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Abstract

Background: Mobile health (mHealth) technologies, such as wearable sensors, smart health devices, and mobile apps, that are
capable of supporting pregnancy care are emerging. Although mHealth could be used to facilitate the tracking of health changes
during pregnancy, challenges remain in data collection compliance and technology engagement among pregnant women.
Understanding the interests, preferences, and requirements of pregnant women and those of clinicians is needed when designing
and introducing mHealth solutions for supporting pregnant women’s monitoring of health and risk factors throughout their
pregnancy journey.

Objective: This study aims to understand clinicians’ and pregnant women’s perceptions on the potential use of mHealth,
including factors that may influence their engagement with mHealth technologies and the implications for technology design and
implementation.

Methods: A qualitative study using semistructured interviews was conducted with 4 pregnant women, 4 postnatal women, and
13 clinicians working in perinatal care.

Results: Clinicians perceived the potential benefit of mHealth in supporting different levels of health and well-being monitoring,
risk assessment, and care provision in pregnancy care. Most pregnant and postnatal female participants were open to the use of
wearables and health monitoring devices and were more likely to use these technologies if they knew that clinicians were monitoring
their data. Although it was acknowledged that some pregnancy-related medical conditions are suitable for an mHealth model of
remote monitoring, the clinical and technical challenges in the introduction of mHealth for pregnancy care were also identified.
Incorporating appropriate health and well-being measures, intelligently detecting any abnormalities, and providing tailored
information for pregnant women were the critical aspects, whereas usability and data privacy were among the main concerns of
the participants. Moreover, this study highlighted the challenges of engaging pregnant women in longitudinal mHealth monitoring,
the additional work required for clinicians to monitor the data, and the need for an evidence-based technical solution.

Conclusions: Clinical, technical, and practical factors associated with the use of mHealth to monitor health and well-being in
pregnant women need to be considered during the design and feasibility evaluation stages. Technical solutions and appropriate
strategies for motivating pregnant women are critical to supporting their long-term data collection compliance and engagement
with mHealth technology during pregnancy.

(JMIR Form Res 2021;5(12):e28628) doi: 10.2196/28628

JMIR Form Res 2021 | vol. 5 | iss. 12 | e28628 | p. 1https://formative.jmir.org/2021/12/e28628
(page number not for citation purposes)

Li et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

mailto:jane.li@csiro.au
http://dx.doi.org/10.2196/28628
http://www.w3.org/Style/XSL
http://www.renderx.com/


KEYWORDS

pregnancy care; wearable sensors; mobile health; acceptance; mHealth service; design; mobile phone

Introduction

Background
Pregnancy is a normal physiological process, with most
pregnancies progressing without any problems. However,
pregnancy may pose many risks and complications (eg,
gestational diabetes mellitus [GDM], preeclampsia, and mental
health problems), which might greatly affect the health of the
mother, fetus, or both [1,2]. Together with women’s existing
medical conditions (eg, diabetes and hypertension),
pregnancy-related complications can lead to adverse outcomes
such as the loss of pregnancy by miscarriage, stillbirth, or low
birth weight [1,2]. A healthy lifestyle is essential for the health
of the mother and fetus and can potentially reduce the risk of
maternal complications [3,4].

The pregnancy journey involves regular checkups that allow
clinicians to monitor progress, identify potential risks, and
provide general advice to encourage a healthy lifestyle [5].
Different factors may contribute to the likelihood of developing
pregnancy-related conditions. Individual risk factors (eg, age
and BMI), lifestyle patterns (eg, diet and physical activity), and
physiological measures (eg, blood glucose levels, blood
pressure, and proteinuria) are all indicators of pregnancy-related
risk conditions [6,7]. Regular health and well-being monitoring
can support early detection of health risks, improve treatment,
and promote lifestyle adaptions in pregnant women [8,9].

Mobile health (mHealth), which involves the use of mobile and
wireless technologies to support the achievement of health
objectives [10], has been widely used in health care [11-13].
Wearable sensors and health monitoring devices are becoming
popular and being used to support the monitoring of health and
well-being [12-15]. These technologies support the sensing,
tracking, and reporting of individuals’ health measures
continuously (eg, physical activities and physiological data).
Smartphone apps, coupled with wearable and sensing devices,
have been used as data interfaces for visualization of
measurement data, as motivational tools via persuasive
messages, and to support personalized digital interventions to
improve care programs [16,17]. With the availability of these
technologies in health care, passive monitoring and personalized
assessment would become integral to continuous patient
monitoring [18].

The role of mHealth during pregnancy is being increasingly
investigated [19-23]. Using apps to support pregnant women
enhances the traditional pregnancy care model by providing
additional educational information and empowering women to
look after their own health [21,23-26]. Sensors and monitoring
technologies that automatically track specific health indicators
have been integrated into mHealth solutions to support pregnant
women’s self-care behaviors [22,27-29].

Challenges in Pregnancy mHealth Care
Despite the expansion of mHealth, the practicality, design, and
user needs for digital health monitoring in pregnancy require

more attention [23,30]. There is a range of consumer-based
wearable sensors and prototypes that can measure the physical
activity, sleep, and physiological parameters [18,31,32].
However, none of these have been specifically designed for
pregnancy care. While research has explored women’s and
clinicians’ views of mHealth in pregnancy, there is still a
knowledge gap regarding the preferences of mHealth monitoring
among pregnant women and their clinicians as well as the
suitability of mHealth monitoring for different conditions
[24,29,30,33]. Recent studies have highlighted the importance
of patient-centered design and behavior decision research in the
development of mHealth solutions for pregnancy [19,23,28].
Understanding the women’s and clinicians’ preferences and
their existing and preferred monitoring practices is crucial to
assist in the design of practical solutions to promote a healthy
lifestyle during pregnancy [23,24,28].

