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Abstract
Diabetes has become an increasingly important health problem worldwide due to
its prevalence. Although effective treatments for diabetes management have been
developed, many patients have difficulty in achieving their therapeutic goals.
Regular exercise training is suggested to prevent or delay the symptoms and
complications of type 2 diabetes along with other medical treatments. It has
become necessary to develop new rehabilitation models and practices in order to
cope with the changing needs of the population. Treatment models using
technology can be effective in disease management. Telerehabilitation may be
effective as part of the rehabilitation program in the home environment,
especially for patients who are unable to participate in conventional center-based
rehabilitation due to transport difficulties or work resumption. Telerehabilitation
is defined as the delivery of rehabilitation services via telecommunication
technology, including phone, internet, and videoconference communications
between the patient and health care provider. It is possible that telerehabilitation
may benefit people with type 2 diabetes in similar ways with telemonitoring and
interactive health communication systems. Although the applicability of
telehealth methods has been proven in previous studies, telerehabi-litation
studies in type 2 diabetes are inadequate in the literature. With larger, multi-
centered randomized controlled studies, established clinical guidelines can be
developed that will ultimately improve patient outcomes.

Key words: Type 2 diabetes; Telerehabilitation; Exercise; Telehealth; Healthcare;
Telecommunication
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Core tip: Diabetes is a global burden that can have fatal consequences for human health
and has a significant impact on healthcare system costs. Although effective treatments
for type 2 diabetes have been developed, many patients have difficulty in achieving their
therapeutic goals. Most of these problems are due to difficulties in patients reaching the
relevant centers or the lack of care models. Telerehabilitation may be effective as part of
the rehabilitation program in the home environment, especially for patients who are
unable to participate in conventional center-based rehabilitation due to transport
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difficulties or work resumption.
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INTRODUCTION
Diabetes is a global burden, and can have fatal consequences on human health and a
significant  impact  on  healthcare  system economics.  Due  to  its  high  prevalence,
diabetes has become a significant health problem worldwide. Diabetes is a metabolic
disease that can cause severe complications and mortality if not treated effectively and
quickly[1].

Diabetes  is  a  complex  disease  in  which  self-management,  training,  regular
monitoring, and multiple drug use are required to obtain an appropriate treatment
outcome. Although an effective treatment for type 2 diabetes has been developed,
many patients have difficulty in achieving their therapeutic goals.  Most of  these
problems are due to challenges in patients reaching the relevant centers or the lack of
care models[1].

Therefore,  it  has  become necessary to  develop new rehabilitation models  and
practices to cope with the changing needs of the population due to aging and lack of
resources for public health. In addition to hospital rehabilitation practices in the acute
phase of the disease, another challenge that has emerged in the modern healthcare
system is the maintenance of health care outside the hospital, especially in type 2
diabetes[2].  Health  care  for  diabetic  patients  includes  innovative  management
strategies to improve disease control.  Treatment models using technology can be
effective in disease management[3].

Diabetes-related symptoms, co-morbidities, and complications may impair quality
of life, affect mortality and lead to psychosocial problems. Consequently, these factors
influence the exercise and physical capacity of patients. Patients show lower physical
activity and reduced cardiorespiratory fitness than healthy individuals.  Exercise
therapy is thus essential for the management of type 2 diabetes[4]. Regular exercise
training  along  with  dietary  approaches  and  pharmacological  treatment  is
recommended to prevent or delay the symptoms and complications of diabetes[5].
Rehabilitation programs are safe and effective, with benefits including enhanced
quality of life, increased functional exercise capacity, reduced hospital readmissions,
and  reduced  mortality  rate.  Exercise  programs  performed  generally  consist  of
supervised and center-based programs[6].

