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The past two decades have witnessed telemedicine becoming a crucial part of

health care as a method to facilitate doctor-patient interaction. Due to

technological developments and the incremental acquisition of experience in its
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use, telemedicine’s advantages and cost-effectiveness has led to it being recognised

as specifically relevant to diabetology. However, the pandemic created new

challenges for healthcare systems and the rate of development of digital services

started to grow exponentially. It was soon discovered that COVID-19-infected

patients with diabetes had an increased risk of both mortality and debilitating

sequelae. In addition, it was observed that this higher risk could be attenuated

primarily by maintaining optimal control of the patient’s glucose metabolism. As

opportunities for actual physical doctor-patient visits became restricted,

telemedicine provided the most convenient opportunity to communicate with

patients and maintain delivery of care. The wide range of experiences of health

care provision during the pandemic has led to the development of several excellent

strategies regarding the applicability of telemedicine across the whole spectrum of

diabetes care. The continuation of these strategies is likely to benefit clinical practice

even after the pandemic crisis is over.
KEYWORDS

telemedicine, type-2 diabetes (T2DM), COVID - 19, glucose monitoring, diabetes
prevention and control, diabetes care
1 Introduction

Shortly after the beginning of the coronavirus disease of 2019

(COVID-19) pandemic, it became apparent that the presence of

diabetes increased the risk of morbidity (1, 2) in the setting of a

COVID-19 infection. According to a meta-analysis by Mantovani

et al. (3), the chances of requiring intensive care more than doubled

in patients undergoing treatment for diabetes who were hospitalised

with COVID-19 (n=22 studies; odds ratio: 2.10), while their risk of

mortality almost tripled (n=15 studies, odds ratio: 2.6). Analysing

the English diabetes registry, Holman et al. (4) reported that

glycaemic control – estimated on the basis of HbA1c

measurements – and BMI were independent predictors of

mortality related to COVID-19 infection. They also found that,

compared to patients with HbA1c levels between 6.5-7%, type 1

diabetic (T1DM) patients with HbA1c levels over 10% had a 113%

increase in COVID 19 related mortality; in those with type 2

diabetes mellitus (T2DM), mortality rose by 61%. It was also

shown that patients under 70 years of age were at an even greater

risk. An analysis of self-monitored blood glucose (SMBG) data of

Hungarian diabetic patients with concurrent COVID-19 infection

revealed that there was a statistically significant correlation between

increasing average blood sugar levels and the complexity of the

treatment (5). At the same time, it should be noted that in cases

where insulin therapy was administered 4 or more times daily,

blood sugar levels remained below 10 mmol/l. This should be

highlighted as the mortality rate of diabetic patients suffering

from COVID-19 infection with blood sugar levels over 10 mmol/l

is several times higher compared to those whose level is below 10

mmol/l (6). In addition, the publication draws attention to the

importance of glucose self-monitoring, and controlling body weight

in order to reduce risk of cardiovascular events and hypoglycaemia.
02
The emphasis on social distancing and avoidance of close personal

contact prioritized during the COVID-19 pandemic has created

challenges in maintaining the delivery of medications and medical

supplies for patients with diabetes. At the same time, the need for

optimal glycaemic control and the prevention of complications

became even more pronounced. As a result, the role of telemedicine,

telemonitoring and teleconsultation has become more prominent.
2 What is Telemedicine?

The World Health Organization (WHO) defines telemedicine

as a medical service provided where distance is a critical factor, and

medical service providers apply different communication

technologies to overcome these distance-related issues (7). The

goal is to share information necessary for diagnosis, therapy, and

prevention of disease. Telemedicine can also be adapted for use in

research and in the education of health care professionals.

In practice, Telemedicine can take the following forms:
• Tele-consultation/supervision: the physician can remotely

involve other doctors and specialists in the diagnostic and

clinical management process.

• Tele-manipulation: the use of remote control/video devices,

robots and sensors in examination or intervention (e.g.:

endoscopy).

