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ABSTRACT

0z

Introduction: Lifestyle modification is the first-line treatment
for the management of patients with type 2 diabetes mellitus
(T2DM). Patient education and the use of technological tools
that will increase compliance with the exercise program may
increase physical activity in these patients. In this study, we
aimed to examine the effect of pedometer-based walking
intervention on clinical, diabetes-related cognitive and social
factors, and quality of life outcomes in patients with T2DM.

Methods: Forty patients (17 male and 23 female) were
randomly divided into the intervention (n=20; 13 male and
7 female) and control (n=20; 4 male and 16 female) groups.
Both groups received diabetes education program, and instant
messaging and calling application were used to facilitate and
increase the communication between patients and researchers.
The intervention group underwent the brisk walking program
(40 minute/day and 3 times/week) for 12 weeks. The outcomes
included the plasma glucose, hemoglobin Alc (HbA1c),
blood lipids, body mass index, International Physical Activity
Questionnaire-Short  Form  (IPAQ-SF),  Multidimensional
Diabetes Questionnaire, SF-36, and daily number of steps.

Results: The HbA1c level decreased significantly in the
intervention group (p=0.020). No statistically significant
difference was observed within and between groups in terms
of the plasma glucose and lipid levels (p>0.05). The IPAQ-
SF walking and total physical activity scores increased in
the intervention group (p<0.001) and had better results in
diabetes-related cognitive and social factors and the quality of
life (p<0.001).

Conclusion: Diabetes education, mobile phone application,
and motivational strategies can increase the level of physical
activity in patients with T2DM. Increased physical activity may
have positive effects on glycemic control, diabetes-related self-
efficacy, and the quality of life.

Keywords: Smartphone, pedometer applications, brisk

walking, glycemic index, quality of life

Amag: Tip 2 diabetes mellituslu (T2DM) hastalarda yasam
tarzi degisikligi, ilk basamak tedavi secenegidir. Hasta egitimi
ve egzersiz programina uyumu artiracak teknolojik araclarin
kullanimi bu hastalarin fiziksel aktivite diizeyini artirabilir.
Bu calismada, T2DM’li hastalarda pedometre ile takip edilen
yurime mudahalesinin  klinik sonuglara, diyabetle iliskili
bilissel ve sosyal faktorlere ve yasam kalitesine etkisini
incelemeyi amacladik.

Yontemler: Kirk hasta (17 erkek, 23 kadin) mtdahale (n=20,
13 erkek, 7 kadin) ve kontrol (n=20, 4 erkek, 16 kadin) olmak
lizere rastgele iki gruba ayrildi. Her iki gruba da baslangicta
diyabet egitim programi verildi ve iletisimi kolaylastirmak
ve artirmak icin anlik mesajlasma ve arama uygulamasi
kullanildi. Miidahale grubuna 12 hafta boyunca tempolu
yurtyus programi (40 dakika/giin ve 3 kez/hafta) uygulandi.
Sonug olctimlerini plazma glukozu, hemoglobin Alc (HbA1c),
kan lipidleri, viicut kitle indeksi, Uluslararasi Fiziksel Aktivite
Anketi-Kisa Form (IPAQ-SF), Cok Boyutlu Diyabet Anketi, SF-36
ve giinliik adim sayisi olusturdu.

Bulgular: Miudahale grubunda HbA1c diizeyi anlamli olarak
azaldi (p=0,020). Plazma glukoz ve lipid diizeylerinde grup
icinde ve gruplar arasinda istatistiksel olarak anlamh fark
yoktu (p>0,05). Miidahale grubunun IPAQ-SF yliriime ve toplam
fiziksel aktivite puaninda artis saptandi (p<0,001) ve diyabetle
iliskili bilissel ve sosyal faktorler ile yasam kalitesi acisindan da
mudahale grubunda daha iyi sonuglar elde edildi (p<0,001).

