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Abstract

Background: While group antenatal care (ANC) has been delivered and studied in high-income countries for over a decade, it
has only recently been introduced as an alternative to individual care in sub-Saharan Africa. Although the experimental design
of the studies from high-resource countries have been scientifically rigorous, findings cannot be generalized to low-resource
countries with low literacy rates and high rates of maternal and newborn morbidity and mortality. The Group Antenatal Care
Delivery Project (GRAND) is a collaboration between the University of Michigan in the United States and the Dodowa Health
Research Centre in Ghana. GRAND is a 5-year, cluster randomized controlled trial (RCT). Our intervention—group ANC—consists
of grouping women by similar gestational ages of pregnancy into small groups at the first ANC visit. They then meet with the
same group and the same midwife at the recommended intervals for care.

Objective: This study aims to improve health literacy, increase birth preparedness and complication readiness, and optimize
maternal and newborn outcomes among women attending ANC at seven rural health facilities in the Eastern Region of Ghana.

Methods: Quantitative data will be collected at four time points using a secure web application for data collection and a database
management tool. Data will be analyzed on an intention-to-treat basis to test the differences between the two arms: women
randomized to group-based ANC and women randomized to routine individual ANC. We will conduct a process evaluation
concurrently to identify and document patient, provider, and system barriers and facilitators to program implementation.

Results: The study was funded in September 2018. Recruitment and enrollment of participants and data collection started in
July 2019. In November 2021, we completed participant enrollment in the study (n=1761), and we completed data collection at
the third trimester in May 2022 (n=1284). Data collection at the additional three time points is ongoing: 6 weeks postpartum, 6
months postpartum, and 1 year postpartum.

Conclusions: This study is significant and timely because it is among the first RCTs to be conducted to examine the effects of
group ANC among low-literacy and nonliterate participants. Our findings have the potential to impact how clinical care is delivered
to low-literacy populations, both globally and domestically, to improve maternal and newborn outcomes.

Trial Registration: ClinicalTrials.gov NCT04033003; https://clinicaltrials.gov/ct2/show/NCT04033003

International Registered Report Identifier (IRRID): DERR1-10.2196/40828

(JMIR Res Protoc 2022;11(9):e40828) doi: 10.2196/40828

JMIR Res Protoc 2022 | vol. 11 | iss. 9 | e40828 | p. 1https://www.researchprotocols.org/2022/9/e40828
(page number not for citation purposes)

Lori et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

mailto:jrlori@umich.edu
http://dx.doi.org/10.2196/40828
http://www.w3.org/Style/XSL
http://www.renderx.com/


KEYWORDS

group care; antenatal care; group antenatal care; health literacy; maternal health literacy; Ghana; sub-Saharan Africa; care seeking;
maternal outcomes; neonatal outcomes

Introduction

Background
In 2017, the maternal mortality ratio in Ghana was estimated
to be 310 per 100,000 live births for the 7-year period prior to
the Ghana Maternal Health Survey [1]. While 89% of women
in Ghana surveyed had attended the minimum standard of four
antenatal care (ANC) visits, 20% of women continued to give
birth at home [1]. In contrast to the decline in infant and under-5
mortality, neonatal mortality has remained stagnant since 2007
[1].

ANC has the potential to play a pivotal role in ensuring positive
pregnancy outcomes for both mothers and their newborns [2].
While ANC is widely available and attended by the majority
of pregnant women in Ghana, the expected impact on birth
outcomes is yet to be fully realized. Thus, it is vital to examine
the way ANC is being delivered and to explore alternatives to
the current model to enhance positive birth outcomes.

In addition to its clinical components, ANC is designed to teach
pregnant women to recognize the danger signs that might warn
them of complications that could affect either themselves or
their babies, and to encourage prompt care seeking for such
danger signs. ANC is also designed to promote a healthy
lifestyle, to integrate positive health behaviors, and to develop
a trusting relationship with a health care provider and the health
system.

While group ANC has been delivered and studied in
high-resource settings for over a decade, it has only recently
been introduced as an alternative to individual care in
sub-Saharan Africa. Two randomized controlled trials (RCTs)
examining group ANC versus routine individual care conducted
in the United States found that women assigned to group care
had significantly better antenatal knowledge, had greater
satisfaction with care, and were less likely to have a preterm
birth than those in standard care. In addition, the trials showed
more favorable birth, neonatal, and reproductive outcomes in
the intervention groups [3,4]. Although the experimental design
of the studies from high-resource countries are scientifically
rigorous, findings cannot be generalized to low-resource
countries with low literacy rates and high rates of maternal and
newborn morbidity and mortality.

