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ABSTRACT

Aytutuldu, K.G. (2017). Effects of Resistive Exercise or Proprioceptive Exercise
Training on Balance and Superficial Sense of Patients with Type 2 Diabetes
Mellitus, Yeditepe University, Institute of Health Sciences, Department of

Physiotherapy and Rehabilitation, Master Thesis. Istanbul.

The aim of the study is to investigate proprioceptive exercises training combined with
aerobic exercises and resistive exercises training combined with aerobic exercises on
dynamic balance and superficial sense. The study included 30 volunteers with Type 2
Diabetes Mellitus(T2DM) (24F, 6M; 51.23+7.68 years) who were referred to Fitness
Center Arif Nihat Asya Kiiltiir Merkezi Istanbul, Turkey by a medical doctor between
December 2016- March 2017 and got diagnosed and followed up at least 6 month
before. Glycemic control of all the participants were assessed according to fasting blood
glucose and glycolated hemoglobin (HbAlc). Waist and hip circumference was
recorded in centimeters. Six minute walking test (6MWT) was used to determine
functional capacity of participants. We evaluated the dynamic balance of patients by
Prokin PK200, Italy. Five parameters were obtained from Prokin as; Perimeter Length
(PL), Area gap percentade (AGP) Medium Speed (MS), Anteroposterior equilibrium
(AP) and Mediolateral equilibrium (ML). Proprioception assessment was done with
angle reproduction test in direction of dorsiflexion and plantar flexion and deviations
were recorded. Superficial sense was assessed with two point discrimination test and
vibration threshold was evaluated by biothesiometer. Lower extremity muscles strength
were assessed with handheld dynamometer (PowerTrack 11 commander, JTech Medical,
Midvale, UT). The patients were randomly divided into Proprioceptive Exercise
Training Group (PG) (n=15) and Resistive Exercise Training Group (RG) (n=15). All
subjects were included exercise education program and both groups had trained aerobic
exercise program for walking on treadmill (2times/wk. 6 week duration). The
proprioceptive exercise program was applied in PG and the resistive exercise program
was applied in RG twice a week and for duration 6 week. The main results of this study
comparing two groups, PG showed greater improvement in vibration perception
threshold values from the first and third metatarsal head of right foot and fifth

metatarsal head of left foot.(respectively p=0.04, p=0.005, p=0.001). Consistent with

XVi



hypothesis, we found that proprioceptive exercises combined with aerobic exercise
program was more effective to improve vibration sense and dynamic balance findings
of people with T2DM compared to a program including resistive exercise combined

with aerobic exercises

Key Words: aerobic exercise, dynamic balance, fasting blood glucose, functional
capacity, HbAlc, muscle strength, proprioceptive exercises training, resistive exercise
training, sensation, Type 2 Diabetes Mellitus, vibration threshold, waist and hip

circumference.
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ABSTRACT (Turkish)

Aytutuldu, K.G. (2017). Tip 2 Diyabetli Hastalarda Rezistif Egzersizveya
Proprioseptif Egzersiz Egitiminin Denge ve Yiizeysel Duyu Uzerine Etkileri.
Yeditepe Universitesi Saghk Bilimleri Enstitiisii, Fizyoterapi ve Rehabilitasyon

ABD., Yiiksek Lisans Tezi. Istanbul.

Bu ¢alismanin amaci; Tip 2 diyabetli bireylerde aerobik egzersiz programina ek olarak
verilen proprioseptif egzersiz egitimi veya rezistif egzersiz egitiminin denge ve ayak
duyusu tizerine etkisini incelemektir. Calismaya Aralik 2016 - Mart 2017 tarihleri
arasinda Arif Nihat Asya Kiiltiir Merkezi Spor Salonuna hekim tarafindan yonlendirilen
en az 6 ay once Tip 2 diyabet tanis1 almig, 30 (24K, 6E; 51.23+7.68 yil) goniillii dahil
edildi. Katilimeilarin glisemik kontrol degiskenleri, aghik kan sekeri ve glikolize
hemoglobin (HbAlc) gore degerlendirildi. Bel ve kalga ¢evresi dlgiimleri santimetre
cinsinden kaydedildi. Fonksiyonel kapasiteyi belirlemek icin alti dakika yilirime testi
(6DYT) kullanildi. Dinamik denge (PL, AGP, AP and ML sapma ve ortalama hiz)
degerlendirmesi Prokin PK 200, Italya denge cihazi ile yapildi Propriosepsiyon
degerlendirmesi, a¢1 reprodiiksiyon testi ile dorsifleksiyon ve plantar fleksiyon yonde
yapilarak sapmalar kaydedildi. Iki nokta diskriminasyonu testi ile yiizeyel duyu
degerlendirildi. Vibrasyon alg1 esigi ise biyotezyometre cihazi ile dl¢iildii. Alt ekstremite
kas kuvveti, el dinamometresi (PowerTrack Il commander, JTech Medical,Midvale,
UT) kullanilarak degerlendirildi.Bireyler randomize olarak, proprioseptif egzersiz
egitimi grubu (PG) (n=15) ve rezistif egzersiz egitimi grubu (RG) (n=15) olmak iizere
iki gruba ayrildi. Tim bireyler egzersiz egitim programina alindi ve her iki grupta
oncelikle aerobik egzersiz (kosubandinda yiirlime, 2giin/hafta, 6hafta siireyle)
programina dahil edildi. Propriosepif egzersiz egitimi haftada 2 kez 6 hafta boyunca PG
grubuna uygulanirkan, rezistif egzersiz egitimi ise ayni siirede RG grubuna uygulandi.
Gruplar karsilastirildiginda; proprioseptif grupta sag ayakta birinci ve {i¢ilincii metatars
basindan dlgiilen vibrasyon algi esigi degerleri ile sol ayakta besinci metatars basindan
Olciilen vibrasyon esik algi degerlerinin azaldigi bulundu (sirasiyla p=0.04, p=0.005,
p=0.001). Calismanin hipotezi ile uyumlu olarak, aerobik egzersizlerle kombine olarak

verilen proprioseptif egzersizler, Tip 2 diyabet hastalarinda ayak duyusunun ve dinamik
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dengenin gelistirilmesinde rezistif egzersizlerle kombine olarak uygulanan aerobik

egzersizlere gore daha etkilidir.

Anahtar Kelimeler: aerobik egzersizler, aglik kan sekeri dinamik denge, bel ve kalga
cevresi, duyu, fonksiyonel kapasite, HbA 1c, kas kuvveti, proprioseptif egzersiz egitimi,

rezistif egzersiz egitimi, Type 2 Diyabet, vibrasyon esik algisi.
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1. INTRODUCTION AND PURPOSE

Diabetes mellitus (DM) is one of the most common endocrine diseases that is
characterized by a disruption of intermediary metabolism due to insufficient insulin activity,
insulin secretion, or both [1]. It is described by an elevation of fasting blood glucose
depending on deficiency in insulin [2].

The present classification of DM consists of four categories. The type 1 DM changed
by the prior treatment-based terminology that means insulin dependent diabetes
mellitus(IDDM), also the type 2 one is changed by the non insulin dependent diabetes
mellitus(NIDDM). The third group includes uncommon types of diabetes that are seen
particular conditions or syndromes. The final group comprises the diabetes which can be
recognized during pregnancy and it is named gestational diabetes (GDM) [3].

As regards the data of World Health Organization, the mortality rate of DM is 1-3% in
European countries, 3% in United States and 2% in our country. According to TURDEP I
(Turkiye Endokrinoloji ve Metabolizma Dernegi) study data prevalence of Diabetes
Mellitus in Turkey was 13.7 % in 2009-2010 [4]. The prevalence of diabetes in the world was
7.2% in 2013, the ratio is expected to be 8.7% in 2030[4]. Type 2 diabetes mellitus (T2DM)
affects about 3% of the population or 100 million people worldwide [5]. The incidence of
T2DM also rises with age, which may be related to decrease in exercise and muscle mass; but,
as the incidence increases so T2DM is being found at younger ages [6].

Although diabetes is a common disease, its pathogenesis remains unclear, probably
due to host of reasons. Perhaps the most important is the heterogeneity of type 2 diabetes
because of an interplay between a variety of genetic and environmental factors [5].

Type 2 diabetes is directly associated with obesity and insulin resistance, and in
developed countries, its incidence and prevalence has raised considerably [3]. Insulin
resistance is caused by obesity, particularly visceral adiposity and physical inactivity. As a
result of insulin resistance, people with diabetes have only a minor capacity to increase insulin
secretion[6] and the insulin production becomes less sufficient level so the hyperglycemia is
seen[3]. Macrovascular(arterial diseases and stroke) and microvascular (diabetic nephropathy,
neuropathy, and retinopathy) complications are the adverse effects of hyperglycemia [7].
Also foot ulcers, amputation and autonomic nerve dysfunction may accompany with these
complications [6].

Decreasing the incidence of microvascular and macrovascular complications is to

success normal blood glucose levels by diet, lifestyle modifications (having regular exercises



behavior instead of sedentary lifestyle choice) and glucose lowering mediators for effective
management of T2DM. The aim of the treatment is to prevent chronic complications
depending on diabetes mellitus, and to remain blood glucose and blood pressure normal level
[8].

Exercise is the most important cornerstone to prevent undesired effects of T2DM, it
regulates the blood glucose level. Exercise has many benefits in addition to the glycemic
control; improving aerobic capacity, increasing muscle strength, regulating body components
and endothelial function [9]. Physical activity stabilizes the glucose production from the liver
and causes glucose transition to active working muscles. In type 2 diabetes, blood glucose
transport mechanism is disrupted to skeletal muscles with stimulating the insulin; the
mechanism is not disrupted with stimulating muscle contraction.

The transport mechanism of blood glucose induced by muscle contractions is not
affected while the transport mechanism of blood glucose stimulated with insulin to skeletal
muscles is impaired; therefore blood glucose regulation is provided by exercise[8]. Further
research is needed to investigate about the optimal exercise level for the maximum
achievement of glycemic control. Recently the results of research suggested that the
combination of aerobic and resistive exercise training (combined exercise) is more beneficial
than a single exercise type [10]. While aerobic exercise affects improving insulin sensitivity,
resistive exercises increase glucose transport to the muscle mass, and the two mechanisms
synergistically work together [10].

Older people having Type 2 diabetes are more likely seen muscle weakness, gait and
balance disorders, and have a higher risk of falling than non-diabetics. Considering the
possible complications (peripheral neuropathy, autonomic dysfunctions, etc.) and using
various medications, balance problems and falling risk are quite common. The exercise
program for diabetes, should be arranged for improvement of balance and reduction of falling
risk [11].

In this study, two combination exercises program which are included aerobic
exercise and resistive exercises (RG), and aerobic exercise combined with proprioceptive
exercises (PG) were used to determine the effects of balance and foot sensation among
patients followed by Type 2 diabetes diagnosis. Therefore it was aimed to compare two

different combined exercise program.



Two hypotheses identified in the study:

HO: The patients participating in the combined training (proprioceptive exercise training
group) composed of aerobic exercise and proprioceptive exercises did not have more
beneficial effects on balance and foot sensation of Type 2 diabetic patients than participating
in the combined training (resistive exercise training group) consisting of aerobic exercise and

resistive exercises

H1: The patients participating in the combined training (proprioceptive exercise training
group) composed of aerobic exercise and proprioceptive exercises had more beneficial effects
on balance and foot sensation of Type 2 diabetic patients than participating in the combined
training (resistive exercise training group) consisting of aerobic exercise and resistive

exercises



2. THEORETICAL FRAMEWORK AND LITERATURE REVIEW

2.1. Diabetes Mellitus

Diabetes mellitus is a metabolic disorder of several etiologies. It is characterized by
disturbances of carbohydrate, fat and protein metabolism resulting from chronic
hyperglycemia and defects of insulin secretion, insulin action or both[6]. Insulin is a kind
hormone produced by the pancreas; when the body cells are using energy it is essential to
transport glucose from the bloodstream into the body’s cells. If the insulin secretion is
ineffective, glucose remains circulating in the blood and it results high levels of glucose in the
blood (known as hyperglycemia)[12]. The main clinical symptoms are polyuria, weight loss,
thirst and blurring of vision and the symptoms depend on hyperglycemia [6]. If the
hyperglycemia is out of the control, microvascular problems may be seen such as retinopathy,
nephropathy, peripheral and autonomic neuropathy [13, 14] Diabetes may also cause
macrovascular complications such as coronary heart disease, cerebrovascular problems, and
peripheral arterial disease to appear earlier. Therefore, diabetes not only impact the quality of

life adversely due to the complications, it can also reduce life span as well [15, 16].

2.2. History of Diabetes Mellitus

Diabetes is a condition of elevated blood glucose level which give rise to its main
symptom of passing large amount of sweet-taste urine. The word meaning of Diabetes
Mellitus is "honey urine” (diabetes from the Greek word meaning as the body acts as a
conduit for the excess fluid and mellitus from the Greek or Latin for honey)[17]. The clinical
features of diabetes mellitus were known from the antiquity. A polyuric state was discovered
by Georg Ebers explained in an Egyptian papyrus dating from ¢.1550 gc. Aretaeus used to
term "Diabetes” firstly in Cappadocia in the 2nd century ap. In the 5th -6th century Sushrut
who was the Hindu physician recognized the sweetness of diabetic urine. Diabetes was
neglected until the 17th century by British physician in Europe. Thomas Willis was
discovered sweet taste of diabetic urine again. After about a century, Matthew Dobson (1735-
84) who came from Liverpool noted that sweet urine originated from sugar. Therefore he
described the hyperglycemia firstly in 1776. John Rollo added the name of "mellitus™ on this
disease [6, 17].

In the 19th century, Michel Chevreul (1786-1889) found that the sugar in urine was
glucose[6]. Claude Bernard (1813-1878) clarified the glucose metabolism in France. Bernard

found that blood glucose was obtained from glycogen in secretion of liver. In 1889, Oskar



Minkowski (1858-1931) and Joseph von Mering (1849-1908) stated in their experiments that
pancreatic disorders were associated with diabetes but they did not continue their
observations. Paul Langerhans (1847-88) defined the small cell islets of pancreas however, he
could not construct the functions of the small cell islets. After that, Edouard Lagusse (1893)
told that these Langerhans islets secreted glucose-lowering hormones and they were endocrine
tissues[17].

Insulin was discovered by surgeon Frederick G. Banting, teaching assistant Charles
H.Best, biochemist James B Collip and physiologist JJR Macleod at Toronto University in
1921. Elliot P Joslin (1869-1962) was one of the first doctors to have experiences. He was

also initiative of first systematic education for diabetic patients [18].

2.3. Epidemiology of Diabetes Mellitus

Diabetes mellitus is one of the common chronic diseases and its increasing
prevalence affects society. As of 2010, the prevalence of world diabetes in adults aged 20-79
was 6.4% to 285 million, it is estimated that diabetes will affect 439 million adults with an
increase of %7.7. For developing countries, adult diabetes numbers are probably to increase
by 69% compared to 20% for developed countries, from 2010 to 2030 [19]. Diabetes UK data
reveals that 4.45% of the UK population had diabetes in 2011, equating to 2.9 million people
and it is expected to grow 5 million people by 2025. There has been an explosive increase in
the prevalence of diabetes with increasing urbanization which has now reached 8.0%, with 50
million people with type 2 diabetes in India. The prevalence of diabetes is estimated 9.7% in
China, so diabetes has become a major public health problem [20]. According to the cross-
sectional study (Tiirkiye Diyabet Epidemiyoloji Calismasi-TURDEP-I) which was done by
Satman et al. in our country found that T2DM prevalence was %7.2, impaired glucose
tolerance (IGT) %6.7. Based on these ratios, Turkey Statistical Foundation calculated that
over 2.85 million diabetics live in our country according to 2007 population figures and 2.6
million people had impaired glucose tolerance(IGT) This study revealed the fact that %32 of
diabetics were unaware of disease. In the recently published TURDEP-II study, 26,499 people
over 20 years of age were examined nationwide, and the frequency of type 2 diabetes
increased significantly in the past years and reached 13.7% [21]. Also it was found that
diabetes was more frequent among women and those living in urban areas, and that the risk of
diabetes was associated with aging, obesity, hypertension, lack of education, income level and

habits. In a preliminary study demonstrated that the incidence of T1DM in



childhood(2.8/100.000/year) was relatively low in Turkey when compared to other countries
[19].
2.4. Classification of Diabetes Mellitus

In 1979, for the first time, the National Diabetes Data Group (NDDG) made a broad
classification of diabetes and then World Health Organization (WHO) made extensive
classification of diabetes in 1985. WHO's classification was clinical and also termed diabetes
as insulin-dependent (insulin-dependent diabetes mellitus (IDDM) and non-insulin dependent
diabetes mellitus (NIDDM)[22, 23] The changes introduced by the ADA (American Diabetes
Association) expert group in 1997 were reviewed by the WHO and the new diabetes
classification was included in the WHO 2006 Consultation Report [24]. Type 1 Diabetes
Mellitus (T1DM), Type 2 Diabetes Mellitus (T2DM), other specific types and gestational

diabetes are the main forms of the new classification currently[6].
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2.4.1. Type 1 Diabetes Mellitus

5-10% of all cases are formed by this form of diabetes. It is concluded a progressive
cellular-mediated autoimmune destruction of the pancreatic p-cells that produces insulin
deficiency completely. B-cell destruction occurs rapidly in the majority especially in infants
and children. The first manifestation of the disease is ketoacidosis and it is caused by sudden
onset of B-cell failure [3]. In type 1 diabetes, generally autoimmunity with anti - glutamine
acid decarboxylase (anti - GAD), anti - insulin and islet cell antibodies are detectable and
cause B-cell destruction. Patients who have one or more of these antibodies can be divided
subclasses of type 1 diabetes such as immune-mediated type 1 diabetes; Type 1A. However,
Type 1 diabetes can occur without any auto-immune antibodies and auto-immune disease
findings and this form of Type 1 diabetes resulting progressive hyperglycemia. It is named as
idiopathic diabetes; Type 1B and patients need insulin to survive and for prevention of ketosis
[18]. Typically young people with acute - onset TLDM, there is an older group with slower
onset disease due to the residual B-cell function. They have an T2DM appearance because of
diagnosing at the middle ages but have evidence of autoimmunity as evaluated by GAD
antibody measurements and become insulin dependent at last. This is referred to as latent
autoimmune diabetes of adults (LADA)[6]. These individuals may survive without needing

insulin a few years after the detection of diabetes[18].

2.4.2. Gestastional Diabetes (GDM)

Gestational diabetes mellitus (GDM) is the form of diabetes that is detected during
pregnancy firstly. It is seen 3-4% of all pregnancies. Symptoms are usually similar with type 2
diabetes. However, it is diagnosed before the symptoms are noticed during routine pregnancy
screenings [23, 26, 27]. In 24th-28th weeks of pregnancy, screening tests are generally
performed. Oral Glucose Tolerance Test(OGTT) of 75 or 100 gram is the diagnostic test of
GDM. Insulin treatment is the another option unless the blood glucose level can be regulated
with diet or exercise [27]. Gestational diabetes may lead to bad results for fetus and mother.
Elevated fasting blood glucose before or during pregnancy may cause congenital anomalies
and intrauterine fetal death in 4-8 weeks of gestation. Neonatal hypoglycemia, jaundice,
polycythemia, hypocalcaemia are the other fatal complications may be seen in GDM. If the
fasting plasma glucose level is above the 126 mg/dL or glucose level is above 200 mg/dL

anytime it is the diagnosis of diabetes mellitus on pregnant [18].



