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Abstract

Gestational diabetes mellitus (GDM) is a relatively common complication of pregnancy. It is crucial that GDM is correctly diagnosed
and managed, as it is associated with a considerable number of adverse events for the mother, and also adverse perinatal outcomes.
In pregnancy it is necessary to initiate the treatment as quickly as possible and maintain glycemia throughout pregnancy at the level

of normoglycemia as in a healthy pregnant woman.

Currently, modern technologies facilitate the implementation of diabetes education and the intensification of therapy. Used in
diabetes care, they relate to the possibility of insulin administration: injectors - smart pens with dose memory, insulin pumps and
systems for glucose monitoring: modern glucometers, continuous glucose monitoring systems connected with mobile applications
and the possibility of exporting data to the cloud. The mobile applications from patients’ smartphones can serve as an interface that
transfers blood glucose monitoring data between patient and healthcare providers.

The current telemedicine mainly consists of teleconsultation, tele-diagnose, tele-education, tele-medical care and uses video
conferencing, smartphones, wireless tools and other forms of tele communications technology. The SARS-CoV-2 virus pandemic has
shown how many opportunities remote care offers, especially in monitoring chronic diseases.

Due to the need for education, frequent and quick modification of treatment, many studies have been conducted to assess the
possibilities of using modern technologies in virtual care of women with GDM. Numerous studies have shown that virtual diabetic
care during pregnancy can help manage hyperglycemia in pregnancy and improve perinatal outcomes for newborn and mother’s

health.
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Introduction

Diabetes mellitus is one of the most common chronic diseases
in the world [1]. The number of diabetics continues to grow, and this
applies to both type 1 diabetes mellitus (T1DM) and type 2 diabetes
mellitus (T2DM) patients [2], although almost 90% of all diagno-
ses of the disease are type 2 diabetes. As a consequence of chronic
hyperglycemia, various organs are damaged, and the late complica-
tions of diabetes mellitus: micro- and macroangiopathy develop [3].

Diabetes mellitus is progressive, which makes it necessary to con-
stantly intensify the therapy [4]. According to the current American
and European diabetes recommendations, including the Polish Dia-
betes Association (PDA), the treatment of diabetes should take into
account not only disorders related to hyperglycemia, but also the
presence of additional diseases, especially cardiovascular diseases,
overweight and obesity, kidney function, the patient’s age, previous
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eating habits and the patient’s financial capacity [5,6]. Diabetes is
not only the patient and his treatment, but also the costs associated
with the use of drugs, hospitalization, absenteeism, disability pen-
sion, treatment of disease complications. Economically, the disease
affects the whole of society. About 3 million people in Poland suffer
from diabetes, of which 1 million do not know about the disease [7].

In the treatment of diabetes, it is important to maintain the
target blood glucose values determined individually for the patient
[5,6]. However, due to the progressive nature of the disease, it is
difficult to maintain these glycemic targets in the long term, and
despite medical advances, still only 56% achieve the target glycated
hemoglobin - HbA1lc [8,9]. Diabetes treatment begins with modi-
fication of the patient’s diet and lifestyle, and implementation of
metformin as the first-line drug [5,6]. As part of the intensification,
further oral drugs or drugs administered in injection, such as GLP-1
analogues or insulin therapy, are added [5,6]. According to diabetes
recommendations, treatment should be intensified every 3 months.
However, despite the recommendations, a certain therapeutic iner-
tia (delay) in the intensification of treatment is observed, which is
associated with difficulties both on the part of the patient and the
care team.

