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Abstract

Background: Women with insulin-treated gestational diabetes mellitus (GDM) require close monitoring and support to manage
their diabetes. Recent changes to the diagnostic criteria have implications for service provision stemming from increased prevalence,
suggesting an increased burden on health services in the future. Telemedicine may augment usual care and mitigate service
burdens without compromising clinical outcomes but evidence in GDM is limited.

Objective: The Telemedicine for Gestational Diabetes Mellitus (TeleGDM) trial aims to explore the use of telemedicine in
supporting care and management of women with GDM treated with insulin.

Methods: The TeleGDM is a mixed-methods study comprising an exploratory randomized controlled trial (RCT) and a qualitative
evaluation using semistructured interviews. It involves women with insulin-treated GDM who are up to 35 weeks gestation.
Participating patients (n=100) are recruited face-to-face in outpatient GDM clinics at an outer metropolitan tertiary hospital with
a culturally diverse catchment and a regional tertiary hospital. The second group of participants (n=8) comprises Credentialed
Diabetes Educator Registered Nurses involved in routine care of the women with GDM at the participating clinics. The RCT
involves use of a Web-based patient-controlled personal health record for GDM data sharing between patients and clinicians
compared to usual care. Outcomes include service utilization, maternal and fetal outcomes (eg, glycemic control, 2nd and 3rd
trimester fetal size, type of delivery, baby birth weight), diabetes self-efficacy, satisfaction, and costs. Semistructured interviews
will be used to examine user experiences and acceptability of telemedicine.

Results: The trial recruitment is currently underway. Results are expected by the end of 2016 and will be reported in a follow-up
paper.

Conclusions: Innovative use of technology in supporting usual care delivery in women with GDM may facilitate timely access
to GDM monitoring data and mitigate care burdens without compromising maternal and fetal outcomes. The intervention may
potentially reduce health service utilization.
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Trial Registration: Australian and New Zealand Clinical Trials Registry (ANZCTR): ACTRN12614000934640;
https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=366740 (Archived by WebCite® at
http://www.webcitation.org/6jRiqzjSv).

(JMIR Res Protoc 2016;5(3):e163) doi: 10.2196/resprot.6044
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Introduction

Recent changes to tighten the diagnostic criteria for gestational
diabetes mellitus (GDM) [1] mean many more women will be
diagnosed with this condition, placing increased demand on
clinical services to provide diabetes care. Women with
insulin-treated GDM, in particular, often require more intensive
follow-up and support for titration of insulin and overall
management of GDM [2,3].

The prevalence of GDM is estimated to be 6% to 15% of
pregnancies [1,4] dependent on whether the diagnostic criteria
set by the International Association of Diabetes and Pregnancy
Study Groups (IADPSG) or the Australasian Diabetes in
Pregnancy Society (ADIPS) is used. The IADPSG’s revisions
in recent years give higher prevalence estimates [1].

Good control of blood glucose level (BGL) in GDM is important
to minimize the risk of pregnancy and birth complications
associated with the condition. Such complications can include
large for gestational age (LGA) babies, macrosomia, increased
likelihood of cesarean delivery, preeclampsia, and fetal shoulder
dystocia [3-5]. First-line therapy to control hyperglycemia
involves dietary modification and physical activity [1,3,6] or
oral hypoglycemic agents (OHA) [3]. An insulin regimen is
initiated if the OHA therapies are inadequate in optimizing BGL
or there is evidence of increased risk of macrosomia [6].
Approximately 50% of women with GDM go on insulin
regimen, which requires close monitoring and intensive
follow-up for regular insulin titrations to control persisting
hyperglycemia [2].

The increasing prevalence of GDM [7-10] and the intensive
clinical care needed have implications for the capacity of health
care services to provide timely care and the clinical outcomes
of such care. There is a need to explore innovative ways to
deliver care and support for women with GDM to ease the
service burden while not compromising quality of care. This
may also potentially deliver cost efficiencies and savings.

In our systematic review [11], telemedicine has emerged as a
potentially effective intervention to address service utilization
while producing maternal and fetal outcomes similar to or better
than usual care.

