healthy delivery.

Alcohol

Tailored response to feeling stressed about
their pregnancy

We understand pregnancy can be stressful. Many girls feel the same! You
can talk to someone you trust about your feelings, or come to a clinic for
support.

Attitude toward pregnancy

StaticRegular check ups at the clinic will ensure that you and your baby stay healthy.
Consider attending all your scheduled clinic appointments.

Clinic attendance

StaticYour baby’s lungs are starting to develop and its heart beat can be heard.General health information

Tailored questionHave you been able to give up hard drugs since you knew that you were
pregnant? Reply with a or b.

Illegal drugs

a. Yes
b. No

StaticIncluding iron-rich food like eggs, beans, green vegetables and meat will
ensure that your baby develops normally.

Nutrition

StaticProper hygiene is important to prevent you from getting sick. Regularly wash
your hands with soap, especially before eating and after going to the toilet.

Self-care and hygiene

StaticNot everyone is kind to young mothers. We know some people may judge
you. Talk to someone you trust, or you can speak to a counsellor at the clinic.

Social stigma

Tailored response to preference for emo-
tional support over informational support

Emotional support can help with moms’ mental and physical health. Think
about who you can trust and talk to during this time.

Social support

Tailored response to unknown HIV statusFinding out about your HIV status can help to make sure you and your baby
receive the right medicine on time. You can choose to do an HIV test at your
clinic.

STDsa

Tailored response to positive tuberculosis
test

Getting treated can reduce the risk to you and your baby. If you don’t have
medicines, talk to your health care worker.

Tuberculosis

aSTD: sexually transmitted disease.

Development of the MI Content
The “Difficulty by Motivation” matrix for behaviors and
interventions [36] guided the decision to supplement the
messaging component with MI. Although tailored messaging
can help change behaviors such as attending an appointment,
complex behaviors where individuals show higher resistance
to changing and require greater motivation and competence to
change, such as sustained appointment adherence and substance
abuse, often require more intense and interpersonal interventions
such as MI. MI [37,38] is an evidence-based, patient-centered
style of counseling that has been used in a range of health
behavioral interventions in adolescents and adults. MI has been
successful in improving health behaviors in pregnant women
[39]. The aim of the MI session was to motivate and encourage
the participants to attend ANC appointments and improve their
health behaviors during pregnancy. MI differs from other types
of counseling in that, instead of providing information and

directive advice, the participants are encouraged to reflect on
and express their own reasons for and against change and how
their current behavior affects their life and family goals or core
values and explore possible options for making change.
Ambivalence and resistance are explored before moving toward
action. The development of the MI content was informed by
the key themes that emerged from the formative qualitative
interviews previously conducted with pregnant adolescent girls
and young women; focus group interviews conducted with
health care workers and with research assistants who worked
with the participants; and an analysis of the behaviors, social
norms, and attitudes reported in the baseline questionnaire. The
key themes of appointment keeping, substance use, HIV and
tuberculosis testing, medication adherence, nutrition, and overall
healthy pregnancy behaviors formed the basis of the MI content.
The session was tailored to the participants to be relevant to
their specific behaviors and questions. The MI sessions were
first intended to be conducted by health care workers at the
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facilities. However, discussions with the facility staff revealed
that they could not accommodate delivering these sessions into
their already heavy workloads. Research assistants were then
identified to conduct the sessions with the participants. The
research assistants attended a training workshop facilitated by
an expert counselor in MI. The training session taught reflective
listening, asking open-ended questions, formulating affirmations,
reflective listening, promoting change talk, and developing an
action plan to improve behaviors identified as problematic. The
research assistants were taught how to balance the expression
of empathy with the need to build room for change. One
face-to-face MI session was to be delivered by a research
assistant during the participants’ pregnancies.

Study Design
The aims of the study were to evaluate the feasibility of the
Teen MomConnect intervention and test its preliminary efficacy
on antenatal appointment attendance, health behaviors, and
psychosocial mediators.

A pilot 2-arm RCT was conducted. Participants were
randomized into the intervention or experimental group that
received the Teen MomConnect intervention or the control
group that received the standard MomConnect mobile
messaging. This study was registered in the Pan African Clinical
Trial Registry as trial PACTR201912734889796. This study
was conducted in Cape Town in the Western Cape province of
South Africa from April 2018 to December 2019. Cape Town
is predominantly urban, and 9.5% of its 67,485 in-facility
deliveries are among adolescents [40]. In the Western Cape
province, 29% of pregnant women present late for their first
antenatal appointment, that is, beyond 20 weeks of pregnancy.
The overall Institutional Maternal Mortality Ratio in the Western
Cape is approximately 50 deaths per 100,000 live births, which
is lower than the national average. The Western Cape has the
second highest provincial percentage of low–birth weight babies
(17.3%) and the lowest provincial proportion of stillbirths
(16.6%) [41]. In addition, substance use during pregnancy is
high in Cape Town, where 9% of women attending ANC use
illicit drugs and one-fifth consume alcohol during pregnancy
[42].

A sample of 200 (100 participants/group) was decided upon for
the pilot RCT. With this sample, it was determined that there
would be sufficient power (≥0.80) to detect a Cohen d effect
size of ≥0.40. This equates to a difference of 0.52 visits between
groups at posttest measurement. This assumes a posttest mean
of 4.1 (SD 1.3) visits in the intervention group and 3.58 (SD
1.3) visits in the control group (Cohen d = 0.52 / 1.3 = 0.40).
Owing to the high expected attrition rate in adolescent
longitudinal studies and the fact that participants with missing
contact details and pregnancy characteristics would be excluded
from registration to the mobile intervention, it was decided to
recruit as many participants as possible for the baseline survey.

Participants
In South Africa, pregnant girls and women receive ANC and
maternity services at outpatient clinics, community health
centers, or midwife obstetric units (MOUs) within the primary
health care system, which serves over 70% of the population.