• Tele-diagnostics: when the person carrying out the

examination and the person making the diagnosis

(responsible for the medical record) are in separate

locations but have an interactive connection.

• Tele-monitoring: patients are given interactive devices and

sensors for remote monitoring.
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Telemedicine is in fact similar to the in-person doctor-patient

contact in several ways and can positively influence the patients’

sense of security, health consciousness and adherence (8, 9). It also

has the potential to promote time efficiency and increases cost

effectiveness (10).

In the following section we summarize the possibilities of using

telemedicine in different aspects of diabetes care by introducing

relevant examples.
3 Telemedicine and diabetes
prevention

It is widely known that two main pathomechanisms play a role

in the development of prediabetes: insulin resistance and beta-cell

dysfunction. This means that if we can preserve beta-cell function

and/or moderate insulin resistance, we can potentially delay or

prevent prediabetes progression (11).

Two studies are considered milestones in diabetes prevention.

The Finnish Diabetes Prevention Study (12, 13) confirmed the role

of intensive lifestyle therapy, while the Diabetes Prevention

Program (14, 15) was a randomized clinical trial (RCT) carried

out in the USA that confirmed the preventive role of metformin

alongside lifestyle therapy in the prevention of diabetes. By

developing digital techniques, researchers also tried to adopt these

results to telemedicine (16, 17), and these efforts have collectively

become known as the digital Diabetes Prevention Program or

d-DPP.

It is difficult to draw meaningful conclusions from a

comparative analysis of the results of telemedicine studies because

of the different media technologies utilized (phone/video

consultation, SMS, email applications etc.). Nevertheless,

according to one meta-analysis, patients experienced an average

4% body weight loss during a digital prevention program (18). As a

result, researchers planned and initiated the Preventing Diabetes

Through Digital Coaching for Translation and Scalability

(PREDICTS) Trial in 2022 (19, 20). The aim of the study was to

test a widely available and clinically adaptable d-DPP technique that

is effective in the reduction of HbA1c, body weight and is also

capable of decreasing cardiovascular risk in subjects with

prediabetes. Participants in the trial were divided into two groups.

The SGE (Small Group Education) group were assigned as the

control group and were further split into smaller groups each

receiving diabetes prevention education with a primary focus on

body weight reduction.

In the d-DPP group, participants were supported by

the following:
Fron
- interactive, internet-based lifestyle change promoting lectures

- virtual self-help groups

- body weight and physical activity monitoring by remote

devices with continuous feedback and assessment.
After one year, participants in the d-DPP group showed

significant decreases in HbA1c levels (-0,23%) (primary
tiers in Endocrinology 03
endpoint), body weight (-5,5%) and lipid parameters (HDL,

HDL/total cholesterol) compared to those in the SGE groups.

These results illustrate that with the help of d-DPP the risk

factors associated with T2DM can be successfully mitigated. An

obvious benefit is that telemedicine-based prevention can be

effectively utilised and applied in the midst of epidemics such as

COVID-19.
4 Telemedicine and education

For patients with diabetes, it is vitally important to be educated

on both how to keep it under control and what associated health

risks they may have. Healthcare systems are obligated to prepare

and support patients in managing their illness and coping with

related issues. This appears in the scientific literature as “diabetes

self-management education and support (DSMES).” According to

2022 Standards of Medical Care from the American Diabetes

Association (ADA), “the purpose of DSMES is to give people

with diabetes the knowledge, skills, and confidence to accept

responsibility for their self-management. This includes

collaborating with their healthcare team, making informed

decisions, solving problems, developing personal goals and action

plans, and coping with emotions and life stresses.” (21). The fact

that this process could be achieved by using telemedicine was

demonstrated in 2003 (22), where education based on personal

contact was compared to telemedical education (video consultation

in this case). It was found that both methods were equally effective

in the improvement of glycaemic control. The questionnaire survey

also showed that both methods had a favourable effect on

psychosocial factors. It is interesting to note that, during

treatment, no problems were encountered in either group with

the introduction of insulin therapy. Further meta-analyses (23, 24)

also established that the application of telemedicine in type-2

diabetic patients improved both glycaemic control and DSMES.

