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ABSTRACT

BACKGROUND: Exercise-based interventions prevent or delay symptoms and complications of type 2 diabetes (T2D) and are highly recom-
mended for T2D patients; though with very low participation rates. Telerehabilitation (TR) could act as an alternative to overcome the barriers
preventing the promotion of T2D patients’ well-being.

AIM: Determine the effects of a six-week TR program on glycemic control, functional capacity, muscle strength, PA, quality of life and body
composition in patients with T2D.

DESIGN: A multicenter randomized, single-blind, parallel-group clinical study.

SETTING: Clinical trial.

POPULATION: Patients with T2D.

METHODS: Thirty T2D patients (75% male, 60.1+10.9 years) were randomly allocated to an intervention group (IG) and a control group (CG)
with no exercise intervention. IG enrolled in a supervised, individualized exercise program (combination of aerobic and resistance exercises), 3
times/week for 6 weeks at home via a TR platform. Glycated hemoglobin (HbA1c¢), six-minute walk test (6MWT), muscle strength (Hand Grip
Strength Test [HGS], 30-Second Chair Stand test [30CST] physical activity [IPAQ-SF]), quality of life (SF-36) and anthropometric variables
were assessed.

RESULTS: Two-way repeated-ANOVA showed a statistically significant interaction between group, time and test differences (6MWT, muscle
strength) (V=0.33, F [2.17]=4.14, P=0.03, partial n2=0.22). Paired samples #-test showed a statistically significant improvement in HbAlc
(Z=-2.7), A(MWT (Mean A=-36.9+27.2 m, t=-4.5), muscle strength (Mean A=-1.5+1.4 kg, t=-2.22). Similarly, SF-36 (mental health [Mean A=-
13.3+£21.3%)], general health [Mean A_-11.4+16.90%]) were statistically improved only in IG.

CONCLUSIONS: The findings of this study indicate that a 6-week supervised home-based TR exercise program induced significant benefits in
patients with T2D, thus enabling telehealth implementation in rehabilitation practice as an alternative approach.

CLINICAL REHABILITATION IMPACT: Home-based exercise via the TR platform is a feasible and effective alternative approach that can
help patients with T2D eliminate barriers and increase overall rehabilitation utilization.

(Cite this article as: Blioumpa C, Karanasiou E, Antoniou V, Batalik L, Kalatzis K, Lanaras L, et al. Efficacy of supervised home-based, real time,
videoconferencing telerehabilitation in patients with type 2 diabetes: a single-blind randomized controlled trial. Eur J Phys Rehabil Med 2023;59:628-
39. DOIL: 10.23736/S1973-9087.23.07855-3)
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TELEREHABILITATION IN PATIENTS WITH DIABETES

Diabetes mellitus (DM) is a chronic metabolic disorder
characterized by the presence of a chronic increase in
blood sugar (hyperglycemia), accompanied by an impair-
ment in the metabolism of glucose, lipids and proteins.!
According to the International Diabetes Federation, ap-
proximately 463 million adults (20-79 years old) live with
DM, while by 2045, this number is expected to increase
rapidly and reach 783 million.2

Type 2 diabetes (T2D) is the most common form of dia-
betes and accounts for 90-95% of all cases. T2D is caused
due to insufficient production of insulin or desensitization
of insulin receptors that precludes the entry of glucose into
the cell.3 Chronic hyperglycemia in diabetes is associated
with long-term damage, dysfunction, and failure of vari-
ous organs and tissues.! Complications from diabetes can
be classified as microvascular or macrovascular. Micro-
vascular complications include nervous system damage
(neuropathy), renal system damage (nephropathy) and
eye damage (retinopathy). Macrovascular complications
include cardiovascular disease, stroke, and peripheral vas-
cular disease.

Physical activity (PA) and exercise programs are the
cornerstones in managing DM, along with dietary and
pharmacological interventions.5 Exercise plays a signifi-
cant role both in the prevention and control of T2D and
diabetes-related health complications.6 Current guide-
lines recommend that patients with T2D should perform
at least 150 minutes of moderate-intensity aerobic ex-
ercise per week along with resistance exercises (at least
3 times/week). Engaging T2D patients in aerobic and re-
sistance exercises for more than 150minutes per week is
proven effective in their glycemic control and the preven-
tion of cardiovascular diseases.”