Sonug¢: T2DM’li hastalarda diyabet egitimi, cep telefonu
uygulamasi ve motivasyon stratejileri fiziksel aktivite diizeyini
artirabilir. Artan fiziksel aktivite, glisemik kontrol, diyabetle
iliskili 0z yeterlilik ve yasam kalitesi tizerinde olumlu etkilere
sahip olabilir.

Anahtar Kelimeler: Akilli telefon, pedometre uygulamalari,
tempolu yuriyus, glisemik indeks, yasam kalitesi
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Introduction

Diabetes mellitus (DM) is a chronic, non-communicable, metabolic
disorders characterized by high blood glucose levels. International
Diabetes Federation reported that 463 million people have diabetes
in 2019, and this number is projected to reach 578 million by 2030
and 700 million by 2045. Type 2 diabetes mellitus (T2DM) is the most
common type of diabetes (around 90%) of diabetes worldwide (1).
T2DM is the result of a complex combination of genetic, epigenetic,
and environmental/lifestyle factors. Environmental/lifestyle risk factors
include energy-dense Western-style diets, decreased physical activity,
increased sitting and monitor viewing time, exposure to noise or fine
dust, short or disturbed sleep, smoking, stress, depression, and low
socioeconomic status (2).

Obesity and physical inactivity as a result of global urbanization may
be the main reason for the increased burden of diabetes (3). A total
of 28.2% of diabetic patients in the ultrasound reported achieving the
recommended level of physical activity (4). However, exercise or physical
activity is one of the most important treatment methods used in the
clinical management of individuals with T2DM and has been included
in numerous guidelines (5). Sedentary lifestyles are greatly influenced by
increasing technological (such as elevator use, motor vehicle use, etc.)
developments. In addition, the facilitation of communication by mobile
phones and the loss of mobility required for face-to-face interviews
negatively affects patients with T2DM and everyone else. However,
with the well-integrated use of technology, changes in lifestyle can be
supported, and adaptation to exercise training can be increased, thus
ensuring the effective management of diabetes (6).

The use of smartphones to support physical activity offers unique,
feasible, and cost-effective opportunities for clinicians and patients
to improve rehabilitation (7). Therefore, using a pedometer increase
physical activity and improve several health outcomes, at least in the
shortterm (8). In our study, we downloaded a free pedometer application
to the smartphone and aimed to examine the effect of the pedometer-
based walking intervention on clinical, diabetes-related cognitive, and
social factors and the health-related quality of life outcomes in patients
with T2DM.

Methods

Participants

Patients diagnosed with T2DM and who applied to the Endocrinology and
Metabolic Diseases Department in Pamukkale University were enrolled
in the study. The study was approved by the Pamukkale University Non-
Interventional Clinical Research and Ethics Committee to which the
authors are affiliated (approval number: 60116787-020/47020, date:
11/07/2018). Informed consent was obtained from all patients.

The inclusion criteria were as follows: ages between 18-65 years old,
a diagnosis of T2DM for at least 6 months in accordance with the
American Diabetic Association’s Standards of Medical Care in Diabetes,
a hemoglobin Alc (HbA1c) level higher than 7%, capability to use a
smartphone and communicate orally and in writing with a phone and
message application. The exclusion criteria were as follows: engagement
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in regular exercise or physical activity program within the last 3 months,
and concurrent pathologies that affect the ability to perform physical
activity or everyday tasks (e.g., cardiac autonomic neuropathy, severe
peripheral neuropathy, decompensated heart failure, myocardial
infarction or stroke history, cancer, and extremity amputation).

A total of sixty eight patients were assessed for eligibility. Twenty-eight
patients who did not meet the inclusion criteria were excluded from the
study due to the lack of a smartphone (n=4), presence of concurrent
pathologies (n=15), and engagement in regular exercises (n=9). Finally,
forty patients (17 male and 23 female) were randomly divided into the
intervention (n=20; 13 male and 7 female) and control (n=20; 4 male
and 16 female) groups using computer-generated random numbers.