Telemedicine is defined as “the use of telecommunications
technology to provide medical information and service” [12].
Telemedicine (also known as telehealth) has been implemented
as a monitoring intervention in diabetes, heart failure, and
chronic obstructive pulmonary disease [9,10,13] with promising
results. For instance, a small study that trialled the use of cellular
phones to transmit self-monitoring blood glucose data in type

2 diabetes found the approach was feasible, easy to use, and
resulted in patients having fewer hospital visits [8]. Recent
studies exploring a smartphone application or text messaging
in type 1 and/or 2 diabetes reported improvements in glycemic
control in favor of the telehealth approaches [14,15], while
self-efficacy and quality of life were unchanged [14]. A study
of telemedicine in heart failure patients reported better quality
of life and heart failure self-care while hospital utilization
remained unchanged [13]. While there may be some cautious
optimism about the benefits of telehealth-based interventions,
usage by patients appears modest, approximately 34% to 39%
[16]. It remains to be seen how all this translates to GDM,
especially in a real-world clinical setting.

Specifically in GDM, telemedicine interventions compared to
control/usual care may reduce service utilization such as
face-to-face clinic visits (4.25 [standard deviation or SD 0.93]
vs 6.22 [SD 1.48], respectively; P=.002) and unscheduled visits
(0.50 [SD 0.73] vs 2.89 [SD 1.05], respectively; P<.001) [12],
while achieving similar outcomes (with trends in favor of
telemedicine) for glycemic control, birth weight, incidence of
macrosomia [11,12,17,18] and diabetes self-efficacy [12,17-19].
The main limitations of studies of telemedicine in GDM that
we identified in our systematic review of the literature [11] are
that there are very few randomized controlled trials (RCT) and
sample sizes tend to be small. None of the trials included in our
review evaluated costs, perhaps due to the lack of an agreed
standardized evaluation framework for telehealth interventions.
We also identified other methodological limitations such as
shorter interventions and the heterogeneous nature of the
outcomes and telehealth interventions used [10,20-22].
Interventions were perhaps too short to have significant
measurable impacts; outcome measures varied across studies,
posing challenges to conducting effects through pooled data
analysis, and the interventions varied considerably, ranging
from telephone support and videoconferencing to text messaging
[10,20-22], making comparison of studies and generalizability
difficult.

Our innovative study, the Telemedicine for Gestational Diabetes
Mellitus (TeleGDM) trial, uses a Web-based approach to
augment the management of women with insulin-treated GDM.
Our aim is to explore the effects of telemedicine on health
system performances including patient utilization of outpatient
clinical care, maternal and fetal clinical health outcomes, and
patient and clinician satisfaction and acceptance with respect
to the intervention technology. In addition, a cost comparison
between the two arms of the trial will be performed to determine
if there are any provider cost savings that might be associated
with changes in outpatient clinic attendance.
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We hypothesize that with timely access to patient GDM
self-monitoring data, health service utilization would be
decreased without compromising maternal and fetal outcomes
with an associated provider cost saving, greater satisfaction
with the telemedicine, and a positive user experience.

The project is registered with the Australian and New Zealand
Clinical Trial Registry [ACTRN12614000934640], and ethics
approval was granted by Northern Health Human Research
Ethics Committee (HREC P/11/14) and Bendigo Health Human
Research Ethics Committee (HREC/15/BHCG/44).

Methods

Study Design
The TeleGDM trial is a mixed-methods study comprising an
exploratory RCT and a qualitative evaluation using
semistructured interviews (Figure 1). RCTs are the gold standard
for providing evidence for practice [23,24] but have a major
limitation of “. . . not tell(ing) the whole story . . . ” [25].
Qualitative methods such as interviews can provide more
in-depth information about participant experiences [26] than
would otherwise be captured by quantitative methods alone.

Figure 1. Study design flowchart.

Population, Setting, and Inclusion Criteria
The first group of participants comprises pregnant women
diagnosed with GDM who have commenced insulin therapy to
control hyperglycemia. These women attended outpatient GDM
clinics at two tertiary hospitals between August 30, 2014, and
October 30, 2016, inclusive of follow-up. One hospital is in an
outer metropolitan region with a catchment population of
significant cultural and linguistic diversity. The other is
regionally located and serves a population with a rural
background. Combined, the two hospitals have approximately
5000 live singleton births annually, and approximately 800 of
the pregnancies are affected by GDM.

Women with GDM (patient participant group) are eligible for
inclusion if they have a clinical diagnosis of GDM based on the
IADPSG criteria following an oral glucose tolerance test [1].
Other eligibility criteria include gestation up to 35 weeks and
access to the Internet via a personal computer, smartphone, or

tablet. Prepregnancy glucose intolerance, twin pregnancies,
GDM not treated with insulin, and other types of diabetes are
exclusion factors.

