JMIR DIABETES Smyth et &

Review

Smartphone Apps for Surveillance of Gestational Diabetes:
Scoping Review

Suzanne Smyth"?, MD; Eimear Curtin®, BSc; Elizabeth Tully*, MSc, PhD; ZaraMolphy*, PhD; FionnualaBreathnach™?,
MD

1Royal College of Surgeonsin Ireland, Dublin, Ireland
%Rotunda Hospital, Dublin, Ireland

Corresponding Author:

Suzanne Smyth, MD

Rotunda Hospital

Parnell Square

Dublin, DO1P5W9

Ireland

Phone: 353 1 402 2540 ext 2540
Fax: 353 1 402 2543

Email: suzannejksmyth@gmail.com

Abstract

Background: Developments and evolutions in the information and communication technology sector have provided a solid
foundation for the emergence of mobile health (mHealth) in recent years. The cornerstone to management of gestational diabetes
mellitus (GDM) is the self-management of glycemic indices, dietary intake, and lifestyle adaptations. Given this, it is readily
adaptable to incorporation of remote monitoring strategies involving mHealth solutions.

Objective: We sought to examine and assess the availabl e smartphone apps which enable self-monitoring and remote surveillance
of GDM with a particular emphasis on the generation of individualized patient feedback.

Methods: Five databases were searched systematically for any studies eval uating mHealth-supported smartphone solutions for
GDM management from study inception until January 2022. The studies were screened and assessed for digibility of inclusion
by 2 independent reviewers. Ultimately, 17 studies were included involving 1871 patients across 11 different countries. The
PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension for Scoping Reviews) conceptual
framework was adhered to for data extraction and categorization purposes.

Results: All studies analyzed as part of this review facilitated direct uploading of data from the handheld glucometer to the
downloaded patient-facing smartphone app. Glycemic data were captured by al studies and were reassuringly found to be either
improved or noninferior to extant models of hospital-based care. Feedback was delivered in either an automated fashion through
in-app communication from the health care team or facilitated through bidirectional communication with the app and hospital
portal. Although resource utilization and cost-effective analyses were reported in some studies, the results were disparate and
require morerobust analysis. Where patient and staff satisfaction level swere eval uated, the response was overwhelmingly positive
for mHealth smartphone—delivered care strategies. Emergency cesarean section rates were reduced; however, elective cesarean
sections were comparatively increased among studies where the mode of delivery was assessed. Most reviewed studies did not
identify any differencesin maternal, perinatal, or neonatal health when app-based care was compared with usual in-person review.

Conclusions: This comprehensive scoping review highlights the feasibility, reliability, and acceptability of app-assisted health
care for the management of GDM. Although further exploration of the economic benefit is required prior to implementation in
area-world clinical setting, the prospect of smartphone-assisted health care for GDM is hugely promising

(JMIR Diabetes 2022;7(4):€38910) doi: 10.2196/38910
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Introduction

Positive exploitation of the exponential growth and devel opment
seen in the information and communication technology (ICT)
sector in the last decade has provided novel solutions to
operational challenges such as overcrowding and staff shortages
within the health care arena. Telemedicine has emerged as one
such advancement and has seen rapid diffusion for the
management of chronic diseases in particular. Diabetes is one
such condition that has proven to be readily adaptable to
self-management and remote monitoring.

Mobile health (mHealth) is afacet of telemedicine focusing on
the use of mobile phone technology to facilitate exchange of
health information between the patient and the caregiver.
Increasingly, apps downloaded by the patient-user to personal
handheld smart devices, such as phones or tablets, are used as
data-capturing tools, conduits to share and exchange health
information, and repositories of disease-specific information
and education [1]. There are an estimated 3.8 million smartphone
usersin Ireland, representing an increase of 16.8% since 2018.
Smartphone penetration rates Europewide reflect this trend,
with projected ownership rates of 87%, 92%, and 94% by 2025
in France, Germany, and the United Kingdom, respectively [2].

