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 The objective of this study was to compare the effects of continuous aerobic exercise training (CON) and 
interval aerobic exercise training (INT) on glycemic control and endothelium-dependent vasodilatation in patients with 
type 2 diabetes. A total of 43 participants with type 2 diabetes aged 50-70 years were stratified in parallel-group study 
and randomly allocated to the sedentary control, continuous aerobic training (CON), and interval aerobic training ( INT) 
groups. Exercise training programs were designed to yield the same energy expenditure/exercise session and include d 
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CHAPTER I 
INTRODUCTION 

 
Background and Rationale 
 
 Diabetes mellitus is the most common metabolic disease worldwide. Diabetes is 
related to the abnormal glucose metabolism causing hyperglycemia. The causes of 
diabetes are insulin insufficiency and increased in insulin resistance (Shoback, 2011). 
Diabetes increase  the risk of long-term complications. The majority of complications are 
related to endothelial dysfunction and damage to the blood vessels causing vascular 
insufficiency, tissue and organ infarction and gangrene. Diabetes doubles the risk of 
cardiovascular diseases and cerebrovascular diseases, and also causing chronic renal 
failure (diabetic nephropathy), blindness (diabetic retinopathy), and gangrene of 
extremities. The pathogenesis of diabetes are included genetics and environmental 
factors. Diabetes is classified into 4 categories: type 1, type 2, gestational diabetes, and 
other specific types diabetes (American diabetes association, 2007). 
 Type 2 diabetes (Non-insulin-dependent diabetes mellitus, NIDDM, adult-onset 
diabetes) is the most common type of diabetes and usually found in obese individuals 
with more than 35 years of age. This type of diabetes is related to insulin resistance, a 
condition in which cells fail to use insulin properly, or may combined with insulin 
insufficiency (Shoback, 2011). It is a slow progressive and may not related to clinical 
symptoms of polydipsia, polyuria and weight loss. Moreover, it is not related to B-cell 
destruction and the serum insulin level usually normal or high. The definition of type 2 
diabetes is the fasting blood glucose level  of more than 126 mg/dL (7.0 mmol/L) 
(American diabetes association, 2007). The defective responsiveness of body tissues to 
insulin is believed to involve the insulin signaling, insulin receptor, and glucose 
transporter (Stumvoll et al., 2005).  

Morbidity and mortality in type 2 diabetes mellitus are caused mainly by its 
vascular complications that are preceded by the dysfunction of the vascular 



 
 

 
 
 

endothelium (Stehouwer et al., 1997). Endothelial dysfunction is a systemic pathological 
state of the endothelial cells defined as an imbalance between vasodilating and 
vasoconstricting substances produced by endothelial cells (Deanfield et al., 2005). 
Hyperglycemia plays a pivotal role in the development of endothelial dysfunction. There 
are many proposed theories concerning effects of hyperglycemia on endothelial 
dysfunction include activation of sorbital pathway, increased cytokines production, 
oxidative stress,  advanced glycation end products (AGE) and AGE precursors, and 
non-enzymatic glycosylation of structural proteins (Goligorsky, 2005; Kolluru et al., 
2011). A recent review article (Kollura et al., 2012) has summarized the signaling 
mechanisms of diabetes-mediated hyperglycemia leading to endothelial dysfunction by 
showing that hyperglycemia causes mitochondrial dysfunction, endothelial nitric oxide 

synthase (eNOS) uncoupling, and decrease in eNOS synthesis.  
The pathophysiology of endothelial dysfunction is complex and involves multiple 

mechanisms.  It is a functional and reversible alteration of endothelial cells, resulting 
from impairment of nitric oxide (NO) availability, and oxidative excess (Endermann and 
Schiffrin, 2004; Virdis et al., 2010). The impairment of NO production from endothelial 
cells results in the inability of arteries and arterioles to dilate.  Insulin, via a sequence of 
intracellular signals activates endothelial NO synthase (eNOS) leading to production of 
NO in the vascular endothelium (Montagnani et al., 2001). Endothelial dysfunction is 
believed to be an initial key event in the development of cardiovascular disease. 
Correction of endothelial dysfunction may be associated with reduced cardiovascular 
risk (Endermann and Schiffrin, 2004; Virdis et al., 2010).  

Under normal physiological conditions, the vascular endothelium produces 
many substances which are closely associated with hemostasis, fibrinolysis, the 
synthesis of growth factors and regulation of vessel tone and permeability. The von 
Willebrand factor (vWF) is one such substance that is synthesized by, and stored in, 
endothelial cells. As the vWF rate of release increases when endothelial cells are 
damaged,  vWF levels have been proposed as a possible indicator of endothelial 
dysfunction (Lip and Blann, 1997). Abnormalities of vWF have been demonstrated in 



 
 

 
 
 

type 2 diabetes and a raised vWF level is an indicator of a high risk of cardiovascular 
disease (Sterhouwer et al., 1992).  Another report, from the Framingham Offspring Study 
(a community-based, prospective, observational study), has also shown that high 
plasma levels of vWF are associated with risk of cardiovascular disease in people with 
type 2 diabetes (Frankel et al., 2008).                    

A non-invasive method to measure endothelial dysfunction is high-frequency 
ultrasound Flow-Mediated Vasodilation (FMD) (Thijssen et al., 2011) and cutaneous 
blood flow measurement. FMD is a technique to access macro-vascular function 
(Thijssen et al., 2010).  While cutaneous blood flow (CBF) measurement with laser 
doppler flowmerty is a technique to access micro-vascular function (Clough et al., 
2009). Post occlusive reactive hyperemia (PORH) is applied in FMD and CBF method to 
increase blood flow (causing shear-stress) during reactive hyperemia 
(sphygmomanometer cuff inflation and then deflation). Indeed FMD and CBF are found 
to be impaired in diabetics compared with non-diabetiecs (Bhargarva et al., 2003; 
Petrofsky et al., 2011).  

Mitochondrial dysfunction increases free radical and oxidative stress and 
resulted in endothelial dysfunction. An alternative effect of hyperglycemia is the 
decrements of P13K and Akt protein, combined with eNOS uncoupling and oxidative 
stress, resulted in the decrease in nitric oxide bioavailability and production, and finally 
developed insulin resistance and terminated to endothelial dysfunction. Beside, 
hyperglycemia in type 2 diabetes is associated strongly with increasing of reactive 
oxygen species (ROS) (Kollura et al., 2012). ROS are species such as hydrogen 
peroxide, superoxide, and hydroxyl radical which leading to oxidative stress. Sources of 
ROS in diabetes may derive from autoxidation of glucose, AGE-formation and the 
binding of AGEs to receptors , increased substrate  flux through the polyol pathway and 
stimulation of eicosanoid metabolism (De Vriese et al., 2000). ROS results in  insulin 
resistance which leads to beta cell dysfunction (Evans et al., 2002). Tirosh et al. (1999) 
suggested that ROS disrupts insulin signaling and  impairing GLUT4 translocation. In 



 
 

 
 
 

addition, ROS also damage to the membranal polyunsaturated fatty acid (lipid 
peroxidation) leading to endothelial dysfunction. (Pryor and Stanley, 1975). 

Regular physical activity, more specifically continuous moderate aerobic 
exercise, has been reported to be beneficial for patients with type 2 diabetes in many 
aspects, including body fatness (De Filippis et al., 2006), hyperglycemic control (Sigal 
et al., 2007) and endothelium-dependent vasodilation (De Filippis et al. 2006; Kadoglou 
et al., 2007). Maiorana et al. (2001) studied the effect of aerobic exercise training on 
vascular function in type 2 diabetes. The results showed significantly increased in FMD 
following 8-weeks exercise training. The national exercise guidelines (American College 
of Sports Medicine and American Diabetes Association, 2010) recommend most 
diabetic individuals to perform at least 150 min of moderate to vigorous aerobic exercise 
per week to achieve optimal CVD risk reduction. In this context, high-intensity exercise 
training appears to be more beneficial in eliciting cardiovascular adaptations than low to 
moderate aerobic exercise (Lee et al., 2003; Tanasescu et al., 2002). High-intensity 
exercise training improves the intrinsic pump capacity of the myocardium in patients 
with heart disease (Kemi and Wisloff, 2010). But high-intensity exercise performed for a 
prolonged period of time may be impractical for the elderly and patients with chronic 
illness including diabetics. In recent years, low-volume high-intensity interval cycling 
training has been shown to reduce hyperglycemia and increase muscle mitrocondrial 
capacity in patients with type 2 diabetes (Little et al., 2011). Moreover, interval exercise 
training, comprised of high-intensity exercise bouts alternated with low-intensity exercise 
bouts, was found to improve endothelium-dependent vasodilation in patients with 
chronic cardiovascular disease (Wisloff et al., 2007) and metabolic syndrome (Tjonna et 
al., 2008) through a greater improvement in FMD by interval exercise training than by 
countinuous exercise training. These results are certainly encouraging as they suggest 
that interval exercise training that can be completed in shorter periods can be 
prescribed to patient population possibly with greater benefits. However, the effects of 
interval aerobic exercise training on glycemic control, vascular function, and its 
underlying mechanisms are currently unknown in patients with type 2 diabetes.  



 
 

 
 
 

Therefore, the present study was designed to compare the effects of continuous 
aerobic training and interval aerobic training on healh-related physical fitness, glycemic 
control and endothelial dependent vasodilatation in type 2 diabetes patients.              
The knowledge arised from this study will be the guildlines for the care of patients with 
type 2 diabetes in order to reduce the vascular complication and cost of treatment for 
both themselves and the nation. 
 
Research questions 
  

What are the different effects of continuous aerobic training and interval aerobic 
training on biological variables, healh-related physical fitness, glycemic control and 
endothelial dependent vasodilatation in type 2 diabetes patients? 
 
The purposes of this study 
 

To compare the effects of continuous aerobic training and interval aerobic 
training on biological variables, healh-related physical fitness, glycemic control and 
endothelial dependent vasodilatation in type 2 diabetes patients. 
 
Research Hypotheses 
 

Interval aerobic training would yield more favorable adaptations than continuous 
aerobic training in improving biological variables, health-realated physical fitness, 
glycemic control and endothelial dependent vasodilatation in type 2 diabetes patients. 
 
Scope of research 
 

1. The participants were the fourty-five adults with type 2 diabetes, aged 50-70 
years, were recruited from the Diabetes Club, Chulalongkorn Hospital, Bangkok, 



 
 

 
 
 

Thailand. The participants were randomly allocated in equal numbers, ages and gender 
ratios into 3 groups;  

- Sedentary control group (SED; n=15) (non-exercise) 
- Continuous aerobic training (CON; n=15)(Continuous aerobic training program) 
- Interval aerobic training group (INT; n=15) (Interval aerobic training program) 
2. The variables used in the study include; 

 2.1 Independent variables were continuouse aerobic training and interval 
aerobic training. 
 2.2 Dependent variables were 
 - Biological variables as to body weight, body mass index, resting heart rate, 
systolic blood pressure and diastolic blood pressure. 
 - Health-related physical fitness variables as to fat mass, body fat, muscle mass, 
waist-to-hip ratio, muscular strength, maximal O2  consumption and body flexibility. 
 - Blood biochemistry variables as to fasting blood glucose, glycosylated 
hemogolbin, insulin, total cholesterol, high density lipoprotein cholesterol, low density 
lipoprotein cholesterol, triglyceride, malondialdehyde, glutathione peroxidase, 
superoxide dismutase, nitric oxide and von Willeband factor. 
 - Cutaneous blood flow variables as to resting cutaneous blood flow, maximal 
cutaneous blood flow and ratio of maximal cutaneous blood flow to resting cutaneous 
blood flow. 
 - Brachial characteristics variables as to baseline brachial diameter, peak 
brachial diameter, flow-mediated dilatation, time to peak diameter, shear rate at resting 
diameter and peak shear rate. 
 
Operational definition 
 

Interval aerobic training is an activity that raises the body’s demand for oxygen.      
In this study, the interval aerobic training is performed on treadmill at high intensity of  



 
 

 
 
 

oxygen consumption alternated with low intensity of oxygen consumption. The ratio of      
high intensity duration to low intensity duration is 4:1.  

Continuous aerobic training is an activity that raises the body’s demand of oxygen. 
In this study, the continuous aerobic training is performed on treadmill at constant     
intensity of  oxygen consumption. 

Glycemic control is an ability of cells to control blood sugar and glycosylated 
hemoglobin. 

Endothelial function is an ability of endothelial cells to control vascular tone 
(Vasoconstriction/ Vasodilatation) and coagulation process. 

Endothelial dysfunction is dysregulation of endothelial cells to control vascular 
tone (Vasoconstriction/ Vasodilatation) and coagulation process. 

Endothelial dependent vasodilatation is an ability of blood vessels to dilate 
vascular tone through endothelial function which can measure by the change of 
vascular diameter.  
 
Expected benefis and applications 

 
1. To understand the comparative effects between continuous aerobic training 

and interval aerobic training on biological variables, healh-related physical fitness, 
glycemic control and endothelial dependent vasodilatation in type 2 diabetes patients. 

2. To provide an appropriate exercise training program for rehabilitation in 
patients with type 2 diabetes. 

3. To provide physiological knowledges for further studies. 
 

 
 

 
 

 



 
 

 
 
 

CHAPTER II 
LITERATURE REVIEW 

 
This chapter will explore the literature were listed as followd:- 

 
1. Type 2 Diabetes mellitus 

1.1 Definition, types and diagnosis of Diabetes mellitus 
1.2 Type 2 diabetes: pathogenesis and complications 

2. Vascular endothelium 
2.1 Endothelial cell functions 
2.2 Measurements of endothelial function 
2.3 Endothelial dysfunction 

3. Oxidant and antioxidant 
 3.1 Rective oxygen species (ROS) 

3.2 Antioxidant 
3.3 Type 2 diabetes and oxidant & antioxidant imbalance 

4. Exercise 
4.1 Principles of exercise training 
4.2 Interval aerobic exercise training 
4.3 Physical fitness 

5. Related literatures 
 5.1 National literatures 
 5.2 International literatures 
6. Conceptual framework 
 
 
 
 
 
 



 
 

 
 
 

 
1. Type 2 Diabetes mellitus 

 
1.1 Definition and types of Diabetes Mellitus 

 Diabetes mellitus is the most common metabolic disease worldwide.  As of 2010, 
an estimated 285 millions people in the world suffer from this disease (Williams text Book 
of Endocrinology, 12th ed., 2011).  The synonym and abbreviation for diabetes mellitus 
are including “diabetes” and “DM”.  Diabetes is related to the abnormal glucose 
metabolism causing hyperglycemia.  The causes of diabetes are insulin insufficiency 
and increased in insulin resistance (Shoback, 2011). The classic symptoms of diabetes 
are loss of weight, polyuria, polydypsia and polyphagia.  Diabetes increase the risk of 
long-term complications.  The majority of complications are related to endothelial 
dysfunction and damage to the blood vessels causing vascular insufficiency, tissue or 
organ infarction and gangrene (The Emerging Risk Factors Collaboration, 2010).  
Diabetes doubles the risk of cardiovascular diseases and cerebrovascular diseases, 
and also causing chronic renal failure (diabetic nephropathy), blindness (diabetic 
retinopathy), and gangrene of the extremities.  The pathogenesis of diabetes are 
included genetics and environmental factors. American diabetes association (2007) 
classify diabetes into 4 categories: type1, type 2, gestational diabetes, and other 
specific types diabetes. 
 Type 1 diabetes (Insulin-dependent diabetes mellitus, IDDM, juvenile-onset 
diabetes).  This type of diabetes usually found in children and young-age individual and 
related to autoimmune mechanism that destroy B-cells (insulin producing cells) in the 
pancreas.  This autoimmune usually triggered by initial virus infection.  The antibodies to 
the virus cross reactivity to the human pancreatic B-cells and destroyed B-cells.  The 
serum level of insulin in IDDM is markedly decreased, and the severe hyperglycemia 
developed.  As the results from severe insulin insufficiency, the patients develop 
hyperglycemia, hypertriglyceridemia, polydipsia, polyuria, polyphagia, severe weight 
loss, and finally develop ketosis or ketoacidosis. 



 
 

 
 
 

 Type 2 diabetes (Non-insulin-dependent diabetes mellitus, NIDDM, adult-onset 
diabetes) usually found in obes individuals with more than 35 years of age.  This type of 
diabetes is related to insulin resistance, a condition in which cells fail to use insulin 
properly, or may combine with insulin insufficiency.  This type of diabetes is a slow 
progressive and may not related to clinical symptoms of polydipsia, polyuria, and weight 
loss.  The definition of type 2 diabetes is the fasting blood glucose level of more than 
126 mg/dl (7.0 mmol/L).  This type of DM is not related to autoimmunity and the severity 
of disease is less than IDDM.  The defective responsiveness of body tissues to insulin is 
believed to involve the insulin signaling, insulin receptor, and glucose transporter.  This 
type of DM is usually not related to B-cell destruction and the serum insulin level usually 
normal or high.  NIDDM is associated with obesity and over weight.  Exercise training 
can control body fat and body weight, in turn, results in decrease blood glucose level. 
 Gestational Diabetes Mellitus (GDM) is a hyperglycemic condition in pregnant 
woman, occurs in about 2%-5% of all pregnancies.  This type of DM results from a 
combination of inadequate insulin secretion and insulin response.  About 20% - 50% of 
affected women develop type 2 diabetes later in life.  Fetus delivered from GDM mother 
usually has a high birthweight (embryopathia diabetica), severe hypoglycemia and has 
high morbidity and high mortality. 
 Other Specific Types of Diabetes Mellitus (maturity-onset diabetes mellitus in the 
young, MODY) is the type of DM found in individuals with less than 25 years of age, and 
inherited by autosomal dominant trait.  There is a defective in insulin secretion from B-
cells of pancreas.  The serum insulin level is less than normal but the insulin reactivity is 
normal.  This is the rare type of DM. 
 Diabetes is characterized by persistent hyperglycemia, and is diagnosed by 
demonstrating any one of the following (American Diabetes Association, 2007) : 

- Fasting plasma glucose level ≥ 126 mg/dl (7.0 mmol/L) 
- From oral glucose tolerance test, plasma glucose level ≥ 200 gm/dl two hour    

after a 75g oral glucose load  
- Symptoms of hyperglycemia and casual plasma glucose ≥ 200 gm/dl  



 
 

 
 
 

- Glycosylate hemoglobin (HbAlc) ≥ 6.5% 
 
1.2 Type 2 diabetes: pathogenesis and complications (Stumvoll et al., 2005) 
Type 2 diabetes is related to insulin resistance, a condition in which cells fail to 

use insulin properly, or may combined with insulin insufficiency.  
In normal subjects (Figure 2.1), the cellular events via which insulin initiates its 

stimulatory effect on glucose metabolism start with binding of the hormone to specific 
receptors that are present on the muscle cell surface. The binding of insulin activates 
the insulin receptor and the activated insulin receptor generates signals (insulin 
signaling) that activate a cascade of phosphorylation-dephosphorylation reactions that 
eventually result in the stimulation of intracellular glucose metabolism. The first step in 
glucose metabolism involves activation of the glucose transport system, 
glucotransporter-4 (GLUT4), leading to glucose influx into muscle cells. The free 
glucose, which has entered the cell, subsequently is metabolized by a series of 
enzymatic steps that are under the control of insulin. Of these, the most important are 
glucose phosphorylation (catalyzed by hexokinase II), glycogen synthase (which 
controls glycogen synthesis), and phosphofructokinase (PFK) and pyruvate 
dehydrogenase (PDH) (which regulate glycolysis and glucose oxidation, resp.). For type 
2 diabetes subjects (Figure 2.2), abnormalities of binding of insulin and insulin receptor, 
insulin signaling pathway and glucose transport system are observed. These lead to 
insulin resistance and hyperglycemia.  