Despite the well-known benefits of exercise, patients
with T2D are less likely to meet the recommendations for
exercise; thus, their compliance appears to be extremely
low.® It must be mentioned, though, that physical inac-
tivity and sedentary lifestyle increase risk and potentially
worsen chronic health conditions.® The main barriers to
exercise participation are lack of time, accessibility, low
personal motivation, and the Covid-19 pandemic.!0. 11
Additionally, socio-demographic factors, long-distance
traveling to rehabilitation facilities, or working obliga-
tions hinder participation in either hospital-based or out-
patient rehabilitation programs.!2 13 Exercise is perceived
as costly in terms of time, organization, and personal in-
vestment.!4 As a result, a high percentage of patients do
not benefit from the advantages of attending rehabilitation
programs.12.13
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Telemedicine is a promising approach to delivering per-
sonalized health care at home, providing certain benefits,
such as improved access to healthcare services, qualita-
tive enhancement of healthcare management, and reduc-
ing potential cost and time.!4 15 Telehealth interventions
positively improve DM control self-management in pri-
mary healthcare settings. Previous diabetes-telemedicine
and telerehabilitation (TR) interventions aimed to develop
efficient lifestyle behavior changes, which included blood
glucose monitoring, dietary and PA consultancy, and psy-
chosocial support.!6 A review on telehealth interventions
(smartphones, mobile applications and wearable devices)
in T2D patients reported that mobile phone-based inter-
ventions with clinical feedback improved the levels of
HbAlc compared to standard care or other non-health
approaches by as much as 0.8%.!7 The use of telehealth
in monitoring HbAlc levels suggests that telemonitoring
effectively controls HbAlc levels in patients with T2D.14
According to a recent meta-analysis, smartphone applica-
tion-based diabetes self-management intervention could
significantly improve glycemic control and self-manage-
ment performance.!8 Furthermore, the implementation of a
remote, tele-assessed 6MWT performed outdoors appears
as a valid and reliable tool to assess T2D patients’ func-
tional capacity.!?

Even though some studies have evaluated the efficacy
of telehealth interventions in the management of T2D, the
literature review reveals limited data concerning exercise-
based TR interventions. Diabetes-TR may be more com-
prehensive and effective in managing T2D patients by
addressing modifiable factors such as exercise.20 In TR,
patients are not restricted to a community-based environ-
ment and can safely implement the rehabilitation compo-
nents within their daily routine at home.2! Although there
is only one supervised TR study in the existing literature
on patients with T2D,22 our study is the first to examine
the efficacy of a supervised TR program according to ex-
ercise recommendations (combined aerobic and resistance
training). Therefore, it is essential to create interventions
that circumvent the barriers to exercise for patients with
diabetes. TR may be effective as part of a rehabilitation
program in increasing patient adherence to exercise by
minimizing barriers such as geographical distance and
time constraints. Previous exercise-based TR studies have
shown that a six weeks period of exercise intervention is a
sufficient period to gain health benefits.2? The purpose of
this study was to determine the effects of TR on glycemic
control, functional capacity, muscle strength, PA, quality
of life and body composition.
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Materials and methods
Study design

A multicenter, single-blind, randomized, parallel-group
pilot study (NCT05145465, ClinicalTrials.gov) was
conducted to examine the effectiveness of a supervised
home-based TR program in patients with T2D. All pa-
tients signed informed consent prior to participating in the
study. This study included: recruitment, baseline assess-
ment, randomization, 6 weeks of intervention via TR, and
follow-up assessment). The flowchart of the study design
is shown in Figure 1. The study complied with the Decla-
ration of Helsinki and was approved by the ethics commit-
tee of the University of Thessaly (Protocol Record 716/23-
09-2021). The study inclines to CONSORT guidelines of
reporting trials.

Study sample

Fifty patients with T2D, both men and women, were re-
cruited from the General Hospital of Lamia, private dia-
betic clinics in Lamia, and the regional Association of
Diabetic Patients. Inclusion criteria were: 1) patients aged
above 40 years; 2) diagnosis of T2D based on the criterion

Enrollment | Assessed for eligibility (N.=50) |

Excluded (N.=20)
- Not meeting inclusion criteria
(N.=10)
- Declided to participate (N.=6)
- Barriers to use technology
(N.=4)

Y

Randomized (N.=30)

Y

v Allocation \

Allocated to intervention (N.=15)
- Received allocated intervention
(N.=15)

Allocated to intervention (N.=15)
- Received allocated intervention
(N.=15)

v Follow-up Y

Lost to follow-up (N.=4) Lost to follow-up (N.=4)
- COVID-19 infection (N.=2) - COVID-19 infection (N.=2)
- Did not attend 2nd assessment (N.=1) - Did not attend 2nd assessment (N.=2)
- 50% exercise attendance (N.=1)

\ Analysis Y

Analyzed (N.=11) Analyzed (N.=11)
- Excluded from analysis (N.=0) - Excluded from analysis (N.=0)

Figure 1.—Study flowchart.
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of the American Diabetes Association; 3) patients who
were under medical supervision and were receiving medi-
cation to regulate sugar levels properly. Exclusion criteria
were the coexistence of: 1) type 1 DM; 2) neurological
disease; 3) recent surgery; 4) unstable cardiovascular dis-
eases; and 5) dementia.

Recruitment/randomization

Participants’ recruitment was fulfilled in 2 steps. Initially,
fifty (50) potential patients were recruited and checked
for eligibility based on their medical records. Out of the
50 patients, 30 met the inclusion criteria and were further
randomly assigned into two groups via a computerized al-
location system applying an algorithm in proportion 1:1.
Finally, 15 patients were randomly assigned to the inter-
vention group (IG) and 15 to the control group (CG).