There are different types of diabetes among pregnant wom-
en. When diabetes occurred in a woman before pregnancy, it is
pre-pregnancy diabetes: it may be type 1 (autoimmune), type 2
(insulin-resistant) diabetes, monogenic diabetes (MODY, maturi-
ty onset diabetes of the youth), or secondary diabetes (e.g. after
pancreatic damage for various reasons). On the other hand, if car-
bohydrate metabolism disorders appear for the first-time during
pregnancy, then hyperglycemia in pregnancy (HIP) is diagnosed.
Different forms of hyperglycemia are diagnosed depending on the
level of glycaemia during pregnancy: diabetes in pregnancy (DIP)
is a disorder in which fasting or random blood glucose levels are
as high as in newly diagnosed diabetes and usually develops in ear-
ly pregnancy. If the first diagnosis of glucose intolerance is made
during the second or third trimester of pregnancy, and type 1 or
type 2 diabetes not pre-existed, then a diagnosis of gestational di-
abetes mellitus (GDM) is made [2,3]. Gestational diabetes mellitus
is a relatively common complication of pregnancy, the International
Diabetes Federation estimates suggest that globally hyperglycae-
mia in pregnancy affects about 15.8% of live births, with around
84% of these being due to gestational diabetes mellitus [2,10]. GDM
is transient, most often diagnosed in the middle of pregnancy and
usually resolves after delivery [2,3,11]. It is crucial that gestational
diabetes is correctly diagnosed and managed, as itis associated with
a considerable number of adverse events for the mother, and also
adverse perinatal outcomes. In pregnancy, in addition to the quick
diagnosis of carbohydrate metabolism disorders, it is also neces-
sary to initiate the treatment as quickly as possible and maintain
glycemia throughout pregnancy at the level of normoglycemia as in
a healthy pregnant woman. Usually, the treatment of gestational di-
abetes concerns about 12-16 weeks and during this period, therapy
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should be intensified in order to maintain normal glucose levels.
Such rapid intensification of treatment is difficult and requires the
earliest possible education on the diabetic diet, self-monitoring and
glycemic goals, and frequent medical check-ups [6].

Currently, modern technologies facilitate the implementation
of diabetes education and the intensification of therapy. Modern
technologies used in diabetes care relate to the possibility of insulin
administration: injectors - smart pens with dose memory, insulin
pumps and systems for glucose monitoring - modern glucometers,
continuous glucose monitoring systems connected with mobile ap-
plications and the possibility of exporting data to the cloud [12].
The mobile applications from patients’ smartphones can serve as
an interface that transfers blood glucose monitoring data between
patient and healthcare providers. The technology has also influ-
enced screening capabilities: these are tools to assess the risk of di-
abetes, the presence of diabetes complications: such as eye fundus
photography, foot temperature measuring devices and risk assess-
ment of the development or deterioration of diabetic feet, pressure
recorders, measurements of body weight, temperature, heart rate
and connecting all these devices through mobile applications with
the data cloud. This makes it possible for the healthcare team to
analyze various patient data in real time and improve the patient’s
metabolic control.

Telemedicine (also known as telehealth) is defined as the pro-
vision of health services at a distance using a range of technologies
and is a growing field nowadays [13] or according to the American
Telemedicine Association it is the use of medical information ex-
changed from one site to another via electronic communications to
improve a patient’s clinical health status [14]. Telemedicine appli-
cation is now ubiquitous in modern society. The current telemedi-
cine mainly consists of:

a) Teleconsultation,
b) Tele-diagnose,

c) Tele-education,
d) Tele-medical care

We can use video conferencing, smartphones, wireless tools
and other forms of tele-communications technology. We now know
that telemedicine and digital diabetes care has a positive impact on
the experiences of patients and health care professionals (HCP).
Digital health-related diabetes prevention and treatment saves
the time needed to travel to the HCP providers, shortens the wait-
ing time for an appointment, offers unlimited time assistance and
greater availability of care, greater patient convenience and com-
fort, timely diagnosis, cost savings, and the greater frequency of
virtual visits also enables a closer relationship between the patient
and the HCP [15,16]. At the same time, the use of technology and re-
mote monitoring of patients causes greater involvement of patients
in controlling their disease, learning and avoiding errors in the case
of chronic disease.
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The main problems to the development of telemedicine are
problems at the organizational level, both on the part of the pa-
tient and the time care, such as difficulties related to the lack of
competence in the use of digital technologies among patients and
doctors. Another group of obstacles relates to the issues of cost re-
covery, safety and liability. The security of the connection between
different patient databases, systems, platforms and information ex-
change, and the issues of trust between the patient and the physi-
cian, when the latter must rely on information provided by patients,
further complicate the advancement of telemedicine. And finally,
the inability to perform a complete physical examination and the
risk of overlooking disturbing symptoms [15-21]. However, despite
these enumerated drawbacks, the effectiveness of telemedicine
has now been proven in the care of patients with type 1 diabetes,
type 2 diabetes, and in the care of pregnant women. This effective-
ness was manifested in the improvement of metabolic control of
patients with diabetes - especially in the reduction of the level of
glycated hemoglobin (HbA1c), body weight, improvement of lipid
profile, blood pressure, quality of life of patients, less hypoglycae-
mia or hospitalization [22-24]. Retrospective analysis by Whaley et
al. showed that remote digital diabetes management program also
had a financial impact and was linked to lower medical spending at
1 year [23].