2.4.3. Other Forms of Diabetes

The other factors which cause the diabetes can be genetic, pancreatic, metabolic or
endocrine origin. The best definition of diabetes due to genetic reasons is maturity - onset
diabetes of the young (MODY). It describes the diabetes occurring before the age of 25 with
autosomal dominant heritance and generally non-insulin dependent. Unlike the T2DM
characteristics, obesity and insulin resistance are uncommon but p-cell dysfunction is present
[17]. MODY is a kind of disorder in which a mutation causes hyperglycemia by developing a
defect in insulin secretion without any defects of insulin action. The other genetic disorder
depends on a point mutation in mitochondrial DNA and it reveals the other form of diabetes
which is seen with deafness. Autosomal dominant inherited genetic defects in the activity of
insulin are available in some forms of diabetes rarely [18].

Abnormalities of the exocrine pancreas including pancreatitis, trauma and cystic
fibrosis may cause diabetes. Also, several endocrinopathies are related with diabetes: Cushing
syndrome, acromegaly which is increased insulin requirement and resulted in hyperglycemia
[3]. Finally, viral infections also associated with B-cell destruction such as patients with
congenital rubella. In addition to that, mumps, coxsackievirus B, cytomegalovirus, adenovirus

may be considered to the cause of diabetes [28].

2.4.4. Type 2 Diabetes Mellitus

It is the most common metabolic disease in the adult population. 5-10% of all society
have T2DM in developed countries. Although it is accepted as middle- advanced age disease ,
diabetes cases have begun to appear at younger ages in recent years [13].

T2DM is the most common form of diabetes and it is responsible for approximately
90% all of the diagnosed diabetic cases [3]. It is mainly characterized by the impairment of
insulin secretion and activity. The etiopathogenesis of this form is still unclear, but p-cell
destruction is absent in this form. In contrast to insulin insufficiency, insulin excess and
insulin resistance are available in these patients. B-cell dysfunction improves because of the
impaired insulin secretion. After the diagnosis of diabetes, glycemic control should be done
for the patients regularly. Although the insulin level is high, blood glucose level cannot be
held at the normal ranges due to the insulin resistance. Insulin treatment may not be needed to
survive and insulin resistance may resolve with weight loss or pharmacological agents [18].

It cannot be diagnosed for many years because hyperglycemia occurs gradually and it
may not demonstrate clinical signs for years. However the most common clinical symptoms

are fatigue, polyuria, polydipsia, blurred vision, recurrent skin infection [20]. Most of patients

8



with T2DM are obese and obesity increases with the insulin resistance. The risk of developing
the disease increase with age, obesity and physical inactivity. The presence of diabetic
individuals in their family, obesity, hypertension and history of gestational diabetes mellitus
in women increases the risk of T2DM.

The economic burden of diabetes on national health budgets is quite high because of
the complications which is originated from micro and macroangiopathic changes. Loss of
vision, kidney failure and foot amputations are the main microvascular complications. The
risk of cardiovascular event is higher in patients with T2DM than non-diabetics. Mortality is

caused by coronary artery disease in 75% of diabetics as well [13].

2.5. Etiology and Pathophysiology

The etiology of Type 2 DM is not exactly known but autoimmune B-cell dysfunction is
seen in patients. Before the diagnosis of disease, depending on B-cell dysfunction impaired
insulin and amilin secretion was observed with glucose stimulation. Most of the cases, the
disease began many years before diagnosis and B-cell functional capacity was reduced
substantially. People who have a family history of diabetes have 5-10 times more risk of Type
2 DM when compared to people without family history [18]. According to population-based
studies, if one of the maternal twin has Type 2 DM, the probability of being found in the other
twin is over the 90% [29].1t has been confirmed that the genetic basis is associated with two
allelic variants like transcription factor 7 [17]. The environment is also influence like genetics
with the same proportion in terms of age of onset and severity of disease. In developing
countries, especially in rural areas the incidence of Type 2 DM is generally low. The
incidence is higher in western countries and westernized countries [29]. Physical inactivity,
obesity and dietary factors may also contribute the risk of diabetes in a genetically
predisposed individual [5]. The majority of Type 2 diabetics have insulin resistance, however
most of these individuals with insulin resistance do not have diabetes. That is why the p-cells
of these individuals compensate for insulin resistance by secreting more insulin. Type 2
diabetic patients with insulin resistance, there is a defect in B-cells in the response to
compensate for insulin resistance. This defect is functionally manifested by a decrease in the
first phase of the insulin secretion and the maximal insulin release phase induced by glucose.
The increased secretion of insulin and the increase in the number of B-cells contribute the
compensatory response of insulin resistance. Pancreatic p-cells hyperplasia is often seen in

obesity and responsible from the exaggerated insulin response. Also ectopic fat accumulations
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in islets, local inflammation induced by obesity, adipokines in local circulation and
inflammatory cytokines may accelerate the B-cells loss. As -cells failure progresses, glucose
and free fatty acid levels begin to rise, this may lead to more B-cells toxicity. All these
mechanisms lead to a reduction in progressive B-cells function which is specific for in type 2
DM [29].

2.6. Diagnostic Criteria

Diagnosis of diabetes is made by fasting plasma glucose, 2 hours oral glucose
tolerance test (OGTT) and glycolated hemoglobin Alc (HbAlc) measurements [25]. These

methods are described in detail below.
2.6.1. Measurement of Fasting Plasma Glucose

After at least 8 hours fasting, measuring the plasma glucose is the most widely
accepted and cost-effective approach. If the fasting plasma glucose level is 126 mg/dL or high

at least 2 times, diabetes mellitus is diagnosed [25].
2.6.2. Oral Glucose Tolerance Test

Measurement of oral glucose tolerance test is beneficial to diagnose diabetes in people
with a high risk of diabetes. After 2 hours from drinking 75 g glucose liquid, if the blood
glucose level is 200 mg/dL or high, diabetes is diagnosed [25].

2.6.3. Blood Glucose Level Measurement at Random

Diabetes mellitus is diagnosed if the measured plasma glucose level is 200 mg/dL or
more at a random time in the presence of diabetes symptoms such as polyuric polydipsia [25].

2.6.4. HbAlc

It is a kind of measure that detects chronic glucose exposure is more probable to be
informative than is a single measure of glucose when the presence of diabetes. The Alc
assessment provides a dependable measure of chronic glycemia and associated with the risk
of long term diabetes complications[25]. HbAlc> % 6.5 is the threshold value for diagnosing
diabetes mellitus. Measurement of HbAlc does not need hunger. It does not vary in

conditions such as acute disease and stress but is not as common as plasma glucose
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measurement. The value is influenced by some causes such as blood loss, hemolysis,

hemoglobinopathy, anemia[30].

The last diagnostic criteria published by American Diabetes Association (ADA) is

seen in Table 2.1. for the diabetes and disorders of glucose metabolism[25].

Table 2.1.Diabetes and Pre diabetes Diagnostic Criteria

Fasting Plasma | OGTT Random HbAlc

Glucose 2stPG Plasma Glucose
Normal <100 mg/dL <140 mg/dL %=<15.6

(< 38 mmol/mole)
Pre diabetes
IFG 100-125 mg/dL
IGT <100 mg/dL
CGTI 100-125 mg/dL
HRG %5.7-6.4 (39-46
mmol/mole)
Diabetes > 126 mg/dl (7.0 > 200 mg/dL DM % >6.5
Mellitus mmol/l) Symptoms(+) (48 mmol/mole)
> 200 mg/dL

IFG: Impaired Fasting Glucose OGTT: Oral Glucose Tolerance Test IGT: Impaired Glucose

Tolerance CGTI: Combined Glucose Tolerance Impairment HRG: High Risk Group

Diagnostic tests for diabetes are screening tests at the same time. Prediabetes can be

detected in the early period by repeating these tests in risk groups. In studies, the prevalence

of cardiovascular events was found to be lower in patients with prediabetes who started early

treatment and risk factor modification [31]. If the screening tests results are normal, the

repetitive test will be done 3 years later again. Diabetes risk groups was demonstrated in

Table 2.1. People with one of / a few of these factors are considered to be at risk for T2DM

[32].
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Table 2.2.Criteria for Testing for Diabetes in Asymptomatic Adult Individuals

Testing should be considered in all adults who are overweight (BMI > 25 kg/m?)

*first-degree relative with diabetes

*history of Cardiovascular Disease (CVD)

*physical inactivity

*women who delivered a baby weighing .9 Ib or were diagnosed with GDM
*HDL cholesterol level ,35 mg/dL (0.90 mmol/L) and/or a triglyceride level, 250 mg/dL
(2.82 mmol/L)

*women with polycystic ovarian syndrome

*high-risk race/ethnicity

*hypertension (140/90 mmHg or on therapy for hypertension)

other clinical conditions associated with insulin resistance (e.g., severe obesity,
acanthosis nigricans)

In the absence of the above criteria, testing for diabetes should begin at age 45 years.

Standarts of medical care in diabetes(ADA) [32].

2.7. Acute Hyperglycemic Syndromes: Diabetic Ketoacidosis, Hypoglycemia,
Hyperosmolar Hyperglycemic State

Hypoglycemia occurs when the plasma glucose level is below 70 mg/dL. However it
is stated that it is not only factor the threshold value for the hypoglycemia [26]. latrogenic
hypoglycemia is seen in T2DM rarely but it is more common in patients using insulin.

Hypoglycemia prevents to maintain glycemic control during time [33].

The most severe acute metabolic complications of uncontrolled diabetes mellitus are
diabetic ketoacidosis(DKA) and hyperosmolar hyperglycemic state(HHS), they are also
related with mortality[34]. HHS occurs when the relative insulin deficiency leads to
hyperglycemia depending on the insulin requirement. This state causes dehydration and
results in a severe hyperosmolar condition. DKA has similar metabolic abnormality but it
results from absolute insulin deficiency and increased amounts of hormones. The insulin
deficiency is accompanied by raised level of growth hormone, catecholamines will make the
enzyme of lipase active which will lead to digestion of triglycerides and spread out fatty
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acids[34]. The fatty acids are changed by the liver to ketone substances, they participate in
circulation and leads to acidosis at the same time[18]. DKA is defined as three items;
hyperglycemia (glucose> 250 mg/dL), ketosis and academia (pH<7.3) DKA and HHS are
preventable diseases which is often caused by infection and insufficient insulin using. Patient

education and prevention of fluid loss are cornerstones of treatment [18].
2.8. Complications of Diabetes Mellitus

The inability to control glucose metabolism disorders and to keep glycemia values
within the desired limits leads to the development of chronic complications resulting in
inadequacy in various organs[35]. These are microvascular complications such as retinopathy
neuropathy, nephropathy and macrovascular complications such as cardiovascular,
cerebrovascular, and peripheral vascular diseases. If there is no intervention, vision problems,
lower extremity ulcerations and gangrenous, renal disorders may arise that may be resulted
with early death [36].

2.8.1. Macrovascular Complications

Macrovascular complications are stroke, peripheral arterial diseases, fatal and non-
fatal coronary arterial diseases. Atherosclerotic cardiovascular diseases (CVD) are 3-5 times
more common in patients with diabetes than those without at any level of cholesterol and
blood pressure. Atherosclerosis generally arises early in diabetics and progresses faster. Acute
myocardial infarction and stroke results are worse in diabetics[17]. Heart contraction
dysfunctions and diabetic cardiomyopathy may progress in diabetics due to the effects of
CVD on myocardium and the rate of heart failure may be accelerated.CVD is the main cause

for morbidity and mortality for diabetic patients [18].

Peripheral arterial disease (PAD) is characterized by the intermittent pain, ache and
discomfort of lower extremity that may occur during walking but relieve with rest that is
named by intermittent claudication. If the pain is caused by ischemia of the lower extremity at
rest, suggesting insufficient blood flow through the legs[35]. PAD holds multiple vessels
which are diffuse and narrowing distally in diabetics. It is generally occured in peripheral end
arteries of patients with neuropathy or nephropathy and has risk for lower extremity

amputations [17].
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2.8.2. Microvascular Complications

The chronic effects of diabetes, the disease results in microvascular tissue
complications (diabetic nephropathy, neuropathy, and retinopathy). As diabetes diagnosis
year increases, the prevalence of complications may also increase and the prevalence is higher

in patients with poor glycemic control [17].
2.8.2.1. Diabetic Retinopathy

Diabetic retinopathy is the most important cause of visual loss in adult population of
developed countries. As a result of tractional retina detachment ,vitreous hemorrhage and
macular edema caused by diabetes, vision loss may occur [37]. The possibility of diabetic
retinopathy is related with both the duration and the level of hyperglycemia. It may be in
forms of non-proliferative or proliferative and may be resulted with total or partial visual loss,
vitrous hemorrhage, deterioration of retinal integrity, central vision loss and macular edema.
Diabetic retinopathy is seen in 10% of individuals with insulin resistance, hypertension and
high body mass index .The other conditions associated with retinopathy include early seen
diabetes mellitus, smoking, insulin therapy, abnormal blood lipid (total cholesterol, LDL,
HDL) levels, pregnancy, renal disease, high homocysteine levels and oil-rich diet intake [35,
37].

2.8.2.2 Diabetic Nephropathy

Diabetic nephropathy is the first reason of end stage renal failure in the whole world
and related with increase of cardiovascular mortality [17]. It is defined that urinary albumin
bar is positive constantly or more than 300 mg albumin excretion per day with the absence of
other kidney disease in a diabetic patient. While in the early stages of diabetic nephropathy
hyperglycemia is the primary factor that initiates the pathological process and in the late stage
of disease, hypertension is accelerating this process. Hyperglycemia and arterial hypertension
are two main risk factors; however, smoking, dyslipidaemia, proteinuria, glomerular filtration
rate and genetic predisposition are also other risk factors of nephropathy [38]. It is
recommended that the patients with T2DM should be scanned with regards to
microalbuminuria from the diagnosis also, patients with TIDM should be scanned after an
average of five year. In summary, tight glycemic control, inhibition of renin angiotensin
system in early period and combined treatment options for blood pressure control can prevent

to initiate diabetic nephropathy and end stage of renal failure [39].
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2.8.2.3. Diabetic Neuropathy

Diabetic neuropathy is a disorder that occur in peripheral and autonomic nerves due to
long term diabetes. Neuropathy develops 50-70% of diabetic patients. The most common
symptoms are numbness, burning, tingling, pain and weakness in feet (and sometimes in
hands). It depends on microvascular disease that feeds the neurons and motor, sensory or
autonomic nerve fibers are involved, generally there was a axonal degeneration in this
complication [40, 41]. Diabetic neuropathy has a lot of phenotypes but the most common type
is a form of mild sensory disturbance distally and having minimal motor deficits. This group
is 50% of all diabetic neuropathies. Distal thin fiber type neuropathy is also common and it is
characterized by distal positive disturbances are together with both pain and heat sensorial
impairment paradoxically. Pain is seen in most of neuropathy types, asymmetric neuropathies
are different from the others, so the disease develops composition of immune-related
mechanism and damages due to the compression. Although there are so many types of
neuropathy, distal sensorial neuropathy is seen in all types [18] (Table 2.3). Diabetic
polyneuropathy generates heterogenic clinical table with affecting proximal or distal sensory,
motor or autonomic nerves differently. As a result of the thick fibers(A alfa and A beta)
involvement; weakness, ataxia and reduction in vibration and position sense may be seen
when the thin fibers (C fibers and A delta) involvement occurs; hyperesthesia, dysesthesia and
decrease in heat sensation and autonomic dysfunction may develop [39]. Diabetics with
painful neuropathy have dry and warm feet frequently due to the autonomic nerve
involvement which leads to arteriovenous dilatation and lack of sweating. The reduction in
sympathetic innervations exist and bone density is low due to the result of increase in blood
flow and edema complication. Charcot arthropathy is the inflammation of joints, bone
deformities may be associated with neuropathy. Foot ulceration is another possible

complication that can be seen in these patients [17].

Table 2.3. Types of Neuropathies

Types of Neuropathies
Symmetric Neuropathies Asymmetric Neuropathies
*Distal sensorial neuropathy *Mononeuropathies
*Sensorial neuropathy *Cranial neuropathy
-Thick fiber types *Radiculoplexus neuropathies
-Thin fiber types radiculoneuropathy
*Autonomic Neuropathy

15



2.8.2.4. Diabetic Foot

Diabetic foot is the most important cause of non-traumatic amputations [3]. 40-60
percent of non-traumatic lower extremity amputations depend on diabetes. The foot ulceration
prevalence is 4-10% and incidence is 2.2-5.9% in DM. The incidence of amputation is 6-8 /
1000 per year [42]. Motor, sensory and autonomic neuropathy, ischemia often lead to diabetic
foot ulcers and infections accompany with the ulcerations. Impaired foot posture is seen such
as high arch, claw toes, pressure on metatarsal heads and heel due to the inappropriate shoes
choice depending on loss of pain sensation. At these pressure points, the skin thickens and
callus formation develops and the hemorrhage or necrosis in callus convert into
ulceration[17]. The most important cause of foot problems the repetitive trauma were not
recognized due to the loss of sensation and the problems were found in diabetics especially
patients older than 40 years old [39]. 15-20% of diabetic patients deal with foot ulcer
complication in a period of life. The risk of repetition of foot ulceration problems is common.
All diabetic patients should be included in foot and nail care education program and foot
examination should be necessary in every outpatient clinics [16].

2.8.2.4.1. Diabetic Foot Risk Factors

The main risk factors are neuropathy, trauma and peripheral arterial diseases in a
diabetic foot. Infection may also accompany with these foot ulcerations. Good glycaemic
control should be provided on a regular basis due to the influence of microvascular disease on
diabetic foot. Because of the loss of sensation in feet, improper footwear using is another risk
factor for injury. Smoking, poor eating habits, older age and low socio-economic status are
the other risk factors for foot disease in DM [17].

2.8.2.4.2. Diabetic Foot Assessment

Neurological, vascular, dermatological and orthopedic evaluations should be done
bilaterally. Sensory examination such as cold, vibratory sense and touch points must be tested.
Semmes-Weistein monofilament test can be used to point out loss of protective sense at least
eight area in foot. Tibial pulses should be noted for vascular evaluation and temperature,
edema and skin features should be observed. Dermatological changes is also important to
determine severity of infections and ulcers. In addition to these examinations foot deformities,
muscle atrophies and prominent bone formations, claw or hammer toes must be examined and

postural disorders should be recorded to find out suitable shoes [3, 43].
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Right Foot

Figure 2.2. Main Assessment Areas in Foot [43].

2.8.2.4.3. Diabetic Foot Classification
Foot lesions were classified according to the Wagner classification.

Grade 0: Skin ulcerations are not present but high risk foot

Grade 1: Ulceration superficially in subcutaneuos tissue

Grade 2: Deep ulceration (may diffuse to joint capsule or tendon)
Grade 3: Osteomyelitis may be with abscess formation

Grade 4: Gangrenous of partial foot, lokalize gangren

Grade 5: Gangrenous of whole foot [44].

