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Abstract. The aim of this paper was to evaluate the effect of telemedical care of
gestational diabetes mellitus (GDM) patients with the digital treatment pathway
model DiabCare Tirol. Methods: 27 courses of patients with GDM, who were
telemonitored through the integrated care program DiabCare Tirol in a diabetes
outpatient clinic in Tyrol, Austria during the COVID-19 pandemic in 2020, were
analyzed. In addition, randomized controlled trials (RCTs) on telemedicine
interventions for GDM were researched, and their results were used for comparison
with this disease management method. The patient outcome analysis was used to
examine the effects of the integrated care program involving telemonitoring support
and compared them to the results of RCTs in which participants were randomly
assigned to one of two groups, either mobile monitored or standard treatment group.
Results: The feasibility of the digital treatment pathway model was confirmed in
practice, as the trend analysis of the 27 GDM patients involved showed significantly
improved glycaemic control. Results of RCT studies tend to support the findings of
DiabCare Tirol. Conclusion: Benefits of telemonitoring with integrated care to
support conventional therapy cannot be dismissed, especially in times of the
pandemic. Continuous outcome research with larger patient numbers will be
necessary to confirm the effectiveness of telemonitoring in a regular care setting.
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1. Introduction

The prevalence of diabetes continues to rise across the world [1]. In terms of gestational
diabetes mellitus (GDM), which is defined as a glucose intolerance occurring first during
pregnancy, it affects 6% to 15% of all pregnancies, depending on screening criteria, and
is usually diagnosed between 24 and 28 weeks of gestation [2,3]. The incidence thereof
increases constantly, especially due to the prevalence of obesity, as with type 2 diabetes,
and additionally due to the rising number of pregnancies at an advanced maternal age
[2]. Adverse perinatal and postpartum complications associated with GDM for the
mother include shoulder dystocia, clinical neonatal hypoglycemia, preterm delivery and
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cesarean delivery, as well as the development of cardiovascular disease (e.g. coronary
artery disease) and a sevenfold increased risk of developing type 2 diabetes mellitus due
to GDM compared to women with normal-glycemic pregnancies. High blood glucose
(BG) levels of the mother lead to increased insulin levels in the infant, which causes
increased birth weight [2,3].

With timely diagnosis and treatment of GDM, a decrease of pregnancy- and birth-
related complications can be achieved with an outcome of pregnancy similar to that of
women without GDM. However, for this to happen, regular physical activity, controlled
weight gain and nutritional counseling to restrict the amount of carbohydrates, must be
incorporated into the patient’s routine. For control purposes, BG measurements and
documentation thereof should be performed four times a day. If BG limits are exceeded
despite adherence to these measures, insulin therapy is required in approximately 20-
30% of pregnant women suffering GDM.

In principle, clinical guidelines state that women with GDM should undergo regular
follow-up examinations and track self-monitoring data, such as BG and ketonuria, in
order to stabilize maternal BG after delivery [2]. With the advancement of
telemedicine,which uses information and communication technologies (ICT) as a means
of bridging distances to enable health-related information exchange between healthcare
professionals and patients-, it is gaining popularity as it offers a practical and sustainable
intervention method in GDM management [4-7]. Abundant research studies analyzing
telemonitoring in diabetic care found significant improvement in self-care, as diabetes-
related data could be transmitted electronically to professionals. As a result, the number
and necessity for outpatient clinic visits could be reduced [2,3]. Based on the mentioned
aspects, the AIT Austrian Institute of Technology GmbH developed a disease
management program (DMP) for diabetes patients called DiabCare Tirol, using a
telemonitoring system, which is incorporated in a comprehensive network of specialists.
A methodically similar example of a successfully implemented telemonitoring DMP
would be HerzMobil Tirol, which is a multi-dimensional post-discharge program for
heart failure patients that has been used in regular care and was gradually extended across
the region of Tyrol since 2018 [8,9].

After a pilot phase with type 1 and type 2 diabetes patients, the project concept was
adapted to the needs of gestational diabetes in 2020. This paper shows first results of
patients with GDM while participating in the DiabCare program in Tyrol and compares
the outcomes with those of different RCT studies to check validity.