Interventions

All patients were given an education program about the definition
of DM, symptoms, risk factors, types, treatment and complications,
main aspects of self-care of the disease (foot care, eye care, and blood
glucose monitoring), main aspects of dietary management, weight
reduction, physical activity, blood pressure, smoking cessation, periodic
investigations, and home monitoring (9). Booklets concerning all these
issues were also handed out to all patients. Patients’ pharmacological
treatment were unaltered during the study, and no recommendations
were given concerning changes in dietary habits.

All the patients were asked to install a free pedometer application
(Runtastic Pedometer), which is compatible with all smartphones to
record their number of steps. Presset et al. (10) recommended strapping
the smartphone on the arm as tightly as possible for an accurate step
count. Therefore, the patients were instructed to strap their phones on
their arm from the moment they woke up until just before bedtime. The
daily step count of both groups for 12 weeks was monitored with this
application.

The intervention group walked outdoors (on a promenade) for 40
minute at a self-selected brisk speed three times a week for 12 weeks as a
guideline for selecting a “brisk” walking pace (as per the current physical
activity recommendations); they were told to imagine that they were
walking as if they were in a hurry to catch a bus. This instruction was
used successfully in other studies (11,12) to ensure that the participants
walk with moderate intensity. The control group was not given a walking
intervention and instructed not to change their diet and activity levels
during the study.

In the first week, patients were called twice at an interval of 3 days to
ensure that they were using the smartphone pedometer application
appropriately. In addition, WhatsApp Messenger (WhatsApp Inc.)
groups were created for both groups to facilitate and increase the
communication between patients and researchers. During the study,
reminder text messages were sent to the patients from WhatsApp groups
3 days a week. The intervention group was called, “Take the steps and
beat diabetes!” The messages sent to this group were as follows: “Today
is Monday! Your exercise day. Do not forget to check your blood sugar
and walk for 40 minutes,” and “Having a busy day does not prevent you
from exercising; let’s go for a walk!” The control group was called “We
follow your daily steps!” The messages sent to this group were as follows:
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“Today is Monday! Have a good day!”; “Good Morning! Do not forget to
check your pedometer application.”

Measurements

The demographic data of the patients [age, gender, body mass
index (BMI), occupation, etc] and medical history (years with T2DM,
comorbidity, the number of drugs taken per day, medication, etc) were
recorded. Evaluations were performed at baseline and after 12 weeks.

Blood samples obtained during fasting and postprandial [fasting plasma
glucose, postprandial glucose, HbA1c, and lipid levels (total cholesterol,
high-density lipoprotein and low-density lipoprotein cholesterol, and
triglycerides] were measured.

Anthropometric data were collected by a blinded trained investigator.
The patients dressed lightly and stood barefoot during measurement.
The patients’ height and weight were assessed using a Charder MS3400
device. BMI was calculated by dividing the weight in kilograms by the
height in meters squared.

International Physical Activity Questionnaire-Short Form (IPAQ-SF,
self-administered version) was used to assess the types of intensity of
physical activity (vigorous- and moderate- intensity activity; walking)
and sitting time that patients perform as part of their daily activities for
the last 7 days. The combined total physical activity score was calculated
and expressed in metabolic equivalent minutes per week (13).

The Multidimensional Diabetes Questionnaire (MDQ) was designed
by Talbot to provide a comprehensive assessment of diabetes-related
cognitive and social factors (14). The Turkish version of the MDQ
is reliable and valid and is divided into three sections and six sub-
dimensions. Section | includes the general perceptions of diabetes and
related social support consisting of three dimensions: interference (9
items), severity (3 items), and social support (11 items). A high score
indicates a high interference, severity, and social support. Section ||
comprises the social incentives related to self-care activities and consists
of one dimension, that is, misguided support behaviors (4 items). High
scores indicate misguided support behaviors. Section Il represents the
self-efficacy and outcome expectancies consisting of two dimensions:
self-efficacy (7 items) and outcome expectancies (6 items). A high score
indicates improved self-efficacy and outcome expectations (15).