Obesity, an important risk factor and comorbidity in T2DM,

can also be treated successfully with the help of telemedicine. In the

POWeR study (25), WEB based intervention was compared to

personal education, and it was found that in the WEB based cases

there was a 1,5 kg increase in weight loss compared to the control

group. Furthermore, 30% of patients on the POWeR group

maintained at least a 5% body weight loss for an additional year

compared to the starting point, without further education or any

additional healthcare costs.

Further investigations (26, 27) established that the most

important factors determining the efficiency of DSMES based on

the web include:
• encouraging self-management

• sharing personalized information

• exploring incidental difficulties and solving emerging

problems

• feedback on achievement

• interaction based on the internet between healthcare

providers
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Based on the findings mentioned above, Poduval et al. (28)

started an 8-week-long online course specifically for patients with a

recent diagnosis of diabetes. In addition to basic education on

diabetes, the course also focused on lifestyle change, weight loss,

defining individual target values and the prevention of complications.

The program was tested in several phases and was altered and

adjusted based on patient feedback. Not surprisingly, participants

reported the length of the program as their main challenge.
5 Telemedicine and diabetes care

To prevent long-term complications in diabetes, a factor of key

importance in patient care is optimal metabolism control. A meta-

analysis (23) reviewing the results of 32 publications concluded that in

primary diabetic care, telemedicine could be a functioning alternative

to, and even be used alongside, traditional communication methods. It

was also reported that with the use of telemedicine, glycaemic control

and patients’ self-managing abilities had improved. Intervention based

on telemonitoring and mobile applications proved to be especially

successful. It has to be noted, however, that the studies above have

certain limitations. First, there is a high level of heterogeneity in some

outcomes, which may have been due to differences in telemedicine

interventions, subjects, interventionists, and the timing and frequency

of the interventions. Second, there is the small number of studies

reporting diabetes self-management ability, the findings are

inconclusive regarding the effectiveness of self-management and

they generally require large sample testing and further investigation.

Third, there are few studies with long-term follow-up and the findings

may contain only short-term effects of improving T2DM and they lack

evaluation of long-term effects.

An excellent example of the application of the utilization of

telemedicine in clinical practice is reflected in the Onduo virtual

patient care help programme (29–31). The participants of this study

received real-time continuous glucose monitoring (RT-CGM) devices.

Using a phone application and the data gathered from the devices, a

care team was able to provide education and advice on lifestyle

modification tailored to the patients’ needs (32), while making

necessary therapy adjustments according to the actual

recommendations of the ADA (33). Type 2 diabetic patients with

HbA1c levels ranging from 8-12% were selected for the purposes of the

study. During a four-month period, there was a therapy modification

in 87% of the patients, which resulted in an average 1.6% decrease in

HbA1c levels (SD: 1.0; P: <0.001). With respect to active agents, use of

DPP-4-inhibitors and sulfonylureas typically decreased, while GLP-1

receptor agonists were prescribed more frequently. In some cases, the

introduction of insulin therapy was also necessary. Other telemedical

programs applied in T2DM – mostly based on RT-CGM – were

confirmed to be effective in reducing HbA1c even beyond the Onduo

programme (34–36). However, clinical inertia is one of the main

barriers to achieving optimal glycaemic control. Protracted poor

metabolic control evidently enhances the risk of developing adverse

complications (37). A study (38) showed that nearly 50% of patients

with HbA1c levels between 8-8,9% taking two different antidiabetic

drugs would not receive any therapy modifications until six months

after the recognition of their unhealthy metabolic status.
Frontiers in Endocrinology 04
Patients’ blood glucose data shared in real time with the healthcare

providers as well as adequate communication between healthcare

providers and patients are key factors in introducing adjustments to

therapy at the appropriate time. This issue became even more

important during the COVID pandemic when opportunities for

surgery and personal doctor-patient meetings became remarkably

limited. In this respect the lack of opportunity to control metabolic

status resulted in the occurrence of adverse reactions and a higher

mortality rate due to infection with SARS CoV virus.
6 Application of new digital
technologies in healthcare