Pregnant adolescent girls and young women aged 13 to 20 years
who had access to a mobile phone were eligible to be recruited
to participate in the study. The Western Cape Department of
Health provided information on priority communities and clinics
where youth pregnancy rates were high and provided guidance
on recruitment procedures. On the basis of these discussions,
16 community facilities that provided ANC (comprising public
health clinics, community health centers, and MOUs) were
identified for recruitment. The facilities were located in 4 of the
8 health subdistricts in Cape Town: Cape Town Eastern, Cape
Town Northern, Mitchells Plain, and Tygerberg. Participants
were recruited while attending ANC at these facilities. The
research team discussed recruitment and data collection activities
with the facility managers. Research assistants introduced the
study to attendees in the antenatal service waiting areas. In some
cases, facility staff referred the research assistants to potential
participants. Participants were also recruited from communities
via social networks. The research assistants explained the study
to potential participants in their language of choice. The research
assistants were fluent in English and either Afrikaans or
isiXhosa, which are the 3 predominant languages spoken in
Cape Town.

The study initially aimed to recruit participants who were up to
24 weeks pregnant to maximize their exposure to the messaging
content over the duration of their pregnancies. However, a
considerable number of pregnant adolescent girls and young
women were beyond 24 weeks when approached during
recruitment. Therefore, it was decided to recruit all pregnant
adolescent girls and young women.

Recruitment Procedure
A total of 20 trained research assistants conducted recruitment
and data collection activities. Recruited participants received
information sheets that described the objectives, benefits, and
potential risks of the study; the dissemination of findings; the
privacy and confidentiality of the study; and their right to
withdraw from the study at any time. The participants were
asked to complete a consent form (for participants aged ≥18
years) or assent form (for participants aged <18 years) before
being enrolled in the study. In addition, parental consent forms
were required for participants aged <18 years. Consenting
individuals completed a self-administered baseline questionnaire
on an electronic tablet or mobile phone. Baseline questionnaire
completion was facilitated by the research assistants. In a few
cases in which the participant was not comfortable with
completing the questionnaire themselves, the research assistant
administered the questionnaire. The questionnaire took
approximately an hour to complete. Participants received a US
$3 incentive for questionnaire completion.

User registration to receive the MomConnect and Teen
MomConnect messages required information to be entered on
the name, mobile phone number, age, language, and expected
date of delivery (EDD) of users. These variables, as well as the
estimated last menstrual date (LMD) and current enrollment in
MomConnect, were extracted from the baseline data. In the few
cases in which the participant did not have their own mobile
phone, they were advised to enter into the baseline survey the
mobile phone number of someone whom they lived with and
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whose mobile phone they could use to access the messages sent
during the study. The EDD was required as messages are
dependent on pregnancy week. In cases in which the EDD was
missing, an estimate was calculated using the reported LMD.
In cases in which both dates were missing, the participant was
contacted telephonically several times to try to obtain either
their EDD or LMD. The language was asked to assess the
language in which participants would receive their messages.
The options were English, Afrikaans, and isiXhosa. Participants
were excluded from enrollment in the intervention study if one
or more of their EDD, language, name, age, and mobile phone
number was missing or if they were already registered on
MomConnect.

Participants were then randomized to the experimental or control
group using simple randomization (Figure 1). The study was

blinded for participants as they were not told which group they
were entered into. Participants were registered on the respective
Teen MomConnect and MomConnect messaging programs in
weekly or biweekly batches. The control group, which was
registered in the MomConnect messaging program, received
the MomConnect standard messages according to their
pregnancy week and join week. The experimental group
participants, who were registered in the Teen MomConnect
messaging program, received the messages from the Teen
MomConnect SMS text message library based on their
pregnancy week, join week, and responses to the tailored
questions. In addition, the experimental Teen MomConnect
group were to receive 1 face-to-face behavioral counseling
group session using MI administered by a trained research
assistant.

Figure 1. Diagram of the study procedure. AGYW: adolescent girls and young women; EDD: expected date of delivery; MI: motivational interviewing.

The research assistants contacted participants from September
2018 to December 2018 to schedule MI sessions at times that
were convenient for them. Preliminary interview sessions
revealed that some participants did not answer their phones,
many scheduled sessions but did not attend them, many could
not make time to attend a session because of school and other
commitments, and it was difficult to allocate participants to
times when all group members were available. Therefore, based
on the ascertained limited availability of participants between
enrollment into the study and the end of their pregnancy, it was
decided to conduct motivational interviews with participants
until 30% of the sample had received an interview session.
Interview sessions could be conducted one-on-one or in groups
of up to 5 people. Participants received an incentive of US $6
for attending a session.

Once the EDD had passed, participants in both the experimental
and control groups were programmed to receive the standard
postpartum messages that users receive in the MomConnect
program. Participants were contacted a week after their EDD
had passed to schedule voluntary completion of the follow-up

questionnaire. Participants who had an abortion, miscarriage,
or stillbirth were also contacted. As with the baseline
questionnaire, participants completed the follow-up
questionnaire on an electronic device facilitated by the research
assistants, and they received a US $3 incentive. Electronic
administration of both the baseline and follow-up surveys was
facilitated using the Qualtrics electronic survey tool (Qualtrics
International Inc) [43].

Ethics Approval
The Research Ethics Committee of the Human Sciences
Research Council (REC 2/17/08/16) granted ethics approval
for this study. Permissions were obtained from the Western
Cape Provincial Government and the Department of Health to
conduct research within the communities’ public health clinics
and MOUs.
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Measurement Instruments
Data were gathered from the baseline and follow-up
questionnaires and from a review of patient clinical records at
the facilities.

Questionnaires
Questionnaire development was informed by the reasoned action
approach [44] and the Integrated Behavior Change Model
(I-Change Model) [45], as well as a literature review on the
psychosocial and socioeconomic factors associated with
antenatal appointment attendance and health risk behaviors
among young pregnant women.

