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Abstract

Background: Gestational diabetes mellitus (GDM) is defined as glucose intolerance first identified during preg-
nancy. Delays in diagnosis and challenges in management can lead to serious adverse outcomes for the mother and
child. As rates of GDM diagnosis increase worldwide, health systems and maternity services have become in-
creasingly strained, especially with new restrictions around in-person care due to the current COVID-19 pandemic.
Mobile health (mHealth) has increasingly shown promise for management of chronic disease, driven by smartphone
adoption and increased internet connectivity. The aim of this work was to evaluate the adoption and multidisci-
plinary care coordination of an mHealth platform called MOTHer in a cohort of women with first-time diagnosis of
GDM.

Methods: The mHealth platform for GDM management was developed incorporating a smartphone application,
clinician portal, and secure cloud data storage. Forty participants with a first-time diagnosis of GDM were
recruited to use the app during their pregnancy. User attitudes from clinicians and women were captured
through post-hoc surveys, and app-usage metrics.

Results: Clinicians and women indicated satisfaction and ease of use of the mHealth platform, with some
technological challenges around wireless connectivity. Blood glucose reviews and antenatal contact were higher
with use of the MOTHer app compared with a matched historical sample.

Conclusion: The MOTHer mHealth platform is a new comprehensive tool for health care of women with GDM,
and may provide an effective new avenue to enhance multidisciplinary care in the face of COVID-19 dis-
ruptions and challenges to traditional care pathways.
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Background

GESTATIONAL DIABETES MELLITUS (GDM) is defined as
glucose intolerance first identified in pregnancy and can
have serious adverse effects on pregnancy outcomes and neg-
ative implications for the long-term well-being of the mother
and child.! An increasing number of women during pregnancy
are being diagnosed with GDM, reflecting increases in mater-
nal age, higher prevalence of obesity, and new diagnostic cri-
teria widely adopted in Australia (2014) and internationally.” In
Australia, GDM now affects ~15% of pregnancies,3 but can
occur in up to 30% of pregnancies in high-risk populations.*

Increasing incidence of GDM has strained existing support
systems and maternity services, with an associated rise in re-
lated health care expenditure. Growing costs are one of several
systemic barriers to effective health care of women with GDM,
as are challenges in communication between multidisciplinary
care teams, and limited resources in rural and remote com-
munities.” Even in adequately resourced environments, chal-
lenges in management remain. Daily blood glucose levels
(BGLs) are routinely recorded by using paper-based diaries
and can be influenced by poor recall, inattention to detail, and
delays in transmission of results to the treating clinician and
members of the health care team.® Suboptimal blood glucose
control can increase the risk to the mother and unborn child
with potentially serious medical consequences.’” This situation
may arise in cases with delayed diagnosis where extended
periods of high or low BGLs may occur before the first face:
face review and intervention by health care staff.

Mobile health (mHealth) technologies have been increas-
ingly adapted for management of chronic disease, driven by
smartphone adoption and growing access to the internet.
Smartphones are an attractive technology platform for health
services deployment, as they can functionally integrate dif-
ferent monitoring and communication technologies for a
comprehensive approach to health management.® Owing to
their near ubiquity, smartphone-based mHealth platforms are
increasingly used by health care providers to deliver health
advice and interventions at a personal level to patients.’ Recent
studies have demonstrated the effective use of mHealth in self-
management and medication adherence for patients with dia-
betes, supporting their potential to expand clinical influence
beyond the traditional settings and into the home."”

At the Redland Hospital GDM clinic (Metro South Health
[MSH], Redland City, Queensland, Australia), a survey of
patient preferences was completed to determine preference
for use of mobile technology as an adjunct or alternative to
traditional face-to-face clinical care in women with GDM."!
Responses indicated that women with GDM would benefit
from being offered a choice of individualized options, in-
cluding mobile- and personally delivered clinical care. It was
therefore anticipated that an mHealth platform would support
not only the women who were pregnant, but also clinical care
providers during management of GDM from diagnosis until
birth. In response, an innovative mHealth platform was de-
veloped through a collaboration between MSH and the Com-
monwealth Scientific and Industrial Research Organisation
(CSIRO), and was trialed in a cohort of women with a first-
time diagnosis of GDM. The aim of the current study was to
evaluate adoption (use and user satisfaction), multidisciplinary
care coordination, and health care utilization through use of
the mHealth platform, called MOTHer. We hypothesized that
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the smartphone- and internet-based interactive support system
would be readily adopted and convenient for all users in a
small observational study at Redland Hospital.