The COVID-19 pandemic accelerated the medical

implementation of digital technologies. Among these belongs the

so-called blockchain. Blockchain technology was introduced through

Bitcoin in 2008 (39). A blockchain can be thought of as a shared (or

distributed) database that is spread across multiple sites and

participants. In order for new data to be added to a blockchain,

they are first compiled into a “block”, which is simply a collection of

records to be added to the database. The block is then combined with

some data (a “hash key”) from the previous block through a

cryptographic technique called “hashing” before it is added.

Because it combines the previous block’s hash key, each new block

is tied to all its predecessors in the form of a chain – hence the term

“blockchain” (40). In health care, blockchain could serve as a

replacement to traditional distributed database management

systems (41) which have generally been client-server databases with

Structured Query Language or relational input. Although traditional

distributed database management systems are an established

platform in health-care systems, they have substantial limitations

such as the inability to support peer-to-peer data sharing,

susceptibility to external adversaries (e.g.: hacking) and the absence

of immutable (i.e., unchangeable) audit trail. By incorporating

blockchain technology into healthcare services, a decentralised

health care data management system could be created that

coordinates on-chain events. A recent study of 2021 analysing the

data of 415 publications (42) highlighted the following points:
• Blockchain technology is an effective digital technology to

manage electronic medical records, with the ability to assign

controlling rights to patients (43, 44).

• Application of blockchain has been explored for the

management of clinical trials to potentially improve

transparency and auditability (45).

• Blockchain technology could facilitate medical research

collaboration, especially in the field of AI development

with privacy-preserving technologies (46, 47).

• Another area of blockchain research interest is the field of

the so-called omics technologies (e.g.: genomics,

proteomics, and metabolomics) and genetics. This interest

in blockchain technology stems from concerns about the

ability of centralised databases to manage such highly

confidential data (48–50).
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This is relevant for patients with diabetes, a group of chronic

patients prone to generating a variety of health-related data (51).
7 Telemedicine and diabetes care: an
international perspective

In the second half of this paper, a brief overview of the

implementation and utilisation of various telemedicine solutions

– with special emphasis on diabetes care – will be presented in four

countries: Hungary, the US, Turkey and Poland. The insights and

experiences gained during the implementation of various forms of

telemedicine both pre- and post-pandemic can to a great extent

contribute to our better understanding of how telemedicine can be

utilized effectively to best serve the needs of both patients and health

care professionals in clinical practice.
7.1 Using telemedicine in diabetes
care in Hungary

In Hungary, the use of telemedicine has been introduced in

several areas of health care prior to the COVID-19 pandemic. Of

these, the ECG-based remote diagnostic system introduced by the

Hungarian National Ambulance Service (OMSZ) (52, 53) was the

most widespread. The basis of this is a trans-telephonic ECG

(TTECG), which forwards any ECG carried out by the primary

care provider or emergency unit from the emergency to a 24-hour

cardiac centre. After immediate evaluation, the patient is directed to

the appropriate provider. In diabetology, for approximately 10 years

access has been granted to digital blood glucose logs. Currently, all

National Insurance supported blood glucose measuring devices

have digital applications. In addition, mobile applications
Frontiers in Endocrinology 05
assisting in diabetes care are increasingly and more broadly

supplied to patients.