In sub-Saharan Africa, data from three pilot studies found ANC
delivered in groups to be acceptable and feasible to both women
and providers in Ghana, Senegal, Tanzania, and Malawi [5-7].
A two-country cluster RCT found a higher likelihood of birth
in a health care facility for Nigerian women in group versus
standard ANC and a higher frequency of ANC visits in both
Kenya and Nigeria [8]. Finally, a large cluster RCT conducted
in Rwanda to examine the impact of group ANC on gestational
age at birth found no significant difference in gestational age
between intervention and control groups.

This is a critical time during which to examine group ANC in
order to promote healthy pregnancy and optimize maternal and
newborn outcomes in low-resource settings [9]. This paper
describes the design and evaluation plan for a cluster RCT that
is powered to fill the knowledge gap in women’s health literacy
skills in order to increase self-care knowledge and care seeking
during intrapartum and postpartum periods.

Description of the Model for Group Antenatal Care
The World Health Organization (WHO) Standards for Maternal
and Neonatal Care [9] guided our iterative process with content
experts from the United States, Ghanaian health care providers,
pregnant women, and stakeholders to ensure local and cultural
relevance. The group-based ANC model in this study was
developed and tested for acceptability and feasibility by the
corresponding author (JRL) and her Ghanaian team for the first
time in a clinical setting in Ghana [5,10]. At the core of the
model is a negotiation process acknowledging that some health
messaging may be in conflict with cultural beliefs. The model
allows participants to incorporate safe, feasible, and culturally
acceptable health beliefs into self-care actions by being inclusive
of traditional practices that are not harmful. As part of the model,
participants and the facilitator “agree” on safe and acceptable
actions within the context of the setting that are then practiced
by the group.

At the initial ANC visit, women are placed into small groups
of 10 to 14 women with pregnancies of similar gestational age.
Standard complete histories and physical exams as well as lab
tests are completed, with group visits starting at the second
ANC visit. Prior to the start of each group, blood pressure and
weight are measured and a urinalysis is performed by each
woman with help from the midwife. Each woman then receives
an individual assessment with the midwife to measure fundal
height, listen to fetal heart tones, and answer any questions she
prefers not to raise in the group. The midwife and women then
sit in a circle facing one another for a 60- to 90-minute
facilitated discussion. The model uses strategies such as
storytelling, peer support, demonstration, and teach-back to
enhance its effectiveness. Health literacy is incorporated as an
integral part of clinical practice within the model, not as an
add-on to care.

Evidence-based information is presented in a nonhierarchical,
patient-centered, participatory way. Picture cards (Figure 1) are
used to enhance communication and learning in the group
setting. They provide a mechanism to help convey new concepts
and ideas.

The picture cards encourage valuable group discussion and are
an educational aid to stimulate thinking and reflection, dialogue,
and learning among participants. Content is repeated multiple
times in a variety of ways to enhance retention, including the
following: (1) auditory (ie, listening to stories and signs of
problems), (2) visual (ie, through the use of demonstration and
picture cards), and (3) kinesthetic (ie, practicing actions and
handling picture cards).
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The Facilitator’s Guide for Group Antenatal Care, developed
by JRL, provides a step-by-step guide that details how to
conduct each of the group ANC visits, become a facilitator,

enhance adult learning, provide respectful maternity care, and
monitor for program quality, performance, and fidelity.

Figure 1. Examples of picture cards.

Aims and Objectives
The Group Antenatal Care Delivery Project (GRAND) is
designed to improve health literacy, increase birth preparedness
and complication readiness, and optimize maternal and newborn
outcomes among women attending group-based ANC at seven
rural health facilities serving predominantly low-literacy and
nonliterate pregnant women in the Eastern Region of Ghana.
More specifically, GRAND is designed to achieve the following
aims:

• Aim 1: to quantify differences in birth preparedness and
complication readiness, including knowledge of danger
signs and recommended action steps, between women
randomized to group-based ANC and those randomized to
routine individual ANC.

• Aim 2: to assess behavioral differences in care-seeking
patterns (eg, facility birth rates, postnatal care, and
postpartum care) between women randomized to
group-based ANC and those randomized to routine
individual ANC.

• Aim 3: to evaluate the clinical outcomes of mothers and
their newborns (eg, decrease in maternal morbidities and
perinatal and neonatal mortality) between women
randomized to group-based ANC and those randomized to
routine individual ANC immediately postpartum and up to
1 year following birth.