Systematic reviews that have included exercise training in type 2 diabetes defined
statistically and clinically significant improvements in blood glucose, HbA1c (8%-9%),
lipid profile, and peak oxygen uptake (12%)[7,8]. Furthermore, exercise capacity has
been observed to be a strong predictor of all-cause mortality in type 2 diabetes[9].
Exercise-based rehabilitation in a hospital or rehabilitation center results in the best
outcome as evidenced by scientific studies. Based on these obvious evidence-based
benefits, rehabilitation is recommended by several associations[10].

Despite the various benefits of rehabilitation, attendance at such programs is low.
The regularity of rehabilitation programs is the leading problem with high drop-out
levels. There are several factors for suboptimal participation which include lack of
time, availability, accessibility of a program, psychological barriers, and obligations at
home or work. Therefore, new models are needed to increase participation rates, and
long-term adherence to recommendations, as well as support new lifestyle change[11].

Telerehabilitation may be effective as a part of the rehabilitation program in the
home environment,  especially  for  patients  unable  to  participate  in  conventional
center-based rehabilitation due to transport difficulties or work resumption. The
factors associated with suboptimal participation in rehabilitation at home are less
prevalent. In telerehabilitation, patients are not limited to the hospital or rehabilitation
center environment, hence they are able to perform the exercise program during their
daily routine at home[12].
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CO-MORBIDITIES AND COMPLICATIONS OF TYPE 2
DIABETES
Type 2 diabetes is a leading cause of severe morbidities and disabilities. Due to the
presence of  comorbidities  and chronic  conditions in addition to  type 2  diabetes;
diabetes-related healthcare, treatment options, care needs, and associated costs are
complicated. In order to provide effective diabetes care,  the increased burden of
complex  comorbidity,  can  affect  treatment  quality.  Previous  studies  examining
chronic conditions in patients with type 2 diabetes have found an association between
an increasing number of comorbidities, increased rates of healthcare use and impaired
physical function. It is also stated that patients with type 2 diabetes have more chronic
diseases than the non-diabetic population[13]. The development of specific treatments
for patients with complex comorbid disease has also gained importance in disease
care. Clinical guidelines have recently significantly changed diabetes care with more
evidence to provide effective treatment and reduce treatment variation. However, it
remains unclear how to successfully define the main goals of interventions in complex
comorbid patients.

People with type 2 diabetes have a higher risk of cardiovascular complications,
end-stage  kidney  disease  and  hypertension  due  to  risk  factors  such  as  obesity,
endothelial  dysfunction,  vascular  inflammation  and  dyslipidemia.  However,
individuals  with  type 2  diabetes  have also  been shown to  have a  higher  risk  of
depression, thyroid gland diseases, and chronic obstructive pulmonary disease.

Important risk factors for type 2 diabetes are overweight or obesity, an unhealthy
diet and physical inactivity, which accounts for approximately 80% of the increase in
the prevalence of diabetes. In addition, these risk factors are modifiable risk factors.
Physical inactivity alone is estimated to cause 7% of type 2 diabetes burden According
to World Health Organization (WHO) reports, as physical activity decreases, non-
communicable diseases increase. Diabetes is one of the four main non-communicable
diseases along with cardiovascular diseases, cancer and respiratory diseases, and
diabetes accounts for most of the burden of disease and early deaths[14]. A decrease in
the  level  of  physical  activity  is  considered  an  urgent  public  health  problem
worldwide. In today's conditions, the most important causes of physical inactivity are
environmental  and  systemic  factors.  As  our  living  conditions  begin  to  become
sedentary, it becomes increasingly difficult to maintain adequate levels of physical
activity[15]. Therefore, more effective disease control and behavioral approaches should
be  integrated  into  patients'  lives  in  order  to  reduce  these  comorbidities  and
complications.

REHABILITATION METHODS FOR TYPE 2 DIABETES
Although drug treatments  have  been  revealed  to  be  effective  in  treating  type  2
diabetes, these treatment approaches are often costly and can have side effects. On the
other hand, adopting a healthy lifestyle has become one of the main approaches to
relieve the burden of glucose and lipid metabolic disorders in combination with
appropriate drug therapy[15]. Consequently, exercise can become a parallel therapy to
traditional treatment programs and diet control or medications in patients with type 2
diabetes.