This review sought to evaluate the smartphone apps that have
been developed for gestational diabetes mellitus (GDM) to
promote patient-centered care through the surveillance of
markers of glycemic control, such asblood glucoselevels, diet,
exercise, and weight management. mHealth promotesaprecision
medicine model of care by maintaining channels of
communication between patients and their health care
professional while focusing the onus of disease management
on the patients themselves. Such responsibility has been shown
to foster improved patient compliance and satisfaction levels
and represents an exciting new chapter in GDM care [3].
Demonstration of improved glycemic control has been shown
from use of smartphone app—based interventionsfor adultswith
type 2 diabetes mellitus[4]. Treatment strategies for GDM and
type 2 diabetes mellitus are similar, encompassing medical
nutrition therapy, lifestyle modifications, and self-assessment
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of daily blood glucose levels, such that the patient with GDM
is perfectly poised to benefit from app-assisted care.

Previous reviews have examined mHealth in the context of al
types of diabetes rather than a specific focus on GDM [5].
Leblalta et al [6] addressed all digital health interventions
available to support women with GDM, including models of
web-based care that have arguably become outdated. We sought
to refine this existing knowledge by exploring further and
assessing the surveillance strategies and capabilities afforded
by smartphone apps for women with GDM.

Methods

Search Strategy

A comprehensive literature search was conducted following
consultation with a reference librarian. With the aim of
evaluating smartphone apps used for the surveillance of GDM,
wereviewed thefollowing medical databases: PubMed, Embase,
CINAHL, Web of Science, and the Cochrane library. All
peer-reviewed literature in the English language and published
between January 1990 and January 2022 was searched. Prior
to 1990, the mobile phone was far more primitive and not
capable of thetechnological featuresthisreview aimed to assess.
The incorporation of ICT into health care management
represented an area of rapid development during thistime, with
telemedicine emerging as a potentialy feasible pathway for
management of chronic diseases in 1990 [7]. Inclusion and
exclusion criteriafor this scoping review are presented in Table
1 using the population-concept-context  framework
recommended by the JoannaBriggs Institute (JBI) methodology
for scoping reviews. We also considered the PICO
(patient/population, intervention, comparison, and outcomes).
framework for systematic reviews in establishing our research
guestion (Table 2). Medical subject headings were used where
possible in our database searches. “ Gestational Diabetes’ was
used in combination with each of the search terms outlined in
MultimediaAppendix 1. The JBI reviewers manual was adhered
to in the development of our scoping review protocol, whichis
available on request from the corresponding author (SS).

Table 1. Inclusion and exclusion criteria following the popul ation-concept-context criteria recommended by the Joanna Briggs I nstitute.

Inclusion criteria

Exclusion criteria

Population GDM?

Concept Smartphone apps associated with a hospital-based clinical
portal facilitating remote monitoring

Context Surveillance of at least 1 element of GDM care (glycemic

indices, diet, exercise, weight, blood pressure)

Type 1 diabetes mellitus, type 2 diabetes mellitus

Smartphone apps for persona surveillance of GDM but with no over-
sight from the obstetric diabetes team through a hospital clinical portal

Surveillance of additional parameters not primarily involved in GDM
care (eg, psychological assessment, remote management of a separate
obstetric condition)

3GDM: gestational diabetes mellitus.
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Table 2. Characteristics of studies evaluating smartphone app-assisted care for GDM and the provision of remote feedback.