Intelligent data analysis can be used to identify the early signs
of illness [34] and potentially support the early detection and
management of complications in pregnancy [35,36]. Previous
studies have investigated the use of predictive analytics and
apps to support pregnancy care, with a focus on specific
conditions and the medical data collected by clinicians [8,37].
These solutions required access to data in medical record
systems and did not consider lifestyle (eg, sleep, diet, and
exercise) factors in their analysis. The ability to extend the
capability of clinical monitoring with multidimensional health
and well-being data, collected via wearable and health
monitoring devices, has the potential to provide significant
benefits to the pregnancy journey. However, challenges remain
in the collection of large-scale and long-term quality data
deemed suitable for pregnancy care [19,23].

Related to these challenges is the need to support pregnant
women’s engagement with technology [24,25,27,28,30]. Even
with emerging evidence on the potential benefits, barriers to
the implementation of mHealth technologies in pregnancy care
persist [19,24,27,28,38]. Various factors can impact an
individual’s feeling toward sharing and tracking health data,
including stress associated with mHealth monitoring, the
availability of reliable educational information, and ineffective
communication with clinicians [22,25,27,30]. Further research
is needed to understand pregnant women’s motivation to use
technologies to better support their engagement, data collection
compliance, and daily use [27,33]. This understanding can
inform the development of mHealth lifestyle interventions and
the integration of mHealth into pregnant women’s daily routine
and the clinicians’ care practices [24,25,30,38].

Objective
As an initial step to inform the design of appropriate
technologies to support the monitoring of health and well-being
during pregnancy, we aim to conduct a qualitative study with
clinicians, pregnant women, and postpartum women to
understand their existing risk assessment and monitoring
practices as well as their needs, interests, and preferences in
mHealth. We also aim to explore the potential factors that may
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influence their engagement with mHealth data collection and
monitoring as part of pregnancy care. The study, conducted in
the Australian context, contributes to the broader understanding
of factors that motivate the use of mHealth in pregnancy care
and how novel technologies can be designed and introduced to
improve user engagement and long-term health monitoring
during pregnancy.

Methods

Overview
A qualitative study was conducted using semistructured
interviews with pregnant women, postpartum women, and
clinicians currently working in pre- and postnatal care. The
study was approved by the Commonwealth Scientific and
Industrial Research Organization Health and Medical Human
Research Ethics Committee (reference number:
2019_017_HREC) and the Gold Coast Hospital and Health
Service Human Research and Ethics Committee (reference
number: LNR/2019/QGC/54173) in Australia.

The interview questions were adapted from previous studies in
conducting qualitative studies on digital health technology
design [39,40]. The interviews with pregnant women and
postpartum women included questions related to their experience
in monitoring their health and well-being during their pregnancy,
in particular their previous and current use of digital health
technology (activity trackers and health monitoring devices and
apps), and their interest and intention to use technology to
support the management of their pregnancy needs. The
motivations and factors that would contribute to their potential
acceptance of mHealth monitoring were also explored. In
addition, basic demographic and general information about their
lifestyle during pregnancy was collected.

The clinician interviews included questions related to pregnancy
risk assessment and management as well as supporting
pregnancy health and well-being in standard clinical care.
Clinicians’ thoughts were also collected on monitoring the
components of mHealth solutions, on potential medical
conditions for mHealth monitoring, and on how to introduce
mHealth monitoring in pregnancy care. Basic demographic
information about their roles and years of experience was also
collected.

Participants

Female Participants
The criteria for pregnant and postpartum female participants
(from here on, termed female participants) included the
following: an age of ≥18 years, pregnancy (any stage of
gestation) or postpartum pregnancy (no longer than 6 months
postbirth) at the time of study, and the ability to give informed
consent. The female participants were initially recruited via 2
internal email mailing lists within the authors’ organization.
The email recipients were asked to share the invitation with
friends and relatives who might be interested in participating.
A snowballing technique was also used, asking women who
had been interviewed to suggest other potential participants.
Once an expression of interest was received, an information

sheet and a consent form were sent to the potential participants
via email, and interviews were scheduled after the participants
consented. Purposive sampling was used during recruitment,
with participants selected by considering their pregnancy stages.
The focus was on a typical pregnancy, and high-risk pregnancies
were not targeted. Initial data coding was performed during the
data collection process. Recruitment continued until no new
codes were identifiable in the subsequent interviews. The female
participants were offered a gift voucher value of Aus $60 (US
$42) as compensation for their time.

Clinician Participants
Clinicians recruited for the interviews were health care
professionals involved in pre- and postnatal care at the obstetrics
and gynecology department of a tertiary public hospital in
Australia, which delivers standard clinical services in pre- and
postnatal care. The management team of the department was
interested in exploring the use of mHealth technology. Potential
participants were identified by a key study representative (an
obstetrician) at the hospital. They were chosen based on their
role, level of experience, and interest in participation. The study
representative emailed potential participants the information
sheet and consent form to introduce the study and study
investigators. Clinicians were required to express their interest
in participating before being included in an interview. No
compensation was offered to the clinician participants, except
for a chocolate snack after the interview.