2. Method of Telemonitoring with DiabCare Tirol

DiabCare Tirol is a telemonitoring platform for remote treatment support of type 1-
(DM1), type 2 diabetes (DM2) and GDM since it replaces paper diary records with online
documentation and remote access for caretakers. The measured data are transferred from
devices' to the DiabCare mobile application? via Bluetooth or through manual entries
and is accessible online on a data management system?. Patients can communicate with
their assigned clinical specialists via the app and receive feedback on their progress. A
DMP with a specific treatment pathway was developed considering requirements for

! Blood glucose meter - LifeScan Verio Reflect, Blood Pressure Meter - BOSO Medicus System
2 DiabCare Mobile Client Application, Version 4.3.2 (AIT)
3 DiabCare Data Management System, https://diabcare.tirol-kliniken.at, Version 1.27 (AIT)
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treatment of GDM (e.g. monitoring plan and intensity, tasks for and interaction between
caretakers). The diabetes outpatient clinic at Krankenhaus St. Vinzenz Zams, Landeck
served as the recruitment center for GDM patients willing to participate in the project.
Due to the temporary overload of COVID-19 cases in hospitals of the Landeck region
the participation helped to keep outpatient visits as low as possible and thus minimize
the risk of infection for this particularly vulnerable group.

The care process (Figure 1) for GDM patients started with the visit of the diabetes
outpatient clinic for an initial consultation. A specialized nurse for diabetes counseling
and dieticians, in consultation with the attending physician, provided hypoglycemia
training, individualized nutritional counseling, and offered technical advice regarding the
telemonitoring equipment. This was followed by assigning the patients to the first phase
for a duration of one month where close monitoring took place.
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Figure 1: Monitoring process of GDM patients through DiabCare Tirol.

For each phase, a monitoring schedule (weekly or bi-weekly) for virtual checkups
by diabetes counselling nurses and, if necessary, additional nutritional counselling was
established. After one month, a physician visit was scheduled for interim control. For
GDM npatients, the participation ended after delivery. In case of an acute medical
situation, patients were advised to contact their family or emergency doctor directly.

3. Data Collection and Parameter Analysis of DiabCare Tirol

Starting with the first wave of COVID-19 cases in the first quarter of 2020 in Austria,
the DiabCare concept was increasingly used. From March 2020 to June 2020, 29
gestational diabetics were included in DiabCare of which 27 were incorporated in the
analysis, as two patients dropped out early from the program. On average, GDM patients
had a mean duration of follow-ups lasting 9.6 (sd = 6.1) weeks and were between the
ages of 20 to 38 (32.6, sd = 5.6) years at the time of inclusion - as summarized in Table
1 - with various forms of therapy, ranging from oral antidiabetics to insulin.
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The total number of BG values transmitted was 8.918, equivalent to 34,4 data
transmission weekly, and that of blood pressure (BP) and pulse values amounted to 878
transmissions, equivalent to 3,4 weekly ones. The patients received feedback two times
a week on average from a diabetes consultant. Communication between involved
caregivers (physicians, specialized nurses, dieticians) took place via notes in the data
management system with restricted access for authorized users.

Table 1. Descriptive data of all participants

Number of participants 27

Type of diabetes gestational diabetes mellitus
Age 32.6 (sd = 5.6) years

Mean duration of participation 9.6 (sd = 6.1) weeks

Number of blood glucose measurements 8.918 (~34 per week)
Number of blood pressure measurements 878 (~3-4 per week)
Number of received feedback 2 per week on average

The mean heart rate of the included gestational diabetic women equaled 84 bpm (sd
= 13 bpm) at the beginning. An increase in heart rate to an average of 93 bpm was
detected, which is known through literature to be normal in pregnant women. The weekly
mean systolic BP value was 123 mmHg (sd = 14 mmHg), and diastolic value was 80
mmHg (sd = 11 mmHg). Over the observation period, there was an increase in BP typical
for pregnant women [10]. A total of 8.918 glucose self-measurements was obtained, with
an overall mean of 112 mg/dl (sd = 32 mg/dl). As shown in the boxplot-analysis of
weekly mean BG values in Figure 2, the readings are largely within an adequate range
except for a few outliers (weeks 2, 4 and 13). The standard deviation became narrower
over the duration of care (weeks 14-16), where i.e., fewer hyper- and hypoglycemic
values occurred. Further analysis showed a significant reduction in BG levels (p-value <
0.001). The patients were managed well within the individual limits set by the physician
and remained largely within the target range.