Physical therapy and rehabilitation is the cornerstone of diabetes prevention and
treatment.  Individually  developed  exercise  programs  are  clinically  effective  in
patients with type 2 diabetes. Table 1 summarizes the major benefits of exercise in
individuals with diabetes. Different modes of exercise in patients with type 2 diabetes
are  important  due to  their  effects  such as  increased glucose  uptake  by muscles,
improved usage, altered lipid levels, increased high-density lipoprotein and reduced
triglyceride and total cholesterol. In individuals with type 2 diabetes, any type of
physical activity which requires more muscle work than daily living activities can
help lower blood glucose, as the vast majority involve the use of muscles during
exercise[16].

Active and passive joint movement exercises, stretching techniques, strengthening
exercises, and aerobic exercise training are some of the most effective physical therapy
and rehabilitation techniques that can be used in patients with type 2 diabetes, such as
inpatients, outpatients, and prediabetes[16]. Clinical studies in recent years have shown
that the combination of both aerobic and resistance exercise training has a significant
effect on glycemic control compared to aerobic exercise or resistance exercise alone[17].

Despite the benefits that can be achieved through rehabilitation, the majority of
patients cannot participate in the exercise programs offered to them. Some refuse
rehabilitation due to socio-demographic factors, others due to long-distance travel or
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Table 1  Major benefits of exercise in individuals with diabetes

Major benefits

1 Increases quality of life

2 Improves blood cholesterol profiles

3 Increases heart function

4 Decreases blood pressure

5 Improves insulin sensitivity and blood glucose control

6 Improves muscular strength

7 Improves gait and balance

8 Helps to lose weight

working conditions. As a result, a large number of patients do not benefit from the
advantages of rehabilitation programs. For ongoing effective diabetes management,
long-term adherence to exercise is required; thus, to improve this adherence rate and
solve this issue, new rehabilitation models are needed. Telerehabilitation therapy may
be considered part of rehabilitation, as this globally increasing method of delivering
healthcare  services  uses  information  and  communication  technologies.  Thus,
telerehabilitation may be more suitable to a patient’s lifestyle and thereby increase the
patient’s self-management[18].

TELEREHABILITATION
The progression in communication facilities and computer-based technologies has led
to  innovative  changes  in  health.  In  recent  years,  with  the  development  of  new
computer science technologies and advanced telehealth devices, applications in the
field of telehealth have been increasing. A review stated that telehealth promises to be
a novel 21st century tool in diabetes healthcare to improve quality and reduce the costs
by enabling communication with patients[19].

The  most  encouraging  applications  in  telehealth  interventions  include
telerehabilitation, prevention and lifestyle interventions, chronic disease management
(hypertension, diabetes, and heart failure), arrhythmia detection (early detection of
atrial fibrillation), and telemonitoring of devices such as pacemakers[20].

In recent years, new telecommunications-based applications in rehabilitation are
being developed in the field of medicine all over the world. These approaches are
defined  as  telerehabilitation,  which  consists  of  a  system  controlling  remote
rehabilitation  and  should  be  considered  a  sub-field  of  telehealth [21].  “Tele-
rehabilitation” is defined as the delivery of rehabilitation services via communication
and  information  technology,  including  phone,  internet,  and  video  conference
communications between the patient and the healthcare provider. Clinically, the term
telerehabilitation  covers  a  range  of  rehabilitation  services,  such  as  assessment,
monitoring, intervention, supervision, education, and counseling[22].