The National eHealth Infrastructure (EESZT) began

functioning in November 2017 (Figure 1). On 1st November

2017, all primary care providers, pharmacies and publicly

financed out- and inpatient institutions were obliged to connect

to this new e-medical system. The OMSZ joined the system on 1st

November 2018, and on 1st January 2020, adopting the system

became mandatory for all licensed private healthcare providers.

Although doctors and pharmacists continued to use the earlier,

more familiar medical systems, IT providers were required to make

the different software compatible for communication and data

exchange with the EESZT. EESZT provides the opportunity for

electronic prescriptions (e-prescriptions), checking the prescription

fill rate and for sharing patients’medical documents (EHR) between

various medical institutions. Patients also have access to their

records after entering a unique personal ID code on the Citizen

Portal Site. They can request notifications if any new personal data

are available, can trace who and when had access to the EESZT and

if necessary, can define restrictions and permissions to access some

data under the so-called digital autonomy protocols. When the

epidemic began, the system was fully integrated into the healthcare

system and in practice, all healthcare providers were connected to

and used the EESZT. Public interest in telemedicine showed a

subsequent exponential growth during lockdown and the system

itself expanded and adapted to current needs. Not only could people

access their medical findings and prescriptions, but they could also

arrange appointments for vaccination and download copies of their

vaccination certificate and COVID test results. As a response to this

situation, on 30 September 2021, the Digital Health Summit

Conference was held, where it was revealed that 43% of the adult

population in Hungary were in fact active EESZT users and only

24% were unaware of its existence.
e-
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FIGURE 1

How does the EESZT (National eHealth Infrastructure) services support healthcare.
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The Hungarian Diabetes Association (MDT) has been a

committed supporter of Telemedicine for years. This is well

demonstrated by the Society having a separate work group which

is entirely devoted to telemedicine. MDT was able to support the

work of diabetologists and assist in diabetes care in many ways

during the pandemic (54). The society was in continuous discourse

with the government and was able to advise on the safe

continuation of medical care. Many of its suggestions have been

implemented. Since April 2020, MDT and its Primary care work

group have provided the opportunity, available via the society’s

homepage, of online consultation for colleagues working in primary

care. Experience gained during the initiative will help facilitate the

full implementation of an online visit/consultation service which is

to be financed by National Insurance. On 29 April 2020, the

government published an edict officially regulating telemedical

services (55) and in the case of eligible conditions, it is currently

the recommended form of healthcare.

To promote the future provision of safe healthcare, the

continuous education of diabetologist colleagues and the

improvement of technical and instrumental conditions in

secondary diabetology care as quick as possible, the MDT

distributed a total of 260 tablets via a competition. These came

with several preinstalled applications that assist in daily healthcare,

diabetes care and communication.

The web system of the MDT has been functioning for more

than 18 years and has become the number one information source

and professional portal in Hungarian diabetology. Using the site

became especially prominent during the pandemic as it played a

vital role in both information transfer and in the provision of up-to-

date guidance. It also proved vitally important as a means of

organising and handling online conferences in addition to its

already established role as a means of continuous education. With

the help of its in-house developed mobile application, MDT has

made news and professional information accessible at any time

from any location. It also has the capability of sending notifications

and reminders directly to mobile phones.

Another major milestone occurred in May 2021 when the

website TELEMEDICINE went online. This site provides practical

information and assistance to specialists, patients and for any

member of the public. Its content covers a wide range of topics

which are regularly updated. One can find articles and news on

telemedicine, video presentations from both specialists and patients,

practical guidance, and questionnaires to test one’s knowledge.

There are also smart phone applications specifically targeted at

the prevention, care and treatment of diabetes and opportunities for

online consultation. Moreover, there is a collection of documents

and articles containing useful information that patients can access.