The second group of participants are Credentialed Diabetes
Educator Registered Nurses (CDE-RNs) who provide GDM
care at the two centers. The CDE-RNs are directly involved in
the RCT component of the study and provide care to women
with GDM in the course of their usual practice. The number of
these clinicians across the two sites is 8; all are requested to
complete the clinician assessments for the study.

Recruitment and Randomization
The women with GDM regularly attend outpatient GDM clinics
at the hospitals. It is at these weekly clinics that prospective
participants are recruited face-to-face. Clinicians identify
potentially eligible patients, give them a study brochure and/or
seek permission for referral to the lead researcher or study
research assistants. Following referral, participants are
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approached for face-to-face screening, detailed briefing, consent,
randomization, and completion of baseline questionnaires. A
1:1 randomization schedule was generated in STATA 11.0
(StataCorp LP) by an independent statistician. The lead
researcher and RAs have no involvement in routine care of the
patients.

Some ethnic groups (Indian, Asian, Arabic/Middle Eastern,
Pacific Islander, Aboriginal, and African) are considered high
risk for GDM [27]. Previous GDM and use of insulin in past
pregnancies are also considered high risk factors for GDM.
Therefore randomization was stratified according the level of
risk (high or low). Stratification avoids group allocation
imbalances on factors that have significant influence on
prognosis, avoids type 1 error, and improves study power for
small trials [28]. Group assignments are concealed in two sets
of opaque envelopes; the first set is the randomization schedule
for the low risk subgroup and the second for the high risk GDM
subgroup. Following consent, the envelopes are consecutively
opened for assignment by the recruiter. Clinicians are not
blinded to group allocations because they need data from the
intervention for clinical care.

Usual Care (Control)
Usual care refers to clinical GDM care processes currently in
practice at the participating hospitals, and this will be the control
group. In line with recommended best practice [29,30]
diagnostic screening for GDM occurs at 24 to 28 weeks
gestation for women with no known history of diabetes or earlier
for those considered high risk for GDM. Following diagnosis
through to end of pregnancy, ongoing care is provided via a
multidisciplinary team of endocrinologists, dietitians, and
CDE-RNs. The role of the team is in addition to obstetric care.

From an endocrinology perspective, care involves an initial
group counseling and education with a CDE-RN and dietitian
covering aspects of GDM self-management. The CDE-RNs
provide the pregnant women with free BGL meters from an
approved supplier. The meters are individual use and the women
purchase their own consumables (ie, test strips and lancing
devices). Treatment targets are ≤5.0 mmol/L for preprandial
BGL and ≤6.7 mmol/L for 2-hour postprandial BGLs. Insulin
is initiated or titrated if BGLs are above target over three
successive days. Ongoing face-to-face appointments are
scheduled with members of the team as needed until delivery.
Appointments generally occur every one to two weeks as
determined by the clinicians. Patients on insulin have more
frequent reviews especially in the early stages of insulin
initiation. Self-management involves keeping a daily paper
diary record of GDM self-monitoring data (1 preprandial and
3 postprandial BGLs, insulin dosing, symptoms, and dietary
information). The diaries are reviewed by the clinicians at each
outpatient clinic. The women also have the option to call the

CDE-RNs out of scheduled appointments if BGLs are outside
target.

Telemedicine (Intervention)
The intervention is telemedicine as an adjunct to usual care.
The main distinction to usual care is GDM self-monitoring data
is shared via a telemedicine system in lieu of paper diaries. The
intervention uses a Web-based portal, Online Health Portfolio
(OHP) [31], for data sharing and communication between
patients and clinicians and is premised upon (1) women with
GDM undertaking regular GDM self-monitoring and entering
data; (2) timely availability of data to clinicians via the
Web-based OHP, hence timely response to the women’s GDM
care needs informed by the available data; and (3) upon carrying
out advice and feedback the women will better manage GDM
and require less frequent appointments. Currently there is no
empirical evidence for OHP, and it was chosen for this study
on pragmatic reasons and anecdotal accounts of independent
endocrinologists who used it in their practice.