Telerehabilitation is closely associated with and is mostly confused with telehealth
or  telemonitoring.  “Telemonitoring”  which  is  an  automated  process  of  data
transmission  regarding  a  patient’s  health  status  from  home  to  the  respective
healthcare  setting,  has  proven to  be beneficial  in  patients  with chronic  diseases,
including coronary heart disease, cystic fibrosis, and chronic obstructive pulmonary
disease [23 -26].  Telerehabilitation  with  telemonitoring  and  interactive  health
communication systems may benefit people with diabetes in a similar way.

“Telehealth” is the use of medical information through electronic communication to
improve patients’  health status.  Telehealth,  which covers a broader definition of
remote  healthcare,  does  not  always  include clinical  services.  Telehealth  enables
remote  communication  technology  and  computer  applications  to  transmit  the
physiological signals of patients at home, in the community, and institutions to the
medical  units for analysis and evaluation.  Telehealth services include education,
patient  visit-control  service,  emergency  treatment,  and  disease  prevention.
Additionally, it also allows the transmission of physiological signals such as blood
pressure or sugar ratio to real-time healthcare providers. Therefore, telehealth aims to
make patients independent of the management of their condition[27,28].

According to the WHO, telehealth is the use of telecommunication and virtual
technology  to  deliver  healthcare  outside  traditional  healthcare  facilities.  Well-
designed  telehealth  programs  can  improve  outcomes  by  facilitating  access  to
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healthcare, especially for chronic disease treatment and vulnerable groups. WHO also
stated that it is effective in reducing the demand for crowded facilities and is cost
saving[29].

The fundamental research on telerehabilitation has been based on a telephonic
conversation for follow up and to administer self-assessment measures. Furthermore,
telerehabilitation  continued  to  progress  in  the  1980s  with  pre-recorded  video
materials[30]. In the 1990s, live interactive video conferencing was introduced. After the
1990s,  due  to  the  emerging  needs  of  people  and the  rapid  development  of  new
communication  and  computer  technologies,  the  number  of  articles  and  new
technological support have increased[31]. In the following years, a virtual environment
was introduced to healthcare as another technological method. This method allows
users to interact with the computer-generated environment in real-time. It is also
possible for health professionals to use it in places such as surgery, rehabilitation,
education and training (Table 2). In recent years, smartphones and the applications
that can be used with them have revolutionized communication in the medical field.
Today,  there is  a wide range of  mobile applications for healthcare professionals,
students,  patients,  and  the  general  public[32].  Telerehabilitation  also  encourages
patients to adopt a healthier lifestyle (smoking cessation, activity tracking) and in
adhering to medication use by health information technology applications[20].

Telerehabilitation,  which  involves  health  services  by  using  electronic
communication systems, is an essential treatment option for improving sustainability
in patient care and ensuring practicability. Telerehabilitation procedures can provide
glycemic  control,  blood  pressure,  lipidemia,  weight,  diet,  and  complications
monitoring as well as exercise awareness particularly in patients with type 2 diabetes,
an essential step in disease management. Diabetes education provides interactive
seminars, video conferences, and phone calls. During these conversations, patients are
encouraged to exercise. Patients can also easily discuss exercises and rehabilitation
programs with their physiotherapist. Telerehabilitation allows patients to take part in
their  treatment  and  thus  adopt  exercise  by  taking  responsibility[6].  Using  this
technology in rehabilitation services is not only beneficial for the clinician but also for
the patient. It promotes a sense of personal autonomy and empowerment by enabling
active participation in disease management[33] (Table 3).

Another  advantage  of  telerehabilitation  is  providing  care  to  inpatients  and
transferring them home after the acute phase of a disease, therefore, reducing hospital
stay and costs for both patients and healthcare providers. These new approaches
allow treatment of the acute phase of the disease by overcoming the requirement of a
traditional face-to-face inpatient rehabilitation interaction approach. This includes, in
particular,  patients'  challenges to access traditional rehabilitation infrastructures
distant from their homes.