Article Type of tria Partici- GDM?2 diagno- Glycemictargets  Self-monitoring Details of smartphone app—assisted tech-
information pants, n Ss schedule nology
Calle-Pascual et Prospectiveran- 100 Carpenter Cous-  Fasting<95mg/dl; 6x aday Infrared enabled transfer of SMBGP from
al, Spain (2010) domized inter- toncriteria; <28 1-h postprandial glucometer to smartphone app (prein-
(8] ventional study weeks gestar <120 mg/d Stalled), with captured data then trans-
tion ferred to a central hospital database (Em-
minens Conecta Plus Web Application);
bidirectional communication between pa-
tient and HCP®
MacKillopeta, Randomized 206 Fasting >5.6 Fasting <5.3 6x aday, 3days Bluetooth-enabled transfer of SMBG from
UK (2018) [9]  controlled trial mmol/l; post- mmol/l; 1-h post- aweek glucometer to smartphone app (GDm-
prandia >7.8  prandial; 7.8 Heslth), with captured data transferred to
mmol/I mmol/l; 2-h post- a secure website. Review of website 3 x
<35weeks ges Prandial <6.4 aweek by the specialist midwife; unidirec-
tation mmol/l tional communication of staff to patient
only
Guoeta,China Randomizedin- 124 IADPSGY crite-  Unspecified 6x aday, 3days Automatic data upload from glucometer
(2018) [10] terventional ria 24-28 aweek reducing  to app (Dnurse); HCP review of uploaded
study weeks gestar to2daysa data from app to doctor-facing version of
tion week if control  Dnurse; HCP able to communicate with
demonstrated patient to adapt medical guidance; unidi-
rectional communication of staff to patient
only
Al-ofi et d, Randomized 60 IADPSG crite-  Fasting <5.1 4x aday Glucometer linked to smartphone app
Saudi Arabia  open-label con- ria; 24-28 mmol/l; postprandi- (Glucomail) enabling easy transfer of data
(2019) [17] trol study weeks gesta= @ <8.5 mmol/l to the app, with captured data then trans-
tion ferred to a secure hospital-based system;
animmediate alert isgenerated to the HCP
if above-threshold levels are recorded, al-
lowing for further action to be taken; uni-
directional communication of staff to pa-
tient only
Yew at a, Sin-  Randomized 340 WHOS 2013 Fasting <5.5 7x aday, 2-3 Smartphone-based lifestyle coaching pro-
gapore (2021)  controlled trial criteria (en- mmol/l; 2-h post-  timesaweek  gram associated with a secure web app
[12] dorsed IADPSG  Prandial <6.6 (Habits-GDM); app-compatible glucome-
criteria); 12-30  mmol/l ter to transfer SMBG val ues; bidirectional
weeks gestar communication between patientsand HCP
tion
Borgen et a, Randomized 238 2.nOGTT >9 Unspecified Unspecified Bluetooth-enabled transfer of SMBG val-
Norway (2019) controlled trial mmol/l; <33 ues from glucometer to app (Pregnant+);
[13] weeks gesta- automated col or-coded feedback in direct
tion response to glycemic control; no in-app
communi cation between patient and HCP
Sung et al, Randomized 21 2-step approach  Unspecified 4x aday Bluetooth-enabled transfer of SMBG val-
South Korea controlled trial IADPSG crite- ues from glucometer to smartphone app;
(2019) [14] riaor Carpenter automatic transfer of data by awireless
Couston crite- network captured in the app to a secure
ria; <30 weeks' server; bidirectional communication be-
gestation tween HCP and patient; HCP sends tai-
lored medical and nutritional guidance
from the server to the app
Miremberget ~ Randomized 120 2-stepprocess  Fasting <95 g/dL; 4x aday Delivery of personalized feedback from
a, United controlled tria Carpenter Cous-  1-h postprandia the HCP secure database to the patient’s
States (2018) ton criteria; <34 <140 g/dL app (Glucose Buddy) regarding self-man-
[15] weeks' gesta- agement, glycemic control, and follow-up
tion scheduling; bidirectional communication