Remote - virtual visit includes:

1.  Assessment of well-being: the patient’s complaints
2.  Patient health assessment: examination elements:
i. Body weight / BMI

ii.  Blood pressure

iii.  Heart action, rhythm of heart

iv.  Temperature

v.  Blood glucose, HbA1c, episodes of hypo- and hyperglycae-
mia, Time in Range (TIR), Time Below Rage (TBR), Time Above
Range (TAR)

3. Reading data from devices/mobile applications/cloud
4.  Effective analysis of data records:
i. Insulin administration / insertion
ii. ~ Drug/insulin / base-bolus doses

iii.  Diet, CHO count (calculation of carbohydrate exchangers),
calories, number of meals

iv.  Activity - quantity, intensity
5. Clinical recommendations
6.  e-prescription, e-orders

However, the SARS-CoV-2 virus pandemic has shown how many
opportunities remote care offers, especially in monitoring chronic
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diseases. The potential benefits, telehealth and m-health have great
promise in transforming diabetes care, education and group sup-
port. Currently, most of the guidelines are trying to combine the
technologies and possibilities of telemedicine with in-person visits
and recommended use of digital diabetes technologies and tele-
health protocols within a digital /virtual diabetes clinic [6,15,16,25].
Patients with diabetes are very eager to use modern technologies.
In Poland however, many of those solutions, especially insulin
pumps and continuous glucose monitoring systems, are expensive.
Only the children and young adults with type 1 diabetes are eligible
for reimbursements of some of these devices. Most of the diabetic
patients use free mobile applications regardless of the type of dis-
ease and treatment. Mobile applications supporting insulin therapy
enable standardized calculation of insulin dose, meal bolus calcu-
lator, calculation of carbohydrate exchangers (CHO counting), diet
caloric value, and control of physical activity, improve rate of med-
ication adherence. Also, applications related to the modification of
lifestyle regarding education allow regular phone calls and video
calls with the educator/nurse/dietitian/ psychologist, virtual edu-
cation, support for patient exercises and training, the possibility of
virtual exercise sessions [25].

The analysis of the research showed that the most popular dia-
betes-related applications are self-care, among patients with T1DM
more than half (52.2%, n = 549) used the application, and about
1/3 of patients with T2DM (33.3%, n = 210). The most frequently
used applications are mySugr and applications related to continu-
ous glucose monitoring systems (CGM) - Dexcom, Freestyle Libre,
Xdrip + [22,26].