Sample size

Sample size calculation was performed with the software
G*Power 3.1.9.4. For the F test, the detection of small ef-
fect size (f=0.2) at a predetermined a=0.05 and b=0.80, a
total of 24 participants were required to examine the recur-
rent ANOVA. After adjusting for the potential of dropouts
(estimated attrition rate of 10%), a minimum sample of 28
patients was required.

Data collection and blinding

The same qualified physiotherapist-assessors performed
all clinical assessments at baseline and after the interven-
tion. All assessors were blinded to group allocation and
were not involved in the intervention. Intervention via
TR was conducted by a different qualified physiotherapist
who was not involved in the assessments. Patients were
not possible to be blinded to allocation. At the end of each
assessment, the data was stored, and the researchers had
no further access. Data were encoded in a spreadsheet and
sent to another researcher to perform the data analysis.

Intervention

The IG received a 6-week supervised exercise-based TR
program, 3 times a week, for 60 minutes per session. TR
exercise was implemented in each patient’s home environ-
ment. Patients in the CG did not receive supervised ex-
ercise during the study period. Patients from both groups
received verbal and written general information on diabe-
tes, self-care, exercise, PA and diet recommendations. All
patients also obtained written support material about exer-
cise types, intensity, and duration.
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TR intervention

Under the supervision of a physiotherapist, patients of
the IG attended a first educational session at the univer-
sity facilities for familiarization with the exercise train-
ing modalities and the use of the monitoring equipment
(pulse oximeter, blood pressure monitor, glucose monitor,
smartwatches, or activity trackers). Skype platform was
installed on each patient’s mobile device (laptop, tablet,
smartphone) during the educational session, and a test vid-
eo call was performed individually for each patient.

Aerobic and resistance training were individually pre-
scribed for each patient at the beginning of the first ses-
sion at the university facilities as mentioned above. The
patient’s vital signs [pulse rate and blood pressure (BP-B2
Easy, Microlife Corporation, Widnau, Switzerland), oxy-
gen saturation - SpO, (Pulse Oximeter FOX-350, I-TECH,
Italy), and blood glucose (FreeStyle Lite [Abbott Diabe-
tes Care Inc., Alameda, CA, USA] were measured and
recorded at rest position). Aerobic exercise intensity was
initially set for all patients at 60% heart rate (HR) reserve
and gradually increased each week. The target HR zone
was calculated using the Karvonen formula and the predic-
tion of HRmax was calculated in accordance with the pa-
tient’s B-blockers therapy.24.25 The target intensity of exer-
cise was prescribed in intensity ranging from 60% to 80%
according to exercise guidelines (Table I). Borg Rating of
Perceived Exertion (RPE) was used to prescribe resistance
training. The patients in the educational session performed
resistance evaluation of the upper and lower muscles us-
ing a weight that they could lift 10 times in a row. The
target intensity was selected so that the RPE score ranged
from 13-14 on the Borg (6-20 RPE) Scale. A score of 14
may correspond with 8-12 repetitions of 40% 1RM during
resistance training for elderly individuals. Patients in our
study performed two sets of 10 repetitions and exercise in-
tensity ranged from 13-14 of RPE (“somewhat hard”). For
the upper extremity, patients used household items (e.g.,
water bottles, cans) and ankle weights for the lower body.
Each patient was given the necessary equipment only for
the lower body.

Following initial training, all patients in the IG group re-
ceived a TR program over 6 weeks via internet-based video

TABLE l.—Aerobic training prescription.

Target-training HR=HRrest+(60-80% of HRreserve),
HRreserve=HRmax-HRrest,
Prediction of HRmax when patients receiving p-blockers therapy (37)
» Without beta-blocker medication=206.9 — (0.67 x age)
» With beta-blocker medication=164 — (0.7 x age)
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TABLE Il.—Telerehabilitation exercise program.

Warm up/duration 10 minutes
» Marching on the spot (5 minutes)
« Stretching: Hamstrings, quadriceps, calf, triceps, biceps, chest,
latissimus dorsi (5 minutes)
Aerobic exercise training/duration  Resistance training/duration 20
20 minutes continuous minutes
Intensity: Target training HR= Intensity: 13-14 RPE
HRrest+(60 - 80% HRreserve) 2 sets 10 repetitions each set
* Marching on the sport Resting <60’ between sets
» Modified jumping jacks side * Mini squats
& back * Sit-to stand
* Mini Squats * Biceps curl
» Knee to Elbow * Front-chest
 Lunges » Wall press
* Step up » Knee extension
* Box only hands * Hip abduction
» Box with lateral steps * Hip extension
» Box with back steps » Hamstring curl
* Lateral steps with back kick
Recovery time Duration 10 minutes
* 5 minutes
* 5 minutes
* Marching on the spot
* Stretching (same as warm up)
« Calf raises

conferences under the direct supervision of a physiothera-
pist. The TR program was delivered via a synchronous vid-
eoconferencing platform to groups of up to four patients;
thus, enabling real-time monitoring, feedback, and exercise
modification. Patients attended three sessions of 60 minutes
of exercise per session per week. Each session consisted of
a 10-minute warm-up, 40-minutes of aerobic and strength
exercises, and a 10-minute recovery time (Table II).