We hypothesize that pregnant women randomized into
group-based ANC, as compared to women who received routine
individual ANC, will exhibit increased health literacy through
the following: (1) increased birth preparedness, including
recognition of danger signs and knowledge of how to respond
to such signs; (2) higher rates of care-seeking behaviors,
including seeking care for problems identified during pregnancy,
higher facility delivery rates, and increased attendance at
postnatal and postpartum care; and (3) better clinical outcomes
for themselves and their newborns.
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Methods

Overview
This study uses a theoretical model originally developed by
Squiers et al [11] and modified in our preliminary research to
assess maternal health literacy [5]. The Health Literacy Skills
Framework uses an ecological perspective to help assist in the
development and testing of potential interventions to impact a
patient’s health literacy [11]. As illustrated in Figure 2, our

modified theoretical model, which is renamed the Maternal
Health Literacy Skills Framework [5], is used to guide the aims
and data analytic plan.

Our model addresses how group ANC builds knowledge by
increasing the comprehension of stimuli, promoting
self-determination, increasing action, and ultimately improving
maternal health behaviors and outcomes. It considers how the
individual’s comprehension of stimuli and potential mediators
may impact overall health behaviors and outcomes.

Figure 2. Modified Maternal Health Literacy Skills Framework.

Study Design
GRAND is a 5-year cluster RCT. The study was registered at
ClinicalTrials.gov (NCT04033003) on July 25, 2019, and is a
collaboration between the University of Michigan in the United
States and the Dodowa Health Research Centre in Ghana. Health
facilities were selected based the number of ANC registrants
per month and the average gestational age of pregnancy among
women at registration in each facility. Facilities were then
matched based on facility type, district, and number of monthly
ANC registrants.

Study Setting
The study setting for GRAND includes four districts—Akwapim
North, Yilo Krobo, Nsawam-Adoagyiri, and Lower Manya
Krobo—within the Eastern Region of Ghana. Ghana (Figure 3)

has a population of approximately 30 million people and is
situated in Western Africa between Togo, Burkina Faso, Ivory
Coast, and the Atlantic Ocean.

Ghana is divided into 16 administrative regions, with the Eastern
Region situated north and adjacent to the region that includes
the capital city of Accra, the Greater Accra Region. While
Greater Accra is predominantly urban and periurban, the Eastern
Region relies on a primarily agrarian economy, including both
subsistence and commercial farming. Approximately 20% of
residents never attended any formal schooling, with another
60% stopping their education at the primary level (14.5%) or
at the junior secondary (ie, high school) level (45.3%). Women
are twice as likely as men to have never received any schooling
[12]. According to the 2017 Ghana Maternal Health Survey,
the fertility rate for the region is 3.8, comparable to the national
average of 3.9 [1].
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Figure 3. Map of study districts in Ghana.

Sampling and Randomization Frame
Facilities were randomized using a matched-pair method.
Variables for matching included the number of deliveries and
the average gestational age of pregnancy among women at the
time of enrollment for ANC in each facility, so that facilities
within each pair are similar to each other with regard to these
matching factors. For each pair of facilities, one site was
randomly assigned to group-based ANC (intervention) and the
other to routine individual ANC (control). The matching and
randomization process was completed using the nbpMatching
package from R software (version 1.5.0; R Foundation for
Statistical Computing) [13]. The locations of the chosen facilities
ensures that participating facilities will be far enough apart to
minimize the likelihood of cross-group contamination.

Power and Sample Size Calculations
We calculated the sample size based on three primary outcomes:
the change in birth preparedness, complication readiness index
scores, and the percent change in women obtaining maternal
postpartum checkups and babies obtaining postnatal checkups
within first 2 days after birth. See Table 1 for a complete list of
primary and secondary outcomes.

According to the literature, the median intraclass correlation
coefficient (ICC) was 0.010 [14]. Since we proposed a cluster
randomized design based on seven intervention facilities and
seven control facilities, we considered the effect of the ICC.
The ICC is a measure of the extent to which the effect of the
intervention differs across facilities. Hence, we conducted our
sample size calculation for an ICC equal to 0.01 using the
CRTSize package from R software [15]. First, the percentage
of women in Ghana who were categorized as “prepared for
birth” was 30% [16]. We expect that our ANC intervention will
improve the preparedness to 45%, as measured by the birth
preparedness and complication readiness index. At a significance
level of .05, we need 84 women per facility to reach 80% power
to detect such an effect. Next, approximately 60% of women
in the Eastern Region of Ghana receive a maternal postpartum
checkup in the first 2 days after birth [12]. We expect that our
intervention will increase this value to 75%. To test this, we
need 76 women per facility. Finally, the current percentage of
newborns obtaining postnatal checkups in rural Ghana within
2 days is 22% [12]. We expect that our intervention will increase
this value to 35%, in which case we will need at least 100
women per facility to see such an effect. To preserve power due
to attrition, we proposed recruiting 120 women per facility.
Hence, the total number of women to be recruited is 1680 based
on an attrition rate of 20% in our pilot work.
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Table 1. Primary and secondary outcomes.