As mentioned earlier, gestational diabetes is the most common
metabolic disorder that occurs during pregnancy [2,10]. According
to earlier diagnosis of GDM during gestation it is important to main-
tain good glucose blood level control to improve maternal and fetal
short and long-term outcomes [11,27,28]. In Poland, the fasting ve-
nous blood glucose level is already obligatorily monitored during
the first visit to the obstetricians. The oral glucose tolerance test
is also mandatory [6]. Due to the need for education, frequent and
quick modification of treatment, many studies have been conduct-
ed to assess the possibilities of using modern technologies in vir-
tual care of women with gestational diabetes. Numerous scientific
studies have shown that virtual diabetic care during pregnancy can
help manage hyperglycemia in pregnancy and improve perinatal
outcomes for newborn and mother’s health [24,29-31]. Pregnant
women are increasingly using mobile APP to access information,
monitor fetal development, track individual health indicators, diet,
exercise [32,33]. The use of mobile phone-based health behaviour
interventions in pregnancy demonstrates some correlation with
positive beliefs, behaviours, and health outcomes [33,34]. In me-
ta-analysis published in 2016 by Ming, et al, [29] identified 7 trials
and demonstrated a modest but statistically significant improve-
ment in HbA1c associated with the use of a telemedicine technolo-
gy. The mean HbA1c level of women using telemedicine was 5.33%
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(SD 0.70) compared with 5.45% (SD 0.58) in the standard care
group (mean difference of - 0.12% (95% CI - 0.23% to - 0.02%).
When this comparison was limited to women with gestational di-
abetes mellitus (GDM) only, the mean HbAlc level of women us-
ing telemedicine was 5.22% (SD 0.70) compared with 5.37% (SD
0.61) in the standard care group (mean difference - 0.14% (95%
CI - 0.25% to - 0.04%). There were no differences in other mater-
nal and neonatal outcomes reported. In this 6-year-old analysis,
the data were insufficient to demonstrate a clinical advantage of
telemedicine technology in terms of improved neonatal outcomes
superior to standard care for women with diabetes in pregnancy;
however, there was no evidence of harm. In the newest meta-anal-
ysis published by Xie, et al, [35], a total of 32 RCTs were identified,
with a total of 5108 patients. The meta-analysis showed that tele-
medicine group had significant improvements in controlling glycat-
ed haemoglobin (HbA1c) [mean difference (MD) =- 0.70, P < 0.01],
fasting blood glucose (FBG) (MD = -0.52, P < 0.01) and 2-h post-
prandial blood glucose (2hBG) (MD =-1.03, P = 0.01) compared to
the corresponding parameters in the standard care group. In the
telemedicine group, lower incidences of caesarean section [relative
risk (RR) = 0.82, P = 0.02], neonatal hypoglycaemia (RR = 0.67, P
< 0.01), premature rupture of membranes (RR = 0.61, P < 0.01),
macrosomia (RR = 0.49,P < 0.01), pregnancy-induced hypertension
or preeclampsia (RR = 0.48, P < 0.01), preterm birth (RR=0.27,P <
0.01), neonatal asphyxia (RR=0.17, P < 0.01), and polyhydramnios
(RR = 0.16, P < 0.01) were found. The researchers concluded that
compared to standard care, telemedicine interventions contributed
to beneficial impacts on the glycaemic level, and some maternal and
neonatal/foetal complications in patients with gestational diabetes
mellitus compared to the effects of standard care. Telemedicine can
decrease the glycaemic levels of patients with GDM more effectively
and reduce the risk of maternal and neonatal/foetal complications.
The application of telemedicine in the clinical management of ges-
tational diabetes mellitus may be advisable [35].

In a recently published systematic review a total of 27 articles
met defined inclusion criteria. m-health interventions were imple-
mented by smartphone, without referring to its type, in 26% (7/27)
of selected studies, short message service (SMS) in 14.9% (4/27),
mobile-based applications in 33.3% (9/27), telemedicine-based on
smartphones in 18.5% (5/27), and SMS reminder system in 7.1%
(2/27). Most of the included studies (n=23) supported the effec-
tiveness of m-health interventions on GDM management and 14.3%
(n=4) reported no association between m-health interventions and
pregnancy outcomes. Based on these findings, m-health interven-
tions could enhance GDM patients’ pregnancy outcomes. A majority
of the included studies suggested positive outcomes. m-health can
be one of the most prominent technologies for the management of
GDM [36].