Study Procedure
All interviews were conducted on a one-on-one basis with each
female participant during a 3-month study period. They were
all offered the choices of face-to-face, videoconference, and
telephone interviews. To ensure that the clinician participants
were less inconvenienced, 2 researchers made themselves
available at the hospital for 2 full days. Clinician participants
could attend the interviews anytime during those 2 days, if their
workflows allowed. Face-to-face interviews were conducted
either at a clinician’s private office or at a small meeting room
in the hospital. In addition, a telephone interview was offered
to a clinician who visited a different hospital. The interviews
were scheduled with the help of the study representatives. Each
interview session was conducted with 1 clinician, except for 1
session involving 2 nurse managers. Each interview was
conducted by 2 researchers and lasted approximately 30-45
minutes. The interviews were audio-recorded and transcribed
professionally.

Data Analysis
A thematic coding technique was used to identify the insights
from the interview data. One key researcher worked on the
coding of the transcripts using NVivo (QSR International) data
analysis software, and the other 2 researchers summarized their
interview notes. Initial findings regarding the themes that
emerged were discussed among the research team members. A
second round of coding and analysis was conducted by a key
researcher. The discussion continued over several meetings
before a report of the findings was generated. Themes related
to the current practices of regular monitoring and risk
assessment, current experiences, and motivations for using
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mHealth technologies, and perceived benefits and challenges
in incorporating mHealth technologies in daily life and practices
were identified.

Results

Participant Characteristics
A total of 8 female participants were interviewed (Table 1); 2
(25%) of them were in the second trimester of pregnancy, 2
(25%) were in the third trimester, and 4 (50%) were in the
postpartum stage. Pregnant women in their first trimester of
pregnancy were not available during recruitment. Of the 8
female participants, 2 (25%) had GDM, 1 (13%) had

preeclampsia, 1 (13%) had iron deficiency, and 4 (50%) had no
medical conditions during their pregnancies. Moreover, 4 (50%)
of the 8 female participants used private hospitals, 3 (38%) used
public hospitals, and 1 (13%) had both public and private
hospital experiences in their current and previous pregnancies.
A total of 4 (50%) female participants were recruited from the
researchers’ organization. All (8/8, 100%) of the female
participants had experience using smartphones and mobile apps
in general. A total of 13 clinicians from the public hospital were
interviewed, including 2 (15%) obstetricians who also worked
at private hospitals, 7 (54%) midwives in different roles, 1 (8%)
health educator, 1 (8%) social worker, 1 (8%) physiotherapist,
and 1 (8%) dietitian (Table 2).

Table 1. Characteristics of female participants (N=8).

Values, n (%)Characteristics

Pregnancy stage

2 (25)Second trimester

2 (25)Third trimester

4 (50)Postpartum (2-4 months)

Medical condition during pregnancy

2 (25)Gestational diabetes

1 (12)Preeclampsia

1 (12)Iron deficiency

4 (50)No medical conditions

Working time during pregnancy

7 (88)Full-time

1 (12)Part-time

First time mother

7 (88)Yes

1 (12)No

Public or private service used

3 (38)Public

4 (50)Private

1 (12)Mixed

Have used smartphones and apps

8 (100)Yes

0 (0)No
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Table 2. Characteristics of clinician participants (N=13).

Values, n (%)Characteristics

Roles

2 (15)Obstetricians

3 (23)Midwife

2 (15)Midwife, manager

1 (8)Midwife, clinical consultant

1 (8)Midwife, general practitioner liaison

1 (8)Health educator

1 (8)Social worker

1 (8)Physiotherapist

1 (8)Dietitian

Experience in their fields (years)

2 (15)<10

6 (46)10-20

4 (31)20-30

1 (8)>30

Gender

11 (85)Female

2 (15)Male

In this section, we have presented the key themes extracted from
the data, which are grouped into the following categories: risk
assessment, health monitoring practices, and care needs; female
participants’experience of health monitoring and attitude toward
mHealth; and the clinician participants’ perception of mHealth.

Risk Assessment and Monitoring During Pregnancy
Clinicians pointed out that every pregnant woman has unique
care needs and potential risks. They articulated when and how
risk assessment and support of lifestyle adaptions could be
carried out in practice.

Risk Assessment and Care Needs
The need for longitudinal monitoring was highlighted by
clinicians because many women who were initially believed to
have low-risk pregnancies due to their medical history could
become high-risk as their pregnancies progressed; one of the
clinician participants (C9) commented “pregnancy is a journey
with unpredictability.” As the clinicians explained, specific
indications and risks for medical conditions were assessed
during the early stages of pregnancy, throughout the pregnancy
period, during labor, and during postpartum. In the early stages
of pregnancy, the women’s health is typically monitored by
their primary care provider, the general practitioner (GP), before
their first visit to a hospital or an obstetrician. On the initial visit
to a hospital (for women using the public system), medical data
from the GP referral, medical history (eg, previous obstetric,
family, and psychosocial histories), pre-existing disorders, and
lifestyle (eg, smoking and alcohol intake) were consolidated.
For women who used private hospitals, obstetricians managed
their care and monitoring from the early stages of pregnancy
until postpartum. In public hospitals, midwives used the

guidelines of referral and consultation to decide how and when
to refer women at different stages of pregnancy to obstetricians
and other health care professionals. The care plan and
monitoring arrangements depended on the women’s condition,
their risk factors, their preferences, and the hospital’s capability.
One obstetrician explained:

If anything changes along that timescale, they get
referred back to obstetric clinic and they come under
obstetric care, but that is because they developed a
complication along the lines, either would be
gestational diabetes, or they have problems with blood
pressure or baby is not growing as well as it should
be. [C11]