The baseline questionnaire (Multimedia Appendix 2) assessed
demographic characteristics; previous pregnancies; attitudes
about the pregnancy; mental health status; knowledge of HIV
and tuberculosis; HIV and tuberculosis testing; pregnancy risk
behaviors (smoking, alcohol use, and illicit drug use); exposure
to violence and harassment; perceptions regarding healthy
pregnancy behaviors; knowledge regarding appointment
attendance; risk perceptions; social support; peer norms; peer,
partner, and family attitudes regarding appointment attendance;
and participant attitudes, self-efficacy, action planning, and
intention toward attending antenatal appointments.

The items on perceptions of healthy pregnancy behaviors, risk
perceptions, social support, peer norms, attitudes, self-efficacy,
action planning, and intention were all measured on a 4- or
5-point Likert scale, with responses ranging from strongly
disagree to strongly agree.

Perceptions of healthy pregnancy behaviors included items on
dietary behavior, nutrient intake, and physical activity. The
perception statements were extracted from maternity health
information booklets, including the Western Cape Department
of Health “Caring for mothers, Caring for you” booklet.
Exposure to violence was measured using 13 items on the
lifetime frequency of exposure to violence or harassment from
relatives, partners, teachers, or health care workers. The
questions were adapted from the work by Reddy et al [26].
Knowledge of antenatal appointment attendance was measured
using 16 statements informed by maternity booklets.
Construction of the attitude, self-efficacy, peer norm, and
intention items was based on the reasoned action approach by
Fishbein and Ajzen [44], and the action planning, risk
perception, and social support items were informed by the
I-Change Model [45]. Risk perceptions referred to the perceived
implications of not attending or missing antenatal appointments
and the risks of pregnancy complications. Social support for
attending ANC referred to the encouragement received from
family, friends, and partners or boyfriends to attend
appointments.

The follow-up questionnaire included the same items as the
baseline questionnaire and additional items assessing the
outcome of the pregnancy. In addition, evaluation questions
were included in the follow-up questionnaire that assessed the
participants’ experiences with the SMS text messages and the
motivational interview content, overall satisfaction with the
study, and experiences with the research assistants. Specifically,
21 items evaluated the messaging component by measuring

comprehension, tone, appropriateness, and content of the
messages; the perceived degree to which the messages motivated
behavior change; the frequency of receiving the messages; and
whether participants were able to respond to the messages. The
items evaluating the MI were administered to those who reported
attending a session. A total of 17 items assessed the perceived
degree to which the MI session motivated behavior change,
with responses on a 5-point Likert scale.

Review of Patient Records
Patient records were accessed from the facilities where the
participants were attending ANC or where they gave birth. The
patient folder contains the maternity case booklet and other
related files, in which facility personnel record information from
the patient’s antenatal visits, during labor, and after giving birth.
Research assistants and the research team captured the following
information from the maternity case booklet and its related files:
clinical measures such as blood pressure at antenatal visits,
dates of antenatal visits by pregnancy week, HIV and sexually
transmitted disease testing, clinical measures from the labor
process, and birth weight of the infant. The total number of
antenatal visits was obtained from the recorded dates of antenatal
visits by pregnancy week.

Primary and Secondary Outcomes
The primary outcome variables for feasibility were the perceived
satisfaction and user acceptability of the intervention, whereas
the outcome variable for assessing initial preliminary efficacy
was the number of antenatal appointments attended. The number
of antenatal appointments attended was obtained from the patient
records at the facility. A secondary approach was to code the
number of antenatal appointments attended into a binary variable
for <4 versus ≥4 visits to calculate the proportion of participants
who attended the requisite of at least 4 appointments during
pregnancy [17]. Secondary outcomes were awareness of HIV
status, psychosocial determinants of antenatal appointment
attendance (knowledge, risk perceptions, attitudes, self-efficacy,
intentions, and action planning), perceptions of healthy
pregnancy behaviors, number of intervention messages
responded to, and variables evaluating the recruitment and study
implementation processes.

Statistical Analysis
Analyses will be conducted using SPSS (version 27.0; IBM
Corp). Variables on perceived satisfaction with and acceptability
of the Teen MomConnect messages and MI sessions in the
evaluation section of the follow-up questionnaire as well as the
number of messages responded to and MI attendance will be
used for descriptive analyses to evaluate how the Teen
MomConnect intervention was implemented and received. The
outcomes of antenatal appointment attendance and its
psychosocial determinants in the experimental (Teen
MomConnect) and control (MomConnect) groups will be
analyzed using linear regression for continuous outcomes and
logistic regression for binary outcomes (including the outcome
of percentage that attended ≥4 antenatal sessions) at follow-up.
Covariates include age, race, previous pregnancies, school
attendance, pregnancy week at enrollment, and exposure to MI.
For outcomes related to knowledge, risk perceptions, attitudes,
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self-efficacy, intentions, and action planning scores that were
measured at both baseline and follow-up, the change in mean
values between baseline and follow-up in the experimental and
control groups will be analyzed using analysis of covariance
[46]. For each of these outcomes, moderation effects for race,
gestational age at enrollment, socioeconomic status, age, and
number of previous pregnancies will be tested with interaction
terms in the regression models.

Data Management, Confidentiality, and Privacy
Protection
The data from Qualtrics were protected by log-in ID and
password. The server that stored data on message sends and
responses was password protected. The data were sent to the
statistician and principal investigator upon study completion.
The consent forms are kept in a locked storeroom.

Quality Assurance
Practical training on recruitment and data collection procedures,
with refresher sessions, was provided to the research assistants
throughout the study to ensure its validity and accuracy. The
baseline and follow-up data collected were checked for possible
errors an average of every 2 weeks. The research assistants
encouraged participants to ask questions about any concerns

they had with the study. The research team monitored the study
to oversee its progress. The research assistants provided
feedback to the project manager 3 to 4 times per week on the
study progress and any barriers encountered.