Figure 2: Boxplot - analysis of weekly mean blood glucose values of all gestational
diabetic women during the observation period of 16 weeks.
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4. Randomized Controlled Trials (RCTs)

Sung et al. [11] reported on a randomized controlled trial (RCT), conducted throughout
four months in 2017, where 21 women diagnosed with GDM at 24-28 weeks of gestation
were recruited and put into two groups at a ratio of 1:1. The mobile management (MM)
group was trained on a telemonitoring mobile phone application (Huraypositive Inc.
Korea) to record their BG values regularly. Patients received feedback and data were
controlled with tailored medical and nutritional guidance. In the control group for
conventional management (CM), patients were allowed to access the application and
review their information but were not observed by specialists, as the MM group was. All
participants were asked to adhere to regular prenatal visits for usual care. All patients
had full-term deliveries. The results measured 4-12 weeks postpartum showed
significantly lower values for the median maternal BMI (23.72 (CM) versus 20.22
(MM)), weight (62.58 (CM) versus 54.31 (MM)) and percentage of body fat (38.12%
(CM) versus 29.20% (MM)) in the MM group. No difference was observed regarding
the diagnoses of DM2, with two diagnosed patients per group post-delivery.

A multicentre RCT, where women with GDM - diagnosed between 23 and 30
gestational weeks - were randomized to a WeChat group chat-based BG management
group or a routine clinical prenatal care group, was analyzed by Tian et al. [12]. A total
of 309 women with GDM participated in the trial, with 162 women randomized to the
control group and 147 to the intervention group. Results show that the glycemic
qualification rate of the intervention group was better than that of the control group at
nearly all times with gradually increased glycemic qualification rate as gestational weeks
progressed in both groups, regardless of the intervention method.

In another, similar RCT (n = 120, 60 per group) with the same group allocation,
Miremberg et al. [13] reported that early intervention for the management of GDM
through a mobile feedback system from the time of diagnosis led to improvement in
glycemic control (low mean BG: 105.1 mg/dL versus 112.6 mg/dL) and a low rate of
insulin-dependent patients (13.3% versus 30.0%).

5. Discussion

Telemedicine has been transforming conventional diabetes care by increasing the use of
technology, managing information in an electronic medium, and allowing patients and
physicians to communicate despite different schedules. The use of telemedical support
allows patients’ conditions to be assessed and monitored more often than with
conventional clinical procedures. The goal is to create a monitored autonomy for the
patient, allowing them to make their own decisions with professional remote counselling
and infrequent practice visits in case of need. This is exactly what the DiabCare program
is designed to provide. The results and statistical evaluations confirm the validity and
effectiveness of the methodology used and at the same time, motivate the continuation
and expansion for the benefit of all diabetics in Tyrol. Results from RCTs investigating
comparable methods reported by Sung et al. [11], Tian et al. [12] and Miremberg et al.
[13] sustain the use of telemonitoring as treatment support for GDM patients.

In conclusion, telemonitoring with DiabCare showed benefits for the patients, due
to the significantly positive progression in terms of therapy management for BG.
Throughout the COVID-19 pandemic, digital DMPs gained even more importance since
they encouraged active patient care and reduced ambulance and practice visits. DiabCare
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Tirol was able support patients, especially in the early stages of the disease, by enabling
diabetologists and physicians to react quickly to the vital signs and BG data transmitted
by the patient and to adjust or optimize therapy if necessary. However continuous
outcome research with larger patient numbers will be necessary to confirm the
effectiveness of telemonitoring in a regular care setting.
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