Secondary outcomesPrimary outcomesAims

Aim 1: to quantify differences in
birth preparedness, knowledge of
pregnancy and newborn danger
signs, and recommended action
steps

•• Ability to identify postpartum danger signs (eg, increased
bleeding or large clots, weakness or fainting, fever, pain in
abdomen or breasts, and painful urination)

Ability to identify danger signs in
pregnancy (eg, bleeding, severe
headache, blurred vision, and fever)

• •Birth preparedness and complication
readiness (eg, saved money, identified
birth facility and emergency transporta-
tion to facility, and identified blood
donor)

Ability to identify the recommended action steps when a
problem is identified (eg, call for help, have a plan for trans-
portation, identify someone to accompany you to the facility,
identify someone to care for the family, go straight to the facil-
ity, and supportive care along the way to the facility)

•• Self-efficacy, operationalized care-seeking history, and health
information knowledge

Ability to identify newborn danger
signs (eg, poor suck, jaundice, difficul-
ty or fast breathing, and convulsions)

Aim 2: to assess behavioral differ-
ences in care-seeking patterns (eg,
facility birth rates, postnatal care,
and postpartum care)

•• Uptake of modern family planning methods at 6 months post-
partum

Attendance at 4 or more ANCa visits
• Facility birth

• Infant immunized per EPIb scheduled at 1 year• Four postnatal or postpartum checkups
for both mother and newborn in the
first 6 weeks after birth

• Completion of IPTp2c malaria prophylaxis during pregnancy

Aim 3: to evaluate the clinical
outcomes of mothers and their
newborns (eg, decrease in maternal
morbidities and perinatal and
neonatal mortality)

•• At least 2 tetanus toxoid vaccines during ANCMaternal pregnancy-related morbidi-
ties (eg, puerperal sepsis and delayed
postpartum hemorrhage)

• Infant protected against neonatal tetanus
• Hemoglobin level upon hospital admission, dichotomized as

normal or anemic (<9.5 g/dL)• Birth outcome (eg, stillbirth, live birth,
and early neonatal mortality) • Infant birth weight (normal vs low [<2500 g])

• Repeat pregnancy within 1 year
• Exclusive breastfeeding at 6 months

aANC: antenatal care.
bEPI: Expanded Program on Immunization.
cIPTp2: intermittent preventive treatment of malaria for pregnant women.

Trainings

Training of Research Personnel
Prior to data collection, all research assistants (RAs) were
trained for the study by the primary investigator and
coinvestigators. All trainings were held in English, the official
language of Ghana, with discussions regarding key terms in
Dangbe, Ga, Akan, and Ewe. Trainings included the following:
(1) an overview of the study and its protocol, (2) information
about the ethical treatment of human subjects, (3) standardized
record keeping and data collection for the study, and (4)
strategies for reducing bias and error. Biannual refreshers will
be conducted with all RAs. All RAs are fluent in English as
well as in the dialect and culture of their assigned area.

Training of Clinical Personnel
Prior to data collection, we conducted a training of trainers for
research personnel at the Dodowa Health Research Centre and
maternal, newborn, and child health nurses representing the
four District Health Directorates. All registered nurses and
registered midwives providing ANC at both intervention and
control facilities received an update on the essential components
of ANC based on WHO guidelines to ensure equal quality at
all sites at baseline. Providers at intervention sites were trained
to implement group-based ANC, whereas providers at control
sites will continue delivering routine individual ANC. Providers
at study sites randomized to group care were trained in the
delivery of the methodology. The provider training mirrors the
facilitator’s guide, including an emphasis on active listening,

ideal conditions to maximize learning, and the use of picture
cards as an important training resource for low-literacy learners.
These trainers, with assistance from the primary investigator
and two experienced trainers, then conducted a 3-day didactic
training with groups of 10 to 12 clinical personnel focused on
facilitating group ANC, use of the methodology, organizing
groups, and an overview of the research. All trainings were in
English, the official language of Ghana, with discussions
regarding key terms in both English and the local languages.
Participants then practiced delivering care using the group model
with support from the trainers. A learning methods checklist
and a fidelity checklist for provider readiness, which was
established during preliminary studies, were used to provide
feedback to participants during practice and to establish when
each individual is ready to take on facilitating a group, based
on the checklist scores.

Recruitment of Participants and Informed Consent
Recruitment of women will occur at individual health facilities.
The trained RA works with clinic staff to identify women who
meet the eligibility criteria and are healthy enough to discuss
enrolling in an ANC intervention. The RA will inform health
facility staff as to when they will be at the clinic and available
to women interested in learning more about the study. Midwives
will identify women (1) whose pregnancies are at less than 20
weeks’ gestation; (2) who speak Dangme, Ga, Akan, Ewe, or
English; (3) who are over the age of 15 years; and (4) who are
not considered high risk.
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The midwife will then instruct women who qualify to talk to
the RA if they are interested in learning more about the study.
Women who approach the RA will be read an approved
recruitment script. Those who are willing to participate will be
taken through an informed consent procedure and complete
baseline data collection.