Exercise safety in patients with T2D

An essential aspect of our study was to increase the medi-
cal safety of exercise intervention. Patients with T2D who
plan to increase their exercise activity or are at high-risk
levels (coronary artery disease, peripheral arterial disease,
hypertension, cigarette smoking, dyslipidemia, retinopa-
thy, or nephropathy), may benefit from taking a medical
checkup and possible exercise stress test before starting
such activities”. However, pre-exercise medical clearance
is unnecessary for asymptomatic individuals receiving
diabetes care with low- or moderate-intensity PA pre-
scription.” All patients in our study followed a thorough
medical examination by diabetologists and met lower-risk
criteria; thus, routine exercise testing with spiroergometry
and ECG monitoring was not advised. Another essential
aspect when patients with T2D participate in exercise is
the search for potential hypoglycemia risks.
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Furthermore, all exercise experts must be aware of pa-
tients’ medication to ensure safety during exercise. Beta-
blockers reduce HR during exercise, diuretics can lead to
dehydration and electrolyte imbalances, and statins can
lead to myopathy (myalgia, myositis). Furthermore, it is
necessary to emphasize that healthcare workers, especial-
ly physiotherapists providing exercise-based intervention,
should be educated and skilled in cardiopulmonary resus-
citation.26

Safety during TR

All exercise TR sessions were implemented under the di-
rect real-time supervision of a physiotherapist. Further-
more, all patients in TR had their own home-telemonitor-
ing devices such as pulse oximeter, blood pressure monitor,
glucose monitor, and some patients owned smartwatches
or activity trackers. Patients were guided to self-monitor
and report their blood sugar, blood pressure, HR, and SpO,
levels at the start and end of each TR session. The patients
monitored HR and SpO, during the entire TR session.
Due to constant movement of patients during the aerobic
exercise, pulse oximeters did not always record the HR.
As a result besides the pulse oximeter, the RPE scale was
used in order to help the patients to be aligned with the
prescribed HR intensity during the aerobic training ses-
sion. To ensure training safety, all patients had to display a
HRrest<120 bpm, resting systolic and diastolic blood pres-
sure less than 180 mmHg and 100 mmHg, respectively,
and Sp0,>90% before entering a session. Patients were
informed about the hypoglycemic symptoms (feeling of
dizziness, fatigue, palpitation, or general discomfort) and
were advised to stop exercising at their occurrence.?’ Ed-
ucation material with safety precaution instructions was
provided to each patient for self-management knowledge
and diabetes education.

Outcome measures

Patients were assessed at baseline and after the comple-
tion of the intervention. Primary outcomes were glycemic
control (HbA 1c), functional capacity, and muscle strength.
Secondary outcomes included level of PA, quality of life
and anthropometric measurements.

Primary outcomes
Functional capacity

Functional capacity was evaluated via the six-minute walk
test (6MWT) following the American Thoracic Society’s
criteria.28 The 6MWT is a reliable test that complements
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functional capacity assessment in patients with T2D.29
Two 6MWTs were conducted to account for a learning
effect, and the test with the best score was used in sta-
tistical analysis.30 The patients rested for at least 10 min-
utes before performing the first 6MWT, and for at least 30
minutes between tests or until SpO,, HR, and exertion had
returned to resting levels. The patients were encouraged
to walk as far as possible in 6 minutes in a 30-m-long in-
door corridor with cones at the end. Blood pressure (BP B2
Easy, Microlife Corporation), HR, SpO, (Pulse Oximeter
FOX-350, I-TECH, Sassuolo, Modena, Italy) and RPE
were measured before and after the test, and the 6MWT
distance was recorded.3!. 32

Muscle strength

Upper body strength: Hand Grip Strength Test (HGS)
(Sammons Jamar Hydraulic Hand Dynamometer, Sam-
mons Preston, Bolingbrook, IL, USA), was used to as-
sess upper body muscular strength, in accordance with the
American Society of Hand Therapists.33 Patient was sit-
ting on a chair with back support, knees and hips were bent
at about 90°, shoulders adducted and neutrally rotated, el-
bow flexed at 90°, forearm in neutral and wrist between 0
and 30° of dorsiflexion. Each patient performed the test
three times with the dominant arm, allowing a 1-minute
rest period between measures. The grip position of the dy-
namometer was adjusted to each individual’s hand size.34
The average of the three tests was selected for the statisti-
cal analysis. Test-retest reliability for HGT in diabetic pa-
tients was 0.98 (ICC, 95% confidence interval), and the
minimal detectable change (MDC) score was 4.0 kg.29

Lower body strength: the 30-Second Chair Stand Test
(30CST) was used to assess lower body strength and en-
durance. Only the number of full stands that the patient
could raise to a complete stand from a seated position
with back straight and feet flat on the floor with the arms
folded across the chest within 30 seconds were taken into
account. A standard chair (44 cm height) was used. Test-
retest reliability for 30CTS in diabetic patients was 0.92
(ICC, 95% confidence interval), and MDC score was 3.3
repetitions.2’