Furthermore, in a small randomized trial a total of 124 patients
with gestational diabetes mellitus (GDM) were selected and pa-
tients were randomly divided into two groups: the control, received
standard outpatient treatment and examined m-health group re-
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ceived a nurse’s online guidance both through a mobile medical
App installed on their phone and through regular offline clinical
treatment. The authors showed that mobile health intervention
management of gestational diabetes mellitus improves patients’
compliance and blood glucose control, and reduces weight gain,
thereby reducing the rates of complications in both pregnant wom-
en and foetuses during delivery during pregnancy [24]. Another
randomized controlled trial has provided further evidence of the
effect of digital virtual care and telemonitoring, which significantly
decreased medical visits and direct costs in GDM women without
compromising pregnancy outcomes, quality of care, or patient sat-
isfaction. Digital diabetes care in women with GDM was shown to
be cost-effective despite placing an additional burden on nursing
time [30].

Also, observational studies bring forward evidence of a positive
effect of a real-life e-health lifestyle intervention on the improve-
ment of glycemic control and the improvement of the comfort of
patients with GDM thanks to the use of opportunities related to vir-
tual care. In a small observational study the authors showed that
e-health care of women with GDM may provide an effective new
avenue to enhance multidisciplinary care in the face of COVID-19
disruptions and challenges to traditional care pathways [31].

In the era of the pandemic, it was possible to observe an im-
provement in the care of patients with diabetes. The option of us-
ing telehealth in antenatal care has been brought sharply into focus
with the coronavirus disease 2019 (COVID-19) pandemic. This ad-
vice has led to recommendations to limit face-to-face consultations
and for rapid implementation of remote access to antenatal care
[6,37-40]. Thanks to telemedicine and the use of mobile applica-
tions, we did not notice any deterioration in the care of pregnant
women with diabetes. Thanks to Bluetooth technology, modern
glucometers are connected to a mobile application and have the
ability to send each blood glucose value measured by the patient
from the meter to the patient’s smartphone, also mobile applica-
tions are used to educate the patient and increase his responsibility
for his health self-care options. In Poland we could use several glu-
cometers with mobile applications: Accu-Chek Instant and mySugr
application, Contour Plus One or Elite and application Contour Plus
One, One Touch Select and One Touch Reveal, Glucomax Connect
and SweetPregna, Abra Smart and Istel Health. The patient’s blood
glucose data from mobile applications can be sent directly to the
physician in the form of a report and to the data cloud and evaluat-
ed in real time by the therapeutic team. If the patient in the mobile
application marks the amount of insulin taken and the number of
carbohydrate exchangers (CHO), data will be also available for the
physician.

The education of patients in a virtual environment not only af-
fords a direct exchange of information, but also the ability to em-
ploy additional learning tools, such as interactive diagrams, visual
aids, and gaming. Some applications have additional options, such
as a meal bolus calculator - calculation of insulin dose after meal/
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correction, the ability to estimate (estimate) the level of glycated
hemoglobin, it is illustrative information and at the same time a
motivating factor for the patient, the ability to search for the nec-
essary information related to diabetes and strengthening the pa-
tient’s motivation and the patient’s participation in self-care. Also,
the application enables the diabetic patient to collect data, report
and actively modify diabetes therapy. As part of education, the ther-
apeutic team of the Diabetes Clinic should train the patient on the
necessary terms and data interpretation.

We have recently published a retrospective analysis on diabe-
tes care and pregnancy outcomes in GDM during the first wave of
the COVID-19 pandemic in Poland [41]. Both before and during the
pandemic, education about the diet, the release of the glucometer
and the training how to use and how to connect the meter with
telephone application and how to export data from application to
health care professionals, education about glycemic self-control,
and finally the release of the insulin pen and teaching the technique
of insulin administration were performed personally by a dietitian
and a nurse. Usually in our Department we use Contour Plus glu-
cometer with related app, Accu-chek Instant and MySugr app or an
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application SweetPregna. Online teleconsultations in the form of a
telephone conversation became widely utilized since the beginning
of pandemic. We did not observed a negative impact on pregnancy
outcomes in GDM women, excepting higher incidence of prolonged
labour and a decrease in the frequency of preeclampsia both ob-
served among mothers giving birth during the COVID-19 pandemic
[41].