The procedure for informed consent includes the following:

1. An informed consent document in English is translated into
Dangme, Ga, Akan, and Ewe.

2. The informed consent document is read aloud individually
to all potential participants in private.

3. The Ghanaian RA asks the potential participant questions
to ensure understanding of the research process and
informed consent document and invites questions until the
information is clear.

4. The participant signs the document or marks it with a
thumbprint.

5. The RA uses the camera on the encrypted tablet to take a
photograph of the signed or thumbprinted page; the image
is then stored securely, similar to all study data.

In the Eastern Region, 10.4% of women and girls aged 15 to
49 years have never attended school, and only 15.7% have
completed secondary school or higher [12]. A teach-back
method will be used to confirm participant comprehension of
the study requirements and methodology. The RA will ask
potential participants to describe their understanding of the
study’s purpose, procedure, risks, and benefits using open-ended
prompts and will repeat the material until understanding is
achieved.

Data Collection and Measures
All quantitative data will be collected by trained RAs using
encrypted and password-protected tablets as well as a secure

web application for data collection and database management
geared to support online and offline data capture for research
studies. When an internet connection is not available, data will
be collected offline and stored on the encrypted tablet. Once a
connection is available, these data will be uploaded, verified
for accuracy and completeness, and stored on a secure server.

No data will be collected by clinical providers. Data collection
will occur at five time points in both intervention and control
arms (see Table 2 for measurements at each time point):

1. Time point 0: the baseline session occurs immediately
following the consent processes. Data are collected by
trained RAs using a structured survey; health information
is self-reported.

2. Time point 1: this session occurs at 34 weeks’ gestation to
3 weeks postdelivery. Data are collected by trained RAs
using a structured interview and by retrieving data from the
ANC card.

3. Time point 2: this session occurs 6 to 12 weeks after
delivery. Data are collected by trained RAs using a
structured interview and by retrieving information from
ANC cards on maternal and newborn clinical outcomes
using a predetermined set of indicators.

4. Time point 3: this session occurs 5 to 8 months postpartum;
data are collected via phone by trained RAs using a
structured interview.

5. Time point 4: this session occurs 11 to 14 months
postpartum; data are collected via phone by trained RAs
using a structured interview.

During visits, midwives record clinical health–related outcomes
(ie, place of birth, hemoglobin levels, newborn birth weight,
maternal and newborn morbidities, stillbirth, and postpartum
visit within 2 days postbirth) on the women’s ANC cards. These
data will be collected by the RA postdelivery.
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Table 2. Measures and time points.

Measure or sourceTime point and domains

Aim 3Aim 2Aim 1

Time point 0: enrollment

—aBaseline survey;

section I: demographics

Baseline survey;

section I: demographics

1. Demographic characteristics

2. Self-efficacy

—Baseline survey;

section II: self-efficacy

Baseline survey;

section II: self-efficacy

Extracting health information

—Baseline survey;

section II: self-efficacy and con-
traceptive self-efficacy scale

Baseline survey;

section II: self-efficacy and con-
traceptive self-efficacy scale

Care-seeking history

3. Educational background

—Baseline survey;

section I: demographics

Baseline survey;

section I: demographics

Level of education

4. Prior knowledge

—Baseline survey;

section III: birth preparedness
and complication readiness

Baseline survey;

section III: birth preparedness
and complication readiness

Ability to identify danger signs, birth
preparedness, and complication readiness

—Maternal health literacy indexMaternal health literacy index5. Health literacy skills

—Baseline survey;

section I: demographics

Baseline survey;

section I: demographics

6. Ecological influences

Time point 1: third trimester

—Third-trimester questionnaireThird-trimester questionnaire7. Comprehension of stimuli

8. Self-determination

—Third-trimester questionnaireThird-trimester questionnaireIntent to use family planning and prepa-
ration for birth

—ANC cardANCc cardTwo or more tetanus toxoid vaccines and

completion of IPTp2b malaria prophylax-
is

Time point 2: postbirth

ANC card——9. Clinical health–related outcomes

10. Self-determination

—ANC cardANC cardAttendance at 4 or more ANC visits

—Number of ANC visitsNumber of ANC visitsAdherence to care

Questionnaire for women
who recently delivered, up
to 6 weeks postpartum

——11. Health-related behavior

Questionnaire for women
who recently delivered, up
to 6 weeks postpartum

——12. Clinical health–related outcomes

Time point 3: 6 months postpartum

6-month postpartum surveyMaternal health literacy indexMaternal health literacy index13. Health-related behavior

6-month postpartum survey——14. Clinical health–related outcomes

Time point 4: 1 year postpartum

1-year telephone survey——15. Health-related behavior

1-year telephone survey——16. Clinical health–related outcomes

aThe data collected in the domain do not contribute to the research objectives of the aim.
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bIPTp2: intermittent preventive treatment of malaria for pregnant women.
cANC: antenatal care.