between the HCP and the patient.
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Article Type of tria Partici- GDM?2 diagno- Glycemictargets  Self-monitoring Details of smartphone app—assisted tech-
information pants, n Ss schedule nology
Poulter et a, Intervention 100 IADPSG crite-  Fasting<5mmol/l; 4x aday Bluetooth-enabled glucometer to upload
Australia study rig; 24-30 postprandial <6.7 SMBG datato the app (NET Health)
(2021) [16] weeks' gesta- mmol/l which are automatically sent to a secure
tion central server, with the software server
automatically flagging the above-threshold
glycemic values; unidirectional communi-
cation of the HCP to patients through the
in-app interface
Riglaeta, Pilot study 20 NDDGY crite-  Unspecified 4x aday Bluetooth-enabled glucometer facilitating
Spain (2018) ria; <34 weeks transfer of SMBG to the app (M obiGuide)
[17] gestation with subsequent transfer of the datato a
specifically designed decision support
software, with the HCP using aweb-based
app to visuaize all the patient data; no
feedback between staff and patients
through the app/server system
Varnfieldetal, Feasibility 40 IADPSG crite-  Fasting<Smmol/l; 4x aday Bluetooth enabled glucometer facilitating
Australia study rig; 24-28 - h postprandial transfer of SMBG valuesto the app
(2021) [18] weeks' gesta- <7.4 mmol/l; 2-h (MoTHER); automatic transmission of
tion; (if RF"a  Postprandial <6.7 app datato the clinician web portal which
earlier OGTTin Mmmol/l isreviewed weekly by the HCP; noin-app
T1, with repeat communication between HCP and patients
at 24-28 weeks
if normal)
Khdil et d, Qualitative 15 Unspecified Unspecified 6x aday reduc- Bluetooth-enabled glucometer to facilitate
France (2019)  study ingto3x aday transfer of SMBG to the app (MyDiabby);
[19] if gableBGL!  color-coded (green, orange, red) automat-
ed feedback reflecting glycemic control
and customized aert system at the serv-
er/HCP end of the solution; bidirectional
communication between HCP and patients
Moazen et a, Pilot study 27 Unspecified Unspecified 4x aday Bluetooth-enabled glucometer to facilitate
Austria (2021) transfer of SMBG to the app (DiabCare);
[20] data are transferred from the app to an
online data management system accessible
by the health care team; bidirectional
communication between HCP and pa-
tients.
Seo et a, South Case series 4 Diagnosed fol-  Unspecified Unspecified Bluetooth-enabled glucometer to facilitate
Korea (2020) study lowing OGTT transfer of SMBG to the app; transfer of
[21] at 24-28 weeks' data captured by the app viawireless net-
gestation work to the study server; personalized and
automated feedback; bidirectional commu-
nication between HCP and patients
Wickramas- Randomized 10 Diagnosed fol- ~ Unspecified 4x aday Bluetooth-enabled glucometer to facilitate
ingheet al, crossover study lowing OGTT transfer of SMBG to the app (Diamond
Australia at 26-28 weeks' solution); data captured by the app arere-
(2019) [22] gestation viewed on a secure platform by the HCP
who responds to the patient with recom-
mendations; unidirectional communication
of the HCP to patient through the in-app
interface
Yang et a, Chi- Pilotinterven- 157 WHO 2013 cri- Fasting <5.3 10x aday Smartphone app using a WeChat system
na(2018) [23]  tion study teria(endorsed  mmol/l; 1-h post- to which blood glucose, blood pressure,
IADPSG crite-  prandia <7.8 and weight are uploaded; data are subse-
ria) mmol/l; 2-h post- guently uploaded to a cloud platform and
prandia <6.7 are evaluated by the HCP through the
mmol/I HCP's own WeChat interface; unidirec-

tional communication of HCP to patient
through the WeChat system
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Article Type of tria Partici- GDM?2 diagno- Glycemictargets  Self-monitoring Details of smartphone app—assisted tech-
information pants, n Ss schedule nology
Tianeta, Chi- Randomized 309 IADPSG crite-  Fasting <5.3 b5x aday for6  Smartphone app using a WeChat system
na(2020) [24]  controlled trial ria; <31weeks mmol/l; 1-hpost- daysina2- towhich blood glucose, diet, exercise and
gestation prandia <7.8 week block weight are uploaded; unidirectional com-
mmol/l; 2-h post- munication of HCP to patient only; peer-
prandia <6.7 to-peer communication
mmol/l

8GDM: gestational diabetes mellitus.
PSMBG: self-monitored blood glucose
CHCP: hedlth care provider.