2.8.2.4.4. General Consideration of Diabetic Foot

The main pathogenetic mechanisms are ischemia, neuropathy and infection in diabetic
foot disease; these factors may contribute the tissue necrosis, ulceration and gangrene. More
than 80% of diabetic patients with foot lesions have neuropathy. Treatment is mainly focused
on avoidance from lower extremity amputation. This goal is accomplished with three main
ways; diagnosis the risky foot, treatment of acute foot disease and prevention of additional
problems. All treatments are based on patient education about diabetic foot care. The effect of
sensorial neuropathy and vascular insufficiency may decrease with regular follow-up, patient
education and early intervention to existing foot lesions. Physicians and podiatrists are should
take part in treatment with diabetic foot for protection of extremity and improvement the
quality of life[18].
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2.9. Related Disorders
2.9.1. Cardiovascular Morbidity

Cardiovascular Disease (CVD) and Acute Myocardial Infarction (AMI) is among the
causes of death in diabetics and DM is an independent risk factor for these disease. It has been
proven that diabetics have 2-3 times more risk for CVD than non-diabetic patients. Diabetes is
also related with 1-2 times rise in mortality risk after AMI. After the 1 year of MI mortality
rate is found considerably higher in diabetic patients. Metabolic risk factors such as
hypertension, dyslipidemia, glucose intolerance also contribute the cardiovascular morbidity.
Diabetes is associated with endothelial dysfunction, coagulopathy and formation of
thrombosis and vasospasm developed by the additional adverse effect of hyperglycemia[5]
There are a lot of molecular mechanisms which are mediating the co-development of DM and
CVD. For example, TNF-a inhibits the insulin receptor signal and contributes the obesity-
related insulin resistance. It is a proinflammatory molecule that is stimulating the
atherothrombotic plaque and vascular reconstruction. The other independent factors that
contributes the CVD and insulin resistance or DM are free fatty acids and C-reactive protein.
Therefore, the increased causes of cardiovascular disease is associated with the co morbidity
of other factors in DM[18].

2.9.2. Insulin Resistance and Metabolic Syndrome

Reaven defined the insulin resistance as "the clinically significant relationship between
cardiovascular risk factors, insulin resistance and obesity" in 1988. Insulin resistance may
describe with the impairment of the effect of insulin and insufficient insulin response. The
resistance is not same in different tissues. For instance, insulin mediated glucose consumption
decrease in muscle cells so lead to high blood glucose level. In liver hepatic glucose
production is facilitated by the reduction in insulin level. In fat tissue, lipolysis is stimulated
and free fatty acids occurs and they have serious adverse effects such as lipotoxicity and

glucose toxicity[5].

The definition is changed with "metabolic syndrome” at National Cholesterol
Education Program meeting in 2001. According to results of the meeting, it is shown that at

least three criteria out of five criteria is required for diagnosis;

18



- Rise in fasting plasma glucose level(>110 mg/dL)

- HDL Cholesterol (for men<40 mg/dL, for women <50 mg/dL)
-hypertension ( >130/85 mmHg)

-hypertriglyceridemia (>150 mg/dL)

-visceral obesity (for women >88 cm for men >102 cm) [18].

As a consequence of obesity and metabolic syndrome, sympathetic nerve system
responses decrease against the sympathetic stimulus (hypoglycemia, postural changes,
caffeine, alcohol, and smoking). Weight loss and exercise provide the regulation of

sympathetic stimulus and play an important role for the treatment of metabolic syndrome[45].
2.9.3. Obesity

Obesity is a significant public health problem worldwide and it is associated with
energy imbalance. Severe obesity is common in industrial societies nowadays. (BMI >40
kg/m?) The balance between caloric intake and energy consumption is disturbed. Insufficient
physical activity has an important effect on epidemiology of obesity[46, 47]. It was reported

that the genetic predisposition and environmental factors are related with the obesity etiology

[5].

Obesity may also define with the chronic fat accumulation or excess energy storage.
Body mass index (BMI) is used for classification of obesity practically. It is calculated the
proportion of body weight to body height in meters. The BMI interval of 25-29.9 kg/m? is
defined as overweight. 30-34.9 kg/m? of BMI is the first level of obesity and the 35-39.9

kg/m? s the second level, and over 40 kg/m?is the most serious and third level of obesity[5].

Obesity means the excessive storage of triglyceride in adipose tissue, excess fat mass
with increasing in body weight. The World Health Organization (WHO) was defined that
abnormal increase in fat tissue or excess fat accumulation. WHO was pointed out that obesity
is complex and multifactorial disease and it is characterized by endocrinal, metabolic and
behavioral changes[48, 49] The fat tissue accumulation leads to impairment in glucose and
lipid mechanism and cell metabolism damages such as insulin resistance. Increase amount of
cytokine releasing contributes the hypertension and dyslipidaemia[46]. Although the effect of
obesity on T2DM and insulin resistance was not defined yet, the fatty tissue is likely to be
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related to substances that leads to insulin effect impairment by acting on the liver or muscle.
The relationship was found between obesity and hyperinsulinemia, it may cause the insulin

resistance [18].
2.10. Glycemic Goal

Glycemic targets should be determined individually. Blood sugar level should be kept
between the 80-120 mg/dL (4.4 ve 6.7 mmol/L) in daytime and between the 100-140 mg/dL
(5.6-7.8 mmol/L) at night and HbA1c level should be under the 7% for glycemic control. The
target may be changeable in geriatrics and patients with frequent hypoglycemic attacks[13].
Poor glycemic control and insulin resistance lead to autonomic neuropathies, hemodynamic
problems and increase in peripheral sympathetic nerve system activation. Low Alc values
significantly prevent the rate of development of microvascular complications [18]. Only a one
percent of reduction in HbAlc level means that risk of cardiovascular events are reduced by

15-20%, microvascular complications are reduced by 37% [50].
2.11. Management of Type 2 Diabetes Mellitus

The main purposes in effective treatment are improvement of glycemic control, weight
loss for obese patients and decrease the cardiovascular risk factors such as hypertension,
dyslipidemia which are responsible from 70-80% of deaths in diabetic patients. The initiation
of treatment is lifestyle modification and major steps are increase diet and exercise or
smoking cessation. Weight loss is provided with increasing physical activity and decreasing
total energy intake. At least 4 kg weight loss is required for hyperglycemia control and slow
weight loss is recommended [17]. Patient education is an essential factor for patients with
chronic disease and provides them to recognize the complications of DM and develop self-
care techniques. The skills are required for the life of patient include the following as; self
monitoring of blood glucose, oral anti diabetic agents or insulin applications, appropriate food
consumption, hypoglycemia treatment and exercise dosage [18].

2.11.1. Pharmacological Treatment

Pharmacological treatment may be given when the lifestyle modification is not
sufficient for patient's glycemic control. If the initial glucose level is not above the 350 mg/dL
oral anti diabetic treatment may be decided after the nutritional therapy trial. The 4-12 weeks

of diet or lifestyle modification were reasonable and if the fasting blood glucose level is above
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the 140 mg/dL oral pharmacologic agents should be initiated to use [18]. The patient should
be checked after 3 months later at each treatment changes. The first choice should be
metformine in the first step of treatment and sulfonylurea, glinide or alpha glucosidase
inhibitor may be given for patients with obvious hyperglycemia. Sulfonylurea should be
added to metformine in the second step of treatment and other Oral Anti-diabetic Drugs
(OADs) may be given in the second step. The third step treatment may be initiated with basal
insulin (if necessary, premixed insulin) or an extra OAD or glucagon-like peptide 1(GLP-1A)
preferably. Insulin must be initiated in the fourth step of treatment absolutely, if a patient have
already used insulin, the treatment should be intensified. If there is no contraindication

metformine should be continued with insulin [51].

2.11.2. Dietary Therapy

The aim of diet treatment is to protect ideal body weight, to keep glucose and lipid
levels in normal values prevention of complications and improvement the quality of life.
Generally all diabetics should be fed with foods which are including low density fat, medium
carbohydrate and preferably whole grain and high fiber content[13]. Patients with T2DM
should be supported to rise physical activity level and to decrease saturated and Trans fats,
cholesterol and sodium intake for glycemic improvement. The nutrient intake may be
modified according to lifestyle and chronic complications of diabetes can be reduced. Low-
carbohydrate diets that keep daily carbohydrate intake below 130 g is not recommended for
patients. The healthy nutrition model should be included in carbohydrate foods such as full
grain cereals, fruit, vegetables and low-fat milk. Sugar and sugary drinks consumption should
not be limited due to reduce risk for weight gain and worsening of cardiometabolic risk. For
individuals who only use diet treatment or OAD with diet or insulin together; diet,
carbohydrate intake should be divided to meal and snacks and should be in similar amounts

should not be changed from day to day [51].

2.11.3. Exercise Therapy

Physical activity or exercise is one the fundamental element in the management of
diabetes mellitus. Exercise treatment is an essential with the diet and pharmacological agents
to decrease cardiovascular risk factors and to regulate glycemic control. It is shown that the
regular physical activity provides glycemic control, decrease in insulin resistance. In addition

to that, exercise is an important part of weight-reducing diets and provides the loss of adipose
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tissue and regular distribution of the remaining fat tissue[18]. Exercise should be consisted
with physical condition and lifestyle. The 30-60 minute daily walk can be part of moderate
exercise basically. In contrast to Type 1 DM, exercise does not cause hypoglycemia in Type 2
DM. Resistive exercise may have more benefits in addition to aerobic exercise, but it should
be done regularly and be increased progressively, it should be begun with a low intensity
workload. Exercise education adjusts the normal blood glucose level, decreases
cardiovascular risk factors and when compared to patients with poor cardiovascular fitness,
exercise decreases the long term mortality by 50-60%[17]. American Diabetes Association
recommended that, 75-85% of one repetition maximum 8-10 repeats and 3 sets resistive
exercise was beneficial in addition to aerobic exercise[8]. The important effects of exercise
were to improve aerobic capacity and increase muscle strength, therefore it provides
regulation of body composition. Well-programmed exercise provided safe and effective
results for patients. Frequency and type of exercise are the determining factors of patients-
specific exercise program. Diabetic patients who exercise regularly can have the opportunity
to reduce or even discontinue the dosage of insulin. In addition, exercise decrease low-density
lipoprotein level (LDL), triglycerides and blood pressure, and increases high-density
lipoprotein (HDL) levels [52].

2.11.3.1. Benefits of Exercise Training

The potential benefits of exercise for health of type 2 diabetic patients are
improvement insulin sensitivity to glucose level, blood pressure and blood lipid profile.
Insulin-stimulated glucose transporter 4 (GLUT4) translocation is generally impaired in
T2DM. The increase in glucose used by working skeletal muscles provides insulin sensitivity.
Peripheral glucose uptake occurs with increase in GLUT4 glucose carriers. Exercise training
is the most potent stimulus to increase skeletal muscle GLUT4 expression, an effect that may
partly contribute to improved insulin action and glucose disposal and enhanced muscle
glycogen storage following exercise training in health and disease [53]. Unfortunately, if the
exercises are not continued, these effects will be lost. Recent studies demonstrated that
exercise was beneficial to decrease hemoglobin Alc level and it provided long term glycemic
control [18]. Exercise stimulates to increase enzymes and glycogen synthesis, thus reduces the
circulating glucose in blood. Also, type Ila muscle fibers have more glucose transporters and
insulin sensitive, alteration of type Ila muscle fibers to type Ilb muscle fibers rise with regular
exercise. Resistive training programs contribute to increase in muscle mass so, visceral

adiposity and muscular fat stores reduce[3]. Muscle contraction accelerates blood glucose
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uptake to skeletal muscles and depletion of muscle glycogen. After the glycogen stores
utilization, adipose tissue begins to be used to form of free fatty acids. Appropriate physical
activity program may help to weight loss and related with lower cardiovascular risk and
mortality rate. Weight loss have beneficial effects to decrease inflammatory cytokines and
renal function. Exercise can be used for different symptoms of T2DM and have positive
results such as peripheral neuropathy, peripheral vascular disease , increased falling risk,
cognitive disorders, mobility impairments [9]. On the other hand, the rate of increase in the
incidence of depression in Type 2 DM is associated with poor glucose control, it may be
resolved with behavioral changes in sedentary population so the exercise habits may be
effective on this problem. As a conclusion, regular exercise was the cornerstone of diabetes
management for increasing quality of life [54].

2.11.3.2. Exercise Prescription

Pre-exercise evaluation should be done before the exercise program prescription. All
patients are recommended with undergo a detailed history, physical examination and
observation of microvascular and macrovascular complications of T2DM. Cardiovascular risk
factors should be assessed with exercise stress testing especially higher risk diabetic patients
such as patients with cigarette smoking, hypertension, dyslipidemia, retinopathy and
nephropathy complications. After the comprehensive evaluations are completed, exercise
program is prescribed safely[8]. Exercise program should be prepared individually
considering the personal characteristics and medical features. The risks for patient's condition
and expected outcome determines the type, intensity and duration of exercise. Aerobic
exercises is recommended with three or five times a week on non-consecutive days and 40%-
60% of maximal aerobic capacity (VO2max) IS appropriate for moderate-intensity exercise. The
American College of Sports Medicine (ACSM) guidelines advised the 150 min moderate
exercise or 75 min vigorous exercise at least three days a week. Additionally resistive training
may be performed with involving upper, lower body muscles and core muscles at 50% of 1-
repetition maximum(RM) intensity, 5-10 repetitions and three or four sets[55]. Elastic
resistance bands, dumbbells or free weights can be used for optimal resistance and can be
progressed 75%- 80% of 1 RM 8-10 repetitions of each set. Supervised training is essential to
determine optimal weight and effective blood glucose control also reduction of injury risk.
Stretching may be useful to decrease musculoskeletal injuries and increase muscular

flexibility and range of motion in joints pre-exercise and post-exercise. Many studies have
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indicated that combined aerobic and resistive training is more beneficial than resistive or
aerobic exercise alone. Yoga tai chi is other preferable mild exercises may help control of
blood glucose[8].

2.11.3.3. Precautions to Prevent Adverse Effects

Exercise has great benefits for diabetic patients but also have some risks. One of these
risks is hypoglycemia which occurs during physical activity. In order to avoid hypoglycemia,
doses of medicines used by patients should be reduced in accordance with the influence of
exercise on blood glucose and carbohydrate taking should be done if the blood glucose is
below the 100 mg/dL during or prior to exercise. Another complication that can be seen is
ketosis or hyperglycemia during exercise. If the blood glucose is greater than 250 mg/dL,
ketones may be available in blood due to the destruction of fat tissue. To avoid this, exercise
should be delayed and insulin requirement should be provided[56]. Pre-exercise and post-
exercise blood glucose levels should be measured, glycemic status and medication use should
be followed. Therefore food intake, regular clinical follow-up, and regulation of insulin intake

is important before starting the exercise program[57, 58].

2.12. Exercises Types
2.12.1. Stretching Exercises

Flexibility exercises must be absolutely included the exercise program due to the
increase the range of motion and decrease risk of injury[59]. Especially, in patients with type
2 diabetes, the structural changes in the joints are available and joint movement limitations
may occur. Diabetic ulcers is caused by the high plantar stress in ankle deformities and
presence of neuropathy. The other benefit of stretching is to distribute the high plantar
pressure in foot and decrease the ulceration risk[60]. Active joint movement exercises,
strengthening the agonist-antagonist muscles and stretching exercises may be applied together
to improve flexibility so the stretching should be complementary to other types of

exercise[59].

2.12.2. Callisthenic Exercises
Calisthenics are appropriate dynamic exercises for older and sedentary individuals. It
can be adapted according to the cardiovascular level of subjects'. Calisthenics include

rhythmic, enjoyable, simple movements and muscle strength, flexibility are increased by
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them. They are performed with a group or alone using the body's own weight as resistance.
Besides the cardiovascular and muscular endurance benefits, callisthenic exercises provides
the balance agility and coordination[61]. Also these exercises have psychosocial benefits such
as increase in hand skill, responsibility sense, teamwork and competitive excitement. They
help to keep healthy posture, muscle strength, aerobic performance and normal joint range of
motion[62].

2.12.3. Aerobic Exercises

Aerobic exercises such as walking, running, swimming should be preferred in
diabetics more extensively. It is recommended for sedentary diabetics due to the benefits of
glycemic control and insulin sensitivity. Aerobic exercise can also reduce cardiovascular
disease risk and other microvascular complications and improve lipid control, blood pressure
and body weight control but the it remains uncertain which intensity and duration will be most
efficient for obese and T2DM patients[63]. At least 150 minutes moderate aerobic physical
activity per week is required with calorie restriction for individuals with diabetes and pre-
diabetes to lose weight[51]. Aerobic exercises should be done at moderate intensity which
means 40%-60% of maximal oxygen consumption[8]. Patients with Type 2 diabetes have
poor aerobic capacity, low muscular strength and flexibility due to the fact that, regular
exercise is obligation for them. It was shown that physically active diabetics have good
aerobic capacity, muscular strength and better prognosis than others[64]. Aerobic exercise
program is applied with lifestyle modification in diabetic patients. It is preferred due to the
excessive sympathetic activity stimulation effects, hypoglycemic effects and ability to
decrease insulin resistance. Aerobic, resistive and flexibility exercise should be combined,

because the metabolic effects on body composition are complementary[65].
2.12.4. Strengthening Exercises

Resistance or strength training increase muscle mass and resting metabolic rate and
decrease fatty mass in body. Strengthening exercises affect body composition positively,
decrease risk of disease and especially abdominal fat tissue. The other benefit is improvement
of bone health with increasing bone mineral density. Resistive and cardiovascular exercises
helps to deal with osteoporosis and insulin sensitivity is also improved by resistive exercises.
They increase stabilization and reduce falls, injury so have beneficial effects on balance etc.

factors[49]. Exercises may perform with resistance bands, free weights, weight machines or
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self-weight of body. Muscle endurance, muscle strength and functional capacity is raised with
regular resistance training. After training, glycemic control is provided with increasing
glucose transporter-4 level, glycogen synthesis is activated so insulin resistance decreases
respectively. The exercise program should be initiated lower level and progressed gradually to
avoid injury. The recent studies were shown that combination of aerobic and resistive exercise
training is the most beneficial training for patients with T2DM and more positive effects than
a single exercise type[11].

2.12.5. Proprioceptive Exercise

Older patients with T2DM generally deal with balance problems due to poor glycemic
control in addition to normal aging process. Gait alterations and balance impairment and
proprioceptive deficits are available in diabetics. Reduction of lower extremity muscle
strength, inadequate sensorial information and lower gait velocity are contributing factors that
increase risk of falling[66]. Crews et al. was demonstrated that the incidence of falls was
found 39% in elderly people with DM annually and also a relationship between DM and falls
was found in their study[67]. Medication use and diabetic neuropathy are other factors that
lead to instability. Physical inactivity cause fear of falling, functional dependence and reduced
mobility. Exercise program are proposed to improve balance, gait and decrease falling risk.
There is a few studies is found in the literature that using proprioceptive and balance exercise
directly. However, Morrison et al were shown in their study the resistance and balance
training was beneficial for balance, proprioceptive and strength of lower limb muscles
regardless the presence of neuropathy.

There are many studies about the effects of aerobic, resistive and combined
exercises on patients with T2DM, but it has not been shown which exercise protocol is more
effective. Also there is a gap in the literature regarding how to optimize adequate exercise
type and intensity to achieve maximal enhancements. Considering the inadequacy of this
literature, we aimed to compare two different combined exercise program. Two combination
exercises program which are included aerobic exercise and resistive exercises (resistive
exercise training group (RG)) and aerobic exercise combined with proprioceptive exercises
(proprioceptive exercise training group (PG)) were used to determine the effects of foot

sensation and balance among patients followed by Type 2 diabetes diagnosis.
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3. MATERIAL AND METHOD
3.1. Subjects

The sample of study consists of patients with Type 2 Diabetes Mellitus (DM) got
diagnosed at least 6 months and who referred to Fitness Center in Pendik Arif Nihat Asya

Kiiltiir Merkezi Istanbul Turkey by a medical doctor between December 2016- March 2017.

The study included in 30 patients (24F, 6M) with T2DM.The patients who met
inclusion criteria are divided into two groups. According to simple randomization method,
patients which have odd survey numbers with Type 2 DM involved to the aerobic exercise
and proprioceptive exercise training group (PG) and the patients with even survey numbers
are involved to the aerobic exercise and resistive exercise training group (RG).

3.1.1. Inclusion Criteria

e Participating to the study in a voluntary basis
e Patients with 30-60 years old
e Getting diagnosed with Type 2 Diabetes Mellitus (DM) at least 6 months.