Process Evaluation

Overview
We will concurrently conduct a process evaluation to identify
and document patient, provider, and system barriers and
facilitators to program implementation. Using both quantitative
and qualitative methods, we will identify potential and actual
influences on the quality and conduct of the program’s
operations, implementation, and service delivery. We will
employ structured observations of group sessions, interviews
with providers, focus groups with women, and tracking logs to
record how the intervention is delivered and received, document
program fidelity, and identify opportunities to enhance the
delivery of the intervention, while maximizing consistency in
intervention delivery across sites. This process evaluation will
add value to the analysis of the group ANC intervention by
identifying barriers and facilitators at multiple levels throughout
the study. For this process evaluation, we will focus on both
fidelity of the intervention and dose, or frequency.

Individual Interviews With Midwives
All midwives involved in the intervention arm will be asked to
participate in the process evaluation. Midwives will be
approached by a member of the research team at the end of the
seventh group meeting and asked if they are interested in
providing feedback about group care. Those willing to
participate will be taken through a consent process before the
first interview begins. Each midwife will be interviewed at two
random times, and each interview will last approximately 40
minutes. A structured interview using open-ended questions
will be conducted to explore the midwife’s perceptions of group
versus standard ANC, barriers to implementation, challenges
to integrating group-based ANC into the existing clinic
workflow, and strategies that have helped with implementation.
Interviews will be audiotaped, with permission from the
participant, to ensure accuracy of responses; midwives can
refuse to be audiotaped yet continue with the interview. The
RA will write short-answer responses on a data collection form.
Audiotapes will be transcribed and deidentified; tapes will be

destroyed immediately after transcription. We have seven health
facilities randomized to the intervention arm and 2 to 4
midwives at each facility; as each midwife may be interviewed
twice, we expect that approximately 56 midwives may
participate in the process evaluation.

Focus Group Discussion With Participants
Groups of women in the intervention arm will be randomly
selected to participate in focus groups for process evaluation.
We anticipate 10 random groups of 10 women through the
course of the study for a total of 100 women in the focus groups.
Women will be asked to describe their perceptions of group
versus standard ANC, their perceptions of the value of group
ANC, and how they could envision the process being improved.

Focus group discussions will be led by a member of the research
team with randomly selected groups of women completing
group ANC throughout the study. Focus groups participants
will provide consent individually before they enter the focus
group room so they may choose whether they want to
participate. The group will be conducted in a private setting,
and names will not be used during the discussion. Audiotapes
will be transcribed and deidentified; tapes will be destroyed
immediately after transcription. Each focus group discussion
will last about 1 hour.

Structured Observations
A sample of 2 out of 7 group ANC visits will be observed for
each provider to monitor fidelity to the model (eg, whether
content is delivered as intended, women are engaged enough
to actively participate in group discussions and activities, picture
cards are used as written in the facilitator’s guide, and feedback
is provided to participants during demonstrations).

Tracking Logs
A brief form will be completed by the midwife provider each
time an ANC visit is held to track the date of the session and
the number of participants from the group in attendance, in
order to track dose. See Figure 4 for flow diagram of enrollment
and data collection.
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Figure 4. Flow diagram of enrollment and data collection. ANC: antenatal care; FGD: focus group discussion; T0: time point 0 (baseline); T1: time
point 1 (34 weeks' gestation to 3 weeks postdelivery); T2: time point 2 (6-12 weeks after delivery); T3: time point 3 (5-8 months postpartum); T4: time
point 4 (11-14 months postpartum).

Data Analysis: Aims 1 to 3
Data from all participants randomly assigned to the intervention
or control groups will be analyzed on an intention-to-treat basis.
Deviations from randomized allocation will be reported. We
will also conduct per-protocol analysis by eliminating
noncompliers in the analysis. Summary statistics based on mean,
SD, or frequency will be used to characterize the sample
distribution of each arm. Proper transformations will be
investigated and taken if the sample distributions of continuous
variables violate the normality assumption. For aims 1 to 3,
generalized linear mixed models will be used to test the
differences between the two arms since a cluster RCT design
will be used. There are four components in generalized linear
mixed models: outcome variable, fixed effects, random effect,
and link function. The fixed effects include an explanatory
variable and covariates. In this study, all three aims have the
same explanatory variable, which is a binary variable indicating
the arm to which women are assigned. The study sites,
gestational age, and women’s demographic variables, such as
education or literacy, marital status, pregnancy history, and
medical history, will be added to the generalized linear mixed
models as covariates to increase the precision of the estimates.
The random effect is comprised of the 14 facilities. In this study,
a random intercept model will be used to account for the cluster
effect. The outcome variables and link functions in generalized
linear mixed models depend on the aims and are described
below. The construct of the generalized linear mixed models is
to test whether the explanatory variable is significant at the level
of .05 using the likelihood ratio test.