Methods
Study design

This feasibility study involved the research and develop-
ment of an mHealth platform for GDM management, pre-
liminary implementation at Redland Hospital, and feedback
from clinicians and end-users.

Participants

Recruitment of participants between August 2017 and April
2018 occurred at Redland Hospital with a goal of recruiting
n=40 women with a first-time diagnosis of GDM. Inclusion
criteria included a confirmed oral glucose tolerance test diag-
nosis of GDM between 24 and 28 weeks of gestation, at least 16
years of age, owning and the ability to use a smart mobile
phone, and the ability to speak and understand English. Ex-
clusion criteria included women who had any other type of
diabetes, severe comorbidities that would limit participation, or
a known history of major psychiatric illness. Study recruitment
is illustrated in Figure 1. Women with GDM who did not wish
to be involved in the research were offered the usual antenatal
care and excluded from data analysis. Ethical considerations
specific to women who are pregnant were followed during
study conception and design as outlined by the National
Statement on Ethical Conduct in Human Research 2015.'% All
study procedures were approved by the CSIRO Medical Re-
search Ethics Committee (#2020_047_RR), and Metro South
Hospital and Health Service (HREC/16/QPAH/785) before
enrollment commenced.

MOTHer platform development (intervention)

The MOTHer platform followed an evolutionary devel-
opment process involving clinicians, patient advocates,
health services information technology representatives, and
researchers at all stages of development. The platform was
architected with consultation on ideal user experiences for
the app and a requested feature set for the clinician portal.
Regular working group meetings incorporated feedback and
revisions throughout the process.

After initial development of the mHealth platform, clini-
cians and research staff led a 2-week trial implementation,
testing mock user creation and registration, app installation,
and data input and review through the clinician portal. At the
conclusion of the trial, contributors identified areas for im-
mediate and future improvement, with functional bug fixes
and feasible feature upgrades proceeding before enrollment
of study participants. The MOTHer platform integrates
smartphone (i0S/Android) delivery of multimedia content,
app-based data entry of BGL and other health data, and a
clinician web portal to support women managing GDM from
diagnosis to childbirth (Fig. 2).

Sampling procedures

Following recruitment, all participants were provided with a
Bluetooth-enabled blood glucose meter (Roche Accu-Chek
guide Meter, Rotkreuz, Switzerland). All participants received
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FIG. 1. Schematic illustration of a GDM diagnosis (Queensland Clinical Guideline: Gestational Diabetes Mellitus'? ) and

study recruitment.

usual antenatal care, as well as access to the MOTHer app. The
MOTHer app was installed on the participants’ personal
smartphone, and they were instructed in its use. The smart-
phone was carried by the women throughout the day to allow
for health data logging (e.g., BGL, weight, exercise, diet,
symptoms) and to provide access to adjunctive multimedia
educational materials to assist them with their GDM manage-
ment. Steps were automatically recorded through the built-in
accelerometer, but other forms of exercise could be entered
manually with indication of duration and intensity on a modi-
fied Borg scale. Health measures recorded through the app were
individualized to each woman’s needs through the clinician
web portal. Data entered into the app were automatically up-
dated to the clinician web portal for viewing by the health care
practitioner at intervals determined by the Redland GDM ser-

vice. Data could also be reviewed by health care practitioners
during clinic appointments, aiding in discussions with women.

Historic data for comparison were obtained through
retrospective analysis of available medical records for
women with GDM. This review was performed by matched
comparison of the recruited participants (matching criteria:
age, prepregnancy weight, total number of participants).
Data collected during the study and for historical com-
parison are outlined in Table 1.