4 ADPSG: International Association of Diabetesin Pregnancy Study Group.

SWHO: World Hesalth Organization.
fOGTT: ora glucose tolerance test.
9INDDG: National Diabetes Data Group.
ARF: risk factors.

'BGL: blood glucose level.

Outcome M easures

The primary outcome of this review was assessment and
achievement of glycemic control following adoption of
app-assisted health care delivery focusing on personalized or
automated feedback of at least 1 component of standard GDM
surveillance. Secondary outcome measuresincluded patient and
staff satisfaction levels and the cost-effectiveness of app-based
interventions.

Screening

Guidelines from the PRISMA-ScR (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses Extension for

Scoping Reviews) were adhered to during the literature search
and screening process [25]. Retrieval of titles from database
searching as described in the previous section was performed
independently by 2 authors (SS and EC). These same 2 authors
independently screened thetitles and abstracts generated by the
search to assess fulfilment of the study inclusion criteria
Relevant studies meeting the inclusion criteria were selected
for review in this study. A third reviewer (FB) was available to
oversee discussions pertaining to discrepancies which were
solved by consensus opinion. Theinitial search strategy yielded
954 articles which were subsequently refined such that 15
articles were included in the fina review. A schematic
representation of the screening processis depicted in Figure 1.

Figurel. PRISMA flow diagram describing the systematic literature search for studies examining the effect of smartphone app-assisted care associated

with remote feedback for GDM.

References identified through database search
n=954

Title/abstract screening after de-duplication
n=714

References for full-text screening
n=117

Duplicates excluded
n=240

References excluded
n=597

Additional references through
forward citation searching
n=5

References excluded
n=105

Smartphone app with Smartphone app with

automated feedback feedback from HCP
n=3 n=10

n=4

Smartphone app with
both automated feedback
and feedback from HCP

https://diabetes.jmir.org/2022/4/€38910

RenderX

JMIR Diabetes 2022 | vol. 7 | iss. 4| €38910 | p. 5
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR DIABETES

Data Extraction

A data extraction form was developed to collate and record
information from each article that would later inform data
synthesis. Similar to the screening process described above, the
PRISMA-ScR conceptual framework was employed to achieve
extraction and categorization of data while subsequently
facilitating inferences and conclusionsto be drawn fromit. The
data extraction form was designed to capture the following three
criteria (1) publication characteristics, including authorship,
study title, year of publication, journa of publication, and
country of origin; (2) characteristics of the app-assisted care
program and details of any remote monitoring systems; and (3)
study outcomes, including achievement of glycemic control,
staff and patient-user satisfaction, and cost-effectiveness.

The data extraction tool was sampled on a random subset of 3
papersand was | ater refined to ensure all desired elementswere
captured.

Synthesis of Results

Following data extraction, a validation check was completed,
after which the data from each article were summarized and
presented in narrative fashion. Key characteristics of the
smartphone app—assisted interventions were recorded along
with outcome data, which were subcategorized as follows:

Textbox 1. Reasons for study exclusion following full-text review.

Smyth et a

glycemic control; resource utilization and cost; satisfaction of
key stakeholders, and maternal, perinatal, and neonatal
outcomes.

The aim of this scoping review was to give a transparent,
systematic overview of existing remote management strategies
involving smartphone app—assisted care for GDM management.
As such, neither methodological quality nor risk of bias was
critically appraised as part of the review.