Results

Recruitment of participants was conducted from May 2018 to
December 2018. A total of 412 eligible participants were
enrolled in this trial (Table 2). The participant characteristics
did not differ significantly between the experimental and control
groups, with the exception of average gestational week (control
group: 23.1, SD 7.69; experimental group: 20.8, SD 6.76;
P=.002). The mean age was 18.0 (SD 1.56) years; 36.2%
(149/412) were attending an educational institution, 75.4%
(307/407) lived in formal dwellings, 59.6% (242/406) reported
household shortages of important items, and 10.9% (45/412)
had been pregnant before. Of the 412 enrolled participants, 256
(62.1%) completed the follow-up questionnaire. Patient records
were able to be retrieved for 54.4% (224/412) of the participants.
Results on the preliminary efficacy and acceptability of the
intervention will be disseminated via publications and
conference proceedings throughout 2023.
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Table 2. Characteristics of the sample at baseline (n=412)a.

P valuebTotal sampleIntervention (n=193)Control (n=219)

.2118.0 (1.56)17.9 (1.64)18.1 (1.49)Age (years), mean (SD)

.00222.0 (7.35)20.8 (6.76)23.1 (7.69)Gestational age (weeks), mean (SD)

.29Racial groupc,d, n (%)

123 (30)64 (33.2)59 (27.2)Black African

285 (69.5)128 (66.3)157 (72.4)Coloured

2 (0.5)1 (0.5)1 (0.5)Other

.29Attending an educational institution, n (%)

263 (63.8)118 (61.1)145 (66.2)Do not attend educational institution

149 (36.2)75 (38.9)74 (33.8)Attend educational institution

.79Dwelling typee, n (%)

100 (24.6)46 (24)54 (25.1)Informal

307 (75.4)146 (76)161 (74.9)Formal

.12Self-perceived cost of livingf, n (%)

92 (22.7)51 (26.6)41 (19.2)Food and clothes shortage

150 (36.9)72 (37.5)78 (36.5)Shortage of other important things

164 (40.4)69 (35.9)95 (44.4)Have important basics

.73Had been pregnant before, n (%)

45 (10.9)20 (10.4)25 (11.4)Yes

367 (89.1)173 (89.6)194 (88.6)No

aCounts do not always sum to 412 due to missing observations for some variables.
bTesting the difference in estimates between the control and intervention groups using chi-square tests for categorical variables and 2-tailed t tests for
continuous variables.
cControl group: n=217; total sample: n=410.
dRace was self-reported by participants. Racial categories provided in the questionnaire were according to Statistics South Africa’s standard population
groups: Black African, Coloured, White, and Indian. The White and Indian categories were collapsed for analysis due to small sample sizes. Race was
reported not with the intention of reifying sociocultural constructs but rather to study ongoing health disparities across groups.
eControl group: n=215; intervention group: n=192; total sample: n=407.
fControl group: n=214; intervention group: n=192; total sample: n=406.

Discussion

Synopsis
This paper describes the development of the Teen MomConnect
intervention and the protocol for the pilot RCT to measure its
feasibility and preliminary efficacy. The intervention aimed to
improve antenatal appointment attendance among pregnant
adolescent girls and young women using tailored 2-way
messaging and MI. The results of the pilot study will inform
policy makers and health program officers on how tailored,
age-appropriate, and motivational health behavior messages
can be delivered via mobile phone to large numbers of young
people. The intervention expands the messaging content of the
MomConnect program, which already has high coverage, to be
relevant to youth. If the intervention shows promising results
(eg, in terms of feasibility), it can be tested in a formal, fully
powered trial. The findings will also show how the intervention
was implemented and inform how it can be improved in the
future.

Implementational Challenges
This study is subject to some foreseen implementational
challenges. mHealth interventions often have high dropout rates,
especially among young people. This study aimed to mitigate
this by allowing for oversampling of baseline participants. This
study will assess retention between baseline and follow-up, and
the evaluation can inform retention strategies in future mHealth
studies with adolescents. Second, many individuals in South
Africa frequently change their mobile phone numbers, and this
is expected to be common among adolescents and young adults.
Studies on the MomConnect program found that messages were
not delivered to a large number of users, which was attributed
to users having changed their phone numbers [28]. This study
was subject to the same problems. Future mHealth programs,
particularly those designed for adolescents, can use smartphone
apps rather than SMS text messaging–based systems.
Nevertheless, SMS text messages were the most practical
delivery option for this study as they facilitated comparison
with the MomConnect SMS text message delivery and SMS
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text messages can reach all mobile phone users regardless of
whether they have a smartphone and have no added costs to the
user. This is particularly relevant in LMICs such as South Africa
that experience challenges with mobile data costs, speed, and
coverage [47]. Third, capturing information on the number of
appointments attended is subject to the availability and ease of
accessibility of the patient health records and the accuracy with

which this information is captured by personnel at the facility.
Therefore, the research team included questions on whether the
participants attended all their appointments in the follow-up
questionnaire. This question, although subject to self-report
bias, can be used to supplement the analyses of appointment
attendance.

Acknowledgments
The authors thank the participants and their parents for taking part in the study. They thank Ms Nwabisa Tshefu, Ms Gadija Khan,
Dr Rachana Desai, Dr Xincheng (Alicia) Sui, and the team of research assistants for their contributions to data collection and
operational activities. The authors acknowledge the public health facilities that participated in this study for their support and
assistance with recruiting participants. This study was funded by a grant from the UK Medical Research Council (grant
MR/N021355/1). The funding body played no role in the study design, data collection, analysis and interpretation of the data, or
writing of the manuscript.