3.1.2. Exclusion Criteria

e Unstable cardiac condition

e Uncontrolled Diabetes Mellitus

e Uncontrolled Hypertension

e Symptomatic Heart Failure, unstable angina

o Peripheral Arterial Occlusive Disease

e Diabetic foot ulcers

e Part/total foot amputation

e Myocardial infarction within 3 months prior to study

e Coronary Artery Bypass within 3 months prior to study

e Cerebrovascular ischemia/stroke (including TIA) within 3 months of study
e Severe retinopathy, nephropathy

e Thyroid Dysfunctions (hyperthyroidism, hypothyroidism).

The study protocol was approved by the Bahgesehir Universitesi Ethical Committee at
the date of 07.12.2016 and issue number was 10/04 (Appendix 2). Participants involved in the
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study on a voluntary basis. The aim and plan was explained and informed written consent was

obtained from each patient (Appendix 1).
3.1.3. Flow of Research

We planned to have 33 Type 2 diabetic patient for PG and RG who satisfied
interventions. As for the first step, we separated the participants according to survey numbers.
While the participants with odd survey number involved the proprioceptive exercise training
group (n=17) and the participants with the even survey number involved the resistive exercise

training group (n=16).

After the end of first assessment 6 weeks exercise training program initiated
with 33 participants. However, three individuals were excluded from the study due to various
reasons and they did not complete the exercise program (Figure 1. Flowchart Diagram)

People with T2DM applied to Fitness Center Arif Nihat Asya
Kiiltiir Merkezi between December 2016- March 2017

(n=33)
I FOLLOW UP PERIOD (6 weeks) \
Proprioceptive Exercise Group (PG) Resistive Exercise Group (RG)
Volunteers met inclusion criteria Volunteers met inclusion criteria
(n=17) (n=16)

/ ! '

Uncontrolled hypertension

Missing more Unwilling
than 2 to com_plete over than
_ exercises
following (n=1) 140/90 mmHg (n=1)

| |

Complete all aerobic exercise and Complete all aerobic exercise and

proprioceptive exercise program (n=15) resistive exercise program (n=15)

Figure 3.1.Flowchart Diagram
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3.1.4. Study Protocol

All subjects were included aerobic exercise program which is prepared the according
to criteria of American College of Sports Medicine (ACSM) Evidence and American Diabetes
Association (ADA) Clinical Practice Recommendation Statements[8]. Patients were given
instructions for their diet program by a dietitian and were also reviewed for standard medical
care by their physician. The aerobic exercise program consists of 5 minutes warm up period
and after that 30 minutes treadmill walking at %60-75 of Maximum Heart Rate, with the rest
intervals and finally 5 minutes cool down period. The aerobic training program was done

twice a week in a clinic with a supervisor physiotherapist for a duration 6 week.

Additionally, proprioceptive exercise group (PG) participated in proprioceptive
exercise program combine with aerobic exercise program as described above. The
proprioceptive training program was applied by physiotherapist under the supervision in the
clinic twice a week. It consists of applying the pressure the soles of feet with serrated sensory
massage ball, ankle pump exercises, tandem walking, sit to stand exercise, toe rising, drawing
"8" exercises without visual information and weight bearing exercises on bosu trainer.
Additionally, these exercises was performed per a day/3 days at home a week for a duration 6
week. The resistive exercise group (RG) participated in resistive exercise program that
consisted of ankle dorsiflexion, plantar flexion, inversion and eversion; knee flexion,
extension exercises with green theraband in the sitting position and hip flexion, extension,
abduction, adduction exercises with the same theraband in standing position. Each exercise
was done 8 repetitions and three sets. Also, these exercises were given home exercise
program one day a week.

Table 3.1.Interventions of Proprioceptive Exercise Group and Resistive Exercise Group

l Exercise Education Program l Exercise Education Program l
. . ( . .
Aerobic Exercise Program Aerobic Exercise Program
2 days/week at clinic for the 2 days/week at clinic for the
duration 6 week \ duration 6 week

Proprioceptive Training Program Resistive Training Program

2days/week at clinic+ 2 days/week at clinic+

1 days at home 1 days at home
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3.2. Evaluation
3.2.1. Structured Questionnaire for Patient's Demographic Characteristics

The structured questionnaire prepared by researchers applied face to face interviews.
The questionnaire included age, gender, education level, occupation, marital status, income
level and health insurance to understand socio-demographic conditions of volunteers. The
second part of questionnaire was about their exercise behaviors, smoking habits, taking

medications, having chronic diseases (APPENDIX 2).
3.2.2. Assessment of Glycemic Control Variables

At the beginning of the study, HbAlc level and fasting blood glucose level were
evaluated for metabolic control with patient's routine controls in their clinics follow-up. At the

end of the study, these metabolic variables was evaluated again in order to observe changes.
3.2.3. Anthropometric Measurements

Waist circumference (WC) is a kind of anthropometric measure of visceral adipose
tissue distribution. The visceral adipose tissue accumulation represents the undesirable factors
for metabolic diseases such as dyslipidemia, hypertension and diabetes mellitus. It is defined
as defensive mechanism of metabolic disease and commonly came close to hip circumference
(HC)[68].

Waist circumference was measured in centimeters without compression of the soft
tissue at midway level between lower rib margin and iliac crest by using no stretchable
measuring tape. The hip circumference was also measured in centimeters using the same
measuring tape at its widest portion of the buttocks, with the tape parallel to the floor. Both
measurements were taken while the subject was standing with feet closer together, arms at the
side, body weight evenly distributed, and wearing little clothing. Also, the measurements
were taken at the end of a normal expiration. Waist to Hip ratio (WHR) was calculated by

taking the waist circumference (cm) and dividing by the hip circumference (cm).

3.2.4. Six Minute Walking Test

The ‘Six-Minute Walk’ Test (6MWT), a measure of the distance a person walks in 6
minutes, was used to assess physical performance of participants. The American Thoracic

Society (ATS) indicated that 6MWT is the most frequently used, valid, inexpensive, popular,
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easy to tolerate by patients easy to utilize, required minimal technological resources and
representative to show daily activities comparing the other walking tests[69].

6 minute walking test was done in 30 meter, flat and hard corridor in the clinic
according to ATS guidelines. We asked the patients can quickly walk for 6 minutes and the
same researcher walked slightly behind the patient. The distance of the patient can walk was
calculated. We explain the patients that they can stop or slow down if they feel dyspnea. The
Borg Dyspnea Scale level, saturation, pulse and blood pressure were assessed at the beginning
and the end of the test[70].

3.2.5. Dynamic Balance Assessment

Dynamic balance of the participants was assessed by Prokin PK 200(PK) dynamic
balance instrument. PK is a circular mobile balance assessment. PK transmits data from
platform to the computer with a wireless transmitter and it can detect each single angular
movement with a chip inside the platform. Additionally PK has four different applicator

(easy, medium, hard and rectangular) to place under the mobile platform [71].

We used the mobile platform with easy applicator and the patient stands on bipedally
during .the 30 seconds. PK is connected to a computer by this way each single movement is
recorded by computer in real time mode. There is a circle in the screen and and a coordinated
system for the following changes. While the test was applying physiotherapist instructs
participant to “Please keep indicator in the mid point of the circle as much as possible.” The

results can be positive or negative.”

g9vr
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Figure 3.2. Prokin PK200 Instrument
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Positive results in the AP measure means that patient mostly goes to anterior and
positive results in the ML measure means that patient mostly lean on right foot. On the other
hand, negative results in the AP measure shows that patient leans posteriorly, and the negative

result in the ML measure shows that she leans on left foot.
3.2.6. Proprioception Assessment

The perception of the position and of the movement of various body parts in space can
be defined as proprioception. Its main role is in sensory-motor control for balance,
coordination movement acuity and joint stability, Its clinical evaluation is commonly based on

the assessment of the joint position sense (JPS) [72].

JPS was assessed using the passive angle reproduction test. Through this, an assessor
moved a participant's limb to a target position. This was returned to neutral, before finally
moving the limb again, whilst requiring the participant to indicate when they thought the
target angle was reached. The actual angular error (AAE) was calculated as the difference

between the perceived angle and target angle. The target angle was determined 10° for

i
2

dorsiflexion and 15° for plantar flexion [73].

Figure 3.3.Digital Goniometer
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3.2.7. Superficial Sensory Evaluation

Two-point discrimination test evaluates the ability to perceive two points
simultaneously applied to the skin. It is a measure of the smallest distance between two points
of skin (applied simultaneously and with equal pressure). Aesthesiometer used to measure two
point discrimination (Figure 3.4). Aesthesiometer consists of a small ruler with two moveable
(sliding) tips covered with vinyl. The vinyl coverings help to diminish the impact of
temperature on perception of contact. It is a hand-held instrument designed to measure the
smallest distance that two points of contact on the skin can be distinguished [74]. Although 11
different sensory areas were defined on foot, we assessed two areas from these; one
examination area was the midpoint of medial longitudinal arch and the other was the midpoint

of lateral longitudinal arch [43].

Figure 3.4. Aesthesiometer
3.2.8. Vibration Perception Threshold Assessment

Biothesiometer was used to measure vibration perception threshold (VPT) (Figure
3.5). The biothesiometer probe vibrates at an amplitude proportional to the square of the
applied voltage. The probe was applied perpendicular to the test site with a steady and firm
pressure. Subjects were initially adapted to the sensation by holding the probe towards the
distal palmar surface of hand. VPT was measured at the distal plantar surface of great toe of
feet. If great toe suffered from ulcerations, VPT could be measured at the base of the first,
third or fifth metatarsals. The voltage was slowly raised at the rate of 1 mV/sec. The value of
VPT was defined as the voltage level when the subject pointed out that he or she first felt the
vibration sense. If the averages of three record of VPT was > 25mV, neuropathy was
diagnosed [75]. Vibration threshold values were obtained from first, third and fifth metatarsal

heads of feet in our study.
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Figure 3.5.Biothesiometer
3.2.9. Assessment of Lower Extremity Muscles Strength

Quantitative myometry strength testing included quantitative myometry using a hand-
held dynamometer (PowerTrack Il commander, JTech Medical, Midvale, UT) to evaluate the
maximum voluntary isometric force during muscle contraction of hip flexion/extension, hip
abduction/adduction, knee flexion/extension, ankle plantar flexion and ankle dorsiflexion
[76].

Figure 3.6. PowerTrack Il Commander Myometry
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3.3. Intervention

Exercise Education: Before the both exercise program, the patients were informed
about the type 2 diabetes mellitus, symptoms and complications and also the evaluation
methods, parameters and tests were explained. Patients also were informed about the
importance and effects of exercise training, the exercise conditions to be considered and
exercise precautions. Patients were warned not to make any changes to their drug doses

during exercise training.

3.3.1. Aerobic Exercise Program

Both experimental and control groups participated in this program. The aerobic
exercise program consists of 5 minutes warm up period and after that 30 minutes treadmill
and finally 5 minutes cool down period.

Table 3.2. Aerobic Exercise Program

1.Week 5 minutes warm up period, stretching exercises (15seconds x 5 repetitions)
20 minutes walking on treadmill

5 minutes cool down period, stretching exercise (15seconds x 5 repetitions)

2.Week 5 minutes warm up period, stretching exercise (15seconds x 5 repetitions)
25 minutes walking on treadmill

5 minutes cool down period, stretching exercise (15seconds x 5 repetitions)

3.4.5.6.Weeks | 5 minutes warm up period, stretching exercise (15seconds x 5 repetitions)

30 minutes walking on treadmill

5 minutes cool down period, stretching exercise (15seconds x 5 repetitions)

Warm-up period: 5 minutes warm up was performed with flexibility and stretching exercises
such as hamstring, gastrosoleus, lumbar extensors and trunk lateral flexors stretching. Each

exercises were done five repetitions and in 15 seconds (Figure 3.7)
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Figure 3.7. Stretching Exercises

Aerobic Exercise: Treadmill walking was initiated with the 60% of maximal heart rate.
When the patient walked for 20 minutes without difficulty, the speed was increased by 10%
according to the tolerance of the patients. Subjects were continued walking at 3.5-6.5 km / h
without any slope.

Cool-down period: The same flexibility and stretching exercises were repeated again for cool

down period after the all exercise were completed.

Figure 3.8.Walking on Treadmill
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3.3.2. Proprioceptive Training Program

Proprioceptive Exercise Group (PG) participated in proprioceptive training program

combine with aerobic exercise program as described above. The proprioceptive training

program was applied by physiotherapist under the supervision in the clinic twice a week

respectively and all exercises except weight bearing on bosu were performed at home by the

patient one day a week.

Table 3.3.Proprioceptive Exercise Program

WEEK 1.2.3.

WEEK 4.5.6

Rolling the serrated sensory massage

1 | ball the soles of feet (bilaterally)
2 | Ankle pump exercises (bilaterally)
3 | Pulling and collection the one meter
long sheet with toes (bilaterally)
4 | Sitto stand exercise 8 repetition x 3 sets 12 repetitions x 3 sets
5 | Toe Rising
6 | Tandem walking on 5 meters long line
7 | Drawing"8"exercises with foot in
standing  position  without  visual
information (bilaterally)
8 | Weight bearing on bosu trainer Count steps up to 100 | Count steps up to 200

Figure 3.9. Rolling The Serrated Sensory Massage Ball The Soles of Feet
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Figure 3.10. Ankle Pump Exercise

Figure 3.12. Sit to Stand Exercise
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Figure 3.15. Drawing"8" Exercises without
Visual Feedback

Figure 3.14. Tandem Walking

Figure 3.16.Weight-bearing on Bosu Trainer
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3.3.3. Resistive Exercise Training Program

The resistive exercise group (RG) participated in resistive training program combine
with aerobic exercise program. All exercises was performed with 8 repetitions and three sets
with green Thera-band initially. After 2 weeks, blue Thera-band was started to be used with
the same repetitions instead of green one. Finally exercise was increased up 12 repetitions 3
sets with the blue Thera-band the last two weeks. These exercises were performed in clinic

twice a week supervisely and also it was given home exercise program one day a week.

Table 3.4. Resistive Exercise Training Program

Week 1.2. Week 3.4. Week 5.6.
Ankle Dorsiflexion
Plantar Flexion
Inversion 12 repetitions of
Eversion 8 repetitions of | each exercise for
Knee Flexion each exercise for | 3 sets with blue
Extension 8 repetitions of | 3 sets with blue | Thera-band
Hip Flexion each exercise for | Thera-band (12 rep x 3 sets)
Extension 3 sets with green | (8 rep x 3 sets)
Abduction Thera-band
Adduction (8 rep x 3 sets)

| | ot -
| 2% = i Al LR Y TS A

Figure 3.17. Resistive Ankle Exercises
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Figure 3.18. Resistive Knee Exercises

Figure 3.19. Resistive Hip Abduction-Adduction Exercises
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Figure 3.20. Resistive Hip Flexion-Extension Exercises

After the 6 weeks exercise training program was completed, the brochure which
included the general home exercise, exercise risks for diabetics was given all participants in
order to be reminder and in order to provide continuity of exercise habits as a lifestyle

modification (Appendix 4).
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Data Analysis

Statistical Package Analyze for Social Sciences (SPSS) version 16.0 was used for data
analyses. The Kolmogorov-Smirnov test was used to test the numerical variables for
normality. The summary of numerical data was showed mean + standard deviation and ratio
was used for categorical data. Statistical analysis was performed before and after treatment for
parametric and non-parametric data with respectively Paired Sample T-test and Wilcoxon test.

The significance level was accepted 0.05.
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4. RESULTS

The study included Type 2 diabetic patients (n=30, 24F/6M) who referred to Fitness
Center in Pendik Arif Nihat Asya Kiiltiir Merkezi, Istanbul, Turkey by a medical doctor
between December 2016 and March 2017 and got diagnosed at least 6 months before.

The physical features (age, weight, height and body mass index (BMI)) of PG and RG

are presented in Table 4.1. There were no statistically differences in age and height, weight

and BMI in two groups.

Table 4.1. Physical Features of Participants

PG RG t p value
mean+SD mean+SD
Age(year) 51.6+8.09 50.86+7.51 0.25 0.79
Weight (kg) 90.6+1.09 86.2+1.07 1.11 0.27
Height(m) 1.61+0.07 1.60+0.06 0.36 0.72
BMI(kg/m?) 34.7£3.97 33.39+3.93 0.9 0.37

Data expressed as mean + standard deviation. BMI: Body mass index. PG: Proprioceptive Exercise Group, RG:
Resistive Exercise Group.

The gender, smoking habits, educational level, marital status and subdivision of BMI
in the study groups were given in Table 4.2. There were no statistically significant differences

according to gender, smoking habits, education level and marital status between two groups.

Subdivision of BMI is used to classify, according to World Health Organization
classification, BMI values were not statistically differences. The data showed that 93.3 % of
EG were found to be obese with BMI of 30.0 or above and 73.3% of RG were obese.
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Table 4.2.Comparison of Sociodemographic Features, Smoking Habits and BMI

categorization in PG and RG

PG RG 2 p
%(n) %(n) value
Gender Female 80.0 (12) 80.0 (12)
Male 20.0 (3) 20.0 (3) 000 | 1
Smoking Yes 13.3(2) 80.0 (2)
Habits Cessation 13.3(2) 6.7(1) 0.377 | 0.828
No 73.3(11) 13.3(12)
Marital Single 86.7 (13) 93.3 (14) 1.03 | 05
Status Married 13.3(2) 6.7 (1)
Iliterate 0 (0) 6.7 (1)
Education | Primary School 93.3 (14) 73.3 (11)
Level High School 6.7(1) 13.3(2) 269 | 0.44
University 0 (0) 6.7 (1)
Overweight 6.7 (1) 26.7 (4)
BMI Obese 53.3(8) 33.3(5)
(kg/m?) Severe obese 33.3(5) 40.0 (6) 358 | 0.31
Morbid obese 6.7 (1) 0 (0)

Data expressed as % (n). BMI: Body mass index. PG: Proprioceptive Exercise Group, RG: Resistive Exercise

Group.

The diagnosed years with T2DM were classified as in Graph 3.1. 40% of subjects have
been diabetic patients for 0-4 years in both groups. Although 46.7% of subjects have been
diabetic patients for 10 years and above in proprioceptive exercise group, 26.7% of subjects in

resistive exercise group have been diabetic patients.(Graph 3.1.)
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Graph 3.1. The Distribution of Diagnosed Years with T2DM

Diagnosed Years with T2DM
PG)

B 0-4years

B 5-9years

m 10vyears and
above

Diagnosed Years with T2DM
RG)

B 0-4years

B 5-9years

above

Data expressed as % .PG: Proprioceptive Exercise Group, RG: Resistive Exercise Group.

The subjects whether having diabetic parents or not were shown in Graph 3.1.
Although 60% of subjects have diabetic mother in PG, 46.7% of RG have both diabetic
mother and father. Only the 13.3% of subjects with PG have diabetic fathers while 20% of

RG subjects have diabetic fathers (Graph 3.2.).

Graph 3.2. Distribution of Having Diabetic Parents

Having Diabetic Parents (PG)
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mothers

W diabetic
fathers
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Having Diabetic Parents (RG)
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mothers

M diabetic
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Data expressed as mean + standard deviation. PG:

Group.

Proprioceptive Exercise Group, RG: Resistive Exercise

m 10vyears and




Apart from the T2DM having other chronic diseases such as hypertension,
dyslipidemia and rheumatic disease were not found significant statistically differences in the
study groups (Table 4.3). Hypertension was found 46.7% of PG and 66.7% of RG in diabetic

patients

Table 4.3. Distribution of Systemic Diseases for PG and RG

PG RG A2
p value
. Yes 46.7(7) 66.7(10)
Hypertension 1.22
No 53.3(8) 33.3(5) 0.46
- 80(12)

S[))/isstgarr;(lec Dyslipidemia Yes 53.3(8) 2.16
No 20(3) 46.7 (7) 0.33

Rheumatic Yes 26.7(4) 6.7 (1)
Disease 2.4
No 73.3(11) 93.3(14) 0.24

Data expressed as % (n). BMI: Body mass index. PG: Proprioceptive Exercise Group, RG: Resistive Exercise
Group.

