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Abstract

Background. Nigeria has one of the lowest antenatal care (ANC)
utilization rates compared to other low- and middle-income nations.
In order to ensure a positive pregnant experience, the World Health
Organization recommends at least eight ANC visits during pregnancy.
This study intends to examine the impact of a mobile phone-based voice
message intervention on ANC use in Lagos, Nigeria.

Methods. In this cluster-randomized experiment, primary healthcare
centres were divided into five intervention and five control groups
using multistage simple random sampling. The intervention consisted
of a weekly voice message transmitted through mobile phone from the
time of recruitment in the first trimester until two weeks postpartum.
Attending at least eight ANC visits before birth was the primary
outcome. STATA v17.0 was used to conduct descriptive and bivariate
analyses as well as multivariate linear models to calculate crude risk
ratios.

Results. 458 women participated. All intervention group women (269
women, or 58.7% of the sample) received the text message. These
ladies were mostly married, Christian, had several children, and had
completed high school. Women who received the intervention were
more likely to attend eight ANC visits.

Conclusion. A voice message-based intervention can boost ANC uti-
lization, according to the conclusion. This contributes to the existing
body of information about the influence of mHealth treatments on
maternal health outcomes and serves as a useful tool for ensuring that
no woman is left behind.
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INTRODUCTION

ne of the Sustainable Development Goals
O (SDQG) of the United Nations (UN) is to re-

duce the worldwide maternal mortality rate
(MMR) to fewer than 70 per 100,000 live births by
2030." According to the most recent estimate, there
are 295,000 maternal fatalities worldwide each year,
with Nigeria contributing 35,000 of them (12% of
global maternal deaths).? There is evidence that an-
tenatal care (ANC) can improve pregnancy and birth
outcomes for expectant mothers through a variety
of ways.>*Components of ANC include the diag-
nosis of pregnancy-related risks, the prevention and
ongoing care of pregnancy-related or concomitant
diseases, as well as health education and promotion.
Between 2002 and 2016, the World Health Orga-
nization (WHO) campaigned for a four-visit ANC
model known as focused antenatal care (fANC),
which emphasized the implementation of evidence-
based therapies at each visit, with a preference for
the first appointment in the first trimester.® Accord-
ing to the 2018 Nigerian Demographic and Health
Survey, approximately 57% of pregnant women in
Nigeria received at least four ANC visits during
their pregnancies.” Nigeria has one of the lowest
rates of ANC utilization compared to other low- and
middle-income countries (LMICs), with only 65% of
women reporting ANC visits, compared to >85% in
10 other LMICs.® Nigeria has the lowest percentage
of ANC usage among West African nations, particu-
larly among adolescents (56%).”

WHO has amended its advice on the minimum
number of needed ANC visits to eight: one in the
first trimester (ideally within the first 12 weeks),
two contacts in the second trimester (between 16-
20 weeks and 20-26 weeks), and five in the third
trimester (fortnightly from 30 weeks). This move to
increase the minimum suggested number of ANC
visits is intended to encourage a positive pregnant ex-
perience.’’ Several individual-level characteristics,
including a positive attitude toward ANC utiliza-
tion, have been proven to increase the likelihood
of ANC utilization and commencement in the first
trimester. !

Mobile devices have been utilized to enhance the
utilization of maternal health care in low- and

middle-income countries (LMICs), particularly to
improve patient education and appointment adher-
ence, disease self-management, and remote patient
monitoring.'?'3 In particular, research has demon-
strated that successful communication and inter-
action between skilled health workers (SHP) and
pregnant women via simple short message sys-
tems (SMS) increased the utilization of maternity
services.'*16 Indeed, studies have demonstrated
a correlation between mobile health and the uti-
lization of maternal health services, particularly
ANC.!"Nevertheless, according to a systematic re-
view conducted in 2022, no study has evaluated
the efficacy of mHealth interventions on ANC uti-
lization based on the new WHO model for eight
ANC visits.!® This study’s purpose was to examine
the impact of a mobile phone-based voice message
intervention on ANC utilization, as defined by the
2016 WHO recommendation, at the primary health
care (PHC) level in Lagos State, Nigeria.