Telerehabilitation can never replace face-to-face consultations, but aims to reduce
travel and accommodation costs, waiting times and stress on the patient, the patient’s
family members and caregivers by combining appropriate treatment methods tailored
for the patient. Based on all these effects the goal of the telerehabilitation program is
to encourage patients with chronic diseases to adopt active behavior and continuously
receive medical supervision, thereby enhancing the healthcare behavior of patients.

On  the  other  hand,  patients  can  encounter  some  participation  problems  and
difficulties while using such telecommunication applications. A study investigating
the predictive effect of depression and anxiety on patients’ willingness to participate
in a trial comparing telerehabilitation vs center-based cardiac rehabilitation concluded
that despite the proven effectiveness of telerehabilitation, several factors influence the
willingness to participate in telerehabilitation. It was demonstrated that patients with
symptoms of depression are less willing to participate in telerehabilitation[34].

According to a study that evaluated the use of telehealth in diabetic patients[26], the
greatest difficulties in using the monitoring systems were operational problems and
equipment quality. The same study also evaluated the satisfaction of participants in
telehealth using a questionnaire, which indicated that most participants were satisfied
with the equipment but expected additional assistance with its operation. After the 3-
mo study period, it  was concluded that the program was beneficial in increasing
HbA1c control.

TELEREHABILITATION IN TYPE 2 DIABETES
In the last  decade,  the feasibility and effectiveness of  telehealth strategies in the
treatment  of  diabetes  patients  have  been  discussed  in  several  studies[3].  The
applicability of telehealth methods has been proven; however, due to the incidence of
inconsistency  between the  results  in  different  studies,  the  actual  effect  of  these
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Table 2  Most promising applications of telerehabilitation

Chronic disease management Physical activity telemonitoring

Prevention and lifestyle interventions Exercise training planning

Smoking cessation Exercise training counseling

Activity tracking Simultaneous exercise training

Adhering to medication Exercise training follow up

applications in specific and general clinical situations is not yet known[35,36]. With its
proven clinical benefits, its use in clinical practice can become widespread and help
reduce  the  burden  of  the  disease [ 3 ] .  In  addition,  there  have  been  many
telerehabil i tation  studies  on  the  musculoskeletal  system,  neurologic,
cardiopulmonary, and orthopedic diseases[37-40], but there have been few telerehabili-
tation studies in type 2 diabetes.

In  diabetes-related  telehealth  applications,  many systems  such  as  computers,
analog telephones, network systems, cell phones, video-conference systems, satellite
technologies,  and  electrocardiography  transmission  devices  are  used.  Previous
telehealth studies in type 2 diabetes observed glycemic control, complications, and
quality of life in diabetic patients. These studies indicated that telehealth applications
can increase glycemic control and quality of life as well as reduce HbA1c values[41-46].

In a literature review of studies, only our study conducted in 2019 was found to use
telerehabilitation methods in type 2 diabetes[6]. Earlier studies were conducted with
exercise  training or  physical  activity  alone,  and several  studies  have referred to
telehealth  practices,  including  exercise,  counseling  or  other  management
strategies[47-49].

The only telerehabilitation study[6] conducted in type 2 diabetes mellitus patients
was  a  double-blind,  randomized,  controlled  trial.  The  participants  in  the
telerehabilitation group performed breathing and callisthenic exercises, three times a
week  for  six  weeks,  at  home  by  internet-based  video  conferences  under  the
supervision of a physiotherapist. To precept the exercises, only the first session of the
training was performed at the clinic. The patients measured their heart rate, SpO2
with a pulse oximeter as well as blood pressure themselves during all exercises for
safety after the initial intervention by the physiotherapist. At the end of the study
period, the telerehabilitation intervention was found to be effective in improving
exercise  capacity,  physical  fitness,  muscle  strength,  psychosocial  status,  and
controlling HbA1c levels. Compliance with the intervention was excellent and the
telerehabilitation interventions were found to be safe and practicable, which could be
an alternative treatment model for type 2 diabetes management.