Online Health Portfolio is a secure Web-based patient-controlled
personal health record that is accessed securely through an
Internet browser on a personal computer, smartphone or tablet.
It is a proprietary system developed and owned by a vendor
who is independent of the study. It uses 256-bit data encryption
and 5-minutes inactivity time logout. Besides data entry and
preview, the users can have graphical visualization of summary
data and trends filtered by pre- or postprandial meal type or
time, set up automatic reminders on the internal calendar, and
set trigger levels for BGL alerts. Reminders may be forwarded
to the patient’s smartphone as a short message service (SMS)
text. There is an internal messaging feature within OHP to
enable 2-way messaging of free text between clinicians and
patients. Clinicians also have the option to send an SMS text to
the patient’s smartphone from OHP. Participating patients use
their own Internet-connected devices while clinicians use their
usual hospital-provided Internet-connected computers. Username
and password access to OHP is independent of all other hospital
applications and systems. While patients are at liberty to access
OHP at any time, clinicians interact with OHP during the course
of normal work hours (8:00 AM to 4:30 PM), Monday through
Friday. Multimedia Appendix 1 and Multimedia Appendix 2
show of some screenshots of the OHP.

The research team have no financial interest in the OHP. The
lead researcher (TR) has had some input into modifications and
refinements to the Web portal in order to enhance usability by
the patients and clinicians. An example is the introduction of
the diary view format in Figure 2. The vendor usually charges
an annual subscription fee (AUD $85) to patients to use OHP
while clinicians’ subscriptions are free. For this study, patient
subscriptions are covered in the study budget. OHP consumes
negligible amounts Internet data, thus adding no perceptible
costs to patients’ own home or mobile Internet service.
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Figure 2. Diary view format introduced after modifications to enhance usability of OHP.

Upon enrollment, patient participants undergo individual
semistructured 30 to 45 minutes induction by the lead researcher
or research assistants.

The induction is hands-on and covers the initial set-up with
participants practicing all the tasks they are expected to perform
independently from then on. Induction covers signing up,
logging on, navigating through the OHP Web portal, data entry,
messaging, and reviewing data trend/summary graphs. All data
entry is practiced using the previous day’s data. Performing
BGL self-monitoring, administering insulin, and following
dietary advice are part of routine diabetes education and
counseling provided by a multidisciplinary endocrinology care
team as described under usual care. Participants are also
instructed on how to share this health information with the GDM
clinicians for the purpose of providing clinical care and with
the project lead investigator for research data collection and
data management purposes. When required and in order to
improve study data collection, the lead researcher may set up
automatic reminders on OHP to send reminders every second
day to prompt the noncomplying patient to enter data. Activating
or setting up automated reminders is not routine but it is targeted
for those who fail to perform data entry according to
expectations. This avoids inundating those who are compliant
with unnecessary reminders.

Participants are asked to enter their GDM self-monitoring data
onto OHP daily or every other day in order to minimize backlogs
and associated data entry errors. Maintaining a paper diary is
optional. Automated alerts about new data entries are sent to
the clinicians via email prompting the clinicians to log in under
their credentials to review the patient data. When required and
depending on the reviewed data or patient queries, clinicians
provide feedback to the patient via the messaging service about
any necessary alterations to treatment (eg, insulin titrations,
changes to diet). The CDE-RNs act as the gatekeepers to interact
with the telemedicine system and to consult or liaise with other
GDM service team members. Patients can also email or print
reports for other interested parties who do not have direct access
to the Web-based shared data.

Induction for clinicians involved in providing care was
conducted by the lead researcher. It consisted of setting up
log-on credentials, using and navigating through the OHP
webpage, setting up alerts, reviewing patient data, and
messaging. The induction included both demonstration and
hands-on practice in group setting.

Tasks expected of clinicians are to review patient data at their
convenience, fitting in with their other routine clinical
commitments through the day during weekdays. At the
minimum, data are reviewed every 1 to 2 days during the week.
Clinical decision making and advice in relation to ongoing
management of GDM is at the discretion of the clinicians in
accordance with existing clinical protocols without interference
from the researchers. The same applies to scheduling of clinic
appointments. Clinicians may also remind a patient when no
data have been entered.

For research data collection, participant engagement, and/or
troubleshooting purposes, the lead researcher periodically
contacts participants via the OHP messaging feature or telephone
and extracts all data from OHP to collate in a secure MS Access
study database. The lead researcher is the primary contact for
basic technical support queries, escalating any queries that
cannot be resolved to the OHP vendor.