As for the future, MDT will continue to cooperate with the

relevant government departments and ministries and play an

important role in improving the diabetology profile and content

of the EESZT. It is currently working on the creation of a National

Diabetes Register and the integration of both diabetes care protocols

and digital blood sugar logs into the EESZT.
Frontiers in Endocrinology 06
7.2 The evolution of telemedicine in the
U.S. during the COVID-19 pandemic

In the U.S., Telemedicine assisted delivery of healthcare before

the COVID-19 pandemic had been explored largely to overcome

barriers of access and patient travel in remote and rural areas (56,

57). For example, in an NIH-funded trial, the delivery of group

lifestyle education and retinal exams in patients with diabetes living

in the small towns of South Carolina was shown to be effective (58).

However, because of the large size of the country and the diversity

of the population with several health care challenges, advances in

the effectiveness and reimbursement of telehealth services had been

spotty and fragmented. The onslaught of the COVID-19 pandemic

changed both the need and the means of delivery of health care in

an accelerated manner (59). Many traditional restrictions on

medical care provisions and insurance coverage were summarily

modified and lifted to facilitate vital care for acute as well as chronic

illnesses (60). Overall, it can be safely stated that diabetes care

benefitted from the collective realization that the pandemic was a

highly unusual, once in a lifetime challenge of potentially

catastrophic proportions that required urgent approaches, akin to

a large-scale medical emergency. Diabetes education, remote

glucose monitoring via sensors, software system utilization, and

actual virtual visits with electronic portal communication were put

on “fast-track” progression and coverage. Further, it was noted that

there was a highly complex, bidirectional relationship between

COVID-19 and diabetes; thus, when concomitantly present, the

burden of both was enhanced in a vicious cycle (61). The

observation of worsening of pre-existing diabetes with acute

COVID-19 and the unravelling of its chronic impact in “long

COVID” is clearly of major concern to the health care

community (62). The debate on whether the SARS CoV virus is

diabetogenic in nature and can lead to de novo, new-onset diabetes

still rages on (63). The current landscape in this vast nation of racial

and geographic differences involves diabetes care via telemedicine

that encompasses a variety of strategies involving a combination of

virtual visits, data sharing between health care professionals and

patients, and electronic communication (64, 65). Fortunately,

reimbursement and medical coverage rates by government-based

and third-party payers remain high, and diabetes management by

telemedicine-based modes appears to be here to stay in the

pandemic, long COVID, and post-COVID eras (the “new

normal”) (66, 67).
7.3 Using telemedicine in diabetes
care in Turkey

The use of telemedicine in some areas of health services in

Turkey began before the Covid-19 pandemic but it increased mostly

after the pandemic. Diabetes mellitus is the leading area for

telemedicine in Turkey. “My Mobile Diabetes” is a cloud based

mobile diabetes control application which was produced and used
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before pandemic; it is a system that facilitates the monitoring of

daily activities related to diabetes from the smart phones of patients

(68). Web-based diabetes education programs were also conducted

in Turkey before the pandemic. After a web-based diabetes

education program was developed for patients with type 1

diabetes, there was no significant change in the HbA1c levels of

the patients, while the self-efficacy of the individuals with diabetes

improved and their quality of life increased (69). In another study

with type 2 diabetics comparing web-based diabetes education,

better metabolic results were obtained in patients using the web-

based system compared to those not using it (70).

Turkish Ministry of Health supports the telemedicine in

diabetes management and The Ministry has been involved in

ProEmpower, a digital platform for self-monitoring individuals

with diabetes (71). “Delivery of Remote Health Services”

regulation, defining the compatibility of tele-health services, was

published on February 10, 2022 by the Turkish Ministry of Health

(72). This regulation enables healthcare providers to give services

independent from geography by using written and visual

communication channels. The health data of individuals could be

measured and monitored with wearable technologies and

medical devices.