Results

The electronic database search yielded 954 results. Subsequent
removal of duplicates resulted in 714 articles for title and
abstract screening. A further 597 references were then excluded,
as they did not meet the inclusion criteria. The remaining 117
articles were subject to full-text screening. An additional 5
studies obtained foll owing forward citation searching were also
screened by full-text review. This process resulted in the
exclusion of 105 articles. Excluded studies included those
describing the use of mobile phone technol ogy without specific
use of a smartphone app, descriptions of software and
technological architecture development, and studies relating
solely to web-based interventions (Textbox 1). Ultimately, 17
articleswere included in the final review.

Excluded studies following full-text review

«  Phone use but not use of a smartphone app (n=18)

«  Description of software development (n=18)

«  Web-based interventions only (n=19)

«  Smartphone apps that functioned as arepository only (n=6)
«  Poster abstract only (n=4)

«  Not assessing gestational diabetes mellitus (n=3)

e Secondary analyses (n=26)

o Inaccessible (n=8)

Therewere 17 studiesincluded in thisreview, the characteristics
of which arerepresented in Table 2. The included studies were
published between 2010 and 2022, with the majority (16/17,
94%) published during or since 2018. The studies were
conducted across 11 countries, with 7 from Asia, 6 from Europe,
3 from Australia, and 1 from the United States. There were 10
randomized controlled trials (RCTs), 5 pil ot intervention studies,
1 qualitative study, and 1 case series. The number of participants
ranged from 4 participantsin the case seriesto 340 in the largest
of the RCTs (mean 111; median 100).

Description of the Smartphone-Assisted Remote
Monitoring Solutionsfor Surveillance of GDM

All included studies reported direct uploading of data from the
glucometer to the smartphone app. Although one early study
used infrared transfer of data, Bluetooth-enabled transfer of
glycemic indices was the most common approach. All studies
involved the use of a smartphone app. Study participants were
provided with a smartphone on which the study app was

https://diabetes.jmir.org/2022/4/€38910

preinstalled in 2 studies, but in al other cases, the patient’'s
persona smartphonewas used. Pervasive management solutions
compatible with severa operating systems, such as Android
and i0OS, were used in 13 studies [10-16,18-20,22-24].

The most commonly captured variable in the smartphone apps
was glycemic data, which all 17 described app-assisted care
programs had the capability of performing. Other tracked
variables included dietary and lifestyle information, weight,
medication dosing, blood pressure, ketonuria, and heart rate.

Automatic transfer of data captured in the app was sent to a
secure hospital-based server through a wireless network in 14
of the reviewed studies. Of the remainder, 2 studies used the
WeChat app to alow cloud storage of patient data only
accessible to the research team [23,24]. One app-assisted care
pathway was not linked with a hospital-based server and thus
did not have real-time remote monitoring capabilities [ 13].
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Description of Personalized Health Care
Provider—Delivered Feedback

Bidirectional communication of data, questions, and advicewas
available between patients and their obstetric diabetesteamsin
8 of the reviewed smartphone app—inked telemedicine systems
[8,12,14,15,19-21,24]. A further 6 of the reviewed studies
demonstrated the capability of in-app communication delivered
from a member of the health care delivery team to the patient
[9-11,16,22,23]. The 3 remaining studies provided automated
feedback to the patient [13,17,18].

Description of Automated Feedback and M essaging

The generation of automatic feedback by the server to the app
in specific response to uploaded patient data was noted in 4
studies[10,13,17,19]. In 2 studies, thisfeedback was represented
pictorially in acolor-coded traffic light system, with greenicons
signifying a normal result and red icons signifying an
above-threshold glucose result [13,19]. A patient-facing alert
in the form of a pop-up message was generated in the setting
of above-threshold readings in the other 2 studies [10,17].
Patients were prompted and directed toward a questionnaire
link for completion to elaborate on potential causative lifestyle
factors.

A further 4 studies issued in-app educational information and
motivational pop-up messages. Although these were not
specifically tailored to a woman’s uploaded app data, they
served to reinforce the monitoring strategies for GDM and
highlight theimportance of achievement of appropriate glycemic
control [11,14,18,21]. One study reported the generation of
in-app prompts reminding participants to capture a 7-point
capillary glucose profile on any 2 days of the week [12].