Data Availability
The data sets generated and analyzed during this study are available from the corresponding author upon reasonable request.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Extract of SMS text messages on smoking and appointment keeping and the logic for tailoring and timing of delivery.
[DOCX File , 18 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Baseline questionnaire.
[PDF File (Adobe PDF File), 415 KB-Multimedia Appendix 2]

References

1. Adolescent fertility rate (births per 1,000 women ages 15-19). The World Bank. 2021. URL: https://data.worldbank.org/
indicator/SP.ADO.TFRT [accessed 2022-10-01]

2. Azevedo WF, Diniz MB, Fonseca ES, Azevedo LM, Evangelista CB. Complications in adolescent pregnancy: systematic
review of the literature. Einstein (São Paulo) 2015 Oct;13(4):618-626 [doi: 10.1590/s1679-45082015rw3127]

3. Leftwich HK, Alves MV. Adolescent pregnancy. Pediatr Clin North Am 2017 Apr;64(2):381-388 [doi:
10.1016/j.pcl.2016.11.007] [Medline: 28292453]

4. Adolescent pregnancy [ electronic resource] : unmet needs and undone deeds: a review of the literature and programmes.
World Health Organization. 2007. URL: https://apps.who.int/iris/handle/10665/43702 [accessed 2022-10-05]

5. Ganchimeg T, Ota E, Morisaki N, Laopaiboon M, Lumbiganon P, Zhang J, WHO Multicountry Survey on Maternal Newborn
Health Research Network. Pregnancy and childbirth outcomes among adolescent mothers: a World Health Organization
multicountry study. BJOG 2014 Mar;121 Suppl 1:40-48 [doi: 10.1111/1471-0528.12630] [Medline: 24641534]

6. Yah CS, Ndlovu S, Kutywayo A, Naidoo N, Mahuma T, Mullick S. The prevalence of pregnancy among adolescent girls
and young women across the Southern African development community economic hub: a systematic review and meta-analysis.
Health Promot Perspect 2020 Nov 07;10(4):325-337 [FREE Full text] [doi: 10.34172/hpp.2020.51] [Medline: 33312928]

7. Nove A, Matthews Z, Neal S, Camacho AV. Maternal mortality in adolescents compared with women of other ages:
evidence from 144 countries. The Lancet Global Health 2014 Mar;2(3):e155-e164 [doi: 10.1016/s2214-109x(13)70179-7]

8. Adolescent pregnancy. World Health Organization. 2018. URL: https://www.who.int/news-room/fact-sheets/detail/
adolescent-pregnancy [accessed 2021-02-24]

9. Saving mothers 2014-2016: seventh triennial report on confidential enquiries into maternal deaths in South Africa: short
report. National Committee on the Confidential Enquiries into Maternal Deaths. 2018 Jan. URL: https://www.
westerncape.gov.za/assets/departments/health/saving_mothers_2014-16_-_short_report.pdf [accessed 2022-09-22]

10. Kaiser L, Allen LH, American Dietetic Association. Position of the American Dietetic Association: nutrition and lifestyle
for a healthy pregnancy outcome. J Am Diet Assoc 2008 Mar;108(3):553-561 [doi: 10.1016/j.jada.2008.01.030] [Medline:
18401922]

JMIR Res Protoc 2023 | vol. 12 | e43654 | p. 11https://www.researchprotocols.org/2023/1/e43654
(page number not for citation purposes)

Sewpaul et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=resprot_v12i1e43654_app1.docx&filename=8a70714ebe827935e4cbde6ff7df13fb.docx
https://jmir.org/api/download?alt_name=resprot_v12i1e43654_app1.docx&filename=8a70714ebe827935e4cbde6ff7df13fb.docx
https://jmir.org/api/download?alt_name=resprot_v12i1e43654_app2.pdf&filename=ad7befc75541b66234f835a323410a39.pdf
https://jmir.org/api/download?alt_name=resprot_v12i1e43654_app2.pdf&filename=ad7befc75541b66234f835a323410a39.pdf
https://data.worldbank.org/indicator/SP.ADO.TFRT
https://data.worldbank.org/indicator/SP.ADO.TFRT
http://dx.doi.org/10.1590/s1679-45082015rw3127
http://dx.doi.org/10.1016/j.pcl.2016.11.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28292453&dopt=Abstract
https://apps.who.int/iris/handle/10665/43702
http://dx.doi.org/10.1111/1471-0528.12630
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24641534&dopt=Abstract
https://europepmc.org/abstract/MED/33312928
http://dx.doi.org/10.34172/hpp.2020.51
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33312928&dopt=Abstract
http://dx.doi.org/10.1016/s2214-109x(13)70179-7
https://www.who.int/news-room/fact-sheets/detail/adolescent-pregnancy
https://www.who.int/news-room/fact-sheets/detail/adolescent-pregnancy
https://www.westerncape.gov.za/assets/departments/health/saving_mothers_2014-16_-_short_report.pdf
https://www.westerncape.gov.za/assets/departments/health/saving_mothers_2014-16_-_short_report.pdf
http://dx.doi.org/10.1016/j.jada.2008.01.030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18401922&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


11. Lenders CM, McElrath TF, Scholl TO. Nutrition in adolescent pregnancy. Curr Opin Pediatr 2000 Jun;12(3):291-296 [doi:
10.1097/00008480-200006000-00021] [Medline: 10836168]

12. Mwilike B, Nalwadda G, Kagawa M, Malima K, Mselle L, Horiuchi S. Knowledge of danger signs during pregnancy and
subsequent healthcare seeking actions among women in Urban Tanzania: a cross-sectional study. BMC Pregnancy Childbirth
2018 Jan 03;18(1):4 [FREE Full text] [doi: 10.1186/s12884-017-1628-6] [Medline: 29295710]

13. Dordunu R, Dzando G, Kumah A, Donyi AB, Nutakor HS, Amenuvor WA, et al. Assessment of maternal readiness for
childbirth and childrearing among adolescent mothers in Ghana. Adv Reprod Sci 2021;9(2):107-117 [FREE Full text] [doi:
10.4236/arsci.2021.92011]