 
 
 



 
 

 
 
 

 
  

Figure 2.1 Insulin signal transduction in normal subjects (Abdul-Ghani and 
DeFronzo, 2010) 
 

 
 
Figure 2.2 Insulin signal transduction in type 2 diabetes subjects (Abdul-Ghani 

and DeFronzo, 2010) 
 



 
 

 
 
 

. The major long-term complications of type 2 diabetes relate to damage to 
blood vessels. Diabetes doubles risk of cardiovascular disease, the main 
“macrovascular” diseases, such as ischemic heart disease, atherosclerosis of the aorta, 
cerebrovascular disease, and peripheral vascular disease. Diabetes also damages the 
small vessels and capillaries causing microvascular diseases such as diabetic 

retinopathy and diabetic nephropathy (Figure 2.3). 

 
 
Figure 2.3 Complications in type 2 diabetes subjects from diabetic vascular 

desease (Kolluru et al., 2011). 
 
 



 
 

 
 
 

 Prospective and meta-analysis studies of type 2 diabetic patients revealed 
increase in risk of cardiovascular diseases as compared to non-diabetics with the 
relative risk of 2.58 in female and 1.85 in male.  The cohort study of the type 2 diabetic 
patients also showed increase in mortality rate as compared to non-diabetic with the 
relative risk of 2.5 in female and 1.1 in male (Jax TW et al., 2009; Mitchell RN et al., 
2010).  Cardiovascular death in diabetics accounted for 46% while it was 42% in the 
general population.  The DECODE study from the European countries also confirmed the 
increase in mortality rate in individuals with abnormal glucose tolerance test with the 
relative risk of 1.4 (DECODE, 1999).  Many factors that contribute to the pathogenesis of 
cardiovascular disease in diabetics are included hyperglycemia, hyperlipidemia, 
increase in insulin resistance, hypertension and endothelial injury. 
 Hyperglycemia is one of the factors that related to the pathogenesis of 
atherosclerosis.  Cardiovascular death in diabetics was significantly increased in the 
patients with HbAlc of more than 7%.  The Diabetes Control and Complication Trial 
(DCCT) (Purnell JQ et al., 2013), in type 1 diabetic patients showed that the well-
controlled blood glucose level retarded the complications: retinopathy, nephropathy, 
neuropathy, upto 35% to more than 70%. The United Kingdom Prospective Study 
(UKPDS), (Stratton IM et al., 2000), confirmed the similar results in patients with type 2 
diabetes, and also showed improvement in microvascular endpoint upto 25%.  
Molyneaux et al. (1998) performed a study on type 1 and type 2 diabetics and found 
that there was a linear relationship of retinopathy and microalbuminuria to the plasma 
HbAIc levels. Each 10% decrement of HbAlc level decreased the incident of retinopathy 
24% and microalbuminuria 9% in type 2 diabetes; and 35% and 25% in type 1 diabetes, 
respectively.  This study confirmed that the decrement of blood glucose level improves 
the diabetic complication. 
 Insulin resistance is the abnormal physiologic condition that is found mainly in 
type 2 diabetes and may occurs for many years preceeding the onset of diabetes.  
Insulin resistance increases risks of cardiovascular disease, cerebrovascular diseases, 
systemic hypertension, and decreases serum level of HDL cholesterol. A study which 



 
 

 
 
 

was conducted regarding to the research question of wheter insulin resistance in type 2 
diabetes was an independent factor to predict the pathogenesis of cardiovascular 
pathology (Bonora et al., 2002).  They performed insulin resistance study by the 
homeostasis model assessment (HOMA) in 1,780 cases of type 2 diabetics, average 
age of 64 years and average onset of diabetes of 9 years.  At baseline, 33% of the 
subjects showed cardiovascular disease.  After 52 months follow-up, additional 11% of 
the remaining subjects developed cardiovascular diseases.  This study has shown that 
age, sex, smoking, hypertension, ratio of serum total cholesterol to HDL cholesterol and 
insulin resistance (log-HOMA-IR) were independent factors for the pathogenesis of 
cardiovascular pathology.  The increment of log-HOMA-IR for 1 unit increased risk of 3% 
and increased predictive prevalence of 56%.  In conclusion, insulin resistance is an 
independent factor to predict the pathogenesis of cardiovascular disease. 
 Low serum level of HDL cholesterol significantly increased risk of cardiovascular 
diseases (Preis et al., 2013). There are conflicting reports concerning 
hypertriglyceridemia and cardiovascular disease.  Preis et al. (2013), has shown that 
hypertriglyceridemia may be an independent factor for the pathogenesis of 
cardiovascular diseases with the relative risk 1.7 (p=0.04). The Helsinki Heart Study 
(Manninen et al., 1992) showed that individuals with hypertriglyceridemia in combined 
with high LDL/HDL cholesterols ratio increased risk of cardiovascular diseases (relative 
risk 3.8), while individuals with hypertriglyceridemia and normal LDL/HDL cholesterols 
ratio did not showed increase in cardiovascular diseases risk. Majority of the type 2 
diabetic patients show  hypertriglyceridemia, high level of LDL cholesterol and low level 
of HDL cholesterol.  These combination may contribute to the pathogenesis of 
cardiovascular diseases.  It is well known that LDL cholesterol can penetrate vascular 
endothelium into the subendothelial area, stimulates phagocytosis by macrophages and 
forming foamy macrophage and fatty streak.  This is the early event in the pathogenesis 
of atherosclerosis.  Endothelial dysfunction, inflammation, platelets adhesion and 
aggregation, smooth muscle cell proliferation and migration, thrombosis and 
calcification are later events of atherosclerotic formation in cardiovascular disease.  



 
 

 
 
 

Abnormal lipid metabolism is related to insulin resistance and is a major factor for 
atherosclerotic formation in type 2 diabetes. 
 Type 2 diabetics usually associated with increase in insulin resistance and has a 
high serum level of insulin (hyperinsulinemia).  Hyperinsulinemia is a risk for 
hyperlipidemia, hypertension and cardiovascular diseases.  The UKPDS study (Stratton 
et al., 2000) showed that the well-controlled hypertensive type 2 diabetic patients 
decreased the risk of diabetes-related endpoint by 24%, diabetes-related death by 
32%, stroke by 44%, microvascular disease by 37% and congestive heart failure by 
56%.  This indicates the increase in the cardiovascular risk in diabetic patients. 

Long-time duration of diabetes increases risk of cardiovascular disease in the 
progressive pattern.  Nurses Health Study (AI-Delaimy et al., 2001) showed the increase 
in cardiovascular risk prior the onset of detectable type 2 diabetes.  Long-term follow up 
showed increase in risk upto 5 times as compared with the healthy control.  
Cerobrovascular disease risk was increased upto 2.8 times. The Framingham Heart 
Study (D’ Agostino et al., 2008) showed the increase in cardiovascular death, 86% 
increase, in the 10-year follow up of patients with type 2 diabetes. 

 
2. Vascular endothelium 
 
   Vascular endothelium is a simple squamous cells, monolayer cells, that lined 
inside the lumen of vessel in the mosaic pattern.  Endothelial is estimated to be about 
5% of total body weight.  These cells contained pinocytic vesicles and numerous 
fenestrations.  The fenestration is a pore across both sides of cell membrane and the 
size is about 50 nm.  In the pathologic conditions, the pore size may be up to 500-1,000 
nm.  At the luminal surface of the endothelial cell expresses variety of surface adhesion 
molecules and cell membrane receptors which are including LDL receptor, insulin 
receptor and histamine receptor.  Activation of endothelial cell by various stimuli is 
responsible for the pathogenesis of many vascular disease.  These stimuli include 
bacterial and virus antigens, lipid products, complement products, cytotoxins, and 



 
 

 
 
 

hypoxemia.  Activated endothelial cells produce vasodilators (NO, prostacyclin), 
vasoconstrictors (ACE, prostaglandin H2, thromboxane A2), growth factors, and 
molecules that control intravascular coagulation.  Beneath the endothelial cells of the 
vascular lumen is a basal lamina (basement membrane), subendothelial matrix, inner 
elastic membrane, smooth muscle cells (tunica media), outer elastic membrane, and 
tunica adventitia, respectively. 
 

2.1 Endothelial cell functions 
1. The barrier function of the endothelium acts as a semi-selective barrier 

between vascular lumen and surrounding interstitial space, controlling the passage of 
fluid, electrolytes, chemicals, in and out between vascular space and interstitial space. 

2. Taget cells for mediators, hormones, cytokines to response to the 
inflammatory process and self immunity. 

3.  Act as hemostasis (thrombosis and fibrinolysis) in the lumen of blood vessel. 
4.  Formations of new blood vessels (angiogenesis) and vascular proliferation. 
5.  Control of vascular tone, vasodilation and vasoconstriction, for controlling of 

systemic blood pressure. 
6. Endothelial cells can synthesis and secrete growth factors for cellular 

proliferation 
Endothelial cell by itself can synthesis nitric oxide, prostacyclin, prostaglandin 

H2, thromboxane A2, endothelin-1, and angiotensin II. 
Endothelin: Endothelins are polypeptides which are synthesized from the 

endothelial cells and cause vasoconstriction.  There are three isoforms of endothelin. 
 Endothelin 1 is a substance mainly release from vascular endothelium and small 
amount is release from the smooth muscle cells in the vascular wall. 
 Endothelin 2 is synthesized from kidney, small intestine, heart muscle and 
uterus.  The action of endothelin 2 is unclear. 

Endothelin 3  is found mostly in the brain tissue and the action is also unclear. 



 
 

 
 
 

Nitric oxide (NO): This substance is previously called “endothelium-derived 
relaxing factor (EDRF)”.  The endogenous NO production is synthesized from L-arginine, 
molecular oxygen, NADPH and other cofactors by the enzyme nitric oxide synthase 
(NOS). 

Nitric Oxide Synthases; NOS (Knowles and Moncada, 1994).  These enzymes 
have many isoforms and at least three isoforms in human have been clarified. 

Brain NOS; or so-called neuronal NOS (bNOS, ncNOS, NOS I).  This isoform is 
detected in brain tissue, peripheral nervous system and striated muscle. 

Macrophage NOS (mNOS, macNOS, iNOS, NOS II).  This isoform is found 
mainly in all human nucleated cells, especially macrophages.  This isoenzyme does not 
require calcium ion (Ca2+) for the nitric oxide synthesis. 

Endothelial NOS (eNOS, ecNOS, NOS III) is the isoenzyme found mainly in the 
endothelial cells, and small amount is found in platelets, neutrophils and neurons in 
hippocampus.  This isoenzyme attached to the cell membrane (membrane bound 
enzyme) and this process is called myristeration (isoenzyme NOS I and NOS II are 
soluble protein in the cytoplasm).  Myristeration is believed to related to the shearing 
force and causes NO production.  Nitric oxide stimulates vasodilation, platelets 
aggregation and platelets activation. 
 The balance of vascular tone at the resting state depends on vasoconstricting 
chemicals and vasodilating chemicals.  The vasoconstricting chemicals are endothelin-
1, angiotensin II and thromboxane A2.  The vasodilating chemicals are NO, prostacyclin 
and hyperpolarizing factor.  Of these, NO is the most potent vasodilator in arteries, 
large-sized veins, small blood vessels (microcirculation), and has no effect on the 
peripheral veins and small-sized veins.  Nitric oxide production is under control of 
autoregulation and the autonomic nervous system.  For the autoregulation, ischemia 
(except pulmonary blood flow), reperfusion, and increase in shearing stress in the blood 
vessel cause increase in NO production.  Nitrovasodilator drugs such as sodium 
nitroprusside and nitroglycerin can cause vasodilation. Both compounds can be directly 
converted to NO. 



 
 

 
 
 

2.2 Measurements of endothelial function 
 There are many parameters for evaluating endothelial function which are 
including vascular tone evaluation, leukocyte adhesion, mediators production (NO, 
bradykinin, endothelin), platelet-fibrin thrombus formation, and cell infiltration through 
the vascular endothelium (exocytosis).  In general, there are two methods for endothelial 
function measurement: non-invasive method and invasive method. 
 Non-invasive method: A non-invasive method to measure endothelial dysfunction 
is high-frequency ultrasound Flow-Mediated Vasodilation (FMD) (Thijssen et al., 2011). 
The test is performed on the brachial artery, provokes the release of NO, resulting in 
vasodilation that can be quantitated as an index of vasomotor function (Corretti M et al, 
2002). And also laser doppler flowmetry is a technique for measurement cutaneous 
blood flow. Low-power laser light is throughed the skin via optical fibre 
 Invasive method:  This measurement is performed by venepuncture and get the 
blood simple for chemical analysis.  These chemicals are included von Willebrand factor 
(vWF). 
 vWF is a plasma glycoprotein, produced in endothelial cells, megakarycocytes 
and subendothelial connective tissue (Sadler, 1998). Its function involves in hemostasis 
(Lip et al., 1997).  In normal condition, factor VIII (coagulation factor) is bound to vWF 
while inactive in circulation; factor VIII degrades rapidly when not bound to vWF.  When 
there is endothelial (vascular wall) injury and exposed subendothelial matrix,  vWF from 
the injured endothelial cell and subendothelial matrix stimulates platelet adhesion (figure 

2.4, 2.5).  Platelet glycoprotein complex (GPIb/IX/V) which is the surface antigen of 
platelet adhered to the subendothelial matrix by the action of vWF.  After platelet 
adhesion to the injured vascular wall, platelet activation and aggregation developed and 
followed by the coagulative process in the lumen of blood vessel (Lip et al., 1997). 
Increase in plasma vWF is a good indicator for endothelial dysfunction (Badimon et al., 
1993). 
 
 



 
 

 
 
 

 
 
 
 
 
 
 
 

Figure 2.4 The injured vascular wall (Lip et al., 1997) 
 
 

 
 
 
 
 
 

 
Figure 2.5 von Willeband factor (vWF) and platelet (Lip et al., 1997) 

 
 
 The gold standard for measuring endothelial function is angiography with 
acetylcholine injection which is an invasive and complex method and is not routinely 
used in clinical trial. Ultrasuound Flow-mediated vasodilation (FMD) is an alternative 
procedure which is a non-invasive technique, and is believed to reflect endothelial-
dependent and largely nitric oxide-mediated vascular function and has been used as a 
marker of vascular health (Thijssen et al., 2010). There are serious flaws in 
measurements of endothelial function with FMD which involve the percentage change in 
diameter as the selected statistic. There is a negative correlation between percent flow 
mediated dilation and baseline artery size, but this  has only recently been recognized 
as a fundamental scaling problem, showing that peak diameter does not change as a 



 
 

 
 
 

constant proportion of baseline diameter.  This dependence of percent FMD on baseline 
diameter can lead to biased estimates of endothelial function. A major challenge of FMD 
is also the variability across centers and the requirement of highly qualified technicians 
to perform the procedure. 
 For the FMD measurement , the diameter of brachial artery was measured by 
high-resolution external vascular ultrasound in response to an increase in blood flow 
causing shear-stress during reactive hyperemia (sphygmomanometer cuff inflation and 
then deflation). The brachial artery was scanned and the diameter measured during two 
conditions; at baseline, and after the cuff deflation. The time for inflation was 3-5 minutes 
and the second measurement was performed 3-5 minutes after the cuff deflation. The 
inflation pressure was 50-100 mmHg over the systolic blood pressure. 

Laser Doppler flowmetry (Morales et al., 2005) is a non-invasive technique for 
measurement cutaneous blood flow. Low-power laser light is throughed the skin via 
optical fibre. The light scattered within the skin is detected by another optical fibre (i.e., 
a detecting fibre) and is conveyed to a photodetector. Part of the light interacts with 
moving blood, and will undergo a frequency shift that can be explained by the doppler 
effect. This signal interferes, at the detector, with non-Doppler-shifted light from static 
tissue, and the resulting intensity fluctuations are processed. The values obtained for the 
perfusion, the flux, are calculated from the frequency-weighted (ω) power spectrum, 
P(ω), of the intensity fluctuations normalised with the intensity squared. 

Post occlusive reactive hyperemia (PORH) method is applied to increase blood 
flow (causing shear-stress) during reactive hyperemia (sphygmomanometer cuff inflation 
and then deflation) (figure 2.6). 

 
 

 



 
 

 
 
 

 
 

Figure 2.6 Cutaneous blood flow at different period: resting flow (RF), occlusion period  
(Occl.), maximum flow (MF) (Morales et al., 2005) 

 
2.3 Endothelial dysfunction 

 The endothelial injury is the pathologic change which is classified into 
denudation injury and non-denuded injury. 
 Denudation injury is a state that the endothelial cells are damaged, cell death, 
and slough-off from the vascular wall.  This condition cause complete destruction of the 
endothelial function. 
 Non-denuded injury is an injury that cause endothelial dysfunction and the 
endothelial cells are still viable.  There is no change in light microscopic examination but 
there is pathologic changes in the ultrastructure which is examined by the electron 
microscope. 
 In general, the major role of endothelial function is to control the vascular tone by 
releasing of vasodilators and vasoconstrictors.  NO is a potent vasodilator, inhibits 
smooth muscle contraction, proliferation, and migration.  NO is also inhibit platelets 
aggregation, inflammation, and thrombus formation.  One of the potent vasoconstrictor 
is angiotensin II.  This compound cause smooth muscle cell contraction, inflammation, 
and vascular damage (Hsueh and Quinones, 2003). Endothelial dysfunction is an 



 
 

 
 
 

imbalance between vasoconstrictors and vasodilators, mainly from the decrease in NO 
production which is the major pathogenesis of atherosclerosis. 
 As mentioned above, endothelial dysfunction or endothelial cell dysfunction 
(ECD) implies an imbalance between vasoconstrictors and vasodilators of the blood 
vessel endothelium.  ECD is known to be one of the major factors for the pathogenesis 
of severe degenerative vascular disease, “Atherosclerosis”.  ECD disturbs vascular 
proliferation, angiogenesis (new blood vessel synthesis), which resulted in poor tissue 
perfusion and delayed wound healing.  ECD also interferes cell adhesion and 
diapedesis (exocytosis) which are essential for the inflammatory process (Goligorsky 
MS, 2005).  In diabetes, hyperglycemia and its related complications: hypertension and 
hyperlipidemia, are believed to be the causes of ECD. 