Sample Size
As an exploratory RCT, a stringent sample size calculation was
deemed to be less critical for the TeleGDM trial. Therefore
sample size has been set at 100 participants. This determination
was largely pragmatic, based on resources, time constraints, the
balance of probability for detecting a statistically significant
difference in the primary outcome and a reasonable power for
secondary outcomes. Estimations based on a finding of 44%
fewer clinic visits among those receiving telemedicine versus
controls [32] indicated a required sample size of 42 with a power
of 0.9 for a similar outcome. Thus if the primary outcome in
our study were to be less than the latter cited study, or there was
30% attrition, our set target sample offers good prospects for
detecting a difference in the primary outcome.
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Data and Outcomes
Data for research is collected by the lead researcher. This
includes weekly extraction of data from OHP for those in the
intervention arm in addition to questionnaire outlined below.
For controls, photocopies of patients’paper diaries are obtained
when these patients attend their clinic appointments. In addition
to these photocopies, where possible, BGL data are directly
extracted from the BGL meter via USB cable connection.
Finally, once patients have reached the study end point, they
also asked to send outstanding self-monitoring data copies of
their diaries via email or as photos via smartphone-based
multimedia messaging service.

Demographic data together with diabetes self-efficacy and client
satisfaction are collected at baseline with follow-up at least 6
weeks after enrollment in the trial. Self-efficacy and satisfaction
are measured using the Diabetes Empowerment Scale–Short
Form (DES-SF) [33] (Multimedia Appendix 3) and Client
Satisfaction Questionnaire–8 Item (CSQ-8) [34,35] (Multimedia
Appendix 4). The DES-SF is a shorter version of the original
28-item questionnaire for measuring self-efficacy in people with
insulin- or noninsulin-treated diabetes [36]. The original
questionnaire has three subscales: managing the psychosocial
aspects of diabetes, assessing dissatisfaction and readiness to
change, and setting and achieving goals. The longer version has
high construct validity and good reliability [18,36]. The shorter
version has 8 items, has high reliability (alpha of 0.85), and the
scores were found to change positively with improvement in
HbA1c [33]. To minimize the burden on participating women
we selected the DES-SF to assess diabetes self-efficacy. The
CSQ-8 has been used in diabetes research [37] and was assessed
for reliability and validity in a childbirth service evaluation [38].
It is reported to have strong reliability, excellent face validity
[34,35], good psychometric properties, high client and staff
acceptability, and sensitivity to programs of varying quality
[37]. The CSQ-8 is available under paid license while the
DES-SF is free with appropriate attribution. Both the DES-SF
and SCQ-8 questionnaires are self-completed face-to-face or
administered over the phone at baseline and at least six weeks
from enrollment. Further information on outcomes and data
collection time points is provided in Table 1.

The primary outcome of the quantitative exploratory RCT
component of the study is service utilization. Maternal and fetal
outcomes, satisfaction, and costs are secondary outcomes. In
particular, one of the limitations of studies in our systematic

review [11] was the lack of cost evaluation, however basic.
Considering that studies appear to show virtually similar clinical
outcomes between telemedicine and usual care/control
[12,17-19], a form of cost comparison becomes important. There
are several methods for undertaking health economic evaluation,
one of which is cost minimization. This type of health economic
evaluation is defined as “. . . evaluation method to use when
the case for an intervention has been established and the
programmes or procedures under consideration are expected to
have the same, or similar, outcomes. In these circumstances,
attention may focus on the cost side of the equation to identify
the least costly option” [39]. At the time of this protocol study,
patients not covered by the Australian Medicare paid AUD $280
for each face-to-face consultation with a clinician for GDM care
at the centers in this study. Because diabetes education,
endocrinology, and dietetics are the key outpatient specialties
involved directly in GDM management and therefore targeted
for influence by the TeleGDM intervention, the AUD $280 cost
rate will be assigned to these for service provided to patients
between study entry and study exit. Study participant outpatient
consultations data covering service access between
commencement of recruitment and end of data collection for
computation of provider costs will be sourced from the hospital
data management unit. While clinicians provide service over
the phone, which is a cost to the hospital, patients are not billed
and hence this cost will not be included. Furthermore,
implementing the intervention required existing equipment and
infrastructure for the brief induction. Costs for these were
considered negligible and therefore were not taken into
consideration. Also Australian public hospitals by their nature
are nonprofitmaking entities. Where fees are charged these are
normally break-even and include overheads. Besides the AUD
$85 per patient subscription there is no separate license fee for
OHP.