Outcomes

Glycemic Indices

Glycemic indices were the most commonly reported upon
clinica outcome data. Improved management of glycemic
indices by app users was demonstrated in 9 studies
[10-12,15,20-24], while noninferior glycemic contral,
manifested by self-monitored finger prick blood indices or
hemoglobin A1C, was noted in a further 2 studies [8,9].
Moreover, 2 studies assessed app-assisted care based on
postnatal assessment of glycemic control [13,14]. Although
lower rates of insulin resistance were demonstrated by one of
these studies, this did not reach statistical significance. The
second study ng a2-hour postnatal oral glucosetolerance
test did not report any significant difference when compared
with the control group.

Resource Utilization and Cost Analysis

Resource utilization was reported in 4 studies, the majority of
which (n=3) reported a reduction in unscheduled hospital
attendances by app-using participants [8,10,16]. One study
reported the converse, with an increased number of low-utility
clinic visits when an app-assisted pathway of care for GDM
was compared with a historical control [18]. The authors
surmised that this might be explained by an increased level of
self-monitoring prompting patients with above-threshold
readingsto present for review. Cost-effectiveness of smartphone

https://diabetes.jmir.org/2022/4/€38910
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app-assisted care delivery was considered in 2 studies [9]. No
significant cost saving was demonstrated in the economic
analysis of one study, whereas the other study reported a cost
saving of Aus $23 (US $15.32) per patient reflected by 37
minutes of total clinician time saved in the app-using group
compared with the control group.

Satisfaction With Smartphone App-Assisted Care

Patient satisfaction wasexplored in 6 of the studies[9,16-19,22].
A further 2 studies reported increased compliance levels with
self-monitoring schedules, and satisfaction could be inferred
from such usage behavior [10,15]. Staff satisfaction with this
remote model of care provision was evaluated in 3 studies, and
all were overwhelmingly in favor of the transition [18,19,22].

Maternal, Perinatal, and Neonatal Outcomes

Data pertaining to maternal, perinatal and neonatal outcomes
were reported in 11 of the 17 (65%) reviewed studies
[8-13,15-17,23,26]. One RCT found that women in the
app-assisted care delivery group had fewer cesarean sections
than did the comparator group (P=.005) [9]. In another study
which reported no difference in mode of delivery between an
app-using group and a historical control cohort, the authors did
note fewer emergencies but a greater number of elective
cesarean sections among the app-using women [ 18]. Anincrease
in elective cesarean sections was similarly noted in another
study, and this was associated with a P value of <.05[23]. Two
studies reported reduced weight gain while another study
reported reduced blood pressurein their respective intervention
groups [10,11,17]. No differences in materna or perinatal
outcomeswere demonstrated acrossthe other studies. Theresults
of the majority of studies looking at neonatal outcomes were
noninferior for app use compared with standard care, but one
study did demonstrate fewer composite adverse neonatal
outcomes among app-using participants (P=.006) [12].

Discussion

This scoping review provides a comprehensive overview of the
availability and functionality of smartphone apps capable of the
generating remote feedback in the surveillance of women with
GDM. We have noted that app-assisted care is noninferior to
standard clinic-based carein terms of glycemic treatment targets,
andinfact, half the reviewed studiesidentified an improvement
in overall glycemic control [10-12,15,20-24]. Such evidence
demonstrates the feasibility of adopting app-assisted health care
for GDM.