 A recent review article (Kollura GP eta al, 2012) (figure 2.7) has summarized the 
signaling mechanisms of diabetes-mediated hyperglycemia leading to ECD by showing 
that hyperglycemia causes mitochondrial dysfunction, eNOS uncoupling, and decrease 
in eNOS synthesis.  Mitochondrial dysfunction increases free radical and oxidative 
stress and resulted in ECD.  An alternative effect of hyperglycemia is the decrements of 
P13K and Akt, combined with eNOS uncoupling and oxidative stress, resulted in the 
decrease in NO bioavailability and production, and finally developed insulin resistance 
and terminated to ECD. 
 Hyperglycemia in type2 diabetes causes endothelial cell injury and followed by 
the inflammatory process. The NO production from the endothelial cell decreased 
because of increased in reactive oxygen species and advanced glycosylated end 
product; AGE (Gutterman et al., 2005). The endothelial cell injury and reduction in NO 
production resulted in the development of cardiovascular pathology and interfered with 
the healing process in patients with type 2 diabetes (Hamed et al., 2011). 
 Hyperglycemia plays a pivotal role in the development of microvascular 
complications, but the actual effect of hyperglycemia on the endothelial cells remains 
unclear and even some what controversial, particularly in type 2 diabetes (Duckworth, 
2001). There are many proposed theories concerning effects of hyperglycemia on 



 
 

 
 
 

endothelial dysfunction include activation of sorbital pathway, increased cytokines 
production, oxidative stress, AGE and AGE precursors, and non-enzymatic 
glycosylation of structural proteins. Collectively, the mechanism of action of 
hyperglycemia on the endothelial cell is not yet clearly defined, but there are some 
evidences support that hyperglycemia may play an important role in endothelial 
dysfunction, especially microvascular complications. 

 
 
Figure 2.7 Hyperglycemia leading to entothelial dysfunction (Kolluru et al., 2011) 



 
 

 
 
 

3. Oxidants and antioxidants 
 
 Free radical or it is called “radical” is an atom or molecule of organic or 
inorganic compound, or free ion, that has one unpaired electron in their outer most of 

the orbit, and may has one or more swinging covalent bonds (Lip et al., 1997). Free 
radical is in the unstable status and if it receive additional electron, it will turn to the 
stable status.  Most of the free radical is very sensitive to the chemical reaction in both 
organic and inorganic compounds and causes damage to protein, lipid, carbohydrate, 
especially damage to the mitochondria, cell membrane, and neucleus of cell.  Figure 2.8 
shows the cell injury which is casued by free radical.  Free radical also can cause 
damage to nucleic acid, in turn, cause DNA damage and mutation and potentially lead 
to malignancy.  Excess free radial cause oxidative stress and resulting in aging process, 
cardiovascular diseases (atherosclerosis), and degenerative diseases such as 
Alzheimer disease.  Some of free radicals are necessary for life, such as for 
bacteriocidal process in macrophage.  Some of the natural and biological free radicals 
are in inactive form.  Free radical does not have electrical charge, but radical ions, 
radical cation and radical anion, show electrical charges.  Cellular free radicals may 
derive from radiation, oxidation from the cellular metabolism, and the cellular catabolic 
process.  Biological free radicals are classified into 3 groups: reactive oxygen species 
(ROS), reactive nitrogen species (RNS), and reactive chloride species (RCS). 
  



 
 

 
 
 

 
 

Figure 2.8  Free radicals and cellular injury (SOD=superoxide dismutase,  
GPX = glutathione peroxidase)  

(The Basic Pathology, second edition, Winyou Mitarnun Editor; 1997:41) 
 
3.1 Rective oxygen species (ROS) 

 ROSs or oxidants are species such as hydrogen peroxide, superoxide, and 
hydroxyl radical.  Oxidative stress causes damage to the membranal polyunsaturated 
fatty acid (lipid peroxidation) leading to the generation of malondialdehyde (MDA) (Pryor 
WA, Stanley JP, 1975).  MDA, an organic compound with the formula CH2(CHO)2, is a 
highly reactive and toxic compound and is used as a biomarker to measure the level of 
oxidative stress (Del Rio D et al., 2005). 

Most reactive oxygen species are generated as by-products during 
mitochondrial electron transport. In addition ROS are formed as necessary intermediates 



 
 

 
 
 

of metal catalyzed oxidation reactions. Atomic oxygen has two unpaired electrons in 
separate orbits in its outer electron shell. This electron structure makes oxygen 
susceptible to radical formation.  The sequential reduction of oxygen through the 
addition of electrons leads to the formation of a number of ROS including: superoxide; 
hydrogen peroxide; hydroxyl radical; hydroxyl ion; and nitric oxide. (Figure 2.9). 

 

 
 

Figure 2.9 Electron structure of reactive oxygen species 
(The Basic Pathology, second edition, Winyou Mitarnun Editor; 1997:41) 
 
3.2 Antioxidant 

 A variety of natural antioxidants exist which scavenge ROS and prevent 
oxidative damage to biological membranes.  These include vitamins A, C, and E and 
carotenoids.  Enzymatic antioxidants include glutathione peroxidase (GPX), superoxide 
dismutase, and catalase (Sies , 1997).  The biological function of GPX is to reduce lipid 
hydroperoxides and hydrogen peroxide.  So far, eight different isoforms of GPX have 
been identified in humans (Wassman et al., 2004). 
 Superoxide dismutases (SOD) are enzymes that catalyze the dismutation of 
superoxide into oxygen and hydrogen peroxide. They are an important defense in cells 

exposed to oxygen (figure 2.10). Three forms of SOD are present in humans. Copper 
zinc SOD (Cu Zn SOD) is called SOD1 located in the cytoplasm, manganese SOD 



 
 

 
 
 

(MnSOD) is called SOD2 located in the mitochondria, and finally extracellular SOD 
(ecSOD) is called SOD3 located in the extracellular matrix. The genes are located in 
chromosome 21q22.1, 6q 25.3, 4p/15.3-15.1, respectively. 
 Glutathione peroxidase (GPX) is an enzyme family with peroxidase activity 
whose main biological role is to protect cells from oxidative damage, to reduce lipid 

hydroperoxides to alcohols, and to reduce hydrogen peroxide to water (figure 2.10). 
Eight isoforms of GPX are called GPX1 to GPX8, respectively.  Human proteins contain 
GPX1 to GPX5. 
 

 
 
 
 
 
 
 
 

Figure 2.10 Interaction of superoxide dismutase (SOD) and glutathione peroxidase 
(GPX) 

(Wassmann et al., 2004) 
 

3.3 Type 2 diabetes and oxidant & antioxidant imbalance (Nobar, 1999) 
In diabetic patients an altered balance between reactive oxygen species 

production and antioxidant levels has been reported. Decreased activity of the 
antioxidant enzymes and depletion of total antioxidant capacity may increase the 
susceptibility of diabetic patients to oxidative injury.  Appropriate support for enhancing 
antioxidant supplies may help to prevent clinical complications of diabetes mellitus. In 
view of low activities of the SOD and GPX in diabetic patients it was concluded that 



 
 

 
 
 

supplementary trace elements such as Selenium, Copper, Zinc and Manganese, the 
essential components of the enzymes structures may be useful in preventing the 
development of diabetic complications.  
 
4. Exercise  
 

4.1 Principles of exercise training 
 The principle of exercise training is included warming up, stimulation, and 
relaxation (American College of Sports Medicine, ACSM, 2006).  The warm-up period 
benefits BMI adjudgement, stabilized blood flow and control of heart rate.  The 
stimulation period is to perform exercises which could be aerobic training or resistance 
training.  The relaxation period is for elimimate of waste products that occurs during 
catabolism of the muscles. 
 A warm-up is usually performed before participating exercising.  It is a gradual 
increase in intensity in physical activity.  The warm-up benefits physical and mental 
fitness which includes increase in heart rate, increase in body temperature, decrease 
blood viscosity, dilation of capillaries, increase muscle metabolism, improve nerve 
impulse conduction and to remove lactic acid from the body.  The warm-up period is 
designed to performed approximately at 50% intensity about 5-15 minutes and is 
adjusted individually. 
 Exercise program (ACSM, 2006) usually devides into three stages; initiation 
stage, improvement stage and maintainance stage.  The initiation stage is performed at 
the 40% of VO2 max for 12-40 minutes.  The time and intensity are increased in the 
improvement stage (usually not in the first week), and at the maintainance stage, the 
intensity reach 60-75% of VO2max for 30 minutes with a frequency of 3 days per week.  
After each exercise training, cooling down period is necessary.  Cooling down is an 
easy exercise that will allow the body to gradually transition from exertional state to a 
resting state and allow the heart rate to return to its resting state.  Durations can vary 
individually, but 5-10 minutes is considered adequate. 



 
 

 
 
 

 The American Diabetes Association (2013) exercise guidelines recommend type 
2 diabetic patients to perform at least 150 minutes per week of moderate to vigorous 
aerobic exercise (50%-70% of VO2max) to achieve optical cardiovascular disease risk 
reduction.  Uncomplicated type 2 diabetics are also recommended to perform 
resistance exercise, especially performs on the large muscle groups, 3 days per week, 
3 sets per day, and 8-10 repeats per set. 
 Aerobic exercise consists of rhythmic, repeated, and continous movement of the 
same large muscle groups for at least 10 minutes at a time, The intensity of aerobic 
exercise will be described as “moderate” when it is at 40%-60% of VO2max (50%-70% 
of maximum heart rate) and  “vigorous” when it is at more than 60% of VO2max (Sigal  et 
al., 2004).  The yields of aerobic exercise in type 2 diabetes depend on the duration and 
intensity (Sigal et al., 2007). 
 For hyperglycemic control, the volume of exercise usually more than 150 
minutes per week with a moderate intensity.  For the cardiovascular disease risk control, 
the exercise should be more than 4 hours per week with moderate to vigorous intensity, 
and for the body weight control, should be more than 7 hours per week with moderate to 
vigorous intensity. 

 
4.2 Interval aerobic exercise training  
Traditional aerobic exercise is a continuous exercise with the constant intensity.  

Interval aerobic exercise involves bouts of high exercise intensity (15 s to 4 min; >90% 
VO2 max) followed by a recovery period (40-50% VO2max) of equal or longer duration 
than the associated work interval. Earnest (2008) made a hypothesis that interval 
aerobic exercise provided a more power stimulus to positively modulate abnormal 
glucose metabolism in individuals with pre-diabetes than traditional aerobic exercise 
program. The improved glycemic control in diabetes by interval aerobic exercise may 
be related to the improved insulin, insulin-stimulated glucose transport (Frosig et al., 
2007), and/or the increased glucose transporter 4 (GLUT-4) protein (Christ-Roberts et al, 
2004). The large improvement in glycemic control in pre-diabetes and type 2 diabetes is 



 
 

 
 
 

not fully understood.  It might be related to the improved mitochondrial function after 
interval aerobic exercise. Previous study has shown that PGC1 alpha, a critical 
coordinator for activation of metabolic genes require for substrate utilization and 
mitochondrial biogenesis, in vastus lateralis muscle of patients with the metabolic 
syndrome was increased by 138% with interval aerobic exercise, but not with moderate 
continuous exercise (Tjonna et al., 2008).  PGC1-alpha stimulated a powerful induction 
of RNF1 and NRF2 gene expression which stimulated GLUT-4 synthesis (Wu et al, 1999; 
Barr et al, 2002). Total SIRT1 content, a proposed activator of PGC1-alpha and 
mitochondrial biogenesis, was increased by ~56% following low volume high intensity 
interval aerobic exercise and also increased total GLUT 4 protein content in patients 
with type 2 diabetes (Little et al., 2001). 
 Enzyme indicators for mitochondrial biogenesis is PGC1-alpha; for glycolysis are 
hexokinase and phosphofructokinase; for tricarboxylic cycle in mitochondria are acetyl –
CoA, citrate synthase, maleate dehydrogenase; and for fatty acid beta-oxidation is  
beta-hydroxyacyl CoA dehydrogenase. The improvements of these above enzymes 
activity in interval aerobic exercise training in individuals with type 2 diabetes and pre-
diabetes is believed to correspond to the improvement of glycemic control, as shown in 
Figure 2.11 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.11 Hypothesized improvements in glycemic control of patients with type 2 
diabetes. (Earnest, 2008) 

 
4.3 Physical fitness (ACSM, 2006) 

  Physical fitness is defined as the capacity of individuals to control and carry out 
the immediate daily activity without undue fatigue. Physical fitness also has been 
defined as a set of attributes or characteristics that individuals have or achieve that 
relates to the ability to perform physical activity without undue fatigue, and having 
reserve energy for emergency usuage and having spare time for enjoy living.  Howley 
and Frank that provides additional descriptive information is: Physical fitness is a state of 
well-being with low risk of premature health problem and energy to participate in a 
variety of physical activities. 



 
 

 
 
 

 Physical fitness comprises two related concepts: health-related physical fitness 
and skill related physical fitness. 
 Health related physical fitness has five parameters: body composition, muscular 
strength, muscular endurance, flexibility and cardiopulmonary endurance.  Skill related 
physical fitness composes of 10 parameters: body composition, muscular strength, 
muscular endurance, flexibility, cardiopulmonary endurance, power, speed, agility, 
reaction time and balance and coordination. 
 Body composition is used to describe body weight, lean body mass, body fat, 
bone, muscle, and other tissues in human bodies.  Body composition can be measured 
in several ways such as hydrostatic weighing, dual-energy x-ray absorptionmetry 
(DEXA), skinfold caliper, and bioelectrical impedance analysis (BIA) by using BIA 
analyser. 
 Muscular strength is the measure of how much force the muscles can exert, 
which is measured by the isometric such as hand grip dynamometer, back and leg 
dynamometer, and isokinetic dynamometer.  A one repeated maximum (1-RM) is the 
test to determine maximum muscular strength. 
 Muscular endurance is the ability of muscle or groups of muscles to sustain 
repeated contractions against a resistance for an extended period of time.  The 
measures for muscular endurance are sit-up, push up, pull down, flex arms hang by 
using isokinetic dynamometer. 
 Flexibility refers to the absolute range of movement in a joint or series of joints 
and length in muscles that cross the joints.  The direct method for measuring flexibility is 
by goniometer/flexometer and the indirect method is by sit and reach test. 
 Cardioresiratory endurance refers to the ability of the cardiovascular and 
respiratory systems to supply oxygen to the skeleton muscles during sustained physical 
activity and is included the ability of muscle to utilize oxygen effectively.  VO2max or  
maximal oxygen consumption is the maximal amount of oxygen one is able to use 
during performing exercise. The tests for cardiorespiratory endurance are Bruce 



 
 

 
 
 

treadmill protocol, Balke treadmill protocol, bicycle ergometer exercise test protocol, 
and submaximal exercise test. 

 
5. Related literatures 
   

5.1 National literatures 
Chakraphan et al. (2002) studied the effects of vitamin C supplementation and 

exercise training on the diabetic endothelial dysfunction (ED). Male Spraque-Dawley 
rats were divided into five groups of control (Con), diabetes (DM), diabetes with 
supplemented vitamin C (DM+Vit.C), diabetes with exercise- trained (DM+Ex) and 
diabetes with supplemented vitamin C and exercise- trained (DM+Vit.C+Ex) groups. 
The results showed that either 12 and 24 weeks (wk), blood glucose (BG), glycosylated 
hemoglobin (HbA1C), arterial blood pressure (BP), heart weight (HW) and plasma 
triglyceride (Trig) were significantly higher and lower in plasma vitamin C levels in DM 
rats. In DM+Vit.C rats,the plasma vitamin C levels and HbA1C were significantly 
increased (P<0.05). However, BP were decreased in DM+Vit.C rats. Whereas DM+Ex 
rats had reduced the abnormalities of BP and HW when compared with DM rats and 
had a significant decrease in heart rate compared to Con rats. To examine the effects of 
vitamin C supplementation and exercise training on ED, leukocyte-endothelial cell (EC) 
interaction in mesenteric venules and vascular reactivity response to vasodilators in 
mesenteric arterioles were monitored using intravital fluorescence microscopy. It was 
found that the diabetic state enhanced leukocyte adhesion and impaired vasodilatory 
response to the EC-dependent vasodilator, Ach, either 12- and 24- wk. The increase of 
leukocyte adherance was attenuated by supplemented with vitamin C and exercise 
training. The impaired vascular reactivity to Ach was found to be attenuated by 
supplemented vitamin C. However, it failed to improve the impairment of EC-dependent 
vasodilation by exercise training. In addition, vitamin C and training were also shown to 
have favorable effects on oxidative stress and antioxidant status. DM rats had 
significantly higher in malondialdehyde (MDA) level and lower activity of superoxide 



 
 

 
 
 

dismutase (SOD) than Con rats. However, the MDA levels in DM+Vit.C and DM+Ex were 
significantly lower than those of DM rats and there were no significant differences in 
SOD activity among DM+Vit.C and DM+Ex compared to Con group. Moreover, the 
decreased eNOS protein in DM rats was prevented by vitamin C supplemented. 
Interestingly, we found the combined protective roles of supplemented with vitamin C 
and exercise training in DM+Vit.C+Ex group as well. They showed the more beneficial 
influence both in cardiovascular fitness and endothelial function in diabetic rats.  

Mitranun et al. (2009) studied the effects of interval aerobic training with 
integration of resistance training on health-related physical fitness and endothelial 
function in patients with type 2 diabetes mellitus. Thirty one  type 2 diabetic patients with 
ages between 60-70 years, fasting blood sugar 125-140 mg/dl and HbA1c 6.5-10 % 
were divided into 4 groups: control group (C; n=8), aerobic interval training group (AI; 
n=8), resistance training group (R; n=7) and aerobic interval with integration of 
resistance exercise training (AIR; n=8). Basic physiological information, health-related 
physical fitness, biochemical blood value and cutaneous blood flow of every subject 
were evaluated before and after 12 weeks of training. The results were as follow: In AI 
group: fat mass, %fat, waist/hip ratio, fasting blood sugar, glycosylated hemoglobin 
(HbA1c), homeostatic model assessment for insulin resistance (HOMA-IR), cholesterol, 
low density lipoprotein (LDL) and malondialdehyde (MDA) were significantly lower 
(p<.05) than before the experiment and those after the experiment of C group. Muscle 
mass, muscle strength, maximal oxygen consumption (VO2max), high density lipoprotein 
(HDL) and whole glutathione peroxidase (wGPX) were significantly higher (p<.05) than  
before the experiment and those   after the experiment of C group. In R group:  fat mass, 
HOMA and LDL  were significantly lower (p<.05) than  those before the experiment. 
Muscle strength, HDL and glutathione peroxidase (GPX) ) were significantly higher 
(p<.05) than those before the experiment of the R group. In AIR group: fat mass, 
waist/hip ratio, fasting blood sugar, HOMA, LDL, triglyceride and von willebrand factor 
were significantly lower (p<.05) than before the experiment and those after the 
experiment of  C group. Muscle strength, VO2max, GPX, wGPX and maximum 



 
 

 
 
 

cutaneaus blood flow/resting blood flow were significantly higher (p<.05) than before the 
experiment and those after the experiment of C group. 