SF-36 was used to determine the patients’ health-related quality of
life. The questionnaire consists of 36 items and provides scores on
eight subscales: physical functioning, role limitations due to physical
problems, bodily pain, general health perceptions, mental health, role
limitations due to emotional problems, social functioning, and vitality.
The total score of the questionnaire ranges from 0 to 100, with a high
score indicating a good quality of life (16).

Statistical Analysis

The data were analyzed using SPSS 24.0 (IBM Corp. Released 2016.
IBM SPSS Statistics for Windows, Version 24.0. Armonk, NY: IBM Corp.)
package program. Continuous variables were given as mean + standard
deviation and median (minimum and maximum), and categorical
variable values are presented as absolute numbers (n) and percentages
(%). The conformity of continuous variables with normal distribution

Savkin et al. Effect of Walking Exercise on Type 2 Diabetes

was evaluated using the Kolmogorov-Smirnov test. For comparison of
the data between baseline and after 12 weeks measurements, paired-
sample t-test for parametric test assumptions and Wilcoxon paired signed
test for non-parametric test assumptions were used. The difference in
changes between groups during the intervention was calculated based
on their baseline levels, and Independent sample t-test for parametric
test assumptions and Mann-Whitney U test for non-parametric test
assumptions were used for comparison of the groups. The chi-square
test was used for categorical variables. Statistical significance was set at
p<0.05.

Results

The patients in the intervention group (mean age: 53.90 years; 7 women
and 13 men) have been diagnosed with T2DM for 8.45+6.57 years,
whereas those in the control group (mean age: 48.85 years; 16 women
and 4 men) have been diagnosed for 9.95+6.42 years. Table 1 provides
the descriptive characteristics of the patients.

The intervention group attained an average of 6251.70+2722.15 steps
per day, whereas the control group made 661.05+501.52 steps.

The HbA1c level decreased significantly in the intervention group after
12 weeks (p=0.02). No statistically significant difference was observed
within and between groups in terms of their plasma glucose, HbA1c,
and lipid levels (p=0.05) (Table 2).

IPAQ-SF walking (p=0.00) and total physical activity (p=0.00) scores
increased significantly in the intervention group after pedometer-based
walking intervention. However, no change was noticed in the IPAQ-SF
score of the control group. A significant difference was observed in favor
of the intervention group in terms of the difference in between-group
changes (p=0.00) (Table 2).

According to MDQ part | scores, no change in the intervention and
control groups occurred during the 12-week period. However, a
significant difference in favor of the intervention group was observed
in terms of the difference in between-group changes regarding Section
I-interference score (p=0.01). Section II-misguided support behaviors
and Section llI-self-efficacy scores of the intervention group improved
at the end of 12 weeks (p=0.001), but no difference was observed in the
control group (p>0.05). However, a significant difference in favor of the
intervention group was recorded in terms of the difference in between-
group changes (p=0.001, p=0.03). For the intervention (p=0.001) and
control groups (p=0.02), a significant increase in Section Ill-outcome
expectancies scores was observed after 12 weeks (Table 2).

No statistically significant change was observed in SF-36 physical
functioning, social functioning, role physical, role emotional, and pain
subscales in within- and between-group comparisons (p=0.05). General
health perceptions (p=0.001), mental health (p=0.01), and energy/
vitality (p=0.01) scores increased significantly in the intervention group
after 12 weeks. A significant difference in favor of the intervention group
was noticed in terms of the between-group differences in these scores
(general health perceptions: p=0.001, mental health: p=0.001, energy/
vitality: p=0.01) (Table 2).
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Table 1. Descriptive characteristics of patients

Intervention group (n=20)

Variables

Min-max Mean * SD
Age (year) 37-65 53.60+7.84
Height (cm) 144-175 164.05%7.53
Weight (kg) 70-117 93.95+13.43
BMI (kg/m?) 26.50-43.00 34.53+4.61
Years with diabetes 1-23 8.45%6.57
Charlson Comorbidity index 1-6 2.45%1.46
The number of drugs taken daily 1-11 4.55%2.62

n %
Sex
Female 7 35.0
Male 13 65.0
Medication
Insulin 13 65
Tablet 7 35
Marital status
Married 17 85.0
Single 3 15.0
Occupation
White-collar worker 5 25.0
Self-employment 1 5.0
Blue-collar worker - -
Retired 10 50.0
Housewife 4 20.0
Current smokers 6 30