An independent samples t-test was used to compare of variables between participants
of PG and RG before interventions (Table 4.3). The data underlined that vibration perception
thresholds (from first, third and fifth metatarsal heads of both feet) had statistically
differences in both groups (p<0.05). The mean value of vibration was higher in PG compared
with RG at all assessed points on feet. The mean value of first metatarsal head of right foot in
PG was found higher in compared with RG (7.842.27 mV, 5.53+1.68 mV respectively,
p<0.05)
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Table 4.4. Comparison of Variables between PG and RG before interventions

PG RG t p value
mean+SD mean+SD
Glycemic HbAlc 6.85+0.58 6.8+1.1 0.083 0.9
Control
Variables Fasting Blood Glucose 153.27+38.9 142.4+59.9 0.58 0.56
Waist circumference(cm) 104+7.75 101+6.85 1.14 0.26
Anthropometric
Measurements Hip circumference(cm) 119.93£12.91 | 115.86+6.10 | 1.15 0.25
Waist Hip Ratio(cm) 0.87£0.06 0.87+0.06 -0.06 0.94
Functional
Capacity Six Minute Walking Test | 410.27+67.9 433+78 -0.87 0.38
Perimeter Length (m) 240.17+78.46 | 218.33+82.5 0.97 0.46
Dynamic
Stability Area Gap Percentage (%) | 15.62+12.58 10.22+8.82 1.36 0.18
Medium Speed (m/s) 8+2.61 7.27+£2.75 0.74 0.46
AP Equilibrium(cm) 2.31£1.39 1.55+1.1 1.65 0.10
ML Equilibrium(cm) 0.5+0.39 0.87+0.53 -2.11 0.04
Right Dorsiflexion(10°) 2.32+1.06 2.58+1 -0.66 0.5
Proprioception
Assessment Left Dorsiflexion(10°) 1.9+0.91 2.55+1.38 -1.52 0.13
(Deviation from | Right PlantarFlexion(15°) 2.45+1.02 2.241.08 0.65 0.51
target angle)
Left Plantar Flexion(15°) 2+1.06 2.17+1.1 -0.42 0.67
1%t metatarsal
head (mV) 7.8+£2.27 5.53+1.68 3.10 0.004
Right | 3 metatarsal
head (mV) 7.9+2.43 5.26+1.33 3.72 0.001
5" metatarsal
Vibration head (mV) 8.06+2.52 5.66+1.95 2.91 0.007
Perception 1%t metatarsal
Threshold head (mV) 7.13+1.88 5.4+1.95 247 0.02
Left 3" metatarsal
head (mV) 7.242 5.46+2.35 2.16 0.03
5t metatarsal
head (mV) 8.242.95 5.33+2.02 3.09 | 0.004
Medial
Longitudinal
Right Arch (cm) 1.6+0.39 1.58+0.41 0.9 0.92
Lateral
Two Point Longitudinal
Discrimination Arch (cm) 0.38+0.8 1.56+0.41 -1.09 0.28
Sense Evaluation Medial
Longitudinal
Left Arch (cm) 1.48+0.46 1.47+0.33 0.04 0.96
Lateral
Longitudinal
Arch (cm) 1.42+0.29 1.5+0.45 -0.57 0.57
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The lower extremity muscle strength test results were compared of variables between

participants of PG and RG before interventions with independent sample t test. There was no

any significant differences for muscle strength between two groups.

Table 4.5. Comparison of Lower Extremity Muscle Strength between PG and RG before

interventions

PG RG Right PG RG Left
Right Right p value Left Left p value
mean+SD mean+SD t mean+SD mean+SD t

Ankle 10.6+2.74 10.86+2.29 0.19 10.33+£2.55 | 11.46+1.8 0.36

Dorsiflexion -1.3 -0.92
(Ibs)

Ankle Plantar | 11.06+2.28 11.66+1.98 0.44 10.93+2.68 | 11.86+1.64 0.54

flexion -0.77 -0.6
(Ibs)

Quadriceps 12.06+1.90 12.242.33 0.86 11.86+1.95 | 12.06+2.65 0.81

(Ibs) -0.17 -0.23

Hamstring 9.6+2.46 10.46£2.35 0.37 9.73+£2.49 10.53+£2.47 0.38

(Ibs) -0.9 -0.88

Hip Abductors | 13.46+2.77 14.1£1.95 0.45 14+2.39 14.1£1.95 0.40

(Ibs) -0.76 0.84

Hip Adductors | 11.66£1.79 11.53+1.55 0.83 11.26+2.6 11.66+2.52 0.67

(Ibs) 0.21 -0.42

Hip flexors 14.26+2.71 14.8£2.14 0.55 14.46+2.53 | 15.53+£2.58 0.24

(Ibs) -0.59 -1.18

Hip extensors | 13.534+2.35 13.2+1.97 0.67 13+1.81 13.3+2.41 0.67

(Ibs) 0.42 -0.42

Data expressed as mean +standard deviation

Exercise Group.

. Lbs: pound PG: Proprioceptive Exercise Group, RG: Resistive

Comparing pre and post measurement findings of HbAlc and fasting blood glucose

values were showed that both group had statistically significant differences in HbAlc and

fasting blood glucose (p<0.05). It means that participants had improvement in results of

HbA1c and fasting blood glucose during final measurements.

Table 4.6. Pre and Post Intervention Findings for Glycemic Control Variable

PG RG
mean+SD mean+SD
HbAlc Pre 6.85+0.58 6.82+1.10
p: 0.005 p:0.009
.63=x0. .606=x1.
Post 6.63+0.65 t- 353 6.66+1.00 301
Fasting Pre 153.27+38.9 142.4+59.9
Blood p:0.008 p: 0.01
+ +
Glucose Post 135+20.00 £3.08 127.134+41.63 t 284

Data expressed as mean + standard deviation. PG: Proprioceptive Exercise Group, RG :Resistive Exercise

Group.
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A paired t-test was used to examine for the differences in regard to pre and post test

mean scores of anthropometric measurements. While resistive exercise group (RG) showed

statistically significant difference in weight (kg) and body mass index (kg/m?) (p<0.05), PG

had vice versa. Waist circumference and hip circumference values were showed that both

group had statistically significant decrease (p<0.05). It was witnessed that statistically

significant decrease were observed in the mean of BMI and weight in RG (p<0.05) (Table

4.7).

Table 4.7. Intragroup Comparison of Pre and Post Intervention Findings for

Anthropometric Measurements

PG RG
mean+SD mean+SD
Weight Pre 90.6:1.09 86.2+1.07
(kg) p:0.07 p:0.003
Post 90.06+£11.04 t:1.94 84.934+9.99 1:3.53
BMI Pre 34.7£3.97 33.39+£3.93
(kg/m?) p:0.07 p:0.003
Post 34.5+4.02 t:1.96 32.9+3.67 t:3.57
Waist Pre 104+7.75 101+6.85
Circumference p:0.001 p:0.00
(cm) Post 100+8.16 t:4.41 97.246.5 1:7.26
Hip Pre 119.93+12.91 115.86+6.10
Circumference p:0.00 p:0.00
(cm) Post 114.40+11.45 t:5.52 111.53+5.39 t:7.76
Waist/Hip Pre 0.87+0.06 0.87+0.06
Ratio p:0.08 p:0.97
(cm) Post 0.88+0.06 t:-1.87 0.87+0.06 t:-0.03

Data expressed as mean +standard deviation. BMI: Body mass index. PG: Proprioceptive Exercise Group, RG:

Resistive Exercise Group.

The differences of pre and post measurement in the aerobic capacity (6MWT) were

found statistically significant in both groups. (p<0.05) (Tablo 4.8.)
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Table 4.8. Comparison of Functional Capacity with 6 Minute Walking Test Results for

Intragroup Value

PG p value RG p value

Functional | 6 MWT mean+SD mean+SD
Capacity (m) Pre |410.27+67.9 p:0.00 433+78 p:0.004
Post | 485.67+67.6 t:-6.41 4971343571 | t:-3.48

Data expressed as mean +standard deviation. BMWT: Six Minute Walking Test

When comparing of the participants for dynamic balance in two groups, there were

statistically differences for all the sub parameters (perimeter length, area gap percentage,

medium speed, and anteroposterior equilibrium) of dynamic stability in PG except

mediolateral (ML) equilibrium value. Except the ML equilibrium all dynamic balance sub

parameters were lower than the first values. However, statistically difference was not
observed in RG (Table 4.7).

Table 4.9. Comparison of Dynamic Balance Measurements for Intragroup Variables

PG RG

mean+SD mean+SD
Perimeter pre 240.17+£78.46 | p:0.02 | 218.33+82.5 p:0.70
Length (m) post 203.88+67.13 | t:2.44 | 211.27+68.77 t:0.38
Area Gap pre 15.62+12.58 | p:0.01 10.22+8.82 p:0.18
Percentage (%) | post 6.57+4.08 t:2.65 7.61+8.06 t:1.4
Dynamic | Medium Speed |pre 8+2.61 p:0.02 7.27+2.75 p:0.70
Balance (m/s) post 6.79+2.23 t:2.44 7.04+2.29 t:0.38
AP Equilibrium | pre 2.31+1.39 p:0.009 1.55+1.1 p:0.08
(cm) post 1.35+0.94 t:3.00 0.98+0.74 t:1.85
ML Equilibrium |pre 0.5+0.39 p:0.18 0.87+0.53 p:0.64
(cm) post 0.29+0.34 t:1.40 0.71+0.94 t:0.46

Data expressed as mean +standard deviation. PG: Proprioceptive Exercise Group, RG: Resistive Exercise Group.

Table 4.10 showed that there were statistically differences between pre and post two

point discrimination results among both group values except the midpoint of lateral

longitudinal arch value in RG (p<0.05). Although there was no statistically difference

between pre and post measurement findings of vibration values from left foot in RG, during

the post measurement values of vibration from the left foot were significantly lower than

during the post measurement findings in PG (p<0.05) (Table 4.10)
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Table 4.10. Comparison of Foot Sensation Evaluation Results for Intragroup variables

PG p value RG p value
mean+SD mean+SD
1% metatarsal | Pre 7.8£2.27 p:0.008 | 5.53£1.68 | p:0.003
head (mV)  ["post 62+12 | t:3.11 486£15 | t:3.56
3 metatarsal | Pre 7.9+£2.43 p:0.01 5.26+1.33 p:0.05
Right | head (mV)  Mpagt 58+1.14 | t:2.95 47317 | t:2.08
_ _ 5" metatarsal | Pre 8.06+2.52 p:0.001 5.66+1.95 p:0.06
V|brat|_on head (mV) Post 5.46+1.3 t:3.98 524221 | t:1.97
Perception 1" metatarsal | Pre 7.13£1.88 | p:0.002 | 5.4+1.95 | p:0.08
Threshold head (mMV)  ["post 5.8+1.47 | 1:3.83 4.66+1.39 | 1:1.85
Left 3" metatarsal | Pre 7.242 p:0.001 | 5.46+2.35 | p:0.12
head (mV) - post 56+191 | U412 [ 4531159 | t1.62
5" metatarsal | Pre 8.2+2.95 p:0.00 5.33+£2.02 p:0.31
head (MV)  ["pgst 56+2.13 | 1:4.88 5+1.81 | :1.04
Midpoint of Pre 1.6+£0.39 p:0.00 1.58+0.41 p:0.00
; Medial . .
Right || | itudinal | Post | 1142035 | 625 7772035 | 526
Arch(cm)
) Midpoint of Pre 1.16+0.17 p:0.02 1.56+0.41 p:0.00
Two Point Lateral t:2.53 t:4.65
Discrimination Longitudinal | Post 0.38+0.8 4 1.08+0.2 o
Sense Arch(cm)
Evaluation Mldpt();_ntl of |Pre 1.48+0.46 | p:0.002 | 1.47+£0.33 | p:0.002
Left Medig} £:3.83 t:3.76
Longitudinal | post 1.08+0.24 1.08+0.28
Arch (cm)
Midpoint of Pre 1.42+0.29 p:0.00 1.5+£0.45 p:0.08
Lateral . .
Longitudinal | Post | 1.09%024 | U229 120z031 | 188
Arch (cm)

Data expressed as mean + standard deviation. mV: milivolt, cm:centimeter PG:Proprioceptive

Exercise Group, RG:Resistive Exercise Group.

According to paired sample t-test results, there were significant differences for
intragroup variables between study groups for proprioceptive deviation from target angle
(p<0.05). The results showed that the mean of proprioceptive deviations were decreased in
both groups (p<0.05) (Table 4.11).
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Table 4.11. Intragroup Comparisons of Pre and Post Intervention Findings for
Proprioceptive Assessment

PG RG

mean+SD mean+SD
Right pre 2.32+1.06 p:0.00 2.58+1 p:0.00
Dorsiflexion(10°) | post 0.94+0.72 1:6.29 0.94+0.87 1:10.11
Proprioception _ Le]_‘t pre 1.9£0.91 p:0.00 2.55+1.38 p:0.00
Dorsiflexion(10°) | post 0.88+0.67 1:4.79 1.11+0.96 1:4.93
Assessment [ Right Plantar | pre 245+1.02 [ p:0.00 [ 2.2+1.08 p:0.00
Flexion(15°) | post 1.25+0.75 1:5.53 0.96+0.7 1:5.13
(Deviation from Left Plantar pre 2+1.06 p:0.002 2.17+1.1 p:0.00
target angle) Flexion(15°) | post 1.02+1.04 t:3.71 0.82+0.8 t:5.98

Data expressed as mean =+ standard deviation. PG: Proprioceptive Exercise Group, RG: Resistive Exercise

Group.

A paired sample t-test was executed to examine changes of each group across the pre
and post intervention measurements on lower extremity muscle strength test. The results
showed that there were a statistically significant improvements for lower extremity muscle
strength means of volunteers during pre and post measurements in each group (p<0.05). A
statistically significant improvement was observed in both groups during post measurement
(p<0.05) (Table 4.12).
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Table 4.12. Comparison of Lower Extremity Muscle Strength Test Results for

Intragroup variables

PG p value RG p value
mean+SD mean+SD

Ankle Pre 7.66+2.22 p:0.00 8.842.45 p:0.002
Dorsiflexion Post 10.6+2.74 t:-5.27 10.86+2.29 t:-3.9
Ankle Plantar Pre 8.93+2.65 p:0.00 9.73+£2.96 p:0.003

flexion Post 11.06:228 | ©-503 11.66-1.93 t:-3.65
Quadriceps Pre 12.06+1.90 p:0.003 12.242.33 p:0.001

t:-3.58 1:-4.38

Right Post 1443 13.73+2.37

(Ibs) Hamstring Pre 9.6+£2.46 p:0.00 10.46+2.35 p:0.008
Post 11.6+1.88 t:-4.88 12.13+2.44 t:-3.08
Hip Abductors | Pre 13.46+2.77 p:0.005 14.1+1.95 p:0.002

Post 15.2+1.97 6-3.29 16+1.92 t:-383
Hip Adductors | Pre 11.66+1.79 p:0.01 11.53+1.55 p:0.001

Post 12.53£159 | U269 13.132124 t-4.12
Hip flexors Pre 14.26+2.71 p:0.007 14.8+2.14 p:0.005

Post 16.06£1.53 t:-3.15 16.8+1.42 t:-3.28
Hip extensors Pre 13.53+£2.35 p:0.04 13.2+£1.97 p:0.004

Post 14.73+2.43 t-2.23 14.53+1.8 t:-3.45

Ankle Pre 7.6+2.5 p:0.00 8.46+2.64 p:0.00
Dorsiflexion Post 10.33+£2.55 t-4.77 11.46+1.8 t:-5.52

Ankle Plantar Pre 8.86+3.02 p:0.00 9.53+2.99 p:0.00

flexion Post 10.93+2.68 t:-5.99 11.86+1.64 t:-4.54
Quadriceps Pre 11.86+1.95 p:0.006 12.06+2.65 p:0.001

Post 13.6£3.2 t-3.27 14.26+2.18 t-4.17

Hamstring Pre 9.73+£2.49 p:0.00 10.53+£2.47 p:0.01

Left Post 11.6+1.88 t:-4.8 12.242.36 1:-2.67
(Ibs) Hip Abductors | Pre 14+2.39 p:0.01 14.1£1.95 p:0.00
Post 14.86+1.92 :-2.98 16+1.73 t:-5.01

Hip Adductors | Pre 11.26+2.6 p:0.04 11.66+2.52 p:0.02

Post 12.73+1.53 t:-2.24 13.13+2.03 1:-2.44

Hip flexors Pre 14.46+2.53 p:0.01 15.5342.58 p:0.04

Post 16.2+2 t:-2.98 17.13+1.5 t:-2.21

Hip extensors Pre 13+1.81 p:0.009 13.3+2.41 p:0.02

Post 14.26+1.83 t:-3.02 15+2.03 t:-2.44

Data expressed as mean + standard deviation. Lbs: pounds PG: Proprioceptive Exercise Group, RG: Resistive

Exercise Group.

Independent samples t-test were done to investigate the differences of glycemic
control variables, anthropometric measurements and functional capacity between pre and post
measurements to calculate intergroup differences (Table 4.13). There was no statistically
significant difference of mean weight in the participants between the two groups, although
there was a greater weight reduction in RG than the other.
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Table 4.13. Comparison of difference between Pre and Post Findings of Glycemic

Control Variables, Anthropometric Measurements and Functional Capacity
Intergroup Variables
PG RG p value
mean+SD mean+SD
-0.22+0.25 -0.16+0.2 0.62 0.53
Glycemic Control A HbAlc (%)
Variables -18.06+23.1 -15.26+20.08 0.73 0.73
A Fasting Blood
Glucose
AWeight (kg) -0.53+1.06 -1.26+1.38 1.62 0.11
Anthropometric ABMI (kg/m?) 202404 20.48+0.52 1.66 0.1
Measurements
A Waist -3.26+2.86 -3.73+1.98 -0.51 0.6
circumference(cm)
-5.53+4.10 -4.33+£2.16 1.00 0.32
A Hip
circumference(cm)
0.01+0.02 0.00+0.01 -1.46 0.15
A Waist Hip
Ratio(cm)
Functional 75.4+45.49 63.4+70.47 0.55 0.58
Capacity A 6MWT

in

Data expressed as mean +standard deviation. BMI: Body mass index. 6MWT: 6 Minute Walking Test PG:

Proprioceptive Exercise Group, RG: Resistive Exercise Group. A: Post values minus pre values.

Table 4.14 was shown the differences of dynamic stability, proprioception assessments

and superficial sense evaluations and vibration perception threshold values between pre and

post measurements to calculate intergroup differences. The mean of proprioceptive deviations

were decreased in both groups, so there was no statistically difference between two groups.

Although there were significant improvements in dynamic stability sub parameters of PG,

there was no statistically significant difference between the two groups.