During the pandemic the use of telemedicine increased in

hospitals. Diabetes Digital Health Assistant is one of these

services that provides remote patient monitoring with smart

technologies. Blood glucose measurement is made with

continuous glucose measurement sensors and falls on the screen

of specialist doctors and diabetes education nurses with the software

program applied (73). Another software program in Turkey is One

Dose Health which is an online diabetes follow-up program

developed by the Guven Future. In a pilot study of One Dose

Health follow-up program conducted among diabetic patients on

insulin therapy (5 Type 1, 1 Type 2), it was observed that fasting
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blood glucose and HbA1c values were significantly better after

6 months of follow-up (74). The mean of initial and final fasting

plasma glucose changed from 211.3 ± 82.6 mg/dl to 136.8 ± 41.0

mg/dl (p= 0.033), and the mean of HbA1c decreased from 8.3 ±

1.1% to 7.5 ± 1.1% (p= 0.024) and the results were statistically

significant (Figure 2). This pilot study shows that telemedicine may

allow close patient follow-up and effective patient-nurse-doctor

communication in individuals with diabetes and can make a

significant positive contribution to diabetes management.
7.4 Utilizing telemedicine in Poland in
diabetes care and beyond

In Poland the widespread use of telemedicine in clinical practice

and diabetes care was demonstrated by various innovative

initiations in recent years . Within the framework of

REPROGRAM Consortium (COVID-19 Pandemic Health System

REsilience PROGRAM), Bhaskar et al. (75) argue that in order to

create state-of-the-art and resilient health care systems,

telemedicine and IT solutions such as artificial intelligence (AI) or

robotics developed during the COVID-19 pandemic ought to be

employed more widely in health care. Utilizing these methods could

be crucial not only in the post pandemic era and but also under

potential public health emergencies.

The REPROGRAM Consortium aimed at analysing and

investigating the progress of telemedicine use around the world

and the practical challenges the implementation had to face. In

another relevant study Baskar el al. confirmed that the increasing

evidence gathered suggests a crucial role of telemedicine in improving

health system outcomes in many developed countries (76, 77). As a

result, international efforts toward developing and using telemedicine

during pandemics such as COVID-19, are justified.
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More recent research (78) in relation to diabetic care and

telemedicine was conducted within the TELEREH-HF

(TELEREHabilitation in Heart Failure Patients) trial, a unique

comparative initiation employing innovative telemedicine to

investigate the efficacy of hybrid comprehensive telerehabilitation

(HCTR) on cardiopulmonary exercise capacity in patients with

heart failure with reduced ejection fraction (HFrEF) with as

opposed to those without diabetes. The effects of a 9-week HCTR

were compared to usual care (UC) parameters. The patients were

enrolled in the TELEREH-HF trial and randomly placed in the

HCTR (N=385 out of which 129 had DM) or usual care (UC)

groups (N=397 out of which 137 had DM). Cardiopulmonary

exercise tests (CPET) were performed on a treadmill. Among

HCTR and UC patients with diabetes, differences in

cardiopulmonary test results from baseline to 9 weeks were

similar. However, among patients without DM, telerehabilitation

generated greater long-term changes in exercise time than usual

care. The study concluded that the benefits of HCTR as opposed to

UC on the improvement of physical performance, ventilatory

profile and gas exchange were more prominent in patients with

HFrEF without DM compared to patients with DM. It must be

noted, however, that these positive effects did not manifest in

clinical outcomes over a follow-up period of 12–24 months in

comparison to the usual care groups.
8 Tasks and questions for the future

In relation to telemedicine and indeed, in the whole healthcare

system, many important questions and issues have arisen that

require answers and beg clarification. Some of the most

important issues concern availability and access, quality, emerging

costs and ethical considerations. Sadly, the access to and use of

telemedicine is to a large extent determined by social, economic,

and educational factors (79). Extensive research (80) has given

account of the importance of prior coaching and training of both

patients and medical staff in order for telemedical services to be

truly successful. The provision of these will require changes to the

mindset of many healthcare professionals and the acquisition of

new skill sets. For this reason, we suggest that adequate basic

training and continuous education in this field should be a

requirement as it is in other areas of medicine even to the extent

of needing a licence to practise telemedicine.