Control group (n=20)

Min-max Mean £ SD P
34-61 48.8516.63 0.046
143-184 159.05+10.53 0.092
54.50-133.00 83.32+19.20 0.051
24.24-47.60 32.52+5.07 0.198
1-20 9.95+6.42 0.470
1-5 2.45%1.10 1.000
2-14 4.25+2.59 0.751"
n % p
16 80.0

0.343
4 20.0
8 60

0.752
12 40
20 100.0
1 5.0
2 10.0 -
3 15.0
14 70.0
2 10 0.001

“: Not normally distributed data. Statistically significant p-values are marked as bold text. Min: Minimum, max: Maximum, SD: Standard deviation, BMI: Body mass index

Discussion

The main goal of this study was to examine the effect of pedometer-
based walking intervention on clinical, diabetes-related cognitive, and
social factors and the health-related quality of life outcomes in patients
with T2DM. Our results indicated that pedometer-based walking
intervention has beneficial effects on physical activity, HbA1c level,
social incentives related to self-care activities, diabetes-related self-
efficacy, outcome expectancies, and general health perceptions, mental
health, and vitality.

Counselling and effective and culturally oriented education intervention
play an important role in achieving the patients’ quality of life, mobility,
self-care, and daily living activities (17). Diabetes education also
enhances patients’ and families’ self-care knowledge, health skills, and
confidence, allowing them to take increasing control of their lives. In
addition, a significant decrease was observed in fasting blood glucose
after educational intervention in patients with T2DM (9). Our study
aimed to raise awareness about diabetes care, self-care, and daily vital
activities by providing versatile diabetes training to type 2 diabetic
patients and their relatives, and the results showed that diabetes
education had useful effects on patients with T2DM.
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Smartphone-based pedometer applications and connected wristbands
are becoming widespread, and new technologies must be considered
as a complementary tool to help populations reach physical
activity recommendations to promote physical health (10,18). New
communication and control methods provided by smartphones also
have the potential to provide patients with reinforcement, measure
intervention impact, and improve patient care on a large scale (18).
A cognitive-behavioral approach and smartphone-assisted pedometer
application promise to increase physical activity in patients with T2DM
and is a good method to provide health counseling (19). For this purpose,
a smartphone-based application was installed on each patient’s phone,
and the patients were instructed to strap their phones on their arm
from the moment they got up until just before bedtime. Our results
showed that the smartphone-based application has a beneficial effect
on increasing physical activity in patients with T2DM.

Lifestyle modifications, such as a caloric restricted diet, reduced
sedentary behavior, and increases in exercise, are the first-line treatment
for the management of T2DM. Physical inactivity is a strong predictor for
all-cause mortality (20), and an increase in physical activity can prevent
or delay T2DM. However, different results have been reported regarding
the effects of walking training on glycemic control in patients with
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Table 2. Comparison of clinical- and patient-reported outcome scores of the groups

Variables

Intervention group (n=20)

Baseline 12-weeks
(mean % SD) (mean * SD)
BMI (kg/m?) 34.53+4.61 34.50+4.10
Weight (kg) 93.95+13.43 92.92+13.48
IPAQ-SF
Walking score (MET-min/wk) 357.22+404.92 1419+740.38
Total activity score (MET-min/wk) 405.22+440.40 2025+1577.12
Glycemic control
Fasting plasma glucose 142.25+28.70 139.890+22.49
Postprandial glucose 195.50+86.58 203.55%+63.04
HbATC (%) 7.76+0.74 7.3241.08
Lipids
Total cholesterol (mmol/L) 173.90+34.23 173.35+31.67
HDL cholesterol (mmol/L) 43.85+14.25 46.85+17.24
LDL cholesterol (mmol/L) 96.75+25.85 90.054+29.95