There were statistically deviations on the vibration values of 3™ metatarsal head (mV)
and 5" metatarsal head (mV) of right foot and 5™ metatarsal head (mV) of left foot. (p<0.05).
The data highlighted that PG enhanced these parameters differentiate to RG (Table 4.14).
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Table 4.14. Comparison of Difference between Pre and Post Measurements of Dynamic

Stability, Proprioception Assessment and Foot Sensation Evaluation

Arch (cm)

PG RG t p value
mean+SD mean+SD
-36.28+57.57 -7.06+£70.96 -1.23 0.22
A Perimeter Length (m)
-9.04+13.1 -2.6+7.19 -1.66 0.10
Dynamic A Area Gap Percentage (%)
Stability
-1.21£1.91 -0.23+£2.36 -1.24 0.22
A Medium Speed (m/s)
-0.95+1.23 -0.56+1.18 -0.87 0.38
A AP Equilibrium(cm)
-0.21£0.59 -0.15+1.29 0.55 0.58
A ML Equilibrium(cm)
-1.38+0.84 -1.64+0.62 0.95 0.34
A Right Dorsiflexion(10°)
Proprioception -1.01+0.81 -1.44+1.12 1.18 0.24
Assessment A Left Dorsiflexion(10°)
(Deviation from -1.20+0.83 -1.23+0.93 0.10 0.91
target angle) A Right Plantar Flexion(15°)
-0.98+-1.34 1.02+0.87 1.03 0.31
A Left Plantar Flexion(15°)
A 1% metatarsal head -1.6+1.99 -0.66+0.72 -1.70 0.09
(mV)
Right A 3 metatarsal head -2.13+2.79 -0.530.99 -2.08 0.04
(mV)
A 5" metatarsal head -2.60+ 2.52 -0.46x 0.91 -3.07 0.005
Vibration (mV)
Perception A 1% metatarsal head -1.33+ 1.34 -0.73+ 1.53 -1.13 0.26
Threshold (mV)
Left A 3" metatarsal head | -1.60+-0.93 -0.93 £2.21 -0.96 0.34
(mV)
A 5" metatarsal head | -2.60+ -0.33 -0.33+£1.23 -3.65 0.001
(mV)
A Medial Longitudinal | -0.46+0.28 -0.51+0.37 0.43 0.66
Arch (cm)
Right
Two Point A Lateral Longitudinal | -0.23 +0.35 -0.47+0.39 1.75 0.09
Discrimination Arch (cm)
Sense Evaluation
A Medial Longitudinal | -0.39+ 0.39 -0.38+ 0.39 -0.04 0.96
Arch (cm)
Left —
A Lateral Longitudinal | -0.33+ 0.24 -0.3£ 0.61 -0.19 0.84

Data expressed as mean + standard deviation. PG: Proprioceptive Exercise Group, RG:Resistive Exercise Group.
A: Post values minus pre values.
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According to independent samples t-test results, there was a significant difference for

intergroup variables between participants involved in PG and RG for hip abductor muscle

strength (Table 4.15.). The difference in the hip abductor muscle strength of the RG is more

than PG and statistically significant.(p<0.05)

Table 4.15. Comparison of Difference between Pre and Post Muscle Strength

Measurements of Intergroup Variables

Lower
Extremity
Muscle
Strength
(Ibs)

PG RG p value PG RG p
Right Right Left Left value
mean+SD mean+SD mean£SD mean£SD
A Ankle 2.93£2.15 2.06+2.05 2.73+£2.21 3.00£2.10
Dorsi flexors p:0.26 p:0.73
£:1.12 t:-0.33
A Ankle 2.13+1.64 1.93+2.05 2.06+1.33 2.33+1.98
Plantar p:0.77 p:0.67
flexors £:0.29 t:-0.43
A 1.93+2.08 1.53+1.35 1.7342.05 2.20+2.04
Quadriceps p:0.53 p:0.53
:0.62 t:-0.62
A Hamstring | 1.93£1.53 1.66+2.09 1.86+1.50 1.66+2.41
p:0.69 p:0.78
t:0.39 t:0.27
A Hip 1.734£2.01 1.86+1.88 0.86+1.12 2.66+2.05
Abductors p:0.85 p:0.006*
t:-0.18 t:-2.97
A Hip 0.86+1.24 1.60+1.50 1.46+2.53 1.46+2.32
Adductors p:0.15 p:1
t:-1.45 t:0
A Hip 1.80+2.21 2+2.36 1.73+2.25 1.604+2.79
flexors p:0.81 p:0.88
t:-0.24 t:0.14
A Hip 1.242.07 1.33+1.49 1.26+1.62 1.66+2.33
extensors p:0.84 p:0.62
t:-0.20 t:-0.5

Data expressed as mean + standard deviation. 1bs: pounds PG: Proprioceptive Exercise Group, RG:Resistive

Exercise Group. A: Post values minus pre values.
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5. DISCUSSION

The main outcome of this study is that, compared with resistive exercise training (RG)
and proprioceptive exercise training, a program including aerobic exercises with
proprioceptive exercise training can lead to greater improvement in vibration perception
threshold which was obtained from third and fifth metatarsals head of right foot and from fifth
metatarsal head of left foot) according to statistical analysis (Table 4.14), (p<0.05). Consistent
with hypothesis we found that proprioceptive exercises combined with aerobic exercise
program was more effective to improve vibration sense and dynamic balance findings of
people with T2DM compared to combination of resistive exercise and aerobic exercise
program. However, we may imply that combination of resistive exercise with aerobic exercise
program was more effective on weight loss of individuals than proprioceptive exercises
combined with aerobic exercise program.

The beneficial effects of exercise are well recognized in glucose control of Type 2
diabetics. Exercise training was considered to control glycemic control by controlling HbAlc
and fasting and postprandial blood glucose levels, regulating the lipid profile and reducing
cardiovascular disease risk factors[77]. In the metaanalyses it has been shown that the
structured programs including aerobic and resistive exercises can reduce the HbAlc level by
0.6 [78]. Another study reported that HbAlc improved by 0.38-0.97% with combined training
for 130-270 min per week for 6 months[79]. In our study, the proprioceptive exercise group
(PG) and the resistive exercise group (RG) combined with aerobic exercise have decrease in
HbAlc level 0.2%. HbAlc and fasting blood glucose level outcomes showed statistically
significant improvements in both combined training groups (p<0.05). Even those small
change in values below the minimal clinical change (1%) in HbAlc are similar to those
obtained with pharmacological interventions, have positive effect and clinically significant in
the absence of microvascular macrovascular conditions[80]. There was no superiority in
HbAlc changes of two combined exercise groups in 6 weeks exercise period, so it can be
concluded that the combination of proprioceptive exercise with aerobic exercise could be
provided as an alternative to resistive exercises combined with the aerobics recommended in
the literature.

There was no statistically significant differences in body weight, height, body mass
index, waist and hip circumferences, waist/hip ratio between the two exercise groups during
pre intervention. According to our records we found that all the subjects (n=30) were obese
with body mass index of over 30 kg/m?. It was described that although body mass index
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(kg/m?) has been used as a measure of general obesity, waist circumference and waist/hip
ratio have been attributed as measures for central obesity [81]. In the literature, increased
visceral adipose tissue leads to high waist circumference (WC), and WC is valuable data,
recommended for anthropometric measure of pathogenic adipose tissue distribution. It was
explained that T2DM is directly relationship with increasing of abdominal adipose tissue so
it was reported that reflecting an important risk factor of T2DM person having increased
waist hip circumference ratio had increasing risk for diagnosed T2DM [68]. With the
prospective studies the waist-hip ratio were also explained a risk of myocardial infarction. It
was suggested cut off points for a waist circumference of 85 cm in women and 90 cm in men,
and for a waist—hip ratio 0.84-0.86 in women, 0.90-0.91 in men in the literature [82]. In our
study, mean of waist circumference among women was 103.5 cm in PG during pre
intervention, the value was decreased to 100 cm after 6 weeks exercise training. The mean
value of waist circumference was 99.5 cm in RG among women during pre intervention, the
value was decreased to 95.4 after the exercise program was completed so the waist
circumference were statistically significant reduction in both exercise groups (p<0.05). These
improvements were not seen in the waist / hip ratio value, there were similar reductions in hip
circumference measurements of both groups it remained constantly at the value of 0.83 cm
among women. Although it was succeed changing in waist circumference values, the
measurements have not been reached within the suggested cut off point yet. Therefore, our
exercise program may be prescribed for longer periods, it leads to more beneficial effects on
waist circumference. Sigal et al. [79] reported that while the body weight and body mass
index measurements were decreased in the aerobic training group, waist circumference value
was decreased in aerobic and resistance training group compared to sedentary group.
Intergroup differences were not statistically significant in his study like ours [79]. However
resistive exercise group (RG) showed statistically significant reduction in weight (kg) and
body mass index (kg/m?), PG had vice versa in our study. Snowling et al noted that exercise
training could reduce body weight by an average of 5.1% and body fat by 15% in T2DM in
meta analyses [10].They also indicated that when the aerobic exercise training provides the
reduction in body weight, it was demonstrated that the resistive exercise training combined
with aerobic exercises led to decrease body fat [83]. We may believe that resistive exercises
or proprioceptive exercises combined with aerobic exercises can be suggested to reach cut off
points of anthropometric measurements.

According to current guidelines of ADA and ACSM, it is recommended to use
cardiopulmonary exercise test (CPET) in order to able to detect CVD risks and create an
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appropriate exercise program[8]. CPET is not common for T2DM due to the financial
disadvantages and trained personal requirement. Instead of CPET, 6 MWT is preferred
especially to determine aerobic capacity in clinical circumstances [69]. Stewart et al. [84]
stated that 469 m distance was recorded in healthy subjects while the 394 m distance was
obtained in uncomplicated T2DM patients. In our study, the improvement of distance
obtained from 6MWT recovery was achieved for both groups at the end of treatment. The
groups have no superiority to each other and we think that the functional capacity increased
similarly due to participated aerobic exercises combined with special exercises training in
both groups.

According to present study, only the subjects of PG showed reduction in mean values
of dynamic balance for sub parameters of Perimeter Length, Area Gap Percentage, AP
equilibrium and Medium Speed during post intervention measurements (Table 4.7), (p<0.05).
Although the intergroup variables were not seen statistically differences, improvements in
mean value of the changes between pre and post measurements for dynamic balance
parameters were found statistically significant in subjects of PG compared to RG. Morrison et
al. [85] demonstrated that a 6 weeks program of three times in a week, supervised balance and
resistance training had positive effects on balance, proprioception, lower-limb strength and
reaction time in patients with T2DM regardless of whether they had neuropathy. A
randomized controlled trial study showed that 12 weeks of twice weekly, gait and balance
exercises (heel/toes standing, tandem walking, sit to stand exercises etc.) combined with
function-orientated strengthening could improve balance and gait speed of diabetics when
compared to the control group that received no treatment [86]. Although we did not have a
control group in our study, we observed that balance sub parameters were improved in the PG
than the RG. We think that the reason why the PG participated our training program as
suggested in the study of Allet et al.[86] performing proprioceptive and balance exercises
combined with aerobic exercise it may have more positive effects on balance parameters.

Superficial sense of feet was evaluated by an aesthesiometer and two point
discrimination test was used from the midpoint of medial and lateral longitudinal arch of feet
plantar surface in this study. In the literature, it was reported that the direct measure of
sensory loss for diabetic subjects on foot and it was found the relationship between the two
point discrimination test results and mechanoreceptor density [87]. In addition, plantar surface
area was showed the essential source collecting senses for static and dynamic balance of
body[88]. Although there were few studies using two point discrimination test in patients with
diabetes, one of the study found that there was no difference in the healthy control group and
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diabetic patients without neuropathy in the literature [87]. In our study, there was statistically
difference between pre and post two point discrimination test results among both group values
except the midpoint of lateral longitudinal arch value in RG (p<0.05). Therefore, resistive
exercise or proprioceptive exercise can be used to improve touch discrimination sense of feet
for diabetics.

Vibration perception threshold was measured by a biothesiometer from first, third and
fifth metatarsal head of both feet. Although there was no statistically difference between pre
and post measurement findings of vibration values from left foot in RG, the left foot of post
measurement vibration values were significantly lower than pre measurement findings in PG
(p<0.05). Balducci et al. [41] found that exercise group which was performed 4 hours a week
brisk walking on treadmill with the intensity of 50% to 85% of the heart rate had lower level of
vibration perception threshold from hallux when compared to the sedentary control group and
it was found statistically significant. Even though the vibration threshold values of PG were
higher than RG before interventions, PG had more improvements according to intergroup
variable differences at the end of the 6 week exercise program in our study. Proprioceptive
exercises may be used to decrease vibration threshold and for improvement of deep sense and
they may also be preferred instead of resistive exercises for elderly diabetic patients at risk of
complication.

In this study, ankle joint proprioception sense was evaluated by angle reproduction test
in direction of dorsiflexion and plantar flexion. According to results, there were significant
differences for intragroup variables between participants involved in RG and PG during post
measurements. We observed that the mean of proprioceptive deviations from target angle
were decreased in both groups (Table 4.11). Guney et al. [73] found that diabetic patients had
higher deficits for ankle proprioception sense especially in direction of plantar flexion
compared to healthy subjects. They also indicated that proprioceptive deficits caused
insufficient muscle strength so the proprioceptive exercise and muscle strengthening exercise
training should be initiated even if diabetic patients did not have neuropathy due to prevention
the early prevention of complications. In another study was done with elderly individuals,
both the diabetic group and healthy subjects group had improvements in proprioception after
the supervised balance and resistance training exercise [85]. We concluded that resistive ankle
exercises or proprioceptive exercises for ankle can be preferred to improve proprioception
sense.

It was mentioned that muscle strength loss was present in patients with T2DM.
Impairment of sensorimotor function and decrease in proprioceptive feedback led to poor
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muscle strength and poor postural control[67]. Park et al. [40] found that muscle quality
decreased in older adults with diabetes and that prevents physical activity. However, they
pointed out that increasing the muscle mass and muscle strength of patients could also affect
the functional capacity positively. According to our muscle strength test results, there was a
significant difference for intergroup variables between participants involved in PG and RG in
hip abductor muscle strength test (p<0.05) (Table 4.15). The difference in the hip abductor
muscle strength of the RG which performed resistive exercises training group is more than PG
and statistically significant. However, the lower extremity muscle strength means of
participants showed that statistically significant improvements for during pre and post
measurements in both groups. Dunstan et al. [89] compared with the upper and lower body
muscle strength between the resistive exercise plus weight loss exercise program and
gymnasium-based weight loss exercise program. They found that more improvements of
muscle strength in resistive exercise plus weight loss exercise program. The intergroup
differences were maintained with home based exercise program at 9 and 12 months in their
study. Thus, we considered that muscle strength may be improved with the proprioceptive or
resistive exercise program and may have beneficial effects for good glycemic control.

As far as we know, no studies published to investigate the influence on proprioceptive
exercises or resistive exercises on dynamic balance or superficial sense for people with T2DM

Much of the literature suggested to maintain glycemic control and functional capacity
of diabetic patients that the aerobic exercise programs can be combined with the resistive
exercise. In addition to that researches showed that balance training can enhance with
resistive or strength training to improve dynamic balance, proprioception and superficial
sense. However, there is a gap in the literature which exercise protocol is more effective and
how to optimize adequate exercise type and intensity for improvement of balance and
glycemic control. In the light of our results, we would like to point to glycemic control can be
positively influenced from the combination of aerobic exercise training and proprioceptive

exercises that can improve balance and superficial sense.

The limitations of our study;

-We did not have a control group to compare exercise training groups.

-We included a small size of study (n=30), it was inadequate for generalizing the
results.

-The long follow-up results were needed to evaluate the long term effects of two

combined exercise programs on dynamic balance, superficial sense and glycemic control.
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CONCLUSION AND SUGGESTIONS

e Glycemic control, physical parameters, functional capacity, lower extremity muscle
strength, balance and superficial sensation can be improved with proprioceptive
exercise training combined with aerobic exercise in type 2 diabetic patients.

e Aerobic exercise and proprioceptive exercise training may also improve glycemic
control as an alternative to the combined aerobic exercise and resistive exercise
training described in the literature for type 2 diabetic patients.

e At the end of treatment, the improvements obtained with both combined exercise
training were similar except for the vibration threshold value and dynamic balance
parameters.

e There were positive changes for dynamic balance parameters and vibration perception
threshold values of proprioceptive exercise group participants compared to the other
group.

e Although the difference in glycemic control variables such as fasting blood glucose
level and HbAlc level were similar in both groups, weight loss was higher in the
resistive exercise group than proprioceptive exercise group.

e The combination of proprioceptive exercise training and aerobic exercises may be
preferred for exercise program of diabetics because of the similarity of glycemic
effects with the combination of aerobic exercises and resistive exercises and it also
provides the improvement balance and superficial sensation to protect complications
of diabetes.

e Proprioceptive exercises may also be preferred instead of resistive exercises for elderly

diabetic patients at risk of complication.

63



REFERENCES

10.

11.

12.
13.

14.

Fleming, G.A., Optimizing therapeutic development in diabetes. 1999: Greenwich
Medical Media Limited.

Harvey, R.A. and D.R. Ferrier, Biochemistry. 2011: Lippincott Williams & Wilkins.
Poretsky, L., Principles of diabetes mellitus, in Diagnostic Criteria and Classification
of Diabetes, J.P.L.a.J. Zonszein, Editor. 2010, Springer. p. 107-115.

Baykal, A. and S. Kapucu, Tip 2 Diyabetes Mellituslu Hastalarin Tedavilerine
Uyumlarinin Degerlendirilmesi. Hacettepe Universitesi Hemsirelik Fakiiltesi Dergisi,
2015. 2(2).

Poretsky, L., Principles of diabetes mellitus, in Type 2 Diabetes Mellitus:
Epidemiology, Genetics, Pathogenesis and Clinical Manifestations, V.F.a.J. John-
Kalarickal, Editor. 2010, Springer. p. 203-220.

Holt, R.1., et al., Textbook of diabetes. 2011: John Wiley & Sons.

Fowler, M.J., Microvascular and macrovascular complications of diabetes. Clinical
diabetes, 2008. 26(2): p. 77-82.

Colberg, S.R., et al., Exercise and type 2 diabetes the American College of Sports
Medicine and the American Diabetes Association: joint position statement. Diabetes
care, 2010. 33(12): p. e147-e167.

Oliveira, C., et al., Combined exercise for people with type 2 diabetes mellitus: a
systematic review. Diabetes research and clinical practice, 2012. 98(2): p. 187-198.
Snowling, N.J. and W.G. Hopkins, Effects of different modes of exercise training on
glucose control and risk factors for complications in type 2 diabetic patients a meta-
analysis. Diabetes care, 2006. 29(11): p. 2518-2527.

Armstrong, M.J., S.R. Colberg, and R.J. Sigal, Moving beyond cardio: the value of
resistance training, balance training, and other forms of exercise in the management
of diabetes. Diabetes Spectrum, 2015. 28(1): p. 14-23.

Federation, I., IDF Diabetes Atlas 6th. 2015.

al, Y.A.e., ed. The Merck Manuel Tani ve Tedavi Kitabi. 18 ed. Diabetes Mellitus ve
karbonhidrat metabolizmas1 bozukluklari, ed. S. Z. 2008: Istanbul:Yiice Yayim. 1274-
1294.

Forouzandeh, F., et al., Comparison of different screening tests for detecting diabetic
foot neuropathy. Acta Neurologica Scandinavica, 2005. 112(6): p. 409-413.

64



15.

16.

17.
18.

19.

20.
21.

22.

23.

24,

25.

26.

27.

28.

IJzerman, T.H., et al., Lower extremity muscle strength is reduced in people with type
2 diabetes, with and without polyneuropathy, and is associated with impaired mobility
and reduced quality of life. Diabetes research and clinical practice, 2012. 95(3): p.
345-351.

Bakanligi, T.S. and T.S.H.G. Miidiirliigii, Tiirkiye Diyabet Onleme ve Kontrol
Programi Eylem Plani (2011-2014). Ankara: Anil Matbaasi, 2011.

Bilous, R. and R. Donnelly, Handbook of diabetes. 2010: John Wiley & Sons.