Assessment and care coordination is required for high-risk
pregnancies. At the public hospital where the study was
conducted, a clinical midwifery consultant worked as a navigator
to provide coordination and consultation in collaboration with
the obstetricians and other specialists for high-risk pregnant
women. Such cases were flagged in the electronic medical
records and their management plans were recorded. The
high-risk pregnant women need to visit the hospital multiple
times to see different specialists, whereas others (intermediate
risk) whose conditions are well-managed only need some level
of coordination. The changing nature and different care needs
for pregnant women with different risk profiles are described
as follows:

It really depends on the health and well-being of the
women, and sometimes I can downgrade women and
sometimes I have to upgrade them as their pregnancy
goes along. So sometimes, women at the beginning
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need quite a lot of intensive support and coordination,
but once we have got that underway and we are on
the right track, then it can be stepped down. [C13]

Supporting Pregnant Women’s Healthy Lifestyle and
Well-being
Clinicians pointed out that awareness and support of physical
activity, diet, and mental and emotional aspects of well-being
in pregnant women is an important component of pregnancy
care. Nutrition, exercise needs, and expected weight gain were
discussed with the pregnant women during their first visit. This
information was included in the information pack, together with
useful website information and web links. Although the low-risk
women received general education, specialist consultations were
provided for at-risk women (eg, those with diabetes) to guide
their diet and physical exercise. Physiotherapy and dietitian
support were provided for women who needed interventions.
Mental health was assessed by an obstetrician review or a
midwife review. The Edinburgh questionnaire [41] was used
as a screening tool. Triage assessment for women with high
scores was performed, followed by a referral to the mental health
team for their ongoing management during the antenatal and
postnatal periods.

The midwife manager participants pointed out that there has
been some attention to monitor women’s lifestyle behavior,
emotional health, and well-being from a longitudinal
perspective. There is a trend of expanding the timeline of
pregnancy and perinatal care to the first 1000 days from
conception to when children turn 2 years old [42]. This is a
critical period as the pregnant and postnatal mothers’ health,
nutrition, and stress levels can have a long-term impact:

The education around that for the mother...is
modifiable behaviours...giving them the right support
and the right education that can make a big
difference, even the small changes...for the length of
stay, and for the long-term health benefits of that child
if they can change those behaviours when they go
home as well. [C7]

Female Participants’Perception on Health Monitoring
and mHealth

Overview
All female participants believed that maintaining a healthy
lifestyle was beneficial for their pregnancy. Most of them
integrated a certain level of exercise into their daily routines.
Walking was the most popular type of activity among them,
followed by activities such as swimming and aerobics. They
also maintained a balanced diet and monitored their body
weight.

In this section, we have described the female participants’views
on health measurements (eg, blood pressure and blood glucose
levels) and lifestyle behaviors (eg, physical activity, diet, sleep,
stress and mental health, and weight management) that can be
tracked using wearable sensor devices, health monitoring
devices, and mobile apps.

Monitoring Physical Activity, Sleep, and Heart Rate
Commercial activity trackers (eg, Fitbit [Fitbit Inc] and Apple
Watch [Apple Inc]) were used by 63% (5/8) of the female
participants to track their steps, sleep, and heart rate. Of the 5
of them, 2 (40%) used activity trackers before pregnancy and
continued using them during pregnancy, whereas the other 3
(60%) bought a device specifically to monitor their physical
activity during pregnancy. Participants who did not own or use
activity trackers during pregnancy thought that they had no
medical problems, were physically active already and did not
need additional motivation, or were concerned about the
inconvenience of wearing a tracker and the need to charge the
device battery.

Physical activity was the key measure tracked by the participants
who used trackers. Furthermore, 25% (2/8) of participants used
trackers to keep track of sleep quality. Interestingly, although
4 (50%) of our 8 participants mentioned sleep problems during
pregnancy (eg, waking up a couple of times at night and
difficulty going back to sleep), they did not feel the need to
track their sleep every day as they knew they had this issue.
Similarly, heart rate was not a concern for most of them, with
only 25% (2/8) of participants who tracked their heart rates on
the activity trackers noticing an increased heart rate when they
were stressed:

I tended to notice that it seemed to be when I was
trying to rush around somewhere or I was a little bit
anxious, it was often higher when I was at the
hospital...so I was just conscious to kind of take some
deep breaths and just try and sit down and calm down
for a little bit. [F2]

Monitoring Weight
All female participants used weight scales at home before and
during their pregnancy. Of the 8 participants, 2 (25%) paid
particular attention to weight increase as suggested by doctors,
whereas another 6 (75%) participants used the scales on a now
and then basis:

I didn’t properly track my weight, I just put myself
on the scale every week or so...And the obstetrician
always got my weight as well on his scales, so he
tracked it that way. [F5]

Monitoring Diet
Participants with GDM diagnosis tracked their calories. Of the
8 participants, 1 (25%) tracked food intake using an app and
found it useful, as she was told by her physician not to gain
more than a certain weight. Half (4/8, 50%) of the participants
expressed their willingness to try a diet-tracking app. The other
half felt that they did not have any major health concerns that
required them to track food intake, that their weight was in
healthy range, or that they were concerned about the time and
effort required to record and check the data:

That’s never been a priority for me to monitor how
many calories I’ve had during the day because I’ve
never been someone that over eats and I’ve always
stayed within a pretty healthy weight range. [F3]
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Monitoring Blood Pressure
Most of the female participants did not measure their blood
pressure at home, with it being measured only during their
hospital visits. Only 38% (3/8) of them had a blood pressure
device at home, with only 25% (1/4) of them (who used a private
hospital) measuring it regularly at home owing to abnormal
blood pressure being detected occasionally on her visits to the
clinic. Participants were educated by their clinicians on how to
monitor their symptoms and were informed that their local GPs
or pharmacists could check their blood pressure if needed:

If I had other symptoms, I felt confident that I could
just find that out quite easily and quickly, and I know
a lot of pharmacies and things they can just do a quick
blood pressure check. [F1]

Monitoring Blood Glucose Level
Female participants with GDM maintained regular
self-measurement and reporting of blood glucose levels during
pregnancy. The readings from a blood glucose testing device
were recorded by women (in a public hospital) in a booklet and
discussed with clinicians on their visits. At private hospitals,
this was recorded by women on an Excel (Microsoft, Inc)
spreadsheet and emailed to the clinics every 1 or 2 days to be
reviewed by the hospital’s endocrine or obstetrics team.