Triglycerides (mmol/L)
MDQ

153.12454.47

154.471£56.10

Section I-interference 1.78+£1.17 1.41+1.01
Section I-severity 4.02+1.87 4.29+1.82
Section I-social support 3.77£1.91 3.72£1.92
Section Il-misguided support behaviors 0.58+0.64 0.29+0.46
Section Ill-self-efficacy 48.88+£19.73 68.89+20.19
Section Ill-outcome expectancies 88.89+11.04 96.66+5.19
SF-36

General health perceptions 53.25%+18.80 67.00+19.49
Physical functioning 83.251£16.96 87.75%15.52
Mental health 58.20£22.76 65.80+22.83
Social functioning 76.88+19.98 83.13£18.26
Role physical 81.25%£30.21 76.25132.92
Role emotional 56.67+39.15 65.01+42.54
Pain 77.131£22.19 84.50+15.76
Energy/vitality 52.25+26.03 62.00426.33

Daily number of steps

6251.70£2722.15 = =

Control group (n=20)

Baseline 12-weeks Ap
p (mean * SD) (mean + SD) p
0.91 32+52+5.07 33.06+5.56 0.21 0.46
0.13 83.32+£19.20 83.87£19.31 0.22 0.05

0.00" 350.62£393.71 358.05£372.28 0.68 0.00"
0.00" 502.02+588.18 538.05+598.16 0.47 0.00"
0.46 141.58+52.99 135.25%33.67 0.39 0.88"
0.60 193.25£90.04 201.95£62.23 0.79 0.85

0.02" 7.64£0.79 7.45£1.35 0.26" 041"
0.95 171.10£40.89 167.95+43.85 0.74 0.84

0.28 48.60£12.36 49.65+12.53 0.66" 0.64
0.42 99.55%42.58 93.45£30.11 0.48 0.96

0.65 148.70£65.98 141.90+54.69 0.59 0.50"
0.08 2.15%1.86 2.35%2.12 0.11 0.01"
0.42 4.78%1.64 4.98+1.71 0.59 0.56"
0.91" 3.50£2.20 3.59£2.16 0.09" 0.51"
0.00" 0.39£0.89 0.66:0.98 0.07* 0.00"
0.00" 54.321+22.51 61.21£24.96 0.07 0.03

0.00" 91.74£11.85 97.00£9.23 0.02" 0.07
0.00 59.75+20.42 58.88+16.11 0.66 0.00"
0.07" 77.75%26.08 77.75%124.25 0.93 0.11"
0.01° 61.60£10.65 60.15%£12.43 0.25 0.00
0.14" 70.25£21.85 72.38%18.04 0.29 0.25
0.51" 72.50£42.07 75.00£34.41 0.91" 0.60"
0.36" 48.33146.49 47.50140.93 0.89 032"
0.12" 65.88+26.05 64.25+28.51 0.44 0.10°
0.01" 57.25+20.29 56.09+21.11 0.56 0.01"

661.05+501.52 0.00" =

“ Not normally distributed data. Delta p (Ap) refers to difference in change between the groups during intervention in relation to baseline levels. Statistically significant p-values are
marked as bold text. BMI: Body mass index, IPAQ-SF: International Physical Activity Questionnaire-Short Form, MET: Metabolic equivalent, HbA1c: Hemoglobin Alc, HDL: High-density
lipoprotein, LDL: Low-density lipoprotein, MDQ: Multidimensional Diabetes Questionnaire, SF-36: Short Form-36, SD: Standard deviation

T2DM (21,22). Studies indicated that walking training can be applied
in patients with T2DM but has little or no beneficial effect on glycemic
control (HbA1c, fasting glucose, and postprandial glucose) (22); on the
contrary, gait training improves glycemic control (21-23). Although not
statistically significant, gait training improved glycemic controls in both
groups. This finding may be due to the participation of both groups in
diabetes education. In addition, a significant decrease in HbA1c level
was observed in those who participated in the12-week pedometer-
based walking program. Web and mobile health interventions used for
behavioral interventions provide trends for benefits in diabetes self-
efficacy, adherence, and glycemic control (6). We think that utilizing
technological tools, which will increase compliance with the exercise

program in addition to patient education, provides extra benefits for
patients with T2DM.