Measures

The primary endpoint of this study was user adoption
through (1) usage as measured by number and frequency of
BGL readings uploaded through the smartphone app and



MOTHer, MHEALTH FOR GESTATIONAL DIABETES

FIG. 2. Schematic illustration of a
GDM support platform using MOTHer.
A woman with GDM (a) installs the
MOTHer app on her smartphone (b). The
MOTHer app is used for data input, such
as BGL, weight, exercise, and symptom:s,
and delivery of motivational prompts and
educational media. Patient data are up-
loaded to a secure centralized patient
database (c), and can be accessed by the
GDM care team (d) via a clinician web
portal (e). Data can be reviewed via the
web portal by health care practitioners
during clinical appointments, aiding in
discussions and management decisions.

(2) user satisfaction measured using a mixed-methods ap-
proach incorporating the Likert scale and open-ended sur-
vey questions.

A secondary endpoint of the study was the comparison of
measures of care using the MOTHer app to matched histor-
ical data. Comparison measures included (1) number of BGL
clinical reviews by individual clinicians or antenatal care
team, (2) frequency of antenatal contact, (3) occasions of
service, related to GDM, attended by women, and (4) time
from attendance at GDM group education to commencement
of metformin and/or insulin treatment. The purpose of this
comparison was to identify areas in which MOTHer app
usage changed the participant’s behavior or frequency of
clinical contact, to refine the design for future implementa-
tion and translation.

Analyses were performed on data server logs, service
delivery-related data, and deidentified patient data. App use

Monitoring and Management

was quantified by frequency and quantity of data uploads,
specifically BGL recordings, from participant smartphones.
User perceptions were assessed by evaluating responses to
survey questionnaires and reported in descriptive form.

Results

A total of 40 women were recruited between August
2017 and April 2018 and 34 used the MOTHer app
throughout the entirety of their pregnancy (Fig. 3). All
women who met the inclusion criteria and were approached
for participation accepted use of the mobile app for man-
agement of GDM. Twenty-three women completed the
poststudy evaluation (65% response rate). Participants who
completed the study and post-hoc user satisfaction survey
were 23 to 42 years of age (n=9: 23-27 years old, n=6: 28—
32 years old, n=5: 33-37 years old, and n=3: 38-42 years

TABLE 1. DATA COLLECTED DURING STUDY AND THROUGH RETROSPECTIVE ANALYSIS
OF HISTORICAL TREATMENT DATA

Measure Time of collection

Collected by

Collected from Collected at

From enrollment
in study to delivery

App usage

User perceptions (women Postdelivery
with GDM and health
practitioners)
BGL reviews Weekly
Frequency of antenatal At contact

contact
Time to treatment (review
with relevant health care
professionals and
commencement of
medication if required)
Antenatal clinic visits

From enrollment
to delivery

From enrollment
to delivery

CSIRO engineer

GDM services

GDM services

Healthcare practitioners GDM service’s logs
in GDM service
GDM services

GDM services

Data server logs CSIRO

GDM services
at Redland Hospital

User satisfaction
questionnaires

GDM services

at Redland Hospital
GDM services

at Redland Hospital
GDM services

at Redland Hospital

GDM service’s logs

GDM service’s logs

GDM services
at Redland Hospital

GDM service’s logs

BGL, blood glucose level; CSIRO, Commonwealth Scientific and Industrial Research Organisation; GDM, gestational diabetes mellitus.
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FIG. 3. MOTHer flow diagram of study participants.

old). The average gestation at time of enrollment was
27 weeks (median: 27 weeks, range: 24-29 weeks). The
average number of BGL readings uploaded to the portal
was 229 (median: 230, range: 39-390) over an average of
65 days (median: 69 days, range: 19-98 days). Participants
uploaded on average, three BGL readings per day.

User satisfaction surveys were completed by 23 women;
5 completed telephonically, 5 completed using paper surveys,
and 13 using an electronic survey. The majority of survey
respondents either strongly agreed or agreed that the MOTHer
GDM app was helpful in recording their BGLs, facilitated
better support from the health care team, and was overall
helpful in managing their gestational diabetes (Table 2).