Monitoring Mental Health
The difficulty in receiving mental health support during the first
trimester was expressed by 63% (5/8) of participants, as they
were reluctant to talk about their pregnancy at this stage. Some
of them had morning sickness and did not enjoy food or
exercise. Although a GP is the primary care provider before
their first appointment at the hospital (or obstetric clinic), most
women had not established regular GP visits in their first
trimester.

In terms of tracking mood, it appeared that 25% (2/8) of female
participants who had good support network (family and friends)
were less interested in tracking their mood, whereas most
participants expressed this need as they either felt stressed in
maintaining their work commitments or became very emotional
during pregnancy:

Problems that probably didn’t seem like a problem
before all of a sudden seem so much worse, that sort
of gets you down a bit –that sort of feeling like you
emotional and you really want to talk about something
and – but then you wake up in the morning and you’re
like I don’t know what I was upset about, it’s probably
that sort of feeling that I’ve had throughout the
pregnancy. [F3]

Using Mobile Apps
All female participants had experience using various apps that
provided pregnancy and postnatal information or assisted in the
tracking of fetal movements. The key function they used was
to obtain information, such as week-by-week information about
their pregnancy progress and the baby’s growth, the symptoms
to look out for, nutrition information, and mental health support.
Apps for postnatal care were also used by 25% (2/8) of
participants to track the feeding, sleep, and growth of their

babies. Most participants used the apps to receive information
than to enter information:

I actually don’t put much information into it, I use it
more just for information like sourcing, but it does
allow you to track all your appointments and put all
your symptoms in and things like that as well...But
just having to enter information every day without
kind of getting any information back I don’t know
that wouldn’t be so appealing. [F1]

Female Participants’ Attitude Toward mHealth
Female participants’ overall attitude and concerns toward
mHealth included the following:

• They would be motivated to use mHealth if they knew that
clinicians could access their mHealth data, and they were
willing to share and discuss the data with clinicians at the
hospital or clinic visits.

• They would prefer to use devices that featured automatic
data capture without the need for manual data entry.

• If the use of monitoring devices (eg, blood pressure and
blood glucose level) had the potential to be associated with
positive outcomes, they would have had a stronger
motivation to use them.

• They would be less motivated to use mHealth if they had
no medical conditions or potential risks during pregnancy.

• They were concerned that it could be a source of anxiety
if the measurements were slightly out of the normal range,
adding to the stress they already had during their pregnancy.

• Half of them believed that most of the apps managed data
privacy and security well, whereas the other half were
concerned about potential security issues with their data.
All of them indicated that if there is an assurance of data
security and proper use of the data (such as studies aimed
at improving pregnant women’s health), they would be
more likely to track lifestyle behaviors and health measures.

Clinician Participants’ Perception on mHealth

Overview
Clinician participants saw the potential of using mHealth
technologies for the monitoring of health and well-being in
pregnant women, particularly for longitudinal monitoring during
pregnancy, as complications could develop in women with or
without a risk history. They also acknowledged that it could
play an important role in supporting the current practices of risk
assessment and care for pregnant women with different risk
levels. According to them, for pregnant women classified as
high-risk and for those who required additional education and
monitoring of their health status, mHealth can be an invaluable
tool to improve their compliance.

In this section, we have described the clinicians’ views on
technology requirements and suitable conditions for mHealth
monitoring and the factors that may help introduce technology
in their practice.

Broad Requirements
Data collection from multiple sources, incorporating accurate
information to pregnant women, clinician portal to access data,
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providing features for alertness, and ease of use were among
the desired features for the clinicians.

Health Monitoring Data

Clinicians agreed that some generic health parameters, such as
blood glucose and weight, could be measured by pregnant
women at home. The dietitian participant mentioned that a
wearable continuous glucose monitoring device was provided
to patients with type 1 diabetes and this was supported by the
Australian government’s continuous glucose monitoring
initiative [43].

The clinicians’ opinions on the measurement of blood pressure
at home by pregnant women varied. Of the 13 female
participants, 3 (23%) of them were supportive, whereas others
expressed concerns. In total, 6 participants explained that
misinterpretation and inaccurate readings can cause unnecessary
anxiety as pregnant women are not trained to measure blood
pressure correctly; individuals’ reference ranges might also be
slightly different for each woman, and clinicians did not expect
low-risk women to take their blood pressure at all times. One
clinician participant commented the following:

Because they use electronic blood pressure cuffs at
home, they are not trained to use a manual one and
the electronic ones may not accurate, they can be a
bit off and then that could lead to the woman starting
to worry and think-oh my blood pressure is so high...If
needed we might get them to go to their GP and get
it done more frequently...or monitoring blood pressure
by visiting the pharmacy. [C8]

Lifestyle Data

Clinicians were most receptive to the use of physical activities,
diet, and sleep monitoring when considering wearable sensors
and apps for pregnant women. One clinician mentioned that
some existing blood glucose monitoring apps can collect
additional information such as self-reported insulin dose, dietary
intake, carbohydrate amounts consumed, and the time of
exercise. Another clinician pointed to the link between good
sleep and clinical outcomes, such as blood glucose level control.
Physical activity tracking was considered particularly useful
for women with a high BMI or with diabetes:

Physical activity is helpful for women, but in terms
of us it is not something we ask normal women like
we won’t say have you been walking three times this
week, but it is relevant if she has diabetes where she
needs to do the physical exercise of if she has a higher
BMI. [C8]

Questionnaire Data

Incorporating validated questionnaires (such as the Edinburgh
questionnaire to measure the risk of mental health issues) into
an mHealth solution was suggested by some clinicians.
However, they also pointed out that the questionnaire results
would need to be analyzed in combination with other measures.
The frequency of the questionnaire should be considered on a
case-by-case basis, and guidelines were needed for clinicians
to follow up on the results, as one clinician explained:

We have to have some process of being able to pick
that up and work with, say if someone reports that
they’re not doing so well or they have suicidal
ideation we have to make sure we have clear
pathways of what to do with that information. [C6]

Incorporating Accurate Information and Feedback

Clinicians saw the importance of incorporating an app providing
tailored information and feedback to pregnant women into the
mHealth technical solution.

According to the clinicians, pregnancy is a process of education
and information seeking for pregnant women. Not all pregnant
women read the material provided by hospitals. Some might
not know their risks, the consequences of the risks, and the
symptoms to watch. They might seek materials from the internet
or educational content from the available apps that provide
general information. Hospitals did not provide suggestions for
the selection of apps.

Clinicians highlighted that educational content needs to be
accurate and tailored to particular conditions. Ideally, it should
provide individualized information or advice to women with
different risk factors and should integrate targeted information
as a component to encourage the women’s use of mHealth
during pregnancy. One clinician said, “It’s just got to be
continually meeting the needs of the different cohorts and the
health literacy of the individual” (C7).

Access Data by Clinicians

Clinicians discussed the need for a portal or central source of
mHealth data for different clinicians to access. The ability to
review the data can better support patient-clinician
communication and improve the efficiency of face-to-face
consultations.

Alerts

The clinicians were supportive of an alert feature. They pointed
out that one key aim of monitoring should be to make women
respond to their data, that is, women getting flagged by an alert
that could trigger their access to health professionals. Predictive
analysis based on the monitoring data could also potentially
provide alerts to clinicians to allow early detection of problems
and timely interventions.

Ease of Use

Clinicians highlighted that mHealth technology needed to be
user-friendly and with minimum effort to use for pregnant
women. They suggested that mHealth solutions incorporate
monitoring devices with the feature of automatic data capture.

Clinical Considerations for mHealth Monitoring
The conditions in pregnant women groups that can potentially
benefit from mHealth technology-assisted monitoring were
discussed by the clinicians.

Gestational Diabetes

Pregnant women diagnosed with GDM receive ongoing support
from diabetes educators, diabetes dietitians, and endocrine
specialists from the pregnancy to postnatal stages. According
to our clinician participants, women with GDM were advised
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to test their glucose levels at home 4 times a day using a glucose
monitor, record the results, and have periodic follow-up visits
at the hospital. Existing glucose monitoring practices require
extensive effort from both female patients and clinicians.
Clinicians could benefit from easy access to data through
web-based or mobile solutions. Our clinician participants
indicated that GDM is the most common and suitable medical
condition to consider for mHealth interventions.

Hypertension

For women with hypertension, blood pressure needs to be
monitored for potential risks of preeclampsia, or to assess the
patient’s response when taking medication for high blood
pressure. It is important to provide training to these women on
how to use blood pressure monitoring devices. Blood pressure
measures also need to be assessed in combination with
symptoms such as headache, blurred vision, and swelling as
well as pathology tests.

Obesity or High BMI

Women with a high BMI might have pre-existing diabetes or
are at a high risk for gestational diabetes. It is important for
them to maintain an appropriate lifestyle. They can benefit from
regular weight tracking and diet monitoring.

Mental Health

This includes antenatal and postnatal depression, anxiety, and
depression. mHealth has the potential to help track how pregnant
women feel, their mood, and when to receive timely intervention
and counseling.

Stillbirth Prevention

Obstetrician participants pointed out that despite previous efforts
to improve care and monitoring, progress in reducing stillbirth
rates remains low. Sleep apnea can be a risk factor for stillbirth,
and obstetricians were interested in investigating the relationship
between sleep abnormalities and stillbirth using smart sensor
technologies.

Other

Women with previous history of pregnancy problems, such as
fetal growth restriction and fetal loss, were discussed by the
clinicians.

Challenges
Although the clinicians were positive about the potential uses
of mHealth technologies, challenges around engaging pregnant
women, technology issues, changes in practices, and
evidence-based solutions were discussed in the interviews.

Women’s Engagement

According to clinician participants, pregnant women’s
compliance with self-reporting (such as diet and questionnaires)
could be a challenge, especially for women who were busy and
if the recording process was not simple. Women might stop
using the monitoring devices if monitoring created anxiety.
Language and cultural barriers can be an issue for the
engagement of non–English-speaking groups. Although pregnant
women diagnosed as high-risk tend to be more compliant,
providing education and showing benefits can potentially
improve data collection compliance for other women:

I would worry about the compliance that was going
to be my first feedback...their lives are so busy and
their stress levels fluctuate a lot and they would find
it hard to commit all the time...I think the compliancy
is as good as the education they’re given, if we
explain it well and how it can benefit them and
empower them...So the biggest blockage for
technology is compliance and consistency. [C3]

Technology

Technology concerns were captured during the interviews. These
included accuracy of wearable sensors and devices, as it was
directly linked to the reliability of the data, and the cost of a
device, as it was an issue for women with low income if the
device was expensive. Therefore, providing individualized
information was a challenge, as it would be difficult to meet
the complex needs of different women and their different
conditions.