For aim 1, to quantify differences in the recognition of
pregnancy and newborn danger signs and knowledge of
recommended action steps, the birth preparedness and
complication readiness index will be measured at enrollment
and at the third trimester. We will add baseline data as
covariates. The logit link function will be used for each binary
birth preparedness and complication readiness question to test
the efficacy of the group-based ANC method. The identity link
function will be used when the outcome variable is a summary
statistic of the birth preparedness and complication readiness
index. When the P value of the explanatory variable is less than
.05, we will declare a significant difference between the two
arms. Average changes in birth preparedness and complication
readiness summary statistics or odds ratios for each question
will be used to quantify the effect of the group-based ANC
intervention.

For aim 2, where we will assess behavioral differences in
care-seeking patterns between the two arms, the outcome
variables are frequency of attendance of ANC visits, facility
birth, and postnatal or postpartum care. For the attendance
outcome variable, the identity function will be used. For facility
birth and postnatal or postpartum care, the logit link function
will be used. When the P value of the explanatory variable is
less than .05, we will declare a significant difference between
the two arms. The effect of group-based ANC on attendance
will be quantified by the average difference. The effects of
group-based ANC on facility birth and postnatal or postpartum
care will be quantified by odds ratios. For the secondary
outcomes in aim 2, the logit or identity link function will be
used in a way similar to the primary outcomes.
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For aim 3, in order to evaluate the clinical outcomes of mothers
and their newborns, the outcome variables are maternal
pregnancy-related morbidities and newborn birth status. For
maternal morbidities, the logit link function will be used. Since
newborn birth status is classified into three categories—stillbirth,
live birth, and early neonatal mortality—the cumulative logit
link function [17] will be used. When the explanatory variable
is significant at .05, the effect of group-based ANC on maternal
pregnancy-related morbidities and newborn birth status will be
interpreted using the odds ratio. We will illustrate the difference
between outcomes using odds ratios for each pair of newborn
birth statuses. The secondary outcomes will be analyzed
similarly using identity or logit link functions.

For multiple outcomes in the same family, we will conduct
direct inference using the Holm multiple testing procedure [18]
to control for the family-wise error rate at a level of .05 [19].
The generalized linear mixed model analysis will be carried out
using the lme4 package from R software [20]. All findings will
be reported using the CONSORT (Consolidated Standards of
Reporting Trials) statement as a guide [21]. Full transparency
will be provided when reporting experimental details so that
others may reproduce and extend our findings.

Data Analysis: Process Evaluation
The approach by Steckler et al [22] will guide the analysis of
our process evaluation of the data. Qualitative data will be
obtained from semistructured interviews. All qualitative data
will be collected by the research team and will be transcribed
verbatim into English, leaving key phrases that are difficult to
translate intact, with the closest approximate meaning put into
parentheses in the transcript. No data will be collected by clinical
providers. All transcripts will be stored on a password-protected
server. All data from semistructured interviews will be entered
into NVivo qualitative software (QSR International) to assist
with the identification of key themes. Structured observations
will be recorded and summarized for key points. The use of an
audit trail composed of methodological and analytical
documentation and validation with colleagues will be used to
achieve validity.

Ethics Approval
This study and all procedures were approved by the Institutional
Review Boards (IRBs) at the University of Michigan
(HUM-00161464) and the Ghana Health Service
(GHS-ERC016/04/19). This is a report of a study protocol;
therefore, human subject consent was not necessary. As required
by the University of Michigan, regardless of the country of
residence, all research staff, including principal investigators,
coinvestigators, and RAs, on research projects that involve
human study participants must complete the online program for
education and evaluation in responsible research and scholarship
or equivalent, and they must have their human subjects
certification renewed every 3 years.

Results

The study was funded in September 2018. During the first year,
we completed the following:

1. Developed a detailed research protocol.

2. Submitted the research protocol for full board approval to
the University of Michigan, the Dodowa Health Research
Centre, and the Ghana Health Service.

3. Received IRB approval with contingencies.
4. Updated the facilitator’s guide and training materials for

providers to reflect the new WHO Recommendations on
Antenatal Care for a Positive Pregnancy Experience [9].