If the adoption and diffusion of app-assisted platforms as a
viable aspect of surveillance are to be successful, patient and
staff satisfaction and acceptability levels must be high.
Continued use of novel solutions in health care management,
such as smartphone apps, requires accessible, easly
interpretable, and aesthetically pleasing interfaces. Additionally,
behavioral intention has been highlighted as a significant
determinant of ongoing health technology use and
engagement by the patient [27]. Other factors that should be
taken into consideration in the development and dissemination
stage of artificial intelligence—assisted technol ogies are personal
innovativeness or the willingness to engage in a new health
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solution as well as performance and effort expectancy [27-29].
In this review, we have shown that over half of the reviewed
studies (10/17, 58 %) did not seek to assess patient or staff
satisfaction levels, although we acknowledge that secondary
analyses might have explored these themes. Three studies did
assess patient compliance with the mandated monitoring
schedule and thus satisfaction can be inferred, although not
proven, from continued usage behavior in these studies
[10,15,24]. Where satisfaction was assessed, al studiesreported
positive experiential expressions from the app-using groups
[9,16-19,22]. Such expressionsincluded reassurancethat blood
glucose levelswere being reviewed frequently, and oftenin real
time, by the obstetric diabetesteam and feelings of self-efficacy,
autonomy, and convenience. Satisfaction among staff users of
the app-linked technologies was only assessed in 3 studies.
Effective and time-efficient management was the most
commonly identified theme. Ensuring collaboration and
endorsement between al stakeholders in a novel |CT-based
health intervention is crucial to its success. Cognitive trust has
been found to be animpacting factor on the behaviora intentions
of physicians' use and endorsement of app-assisted health care
[30]. Robust RCTs prior to mass product circulation will
contribute to allaying trust concerns with the technol ogy.

The impact of resource utilization and economic benefit have
been promoted as hugely beneficial effects of telemedicine, and
by extension, so have mHealth management strategies [31,32].
These themes were only explored in 5 of the studies
[8-10,16,18]. A dtatistically significant reduction in resource
use by app-using women was noted by one study, and this
reduction resulted in an overall cost saving for the hospital [16].
An analysisby another study, however, did not report significant
cost savings [9]. Finally, one study reported an increase in the
number of low-utility clinic visits among app users compared
with a historical control group [18]. This may be a result of
increased compliance with self-monitoring leading to a greater
numbers of hyperglycemic episodes that need to be eval uated.
This particular study did not offer feedback relating to uploaded
glycemic indices or lifestyle patterns, and addition of these
capabilities to the app technology would likely have an impact
on requirement for in-person hospital review. Such
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considerations should be given due attention during early
iterations of the app development phase.

The evidence collated in this review demonstrates achievement
of equivalent or improved glycemic control, confirms
noninferior maternal and neonatal outcomes, and highlightsthe
potential for reduced resource utilization and economic
efficiency among women availing of app-assisted health care
delivery for GDM. The transition towards incorporation of
mHealth technologies such as smartphone apps has been
welcomed by women with GDM who have shown high levels
of satisfaction with a self-monitored remote management
strategy. Key to the success of such smartphone apps is the
maintenance of communication between the patient and her
obstetric diabetesteam. To optimizethisalliance, abidirectional
communication strategy, as described in 8 of the studiesin this
review, would likely help to obviate the requirement for many
women with well-controlled GDM to attend the hospital for
in-person review without impacting on their sense of team
involvement or hospital oversight. The resource implications
of such a strategy are not limited to the hospital infrastructure
alone, with benefits envisaged for the patient through the
potential avoidance of financial and time constraints associated
with frequent hospital attendances.

Given the rapid expansion of the telehealth sector, this review
of app-assisted health care facilitating remote feedback in the
setting of GDM istimely and judicious. However, to alow for
comprehensive knowledge acquisition of the potential benefits
and drawbacks of telemedicine and mHealth management of
GDM, further research is still required. For instance, only 1
study in this review adapted a smartphone app for a culturally
diverse audience[13]. In an era of great ethnic diversity within
populations, absence of such a feature could be an exclusory
factor. Further, patients who are willing to partake in research
studies are more likely to be health and eHealth literate which
may introduce bias into the study cohorts. Finally, the impact
of app-assisted health care and remote surveillance needs robust
health economic assessmentsto enable the refinement of existing
technology such that app-assisted systems can viably become
integrated into routine medical practice.
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