Leelayuwat et al.  (2008) studied the effect of arm swing exercise on glycaemic 
control and oxidative stress in subjects with type 2 diabetes. The 2-month exercise 
program was a 30 min, three time a week.  The result showed significantly decrease in 
HbAlc and increase in insulin sensitivity in exercised group 
 

5.2 International litertures 
 There were about 5,500 publications in English literature that conducted 
exercise training on patients with type 2 diabetes, and only about 20 of them were 
performed by interval aerobic exercise training. Majority of the reports confirmed 
benefits of the exercise training in both physical fitness and quality of life. The followings 
are some reports concerning some aspects of our research. 
 La Civita et al. (1997) studied the subcutaneous vascular dilation by using 
iontophoresis in 11 patients with vascular occlusion (systemic sclerosis, scleroderma) 
and 16 healthy controls, age and sex matched.  Laser Doppler flowmetry skin blood flow 
was evaluated of baseline and postischemic hyperemia test and during iontophoretically 
transcutaneous application of acetylcholine and sodium nitroprusside.  The results 
showed no significant differences in basal skin blood flow were detected between 
patients and controls.  The ischemic response was significantly less pronounced in 
patients compared with controls.  Moreover, among patients a lower vasodilatory 
response to acetylcholine compared with ischemia and sodium nitroprusside was 
recorded.  The authors suggested the endothelial dysfunction in patients with systemic 
sclerosis. 
 Caballero AE et al. (1999) conducted a study on microvascular and 
macrovascular reactivity in subjects with type 2 diabetes.  They devided subjects into 4 
groups; 30 healthy subjects with no family history of diabetes (controls), 39 healthy 
subjects with family history of diabetes (relatives), 32 subjects with abnormal glucose 
tolerance test, and 42 subjects with type 2 diabetes without vascular complication 

http://www.sciencedirect.com/science/article/pii/S0168822708003872


 
 

 
 
 

(diabetes).  Laser Doppler perfusion imaging was used to measure vasodilation, and the 
measurements of endothelin-1 and von Willebrand factor.  This study showed defects in 
macrovascular and microvascular circulations in diabetes group and relative group with 
significantly increased in endothelin-1 and von Willebrand factor.  The study suggests 
that abnormal vascular reactivity and biochemical marker of endothelial activation are 
present in diabetes and early in individuals at risk of developing type 2 diabetes. 
 Stratton IM et al. (2000) studied the association of glycemia with macrovascular 
and microvascular complications of type 2 diabetes.  This prospective observational 
study was conducted in 23 hospitals in England, Scottland, and Northern Ireland, and 
there were 3,642 samples in this study.  The results showed the incidence of clinical 
complications was significantly associated with glycemia.  Each 1% reduction of HbA1c 
was associated with reductions in risk 21% for any end point related to diabetes, 21% 
for deaths related to diabetes, 14% for acute myocardial infarction, and 37% for 
microvascular complications. 
 Maiorana A et al. (2001) studied the effect of combined aerobic and resistance 
exercise training on vascular function in type 2 diabetes.  The study was conducted on 
16 patients with type 2 diabetes.  Patients were randomized to an 8-week exercise or 
non-training.  The results showed significantly increased in flow-mediated dilation 
following exercise training.  Endothelium-dependent  vasodilation was enhanced in both 
conduit and resistance vessels. 
  Dunstan DW et al. (2002) studied the effect of high-intensity resistance training 
on the glycemic control in 36 patients, aged 60-80 years, with type 2 diabetes.  Subjects 
were randomly allocated to either a high-intensity progressive resistance training plus 
moderate weight loss group (n=19), or a moderate weight loss group plus control 
program (control, n=17).  The results showed significant decrease in HbAlc in exercised 
group than control group at the 3 months and 6 months assessments.  There were no 
between-group differences for fasting blood glucose, insulin levels, serum lipids and 
lipoprotein.  The authors concluded that high-intensity progressive resistance training, in 



 
 

 
 
 

combination with moderate weight loss, was effective in improving glycemic control in 
elderly patients with type 2 diabets. 
 Middlebrooke et al. (2006) performed a study on microvascular function after a 
6-month aerobic exercise in 59 patients with type 2 diabetes.  The microvascular 
function was assessed as the maximum skin hyperemia to local heating and endothelial 
and non-endothelial responsiveness following the iontophoretic application of 
acetylcholine and sodium nitroprusside.  The 6-month exercise program was a 3 min, 
three time a week, 70-80% of maximal heart rate.  The result showed that there was no 
improvement of microvascular function in the exercise group compared with the control 
group. 
 Cohen et al. (2008) examined the effect of a  14-month progressive resistance 
training on endothelial function in both a supervised training group and non-supervised 
training group of a total of 28 patients with type 2 diabetes.  Endothelial function testing 
was performed through laser Doppler flow responses in the skin microcirculation of 
acetylcholine and sodium nitroprusside.  They also measured weight, blood pressure, 
and HbAlc level at 0, 2 and 14 months.  The results showed vascular response was 
significantly increased at 14 months compared with baseline in both groups.  However, 
no between-group differences were observed.  There was a strong correlation between 
HbAlc at baseline and vascular response at 14 months which suggest that glycemic 
control may be an important factor in logn-term regulation of endothelial function. 
 Sigal et al. (2007) performed a compartative study of aerobic training, resistant 
training, and combined aerobic and resistance training on glycemic control in subjects 
with type 2 diabetes, aged 39-70 years, for 22 weeks.  The results showed that either 
aerobic training or resistance training alone improved glycemic control, but the 
improvements were greatest with combined aerobic and resistance training. 
 Wisløff et al. (2007) performed a randomized comparative study of aerobic 
interval training versus moderate continuous training in 27 heart failure patients with 
average age of 75 years; left ventricular ejection fraction 29% and VO2peak 13 
ml/kg/min.  The subjects were devided into 3 groups: aerobic interval training, moderate 



 
 

 
 
 

continuous training, and controls, with a training program of 3 times per week for 12 
weeks.  The results showed significant increase in VO2peak in aerobic interval training 
group as compared to the moderate continuous training group and was associated with 
reverse left ventricular remodeling.  Left ventricular end-diastolic and end-systolic 
volumes declined only in aerobic interval training group.  Improvement in brachial artery 
FMD (endothelial function) was greater with aerobic interval training and mitochondrial 
function (measure of PGC1-alpha) increased only in aerobic training group.  No 
changes occurred in the controls. 
 Tjønna et al. (2008) performed aerobic interval training and continuous moderate 
exercise training, 3 times per week for 12 weeks, in 32 patients with metabolic 
syndrome, average age of 52 years.  The results showed superior improvements with 
aerobic interval training in enhancing endothelial function, insulin signaling in fat and 
skeleton muscle, skeleton muscle biogenesis, and excitation-contraction coupling and in 
reducing blood glucose and lipogenesis in adipose tissue 
 Praet et al. (2008) performed a study of short-term (3 times per week for 10 
weeks) resistance training and interval exercise training in 11 patients with complicated 
and insulin-treated type 2 diabetes.  The results showed significant improvements in 
muscle strength, maximal workload capacity, mean arterial blood pressure, fasting 
blood glucose, and daily exogenous insulin requirement.  There was no change in 
HbAlc, VO2peak, and tumor necrosis factor-alpha (inflammatory marker). 
 Marcus et al. (2008) performed a comparative study of combined aerobic and 
high-force eccentric resistance exercise (AE/RE), and aerobic exercise (AE) only in 15 
patients with type 2 diabetes, average age of 58 years, for 16 weeks.  The results 
showed significant decrease in HbAlc in both groups and no difference among group.  
The improvements of intramuscular fat and body mass index were observed in both 
groups.  The improved thigh lean tissue was observed only in AE/RE group. 
 Myer et al. (2013) performed a randomized controlled trial of exercise training 
and quality of life in 262 patients with type 2 diabetes, 9-month exercise trainings: 
aerobic training, resistance training, combined aerobic/resistance training, and 



 
 

 
 
 

sedentary controls.  They studied HbA1c levels and quality of life (QOL) by using Short 
Form-36 Health Survey questionnaire before and after exercise training. The results 
showed QOL physical component subscale and general health subscale were improved 
in all three exercised groups compared with controls. The resistance training group had 
the most beneficial changes in bodily pain, whereas physical functioning was most 
improved in the aerobic and combined training groups.  The changes in the mental 
component score did not differ between controls and exercised groups.  The combined 
training group had greater gains than aerobic training group in mental component 
score, vitality, and mental health, and greater gains in vitality compared with the 
controls.  They conclude that exercise improves quality of life in type 2 diabetes with 
greater benefit in combined aerobic/resistance exercise. 
 
6. Conceptual Framework 
 

From the above-mentioned literature review, This study was outlined possible 
courses of action in figure 2.12 
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Figure 2.12 Conceptual framework. The underlying mechanisms in continuous and 
interval aerobic training are currently unknown in patients with type 2 diabetes.  
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CHAPTER III 
METHODOLOGY 

  
 The purpose of this study was to investigate a comparison between the effects of 
continuous and interval aerobic training on glycemic control and endothelial dependent 
vasodilatation in type 2 diabetes patients. The experimental protocols were devided into 
2 parts the exercise protocols construction and the assessment  of effect of exercise.         
This study was approved by the Institutional Review Board, Faculty of Medicine, 
Chulalongkorn University, Thailand, COA No. 516/2012 (Appendix A). 
 
Sample group 
 
 Forty-five adults with type 2 diabetes (16 males and 29 females) aged 50-70 
years were recruited from the Diabetes Club, Chulalongkorn Hospital, Bangkok, 
Thailand. The participants were randomly allocated according to ages and gender ratios 
into three groups with an equal number of subjects; control (non-training), interval 
aerobic training (INT) and continuous aerobic training (CON). 
 
Sampling 
 
 The sampling consisted of two steps. The first step was sampled from 
population to be a representative sample (random selection)  (Figure 3.1). The second 
step was sampled from sample to be control group and exercise groups (random 
assignment) (Figure 3.2). 
 The first sampling was randomly stratified by age and gender to eliminate 
confounding variable. The statified random sampling was described as follows: 
 

A = male with type 2 diabetes aged 50-60 years. 
B = male with type 2 diabetes aged 60-70 years. 



 
 

 
 
 

C = female with type 2 diabetes aged 50-60 years. 
D = female with type 2 diabetes aged 60-70 years. 
 
 

      
 
 

 
 
 
 
 
 
 
 
 

Figure 3.1 Random selection 
 
The second step of sampling was assigning subjects to be either control group 

or exercise groups. The random assignment of subjects in control group and exercise 
groups help to ensure that the groups will be as alike as possible at the beginning of the 
experiment  (homogeneous).  

 
 
 
 
 
 
 

           Figure 3.2 Random assignment 
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Inclusion criteria 
1. All participants were patients with type 2 diabetes (as defined by the 

American Diabetes Association, 2007) and a baseline glycosylate hemoglobin (HbA1c) 
value of 7% to 9% (moderate severity) (James et al. 2002). 

2. All participants were sedentary and non- previous (6 months) exercise training 
3. All participants were screened by physical activity readiness questionaire 

(PAR-Q) (Appendix B) and general health questionnaire (Appendix C). They were free 
from diabetic nephropathy, diabetic retinopathy, severe diabetic neurophathy, severe 
cardiovascular disease and severe cerebrovascular disease under approval of 
attending physicians. 

4. All participants were non-smoker and without any supplement. 
5. All participant received information sheet for research participant  (Appendix 

D)  and signed the imform consent (Appendix E). 
Exclusion criteria 

 1,  The participants were sick or injured. 
2. The participants were not willing to continue in the experiment. 
3. The participants completed less than 80% of the training schedule. 

 
Data collection 
 
 A 12-week intervention took place at fitness center, the Faculty of Sport Science, 
Chulalongkorn University. All participants (control, INT, CON) reported to the 
laboratories 2 days prior to the intervention. On the first day, after 8-hour of overnight 
fasting, the venous blood sample was collected from the ante-cubital vein. After having 
breakfast for 2 hours, the participants were asked to perform health-related physical 
fitness assessment. Cutaneous blood flow and brachial characteristics data were 
performed on the second day. These investigations were repeated in all participants 
after the finish of exercise intervention. 
 
 



 
 

 
 
 

Instruments 
 

Instrument used in the selection of the sample 
 1. The patiten/ Participant Information Sheet 

2. The Informed Consent Form 
3. The Physical Activity Readiness Questionnare (PAR-Q) 
4. The general health history questionare 
Instrument for exercise training program 
1. Treadmill (Landice, UK) 
2. Heart rate monitor (Polar, Finland) 
Instrument for measuring physiological data variables 
1. Body composition analyzer (Inbody, Korea) 
2. Digital blood pressure (Omron, Japan) 
3. Heart rate monitor (Polar, Finland) 
Instrument for measuring blood chemical data variables 
1. Centrifugator  
2. Freezer -40 oC  
Instrument for measuring physical fitness variables 
1. cardiopulmonary gas exchange system (Cortex, Metamax 3B: Breath by 
breath, Germany) 
2. Treadmill (Landice, UK) 
3. Leg extension machine (Nautilus, USA) 
4. Leg curl machine (Nautilus, USA) 
5. Chest press machine (Nautilus, USA) 
6. Lat machine (Nautilus, USA) 
7. Sit and reach box 

 
 
 
 



 
 

 
 
 

Study design 
 

The data were collected according to the purposes of this study. The study was 
divided into 2 parts as follow: 

Part I: The exercise protocols construction  
1. Literature review and investigation reports concerning exercise in 

type 2 diabetes patients. 
2. Validity and reliability 

 Components of aerobic training programs assessment forms were 
conducted. The content and structural validity were determined by Item Objective 
Congruence (IOC) with 5 experts: Assoc Prof. Dr. Kobkul Tungsinmunkong,  Assoc. 
Prof. Dr. Supamai Soonthornpun, Assoc. Prof. Somnuke Gulsatitporn, Dr. Tossaporn 
Yimlamai, and Sitha Pongphibool. All items in assessment form that earned IOC scores 
between 0.6 and 1.00 were approved (Cox and Vargas, 1996) (Appendix F)  

For reliability of execise programs, aerobic training programs were 
applied in 12 participants with type 2 diabetes: 6 particants for INT and 6 paricipants for 
CON. Oxygen consumption was measured 6 times and analyzed by test-retest method 
and independent t-test to ensure that energy expenditure in each exercise programs is 
not different 

3. Analysis and construction the pattern of exercise (Figure 3.3). 
Interval aerobic training is an activity that raises the body’s demand for 

oxygen. In this study, the interval aerobic training was performed on treadmill at  high 
intensity (80-90 % of  oxygen consumption) alternated with low intensity (60-70 % of  oxygen 
consumption) (Earnest, 2008). In previous studies, the ratio of high intensity duration to low 
intensity duration of interval aerobic training was vary  i.e. 1:1, 1:2, 1:3, 4:3, 1:4, etc.  In this 
study, we selected the ratio 1:4 which may be safe and efficient for elderly diabetes patients. 
The interval aerobic training (INT) program was devided into three phases; phase 1 
(weeks 1 and 2), phase 2 (weeks 3-6) and phase 3 (weeks 7-12). In phase 1 the 
participants started with warming up on the treadmill to achieve a 50% the maximum 



 
 

 
 
 

oxygen consumption (VO2 peak) within 5 minutes, maintained at this level for 20 
minutes, and 5 minutes for cooling down.  Phase 1 program consumed 30 minutes per 
day, 3 days a week for 2 weeks (Figure 3.1). The interval exercise training (INT) program 
was designed:  In the Phase 1, the participants warmed up gradually to achieve a 50% 
of the peak oxygen consumption (VO2 peak) within 5 min, maintained this intensity for 20 
min, and 5 min for cooling down, giving a total time of 30 min. In the Phase 2, following 
the same warm-up to reach the 50% of VO2 peak within 5 min, the participants 
performed the interval of four 1-min high-intensity exercises at 80% of VO2 peak with a 4-
min low-intensity exercise at 50% VO2 peak.  The exercise session was concluded with a 
5-min cool-down period, giving a total session time of 30 min. The average energy 
expenditure (EE) of exercises was 1.12 L/min (x 4 min/set x 4 sets) at 50% VO2 peak, 
1.77 L/min at 80% VO2 peak (x 1 min/set x 4 sets), and 1.12 L/min in the warming up and 
cooling down periods.  The total EE in phase 2 was 36.2 L {(1.12x4x4)+ (1.77x1x4)+ 
(1.12x5)+ (1.12x5)}. In the Phase 3, all participants performed warming up to achieve a 
60% of VO2 peak within 5 minutes, then performed the interval of six 1-min high-intensity 
exercise at 85% VO2 peak with a 4-min low-intensity exercise at 60% VO2 peak and a 5-
min cool-down period, giving a total session time of 40 min. The average EE of exercises 
was 1.31 L/min at 60% VO2 peak (x 4 min/set x 6 sets), 1.84 L/min at 85% VO2 peak (x 1 
min/set x 6 sets), and 1.31 L/min for the warming-up and cooling down periods. The total 
EE in the phase 3 was 53.7 L. 

The continuous exercise training (CON) program:  In the Phase 1, the 
participants performed the identical training program to the one that the INT performed. 
In the Phase 2, after warming up to reach the 61% of VO2 peak within 5 min, the 
participants maintained this intensity for 20 min and 5 min for cooling down, giving a 
total time of 30 min. For the EE, we designed that phase 2 of CON consume equal 
amount of energy as compared to phase 2 of INT.  Our pilot study has shown that at the 
61% of VO2 peak in phase 2 of CON consumed equal amount of energy as compared to 
phase 2 of INT. In the Phase 3, after warming up to reach the 65% of VO2 peak within 5 
min, then the participants maintained this intensity for 30 min and performed 5-min 



 
 

 
 
 

cooling down, giving a total time of 40 min. Our pilot study have shown that at the 65% 
of VO2 peak in phase 3 of CON consumed equal amount of energy as compared to 
phase 3 of INT. The total EE in phase 3 was 53.68 L {(1.31x4x6) +(1.84x1x6) +(1.12x5) 
+(1.12x5)}. 

Part II: The assessment of effect of exercise  
1. The participants had been awared of the precedures to perform the 

testing and data collection and signed the Informed Consent Form. 
2. The participants were randomly allocated according to ages and 

gender ratios into three groups with equal number of subjects; sedentary control (SED), 
interval aerobic training (INT) and continuous aerobic training (CON).  

SED: Subjects could do daily life as usual but did not get any exercise 
program, 15 persons (5 males and 10 females). 

INT: Subjects performed interval aerobic training, 15 persons (5 males 
and 10 females) (Figure 3.3). 

CON: Subjects performed continuous aerobic training, 15 persons (5 
males and 10 females) (Figure 3.3). 

 
 
 
 
  



 
 

 
 
 

  
  

Figure 3.3 Interval aerobic training program (INT) and Continuous aerobic training 
program (CON) 
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Parameter  Assessment 
Biological data, health-related physical fitness data, biochemistry 

data, cutaneous blood flow data and brachial artery characteristics data were collected 
at baseline and after 12 weeks (Figure 3.4) 

 •Biological data (Appendix G) 
Resting heart rate 
The participants were sitting at least 5 minutes for resting period 

prior  to the measurement. The resting heart rate was measured with heart rate monitor 
(Polar, Finland) 

Resting blood pressure 
The participants were sitting at least 5 minutes for resting period 

prior  to the measurement. The blood pressure was measured with digital blood 
pressure (Omron, Japan). The systolic blood pressure and diastolic blood pressure 
were recorded in unit of millimeters of mercury (mmHg). 

•Health-related physical fitness assessment (Appendix G) 
Body composition 
Fat mass, body fat, muscle mass and waist-to-hip ratio, was 

performed by using Body composition analyzer (Biospace, In body 220, Korea). 
Muscle strength 
Muscle strength was performed with weight machine (Leg 

extension machine, Leg curl machine, Chest press machine and Lat machine, Nautilus, 
USA), using one repetition maximum method (1RM). The participants performed to lift 
the heaviest weigth only 1 time. 

Flexibility 
Sit and reach box was used to assess body flexibility. 
Cardiovascular and respiratory fitness 
All participants performed walking on treadmill (Landice, UK). 

Maximal O2 consumption was assessed by Modified Bruce protocol in which the grade 
and intensity were increased every 3 minutes until exhaustion.  