Another study that included exercise,  counseling, or management strategies[47]

consisted of  a  program designed to be delivered via  the internet  to  improve the
participants’ diabetes self-management behaviors using behavioral and motivational
strategies. Additional strategies included instructions on disease management, diet,
and exercise,  and the introduction to interventions to deal with the physical and
emotional  demands  of  the  disease.  The  interaction  between  the  caregivers  and
participants  included  both  synchronous  (instant  messaging  and  chat)  and
asynchronous communication (e-mail and bulletin board) methods. The participants
also accessed a website to enter their blood sugar readings, exercise programs, weight
changes,  blood  pressure,  and  medication  data.  The  study  caregiver  followed
participants’ logs to monitor changes in their self-management patterns. The study
concluded  that  the  participants  who  received  a  6-month  diabetes  web-based
intervention improved their HbA1c, systolic blood pressure, weight, high density
lipoprotein, and total cholesterol levels compared to the control group.

Glasgow et  al[48]  included exercise,  counseling,  or  management  strategies  and
evaluated  minimal  and  moderate  support  versions  of  internet-based  diabetes
combined (internet and automated telephone) self-management programs in adults
with  type  2  diabetes.  The  internet-based  intervention  resulted  in  a  greater
improvement, compared with the usual care condition, on three of four behavioral
outcomes (healthy eating, fat intake, and physical activity). They concluded that more
frequent, longer-term, or more personal support might be needed to improve the
results of an effective internet-based behavioral change intervention.

Marios et al[49] conducted a study that included exercise, counseling, or management
strategies. They used telemonitoring to improve exercise adherence, which assessed
the number of hours of exercise completed, as well as peak VO2, HbA1c and quality of
life in a six-month unsupervised, home-based exercise program in people with type 2
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Table 3  Advantages of telerehabilitation

Advantages of telerehabilitation

1 Improves health service efficiency and processes

2 Improves healthcare quality or effectiveness

3 Saves paperwork and saves time for caregivers

4 Reduces healthcare costs

5 Facilitates and extends access to economic care

6 Improves sustainability

7 Facilitates long-term home care for patients

8 Promotes a sense of personal autonomy in participants

diabetes. Cost analysis was also conducted. The exercise group was instructed to
record  their  heart  rates  during  exercise  using  a  monitor  and  received  weekly
telephone calls from a physiologist. Although telemonitored patients completed more
hours of exercise and demonstrated improved peak VO2 compared to controls, they
neither improved HbA1c nor quality of life. The exercise volume was also insufficient
to improve glycemic control. They concluded that telemonitoring has the potential to
enable people with diabetes to meet exercise training guidelines.

A  systematic  review [ 2 ]  that  assessed  the  quality  and  the  evidence  of
telerehabilitation and included 10 studies, which was conducted in patients with
chronic or long-term conditions and neurologic disorders, suggested that the number
of telerehabilitation experiences worldwide is growing. However, evidence of its
clinical and economic effectiveness is still insufficient, particularly in routine care.
Moreover,  these  systematic  reviews  have  been  interpreted  based  on  a  lack  of
methodological rigor and diversity of approaches used in the studies. There is some
evidence concerning users’ acceptance and satisfaction, and overall feasibility related
to the discipline. However, there is insufficient evidence to state that telerehabilitation
is a cost-saving or cost-effective approach, although its potential has been highlighted
scientifically.

CONCLUSION
Technology-based rehabilitation applications are developing rapidly and becoming an
essential component of medical care. Therefore, using these new techniques, it  is
necessary to continue to focus on the individual needs of the patient. Although the
telerehabilitation interventions in type 2 diabetes are less well-defined, initial results
of  small  studies  are  highly  favorable.  With  more  extensive,  multi-centered
randomized controlled studies, clinical guidelines could ultimately improve patient
outcomes. However, additional research is needed to interpret long-term outcomes, as
well as to enhance effectiveness and cost-effectiveness.
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