Many excellent guidelines have come to light in the recent past

about the application and regulation of telemedicine and one

prominent study related to diabetology is the professional consensus

edited by Zhang (81). This research entails 38 well-defined

recommendations along with an evaluation of the evidence

concerning the applicability of telemedicine to the whole spectrum of

diabetes care from lifestyle therapy to medical treatment. As members

of CAPISCO (The CArdiometabolic Panel of International experts on

Syndemic COvid-19) (82) we believe that telemedicine is a reliable and

useful tool to deliver high-quality patient care. However, we need to
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consider a number of circumstances. As technology develops, we will

be able to monitor even more parameters in real time. Algorithms and

artificial intelligence will analyse and interpret the enormous database

that is becoming available and as a result, unknown correlationsmay be

revealed in the future. Based on these discoveries, therapy may become

even more personalized and, therefore, more effective. At the same

time, we must avoid the danger of healthcare becoming illness- and not

patient-centric. The first meeting between a doctor and a patient, as

well as the initial assessment, should always be conducted in person. If

the patient’s condition allows for it and the appropriate technological

tools and knowledge are available, telemedicine visits can be added to

this in the future. However, in order to assess possible complications, it

is still necessary to maintain personal doctor-patient meetings at

certain intervals. Many people are afraid that the development of

information technology will push personal relationships into the

background in healthcare. However, in our opinion, this is just a

new communication opportunity, which, if used well, can make

doctor-patient meetings more meaningful and, through active

involvement of patients, significantly improve the quality of patient

care and be more successful in encouraging a healthier lifestyle.

Successful treatment has always been based on trust and the

relationship between doctors and their patients. It is vitally important

that this not be forgotten when discussing and implementing new

technologies. This is a key factor that must be borne in mind by both

doctor and patient, and that has, up to this point, largely been taken for

granted. This may give rise to the most important question for the

future: Can this relationship be reformatted? In other words, is it

possible to humanize digitalization?
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54. Rosta L, Mező T, Kempler P. Diebetes and COVID-19. demonstration the
activity of the Hungarian diabetes association during the pandemic. Diabetologia
Hungarica (2022) 30(1):11–8.

55. The Government of Hungary. National regulation on health ser-vice during the
COVID-19 pandemic. Magyar Közlöny (2020) 91:2284–5.

56. Davis RM, Hitch AD, Nichols M, Rizvi A, Salaam M, Mayer-Davis EJ. A
collaborative approach to the recruitment and retention of minority patients with
diabetes in rural community health centers. Contemp Clin Trials (2009) 30(1):63–70.
doi: 10.1016/j.cct.2008.09.007

57. Shea S, Weinstock RS, Teresi JA, Palmas W, Starren J, Cimino JJ, et al. Eimicke
JPthe IDEATEL consortium a randomized trial comparing telemedicine case
management with usual care in older, ethnically diverse, medically underserved
patients with diabetes mellitus: 5 year results of the IDEATel study. J Am Med
Inform Assoc (2009) 16:446–56. doi: 10.1197/jamia.M3157

58. Davis RM, Hitch AD, Salaam MM, Herman WH, Zimmer-Galler IE, Mayer-
Davis EJ. TeleHealth improves diabetes self-management in an underserved
community: diabetes TeleCare. Diabetes Care (2010) 33(8):1712–7. doi: 10.2337/
dc09-1919

59. Wosik J, Fudim M, Cameron B, Gellad ZF, Cho A, Phinney D, et al. Telehealth
transformation: COVID-19 and the rise of virtual care. J Am Med Inform Assoc (2020)
27(6):957–62. doi: 10.1093/jamia/ocaa067

60. Patel SY, McCoy RG, Barnett ML, Shah ND, Mehrotra A. Diabetes care and
glycemic control during the COVID-19 pandemic in the united states. JAMA Intern
Med (2021) 181(10):1412–4. doi: 10.1001/jamainternmed.2021.3047
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