 
 

 
 
 

•Cutaneous blood flow analysis (Appendix H) 
Cutaneous blood flow study was performed on all participants 

on the right wrist with a laser Doppler flowmetry (DRT4 MoorLAB, Moor Instrument, UK), 
using the post-occlusive reactive hyperemic method. All participants rested in the 
supine position for 20 minutes. Baseline data was monitored for 1 min and then placed 
the cuff around the right upper arm, inflated rapidly to 200 mmHg for 5 minutes and 
deflated for 5 minutes of recovery (Betik et al. 2004). Blood flow data at baseline and 
after deflated cuff at maximal blood flow were collected.    

•Brachial artery characteristics data (Appendix H) 
Brachial artery characteristics data were assessed by 

ultrasound equipment (CX50, Philips, USA), using occlusion technique on the right 
forearm. All participant rested in the supine position for 20 minutes. The brachial artery 
was recorded above the antecubital fossa in the longitudinal plane. Mean blood velocity 
was collected by using pulsed wave Doppler mode. Shear stress was calculated  as 
shear rate (blood velocity/vascular diameter) (Pyke et al. 2008). Baseline data was 
monitored for 1 min and then placed the cuff around the right forearm, inflated rapidly 50 
mmHg above systolic pressure for 5 minutes and deflated for 5 minutes of recovery 
(Corretti et al. 2002). Brachial analyzer program (Brachial Analyzer, Medical imaging 
applications, USA) was used for analyzing vascular diameter. 

•Blood collection and analysis 
Blood samples were collected and centrifuged at 3500 rpm for 

10 min at 4 °C for separation of erythrocyte and plasma. Malondialdehyde (MDA) was 
measured in erythrocyte with thiobarbituric acid reactive substances (TBAR) method 
(Appendix I). Superoxide dismutase (SOD) was measured in erythrocyte with assay kit 
(RANSOD, RANDOX laboratories Ltd., UK) (Appendix J). Glutatione peroxidase (GPX) 
was measured in erythrocyte with assay kit (RANSEL, RANDOX laboratories Ltd., UK) 
(Appendix K). Nitric oxide (NO) was measured in plasma with assay kit (Colorimetric 
nitric oxide assay kit, PromoKine, Germany) (Appendix L). 



 
 

 
 
 

For fasting blood glucose (FBG), HbA1c, lipid profiles, insulin 
and  von willeband factor (vWF) studies were measured with standard procedures 
(enzymatic reference method with hexokinase, immunoturbidity, enzymatic colorimetric 
test, enhanced chemiluminescence and  linked immuno assay method respectively)     
at Bria Lab, Bangkok, Thailand. Homeostasis model assessment (HOMA), the parameter 
for insulin resistance, was calculated by using equation of [FBG (mg/dL) × Insulin level 
(uU/ml) / 405] (Turner et al., 1993). 
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Figure 3.4 Study design 
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Data analysis 
 
 The data including Biological data, health-related physical fitness data, 
biochemistry data, cutaneous blood flow data and brachial artery characteristics data 
were expressed as means ± standard error of mean (SEM). Statistical comparisons 
between baseline and after 12 weeks were conducted using the paired student’s t-test. 
Two-way analysis of variance (group x time), followed by Tukey’s-b multiple comparison 
was used to determine the significant differences among groups. P<0.05 was 
considered to be a significant difference. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 



 
 

 
 
 

CHAPTER IV 
RESULTS 

 
 Forty-five adults with type 2 diabetes (16 males and 29 females) aged 50-70 
years were recruited. The remaining after 12 weeks were 15 subjects in sedentary 
control (SED) group (5 males, 10 females), 14 subjects in continuous aerobic training 
(CON) group (5 males, 9 females), and 14 subjects in interval aerobic training (INT) 
group (5 males, 9 females). One subject dropped out in each exercise group by the end 
of the study. The reasons for withdrawal included physical discomfort and exercise less 
than 80% of total time. The remaining were 15 subjects in SED group (5 males, 10 
females), 14 subjects in CON group (5 males, 9 females), and 14 subjects in INT group 
(5 males, 9 females). This study consisted of five parts to examine the effects of 
continuous and interval aerobic training on glycemic control and endothelial dependent 
vasodilatation in type 2 diabetes patients. These five majors parts were as followed:- 
 Part 1 The comparison of biological data between pre- and post-training and 
among three groups of subjects: sedentary control group (SED), interval aerobic training 
group (INT) and continuous aerobic training group (CON). 

Part 2 The comparison of  health-related physical fitness data between pre- and 
post-training and among three groups of subjects: sedentary control group (SED), 
interval aerobic training group (INT) and continuous aerobic training group (CON). 

Part 3 The comparison of  biochemistry data between pre- and post-training and 
among three groups of subjects: sedentary control group (SED), interval aerobic training 
group (INT) and continuous aerobic training group (CON). 

Part 4 The comparison of cutaneous blood flow data between pre- and post-
training and among three groups of subjects: sedentary control group (SED), interval 
aerobic training group (INT) and continuous aerobic training group (CON). 

Part 5 The comparison of brachial artery characteristics data between pre- and 
post-training and among three groups of subjects: sedentary control group (SED), 
interval aerobic training group (INT) and continuous aerobic training group (CON). 



 
 

 
 
 

Part 1 The comparison of biological data between pre- and post-training and 
among three groups of subjects: sedentary control group (SED), interval aerobic 
training group (INT) and continuous aerobic training group (CON). 

Table 4.1 shows the comparison of biological data among three groups of 
subjects: sedentary control group (SED), interval aerobic training group (INT) and 
continuous aerobic training group (CON) at pre-training. The SED, INT and CON group 
showed no significant differences between groups in body weight, body mass index, 
resting heart rater per minute, systolic blood pressure and diastolic blood pressure 
when compared among in SED group, CON group and INT group.  

Table 4.2 shows the comparison of biological data among three groups of 
subjects: sedentary control group (SED), interval aerobic training group (INT) and 
continuous aerobic training group (CON)  at post-training. The data demonstrated that 
resting heart rate per minute in both INT and CON groups were significantly lower than 
CON group (P<0.05). However, there were no significant differences in body weight, 
body mass index, systolic blood pressure and diastolic blood pressure when compared 
among in SED group, CON group and INT group. 

Table 4.3 shows the comparison of biological data between pre- and post-
training in sedentary control group (SED). The SED group showed no significant 
difference in body weight, body mass index, resting heart rater per minute, systolic 
blood pressure and diastolic blood pressure between baseline and after 12 weeks. 

Table 4.4 shows the comparison of biological data between pre- and post-
training in continuous aerobic training group (CON). The CON group had significant 
decreases (P<0.05) in body weight, body mass index and resting heart rate as 
compared to baseline. However, there were no significant differences in systolic blood 
pressure and diastolic blood pressure between baseline and after training. 

In table 4.5 shows the comparison of biological data between pre- and post-
training in interval aerobic training group (INT). The INT group had significant decreases 
(P<0.05) in body weight, body mass index, resting heart rate and systolic arterial blood 



 
 

 
 
 

pressure as compared to baseline. However, there awere no significant differences in 
diastolic blood pressure between baseline and after training. 

 Table 4.6 and figure 4.1- 4.5 show the comparison of biological data between 
pre- and post-training and among three groups of subjects: sedentary control group 
(SED), interval aerobic training group (INT) and continuous aerobic training group 
(CON). The SED group showed no significant change in all parameters. Resting heart 
rate per minute in both INT and CON groups were significantly lower than CON group 
(P<0.05) at after 12 weeks. Both CON and INT group had significant decreases 

(P<0.05) in body weight, body mass index and resting heart rate as compared to 
baseline. Only INT group had significant decreases in systolic blood pressure as 
compared to baseline. 

 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 
 

Table 4.1 The comparison of biological data among three groups of subjects: sedentary control group (SED), interval aerobic training 
group (INT) and continuous aerobic training group (CON) at pre-training. 
 Pre-training 

SED CON INT F P-value 
      
Body weight (kg) 67.7+3.2 65.8+3.1 66.5+3.7 0.11 0.89 
Body mass index (kg/m2) 27.3+1.0 26.9+0.7 26.4+1.0 0.86 0.43 
Resting heart rate per minute 83.2+4.9 80.1+3.1 79.6+3.2 1.59 0.22 
Systolic blood pressure (mmHg) 130.5+5.4 132.6+5.2 133.1+5.0 0.22 0.80 
Diastolic blood pressure (mmHg) 83.3+2.7 81.2+1.5 79.0+2.5 1.77 0.18 
Data are mean+SEM  
SED, sedentary control subjects; CON, continuous aerobic training subjects; INT, interval aerobic training subjects.  

 
 
 

 
 



 
 

 
 
 

Table 4.2 The comparison of biological data among three groups of subjects: sedentary control group (SED), interval aerobic training 
group (INT) and continuous aerobic training group (CON)  at post-training 
 Post-training 

SED CON INT F P-value 
      
Body weight (kg) 67.1+3.7 63.5+3.4 64.4+3.0 0.96 0.39 
Body mass index (kg/m2) 26.7+0.9 24.8+0.9 24.0+0.8 0.85 0.43 
Resting heart rate per minute 82.2+4.7 75.0+2.8† 73.7+4.1† 5.99 0.01 
Systolic blood pressure (mmHg) 132.1+6.1 128.1+4.0 120.6+4.6 1.51 0.23 
Diastolic blood pressure (mmHg) 82.4+3.0 80.7+2.0 80.5+2.1 0.20 0.82 
Data are mean+SEM 
SED, sedentary control subjects; CON, continuous aerobic training subjects; INT, interval aerobic training subjects.  

† P<0.05 vs. sedentary control subjects. 
 



 
 

 
 
 

Table 4.3 The comparison of biological data between pre- and post-training in 
sedentary control group (SED). 
 SED (n=15) 

Baseline After 12 weeks t P-value 
     
Male/Female 5/10    
Age (y) 60.9+2.4    
Body weight (kg) 67.7+3.2 67.1+3.7 0.49 0.63 
Height (cm) 152.4+4.5    
Body mass index (kg/m2) 27.3+1.0 26.7+0.9 1.05 0.31 
Resting heart rate per minute 83.2+4.9 82.2+4.7 0.89 0.39 
Systolic blood pressure (mmHg) 130.5+5.4 132.1+6.1 -1.46 0.17 
Diastolic blood pressure (mmHg) 83.3+2.7 82.4+3.0 0.59 0.56 
Data are mean+SEM 
SED, sedentary control subjects 

 
Table 4.4 The comparison of biological data between pre- and post-training in 

continuous aerobic training group (CON). 
 CON (n=14) 

Baseline After training t P-value 
     
Male/Female 5/9    
Age (y) 61.7+2.7    
Body weight (kg) 65.8+3.1 63.5+3.4* 2.28 0.40 
Height (cm) 148.9+5.1    
Body mass index (kg/m2) 26.9+0.7 24.8+0.9* 3.31 0.01 
Resting heart rate per minute 80.1+3.1 75.0+2.8* 4.21 0.00 
Systolic blood pressure (mmHg) 132.6+5.2 128.1+4.0 1.76 0.10 
Diastolic blood pressure (mmHg) 81.2+1.5 80.7+2.0 0.69 0.50 
Data are mean+SEM 
CON, continuous aerobic training subjects. * P<0.05 of baseline vs. after training. 

 
 



 
 

 
 
 

Table 4.5 The comparison of biological data between pre- and post-training in 
interval aerobic training group (INT). 
 INT (n=14) 

Baseline After training t P-value 
     
Male/Female 5/9    
Age (y) 61.2+2.8    
Body weight (kg) 66.5+3.7 64.4+3.0* 2.40 032 
Height (cm) 149.2+3.7    
Body mass index (kg/m2) 26.4+1.0 24.0+0.8* 5.09 0.00 
Resting heart rate per minute 79.6+3.2 73.7+4.1* 2.59 0.23 
Systolic blood pressure (mmHg) 133.1+5.0 120.6+4.6* 3.88 0.00 
Diastolic blood pressure (mmHg) 79.0+2.5 80.5+2.1 -1.13 0.28 
Data are mean+SEM 
INT, interval aerobic training subjects. * P<0.05 of baseline vs. after training. 



 
 

 
 
 

 
Table 4.6 The comparison of biological data between pre- and post-training and among three groups of subjects: sedentary control 

group (SED), interval aerobic training group (INT) and continuous aerobic training group (CON). 
 SED (n=15) CON (n=14) INT (n=14) 

Baseline After 12 weeks Baseline After training Baseline After training 
       
Male/Female 5/10  5/9  5/9  
Age (y) 60.9+2.4  61.7+2.7  61.2+2.8  
Body weight (kg) 67.7+3.2 67.1+3.7 65.8+3.1 63.5+3.4* 66.5+3.7 64.4+3.0* 
Height (cm) 152.4+4.5  148.9+5.1  149.2+3.7  
Body mass index (kg/m2) 27.3+1.0 26.7+0.9 26.9+0.7 24.8+0.9* 26.4+1.0 24.0+0.8* 
Resting heart rate per minute 83.2+4.9 82.2+4.7 80.1+3.1 75.0+2.8*† 79.6+3.2 73.7+4.1*† 
Systolic blood pressure (mmHg) 130.5+5.4 132.1+6.1 132.6+5.2 128.1+4.0 133.1+5.0 120.6+4.6* 
Diastolic blood pressure (mmHg) 83.3+2.7 82.4+3.0 81.2+1.5 80.7+2.0 79.0+2.5 80.5+2.1 

Data are mean+SEM 
SED, sedentary control subjects; CON, continuous aerobic training subjects; INT, interval aerobic training subjects.  

* P<0.05 of baseline vs. after training;  † P<0.05 vs. sedentary control subjects. 
 



 
 

 
 
 

 

 
* P<0.05 of baseline vs. after 12 weeks. 

Figure 4.1 The comparative body weight between baseline and after 12 weeks 
and among three groups of subjects: sedentary control group (SED), interval aerobic 
training group (INT) and continuous aerobic training group (CON). 
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* P<0.05 of baseline vs. after 12 weeks 

Figure 4.2 The comparative body mass index between baseline and after  12 
weeks and among three groups of subjects: sedentary control group (SED), interval 
aerobic training group (INT) and continuous aerobic training group (CON). 

 
* P<0.05 of baseline vs. after 12 weeks; † P<0.05 vs. sedentary control subjects. 

Figure 4.3 The comparative resting heart rate between baseline and after  12 
weeks and among three groups of subjects: sedentary control group (SED), interval 
aerobic training group (INT) and continuous aerobic training group (CON). 
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         * P<0.05 of baseline vs. after 12 weeks 

Figure 4.4 The comparative systolic blood pressure between baseline and 
after  12 weeks and among three groups of subjects: sedentary control group (SED), 
interval aerobic training group (INT) and continuous aerobic training group (CON). 

 
    

      

 

        Figure 4.5 The comparative diastolic blood pressure between baseline and 
after  12 weeks and among three groups of subjects: sedentary control group (SED), 
interval aerobic training group (INT) and continuous aerobic training group (CON). 
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Part 2 The comparison of health-related physical fitness data between pre- and 
post-training and among three groups of subjects: sedentary control group (SED), 
interval aerobic training group (INT) and continuous aerobic training group (CON). 

Table 4.7 shows the comparison of health-related physical fitness data between 
pre- and post-training in sedentary control group (SED). The SED group showed no 
significant difference in fat mass, body fat, muscle mass, waist-to-hip ratio, muscular 
strength (anterior thigh), muscular strength (posterior thigh), muscular strength (chest),  
muscular strength (back), body flexibility and maximal O2 consumption between 
baseline and after 12 weeks. 

Table 4.8 shows the comparison of health-related physical fitness data between 
pre- and post-training in continuous aerobic training (CON). The CON group had 
significant decreases (P<0.05) in fat mass, body fat and waist-to-hip ratio and significant 
increase (P<0.05) in muscular strength (anterior thigh) and maximal O2 consumption as 
compared to baseline. However, there were no significant differences in muscular 
strength (posterior thigh), muscular strength (chest),  muscular strength (back) and 
body flexibility between baseline and after training. 

Table 4.9 shows the comparison of health-related physical fitness data between 
pre- and post-training in interval aerobic training (INT). The INT group had significant 
decreases (P<0.05) in fat mass, body fat and waist-to-hip ratio and significant increase 
(P<0.05) in muscular strength (anterior thigh), muscular strength (posterior thigh) and 
maximal O2 consumption as compared to baseline. However, there were no significant 
differences in muscular strength (chest),  muscular strength (back) and body flexibility 
between baseline and after training. 

Table 4.10 shows the comparison of health-related physical fitness data among 
three groups of subjects: sedentary control group (SED), interval aerobic training group 
(INT) and continuous aerobic training group (CON) at pre-training. The SED, INT and 
CON group showed no significant differences in fat mass, body fat, muscle mass, waist-
to-hip ratio, muscular strength (anterior thigh), muscular strength (posterior thigh), 



 
 

 
 
 

muscular strength (chest),  muscular strength (back), body flexibility and maximal O2 
consumption when compared among in SED group, CON group and INT group. 

Table 4.11 shows the comparison of health-related physical fitness data among 
three groups of subjects: sedentary control group (SED), interval aerobic training group 
(INT) and continuous aerobic training group (CON) at post-training. The data 
demonstrate that maximal O2 consumption in INT group was significantly higher than 
SED and CON groups (P<0.05). However, there are no significant difference in fat mass, 
body fat, muscle mass, waist-to-hip ratio, muscular strength (anterior thigh), muscular 
strength (posterior thigh), muscular strength (chest),  muscular strength (back) and 
body flexibility when compared among in SED group, CON group and INT group. 

Table 4.12 and figure 4.6 – 4.15 show the comparison of health-related physical 
fitness data between pre- and post-training and among three groups of subjects: 
sedentary control group (SED), interval aerobic training group (INT) and continuous 
aerobic training group (CON). The SED group showed no significant change in all 
parameters. Both CON and INT groups had significant decreases (P<0.05) in fat mass, 
body fat and waist-to-hip ratio and significant increase (P<0.05) in muscular strength 
(anterior thigh) and maximal O2 consumption as compared to baseline. Only INT group 
had significant increase (P<0.05) in muscular strength (posterior thigh) as compared to 
baseline. At after 12 weeks, maximal O2 consumption in INT group was significantly 
higher than SED and CON groups (P<0.05) when compared among in SED group, CON 
group and INT group. 