14. Tilghman J, Lovette A. Prenatal care: the adolescent's perspective. J Perinat Educ 2008;17(2):50-53 [FREE Full text] [doi:
10.1624/105812408X298390] [Medline: 19252689]

15. Panday S, Makiwane M, Ranchod C, Letsoala T. Teenage pregnancy in South Africa: with a specific focus on school-going
learners. Child, Youth, Family and Social Development, Human Sciences Research Council. 2009. URL: https://repository.
hsrc.ac.za/handle/20.500.11910/4711 [accessed 2022-10-01]

16. WHO recommendations on antenatal care for a positive pregnancy experience – highlights and key messages. World Health
Organization. 2017. URL: https://www.who.int/publications/i/item/WHO-RHR-18.02 [accessed 2022-10-02]

17. Global Health Observatory data repository: a antenatal care coverage: data by country. World Health Organization. 2016.
URL: https://apps.who.int/gho/data/node.main.ANTENATALCARECOVERAGE4 [accessed 2022-09-29]

18. Gumede S, Black V, Naidoo N, Chersich MF. Attendance at antenatal clinics in inner-city Johannesburg, South Africa and
its associations with birth outcomes: analysis of data from birth registers at three facilities. BMC Public Health 2017 Jul
04;17(Suppl 3):443 [FREE Full text] [doi: 10.1186/s12889-017-4347-z] [Medline: 28832284]

19. Ebonwu J, Mumbauer A, Uys M, Wainberg ML, Medina-Marino A. Determinants of late antenatal care presentation in
rural and peri-urban communities in South Africa: a cross-sectional study. PLoS One 2018 Mar 8;13(3):e0191903 [FREE
Full text] [doi: 10.1371/journal.pone.0191903] [Medline: 29518082]

20. Onukwugha FI, Smith L, Kaseje D, Wafula C, Kaseje M, Orton B, et al. The effectiveness and characteristics of mHealth
interventions to increase adolescent's use of sexual and reproductive health services in sub-Saharan Africa: a systematic
review. PLoS One 2022 Jan 21;17(1):e0261973 [FREE Full text] [doi: 10.1371/journal.pone.0261973] [Medline: 35061757]

21. Barroso-Hurtado M, Suárez-Castro D, Martínez-Vispo C, Becoña E, López-Durán A. Smoking cessation apps: a systematic
review of format, outcomes, and features. Int J Environ Res Public Health 2021 Nov 06;18(21):11664 [FREE Full text]
[doi: 10.3390/ijerph182111664] [Medline: 34770178]

22. Free C, Phillips G, Galli L, Watson L, Felix L, Edwards P, et al. The effectiveness of mobile-health technology-based health
behaviour change or disease management interventions for health care consumers: a systematic review. PLoS Med
2013;10(1):e1001362 [FREE Full text] [doi: 10.1371/journal.pmed.1001362] [Medline: 23349621]

23. Yang Q, Mitchell ES, Ho AS, DeLuca L, Behr H, Michaelides A. Cross-national outcomes of a digital weight loss intervention
in the United States, Canada, United Kingdom and Ireland, and Australia and New Zealand: a retrospective analysis. Front
Public Health 2021 Jun 10;9:604937 [FREE Full text] [doi: 10.3389/fpubh.2021.604937] [Medline: 34178911]

24. Wagnew F, Dessie G, Alebel A, Mulugeta H, Belay YA, Abajobir AA. Does short message service improve focused
antenatal care visit and skilled birth attendance? A systematic review and meta-analysis of randomized clinical trials. Reprod
Health 2018 Nov 22;15(1):191 [FREE Full text] [doi: 10.1186/s12978-018-0635-z] [Medline: 30466453]

25. Mobile divides in emerging economies. Pew Research Center. 2019 Nov 20. URL: https://www.pewresearch.org/internet/
2019/11/20/mobile-divides-in-emerging-economies/#:~:text=The%20mobile%20divides%20are%20most,help%
20readers%20see%20overall%20patterns [accessed 2022-10-01]

26. Reddy SP, James S, Sewpaul R, Sifunda S, Ellahebokus A, Kambaran NS, et al. Umthente Uhlaba Usamila: the 3rd South
African National Youth Risk Behaviour Survey 2011. African Medical Research Council. 2013 May. URL: https://africacheck.
org/sites/default/files/3rd-Annual-Youth-Risk-Survey-2011.pdf [accessed 2022-10-02]

27. Bateman C. Using basic technology--and corporate social responsibility--to save lives. S Afr Med J 2014 Dec;104(12):839-840
[doi: 10.7196/samj.8992] [Medline: 26042259]

28. Coleman J, Bohlin KC, Thorson A, Black V, Mechael P, Mangxaba J, et al. Effectiveness of an SMS-based maternal
mHealth intervention to improve clinical outcomes of HIV-positive pregnant women. AIDS Care 2017 Jul;29(7):890-897
[doi: 10.1080/09540121.2017.1280126] [Medline: 28107805]

29. LeFevre AE, Dane P, Copley CJ, Pienaar C, Parsons AN, Engelhard M, et al. Unpacking the performance of a mobile
health information messaging program for mothers (MomConnect) in South Africa:. BMJ Glob Health 2018 Apr 24;3(Suppl
2):e000583 [FREE Full text] [doi: 10.1136/bmjgh-2017-000583] [Medline: 29713510]

30. Resnicow K, Davis RE, Zhang G, Konkel J, Strecher VJ, Shaikh AR, et al. Tailoring a fruit and vegetable intervention on
novel motivational constructs: results of a randomized study. Ann Behav Med 2008 Apr;35(2):159-169 [doi:
10.1007/s12160-008-9028-9] [Medline: 18401673]