Secondary outcomes
PA

The patients’ PA level was assessed with the Greek version
of the International Physical Activity Questionnaire short
form (IPAQ-SF), which is a valid and reliable assessment
tool for the Greek population.35
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Quality of life

Quality of life was assessed via the Greek-translated ver-
sion of the SF-36 Health Survey Questionnaire (SF-36):
The self-administered SF-36 questionnaire is a 36-item
scale that measures eight aspects of Health-Related Qual-
ity of Life. It measures the following scales: physical
functioning, physical health, bodily pain, general health,
vitality, emotional role, social functioning, and mental
health.3¢

Anthropometric characteristics

Anthropometric characteristics included height, weight,
Body Mass Index (BMI), hip circumference measurement,
waist circumference measurement, and waist/hip ratio.
Height was measured using a stadiometer (SECA 213,
seca GmbH & Co, Hamburg, Germany), and weight was
measured with a digital scale (Tanita, Tanita Corporation,
Tokyo, Japan). Body Mass Index was calculated as weight
(kg) divided by height (m2). Waist/hip ratios were also
calculated. Waist and hip circumference were measured
with a tape measure. Waist circumference (WC) was taken
from the umbilicus level, and hip circumference was taken
from the femur trochanter major. Both measurements were
conducted during the exhalation phase using a tape mea-
sure while the patient was standing on both feet with equal
weight on each (the values of hip and waist measurements
were recorded in centimeters).

Statistical analysis

In the IG, only the patients who completed at least 50%
of all the sessions (>9 out of 18) were included in the final
analysis. All statistical analyses were performed using Sta-
tistical Package for Social Sciences (SPSS) version 26 for
Windows. Descriptive statistics were presented as (mean,

TABLE lIl.—Characteristics of the patients.

BLIOUMPA

standard deviation, and percentage) for both groups. A
Shapiro-Wilk Test was used to examine the normality of
data distribution. Paired #-tests (or Wilcoxon signed-rank
tests) were conducted to examine the statistical signifi-
cance of the outcomes for all dependent variables within
both groups. Independent sample #-tests (or Mann-Whit-
ney U Tests) were conducted to examine the statistical
significance of the outcomes for all dependent variables
between both groups. The effect size was calculated using
Cohen’s d test to estimate the magnitude of the interven-
tion’s effect on fall-related factors. Cohen classified effects
as small (d=0-0.2), medium (d=0.3-0.5) and large (d>0.6)
(12). The effects were expressed by using means, SDs,
mean differences, 95% Cls, % change, ¢-statistics, df’s,
pre-post correlations (r), and P values. A two-way mixed
ANOVA was used to examine the statistical significance
of between-group interactions of the main effects, pre, and
post-intervention. The statistical significance was set at
P<0.05 in all analyses.

Results

A total of 30 T2D patients agreed to participate and were
randomized to IG (N.=15), and CG (N.=15). Figure 1
shows the flow of patients throughout the study. Eight
patients (IG, N.=4; CG, N.=4) dropped out during the
6-week intervention period. The attriction rate was cal-
culated 26.6%. Reasons for dropping out included loss of
interest (IG, N.=1; CG, N.=2), low exercise attendance
(<50%) (IG, N.=1) and Covid-19 disease (IG, N.=2; CG,
N.=2).

No serious exercise-related adverse events occurred in
IG. The basic characteristics of the study population are
described in Table III. The mean age was 60.3+9.3 years
for the IG and 60.8+13.6 years for the CG. A total of 7
(31.8%) women participated in this study. Eleven patients

Intervention group (IG)

Control group (CG)

Mean+SD Mean+SD P value
Patients (N.) 11 11
Gender (male/female) 8(72.7%)/3 (27.3%) 7 (63.9%)/4 (36.4%)
Age£SD (years) 60.3+9.3 60.8+13.6 0.9
Height (cm) 171£6.1 170+9.0 0.3
Weight (kg) 101.1£21.0 85.4+14.6 0.08
BMI (kg /m?) 34.445.7 27.942.8 0.05
WHR 0.940.1 0.9+0.1 0.2
Waist circumference (cm) 116.0+13.3 100.6+7.2 0.05
HbAlc (%) 7.4+2.1 6.9+£1.2 0.3
Data expressed as mean+SD or N. (%).
BMI: Body Mass Index; WHR: Waist Hip Ratio; HbAlc: glycated hemoglobin.
Vol. 59 - No. 5 EUROPEAN JOURNAL OF PHYSICAL AND REHABILITATION MEDICINE 633
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(IG, N.=4 [36.4%]; CG, N.=7 [63.9%]) were receiving
oral drug treatment while the rest eleven patients (IG, N.=7
[63.9%]; CG, N.=4, 36.4%]) were under insulinotherapy.
Significally higher outcome measurements for BMI and
WC were observed between the two groups in favor of the
1G (P>0.05).

Primary outcomes

Glucose control

HbAlc value was significantly decreased in the IG group
at the end of the 6-week intervention period (Mean,g,,.:
7.4+2.2% Meangg,,: 6.4+0.7%) with a large effect size
(HbAlc, d=0.81). Whilst there was no significant change
in the CG for HbAlc value over this 6-week intervention
period (P>0.05) (Table 1V).