MATERIALS AND METHODS

Ethical considerations

The study protocol was approved by the institutional
review board (IRB) of the College of Medicine of
the University of Lagos Health Research and Ethics
Committee (CMUL/HREC/03/19/508) from April
2019 to April 2020. Written informed consent was
obtained from each participant before data collec-
tion. All participants had a right to withdraw from the
study at any time or refuse to answer any questions.

Study setting

This study was conducted in Lagos, Nigeria - a
cosmopolitan state in the South-Western part of the
country with 26 million people as of the year 2019.!8
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The state is divided into five administrative districts
which are sometimes used as a basis for allocating
public facilities. In terms of health service delivery
within the public sector, like the rest of the country,
this is organised across three levels (primary, sec-
ondary, and tertiary). The primary level is the foun-
dation of the health system and the level at which
non-emergency and preventative health services are
provided. It is also expected that uncomplicated
childbirth services and basic emergency obstetric
care services are available for pregnant women at
this level. There are 329 primary healthcare cen-
tres (PHCs) at the primary level with 20 of them
designated as comprehensive PHCs since they are
designed to have the capacity for providing the full
complement of primary level care on a 24-hour
basis.!?

Study design

This is a cluster randomised trial conducted in the
Lagos comprehensive PHCs. A multi-stage simple
random sampling technique was adopted in selecting
the PHCs to be included in our study. First, all com-
prehensive PHCs in the state were stratified based on
the administrative districts where they are situated.
Two comprehensive PHCs per district were selected
by simple random sampling from each district. Using
a balloting technique, one comprehensive PHC was
selected for recruitment of the control arm whilst
the other was selected for recruitment of the inter-
vention arm. Consequently, there were five PHCs
selected as the intervention arm and five PHCs for
the control. Study participants were recruited from
the selected PHC with inclusion criteria defined as
pregnant women who were registered for ANC at
the included health facilities and who had provided
informed consent a priori. Those who did not own a
mobile phone (whether shared or not) were excluded
from the study.

The intervention

The intervention consisted of weekly automated
voice messages provided via mobile phone from
recruitment during pregnancy to two weeks post-
partum. During the initial ANC visit, the woman’s
cell phone number and date of recruitment were
collected and used for the automation process. The
voice calls functioned as appointment reminders for

women, informing them of the appointment’s time,
location, and necessary preparation. In addition,
the message in the voice call included information
about the demonstrated benefits of ANC, risky preg-
nant symptoms, early labor indications, pregnancy-
related crises, and nutrition during pregnancy. Voice
call information after birth emphasized the benefits
of infant nursing and immunization and offered PNC
visit reminders.

The voice messages were created using findings
from Babycenter, the foremost digital parenting re-
source for new and pregnant women worldwide.?"
Other mhealth initiatives in Ethiopia and India have
utilized Babycenter as a starting point for the de-
velopment of similar initiatives.?"?? During design
workshops that comprised Lagos-based consultant
and resident obstetricians, public health profession-
als, and midwives, messaging were tailored for the
local context. The voice messages were created in
English, Yoruba, and Pidgin English, which are the
most widely spoken languages in Lagos State. The
woman had complete control over the language and
time of day (early morning, midday, or evening)
during which she received audio messages. The
voice message was given using a female’s voice,
lasted approximately two minutes, and began with a
distinguishing ’jingle’ to alert the expectant woman
and her close family members about the incoming
contact. To reinforce learning and knowledge, es-
sential messages were summarized at the conclusion
of the conversation. The prepared messages in the
three languages of instruction were pre-evaluated for
suitability to the local context by experts who also
ensured the translation process would achieve cross-
cultural equivalency.?® A company in the field of
information technology that develops mHealth ap-
plications supported in the transmission of the voice
calls. Field staff initiated two-way conversations
with all participants who missed two consecutive
ANC visits or two consecutive automated voice calls.
Similarly to those in the intervention group, women
in the control group got conventional prenatal care.
They did not, however, receive voicemails.