 
 
 
 
 
 
 



 
 

 
 
 

Table 4.7 The comparison of health-related physical fitness data between pre- 
and post-training in sedentary control group (SED). 
 SED (n=15) 

Baseline After 12 weeks T P-value 
     
Fat mass (kg) 23.9+1.3 24.2+1.6 -0.23 0.82 
Body fat (%) 33.9+1.1 34.5+1.3 -0.80 0.44 
Muscle mass (kg) 21.2+1.4 21.6+1.7 -0.67 0.52 
Waist-to-hip ratio 0.97+0.01 0.98+0.01 -0.57 0.58 
Muscular strength, anterior thigh 
(kg) 

40.7+2.4 39.8+2.7 0.76 0.46 

Muscular strength, posterior 
thigh (kg) 

31.2+2.2 30.6+2.5 0.63 0.54 

Muscular strength, chest (kg) 22.1+2.0 21.3+2.3 1.08 0.30 
Muscular strength, back (kg) 35.7+3.2 34.9+3.1 0.75 0.47 
Body flexibility (cm) -0.1+0.9 0.0+1.1 -0.40 0.70 
Maximal O2 consumption 
(ml/kg/min) 

24.4+1.3 23.9+1.0 0.66 0.52 

Data are mean+SEM 
SED, sedentary control subjects. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 
 

Table 4.8 The comparison of health-related physical fitness data between pre- 
and post-training in continuous aerobic training (CON). 
 CON (n=14) 

Baseline After training T P-value 
     
Fat mass (kg) 23.7+1.6 22.1+1.9* 2.97 0.01 
Body fat (%) 33.7+2.0 31.1+1.9* 2.69 0.02 
Muscle mass (kg) 22.8+1.2 24.5+1.1* -2.73 0.02 
Waist-to-hip ratio 0.95+0.02 0.93+0.02* 2.38 0.03 
Muscular strength, anterior thigh 
(kg) 

40.8+4.4 46.9+4.2* -2.51 0.03 

Muscular strength, posterior 
thigh (kg) 

30.7+2.0 32.2+2.5 -1.33 0.21 

Muscular strength, chest (kg) 21.3+2.4 20.2+2.1 1.15 0.27 
Muscular strength, back (kg) 34.5+2.1 36.0+2.4 -1.44 0.17 
Body flexibility (cm) 1.0+0.6 0.6+0.9 -0.15 0.88 
Maximal O2 consumption 
(ml/kg/min) 

23.8+1.0 27.1+1.2* -2.56 0.02 

Data are mean+SEM 
CON, continuous aerobic training subjects. * P<0.05 of baseline vs. after training. 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
 

 
 
 

Table 4.9 The comparison of health-related physical fitness data between pre- 
and post-training in interval aerobic training (INT). 
 INT (n=14) 

Baseline After training T P-value 
     
Fat mass (kg) 22.8+1.0 21.5+1.6* 2.59 0.02 
Body fat (%) 32.6+2.1 30.4+2.3* 2.65 0.02 
Muscle mass (kg) 20.3+2.1 23.8+2.3* -2.61 0.02 
Waist-to-hip ratio 0.96+0.01 0.94+0.02* 2.47 0.03 
Muscular strength, anterior thigh 
(kg) 

38.5+4.5 45.5+4.2 * -2.92 0.01 

Muscular strength, posterior 
thigh (kg) 

32.0+2.3 35.7+2.1* -2.53 0.03 

Muscular strength, chest (kg) 20.8+2.4 19.5+2.9 0.62 0.55 
Muscular strength, back (kg) 33.1+2.4 33.8+2.6 -1.46 0.17 
Body flexibility (cm) -0.2+1.3 -0.1+0.6 -1.11 0.29 
Maximal O2 consumption 
(ml/kg/min) 

24.2+1.6 30.3+1.2* -5.87 0.00 

Data are mean+SEM 
INT, interval aerobic training subjects. * P<0.05 of baseline vs. after training.



 
 

 
 
 

Table 4.10 The comparison of health-related physical fitness data among three groups of subjects: sedentary control group (SED), 
interval aerobic training group (INT) and continuous aerobic training group (CON) at pre-training. 
 Pre-training 

SED CON INT F P-value 
      
Fat mass (kg) 23.9+1.3 23.7+1.6 22.8+1.0 0.07 0.93 
Body fat (%) 33.9+1.1 33.7+2.0 32.6+2.1 0.10 0.90 
Muscle mass (kg) 21.2+1.4 22.8+1.2 20.3+2.1 2.24 0.12 
Waist-to-hip ratio 0.97+0.01 0.95+0.02 0.96+0.01 1.47 0.24 
Muscular strength, anterior thigh (kg) 40.7+2.4 40.8+4.4 38.5+4.5 0.91 0.91 
Muscular strength, posterior thigh (kg) 31.2+2.2 30.7+2.0 32.0+2.3 0.13 0.88 
Muscular strength, chest (kg) 22.1+2.0 21.3+2.4 20.8+2.4 0.64 0.53 
Muscular strength, back (kg) 35.7+3.2 34.5+2.1 33.1+2.4 0.97 0.39 
Body flexibility (cm) -0.1+0.9 1.0+0.6 -0.2+1.3 1.37 0.27 
Maximal O2 consumption (ml/kg/min) 24.4+1.3 23.8+1.0 24.2+1.6 0.12 0.89 
Data are mean+SEM 
SED, sedentary control subjects; CON, continuous aerobic training subjects; INT, interval aerobic training subjects. 

 
 



 
 

 
 
 

Table 4.11 The comparison of health-related physical fitness data among three groups of subjects: sedentary control group (SED), 
interval aerobic training group (INT) and continuous aerobic training group (CON) at post-training. 
 Post-training 

SED CON INT F P-value 
      
Fat mass (kg) 24.2+1.6 22.1+1.9 21.5+1.6 2.22 0.12 
Body fat (%) 34.5+1.3 31.1+1.9 30.4+2.3 2.16 0.13 
Muscle mass (kg) 21.6+1.7 24.5+1.1 23.8+2.3 1.72 0.19 
Waist-to-hip ratio 0.98+0.01 0.93+0.02 0.94+0.02 1.62 0.21 
Muscular strength, anterior thigh (kg) 39.8+2.7 46.9+4.2 45.5+4.2  1.24 0.30 
Muscular strength, posterior thigh (kg) 30.6+2.5 32.2+2.5 35.7+2.1 2.28 0.12 
Muscular strength, chest (kg) 21.3+2.3 20.2+2.1 19.5+2.9 0.49 0.68 
Muscular strength, back (kg) 34.9+3.1 36.0+2.4 33.8+2.6 0.77 0.47 
Body flexibility (cm) 0.0+1.1 0.6+0.9 -0.1+0.6 0.02 0.98 
Maximal O2 consumption (ml/kg/min) 23.9+1.0 27.1+1.2† 30.3+1.2†# 19.26 0.00 
Data are mean+SEM 
SED, sedentary control subjects; CON, continuous aerobic training subjects; INT, interval aerobic training subjects. 
† P<0.05 vs. sedentary control subjects; # P<0.05 vs. continuous aerobic training  subjects. 

 



 
 

 
 
 

Table 4.12 The comparison of health-related physical fitness data between pre- and post-training and among three groups of 
subjects: sedentary control group (SED), interval aerobic training group (INT) and continuous aerobic training group (CON). 

 SED (n=15) CON (n=14) INT (n=14) 
Baseline After 12 weeks Baseline After training Baseline After training 

       
Fat mass (kg) 23.9+1.3 24.2+1.6 23.7+1.6 22.1+1.9* 22.8+1.0 21.5+1.6* 
Body fat (%) 33.9+1.1 34.5+1.3 33.7+2.0 31.1+1.9* 32.6+2.1 30.4+2.3* 
Muscle mass (kg) 21.2+1.4 21.6+1.7 22.8+1.2 24.5+1.1* 20.3+2.1 23.8+2.3* 
Waist-to-hip ratio 0.97+0.01 0.98+0.01 0.95+0.02 0.93+0.02* 0.96+0.01 0.94+0.02* 
Muscular strength, anterior thigh (kg) 40.7+2.4 39.8+2.7 40.8+4.4 46.9+4.2* 38.5+4.5 45.5+4.2 * 
Muscular strength, posterior thigh (kg) 31.2+2.2 30.6+2.5 30.7+2.0 32.2+2.5 32.0+2.3 35.7+2.1* 
Muscular strength, chest (kg) 22.1+2.0 21.3+2.3 21.3+2.4 20.2+2.1 20.8+2.4 19.5+2.9 
Muscular strength, back (kg) 35.7+3.2 34.9+3.1 34.5+2.1 36.0+2.4 33.1+2.4 33.8+2.6 
Body flexibility (cm) -0.1+0.9 0.0+1.1 1.0+0.6 0.6+0.9 -0.2+1.3 -0.1+0.6 
Maximal O2 consumption (ml/kg/min) 24.4+1.3 23.9+1.0 23.8+1.0 27.1+1.2*† 24.2+1.6 30.3+1.2*†# 

Data are mean+SEM 
SED, sedentary control subjects; CON, continuous aerobic training subjects; INT, interval aerobic training subjects.  
* P<0.05 of baseline vs. after training;  † P<0.05 vs. sedentary control subjects; # P<0.05 vs. continuous aerobic training  subjects. 
 



 
 

 
 
 

  
        * P<0.05 of baseline vs. after 12 weeks 

Figure 4.6 The comparative fat mass between baseline and after  12 weeks and 
among three groups of subjects: sedentary control group (SED), interval aerobic 
training group (INT) and continuous aerobic training group (CON). 

 
        * P<0.05 of baseline vs. after 12 weeks 

Figure 4.7 The comparative body fat between baseline and after  12 weeks 
and among three groups of subjects: sedentary control group (SED), interval aerobic 
training group (INT) and continuous aerobic training group (CON). 
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* P<0.05 of baseline vs. after 12 weeks 
        Figure 4.8 The comparative muscle mass between baseline and after  12 

weeks and among three groups of subjects: sedentary control group (SED), interval 
aerobic training group (INT) and continuous aerobic training group (CON). 

         

 
        * P<0.05 of baseline vs. after 12 weeks 
        Figure 4.9 The comparative waist-to-hip ratio between baseline and after  12 

weeks and among three groups of subjects: sedentary control group (SED), interval 
aerobic training group (INT) and continuous aerobic training group (CON). 
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* P<0.05 of baseline vs. after 12 weeks 
Figure 4.10 The comparative muscle strength, anterior thigh (kg) between 

baseline and after  12 weeks and among three groups of subjects: sedentary control 
group (SED), interval aerobic training group (INT) and continuous aerobic training 
group (CON). 

 
* P<0.05 of baseline vs. after 12 weeks 
Figure 4.11 The comparative muscle strength, posterior thigh (kg) between 

baseline and after  12 weeks and among three groups of subjects: sedentary control 
group (SED), interval aerobic training group (INT) and continuous aerobic training 
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group (CON). 

 
Figure 4.12 The comparative muscle strength, chest (kg) between baseline and after  
12 weeks and among three groups of subjects: sedentary control group (SED), interval 
aerobic training group (INT) and continuous aerobic training group (CON) 

 

 
Figure 4.13 The comparative muscle strength, back (kg) between baseline and 

after  12 weeks and among three groups of subjects: sedentary control group (SED), 
interval aerobic training group (INT) and continuous aerobic training group (CON). 
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Figure 4.14 The comparative body flexibility between baseline and after  12 
weeks and among three groups of subjects: sedentary control group (SED), interval 
aerobic training group (INT) and continuous aerobic training group (CON). 

 
* P<0.05 of baseline vs. after 12 weeks; † P<0.05 vs. sedentary control subjects; # P<0.05 

vs. interval aerobic training subjects 

Figure 4.15 The comparative maximal O2 consumption between baseline and 
after  12 weeks and among three groups of subjects: sedentary control group (SED), 
interval aerobic training group (INT) and continuous aerobic training group (CON). 
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Part 3 The comparison of biochemistry data between pre- and post-training and 
among three groups of subjects: sedentary control group (SED), interval aerobic 
training group (INT) and continuous aerobic training group (CON). 

Table 4.13 shows the comparison of biochemistry data between pre- and post-
training in sedentary control group (SED). The SED group showed no significant 
difference in fasting blood glucose, HbA1c, insulin resistance (HOMA), total cholesterol, 
HDL cholesterol, LDL cholesterol, triglyceride, malondialdehyde, glutathione 
peroxidase, superoxide dismutase, nitric oxide and von Willebrand factor between 
baseline and after 12 weeks. 

Table 4.14 shows the comparison of biochemistry data between pre- and post-
training in continuous aerobic training (CON). The CON group had significant decreases 

(P<0.05) in  fasting blood glucose, insulin resistance (HOMA), HDL cholesterol and LDL 
cholesterol and significant increase (P<0.05) in HDL cholesterol as compared to 
baseline. However, there are no significant difference in HbA1c, total cholesterol, 
triglyceride, malondialdehyde, glutathione peroxidase, superoxide dismutase, nitric 
oxide and von Willebrand factor between baseline and after training. 

Table 4.15 shows the comparison of biochemistry data between pre- and post-
training in interval aerobic training (INT). The INT group had significant decreases 

(P<0.05) in fasting blood glucose, HbA1c, insulin resistance (HOMA), total cholesterol,  
LDL cholesterol, malondialdehyde, superoxide dismutase and von Willebrand factor and 
significant increase (P<0.05)  in HDL cholesterol, glutathione peroxidase and nitric oxide 
as compared to baseline. However, there are no significant difference in triglyceride and 
superoxide dismutase between baseline and after training. 

Table 4.16 shows the comparison of biochemistry data among three groups of 
subjects: sedentary control group (SED), interval aerobic training group (INT) and 
continuous aerobic training group (CON) at pre-training. The SED, INT and CON group 
showed no significant difference in fasting blood glucose, HbA1c, insulin resistance 
(HOMA), total cholesterol, HDL cholesterol, LDL cholesterol, triglyceride, 



 
 

 
 
 

malondialdehyde, glutathione peroxidase, superoxide dismutase, nitric oxide and von 
Willebrand factor when compared among in SED group, CON group and INT group. 

Table 4.17 shows the comparison of biochemistry data among three groups of 
subjects: sedentary control group (SED), interval aerobic training group (INT) and 
continuous aerobic training group (CON) at post-training. The data demonstrate that 
glutathione peroxidase in INT group was significantly higher than SED group (P<0.05). 
von Willebrand factor in INT group was significantly lower than SED group (P<0.05). 
Nitric oxide in INT group was significantly higher than CON group (P<0.05). However, 
there are no significant difference in fasting blood glucose, HbA1c, insulin resistance 
(HOMA), total cholesterol, HDL cholesterol, LDL cholesterol, triglyceride, 
malondialdehyde and superoxide dismutase when compared among in SED group, 
CON group and INT group. 

Table 4.18 and figure 4.16 – 4.27 show the comparison of biochemistry data a 
between pre- and post-training and among three groups of subjects: sedentary control 
group (SED), interval aerobic training group (INT) and continuous aerobic training group 
(CON). The SED group showed no significant change in all parameters. Both CON and 
INT groups had significant decreases (P<0.05) in fasting blood glucose, insulin 
resistance (HOMA), HDL cholesterol and LDL cholesterol and significant increase 
(P<0.05) in HDL cholesterol as compared to baseline. Only INT group had significant 
decrease (P<0.05) in HbA1c, total cholesterol, malondialdehyde and von Willebrand 
factor and significant increase (P<0.05) in glutathione peroxidase and nitric oxide as 
compared to baseline. At after 12 weeks, glutathione peroxidase in INT group was 
significantly higher than SED group (P<0.05). von Willebrand factor in INT group was 
significantly lower than SED group (P<0.05). Nitric oxide in INT group was significantly 
higher than CON group (P<0.05). 

 
 
 



 
 

 
 
 

Table 4.13 The comparison of biochemistry data between pre- and post-training 
in sedentary control group (SED). 
 SED (n=15) 

Baseline After 12 weeks t P-value 
     
Fasting blood glucose (mg/dl) 132.8+21.8 130.8+20.4 0.06 0.95 
HbA1c (%)  7.8+0.7 8.1+0.4 -1.45 0.17 
Insulin resistance (HOMA) 3.9+1.2 4.2+1.4 -0.92 0.52 
Total cholesterol (mg/dl) 198.1+15.0 208.1+14.2 -1.55 0.21 
HDL cholesterol (mg/dl) 43.1+5.0 44.7+4.1 -1.41 0.18 
LDL cholesterol (mg/dl) 134.7+15.1 129.4+14.3 1.37 0.19 
Triglyceride (mg/dl) 160.0+21.1 155.1+19.8 0.64 0.54 
Malondialdehyde (µmol/L) 1.34+0.06 1.33+0.1 0.18 0.95 
Glutathione peroxidase (U/g Hb)  85.8+4.0 81.3+5.8 0.60 0.56 
Superoxide dismutase (U/g Hb) 2882.6+81.5 2617.4+70.3 1.89 0.12 
Nitric oxide (nmoles) 0.73+0.23 1.16+0.2 -1.73 0.09 
von Willebrand factor (%) 121.5+14.4 131.3+16.7 -1.65 0.10 
Data are mean+SEM 
SED, sedentary control subjects. 



 
 

 
 
 

Table 4.14 The comparison of biochemistry data between pre- and post-training 
in continuous aerobic training (CON). 

 CON (n=14) 
Baseline After 12 weeks t P-value 

     
Fasting blood glucose (mg/dl) 138.2+28.3 120.0+19.7* 2.43 0.04 
HbA1c (%)  7.7+0.8 7.5+0.7 2.14 0.08 
Insulin resistance (HOMA) 2.8+1.3 2.3+1.5* 4.64 0.02 
Total cholesterol (mg/dl) 182.4+15.4 178.4+15.2 0.88 0.76 
HDL cholesterol (mg/dl) 53.1+4.4 56.1+4.9* -2.54 0.04 
LDL cholesterol (mg/dl) 131.5+14.5 109.9+13.8* 2.57 0.04 
Triglyceride (mg/dl) 145.3+18.8 139.1+20.1 0.35 0.91 
Malondialdehyde (µmol/L) 1.36+0.07 1.21+0.14 1.61 0.15 
Glutathione peroxidase (U/g Hb)  96.6+5.3 99.4.2+3.6 -0.49 0.63 
Superoxide dismutase (U/g Hb) 2815.0+64.5 2724.6+76.0 0.22 0.86 
Nitric oxide (nmoles) 0.92+0.20 0.82+0.15 -0.45 0.71 
von Willebrand factor (%) 125.7+18.9 117.0+12.5 0.97 0.35 

Data are mean+SEM 
CON, continuous aerobic training subjects. * P<0.05 of baseline vs. after training; 

 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 
 

Table 4.15 The comparison of biochemistry data between pre- and post-training 
in interval aerobic training (INT). 

 INT (n=14) 
Baseline After 12 weeks t P-value 

     
Fasting blood glucose (mg/dl) 138.2+21.9 119.4+22.5* 3.12 0.00 
HbA1c (%)  7.6+0.7 7.1+0.5* 2.67 0.03 
Insulin resistance (HOMA) 3.1+1.4 2.5+1.1* 5.73 0.00 
Total cholesterol (mg/dl) 189.1+17.8 170.4+18.4* 1.24 0.69 
HDL cholesterol (mg/dl) 41.4+3.9 52.7+5.1* -5.19 0.00 
LDL cholesterol (mg/dl) 129.3+14.7 101.3+13.6* 4.36 0.00 
Triglyceride (mg/dl) 147.1+20.0 130.1+18.7 1.45 0.17 
Malondialdehyde (µmol/L) 1.56+0.07 1.03+0.07* 4.78 0.00 
Glutathione peroxidase (U/g Hb)  89.9+5.0 112.2+7.3* -4.92 0.00 
Superoxide dismutase (U/g Hb) 2812.6+88.3 2761.6+76.9 0.20 0.88 
Nitric oxide (nmoles) 0.71+0.20 1.47+0.18* -3.03 0.01 
von Willebrand factor (%) 129.6+20.1 83.0+16.9* 3.87 0.00 

Data are mean+SEM 
INT, interval aerobic training subjects. * P<0.05 of baseline vs. after training; 
 
 
 
 
 
 
 
 
 



 
 

 
 
 

Table 4.16 The comparison of biochemistry data among three groups of subjects: sedentary control group (SED), interval aerobic 
training group (INT) and continuous aerobic training group (CON) at pre-training. 
 Pre-training 

SED CON INT F P-value 
      
Fasting blood glucose (mg/dl) 132.8+21.8 138.2+28.3 138.2+21.9 0.23 0.79 
HbA1c (%)  7.8+0.7 7.7+0.8 7.6+0.7 0.50 0.61 
Insulin resistance (HOMA) 3.9+1.2 2.8+1.3 3.1+1.4 2.18 0.13 
Total cholesterol (mg/dl) 198.1+15.0 182.4+15.4 189.1+17.8 1.13 0.33 
HDL cholesterol (mg/dl) 43.1+5.0 53.1+4.4 41.4+3.9 0.91 0.41 
LDL cholesterol (mg/dl) 134.7+15.1 131.5+14.5 129.3+14.7 2.10 0.18 
Triglyceride (mg/dl) 160.0+21.1 145.3+18.8 147.1+20.0 2.50 0.11 
Malondialdehyde (µmol/L) 1.34+0.06 1.36+0.07 1.56+0.07 2.62 0.10 
Glutathione peroxidase (U/g Hb)  85.8+4.0 96.6+5.3 89.9+5.0 1.31 0.28 
Superoxide dismutase (U/g Hb) 2882.6+81.5 2815.0+64.5 2812.6+88.3 0.43 0.87 
Nitric oxide (nmoles) 0.73+0.23 0.92+0.20 0.71+0.20 1.26 0.29 
von Willebrand factor (%) 121.5+14.4 125.7+18.9 129.6+20.1 2.13 0.15 
Data are mean+SEM 
SED, sedentary control subjects; CON, continuous aerobic training subjects; INT, interval aerobic training subjects. 