5. Hired and trained 6 Ghanaian RAs in the ethical conduct
of research, the data collection protocol, and the use of
research electronic data capture (REDCap) [23,24] for
secure data management.

6. Developed and pilot-tested data collection instruments with
modifications for the local context.

7. Identified study sites for inclusion.
8. Randomized study sites.

Study data are collected and managed using REDCap at the
Dodowa Health Research Centre. REDCap is a secure,
web-based software platform designed to support data capture
for research studies. REDCap provides (1) an intuitive interface
for validated data capture, (2) audit trails for tracking data
manipulation and export procedures, (3) automated export
procedures for seamless data downloads to common statistical
packages, and (4) procedures for data integration and
interoperability with external sources [23,24].

We also conducted a 3-day training for 10 champion trainers:
2 from each district in the research study and 2 from the
provincial headquarters. The training covered an introduction
to the study, an update or refresher on Ghanaian guidelines for
ANC, and how to conduct group ANC using the facilitator’s
guide and methodology. A learning methods checklist was
employed to ensure fidelity to the model. A schedule was
prepared for the next 2 weeks of training at the district levels.

Recruitment and enrollment of participants and data collection
started in July 2019. In November 2021, we completed
participant enrollment in the study (n=1761), and we completed
data collection at the third trimester in May 2022 (n=1284).
Data collection at the additional three time points is ongoing:
6 weeks postpartum, 6 months postpartum, and 1 year
postpartum. We are currently conducting preliminary data
analysis and expect the results to be published in 2023.

Discussion

Overview
We hypothesize that pregnant women randomized into
group-based ANC will exhibit increased birth preparedness and
complication readiness, including recognition of danger signs
and knowledge of how to respond to such signs. This may result
in higher rates of care-seeking behaviors, including seeking care
for problems identified during pregnancy, higher facility-based
delivery rates, and increased attendance at postnatal and
postpartum care appointments.

This study is significant and timely because it is the first cluster
RCT to be conducted in Ghana to examine the effects of
group-based ANC on maternal and newborn clinical and
behavioral outcomes. Ghana is one of 24 priority countries
targeted by the United States Agency for International
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Development to improve maternal and child health and end
preventable death [25].

Recent recommendations by the WHO call for rigorous research
into group ANC to improve the use and quality of care [9]. A
strength of our study is the use of a theoretical framework to
examine health literacy. Initially considered as a patient’s ability
to read and understand written information, health literacy is
now more broadly defined as a person’s ability to acquire or
access information, understand it, and use the information in
ways that promote and maintain good health [26,27]. Despite
a burgeoning emphasis on health literacy in high-resource
countries [28], there are a dearth of studies examining
interventions to improve health literacy in low-resource settings
[29]. Even fewer studies have examined maternal health literacy,
defined as the “cognitive and social skills which determine the
motivation and ability of women to gain access to, understand,
and use information in ways that promote and maintain their
health and that of their children” [29]. New approaches to
improve health literacy are sorely needed in countries where
women and newborns continue to die from preventable causes
[30].

Our process evaluation will allow us to contribute to a growing
body of evidence that identifies barriers and facilitators to the
implementation of group ANC. Findings from the process
evaluation will contribute to eventual scale-up of the
intervention in Ghana should group ANC be shown to improve
maternal and newborn outcomes.

Our research team is committed to disseminating the findings
from this proposed study in four different ways: (1) presentations

at national and international conferences; (2) journal articles in
peer-reviewed journals, including open access for our
international colleagues; (3) community presentations, media
events, and other public venues where we intend to discuss our
findings; and (4) meetings and presentations with the Ghana
Health Service to discuss cost-effective ways for scaling up the
project and ensuring sustainability.

Limitations
Although we have designed a rigorous cluster RCT, neither the
study sites nor the participants are blinded to the study
conditions because providers at sites have been trained to deliver
group ANC. We eliminated selection bias by randomly selecting
sites using a stratified random sampling method from the
sampling package in R software. Participating sites are limited
to one rural area of Ghana; thus, results may not be generalizable
to urban settings. However, results could guide country-wide
policies for improving maternal and newborn health, and results
could highlight the benefits of group ANC for similar rural areas
across Africa where maternal and newborn morbidity and
mortality are high.

Improving maternal and newborn health outcomes has been a
major focus for the governments of many low- and
middle-income countries, including Ghana. Free maternal and
child health has been introduced in Ghana as part of a
comprehensive policy to improve maternal health care delivery
and reduce maternal and child deaths [1]. Group ANC has the
potential to improve the quality of care and pregnancy outcomes
for women and their newborns. Findings from this study will
provide strong evidence and lessons learned to contribute to
future policies and scale-up for all of Ghana.
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