Intelligent modeling for prediction and its accuracy can be
challenging. From a medical perspective, predicting a medical
condition is not easy, according to one obstetrician:

At this stage, in terms of finding predictors, in the
first trimester, second, early second trimester, that
would predict things like preeclampsia, things like
gestational diabetes, things like growth restriction or
foetal demise, even now they're still not there, they
don’t exist. [C11]

An obstetrician pointed out that detection of clinical
abnormalities can be enhanced by including other clinical and
health data from electronic health record systems. However,
the integration with other record systems can be a challenge.

Change of Practices

Few self-reported measures (except for blood glucose level for
patients with diabetes and weight tracking at some hospitals)
were collected in standard practice at the time of our study. The
midwives did not collect objective physical activity data and
diet information from low-risk women.

Reviewing the women’s monitoring data when introducing
mHealth was raised as a concern by some clinician participants
(eg, obstetricians) as it would require extra work in their already
busy schedules. However, other clinicians (eg, midwives)
responded that this would not be an issue for them, but it might
need a dedicated staff member to take the responsibility and
time to check the data and follow up when needed. Intelligent
decision-making with alerts for abnormal measures was
considered helpful for clinicians.

There is also a need to improve communication between
clinicians from multiple disciplines, including GPs. Engaging
busy clinicians by showing potential outcome improvements
could motivate them to be involved:

All clinicians want to do the right thing but only have
a limited amount of time, so I think you would engage
clinicians by showing them the data
on...literature...and (explain) that if we do this, women
are less likely to end up having this outcome...I think
people would be excited for that. [C2]
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Demonstration of Impact

Clinician participants supported the approach of conducting an
evidence-based trial before introducing mHealth into practice.
Most clinicians were willing to participate in an mHealth trial.
The initial steps they suggested included targeting particular
groups (eg, women in rural and remote areas) and particular
conditions and supporting women from low socioeconomic
backgrounds where the prevalence of risk factors is common,
and technology can make a difference:

So I think in the right conditions with the right people
it would work. I could see that it would certainly work
in some of the rural and remote areas...if they could
just with an App send in their information and then
someone can look at it and just ring them up and
reassure them. [C9]

Discussion

Potential Interests
mHealth technologies for health and lifestyle monitoring have
been used in the general population. There is a growing interest
in introducing mHealth solutions to support the pregnancy
journey, which is the period of a woman’s life that involves
significant physiological changes and potential risks [29,44].
In this study, we examined the interests and perceptions of
women and clinicians regarding the use of mHealth for health
and well-being monitoring during pregnancy.

Our study showed that female participants were open to the use
of wearables and health monitoring devices to track health and
well-being in general, with most of them having previous
experience of using physical activity trackers and mobile apps
before and during their pregnancy. This result echoes previous
research [25,30], including a study conducted in the Australian
context [24]. Despite low interest in monitoring lifestyle
behaviors among low-risk pregnant women with no medical
problems, all female participants felt comfortable sharing
information from wearable and monitoring devices with their
clinicians and would have felt motivated if clinicians could
review the data. In addition, women with a GDM diagnosis
were normally engaged in continuous health monitoring of
blood glucose, with data being recorded manually, and would
be supportive of an mHealth solution to make the process more
efficient.

Clinicians in our study did not use mHealth technology and
wearables or prescribe mobile apps in the current practices.
However, our findings revealed that there was an overall positive
response among these clinicians on the potential benefit of
mHealth for monitoring pregnant women’s health and well-being
and promoting healthy lifestyle behaviors during pregnancy,
similar to the findings of other studies [24]. Despite the concern
about women’s anxiety caused by self-interpretation of the data,
clinicians were interested in using mHealth monitoring to assist
the current practices of risk assessment and regular checks with
pregnant women. Our study also highlights that mHealth
monitoring is aligned with the trend of extending the context
of perinatal care to a longitudinal health and well-being care
model [26,42]. It can further serve to empower pregnant women

to take more of an active role in their lifestyle behaviors during
the antenatal, pregnancy, and postnatal periods.

Improving Engagement With mHealth Technology

Overview
Building a rich and multidimensional data pool is required to
identify changes in lifestyle, health indicators, and risk factors
associated with pregnancy complications. However, the
motivation and sustainability of long-term data collection in
pregnant women might be difficult [19,27,30]. We found that
different contexts (eg, health status and access to support
network) can impact an individual’s decision to track and share
data. Our findings have shown that higher compliance can be
achieved in women who were already engaged with their care
(eg, women with higher risk) and women who embraced
technology. Women with busy work commitments were less
likely to comply with the use of mHealth solutions.

Design Considerations
Our study has shown that monitoring requirements and care
needs vary with the combination of particular conditions and
risk levels among pregnant women. As such, technology
solutions need to be tailored to the unique needs as per the
conditions and risk levels of the individual women. Different
modules with different monitoring parameters and monitoring
frequencies can be made available for clinicians to select and
assign to women based on the severity of their conditions and
risks. For women considered to be at high risk or for those with
an available diagnosis, the focus of the solution can be on using
condition-specific devices and parameters to help prevent
adverse events and provide alerts to both pregnant women and
their clinicians. For low-risk women, to reduce their unnecessary
burden and anxiety, the focus of the solution should be to help
them establish healthy lifestyle behaviors and watch their
symptoms without the daily collection of medical data.