The user satisfaction survey sent to women who used the
mobile application included two open-ended questions on
what they liked most about the MOTHer app and what they
would change about the app. They were also able to provide
any additional comments about their experience during their
participation in the study. Feedback indicated that many
participants appreciated the easy access (not having to carry
around a paper diary), ease of use, and the convenience of the
app. They liked being able to monitor their own BGLs, the

ability of the app to quickly connect them to, and have
responses from their doctor. Negative responses primarily
focused on technological problems experienced within the
app or connecting the app through Bluetooth to the external
blood glucose monitor. In addition, two participants indicated
that despite using the MOTHer app to record their daily
BGLs, the clinical care team still preferred to use paper-based
records during in-person consultations.

When surveyed regarding their experience using the app
for management of women with GDM, all clinicians either
strongly agreed or agreed that the MOTHer app improved
their efficiency in caring for their patients, as reported pre-
viously by Stoney et al.'"* Diabetes educators indicated that
increased burden at initiation was modest as the education of
the app was incorporated into the general group education
session and did not significantly increase time required.
Women were instructed to download the app before the ap-
pointment and generally came with an idea of how it worked.
Burden after that was reduced compared with the laborious
phone and paper record system that was implemented prior.

The primary focus of this feasibility study was adoption
of both women with GDM and their treating clinicians.

TABLE 2. USER RESPONSES TO SURVEY QUESTIONS

Strongly Neither agree Strongly
agree Agree  nor disagree  Disagree disagree
The MOTHer GDM app was helpful in recording my BGLs 11 12 0 0 0
I feel confident that my health care team checked my BGLs 11 9 3 0 0
The MOTHer GDM app helped me to feel confident 9 12 2 0 0
in managing my gestational diabetes
I felt supported by the health care team that was monitoring 10 10 3 0 0
the MOTHer portal
Overall, I was satisfied with the MOTHer GDM app 8 13 1 1 0
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TABLE 3. COMPARISON BETWEEN HISTORICAL AND MOTHER PARTICIPANT DATA
Historical data (n=21) MOTHer participants (n=34)
Mean Median Mean Median
Prepregnancy body mass index (kg/m?) 25.4 25 24.8 24.6
Weeks pregnant when diagnosed 26.9 27 27 27
Number of BGL clinical reviews 12.6 11 27.3 25.5
Frequency of antenatal contact 9.7 9 15.5 14
Time to treatment (weeks) 2.6 2 2.8 3
Antenatal clinic visits 9.6 9 11 11

Secondary investigations of interest were the number of
BGL reviews, utilization of antenatal services, and time to
commencement of treatment when using the MOTHer app
compared with matched historical data (n=21). In this study,
patient demographics (prepregnancy body mass index and
time of diagnosis) were similar to past treatment data, while
BGL clinical reviews and frequency of antenatal contact
were higher with the introduction of MOTHer. Time to
treatment and antenatal clinical visits were comparable
whether or not MOTHer was used (Table 3).

Discussion

The MOTHer platform is the first intervention in Australia
to implement mobile technology to augment face-to-face
clinical care for women with a first-time diagnosis of GDM.
High treatment uptake and participant-reported satisfaction in
a cohort of expectant mothers with GDM and their treating
clinicians indicate that MOTHer is feasible and acceptable for
use alongside traditional approaches. The 100% participation
rate by women who were offered use of the app indicates the
potential broad appeal of mobile technology for management
of GDM, although trialled in a limited sample. Higher inci-
dence of BGL reviews and greater frequency of antenatal
contact with treating clinicians indicate the potential for
greater treatment efficiency and earlier intervention through
use of MOTHer compared with current management practice.

At the outset of this study, it was assumed that the frequency
of low-utility clinic visits would reduce with the introduction
of the MOTHer platform, however, an increase in these visits
was observed compared with historical data. A possible ex-
planation for this increase could be attendance to the clinic for
intervention due to elevated BGLs identified through more
frequent monitoring. A larger implementation of the MOTHer
platform with more inclusive participant criteria would facil-
itate further investigations into integration issues, service uti-
lization, and cost implications of offering MOTHer as a
complement to standard clinical practice. Diabetes educators
indicated that increased frequency of clinic visits did not sig-
nificantly increase their clinical burden, a view that was shared
by other members of the clinical care team. A significantly
reduced burden was indicated by endocrinologists, although
indirectly to the app. The app was introduced as part of a wider
change process with streamlining of noncomplex GDM
management resulting in reduced referrals to endocrinology
clinics for patient review. The app provided the confidence that
BGLs were being monitored and this was incorporated into the
weekly diabetes educator/endocrinologist BGL review with no
added burden. Advice on treatment or requests to refer to en-

docrinology could be more easily facilitated with greater BGL
transparency. This process did happen before introduction of
the app, but in a very labor-intensive way on the part of the
diabetes educators.