Functional capacity

There was a significant overall improvement for the IG in
the 6MWD over the 6-week intervention period (P<0.05)
(Mean distance before: 516m versus Mean distance after:
553m), (Mean distance Ay gore-afier: -360-9£27.2), represent-
ing a large effect size on functional capacity (6MWT,
d=0.81). There was no significant change in the CG for
6MWT over the 6-week intervention period (P>0.05) (Ta-
ble V).

TABLE [V.—Results of glucose control.

TELEREHABILITATION IN PATIENTS WITH DIABETES

Muscle strength

HGS and 30CST were statistical significantly improved in
the IG over the 6-week intervention period (P<0.05) (HGS:
[mean strength before: 37.5 kg versus mean strength after:
39 kg], [Mean strength Ay gore-afier: -1-5£1.4 kg]), (30CST:
[mean repetitions before: 12.1 versus mean repetitions af-
ter: 14.1], [mean repetitions Ayggore afier: -2-0£1.3 rep]). The
magnitude of the differences in the IG represents a medi-
um effect size on the upper body muscular strength (HGS,
d=0.57) and a large effect on lower extremity strength
(30CST, d=0.72). There were not significant changes in
the CG for the HGS and 30CST over this 6-week period
(Table V).

Secondary outcomes
PA

IPAQ scores did not statistically significant changed both
in the IG and CG over the study period (Table IV).

Quality of life

For the SF-36 questionnaire, only two of the eight as-
pects significantly changed in the IG over the 6-week
intervention period. In particular Mental Health and
General Health significantly improved (mental health

Variables Group Mlzzenﬁ(:)trgD Mi{fg:etrSD Wilcoxon (Z) P value Effect size
HbAlc (%) Intervention 7.44+2.2 6.4+0.7 -2.70 0.007 0.81
Control 6.9+1.3 7.0£1.1 -0.76 0.45 0.27
IPAQ (METs.min/wk) Intervention 259442105 3351+2455 -1.06 0.29 0.32
Control 294043540 3774+2427 -0.89 0.37 0.29
Data expressed as mean+SD.
HbATlc: glycated hemoglobin; IPAQ: International Physical Activity Questionnaire.
TABLE V.—Results of the functional capacity.
Variables Group ?\Z(fa(;f Dé[it;rrl M [Kdl;:flo(rg-]g;‘ter t-test P value Effect size
6MWT(m) Intervention 516 553 -36.9 (27.2) -4.50 0.001 0.81
Control 548 549 -1.0 (39.6) -0.07 0.94 0.02
HGS (kg) Intervention 37.5 39.0 -1.5(1.4) -2.22 0.05 0.57
Control 40.8 41.4 -0.6 (3.6) -0.53 0.60 0.18
30CST (repetitions) Intervention 12.1 14.1 -2.0(1.3) -3.51 0.006 0.72
SF-36 Mental health (%) Control 14.7 14.6 0.1 (1.1) 0.31 0.76 0.11
SF-36 General health (%) Intervention 72.2 85.4 -13.3 (21.3) -2.06 0.05
Control 65.3 65.8 -0.5 (20.6) 0.65 0.95
Intervention 70.9 82.3 -11.40 (16.9) -2.23 0.05
Control 77.2 77.8 -0.6 (25.4) -0.06 0.94
Data expressed as mean+SD.
6MWT: 6-Minute Walk Test; HGS: hand grip strength; 30CST: 30seconds Chair Stand Test.
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[mean before: 72.2% versus Mean after: 85.4%], [Mean
Apefore-atier: -0.5120.6%]), (general health [mean before:
70.9% versus mean after: 82.3%], [mean Aypreafier
-0.6+25.4%]). There were no significant changes in any
of the eight aspects of SF-36 in the CG over this study
period (Table V).

Body composition

A statistically significant decrease was observed only in
the IG over the 6-week intervention period for the weight
(mean weight before: 101.2 kg versus mean weight af-
ter: 99.0 kg], [mean weight A foreafier: 1-812.3 kg]), BMI
([mean value before: 34.4 versus mean value after: 33.4],
[mean value Ay goreafier 0-6£0.7 (kg/m?)] and WC [mean
circumference before: 116 cm versus Mean circumference
after: 112 cm], [mean circumference Ay ;o eafier: 3-312.5
cm]). The magnitude of the differences in the IG represents
a large effect size on body composition (weight, d=0.61),
(BMI, d=0.64) and (waist circumference, d=0.80). There
were no statistically significant changes in any of these
characteristics in the CG over this study period (P>0.05)
(Table VI).

Comparison of measurement changes between the inter-
vention and control group

The results of the two-way ANOVA showed a significant
interaction of time and group, for the 6OMWT and HGS

TABLE VI.—Results of the body composition.
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Test, between the IG and the CG. Box’s Test was found
to be non-significant (P=0.026). Based on Pillai’s Trace
ANOVA revealed statistically significant effect between
groups, time and (6MWT and HGS) and revealed a sig-
nificant effect (V=0.33, F [2.17]=4.14, P=0.03, partial
n?=0.22). Partial Eta squared (n,?) in both groups indicates
a high effect size (n,?=0.65) (Table VII).