Irrespective of the risk levels, our research suggests that women
will benefit from a mobile app that not only interfaces with
monitoring devices but also provides guidance on healthy
lifestyle and behavior changes. Other studies have shown that
mHealth interventions often require support from other
modalities, such as educational content [45,46]. Our study has
revealed further details about the women’s tendency to seek
trustworthy tools that deliver answers to weekly pregnancy and
baby growth information, concerns in early pregnancy stage,
information support services, and personalized information,
such as nutrition, fitness, and weight. Pregnant women require
clinically accurate and actionable information and feedback.
Simple, engaging, tailored, and risk-appropriate information
and text messaging delivered according to their stage of
pregnancy can be useful in maintaining pregnant women’s
interests and satisfaction. Similarly, motivation tools such as
medals and rewards in apps can provide them with
encouragement for achievements, such as targeted physical
exercises or healthier gestational weight gain.

Implementation Considerations
Our study suggests some strategies on how to work best with
less motivated pregnant women. First, one possible solution to
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help overcome this challenge would be to introduce the
technology to women during the first trimester, which is a
difficult stage when mental health support and self-guided
information seeking are needed. This would allow them ample
time to get comfortable with the technology and overcome some
level of anxiety, thus motivating them for continued use in the
later stage. Second, clinicians’ recommendations and indications
of potential positive outcomes in women can help improve their
acceptance. This may contribute to lesser anxiety and stress and
higher motivation and reassurance for the women if they know
that clinicians are involved. Finally, providing education and
training to women in using technology is also important to
reduce unnecessary stress and anxiety associated with mHealth
during pregnancy.

Introducing mHealth Technology in Practices

Overview
Given the complexity of pregnancy care, there are challenges
in introducing mHealth monitoring in care practices. Detecting
clinical abnormalities and analysis based on high volume and
heterogeneous data generated from mHealth devices can be
challenging. This requires the skills necessary to accurately
analyze the data for sound clinical decision-making. Participants
of this study were also concerned about the extra workload for
clinicians in data monitoring.

Design Considerations
Female participants and clinician participants of this study were
supportive of having an mHealth system with an alerting
function that could not only notify the clinicians of changes in
a woman’s condition but also enable the women to be aware of
problems and to be proactive in seeking professional service.
Research in advancing data mining techniques and personalized
algorithms has made intelligent detection and risk awareness
possible.

However, according to our interviewed clinicians, accurately
predicting the likelihood of a pregnancy risk and change in a
condition is difficult in pregnancy care. It might require a
multidisciplinary approach that considers pregnancy risk factors,
symptoms, laboratory findings, and even data about the baby.

Health monitoring using physiological and activity measures
from wearable sensors has been growing recently, but the
integration of these technologies into practices, particularly
pregnancy care, has been limited due to concerns about patient
privacy, uncertainty about the reliability of the technologies,
and usability, as reported in other studies [29,30,33,38]. In this
study, the women’s views on privacy varied. Some women were
not worried about it, whereas others were cautious about
providing their data because of concerns regarding the
maintenance of confidentiality for the captured data. Uncertainty
in the reliability of these emerging wearables was also expressed
by the clinician participants. Ease of use and automatic data
capture were among the women’s and clinicians’ requirements
for the devices. Technology development in truly wearable,

miniaturized, and nonintrusive technologies can lower the barrier
of usability and allow passive and longitudinal data collection.

Implementation Considerations
In this study, the clinician participants anticipated that some
medical conditions such as GDM, hypertension, and mental
health could benefit from the use of mHealth monitoring.
However, evidence on the effectiveness of mHealth monitoring
in pregnancy is limited and needs further investigation before
supporting its future use. They suggested that some medical
conditions (eg, GDM) and groups (women in rural and remote
areas) would be suitable for the feasibility trials of mHealth and
for further investigations before implementation. Longitudinal
studies are needed to evaluate the efficacy of mHealth solutions
for monitoring during pregnancy, especially in high-risk
pregnancies as well as acceptability among pregnant women
and clinicians to promote the uptake of mHealth technology.

Limitations
Due to the constraints in the hospital ethics application process
for studies involving pregnant patients in hospitals, we were
not able to recruit female participants from the hospital during
the study period. All female participants were recruited through
community advertisements and word of mouth. As such, the
number of female participants was limited, particularly those
in the first trimester of their pregnancy. Additionally, the
clinician participants were recruited from a public hospital,
although the obstetricians also worked at private hospitals. To
enrich the current findings, further studies could gain insights
from more clinicians working in private hospitals and the GPs.
Finally, in this study, we only captured limited socioeconomic
information from female participants. We found that the
participants touched upon (only slightly) the challenges for
women with low income or women with diverse cultural and
linguistic backgrounds during the interviews. Future research
on the impact of pregnant women’s socioeconomic status and
cultural background might be needed to better understand the
technology generalizability and digital equity in mHealth for
pregnancy care.

Conclusions
We have explored the aspects of current risk assessment
practices, users’ motivations, and concerns as well as clinical
and technical factors that need to be considered when designing
and introducing mHealth monitoring solutions for pregnant
care. Adequate high-quality data collected through longitudinal
monitoring is required for the intelligent detection of risks. We
discussed technology solutions and implementation strategies
to improve pregnant women’s engagement with technology and
data collection, which are critical for mHealth solutions to
facilitate the tracking of health and behavior changes during
pregnancy. Future research will include feasibility studies to
inform the development of mHealth technology and
evidence-based evaluation studies to understand the efficacy of
mHealth solutions in supporting pregnancy care.
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