 
 

 
 
 

Table 4.17 The comparison of biochemistry data among three groups of subjects: sedentary control group (SED), interval aerobic 
training group (INT) and continuous aerobic training group (CON) at post-training. 
 Pre-training 

SED CON INT F P-value 
      
Fasting blood glucose (mg/dl) 130.8+20.4 120.0+19.7 119.4+22.5 0.96 0.39 
HbA1c (%)  8.1+0.4 7.5+0.7 7.1+0.5 1.45 0.24 
Insulin resistance (HOMA) 4.2+1.4 2.3+1.5 2.5+1.1 2.1 0.14 
Total cholesterol (mg/dl) 208.1+14.2 178.4+15.2 170.4+18.4 1.82 0.18 
HDL cholesterol (mg/dl) 44.7+4.1 56.1+4.9 52.7+5.1 2.06 0.14 
LDL cholesterol (mg/dl) 129.4+14.3 109.9+13.8 101.3+13.6 2.02 0.15 
Triglyceride (mg/dl) 155.1+19.8 139.1+20.1 130.1+18.7 3.09 0.06 
Malondialdehyde (µmol/L) 1.33+0.1 1.21+0.14 1.03+0.07 1.87 0.16 
Glutathione peroxidase (U/g Hb)  81.3+5.8 99.4.2+3.6 112.2+7.3† 3.60 0.04 
Superoxide dismutase (U/g Hb) 2617.4+70.3 2724.6+76.0 2761.6+76.9 0.57 0.57 
Nitric oxide (nmoles) 1.16+0.2 0.82+0.15 1.47+0.18# 3.41 0.04 
von Willebrand factor (%) 131.3+16.7 117.0+12.5 83.0+16.9† 4.08 0.02 
Data are mean+SEM 
SED, sedentary control subjects; CON, continuous aerobic training subjects; INT, interval aerobic training subjects. 
† P<0.05 vs. sedentary control subjects; # P<0.05 vs. continuous aerobic training  subjects. 



 
 

 
 
 

 
Table 4.18 The comparison of biochemistry data a between pre- and post-training and among three groups of subjects: sedentary 

control group (SED), interval aerobic training group (INT) and continuous aerobic training group (CON). 

Data are mean+SEM 
SED, sedentary control subjects; CON, continuous aerobic training subjects; INT, interval aerobic training subjects. 
* P<0.05 of baseline vs. after training;  † P<0.05 vs. sedentary control subjects; # P<0.05 vs. continuous aerobic training  subjects. 
 
 
 
 

 SED (n=15) CON (n=14) INT (n=14) 
Baseline After 12 weeks Baseline After training Baseline After training 

       
Fasting blood glucose (mg/dl) 132.8+21.8 130.8+20.4 138.2+28.3 120.0+19.7* 138.2+21.9 119.4+22.5* 
HbA1c (%)  7.8+0.7 8.1+0.4 7.7+0.8 7.5+0.7 7.6+0.7 7.1+0.5* 
Insulin resistance (HOMA) 3.9+1.2 4.2+1.4 2.8+1.3 2.3+1.5* 3.1+1.4 2.5+1.1* 
Total cholesterol (mg/dl) 198.1+15.0 208.1+14.2 182.4+15.4 178.4+15.2 189.1+17.8 170.4+18.4* 
HDL cholesterol (mg/dl) 43.1+5.0 44.7+4.1 53.1+4.4 56.1+4.9* 41.4+3.9 52.7+5.1* 
LDL cholesterol (mg/dl) 134.7+15.1 129.4+14.3 131.5+14.5 109.9+13.8* 129.3+14.7 101.3+13.6* 



 
 

 
 
 

Table 4.18 (Continued) The comparison of biochemistry data a between pre- and post-training and among three groups of subjects: 
sedentary control group (SED), interval aerobic training group (INT) and continuous aerobic training group (CON). 

 SED (n=15) CON (n=14) INT (n=14) 
Baseline After 12 weeks Baseline After training Baseline After training 

       
Triglyceride (mg/dl) 160.0+21.1 155.1+19.8 145.3+18.8 139.1+20.1 147.1+20.0 130.1+18.7 
Malondialdehyde (µmol/L) 1.34+0.06 1.33+0.1 1.36+0.07 1.21+0.14 1.56+0.07 1.03+0.07* 
Glutathione peroxidase (U/g Hb)  85.8+4.0 81.3+5.8 96.6+5.3 99.4.2+3.6 89.9+5.0 112.2+7.3*† 
Superoxide dismutase (U/g Hb) 2882.6+81.5 2617.4+70.3 2815.0+64.5 2724.6+76.0 2812.6+88.3 2761.6+76.9 
Nitric oxide (nmoles) 0.73+0.23 1.16+0.2 0.92+0.20 0.82+0.15 0.71+0.20 1.47+0.18*# 
von Willebrand factor (%) 121.5+14.4 131.3+16.7 125.7+18.9 117.0+12.5 129.6+20.1 83.0+16.9*† 

Data are mean+SEM 
SED, sedentary control subjects; CON, continuous aerobic training subjects; INT, interval aerobic training subjects.  
* P<0.05 of baseline vs. after training;  † P<0.05 vs. sedentary control subjects; # P<0.05 vs. continuous aerobic training  subjects. 

 



 
 

 
 
 

 

 
* P<0.05 of baseline vs. after 12 weeks. 

Figure 4.16 The comparative fasting blood glucose between baseline and after  
12 weeks and among three groups of subjects: sedentary control group (SED), interval 
aerobic training group (INT) and continuous aerobic training group (CON). 

 
* P<0.05 of baseline vs. after 12 weeks. 

Figure 4.17 The comparative HbA1c between baseline and after  12 weeks and 
among three groups of subjects: sedentary control group (SED), interval aerobic training 
group (INT) and continuous aerobic training group (CON).  
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* P<0.05 of baseline vs. after 12 weeks. 

Figure 4.18 The comparative insulin resistance (HOMA) between baseline and 
after  12 weeks and among three groups of subjects: sedentary control group (SED), 
interval aerobic training group (INT) and continuous aerobic training group (CON). 

 
* P<0.05 of baseline vs. after 12 weeks. 

Figure 4.19 The comparative total cholesterol between baseline and after  12 
weeks and among three groups of subjects: sedentary control group (SED), interval 
aerobic training group (INT) and continuous aerobic training group (CON). 
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* P<0.05 of baseline vs. after 12 weeks. 

Figure 4.20 The comparative HDL cholesterol between baseline and after  12 
weeks and among three groups of subjects: sedentary control group (SED), interval 
aerobic training group (INT) and continuous aerobic training group (CON). 
 

 
* P<0.05 of baseline vs. after 12 weeks. 

Figure 4.21 The comparative LDL cholesterol between baseline and after  12 
weeks and among three groups of subjects: sedentary control group (SED), interval 
aerobic training group (INT) and continuous aerobic training group (CON). 
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Figure 4.22 The comparative triglyceride between baseline and after  12 weeks 

and among three groups of subjects: sedentary control group (SED), interval aerobic 
training group (INT) and continuous aerobic training group (CON). 
 
 

 
* P<0.05 of baseline vs. after 12 weeks. 

Figure 4.23 The comparative malondialdyhe between baseline and after  12 
weeks and among three groups of subjects: sedentary control group (SED), interval 
aerobic training group (INT) and continuous aerobic training group (CON). 
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* P<0.05 of baseline vs. after 12 weeks; † P<0.05 vs. sedentary control subjects. 

Figure 4.24 The comparative glutathione peroxidase between baseline and after  
12 weeks and among three groups of subjects: sedentary control group (SED), interval 
aerobic training group (INT) and continuous aerobic training group (CON). 
 

 
Figure 4.25 The comparative superoxide dismutase between baseline and after  

12 weeks and among three groups of subjects: sedentary control group (SED), interval 
aerobic training group (INT) and continuous aerobic training group (CON). 
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* P<0.05 of baseline vs. after 12 weeks; # P<0.05 vs. interval aerobic training subjects. 

Figure 4.26 The comparative nitric oxide between baseline and after  12 weeks 
and among three groups of subjects: sedentary control group (SED), interval aerobic 
training group (INT) and continuous aerobic training group (CON). 

 
* P<0.05 of baseline vs. after 12 weeks; † P<0.05 vs. sendentary control subjects. 

Figure 4.27 The comparative von Willeband factor between baseline and after  
12 weeks and among three groups of subjects: sedentary control group (SED), interval 
aerobic training group (INT) and continuous aerobic training group (CON). 
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Part 4 The comparison of cutaneous blood flow data between pre- and post-
training and among three groups of subjects: sedentary control group (SED), interval 
aerobic training group (INT) and continuous aerobic training group (CON). 

Table 4.19 shows the comparison of cutaneous blood flow data between pre- 
and post-training in sedentary control group (SED). The SED group showed no 
significant difference in resting cutaneous blood flow, maximum cutaneous blood flow 
and ratio of maximal cutaneous blood flow to resting cutaneous blood flow between 
baseline and after 12 weeks. 

Table 4.20 shows the comparison of cutaneous blood flow data between pre- 
and post-training in continuous aerobic training group (CON). The CON group had 
significant increase (P<0.05) in ratio of maximal cutaneous blood flow to resting 
cutaneous blood flow as compared to baseline. However, there are no significant 
difference in resting cutaneous blood flow and maximum cutaneous blood flow between 
baseline and after training. 

Table 4.21 shows the comparison of cutaneous blood flow data between pre- 
and post-training in interval aerobic training group (INT). The INT group had significant 
increase (P<0.05) in ratio of maximal cutaneous blood flow to resting cutaneous blood 
flow as compared to baseline. However, there are no significant difference in resting 
cutaneous blood flow and maximum cutaneous blood flow between baseline and after 
training. 

Table 4.22 shows the comparison of cutaneous blood flow data among three 
groups of subjects: sedentary control group (SED), interval aerobic training group (INT) 
and continuous aerobic training group (CON) at pre-training. The SED, INT and CON 
group showed no significant difference in resting cutaneous blood flow, maximum 
cutaneous blood flow and ratio of maximal cutaneous blood flow to resting cutaneous 
blood flow when compared among in SED group, CON group and INT group. 

Table 4.23 shows the comparison of cutaneous blood flow data among three 
groups of subjects: sedentary control group (SED), interval aerobic training group (INT) 
and continuous aerobic training group (CON) at post-training. The data demonstrate 



 
 

 
 
 

that ratio of maximal cutaneous blood flow to resting cutaneous blood flow in INT group 
was significantly higher than SED and CON groups (P<0.05) when compared among in 
SED group, CON group and INT group. 

Table 4.24 and figure 4.28 – 4.30 show the comparison of cutaneous blood flow  
data a between pre- and post-training and among three groups of subjects: sedentary 
control group (SED), interval aerobic training group (INT) and continuous aerobic 
training group (CON). The SED group showed no significant change in all parameters. 
At after 12 weeks, ratio of maximal cutaneous blood flow to resting cutaneous blood flow 
in INT group was significantly higher than SED and CON groups (P<0.05). 

 
Table 4.19 The comparison of cutaneous blood flow data between pre- and 

post-training in sedentary control group (SED). 
 SED (n=15) 

Baseline After 12 weeks t P-value 
     
Resting cutaneous blood flow 
(AU) 

18.8±2.8 20.1±2.4 -1.29 0.22 

Maximal cutaneous blood flow 
(AU) 

87.8±14.7 89.6±16.4 -0.33 0.75 

Ratio of maximal cutaneous 
blood flow to resting cutaneous 
blood flow 

4.4±0.06 4.6±0.05 -1.90 0.80 

Data are mean+SEM 
SED, sedentary control subjects. 

 
 
 
 
 
 



 
 

 
 
 

Table 4.20 The comparison of cutaneous blood flow data between pre- and 
post-training in continuous aerobic training group (CON). 
 CON (n=14) 

Baseline After 12 weeks T P-value 
     
Resting cutaneous blood flow 
(AU) 

19.2±2.3 18.1±1.7 1.56 0.14 

Maximal cutaneous blood flow 
(AU) 

85.1±12.8 91.5±17.4 -0.48 0.64 

Ratio of maximal cutaneous 
blood flow to resting cutaneous 
blood flow 

4.2±0.04 4.7±0.05* -3.18 0.00 

Data are mean+SEM 

CON, continuous aerobic training subjects. * P<0.05 of baseline vs. after training. 
Table 4.21 The comparison of cutaneous blood flow data between pre- and 

post-training in interval aerobic training group (INT). 
 INT (n=14) 

Baseline After 12 weeks t P-value 
     
Resting cutaneous blood flow 
(AU) 

19.7±1.9 18.4±2.5 1.98 0.07 

Maximal cutaneous blood flow 
(AU) 

86.1±18.8 93.9±19.5 -1.59 0.14 

Ratio of maximal cutaneous 
blood flow to resting cutaneous 
blood flow 

4.5±0.05 5.1±0.05* -4.08 0.00 

Data are mean+SEM 

INT, interval aerobic training subjects. * P<0.05 of baseline vs. after training.



 
 

 
 
 

Table 4.22 The comparison of cutaneous blood flow data among three groups of subjects: sedentary control group (SED), interval 
aerobic training group (INT) and continuous aerobic training group (CON) at pre-training. 

 Pre-training 
SED CON INT F P-value 

      
Resting cutaneous blood flow (AU) 18.8±2.8 19.2±2.3 19.7±1.9 1.11 0.34 
Maximal cutaneous blood flow (AU) 87.8±14.7 85.1±12.8 86.1±18.8 0.17 0.85 
Ratio of maximal cutaneous blood flow 
to resting cutaneous blood flow 

4.4±0.06 4.2±0.04 4.5±0.05 1.50 0.24 

Data are mean+SEM 
SED, sedentary control subjects; CON, continuous aerobic training subjects; INT, interval aerobic training subjects. 
 
 
 
 
 
 
 
 



 
 

 
 
 

Table 4.23 The comparison of cutaneous blood flow data among three groups of subjects: sedentary control group (SED), interval 
aerobic training group (INT) and continuous aerobic training group (CON) at post-training. 

 Post-training 
SED CON INT F P-value 

      
Resting cutaneous blood flow (AU) 20.1±2.4 18.1±1.7 18.4±2.5 1.19 0.31 
Maximal cutaneous blood flow (AU) 89.6±16.4 91.5±17.4 93.9±19.5 0.61 0.55 
Ratio of maximal cutaneous blood flow 
to resting cutaneous blood flow 

4.6±0.05 4.7±0.05 5.1±0.05†# 4.84 0.01 

Data are mean+SEM 
SED, sedentary control subjects; CON, continuous aerobic training subjects; INT, interval aerobic training subjects. 
† P<0.05 vs. sedentary control subjects; # P<0.05 vs. continuous aerobic training  subjects 

 
 
 
 
 



 
 

 
 
 

Table 4.24 The comparison of cutaneous blood flow  data a between pre- and post-training and among three groups of subjects: 
sedentary control group (SED), interval aerobic training group (INT) and continuous aerobic training group (CON). 

 SED CON INT 
Baseline After 12 weeks Baseline After training Baseline After training 

       
Resting cutaneous blood flow (AU) 18.8±2.8 20.1±2.4 19.2±2.3 18.1±1.7 19.7±1.9 18.4±2.5 
Maximal cutaneous blood flow (AU) 87.8±14.7 89.6±16.4 85.1±12.8 91.5±17.4 86.1±18.8 93.9±19.5 
Ratio of maximal cutaneous blood flow 
to resting cutaneous blood flow 

4.4±0.06 4.6±0.05 4.2±0.04 4.7±0.05* 4.5±0.05 5.1±0.05*†# 

Data are mean+SEM 
SED, sedentary control subjects; CON, continuous aerobic training subjects; INT, interval aerobic training subjects. 
* P<0.05 of baseline vs. after training;  † P<0.05 vs. sedentary control subjects; # P<0.05 vs. continuous aerobic training  subjects 
 



 
 

 
 
 

  

 
Figure 4.28 The comparative resting cutaneous blood flow between baseline 

and after  12 weeks and among three groups of subjects: sedentary control group 
(SED), interval aerobic training group (INT) and continuous aerobic training group 
(CON). 

 
Figure 4.29 The comparative maximal cutaneous blood flow between baseline 

and after  12 weeks and among three groups of subjects: sedentary control group 
(SED), interval aerobic training group (INT) and continuous aerobic training group 
(CON). 
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* P<0.05 of baseline vs. after 12 weeks; † P<0.05 vs. sedentary control subjects; # P<0.05 

vs. interval aerobic training subjects 

Figure 4.30 The comparative ratio of maximal cutaneous blood flow to resting 
cutaneous blood flow between baseline and after  12 weeks and among three groups of 
subjects: sedentary control group (SED), interval aerobic training group (INT) and 
continuous aerobic training group (CON). 

 
 
 
 
 
 
 
 
 
 
 
 

Baseline 
After 12 weeks 



 
 

 
 
 

Part 5 The comparison of brachial artery characteristics data between pre- and 
post-training and among three groups of subjects: sedentary control group (SED), 
interval aerobic training group (INT) and continuous aerobic training group (CON). 

Table 4.25 shows the comparison of brachial artery characteristics data between 
pre- and post-training in sedentary control group (SED). The SED group showed no 
significant difference in resting diameter, peak diameter, flow-mediate dilatation, time to 
peak diameter, shear rate at resting diameter and peak shear rate between baseline 
and after 12 weeks. 

Table 4.26 shows the comparison of brachial artery characteristics data between 
pre- and post-training in continuous aerobic group (CON). The CON group had 
significant increase (P<0.05) in flow-mediate dilatation as compared to baseline. 
However, there are no significant difference in resting resting diameter, peak diameter, 
time to peak diameter, shear rate at resting diameter and peak shear rate between 
baseline and after training. 

Table 4.27 shows the comparison of brachial artery characteristics data between 
pre- and post-training in interval aerobic group (INT). The INT group had significant 
increase (P<0.05) in flow-mediate dilatation and peak shear rate as compared to 
baseline. However, there are no significant difference in resting resting diameter, peak 
diameter, time to peak diameter and shear rate at resting diameter between baseline 
and after training. 