Prior research suggests that one of the greatest challenges in
the management of GDM is proper coordination between the
multidisciplinary health care practitioners. mHealth technol-
ogies have shown potential but to date have had limited suc-
cess in reducing data siloing and promoting coordination
between members of the health care team. Our results in this
study suggest that involving clinicians both in the initial design
and ongoing development led to high levels of satisfaction and
uptake among the health care team. Moreover, iterative con-
sultation sessions with pregnant women with GDM during
development allowed for issues in design and usability to be
addressed early. Ease of use is one of the most significant
predictors of intention-to-use smartphone health technologies
and these revisions maximized acceptability of the MOTHer
app with only a small number of participants (n=3) choosing
to discontinue use during the study.

Beyond patient adoption, challenges exist in translation of
any mHealth platform to usual business. Funding models
traditionally do not account for use of telehealth interven-
tions, with lack of codes and reimbursement mechanisms
acting as barriers to uptake in both public and private health
settings.'® Clinical champions and supportive administrative
processes can overcome some of these obstacles, as was
demonstrated in this study. However, even with support
mechanisms in place, interoperability with existing hospital
practices and information technology systems (including data
privacy regulations) must be prioritized from the very earliest
stage of development. This need for planning is especially
salient in the unequal speed at which technology advances,
relative to slower moving regulatory reform.'>~!/

Although diabetes management has been the focus of
many recent advancements in mHealth technology, few
cover GDM, and many are developed with limited patient or
clinical input and do not adhere to recognized medical
guidelines and evidence-based practices.'® Importantly, no
contemporary solutions for GDM management provide the
ability for individualized patient customization by the clini-
cian, but rather a static and standardized user experience.'®
As health care pivots increasingly toward precision medicine,
MOTHer is designed to easily implement the individual
monitoring metrics and management strategies set forth by
the treating clinician in collaboration with the women with
GDM. This flexibility allows for easy integration into clinical
practice through increased efficiency of care without in-
creased demand on the patient or health care provider.
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Limitations

This study had some limitations, including a relatively
small sample size recruited from a single hospital, limiting
the generalizability of the findings. In addition, recruitment
and use of the MOTHer app and clinician portal were driven
by a group of engaged clinical champions, somewhat miti-
gating integration and interoperability challenges inherent to
the broader health care system. In this study, we evaluated the
usage of the MOTHer app for BGL and health tracking, but
were unable to measure the uptake and access frequency of
the adjunctive educational materials as they were hosted by
third-party health services and organizations. The use and
utility of educational content will be a primary focus in the
next phase of research, an implementation study. Another
limitation of this study was the retrospective comparison with
a historical sample of women with GDM, rather than a con-
current cohort. This was done to limit the additional burden
on clinicians during the study recruitment period. Historical
care data were retrieved from the same hospital and clinical
care team from a time period immediately before the study
commencement, and so, care pattern personnel were sub-
stantially similar between comparison cohorts. In addition,
tight criteria for study inclusion limited the pool of eligible
women and the overall diversity of participants, and so, broad
acceptability in different health care settings and populations
will be a primary objective of the implementation study.

Strengths/future directions

The MOTHer platform is the first evidence-based, indi-
vidually customizable mHealth intervention for management
of GDM in Australia. The key strength of this platform is the
ability of the clinician to carefully adapt the data collection
and reporting metrics for each woman with GDM, allowing
focused management of GDM while minimizing additional
assessment burdens on expectant mothers. The value of this
bespoke approach was validated in this study by improve-
ment in multidisciplinary care coordination between health
care practitioners and subsequent earlier intervention for
BGL excursions in the study cohort.