Sample size

The sample size for each study population was deter-
mined by comparing two proportions with a standard
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deviation at the 95% confidence interval (1.96). The
minimum sample size estimated was 227 per group
of pregnant women with a non-response rate of 5%.
A total of 488 consenting pregnant women were
recruited for this study. This study was conducted
between April 2019 and March 2020. All participants
were recruited in their first trimester of pregnancy
and followed up till delivery and during the postpar-
tum period.

Data collection

Data were collected at two points over the course of
the study. The initial collection was at the start of
the study when the participants were recruited. This
was done at the respective PHC through interviewer-
administered questionnaires. Data collection was via
interviewer-administered questionnaire. After ob-
taining informed consent, socio-demographic data
and obstetric history data of the participants were
collected. Data collectors were five female research
assistants assigned to two PHC per district. They
made fortnightly visits to each PHC in their juris-
diction to keep a record of ANC attendance of each
participant. In addition, the research assistants made
follow-up calls to any participant who had missed
two consecutive scheduled visits to ascertain the
cause for their absence. The research team also held
weekly meetings with the principal investigator to
review the attendance ledgers for consistency and
completeness, address any problems encountered by
the assistants and follow up with the software gener-
ation company in case of missed voice calls. At the
end of the study a second round of data collection
was performed to establish the number of ANC visits
across the study groups.

Data analysis

Given that the study was cluster randomised at the
PHC level, we could only conduct a per-protocol
analysis for the risk of the outcomes in both inter-
vention and control groups. The intervention was
coded into a binary variable with “1” representing
women who received the mobile message and “0”
representing women who did not receive the mobile
message. The main outcome variable was the number
of ANC visits (coded to “1” for women who had
eight or more ANC visits and “0” for those who had
less than eight visits).

All statistical analyses were done using STATA SE
17.0® (StataCorp, College Station, Texas, United
States). Descriptive statistics were used to sum-
marise the socio-demographic characteristics of re-
spondents. Bivariate analysis was conducted to mea-
sure the proportion of respondents who had at least
eight ANC visits in both intervention and control
groups. We computed multivariate generalised linear
models to measure the crude risk ratios of attending
eight or more ANC visits. These risk ratios were then
adjusted for age, educational level, and parity.

RESULTS

A total sample of 458 women were included in
this study, of which 269 were in the intervention
group (representing 58.7% of the total sample). All
women in the intervention group received the mobile
voice messages. Amongst those who received the
voice messages, the majority were aged 25-34 years
(62.2%), married (97.8%), Christian (63.2%), and
attained secondary education (70.0%). In terms of
their obstetric history, the majority were multiparous
(48.3%) (Table 1).

In terms of the ANC service received at ANC, the
majority of women (84.4% [intervention group];
86.2% [control group]) received health talk at ANC.
Almost all women (99.3% [intervention group];
98.4% [control group]) were willing to continue
ANC atthe PHC. Across the entire pregnancy, 60.7%
of respondents who received the intervention had
eight or more ANC visits compared to 30.1% of those
who did not receive the intervention (Table 2).

Women with secondary or tertiary education at-
tended eight or more ANC visits in the intervention
group whiles for the control group, these women
had primary and secondary education. In both inter-
vention and control groups, a larger proportion of
Christians had eight or more ANC visits compared to
Muslims (Table 3). Among the women who received
the intervention, 89.5% found it useful.

Women who received the intervention had a 2.01
(95% CI 1.44 — 2.80) higher likelihood of attend-
ing eight or more ANC visits compared to women
who did not. After adjusting for age, parity and
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educational status of women, the risk ratio increased
slightly to 2.25 (95% CI 1.59 — 3.18) (Table 4).