Joslin, E.P. and C.R. Kahn, Joslin's Diabetes Mellitus: Edited by C. Ronald Kahn...[et
AlL]. 2005: Lippincott Williams & Wilkins.

Shaw, J.E., R.A. Sicree, and P.Z. Zimmet, Global estimates of the prevalence of
diabetes for 2010 and 2030. Diabetes research and clinical practice, 2010. 87(1): p. 4-
14.

Scobie, I.N. and K. Samaras, Fast facts: diabetes mellitus. 2012: Health Press.
Satman, |., et al., Twelve-year trends in the prevalence and risk factors of diabetes and
prediabetes in Turkish adults. European journal of epidemiology, 2013. 28(2): p. 169-
180.

Altuntas, Y., Diabetes mellitus’ un tanimi, tanisi ve siniflamasi. In: Yenigiin M,
Altuntas Y, editorler. Her yoniiyle diabetes mellitus. 2inci baski. Istanbul: Nobel tip
kitabevi, 2001: p. 51-62.

Consultation, W., Definition, diagnosis and classification of diabetes mellitus and its
complications. 1999, Part.

Organization, W.H., Definition and diagnosis of diabetes mellitus and intermediate
hyperglycaemia: report of a WH. 2006.

Association, A.D., 2. Classification and diagnosis of diabetes. Diabetes care, 2015.
38(Supplement 1): p. S8-S16.

Genuth, S., et al., Follow-up report on the diagnosis of diabetes mellitus. Diabetes
care, 2003. 26(11): p. 3160-3168.

KARAKURT, F., Gestasyonel diabetes mellitus tani ve tedavisi. Yeni T1p Dergisi,
2009. 26(3): p. 134.

Genuth, S., et al., Expert Committee on the Diagnosis and Classification of Diabetes
Mellitus2, the Expert Committee on the Diagnosis and Classification of Diabetes
Mellitus. Follow-up report on the diagnosis of diabetes mellitus. Diabetes Care, 2003.
26: p. 3160-3167.

65



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

David, G., D. Gardner, and R. Dolores, Greenspan's basic & clinical endocrinology.
McGraw-Hill, New York, 2011.

Committee, I.E., International Expert Committee report on the role of the A1C assay
in the diagnosis of diabetes. Diabetes care, 2009. 32(7): p. 1327-1334.

Griffin, S.J., et al., Effect of early intensive multifactorial therapy on 5-year
cardiovascular outcomes in individuals with type 2 diabetes detected by screening
(ADDITION-Europe): a cluster-randomised trial. The Lancet, 2011. 378(9786): p.
156-167.

Association, A.D., Standards of medical care in diabetes--2014. Diabetes care, 2014.
37: p. S14.

Cryer, P.E., S.N. Davis, and H. Shamoon, Hypoglycemia in diabetes. Diabetes care,
2003. 26(6): p. 1902-1912.

Chiasson, J.-L., et al., Diagnosis and treatment of diabetic ketoacidosis and the
hyperglycemic hyperosmolar state. Canadian Medical Association Journal, 2003.
168(7): p. 859-866.

Cade, W.T., Diabetes-related microvascular and macrovascular diseases in the
physical therapy setting. Physical therapy, 2008. 88(11): p. 1322.

Tambalis, K.D., et al., Responses of blood lipids to aerobic, resistance, and combined
aerobic with resistance exercise training: a systematic review of current evidence.
Angiology, 2008.

Yenigiin, M. and Y. Altuntas, Her yoniiyle diabetes mellitus. 2001: Nobel Tip.

TIP, S., Diyabetes Mellitusun Mikrovaskiiler Komplikasyonu: Diyabetik Nefropati.
Imamoglu, S., Diabetes Mellitus Multidisipliner Yaklasimla Tam, Tedavi ve izlenim. 3.
Baski Istanbul Deomed Medikal Yaymcilik, 2009.

Park, S.W., et al., Decreased muscle strength and quality in older adults with type 2
diabetes. Diabetes, 2006. 55(6): p. 1813-1818.

Balducci, S., et al., Exercise training can modify the natural history of diabetic
peripheral neuropathy. Journal of diabetes and its complications, 2006. 20(4): p. 216-
223.

Giacomozzi, C., et al., Walking strategy in diabetic patients with peripheral
neuropathy. Diabetes care, 2002. 25(8): p. 1451-1457.

Fruth, S.J., Fundamentals of the physical therapy examination: patient interview and

tests & measures. 2013: Jones & Bartlett Publishers.

66



44,

45.

46.

47.

48.

49,

50.

51.

52.

53.

54,

55.

56.

Sun, J.-H., et al., Risk factors for lower extremity amputation in diabetic foot disease
categorized by Wagner classification. Diabetes research and clinical practice, 2012.
95(3): p. 358-363.

Monteiro, L.Z., et al., Decrease in blood pressure, body mass index and glycemia after
aerobic training in elderly women with type 2 diabetes. Arquivos brasileiros de
cardiologia, 2010. 95(5): p. 563-570.

Moinuddin, 1., et al., Exercise in the management of obesity. J Obes Weig Los Ther,
2012. 2: p. 117.

Lambers, S., et al., Influence of combined exercise training on indices of obesity,
diabetes and cardiovascular risk in type 2 diabetes patients. Clinical Rehabilitation,
2008. 22(6): p. 483-492.

Eckert, K., Impact of physical activity and bodyweight on health-related quality of life
in people with type 2 diabetes. Diabetes Metab Syndr Obes, 2012. 5: p. 303-11.

Ku, Y., et al., Resistance exercise did not alter intramuscular adipose tissue but
reduced retinol-binding protein-4 concentration in individuals with type 2 diabetes
mellitus. Journal of International Medical Research, 2010. 38(3): p. 782-791.

Shenoy, S., R. Guglani, and J.S. Sandhu, Effectiveness of an aerobic walking program
using heart rate monitor and pedometer on the parameters of diabetes control in
Asian Indians with type 2 diabetes. Primary care diabetes, 2010. 4(1): p. 41-45.
Satman, 1., et al., Tiirkive Endokrinoloji ve Metabolizma Dernegi Diabetes Mellitus
Calisma ve Egitim Grubu. Diabetes Mellitus ve Komplikasyonlarinin Tani, Tedavi ve
Izlem Kilavuzu, 2013. 7.

Bennett, W.L., et al., Fatness and fitness: how do they influence health-related quality
of life in type 2 diabetes mellitus? Health and Quality of Life Outcomes, 2008. 6(1): p.
110.

Richter, E.A. and M. Hargreaves, Exercise, GLUT4, and skeletal muscle glucose
uptake. Physiological reviews, 2013. 93(3): p. 993-1017.

Tsai, K.-W., J.-K. Chiang, and C.-S. Lee, Undiagnosed depression in patients with
type 2 diabetes and its associated factors. Tzu chi medical Journal, 2008. 20(1): p. 44-
48.

Poretsky, L., Principles of diabetes mellitus, in Exercise in the Therapy of Diabetes
Mellitus, R.B.a.S.H.S. Sefton Vergano, Editor. 2010, Springer. p. 687-708.

Goldberg, B., Sports and Exercise for Children with Chronic Health Conditions. The
Nurse Practitioner, 1996. 21(9): p. 142.

67



S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Green, A.J., K.M. Fox, and S. Grandy, Impact of regular exercise and attempted
weight loss on quality of life among adults with and without type 2 diabetes mellitus.
Journal of obesity, 2010. 2011.

Colberg, S.R., The impact of exercise on insulin action in type 2 diabetes mellitus:
Relationship to prevention and control. Insulin, 2006. 1(3): p. 85-98.

Herriott, M.T., et al., Effects of 8 weeks of flexibility and resistance training in older
adults with type 2 diabetes. Diabetes Care, 2004. 27(12): p. 2988-2989.

Mueller, M.J., et al., Weight-bearing versus nonweight-bearing exercise for persons
with diabetes and peripheral neuropathy: a randomized controlled trial. Archives of
physical medicine and rehabilitation, 2013. 94(5): p. 829-838.

Guzel, N.A., et al., Long-term callisthenic exercise-related changes in blood lipids,
homocysteine, nitric oxide levels and body composition in middle-aged healthy
sedentary women. Chin J Physiol, 2012. 55(3): p. 202-9.

Tsang, T., et al., Health benefits of Tai Chi for older patients with type 2 diabetes:
The "Move It for Diabetes Study"-A randomized controlled trial. Clinical interventions
in aging, 2007. 2(3): p. 429.

Krause, M., et al., The effects of aerobic exercise training at two different intensities in
obesity and type 2 diabetes: implications for oxidative stress, low-grade inflammation
and nitric oxide production. European journal of applied physiology, 2014. 114(2): p.
251-260.

Lade, C.G., et al., Effects of different exercise programs and minimal detectable
changes in hemoglobin Alc in patients with type 2 diabetes. Diabetology & metabolic
syndrome, 2016. 8(1): p. 13.

Reid, R., et al., Effects of aerobic exercise, resistance exercise or both, on patient-
reported health status and well-being in type 2 diabetes mellitus: a randomised trial.
Diabetologia, 2010. 53(4): p. 632-640.

Allet, L., et al., An exercise intervention to improve diabetic patients’ gait in a real-
life environment. Gait & posture, 2010. 32(2): p. 185-190.

Crews, R.T., etal., A growing troubling triad: diabetes, aging, and falls. Journal of
aging research, 2013. 2013.

Bays, H.E., K.M. Fox, and S. Grandy, Anthropometric measurements and diabetes
mellitus: clues to the “pathogenic” and “protective” potential of adipose tissue.

Metabolic syndrome and related disorders, 2010. 8(4): p. 307-315.

68



69.

70.
71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Laboratories, A.C.0.P.S.f.C.P.F., ATS statement: guidelines for the six-minute walk
test. American journal of respiratory and critical care medicine, 2002. 166(1): p. 111.
Enright, P.L., The six-minute walk test. Respiratory care, 2003. 48(8): p. 783-785.
20.12.2016]; Available from:
http://www.tecnobody.com/newone/schedapk200w!_en.html.

Franco, C. and N. Vuillerme, Mobile phone-based joint angle measurement for
functional assessment and rehabilitation of proprioception. 2015.

Guney, H., et al., Is there any loss of ankle proprioception in diabetic patients without
neuropathy? Isokinetics and Exercise Science, 2013. 21(4): p. 317-323.

Shibin, K. and A.J. Samuel, The discrimination of two-point touch sense for the upper
extremity in indian adults. Int J Health Rehabil Sci, 2013. 2: p. 38-43.

Jayaprakash, P., et al., Validation of bedside methods in evaluation of diabetic
peripheral neuropathy. The Indian journal of medical research, 2011. 133(6): p. 645.
Petryk, A., et al., Feasibility and tolerability of low-intensity whole body vibration and
its effects on muscle function and bone in patients with dystrophinopathies: A pilot
study. Muscle & Nerve, 2016.

Marwick, T.H., et al., Exercise training for type 2 diabetes mellitus. Circulation, 2009.
119(25): p. 3244-3262.

Umpierre, D., et al., Physical activity advice only or structured exercise training and
association with HbAlc levels in type 2 diabetes: a systematic review and meta-
analysis. Jama, 2011. 305(17): p. 1790-1799.

Sigal, R.J., et al., Effects of aerobic training, resistance training, or both on glycemic
control in type 2 diabetesa randomized trial. Annals of internal medicine, 2007.
147(6): p. 357-369.

Group, U.P.D.S., Intensive blood-glucose control with sulphonylureas or insulin
compared with conventional treatment and risk of complications in patients with type
2 diabetes (UKPDS 33). The lancet, 1998. 352(9131): p. 837-853.

Vazquez, G., et al., Comparison of body mass index, waist circumference, and
waist/hip ratio in predicting incident diabetes: a meta-analysis. Epidemiologic
reviews, 2007. 29(1): p. 115-128.

Consultation, W.E., Waist circumference and waist-hip ratio. Report of a WHO

Expert Consultation Geneva: World Health Organization, 2008: p. 8-11.

69



83.

84.

85.

86.

87.

88.

89.

Baldi, J. and N. Snowling, Resistance training improves glycaemic control in obese
type 2 diabetic men. International journal of sports medicine, 2003. 24(06): p. 419-
423.

Stewart, T., et al., Can a simple test of functional capacity add to the clinical
assessment of diabetes? Diabetic Medicine, 2016. 33(8): p. 1133-1139.

Morrison, S., et al., Balance training reduces falls risk in older individuals with type 2
diabetes. Diabetes care, 2010. 33(4): p. 748-750.

Allet, L., et al., The gait and balance of patients with diabetes can be improved: a
randomised controlled trial. Diabetologia, 2010. 53(3): p. 458-466.

Periyasamy, R., M. Manivannan, and V. Narayanamurthy, Changes in Two Point
Discrimination and the law of mobility in Diabetes Mellitus patients. Journal of
brachial plexus and peripheral nerve injury, 2008. 3(1): p. 3.

Perry, S.D., Evaluation of age-related plantar-surface insensitivity and onset age of
advanced insensitivity in older adults using vibratory and touch sensation tests.
Neuroscience letters, 2006. 392(1): p. 62-67.

Dunstan, D.W., et al., Home-based resistance training is not sufficient to maintain
improved glycemic control following supervised training in older individuals with type
2 diabetes. Diabetes care, 2005. 28(1): p. 3-9.

70



APPENDIX 1: INFORMED WRITTEN CONSENT

Grup 1(Deney Grubu) Katihmer Onam Formu

Bu anket, Yeditepe Universitesi Saghk Bilimleri Enstitiisii, Fizyoterapi ve Rehabilitasyon
Anabilim Dali, Yiiksek Lisans Tezi i¢in hazirlanan "Tip 2 Diyabetli Hastalarda Resistif Egzersiz ya
da Propriyoseptif Egzersiz Egitiminin Denge ve Yiizeysel Duyu Uzerine Etkileri" adli arastirma
kapsaminda yapilmaktadir. Arastirma kapsaminda c¢alismaya katilmay1 kabul eden goniillii bireylere
yaklasik 35 sorudan olusan 20 dakika siirecek olan demografik 6zellikleri sorgulayan bir anket ile
genel saglik durumu degerlendirme anketi (SF-12) sozlii yanit alinarak yiiz ylize uygulanacaktir. Sonra
uygulamali degerlendirme testlerine gecilecektir. Dinamik denge degerlendirmesi Prokin PK 200
hareketli platforma sahip bir cihazla, ayak bilegi propriosepsiyon degerlendirmesi elektronik bir
gonyometre(agi-Olger) ile degerlendirilecektir. Semmes-weisten monofilament testi i¢in 5.07/10 g
kalinligma sahip bir kil ayak tabaniniza dokundurularak hissedip hissetmediginize bakilacaktir. iKi
nokta diskriminasyonu igin araligi gittikce daralabilen (estezyometre) bir ara¢ ayak tabaniniza
dokundurulacak ve ayak tabaninda iki nokta veya tek nokta hissettiginiz araliklar degerlendirilecektir.
Vibrasyon ile duyu degerlendirmesi testi biyotezyometre adi verilen cihaz ile degerlendirilecek olup
hafif bir titresim ayak tabaniniza verilerek hissettiginiz esik deger kaydedilecektir.Son olarak aerobik
kapasiteyi degerlendirmek i¢in 6 dakika yiiriime testi (6 MWT) uygulanacaktir; 6 dakika belirlenen 30
metre uzunlugundaki alanda yiiriiyerek, dakikadaki kalp hiz1 ve yiiriime mesafeniz kaydedilecektir.
Calismamizda olgular randomize (rastgele) olarak iki gruba ayrilacaktir. Bu grubuna (Grup 1) aerobik
egzersiz programi ile birlikte propriyoseptif egzersiz egitimi yapilacaktir. Bu egitim kapsaminda
oncelikle kosu bandinda 5 er dakika 1sinma ve soguma periyodu ile birlikte 30 dk normal kalp hizinda
ylirlime, ayak tabanina duyu masaj topu ve duyu firgasi ile uygulama, ayak bilegi pompa egzersizleri,
parmak ucuna yiikselme egzersizleri de dahil edilecektir. Haftada 1 giin bu uygulama ev egzersiz

programi olarak verilecektir. 6 haftanin sonunda 6n testler tekrarlanarak, 6l¢timler kayit edilecektir.

Arastirmada yapilan degerlendirmelerin  sonuglar1 yalnizca arastirma kapsamindaki
caligmalarda kullanilacaktir. Kisisel bilgileriniz herhangi bir amagla, kurum yoneticileri veya iiglincii

kisilerle paylagilmayacaktir. Katiliminiz i¢in tesekkiir ederiz.

Sorumlu Arastirmaci: Fzt. Giizin Kaya Aytutuldu - 05366265884

""Tip 2 Diyabetli Hastalarda Resistif Egzersiz ya da Propriyoseptif Egzersiz Egitiminin Denge
ve Yiizeysel Duyu Uzerine Etkileri''ni incelemek amaciyla yapilan bu calismaya higbir baski ve
zorlama olmaksizin kendi rizamla katilmay1 kabul ediyorum.

Goniilliiniin Ad1 / Soyadi / imzas1 / Tarih

Agiklamalar1 Yapan Kisinin Ad1 / Soyadi / Imzas1 / Tarih
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Grup 2 (Kontrol Grubu) Katilimc1 Onam Formu

Bu anket, Yeditepe Universitesi Saglik Bilimleri Enstitiisii, Fizyoterapi ve Rehabilitasyon Anabilim
Dali, Yiiksek Lisans Tezi i¢in hazirlanan"Tip 2 Diyabetli Hastalarda Resistif Egzersiz ya da
Propriyoseptif Egzersiz Egitiminin Denge ve Yiizeysel Duyu Uzerine Etkileri"adli arastirma
kapsaminda yapilmaktadir. Aragtirma kapsaminda ¢aligmaya katilmay1 kabul eden goniillii bireylere
yaklasik 35 sorudan olusan 20 dakika siirecek olan demografik 6zellikleri sorgulayan bir anket ile
genel saglik durumu degerlendirme anketi (SF-12) sozlii yanit alinarak yiiz ylize uygulanacaktir. Sonra
uygulamali degerlendirme testlerine gegilecektir. Dinamik denge degerlendirmesi Prokin PK 200
hareketli platforma sahip bir cihazla, ayak bilegi propriosepsiyon degerlendirmesi elektronik bir
gonyometre(agi-Olger) ile degerlendirilecektir. Semmes-weisten monofilament testi i¢in 5.07/10 g
kalmligma sahip bir kil ayak tabaniniza dokundurularak hissedip hissetmediginize bakilacaktir. iki
nokta diskriminasyonu igin araligi gittikce daralabilen (estezyometre) bir ara¢ ayak tabaniniza
dokundurulacak ve ayak tabaninda iki nokta veya tek nokta hissettiginiz araliklar degerlendirilecektir.
Vibrasyon ile duyu degerlendirmesi testi biyotezyometre adi verilen cihaz ile degerlendirilecek olup
hafif bir titresim ayak tabaniniza verilerek hissettiginiz esik deger kaydedilecektir.Son olarak aerobik
kapasiteyi degerlendirmek i¢in 6 dakika yiiriime testi (6 MWT) uygulanacaktir; 6 dakika belirlenen 30
metre uzunlugundaki alanda yiiriiyerek, dakikadaki kalp hizi ve yiiriime mesafeniz
kaydedilecektir.Calismamizda olgular randomize (rastgele) olarak iki gruba ayrilacaktir. Bu gruba
(Grup 2) aerobik egzersiz programina ek olarak rezistif (direngli) egzersiz programina alinacaktir. Bu
egitim kapsaminda oncelikle kosu bandinda 5 er dakika 1sinma ve soguma periyodu ile birlikte 30 dk
normal kalp hizinda yiirime (aerobik egzersiz) ve lastik direngli bantlar ile (teraband) ile oturma
pozisyonunda ayak bilegi eklemi hareketleri, diz eklemi hareketleri 8 tekrarli 2 set ile ayakta durma
pozisyonunda kalca eklemi hareketleri rezistif(direncli) egzersiz olarak 8 tekrarli 2 set olmak iizere
uygulanacaktir. Haftada 1 giin bu uygulama ev egzersiz programi olarak verilecektir. 6 haftanin

sonunda On testler tekrarlanarak, 6lgiimler kayit edilecektir.