In our Out-Patients Diabetes Clinic for Pregnant Women with
Diabetes, the part of Department of Metabolic Diseases, Jagiellonian
University Medical College, we take medical care for women with
pre-diabetes planning pregnancy and women with hyperglycemia
during pregnancy, mostly with GDM. In the pre-COVID era, there
were no teleconsultations. During the pandemic, the payer in public
medical care, the National Health Fund, agreed to cover the costs of
teleconsultation Over the last 3 years, we have observed a gradual
increase in medical advice in the form of tele-advice. In Figure 1 we
show how the number of tele-counselling in the Diabetes Clinic for
Pregnant Women increased in 2019-2022: from 0% in 2019 years
to 22,8% in 2020 yrs; 32,8% in 2021 yrs and 22,5% in 2022yrs.

4500

O Tele-counseling

m Al

2019 2020 2021

2022

Figure 1: The numbers of tele-counselling over 2019-2022.

Based on our own experience and recommendations of Polish
Diabetes Association, we are still using the possibilities related to
telemedicine. In our Department, we have developed our own mod-
el of the structure of care for pregnant women with diabetes. The
first visit is always done in person. On this first visit, the patient re-
ceives both medical and dietary advice as well as nursing education
in the use of self-monitoring and glycemic goals. Patient receives
educational materials in paper and online form, glucometer, and
connection to the appropriate application. The next visit, mostly 1
or 2 weeks later, is also personal, the next visit every 2 to 4 weeks,
usually carried out virtually. The penultimate visit is carried out in
person, then the patient is trained in postpartum management and
the need to report 10-12 weeks postpartum in order to perform the

75g Oral Glucose Tolerance Test (75g OGTT) and verify carbohy-
drate disorders.

In conclusion, caring for patients with diabetes, regardless of
the type, the effectiveness of telemedicine systems in improving
glycemic control and self-care, the adherence to dietary recommen-
dations, the number of glycemic measurements or physical activi-
ty has been proven, as well as greater patient participation in the
treatment of a chronic disease - taking the patient’s self-care and
responsibility for the therapy [22]. Mobile applications also enable
greater cooperation between the patient and the therapeutic team
and education in the field of various aspects of the patient’s life,
self-control, diets, physical activity [15] (Table 1).
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Table 1: The scheme of visits women in the T2 diabetes and GDM.

Week of Pregnancy

Type of Visit Procedure

1 Visit in pregnancy

Education: therapeutic goals, nutritional recom-
mendations, physical activity,
Face-to-face Plan of control’s visit
Dietary training

Materials: glucose meter, application

2 Visit: 1-2 w.

Overview - nutrition, weight gain, blood pres-
Face-to-face / Virtual sure, diet, insulin dose modification, HbAlc
check-ups, TSH, morphology, urine, obstetrician

Every 3-4 weeks up to 28 w.

Overview - nutrition, weight gain, blood pres-
Virtual/ Face-to-face sure, diet, insulin dose modification, HbAlc
check-ups, TSH, morphology, urine, obstetrician

Every 2 weeks: from 28 to 35 w.

Overview - nutrition, weight gain, blood pres-
Face-to-face/ Virtual sure, diet, insulin dose modification, HbAlc
check-ups, TSH, morphology, urine, obstetrician

Before delivery: 38 w.

Discussion - preparation for delivery, what after
Face-to-face childbirth - reducing / discontinuing the dose of
insulin, diet, glycemic control after childbirth

For GDM: OGTT75g test, 2 points

10-12 w. after pregnancy Virtual
Discuss the risk group for diabetes and cardio-
vascular disease and weight control
Summary - key aspects of virtual visit in pregnancy: References
a) Data on well-being, pregnancy, medications used 1. Boyle JP, Thompson TJ, Gregg EW, Barker LE, Williamson DF (2010)
Projection of the year 2050 burden of diabetes in the US adult population:
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etary recommendations
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Pop Health Metr 8: 29.
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