DISCUSSION

In this study, we aimed to determine the impact of
a mobile phone-based voice message intervention
on ANC utilization as defined by the 2016 WHO
recommendation at the primary health care (PHC)
level in Lagos State, Nigeria. After adjusting for
socio-demographic factors including age and educa-
tional status of women as well as parity, our findings
indicated that women who received the intervention
had a nearly three times (95% CI 1.59-3.18) greater
likelihood of attending eight or more ANC visits than
women who did not receive the intervention. This
demonstrates that correctly targeted mobile phone
voice messages can increase care-seeking for ANC
visits in LMICs in accordance with the most recent
WHO guidelines. A prior study of a comparable
voice message-based intervention in India did not
find any significant difference between the interven-
tion and control groups for the number of ANC visits
(three or more).?? However, our study evaluated
based on WHO recommendations for eight visits.'’
The variance in thresholds across our research may
explain why our findings varied. Nonetheless, it
is encouraging that custom-tailored routine audio
messages that doubled as appointment reminders
for women significantly increased service utiliza-
tion. Previous research has demonstrated that SMS-
based interventions increase ANC utilization.?42
Nonetheless, these studies predate the most recent
recommendations for eight visits.' Women who
received the SMS (intervention) and read the entire
SMS had a greater proportion of ANC visits (96.9%
vs. 84.4%, p=0.01) than women who did not get the
SMS (intervention).?® However, scholars have ques-
tioned the emotional connection of sending SMS
messages to women.?

A crucial aspect of our study is that it evaluates the
efficacy of a mhealth intervention on ANC utiliza-
tion based on the most recent WHO recommendation
and focuses on a voice message-based intervention
that has seldom been evaluated.'® However, a few
restrictions must be considered when interpreting

our results. First, we took a pragmatic approach
by randomizing PHCs instead of pregnant women.
This was done to prevent the intervention from hav-
ing any effect on the control group. In comparable
trials, mhealth treatments on ANC utilization were
examined using a cluster design.??® The process of
cluster randomisation may have contributed to the
observed variations. Despite controlling for socio-
demographic and obstetric variables, the observed
substantial effects remained. In addition, we were
only able to publish a per-protocol analysis, as every
pregnant woman in the intervention PHCs got the
intervention.

Regarding implications for practice, there is a strong
justification for utilizing audio messages to modify
health-seeking behavior and increase ANC utiliza-
tion. While the majority of women in our survey have
attained a secondary education, 36% of Nigerian
women do not have any formal education.” It is
crucial to create interventions directed at this cohort.
Indeed, the rising mobile phone usage in LMICs
such as Nigeria presents a unique opportunity.?’
Due to the increasing availability of low-cost mobile
devices, the number of smartphone connections in
2015 reached 226 million.?® A voice message is
easier to grasp for illiterate women who are unable
to read an SMS. In terms of delivery format, women
in our study found six or more audio messages to
be especially helpful. In terms of research conse-
quences, the optimal design of communications must
be investigated. Best practices, the experience of pre-
vious researchers, and sound public health education
theory led our research. However, other significant
gaps in intervention design persist.?? For instance,
what is the optimal quantity of voicemails? In ad-
dition, doubts exist regarding the cost-effectiveness
and cost-benefit analysis of this intervention.3’

CONCLUSIONS

A voice-message-based intervention can be useful
for boosting ANC usage. Further study is required
to optimize design by establishing cost-effectiveness
and institutionalizing it for service delivery. This
study contributes to the existing body of knowledge
about the impact of mHealth interventions on ANC
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utilization. When created, optimized, and contextual-
ized for a specific group of women, it can be a useful
tool in the global community’s efforts to ensure that
no one is left behind.
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TABLE 1: Socio-demographic characteristics of women in intervention and control groups.

Variable

Age in groups
15-24

25-34

35 and above
Marital status
Single
Married
Religion
Christian
Islam
Educational level
None
Primary
Secondary
Tertiary

Parity (N=457)
Nulliparity
Primiparity
Multiparity

Total (N=458)

97 (21.2)
285 (62.2)
76 (16.6)

10 (2.2)
448 (97.8)

299 (65.3)
159 (34.7)

5(1.1)

70 (15.3)
272 (59.4)
111 (24.2)

90 (19.7)
155 (33.9)
212 (46.4)

Intervention group (N=269)

48 (17.8)
168 (62.2)
53 (19.7)

6(2.2)
263 (97.8)

170 (63.2)
99 (36.8)

4 (1.5)

24 (8.9)
164 (70.0)
77 (28.6)

58 (21.6)
81 (30.1)
130 (48.3)

Control group (N=189)

49 (25.9)
117 (61.9)
23 (12.2)

4(2.1)
185 (97.9)

129 (68.3)
60 (31.7)

1(0.5)

46 (24.3)
108 (57.1)
34 (18.0)

32 (17.0)
74 (39.4)
82 (43.6)

OSANYIN ETAL.