The COVID-19 pandemic has significantly disrupted the
traditional pathways for care and management of both acute
and chronic health conditions. mHealth platforms have been
increasingly utilized to virtualize care due to restrictions to in-
person consultations, with both successes and challenges.”
Proactive implementation of telehealth models of care requires
increased coordination between researchers and clinicians, but
ultimately is more likely to generate long-term benefits that are
robust to disruptions such as a global pandemic.** The rationale
for this approach has been demonstrated with ongoing demand
and uptake of the MOTHer app in hospitals in Queensland, and
broad interest across Australia. The ultimate vision for the
MOTHer platform is to facilitate greater efficiency of care for
both expectant mothers and health care providers. The platform
will provide women with the support they need from their own
mobile device, thereby expanding clinical care beyond hospital
walls to wherever they are without unduly increasing the bur-
den on the clinical care team. By reducing their need to attend
the clinic, the mobile app provides expectant mothers with the
ability to have tailored support, while simultaneously providing
real-time actionable health data to the clinical care team. This
has the potential to facilitate greater adherence to BGL and
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lifestyle monitoring and to facilitate earlier intervention where
required. Ultimately, the goal of this mobile platform is to
increase the quality of care for all women with GDM, regard-
less of circumstance, location, or other barriers to access.

From the outcomes of this feasibility study, several design
and implementation elements have been identified to im-
prove the MOTHer app and experience for women with
GDM. Broader recruitment criteria and early availability will
allow immediate commencement with the MOTHer app after
diagnosis for all women with GDM and improve the conti-
nuity of care and management throughout pregnancy. To
increase the reach and access, the MOTHer app is currently
available in several different selected languages. A multisite
implementation study that includes all three MSH antenatal
clinics (Redland Hospital, Logan Hospital, and Beaudesert
Hospital), as well as the Mater Mothers’ Hospital in Brisbane,
has commenced in June 2020. This 12-month study
(HREC/2019/QMS/56607 [MSH HREC] and ANZCTR
submission: 379026) aims to recruit >1000 women with
GDM and in addition to the endpoints similar to the feasi-
bility study, clinical data for future risk modeling and pro-
vider costs savings that might be associated with changes in
outpatient clinic attendance will be evaluated.

Future improvements to the app and interface will provide
the ability to record dietary intake with greater precision, and
allow for quantification of carbohydrate intake. It will also
better monitor medications prescribed for women with GDM.
One significant limitation yet to be overcome is the discon-
tinuity in care for mothers with GDM after giving birth.
Future efforts therefore should investigate the feasibility in
expanding mobile app management and resources to new
mothers and their children who are at higher risk of secondary
complications. Building from recent advances in user reten-
tion of mHealth platforms, gamification and community-
building elements may be incorporated to increase support
and patient engagement.” Finally, efforts are underway to
integrate MOTHer into rural maternal health clinics to in-
crease the quality of care in ver;r remote areas, particularly in
underserviced communities.*®*’

Conclusion

Increasingly, the focus of chronic disease management is
shifting to in-home and community settings, with mHealth
delivery rapidly becoming the solution of choice. This trend
is manifest in diabetes management through the proliferation
of mHealth solutions, although the quality and evidence basis
for offerings remain highly variable. Despite deficits in cur-
rent management practices and the obvious benefit of intro-
ducing methods for precision health care, mHealth solutions
for GDM have lagged behind. The MOTHer platform was
developed to address this shortfall through close collabora-
tion between engineers, clinicians, and research specialists,
the first solution of its kind in Australia. This study has
demonstrated that such a solution is acceptable to women
with GDM and can be feasibly integrated into existing clin-
ical practice and health care settings. The need for such a
solution has been emphasized by increased demand for ef-
fective and safe telehealth technologies during disruptions to
traditional face:face care models due to the COVID-19
pandemic. The MOTHer system has the potential to signifi-
cantly benefit pregnant women by enabling faster
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interventions while simultaneously reducing unnecessary
visits to GDM antenatal clinics and lends to the ability of
clinicians to offer “‘virtual” telehealth clinics to women in
their homes or workplaces. Future steps include im-
plementation studies across multiple hospitals with a larger
and more diverse population and expanding access to
MOTHer for women in regional and rural areas.
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