Technology is central to the telemedicine support service for
GDM and an important feature for evaluation. As such,
technology capability will be assessed through the volume of
data uploads by patients and qualitatively through sections 2
and 3 (system and information quality) of the Health Infoway
System and Use Assessment Survey [40] (Multimedia Appendix
5).

Outcomes of interest are outlined in Table 1. These are aligned
with the dimensions of the telehealth evaluation framework
proposed by the Institute for a Broadband-Enabled Society
[41-43].
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Table 1. Outcomes and indicators matched to the telehealth evaluation framework dimensions.

Time pointAssessment instrument/

data source

Measures/

indicators

Telehealth evaluation
framework dimension

Outcome

Primary

Study exitAttendances and nonatten-
dances from outpatient activ-
ity dataset;

patient medical records

Number of scheduled face-
to-face consultations

Patient controlPatient service utilization

Number of unscheduled
face-to-face consultations

Number of telephone consul-
tations

Secondary

Enrollment; deliveryBGLa extraction from

OHPb;

glucometer downloads;

patient paper diaries

Glycemic controlClinician quality of careClinical measures

and satisfaction

Between enrollment and de-
livery

Time (days) to BGL stabi-
lization

Glycemic stability

Between enrollment and de-
livery

Time (days) between insulin
adjustment

Insulin adjustments

2nd (17-22 weeks) and

3rd (>22 wks) trimester

Fetal ultrasound biometryMacrosomia

Baseline; ≥6 weeksDES-SFcDiabetes self-efficacy

DeliveryBirth weight >

90th percentile
LGAd

DeliveryPatient medical recordNeonate admission to SCNe

DeliveryPatient medical recordsType of delivery (NVDf,

LUSCSg, other)

Baseline; ≥6 weeksCSQ-8hMother/patient satisfaction
with clinical care

Enrollment; delivery

Study exitRoutine billing administra-
tive data for face-to-
face/staff costs;

OHP subscriptions

Service provider costsOrganization sustainabilityCosts

Tertiary

6 months from beginning of
study

Modified Canada Health In-
foway System And Use As-
sessment Survey

Clinician system, informa-
tion and service quality, us-
age

Technology capabilityUsage

(patients and clinicians)

Study completionExtraction from OHP logsOHP access;

volume of data uploaded

aBGL: blood glucose level
bOHP: Online Health Portfolio
cDES-SF: Diabetes Empowerment Scale–Short Form
dLGA: large for gestational age
eSCN: special care nursery
fNVD: normal vaginal delivery
gLUSC: lower uterine segment cesarean section
hCSQ-8: Client Satisfaction Questionnaire–8 Item (CSQ-8)
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Qualitative Evaluation
The aim of the qualitative evaluation is to supplement the RCT
by exploring patient and clinician acceptance, adoption, and
experiences of telemedicine to support care in the management
of GDM. A semistructured interview approach is used for both
patient and clinician participants. The interview schedule is
outlined in Multmedia Appendix 6. Subjects include those who
are assigned to the intervention arm of the TeleGDM RCT and
the CDE-RNs. A purposive sample of patients will be selected
with the aim for up to 15 patients. Since there are only a few
clinicians, all CDE-RNs who actively interact with OHP during
the RCT will be included. Interviews are conducted by the lead
researcher and the questions are open-ended, focusing on
gathering interviewee experiences with telehealth-supported
GDM management and the technology under use. Clinician
interviews are face-to-face while patient interviews are carried
out over the phone for the convenience of new mothers. All
interviews are audiorecorded digitally for later verbatim
transcription.

The interviews will be supplemented with field
notes/observations. Notes or written diaries throughout the trial
allow for an analysis that provides a narrative account of practice
[44]. The narrative adds to the evaluation by highlighting factors
in the local setting which may influence the success or failure
of the intervention [44,45].

Data Preparation and Analysis
Quantitative data analysis will be performed using Stata/IC 13.1
(StataCorp LP) with an intention to treat analysis. Missing data
for the primary outcome is expected to be minimal as all patient
appointments and outcomes are recorded. For the DES and
CSQ-8 losses to follow-up will employ last observation carried
forward for missing values. Since case BGL data is serial and
expected to be nonlinear, case mean of nearby data points
imputation will be used for missing data.