Discussion

The primary aim of the current study was to determine
the short-term effectiveness of a supervised TR exercise
program for patients with T2D. The findings of this study
indicate that a 6-week supervised TR exercise program in-
duced significant benefits in patients with T2D. The TR
group attented an average of 15 out of 18 TR sessions,
which is an indicate of a very good compliance. The main
reasons for not attending at those sessions were mostly the
bad internet connection and urgent family reasons.

In our study, we ensured patients’ safety during exercise
sessions through individual exercise prescriptions, the use
of monitor devices, and real-time supervision. Prescribing
a diabetic’s exercise endurance intensity by percentages
of maximal HR or HR range and not based on individual
thresholds may lead to overload of exercise intensity.3’
Therefore, it is advised to take the resting HR into account
and calculate the HR reserve for more accurate endurance

Mean Difference

Variables Group Mean (before) Mean (after) (before-after) t-test P value Effect size
Weight (kg) Intervention 101.2 99.4 1.80 (2.25) 2.50 0.03 0.61
Control 85.5 86.3 -0.86 (1.90) -1.32 0.22 0.42
BMI (kg/m2) Intervention 344 33.8 0.60 (0.70) 2.70 0.02 0.64
Control 27.9 28.2 -0.30 (0.70) -1.23 0.25 0.40
Waist circumference (cm)  Intervention 116.0 112.0 3.30 (2.50) 4.35 0.001 0.80
Control 100.5 101.2 -0.60 (1.26) -1.42 0.2 0.45
WHR (value) Intervention 0.99 0.97 0.01 (0.02) 1.90 0.08 0.51
Control 0.94 0.95 -0.01 (0.01) -1.55 0.16 0.48
Data expressed as mean+SD.
BMI: Body Mass Index; WHR: Waist Hip Ratio.
TABLE VIL.—Comparison of measurement changes between the intervention and control group.
Variables Effects Te;x?z)‘(lt%ne n? P value Observed power
Group*Time 4.14 0.38 0.03 0.65
6MWT (m) Time effect 6.42 0.26 0.02 0.66
Group*Time 5.75 0.24 0.027 0.62
HGS (kg) Time effect 1.78 0.09 0.199 0.24
Group*Time 0.06 0.003 0.812 0.057
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training intensity determination in patients with T2D. Tak-
ing this into consideration, in our study, we prescribed the
exercise endurance intensity using the resting HR through
the Karvonen formula in accordance with patients’ medi-
cation (beta-blockers).25 Beta-blockers can slow HR re-
sponse to exercise and lower maximal exercise capacity
due to their chronotropic and inotropic negative effects.38

In our study, the real-time supervision and telemoni-
toring of the exercise sessions by a physiotherapist may
have also contributed to the prevention of acute adverse
events. The regular monitoring of the blood glucose levels
(immediately before and after exercise training, and a few
hours after exercise training) was implemented in every
session, as recommended for safety reasons.3® In case of
hypoglycemia (glucose level <100 mg/dL), patients re-
ceived one light snack prior to the session, and in case of
hypoglycemia during the exercise, the instruction was to
stop the exercise immediately and consume fast-acting
carbohydrates (sugar or juice). According to a previous
study, ECG monitoring during cardiac rehabilitation is un-
necessary when patients are low-risk and can safely exer-
cise in community-based cardiac rehabilitation settings.40
All patients in our TR study had an initial GMWT distance
higher than 450 m which is also higher than the values in
the literature for healthy individuals.

Another important innovative aspect of our study was
the inclusion of low-cost exercise strategies. Our exercise
program has been proven feasible, easy to implement, and
has potential for home-based environmental, since it does
not require expensive equipment or spacious indoor fa-
cilities.

Recent studies reported that telehealth interventions ef-
fectively improve glycemic control and can lead to an ap-
proximately 0.22-0.64% decrease in HbAlc levels in pa-
tients with T2D.41-43 Most of these interventions included
synchronous and asynchronous approaches (via email, vid-
eo conference and mobile applications). However, there are
hardly any TR studies involving exercise in patients with
T2D in the literature. Our study found a 0.99% decrease in
HbAlc levels in the TR group, while in the CG, HbAlc did
not change. Similarly, in the study of Duruturk & Ozkéslii,
patients who performed a supervised home-based exercise
program significantly decreased their HbAlc levels.22

Besides being an important indicator of long-term gly-
cemic control, the HbAlc level is a significant risk fac-
tor for cardiovascular disease in patients with T2D. Ac-
cording to Stratton et al., a reduction in HbAlc levels by
1% can reduce the risk of microvascular complications by
37% and death related to diabetes by 21%.44 The weekly
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amount of exercise indicates a significant role in improv-
ing glycemic control. In a previous exercise telemonitor-
ing study (tele-HR monitor and weekly phone calls for six
months), patients did not improve HbA1c% or quality of
life even though they presented higher exercise attendance
rates compared to the control group, probably due to insuf-
ficient exercise volume.45