TABLE 2: Characteristics of ANC received by women in intervention and control groups.

Variable

Received health talk at ANC

No

Yes

Willingness to continue ANC at PHC
No

Yes

Number of antenatal care visits
(N=413)

Had <8 visits

Had 8 or more visits

Total
(N=458)

68 (14.9)
390 (85.1)

5(1.1)
453 (98.9)

207 (50.1)
206 (49.9)

Intervention group

(N=269)

42 (15.6)
227 (84.4)

2(0.7)
267 (99.3)

105 (39.3)
162 (60.7)

Control group
(N=189)

26 (13.8)
163 (86.2)

3(1.6)
186 (98.4)

102 (69.9)
44 (30.1)
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TABLE 3: Bivariate table for proportion of women who attended at least eight ANC visits in both intervention
and control groups.

Variable Intervention group (N=269) Control group (N=189)

To- Had 8 ANC p- To- Had 8 ANC p-

tal visits value tal visits value
Age in groups 0.542 0.732
15-24 48 27 (56.3) 31 11 (35.5)
25-34 166 105 (63.3) 96 27 (28.1)
35 and above 53 30 (56.6) 19 6 (31.6)
Educational level 0.045 <0.001
None 4 2 (50.0) 1 0(0.0)
Primary 24 19 (79.2) 41 22 (53.7)
Secondary 163 89 (54.6) 83 21 (25.3)
Tertiary 76 52 (68.4) 21 1(4.8)
Parity 0.286 0.732
Nulliparity 58 30 (51.7) 29 7(24.1)
Primiparity 80 51 (63.8) 48 15 (31.3)
Multiparity 129 81(62.8) 69 22 (31.9)
Marital status 0.250 0.164
Single 6 5(83.3) 3 2 (66.7)
Married 261 157 (60.2) 143 42 (29.4)
Religion 0.005 0.005
Christian 170 114 (67.1) 91 35 (38.5)
Islam 97 48 (49.5) 55 9(16.4)
Received health talk at ANC 0.120 0.339
No 42 30(71.4) 23 5(21.7)
Yes 225 132 (58.7) 123 39(31.7)
Willingness to continue ANC at 0.756
PHC
No 2 1 (50.0) 0 0(0.0)
Yes 265 161 (60.8) 146 44 (30.1)
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Variable

Intervention
No

Yes

Age in groups
15-24

25-34

35 and above
Educational level
None
Primary
Secondary
Tertiary
Parity
Nulliparity
Primiparity
Multiparity

OSANYIN ETAL.

Outcome of more than 8 ANC visits

Crude RR (95% Cl)

1.00

2.01 (1.44 — 2.80) ***

1.00
1.05 (0.73 - 1.50)
1.04 (0.66 — 1.64)

1.00
1.58 (0.38 — 6.52)
1.12 (0.28 — 4.52)
1.37 (0.33 - 5.60)

1.00
1.21(0.81-1.81)
1.22 (0.84 - 1.78)

TABLE 4: Generalised linear models for risk of ANC>8 and delivery in a health facility as outcomes (N=458).

Adjusted RR (95% Cl)

1.00
2.25 (1.59 — 3.18)

1.00
0.93 (0.64 — 1.34)
0.90 (0.56 — 1.44)

1.00
2.08 (0.50 — 8.69)
1.20 (0.30 — 4.87)
1.38 (0.34 — 5.65)

1.00
1.15 (0.76 — 1.74)
1.17 (0.79 - 1.73)

%k %k %k

Note: ***p<0.001; **p<0.010; *p<0.050; OR Odds Ratio, Cl Confidence Interval.
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