Summary univariate statistics will be used to describe the study
populations and compare study groups at baseline. Categorical
variables will be summarized as raw numbers and percentages
and between groups comparisons will utilize chi-square
statistics. Multivariate statistical analysis will be performed to
compare the groups on primary and secondary outcomes. In
addition, survival analysis will be performed to explore time to
reach glycemic stability. Statistics will be reported with standard
deviations or 95% confidence intervals as appropriate. Statistical
significance will be indicated by P<.05.

Patient and clinician interviews will undergo thematic analysis
supported by NVivo 11 (QSR International). The interview
transcripts will be analyzed separately for each participant group
using an inductive approach to identify and/or infer themes and
codes from the transcripts. Further themes will be classified
according to the dimensions of telehealth evaluation framework
[41].

Results

At the time of submission of this paper, recruitment and data
collection were underway. Data analysis was pending and results
expected at the end of 2016.

Discussion

Summary
Use of telemedicine to support care, specifically in the
management of GDM, through a multiplatform Web-based
personal health record is an innovative use of current
technologies. It is envisaged the study will show reductions in
health care utilization (eg, face-to-face clinic appointments)
with an associated service provider cost saving. Other expected
effects are GDM clinical outcomes similar to if not better than
usual care. In addition, it is anticipated that both clinicians and
patients will express greater satisfaction, usability, and positive
views for telemedicine-supported GDM management.

The increasing prevalence of GDM and associated burdens [1-3]
calls for innovative ways of service provision. The TeleGDM
study explores a Web-based telemedicine approach to providing
care and support to pregnant women with insulin-treated GDM.
The intervention in the TeleGDM study relies on reliable and
acceptable technology for efficient data sharing between patients
and clinicians. Underpinning the intervention is the idea that
telemedicine provides an engagement and interaction platform
between the patient and clinician independent of face-to-face
visits. The intervention incorporates some of the elements which
are common for Web-based interventions (eg, self-management,
communication, individualized feedback) [46].

Comparison With Previous Work
A few previous studies [12,17-19] have specifically explored
telemedicine for GDM. These studies found better service
utilization in terms of fewer face-to-face appointments and better
diabetes psychological self-efficacy. There are some marked
differences between the TeleGDM study and previous studies;
TeleGDM uses technologies (broadband Internet and the
ubiquitous mobile telephony Internet) which were not previously
available. While in theory the approach in the TeleGDM study
appears similar to those in the previous studies, the intervention
has been implemented as adjunct to usual care for ethical
reasons. That is, usual care is the current standard of care at the
study sites, and therefore it would be unethical to deny patients
what is current practice in lieu of a test intervention. However,
the adjunct nature of the intervention means concurrent elements
of usual care could become confounders.

Strengths and Limitations
The strength of the TeleGDM is the innovative use of current
technologies in GDM, particularly in the Australian context.
Second, the study uses a mixed-method approach to enhance
the rigor of the evaluation and incorporates elements of a
framework proposed for evaluating telehealth interventions in
Australia [41]. The study includes cost evaluation, an important
consideration which telehealth studies are often criticized for
excluding [10]. Costs are only considered from a provider
perspective and limited to billable consultations for pragmatic
reasons, a potential methodological limitation. As such, a full
economic evaluation that takes into account other costs could
be a future consideration.

Internet security is one of the barriers to uptake of Web-based
interventions [46]. Hence OHP uses 256-bit data encryption,
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individual username and password access, and an inactivity
timeout. Despite these security measures, data breaches cannot
be completely ruled out. Any interactions over the Web carry
the risk that user privacy and confidentiality may be breached,
however minimal. This may happen as a result of unauthorized
access during the course of transmission, hacking into system
servers, or users not exercising due diligence in securing their
log-on information.

Conclusion
TeleGDM is an innovative use of technology to support care
and management of insulin-treated GDM. It may mitigate
burdens on the health care service and the women with GDM
without compromising clinical outcomes. Results of this study
are expected by the end of 2016.
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CDE-RN: Credentialed Diabetes Education–Registered Nurse
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DES-SF: Diabetes Empowerment Scale–Short Form
GDM: gestational diabetes mellitus
IADPSG: International Association of Diabetes and Pregnancy Study Groups
LGA: large for gestational age
OHP: Online Health Portfolio
RCT: randomized controlled trial
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