31. Robbins LB, Pfeiffer KA, Vermeesch A, Resnicow K, You Z, An L, et al. "Girls on the move" intervention protocol for
increasing physical activity among low-active underserved urban girls: a group randomized trial. BMC Public Health 2013
May 15;13(1):474 [FREE Full text] [doi: 10.1186/1471-2458-13-474] [Medline: 23672272]

JMIR Res Protoc 2023 | vol. 12 | e43654 | p. 12https://www.researchprotocols.org/2023/1/e43654
(page number not for citation purposes)

Sewpaul et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1097/00008480-200006000-00021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10836168&dopt=Abstract
https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/s12884-017-1628-6
http://dx.doi.org/10.1186/s12884-017-1628-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29295710&dopt=Abstract
https://pdfs.semanticscholar.org/8544/a9565107f25a9aad16b26e351d145e93f740.pdf?_gl=1*eav3x4*_ga*NDcyODIyNzEwLjE2OTE0MzE0Mjc.*_ga_H7P4ZT52H5*MTY5MTc0NTYxMy4zLjAuMTY5MTc0NTYxNi41Ny4wLjA
http://dx.doi.org/10.4236/arsci.2021.92011
https://europepmc.org/abstract/MED/19252689
http://dx.doi.org/10.1624/105812408X298390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19252689&dopt=Abstract
https://repository.hsrc.ac.za/handle/20.500.11910/4711
https://repository.hsrc.ac.za/handle/20.500.11910/4711
https://www.who.int/publications/i/item/WHO-RHR-18.02
https://apps.who.int/gho/data/node.main.ANTENATALCARECOVERAGE4
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-017-4347-z
http://dx.doi.org/10.1186/s12889-017-4347-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28832284&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0191903
https://dx.plos.org/10.1371/journal.pone.0191903
http://dx.doi.org/10.1371/journal.pone.0191903
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29518082&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0261973
http://dx.doi.org/10.1371/journal.pone.0261973
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35061757&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph182111664
http://dx.doi.org/10.3390/ijerph182111664
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34770178&dopt=Abstract
https://dx.plos.org/10.1371/journal.pmed.1001362
http://dx.doi.org/10.1371/journal.pmed.1001362
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23349621&dopt=Abstract
https://europepmc.org/abstract/MED/34178911
http://dx.doi.org/10.3389/fpubh.2021.604937
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34178911&dopt=Abstract
https://reproductive-health-journal.biomedcentral.com/articles/10.1186/s12978-018-0635-z
http://dx.doi.org/10.1186/s12978-018-0635-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30466453&dopt=Abstract
https://www.pewresearch.org/internet/2019/11/20/mobile-divides-in-emerging-economies/#:~:text=The%20mobile%20divides%20are%20most,help%20readers%20see%20overall%20patterns
https://www.pewresearch.org/internet/2019/11/20/mobile-divides-in-emerging-economies/#:~:text=The%20mobile%20divides%20are%20most,help%20readers%20see%20overall%20patterns
https://www.pewresearch.org/internet/2019/11/20/mobile-divides-in-emerging-economies/#:~:text=The%20mobile%20divides%20are%20most,help%20readers%20see%20overall%20patterns
https://africacheck.org/sites/default/files/3rd-Annual-Youth-Risk-Survey-2011.pdf
https://africacheck.org/sites/default/files/3rd-Annual-Youth-Risk-Survey-2011.pdf
http://dx.doi.org/10.7196/samj.8992
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26042259&dopt=Abstract
http://dx.doi.org/10.1080/09540121.2017.1280126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28107805&dopt=Abstract
https://gh.bmj.com/lookup/pmidlookup?view=long&pmid=29713510
http://dx.doi.org/10.1136/bmjgh-2017-000583
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29713510&dopt=Abstract
http://dx.doi.org/10.1007/s12160-008-9028-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18401673&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-13-474
http://dx.doi.org/10.1186/1471-2458-13-474
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23672272&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


32. Feroz AS, Ali NA, Khoja A, Asad A, Saleem S. Using mobile phones to improve young people sexual and reproductive
health in low and middle-income countries: a systematic review to identify barriers, facilitators, and range of mHealth
solutions. Reprod Health 2021 Jan 16;18(1):9 [FREE Full text] [doi: 10.1186/s12978-020-01059-7] [Medline: 33453723]

33. Sewpaul R, Crutzen R, Dukhi N, Sekgala D, Reddy P. A mixed reception: perceptions of pregnant adolescents' experiences
with health care workers in Cape Town, South Africa. Reprod Health 2021 Aug 04;18(1):167 [FREE Full text] [doi:
10.1186/s12978-021-01211-x] [Medline: 34348728]

34. Hawkins RP, Kreuter M, Resnicow K, Fishbein M, Dijkstra A. Understanding tailoring in communicating about health.
Health Educ Res 2008 Jun;23(3):454-466 [FREE Full text] [doi: 10.1093/her/cyn004] [Medline: 18349033]

35. Ryan RM, Patrick H, Deci EL, Williams GC. Facilitating health behaviour change and its maintenance: interventions based
on self-determination theory. Eur Health Psychol 2008;10:2-5 [FREE Full text]

36. Resnicow K, Teixeira PJ, Williams GC. Efficient allocation of public health and behavior change resources: the "difficulty
by motivation" matrix. Am J Public Health 2017 Jan;107(1):55-57 [doi: 10.2105/AJPH.2016.303526] [Medline: 27925833]

37. Miller WR, Rollnick S. Motivational Interviewing: Helping People Change. 3rd edition. New York, NY: The Guildford
Press; 2012.