Smartphone applications and computer-led health coaching can
increase the physical activity level and exercise adherence in type 2
diabetic patients (18). Pedometer applications are frequently used in
health promotion because they are easy to use, low cost, motivational,
and self-monitoring (24). Pedometers are also effective tools to increase
the level of physical activity among type 2 diabetic patients in the short
term (25,26). The increase in physical activity level does not reflect
the lipid level in these patients at the same rate. The overwhelming
majority of studies have shown the absence of effect of any exercise
training on lipids, such as high-density lipoprotein, low-density
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lipoprotein, cholesterol profile and triglycerides, in relation to T2DM
(23). In agreement with other studies, although the pedometer-based
walking intervention increased physical activity level, it did not cause a
statistically significant difference in the lipid profile.

Given the complex nature of T2DM, which is affected by cognitive and
social factors, diabetes management includes multi-component self-
care activities and lifestyle changes. In addition to clinical evaluation,
psychosocial evaluations should be conducted and considered the
following: such as the level of the diabetic’s daily activities affected
by diabetes (interference), the degree to which diabetics perceive the
severity of diabetes (severity), social support provided by important
people and healthcare professionals in the life of the diabetic (social
support), supportive and misguided support behaviors of diabetic
relatives (misguided support behaviors), the diabetic’s self-confidence
in performing self-care activities (self-efficacy), perceived importance of
self-care behaviors, and the effectiveness of treatment in the metabolic
control and prevention of complications (outcome expectancies) (15).
In our study, outcome expectations increased in both intervention and
control groups. With diabetes education and the messages we have sent,
the patients’ perception levels of the importance of self-care behavior
and the treatment effectiveness may have increased. In addition, the
intervention group had a decrease in misguided support behavior and
an increase in self-efficacy. Regular walking may have increased the
encouragement of family members about disease management, and
increased physical activity may have led to the development of self-
efficacy (27,28). In addition, the intervention group had better results in
terms of interference, misguided support behaviors, and self-efficacy. A
relationship exists between perceived interference, support, and positive
outcome expectations with self-efficacy in patients with T2DM (29). With
education, daily reminder messages, and walking intervention, the
patients’ self-management can be improved.

Quality of life measures is used in healthcare field to evaluate the
healthcare outcomes in chronic conditions in which major health
problems may persist (23). Understanding the dimensions of quality of
life associated with diabetes and its comorbidities is important for the
clinical management of the disease (30). Physical activity improves the
quality of life of patients with T2DM (23,31) Our study yielded results
similar to those of previous research. Encouraging sedentary patients
with T2DM to increase their physical activity may improve their quality
of life.

Study Limitations

The current study presented several limitations. When the Runtastic
Pedometer was improperly connected, whether the phone can
distinguish steps and movements or count steps when the patient was
using the phone was unclear. In our study, the status of patients holding
the phone to their arms throughout the day could not be controlled. The
patients and their families were educated on diabetes and were told to
continue their recommended diet. However, dietary compliance could
not be tracked. Therefore, the statements of the patients about their
dietary compliance were relied on. However, dietary habits could also
be followed by smartphone applications.
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Conclusion

In this study, we aimed to examine the effect of the pedometer-based
walking intervention, which was performed three times a week for 12
weeks, on the clinical, diabetes-related cognitive, and social factors
and the quality of life outcomes in patients with T2DM. We observed
that walking had beneficial effects on the patients’ physical activity,
HbA1c level, social incentives related to self-care activities, diabetes-
related self-efficacy, outcome expectancies, general health perceptions,
mental health, and vitality. The findings of the current study indicated
that diabetes education, smartphone-based pedometer application,
and motivational strategies can increase the level of physical activity in
patients with T2DM. Increased physical activity can have positive effects
on glycemic control, diabetes-related self-efficacy, and the quality of life.
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