Arastirmada yapilan degerlendirmelerin sonuglar1  yalmizca aragtirma kapsamindaki
caligmalarda kullanilacaktir. Kisisel bilgileriniz herhangi bir amagla, kurum yoneticileri veya {igiincii

kisilerle paylagilmayacaktir. Katiliminiz i¢in tesekkiir ederiz.

Sorumlu Arastirmact: Fzt. Giizin Kaya Aytutuldu- 05366265884

"Tip 2 Diyabetli Hastalarda Resistif Egzersiz ya da Propriyoseptif Egzersiz Egitiminin Denge ve
Yiizeysel Duyu Uzerine Etkileri" ni incelemek amaciyla yapilan bu calismaya hicbir baski ve
zorlama olmaksizin kendi rizamla katilmay1 kabul ediyorum.

Goniilliiniin Ad1 / Soyadi / imzas1 / Tarih

Aciklamalar1 Yapan Kisinin Ad1 / Soyadi / Imzas1 / Tarih

72



APPENDIX 2: STRUCTURED QUESTIONNAIRE

\

~ N

YEDITEPE UNIVERSITESI

Yeditepe Universitesi

Saghk Bilimleri Enstitiisii

Fizyoterapi ve Rehabilitasyon Anabilim Dah

Boéliim 1. Demografik Ozellikler

1) Hastanin Adi Soyadt: ..............cooenene. Telefonu:
2) Yas: HBAI1C: Aclik Kan Glikozu:
3) Cinsiyet: ()Kiz () Erkek

4) Boy uzunlugu (cm):

5) Viicut agirligi (kg) :

6) Dominant taraf: E1 ()sag () sol

Ayak ()sag () sol
7) Medeni Durumunuz: () Hi¢ evlenmemis () Evli
() Bosanmis () Ayri yastyor
() Esi 6lmiis
8) Egitim durumunuz
Okuryazar degil
[kogretim
Lise
Universite ve iizeri
8) Mesleginiz:
9) Maddi durumunuz:

1000TL’den az ] 1000-2000TL[ ] 2000-3000TL]

10) Sosyal giivenceniz:

Var Il Yok []

11) Cocugunuz: () var () yok Varsa ka¢ ¢ocugunuz var.................

3000TL ve tizeri |:|
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12) a) Sigara kullaniyor musunuz?
( ) Hi¢ igmedim ( )Sigara i¢tim ama biraktim ( )Halen igiyorum
b) Giinde kag adet sigara i¢iyorsunuz?...................... adet/glin
Sigara: ............... Paket/Y1l
13) Alkol kullaniyor musunuz? ( ) Evet ( ) Hayir
Hangi siklikla?...........
14) Gozlik kullantyor musunuz? ( )Evet () Hayir
15) Herhangi bir siirekli hastaliginiz (diyabet disinda) var m1? Varsa hangileri?
() Siirekli bir hastaligim yok
( ) Romatizma () Ortopedik hastalik () Norolojik problemler
() Travma ( ) Diger...........
16)Diyabet Tipi: () Tipl () Tip2
17) Kag yilinda diyabet tanist aldiniz?.......

18) Kullandigimiz ilaglar nelerdir?.......

19) Kullandigimiz ilaglarin dozu nedir? ......... /Giinde ............. /Haftada
20)insiilin kullantyor musunuz? () Evet () Hayrr
Evet ise ne zamandir?.............. Dozu nedir?................

21) Merkezde diyabet egitimlerinden hangilerini aldiniz?

() Temel diyabet egitimi () Diyabetin Komplikasyonlar1
() Beslenme Egitimi () Kan sekeri Takibi
() Insiilin Egitimi () Hipoglisemi-Hiperglisemi Egitimi

() Gestasyonel Diyabet Egitimi () Diyabette Egzersizin Onemi

() Ayak Bakim ve Onemi () Diyabet Genel Saglik Onerileri Diger.........
22) Ailenizde yatkinligi bulunan hastalik var m1 ? () Evet () Hayir

Evetise......... () Diyabet () Kalp Hastalig1 () Hipertansiyon  Diger...........
Kim?............ () Anne () Baba () Kardes Diger..........
23)Su an herhangi bir agri1 kesici ilag kullantyor musunuz? ( ) Evet () Hayir

Evet ise ne zamandir?..............

24)Herhangi bir ameliyat gecirdiniz mi? ( ) Evet........... Belirtiniz () Hayir
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25)Hi¢ kaza gecirdiniz mi ? () Evet........ Belirtiniz ( ) Hayir
26)Spor yaptyor musunuz? Yapiyorsaniz ne siklikta?

() Yapmiyorum

( )Ayda bir kez den az ( )Ayda 2 kez ve fazla ( )Haftada 1 kez

( )Haftada 2-3kez ( )Haftada 4-5 kez ( )Her giin
27) (Egzersiz yapanlar igin) Yaptiginiz egzersiz her seferinde kag dakika stiriiyor

()20 dk az ()20-30 dk ()30-60 dk ()60 dk. dan fazla

28) Viicudunuzda agr1 hissediyor musunuz?
Nerede ?

Ne zamandir?

VAS 0 10
Istirahat

VAS O 10
Hareket

VAS O 10
Gece

Boliim 2.Antropometrik Ol¢iimler

ik Son

Bel Cevresi

Kalg¢a Cevresi

Bel/Kal¢a Oram

BMI
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Boliim 3.Kardiyovaskiiler parametreler

ik

Son

Kalp Hizx

Kan Basinci
(sistolik/diastolik)

Kan Glikoz Seviyesi

Oksijen
Saturasyonu

Boliim 4.Denge Degerlendirmesi (Prokin)

Bipedal (ilk)

Bipedal (son)

Perimeter Length
(PL)

Area Gap
percentage (AGP)

Medspeed (MS)

Anterior-posterior
Sway (AP)

Mediolateral sway
(ML)

Boliim S. Proprioception Degerlendirmesi

Sag

Sol

ilk

son ik

Son

Dorsi fleksiyon agisi:

Plantar fleksiyon acisi:

Boliim 6. Duyu Degerlendirmesi

ik

Son

iki Nokta
Diskriminasyonu

Vibrasyon
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Boliim 7. Kas Kuvveti Degerlendirmesi

ilk Degerlendirme Son Degerlendirme
SAG SOL SAG SOL
Ayak Bilegi Ayak Bilegi
DF DF
Ayak Bilegi Ayak Bilegi
PF PF
Quadriceps Quadriceps
Hamstring Hamstring
Kalca Kalga
Abduktorleri Abduktorleri
Kalca Kalga
Adduktorleri Adduktorleri
Kalca Kalga
Flexorleri Flexorleri
Kalca Kalga
Extensorleri Extensorleri

Boliim 8. 6 Dakika Yiiriime Testi

6 - MINUTE WALK TEST (6MWT)

Name:

Date:

Resting
Data: EIRL

SMWT HR

RPE

RPE

LPM

Fio2/

Fio2z/
LPM

Distance Walked

1 MIN

2 MIN
3 MIN

4 MIN

5 MIN

6 MIN

TOTALS

Tally marks = 100ft,
1001t = one length.

Total feet:
Comments: i.e.. signs and symptoms, angina, dizziness, stopped/paused before 6
minutes, reason why. etc.

Therapist signature:

2011 Copying or distributing without written consent is prohibited.

15
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APPENDIX 3: PERMISSION LETTER FROM THE INSTITUTION

& e

K-Q
—— PENDIK BELEDIYE BASKANLIGI TSE-150-EN
PENDIK Kiiltiir isleri Miidiirliizii 2000,
BELEDIYESI
Say1 :  50878946-622.01-E.1041 05/12/2016

Kom: : Yiiksek Lisans Tez Arasturmas: Izni

_ Saym GUZIN KAYA AYTUTULDU _
Icerenkiy Mahallesi Engin Sokak No:2 Giildehan Apartmam Kat:6 D:14 Atasehir / ISTANBUL

Iigi : 01/12/2016 tarihli dilekceniz.

Tigi tarihli dilekcenizde Bahcesehir Universitesi Klinik Arastirmalar Ftik Kurulu Baskanhfma
verilmek tizere “Tip 2 Divabetli Hastalarda Rezistif Egzersiz veya Proprivoseptif Egzersiz Egitiminin
Denge ve Yiizeyel Duyu Uzerine Etkileri” isimli viiksek lisans tez arastrmanizs Arif Nihat Asva Kiiltiir
Merkezinde uygulamamz konusunda izin talep etmekiesimz.

Kummumuzea s6z konusu yiiksek lisans tez arastirmamz Arif Nihat Asya Kiltiir Merkezinde
uygulamanizda herhangi bir sakmea bulunmadi@ hususunu;

Bilgilerinize arz ederim.

Nuri SINCANLI
Belediye Baskani a.
Kiiltiir Isleri Miidiiri
05/12/2016 Bélim Sorumiusu © Faruk ERDOGAN
5070 sayih kanun geregince E-TMZA ile imzalanmistir. [R:111661701])

Bati Mah. 23 Nisan Cad. No:11 34890 Pendik ISTANBUL

Telefon: 444 81 80 Faks: (0 216) 585 14 71

tsiren(pendik bel tr Elektronik Ag: waw. pendik bel tr
00.FR.12
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APPENDIX 4 : ETHICAL COMMITTEE APPROVAL

LT

T.C.
A 4 BAHCESEHIR UNIVERSITESI REKTORLUGU
BAU Klinik Arastirmalar Etik Kurulu

Say1 1 22481095-020-1323 19/12/2016

Konu  : Karar Ornegi
SAYIN GUZIN KAYA AYTUTULDU

Sorumlu arastirmacisi oldugunuz "Tip Iki Diyabetli Hastalarda Rezistif Egzersiz
veya Propriyoseptif Egitiminin Denge ve Yiizeysel Duyu Uzerine Etkileri" isimli ¢alismaniz
ile ilgili Klinik Arastirmalar Etik Kurulu karar 6rnegi ektedir.

Geregini bilgilerinize rica ederim.

Prof.Dr. Nazire Efser Yesim AFSAR
FAK
Komisyon Bagkani

/1

Telefon:2165798210 Fax: Aynntih bilgi igin irtibat:Nurcan VATANSEVER
irtibat Email: nurcan.vatansever@bahcesehir.edu.tr Elektronik Ag: www.bahcesehir.edu.tr
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. BAHCESEHIR UNiVERSITESI
KLINIK ARASTIRMALAR ETiK KURULU

Universitemiz Klinik Arastirmalar Etik Kurulu’na ait 07 Aralik 2016 Tarih ve 2016-
10/04 Sayih Karar f)rneg'idir.

KARAR:2016-10/04

Yeditepe Universitesi Saglik Bilimleri Enstitiisii Fizyoterapi ve Rehabilitasyon
Anabilim Dali Yiiksek Lisans Ogrencisi Giizin KAYA AYTUTULDU’nun “Tip Iki
Diyabetli Hastalarda Rezistif Egzersiz Veya Propriyoseptif Egzersiz Egitiminin Denge
ve Yiizeysel Duyu Uzerine Etkileri” isimli ¢alismasmin bagvuru dosyasi goriisiildii.

Goriismeler sonunda Yeditepe Universitesi Saglik Bilimleri Enstitiisii Fizyoterapi ve
Rehabilitasyon Anabilim Dali Yiiksek Lisans Ogrencisi Giizin KAYA AYTUTULDU’nun
“Tip lki Diyabetli Hastalarda Rezistif Egzersiz Veya Propriyoseptif Egzersiz Egitiminin
Denge ve Yiizeysel Duyu Uzerine Etkileri” isimli ¢alismalar gerekge, amag, yaklasim ve
yontemleri dikkate alnarak; incelenmis ve uygun bulunmus olup arastirmanin/galigmanin
bagvuru dosyasinda belirtilen merkezlerde gergeklestirilmesinde etik ve bilimsel sakinca

bulunmadigina karar verildi.

Prof.Dr. Nazire
Etik Kurul Bagkani
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APPENDIX 5 : EXERCISE EDUCATION BROCHURE

DIKKAT: Bu belirtiler
goriiliirse egzersizi
sonlandirmalhiyiz !

DIYABET
VE
EGZERSIZ

Terleme ve Titreme
Solgunluk

Asmt achk

Kalp Carpimtisi

Oau.c»cmw_m_.:.:. asmn biiyii-

mesi

Bilin¢ Bulanmikhg:

Koordinasyon Bozuklugu &M
Konusma Zorlugu \

Yeditepe Universitesi Saghk
Bilimleri Faliiltesi Fizyoterapt ve

KAN SEKERINIZ 250 MG/DL Rehabilitasyon Boliimii \ | = /
UZERINDEYSE VE 100 MG/DL Fzt.Giizin KAYA m \ | [ -
- AYTUTULDU . AT
ALTINDAYSA IDRARINIZDA . » CALER
KETON VARSA EGZERSIZ VR

N ¥
YAPMAYINIZ. E-mail: guzinkayald@gmail.com p
GSM: 05366265884 RS
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DIYABET VE
EGZERSIZ

Diyabet tedavisinde; tibbi beslenme tedavisi.
ilag tedavisi ve egzersiz (fiziksel aktivite) ay-
rilmaz tiglidiir.

Egzersiz en az beslenme ve ilag tedavi-
si kadar 6nemlidir. Ozellikle, tip 2 diyabetli
hastalarda fiziksel aktivitenin arttirslmasi, e-
kerin hiicreler tarafindan kullamlmasint hiz-
landinr ve kan gekerini digiirict yonde etki
yapar.

EGZERSIZIN FAYDALARI
*Insiilin hassasiyetini artrm.

*Kan gekeri kontrolii daha kolay saglanir
*Kalp damar hastahklar riskini azalfir.

*Kaslan kanvvetlendirir. Kemik yogunlugunu artf-
.

*Kan dolagimin ve oksijen tiketimini arttury-.

*Stresi azalnr ve gevgemenizi saglar.

EVDE Y4APABILECEGINIZ
ORNEK EGZERSIZLER

Tenis topu ya da nrnkhy bir ~ ToPuklanma hareket

topu ayagimzin alfinda yu- eltirmeden ayak parmak-

varlayin lanmZla carsafi toplayin

lm

Renkli Dirench bantlar kullanarak ayak bileginia one

ve geriye hareket etiimiz. Eger bant bulamazsamz aknf
olarak ayaginz one-geriye hareket etfirebilirsiniz

Kisiye ozel egzersiz programmz icin
fizyoterapistinize damsabilirsiniz

Renlidi bantlan iki elimizle tutarak birbirinden uzak-
lashinnmz . Diiz bir ¢cizgide yiiriimeyve cahgarak denge-
mzi gelistirebilirsiniz

Aerobik Egzersiz

*Kaslanma calistinr

*Nefes alip verme sayisim artinr.

*Egzersiz agin yorgunluga neden olmamah fakat kiginin
kalp lnzim arttiracak tempoda olmalidir.

*Dogru tempoda egzersiz yapan birey, nefes nefese kal-
madan konugabilmeli, ancak solunum temposu sark:
soylemeye yetmemelidir

(Omegin bir otobiisii yakalamak amacryla yapilan izl
yitrityiis temposu)

Ornek Aerobik Egzersizler

¢ Hafif tempolu yiirityiis yapmn

¢ Dansedin

o Hafif siddetli aerobik egzersiz programlanna katilin

» Yiiziin yada suda aerobik egzersizler yapm
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1. Ad1 Soyadi

iletisim Bilgileri
Adres

Telefon
Mail

2. Dogum Tarihi

OZGECMIS

: Giizin KAYA AYTUTULDU

: Kayisdagi Yolu Cad. Engin Sok. Giildehan Hanim Apt. K:6 D:14 Atasehir /

ISTANBUL

: 0536 626 58 84
guzinkayald@gmail.com

:11.09.1992

3. Unvam :Fizyoterapist
4. Ogrenim :Yiiksek Lisans
Durumu
.o ] Not

Derece Alan Ogrenim Yeri Yil Ortalamasi
Lise Sayisal Alan Adana Anadolu Lisesi 2010 85.67 /100
Lisans Fizyoterapi ve Rehabilitasyon | o ;oo (niversitesi 2015-Ocak | 2% 400

(Ingilizce)
Yiiksek Lisans Fizyoterapi ve Rehabilitasyon Yeditepe Universitesi Tez
asamasinda

5.Yiiksek Lisans Tezi

Tip 2 diyabet hastalarinda propriyoseptif egzersiz egitimi veya rezistif egzersiz egitiminin
denge ve ylizeyel duyu iizerine etkileri

6.Projeler

6.1. Job Coaching Training:Place, Train, Maintain for People with Intellectual Disabilities,

Erasmus Plus Yetiskin Egitimi Projesi.

7.Sertifika ve Katilan Kurslar

7.1.Ust ,alt ekstremite ve omurga maniplasyon ve mobilizasyon kursu, Osman SAHIN 13-

14 Aralik 2014

7.2 Kinezyolojik Bantlama , Osman SAHIN 20-21 Aralik 2014
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7.3.Visceral Diagnosis and Treatment Course on Lumbosacral and Hip Joint Disorders
Course, 10-12 March 2017, Yeditepe University, Istanbul.

8. Diger Faaliyetler

8.1 Il. Yeditepe Fizyoterapi ve Rehabilitasyon Sempozyumu, 11-12 Subat 2014 (Diizenleme
Kurulu)

8.2. Il. Yeditepe Fizyoterapi ve Rehabilitasyon Sempozyumu, 11-12 Subat 2014
(Sempozyum Sekreteryasi)

8.3. Yeditepe Universitesi’nde diizenlenen 19" International Symposium of Adapted
Physical Activity (19-23 July 2013)- (Volunteer Student).

8.4 Job Coaching Training:Place, Train, Maintain for People with Intellectual Disabilities,
Erasmus Plus Yetigskin Egitim Projesi kapsaminda diizenlenen workshop 31 Mayis- 5
Haziran 2015

Akademik Egitim Faaliyetleri

Kod Dersin Adi Asistani (Ars. Gor.) Donemi
2015 Bahar
PTR 314 | Norolojik Rehabilitasyon | Fzt.Sevgi Gamze FELEK
(Lisans) Fzt.Giizin KAYA
2015 Bahar
PTR 206 | Elektro terapi Fzt.Elif USTUN
(Lisans) Fzt.Gilizin KAYA
2015 Bahar
PTR 402 | Klinik ¢aligma (Staj) II Fzt.Elif Ustiin
(Lisans) Fzt. Giizin Kaya
PTR 301 | Norofizyolojik Fzt.Gilizin KAYA 2015 Gz
(Lisans) Yaklagimlar-I
PTR 302 | Norofizyolojik Fzt.Gilizin KAYA 2016 Bahar
(Lisans) Yaklagimlar- |1
PTR 314 | Norolojik Rehabilitasyon | Fzt.Gilizin KAYA 2016 Bahar
(Lisans)
PTR 301 | Norofizyolojik Fzt.Glizin KAYA 2016 Giiz
Yaklasimlar-I AYTUTULDU
PTR 211 | Noroanatomi Fzt.Glizin KAYA 2016 Giiz
AYTUTULDU
Yaynlar:

A.Uluslararas1 Diger Hakemli Dergilerde Yaymlanan Makaleler (Index Copernicus
International)

B-Uluslararas1 Hakemli Dergilerde Yayinlanan Makaleler
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