38. Resnicow K, Baskin ML, Rahotep SS, Periasamy S, Rollnick S. Motivational interviewing in health promotion and behavioral
medicine. In: Cox WM, Klinger E, editors. Handbook Of Motivational Counseling: Concepts, Approaches, and Assessment.
Hoboken, NJ: John Wiley & Sons; 2011:457-476

39. van der Windt M, van Zundert SK, Schoenmakers S, Jansen PW, van Rossem L, Steegers-Theunissen RP. Effective
psychological therapies to improve lifestyle behaviors in (pre)pregnant women: a systematic review. Prev Med Rep 2021
Nov 09;24:101631 [FREE Full text] [doi: 10.1016/j.pmedr.2021.101631] [Medline: 34976684]

40. District health barometer 2018/19. Health Systems Trust. 2020. URL: https://www.hst.org.za/publications/Pages/
DISTRICT-HEALTH-BAROMETER-201819.aspx [accessed 2022-09-29]

41. The status of women's health in South Africa: evidence from selected indicators report no. 03-00-18. Statistics South Africa.
2022. URL: http://www.statssa.gov.za/publications/03-00-18/03-00-182022.pdf [accessed 2023-05-30]

42. Petersen Williams P, Jordaan E, Mathews C, Lombard C, Parry CD. Alcohol and other drug use during pregnancy among
women attending midwife obstetric units in the cape Metropole, South Africa. Adv Prev Med 2014;2014:871427-871410
[FREE Full text] [doi: 10.1155/2014/871427] [Medline: 24639899]

43. Home page. Qualtrics Inc. 2018 May. URL: https://www.qualtrics.com [accessed 2017-06-30]
44. Fishbein M, Ajzen I. Predicting and Changing Behavior: The Reasoned Action Approach. New York, NY: Psychology

Press; 2010.
45. de Vries H. An integrated approach for understanding health behavior; the i-change model as an example. Psychol Behav

Sci Int 2017 Mar 9;2(2):555585 [FREE Full text] [doi: 10.19080/pbsij.2017.02.555585]
46. Van Breukelen GJ. ANCOVA versus change from baseline: more power in randomized studies, more bias in nonrandomized

studies [corrected]. J Clin Epidemiol 2006 Sep;59(9):920-925 [doi: 10.1016/j.jclinepi.2006.02.007] [Medline: 16895814]
47. Wallis L, Blessing P, Dalwai M, Shin SD. Integrating mHealth at point of care in low- and middle-income settings: the

system perspective. Glob Health Action 2017 Jun 25;10(sup3):1327686 [FREE Full text] [doi:
10.1080/16549716.2017.1327686] [Medline: 28838302]

Abbreviations
ANC: antenatal care
EDD: expected date of delivery
LMD: last menstrual date
LMICs: low- and middle-income countries
mHealth: mobile health
MI: motivational interviewing
MOU: midwife obstetric unit
RCT: randomized controlled trial
USSD: Unstructured Supplementary Service Data

JMIR Res Protoc 2023 | vol. 12 | e43654 | p. 13https://www.researchprotocols.org/2023/1/e43654
(page number not for citation purposes)

Sewpaul et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://reproductive-health-journal.biomedcentral.com/articles/10.1186/s12978-020-01059-7
http://dx.doi.org/10.1186/s12978-020-01059-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33453723&dopt=Abstract
https://reproductive-health-journal.biomedcentral.com/articles/10.1186/s12978-021-01211-x
http://dx.doi.org/10.1186/s12978-021-01211-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34348728&dopt=Abstract
https://europepmc.org/abstract/MED/18349033
http://dx.doi.org/10.1093/her/cyn004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18349033&dopt=Abstract
https://selfdeterminationtheory.org/SDT/documents/2008_RyanPatrickDeciWilliams_EHP.pdf
http://dx.doi.org/10.2105/AJPH.2016.303526
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27925833&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2211-3355(21)00322-3
http://dx.doi.org/10.1016/j.pmedr.2021.101631
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34976684&dopt=Abstract
https://www.hst.org.za/publications/Pages/DISTRICT-HEALTH-BAROMETER-201819.aspx
https://www.hst.org.za/publications/Pages/DISTRICT-HEALTH-BAROMETER-201819.aspx
http://www.statssa.gov.za/publications/03-00-18/03-00-182022.pdf
https://doi.org/10.1155/2014/871427
http://dx.doi.org/10.1155/2014/871427
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24639899&dopt=Abstract
https://www.qualtrics.com
https://juniperpublishers.com/pbsij/PBSIJ.MS.ID.555585.php
http://dx.doi.org/10.19080/pbsij.2017.02.555585
http://dx.doi.org/10.1016/j.jclinepi.2006.02.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16895814&dopt=Abstract
https://europepmc.org/abstract/MED/28838302
http://dx.doi.org/10.1080/16549716.2017.1327686
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28838302&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by A Mavragani; submitted 19.10.22; peer-reviewed by J Eriksen, MS Shafi, J Coleman, N Levitz, J Pry; comments to author
24.04.23; revised version received 30.06.23; accepted 17.07.23; published 13.09.23

Please cite as:
Sewpaul R, Resnicow K, Crutzen R, Dukhi N, Ellahebokus A, Reddy P
A Tailored mHealth Intervention for Improving Antenatal Care Seeking and Health Behavioral Determinants During Pregnancy
Among Adolescent Girls and Young Women in South Africa: Development and Protocol for a Pilot Randomized Controlled Trial
JMIR Res Protoc 2023;12:e43654
URL: https://www.researchprotocols.org/2023/1/e43654
doi: 10.2196/43654
PMID: 37703092

©Ronel Sewpaul, Ken Resnicow, Rik Crutzen, Natisha Dukhi, Afzal Ellahebokus, Priscilla Reddy. Originally published in JMIR
Research Protocols (https://www.researchprotocols.org), 13.09.2023. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in JMIR Research Protocols, is properly
cited. The complete bibliographic information, a link to the original publication on https://www.researchprotocols.org, as well
as this copyright and license information must be included.

JMIR Res Protoc 2023 | vol. 12 | e43654 | p. 14https://www.researchprotocols.org/2023/1/e43654
(page number not for citation purposes)

Sewpaul et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://www.researchprotocols.org/2023/1/e43654
http://dx.doi.org/10.2196/43654
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37703092&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