Another important factor in TR studies is feedback. In
our study, exercise supervision was implemented via video
conference supervision, thus, enabling real-time monitor-
ing, feedback, and direct exercise modification for each
patient. TR interventions that involved more interaction
between healthcare providers and patients or personalized
patient feedback were more likely to improve HbAlc.4¢
In contrast, a previous telemedicine study found that pa-
tients in an internet-based exercise group achieved a 0.9%
decrease in HbAlc even though the exercise was imple-
mented only via asynchronous video feedback, without
supervision or a personalized interaction between patients
and healthcare providers.47

Functional capacity is a strong predictor of mortality in
T2D patients, and it has been observed that patients with
T2D are associated with lower functional capacity com-
pared to healthy subjects. A previous study has shown a
clinically significant 21-23% reduction in mortality risk
for every 1-MET increase in the functional capacity of
patients with T2D.48 Regarding functional capacity, we
found that the 6BMWT distance was improved only in IG
by 36.9m. This result demonstrates that the intervention
was effective since the MDC in the 6MWT in patients with
T2D was found to be 27.37m.2% Similar to these results in
the study of Duruturk & Ozkéslii, patients in the TR group
significantly improved functional capacity. Previous dia-
betes telehealth studies without exercise supervision have
also shown improvements in functional capacity.45. 47

Regarding muscle strength, we only found a signifi-
cant improvement in both upper and lower body muscle
strength in the TR group. HGS test improved by 1.5 kg
and 30CST by 2 repetitions. The magnitude of these dif-
ferences represents a medium effect size on the upper body
muscular strength (HGS, d=0.57) and a significant effect
on lower extremity strength (30CST, d=0.72). Similar to
these results, muscle strength improved in other TR exer-
cise studies in cardiac, cancer, and Covid-19 patients.49: 50
The only TR study with real-time exercise supervision in
patients with T2D showed improvements in upper-body
muscle strength.22 However, the measurements of the
30CST did not significantly change after the intervention
period. These differences may be due to the exercise-pro-
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tocol design since our prescription implemented combined
aerobic and resistance training, while in the study of Du-
ruturk & Ozkéslii, patients followed calisthenics exercise
without additional resistance.??

In our study, PA was measured by a self-reported method
and did not significantly change both in IG and CG. This
may be caused by patients’ higher baseline PA levels and
a lower potential for further improvements. The patient’s
baseline PA levels were 2594 METs.min/wk for IG and
2940 METs.min/wk for CG, higher than the values given
in the literature for healthy controls within the same age
group. Measuring PA by self-reporting methods might have
caused over-reporting.5! In a previous TR study, PA was
measured with pedometers, and an increase in the average
number of steps was detected after the treatment in both IG
and CG.#7 Previous studies support that using self-monitor-
ing technologies such as pedometers can enhance motiva-
tion and disease self-management in patients with T2D.52

In terms of quality of life, better scoring levels are as-
sociated with a lower level of HbAlc.53 Additionally, a
decrease in HbAlc levels is associated with improved psy-
chological outcomes of quality of life.22.45.47 In our study,
significant increases were noted in terms of mental and
general health by 13.4% and 11.4%, alongside levels of
HbAlc.

Regarding body composition measures, IG significantly
decreased their body weight by 1.7 kg, BMI by 0.57 kg/
m2, and WC by 3.3 cm. A previous study has shown that
combined supervised exercise is more effective in weight
reduction than unsupervised exercise.54 Moreover, BMI did
not significantly change after a home-based unsupervised
exercise program, while patients significantly decreased
WC.47WC is more reflective of visceral obesity than BMI.55
In another study, even though BMI did not change after a
TR intervention, patients improved body mass which is a
more important indicator than BMI in predicting risk for
T2D.5¢ Thus, the limited effect of the intervention on body
composition could be due to the short duration of the in-
tervention or due to the patient’s dietary habits. Although
our patients received general information and advice on
diabetic diet, they did not receive an individualised dietary
counselling. Therefore, future TR studies should design a
more extended intervention period to improve cardiovas-
cular risk factors in the long term.57. 38 Moreover, consid-
ering a comprehensive approach, it would be essential to
include nutritional support through the Mediterranean diet
in the real-time intervention, which could have even more
significant impacts on the secondary prevention of major
cardiovascular events.5
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Limitations of the study

Among the limitations of this study is the short-term dura-
tion of the intervention. Due to the study design, it was not
possible to blind patients to study allocation. In addition,
the small sample size was and the genderly inbalanced
sample indicate bias. BMI and WC at baseline outcome
measurements were not similar in both groups; particular
parameters were significantly higher in the 1G. Another
limitation is that patient’s telemonitoring devices were not
assessed in terms of reliability and validity. In addition,
most of the patients were using a pulse oximeter in order
to track the average adhered HR, which due to constant
movement did not always record the HR.

Conclusions

The findings of this study contribute to the growing body of
evidence about the use of TR for T2D management while
providing further information for clinicians. The results
support telehealth implementation in rehabilitation prac-
tice as an alternative approach. Future TR studies should
focus on long-term comprehensive exercise interventions
using accurate wearable devices in larger populations.
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