Table 4.28 shows the comparison of brachial artery characteristics data among 
three groups of subjects: sedentary control group (SED), interval aerobic training group 
(INT) and continuous aerobic training group (CON) at pre-training. The SED, INT and 
CON group showed no significant difference in resting diameter, peak diameter, flow-
mediate dilatation, time to peak diameter, shear rate at resting diameter and peak shear 
rate when compared among in SED group, CON group and INT group. 

Table 4.29 shows the comparison of brachial artery characteristics data among 
three groups of subjects: sedentary control group (SED), interval aerobic training group 
(INT) and continuous aerobic training group (CON) at post-training. The data 



 
 

 
 
 

demonstrate that flow-mediate dilatation in INT group was significantly higher than SED 
and CON groups (P<0.05) and peak shear rate in INT group was significantly higher 
than SED (P<0.05) when compared among in SED group, CON group and INT group. 

Table 4.30 and figure 4.31 – 4.36 show the comparison of brachial artery 
characteristics data a between pre- and post-training and among three groups of 
subjects: sedentary control group (SED), interval aerobic training group (INT) and 
continuous aerobic training group (CON). The SED group showed no significant change 
in all parameters. Both CON and INT groups had significant increase (P<0.05) in flow-
mediate dilatation as compared to baseline. Only INT group had significant increase 

(P<0.05) in peak shear rate as compared to baseline. At after 12 weeks, flow-mediate 
dilatation in INT group was significantly higher than SED and CON groups (P<0.05) and 
peak shear rate in INT group was significantly higher than SED (P<0.05). 

 
Table 4.25 The comparison of brachial artery characteristics data between pre- 

and post-training in sedentary control group (SED). 
 SED (n=15) 

Baseline After 12 weeks T P-value 
     
Resting diameter (mm) 4.41+0.61 4.47+0.67 -0.47 0.65 
Peak diameter (mm)  4.64+0.43 4.69+0.24 -0.51 0.62 
Flow-mediate dilatation (%) 5.1+1.3 5.6+1.8 -0.70 0.49 
Time to peak diameter (s) 59+8 61+14 -1.25 0.23 
Shear rate at resting diameter (s-1) 36.2+3.2 37.7+3.0 -1.21 0.25 
Peak shear rate (s-1)   38.2+5.5 42.1+4.3 -1.60 0.13 
Data are mean+SEM 
SED, sedentary control subjects. 

 
 
 
 



 
 

 
 
 

Table 4.26 The comparison of brachial artery characteristics data between pre- 
and post-training in continuous aerobic group (CON). 
 CON (n=14) 

Baseline After 12 weeks T P-value 
     
Resting diameter (mm) 4.38+0.71 4.41+0.73 -0.35 0.74 
Peak diameter (mm)  4.58+0.36 4.73+0.21 -1.29 0.22 
Flow-mediate dilatation (%) 4.8+1.6 6.1+1.8* -2.68 0.02 
Time to peak diameter (s) 64+15 61+12 0.11 0.92 
Shear rate at resting diameter (s-1) 34.8+3.4 34.1+2.8 1.25 0.23 
Peak shear rate (s-1)   42.5+4.7 43.9+3.9 -0.53 0.61 
Data are mean+SEM 
CON, continuous aerobic training subjects. * P<0.05 of baseline vs. after training. 
 
 

Table 4.27 The comparison of brachial artery characteristics data between pre- 
and post-training in interval aerobic group (INT). 
 INT (n=14) 

Baseline After 12 weeks T P-value 
     
Resting diameter (mm) 4.33+0.64 4.53+0.57 -1.7 0.11 
Peak diameter (mm)  4.60+0.41 4.88+0.32* -2.73 0.02 
Flow-mediate dilatation (%) 5.4+1.1 7.4+0.9* -3.41 0.00 
Time to peak diameter (s) 61+17 62+14 -1.34 0.20 
Shear rate at resting diameter (s-1) 37.7+2.3 36.0+2.6 1.05 0.31 
Peak shear rate (s-1)   40.4+6.0 46.7+5.6* -2.93 0.01 
Data are mean+SEM 
INT, interval aerobic training subjects. * P<0.05 of baseline vs. after training. 
 
 



 
 

 
 
 

Table 4.28 The comparison of brachial artery characteristics data among three groups of subjects: sedentary control group (SED), 
interval aerobic training group (INT) and continuous aerobic training group (CON) at pre-training. 

 Pre-training 
SED CON INT F P-value 

      
Resting diameter (mm) 4.41+0.61 4.38+0.71 4.33+0.64 0.34 0.72 
Peak diameter (mm)  4.64+0.43 4.58+0.36 4.60+0.41 0.81 0.45 
Flow-mediate dilatation (%) 5.1+1.3 4.8+1.6 5.4+1.1 0.08 0.93 
Time to peak diameter (s) 59+8 64+15 61+17 1.19 0.31 
Shear rate at resting diameter (s-1) 36.2+3.2 34.8+3.4 37.7+2.3 1.71 0.19 
Peak shear rate (s-1)   38.2+5.5 42.5+4.7 40.4+6.0 1.53 0.23 

Data are mean+SEM 
SED, sedentary control subjects; CON, continuous aerobic training subjects; INT, interval aerobic training subjects. 

 
 
 
 
 
 



 
 

 
 
 

Table 4.29 The comparison of brachial artery characteristics data among three groups of subjects: sedentary control group (SED), 
interval aerobic training group (INT) and continuous aerobic training group (CON) at post-training. 

 Post-training 
SED CON INT F P-value 

      
Resting diameter (mm) 4.47+0.67 4.41+0.73 4.53+0.57 0.16 0.86 
Peak diameter (mm)  4.69+0.24 4.73+0.21 4.88+0.32 2.39 0.11 
Flow-mediate dilatation (%) 5.6+1.8 6.1+1.8 7.4+0.9†# 8.22 0.00 
Time to peak diameter (s) 61+14 61+12 62+14 0.72 0.49 
Shear rate at resting diameter (s-1) 37.7+3.0 34.1+2.8 36.0+2.6 2.56 0.09 
Peak shear rate (s-1)   42.1+4.3 43.9+3.9 46.7+5.6† 3.37 0.04 

Data are mean+SEM 
SED, sedentary control subjects; CON, continuous aerobic training subjects; INT, interval aerobic training subjects. 
† P<0.05 vs. sedentary control subjects; # P<0.05 vs. continuous aerobic training  subjects. 

 
 
 
 



 
 

 
 
 

Table 4.30 The comparison of brachial artery characteristics data a between pre- and post-training and among three groups of 
subjects: sedentary control group (SED), interval aerobic training group (INT) and continuous aerobic training group (CON). 
 

 SED (n=15) CON (n=14) INT(n=14) 
Baseline After 12 weeks Baseline After training Baseline After training 

       
Resting diameter (mm) 4.41+0.61 4.47+0.67 4.38+0.71 4.41+0.73 4.33+0.64 4.53+0.57 
Peak diameter (mm)  4.64+0.43 4.69+0.24 4.58+0.36 4.73+0.21 4.60+0.41 4.88+0.32* 
Flow-mediate dilatation (%) 5.1+1.3 5.6+1.8 4.8+1.6 6.1+1.8* 5.4+1.1 7.4+0.9*†# 
Time to peak diameter (s) 59+8 61+14 64+15 61+12 61+17 62+14 
Shear rate at resting diameter (s-1) 36.2+3.2 37.7+3.0 34.8+3.4 34.1+2.8 37.7+2.3 36.0+2.6 
Peak shear rate (s-1)   38.2+5.5 42.1+4.3 42.5+4.7 43.9+3.9 40.4+6.0 46.7+5.6*† 

Data are mean+SEM 
SED, sedentary control subjects; CON, continuous aerobic training subjects; INT, interval aerobic training subjects.  
* P<0.05 of baseline vs. after training;  † P<0.05 vs. sedentary control subjects; # P<0.05 vs. continuous aerobic training  subjects. 
 



 
 

 
 
 

 
Figure 4.31 The comparative resting diameter between baseline and after  12 

weeks and among three groups of subjects: sedentary control group (SED), interval 
aerobic training group (INT) and continuous aerobic training group (CON). 

 
 
* P<0.05 of baseline vs. after 12 weeks. 

Figure 4.32 The comparative peak diameter flow between baseline and after  12 
weeks and among three groups of subjects: sedentary control group (SED), interval 
aerobic training group (INT) and continuous aerobic training group (CON). 
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* P<0.05 of baseline vs. after 12 weeks; † P<0.05 vs. sedentary control subjects; # P<0.05 

vs. interval aerobic training subjects. 

Figure 4.33 The comparative flow-mediated dilatation between baseline and 
after  12 weeks and among three groups of subjects: sedentary control group (SED), 
interval aerobic training group (INT) and continuous aerobic training group (CON). 

 
Figure 4.34 The comparative time to peak diameter between baseline and after  

12 weeks and among three groups of subjects: sedentary control group (SED), interval 
aerobic training group (INT) and continuous aerobic training group (CON). 
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Figure 4.35 The comparative shear rate at resting diameter between baseline 

and after  12 weeks and among three groups of subjects: sedentary control group 
(SED), interval aerobic training group (INT) and continuous aerobic training group 
(CON). 

 
* P<0.05 of baseline vs. after 12 weeks; † P<0.05 vs. sedentary control subjects. 

Figure 4.36 The comparative peak shear rate between baseline and after  12 
weeks and among three groups of subjects: sedentary control group (SED), interval 
aerobic training group (INT) and continuous aerobic training group (CON). 
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CHAPTER V 

DISSCUSSION AND CONCLUSION 
 

In this study, The experiment aims to investigate the effects of continuous and 
interval aerobic training on glycemic control and endothelial dependent vasodilatation in 
type 2 diabetes patients. Body mass, BMI, body fat percentage, waist-to-hip ratio, and 
resting heart rate decreased in both CON and INT groups. A significant decrease in 
systolic arterial blood pressure was only observed in the INT group. Leg extension 
strength increased in both exercise groups. But knee flexion strength was increased 
only in the INT group.  Maximal oxygen consumption increased in both exercise groups; 
the magnitude of increase was greater in the INT group. No changes in physical 
characteristics and physical fitness measures were observed in the sedentary control 
group. For chemistry data, significant decrease in fasting glucose concentration and 
HOMA insulin resistance were observed in both the CON and INT groups. But only the 
INT group had a significant decrease in HbA1c levels. The lipid profiles improved 
significantly in both the CON and INT groups. Only the INT group demonstrated 
significant decrease in MDA level and increases in GPX, NO, and vWF.  No significant 
changes in blood chemistry data were obtained in the sedentary control group. For  
vascular reactivity data, no significant changes in resting and maximal cutaneous blood 
flow were observed in all groups. The ratio of maximal to resting cutaneous blood flow 
increased in both exercise groups but the increase was significantly greater in the INT 
group.  Similarly, FMD improved significantly (p<0.05) in both the CON and INT groups, 
however the INT group showed a greater improvement compared with the SED and 
CON groups. 
 
 
 
 
 



 
 

 
 
 

 
Comparison the effects of continuous aerobic training and interval aerobic training on 
health-related physical fitness 

 
 The present study, the results showed that the SED group showed no significant 
change in all parameters. Body mass, BMI, body fat percentage, waist-to-hip ratio, and 
resting heart rate decreased in both CON and INT groups. A significant decrease in 
systolic arterial blood pressure was only observed in the INT group. 

Exercise training is known to benefit healthy individuals and patients with type 2 
diabetes in many aspects such as body weight, health-related physical fitness, control 
of plasma lipoproteins, and decreasing the risk of cardiovascular disease (Jakicic et al., 
2003; Kadoglou et al., 2007). Two programs of exercise training have been implemented 
for type 2 diabetes patients (T2DM): continuous aerobic training (CON) and interval 
aerobic training (INT). The results of our study have shown that the CON and INT groups 
had significant improve in health-related physical fitness parameters which were 
including body weight, body mass index, resting heart rate, fat mass, body fat, waist-to-
hip ratio, muscle strengths and maximal O2 consumption. Sigal et al. (2007) found that 
aerobic trainings in subjects with type 2 diabetes achieved similar results in both CON 
and INT groups. Recent revised joint American College of Sports Medicine and 
American Diabetes Association (2010) guidelines recommended, most diabetic 
individuals will require at least 150 min of moderate to vigorous aerobic exercise per 
week to achieve optimal CVD risk reduction. This study is one of few studies where 
interval training were performed in diabetic patients. The major finding of the present 
study is that, when estimated energy expenditure is equivalent, interval aerobic training 
is more effective compared to continuous training for improving glycemic control and 
vascular function in T2DM. In this study, we used the training protocol as four-six 
intervals of high-intensity work (80-85%VO2peak)/low-intensity active recovery (50-
60%VO2peak) ratio of 1 min:4 min. While previous treadmill interval exercise for health 
studies used four intervals of 4 min at 80-90% VO2peak following 3 min at 50-60% 



 
 

 
 
 

VO2peak (Rognmo et al., 2004) and four intervals of 4 min at 90-95% peak heart rate 
following 3 min at 50-70% peak heart rate (Wisloff et al., 2007). The difference points of 
our exercise protocol from other health and disease studies are the number of intervals 
performed, the duration of the recovery between bouts and a progression in training 
intensity. However, INT program in this study is still sufficient for improving aerobic 
capacity as previous studies. In addition, our study showed that maximal O2 

consumption improvement was significant superior in INT group than CON group which 
was concurred with the study of interval aerobic training in patients with coronary artery 
disease (Rognmo et al., 2004) and in the patients with coronary artery bypass surgery 
(Moholdt et al., 2009). The difference in maximal O2 consumption in INT and CON 
groups may result from the effectiveness in O2 consumption in mitochondria via the 
metabolic pathways such as increasing of PGC1alpha (Earnest, 2008). A high 
correlation between PGC1 alpha and VO2peak (r=0.71) was found in heart failure 
patients (Wisloff et al., 2007). These results indicate that interval aerobic training had a 
more favorable for cardiorespiratory fitness improvement. 

 
Comparison the effects of continuous aerobic training and interval aerobic training on 
glycemic control 
 

In this study, the SED group showed no significant change in all parameters. The 
significant decrease in fasting blood glucose was observed in both the CON and INT 
groups. The significant decrease in HbA1c was observed only in INT group. Insulin 
resistance by homeostasis model assessment method (HOMA) showed significant 
decrease in both  groups CON and INT there was no significant different among these 
two groups. 

We found that both exercise training groups reduced fasting blood glucose 
concentration and insulin resistance as estimated by the HOMA. However, HbA1c, a 
long-term glycemic control marker, was significantly decreased only in the INT group. 
The reason for the larger improvement in glycemic control in INT group is not known. But 



 
 

 
 
 

it may likely be related to the improved insulin signaling, insulin-stimulated glucose 
transport (Frosig et al., 2007), and/or the increased glucose transporter (GLUT-4) 
protein (Christ et al., 2004). Previous study has indicated that PGC-1α, a critical 
coordinator for activation of metabolic genes required for substrate utilization and 
mitochondrial biogenesis, was increased by 138% with interval aerobic training in vastus 
lateralis muscle of patients with the metabolic syndrome, but this was not observed with 
moderate continuous training (Tjonna et al., 2008). PGC-1α stimulates a powerful 
induction of NRF1 and NRF2 gene expression, which in turn stimulate GLUT-4 synthesis 
(Wu et al., 1999; Barr et al., 2002).  Indeed total SIRT1 content, a proposed activator of 
PGC-1α and mitochondrial biogenesis, and total GLUT4 protein content were 
significantly increased following low-volume high-intensity interval training in patients 
with type 2 diabetes (Little et al., 2011). Collectively, it seems reasonable to speculate 
that interval exercise training may have elevated PGC-1α protein leading up to an 
increased GLUT-4 production subsequently resulted reductions in insulin resistance and 
hyperglycemia. Individuals with type II diabetes exhibit a reduced maximal O2 

consumption (VO2max) compared with non-diabetic individuals even in the absence of 
often accompanying cardiovascular disease (Regensteiner et al., 1995). VO2max is one 
of the most important predictors of insulin-stimulated glucose disposal rate (Seibaek et 
al., 2003). The mechanism underlying the association between VO2max and insulin 
effectiveness is unclear.  However, a high correlation between PGC-1α and VO2peak 
(r=0.71) has been reported in heart failure patients (Wisloff et al., 2007). Even though 
both exercise training groups increased VO2max, the magnitude of improvement was 
significantly greater in the INT group than in the CON group. Our present results in type 
2 diabetics are consistent with the previous studies in patients with coronary artery 
disease (Rognmo et al., 2004) and in the patients with coronary artery bypass surgery 
(Moholdt et al., 2009). It is possible that the greater improvement in the glycemic control 
in the INT group may be mediated by its effects on VO2max. 

 
 



 
 

 
 
 

 
Comparison the effects of continuous aerobic training and interval aerobic training on  
endothelial dependent vasodilatation  
 
 The present study, the results showed that the SED group showed no significant 
change in all parameters. HDL and LDL cholesterol were significantly improved in both 
CON and INT groups as compared to baseline. Only the INT group showed significant 
decreases in total total cholesterol, serum level of malondialdehyde and significant 
increases in glutathione peroxidase, nitric oxide and von Willeband factor. 

Endothelial dysfunction plays a key role in the pathogenesis of diabetic 
angiopathy (Stehouwer et al., 1997). The flow-mediated dilation (FMD) test has emerged 
as the noninvasive standard for assessing in vivo endothelium-dependent vasodilation 
(Stoner et al., 2011). FMD reflects the response of endothelial cells to shear stress 
acting via release of nitric oxide (NO), prostacyclin (PC) and endothelial-derived 
hyperpolarizing factor (EDHF) (Clifford and Hellsten, 2004). Laser Doppler-derived 
measures of cutaneous blood flow (CBF) in response to post occlusive reactive 
hyperemia (PORH) has also widely used for this purpose. However, PORH should not be 
considered as a test for microvascular endothelial function itself, but could be used as a 
tool to detect overall changes in microvascular function (Roustit and Cracowski, 2011). 
Skin vasodilation is largely under the control of locally-released vasodilatory 
compounds, including NO, PC, prostaglandin (PG), bradykinin, and EDHF (Colberg et 
al., 2009). To our knowledge, this is the first study that examined both brachial artery 
responses to a reactive hyperemic stimulus and laser Doppler-derived skin perfusion 
indices in patients with type 2 diabetes. We found that both exercise training groups 
increased the FMD significantly. However, the improvement was greater in the INT 
group than in the CON group. Additionally, peak diameter of the brachial artery and 
peak shear rate were significantly increased only in the INT group. The general trend 
was the same for the cutaneous microvascular response as we found significant 
improvements in the ratio of maximal to resting cutaneous blood flow in both exercise 



 
 

 
 
 

groups but the INT group showed significantly greater improvement. Our present results 
indicate that interval training may be superior to CON for enhancing macro- and micro-
vascular function in patients with T2DM. It can be correlated with decreasing Von 
willeband factor (vWF), an indicator of endothelial dysfunction (Lip and Blann, 1996). 
The significant decrease in vWF was observed only in INT group which indicated that 
INT group in our study should show the improvement of endothelial function. 

Endothelial injury and endothelial dysfunction are the initial events of the 
atherosclerotic process (Mitchell et al., 2010). Endothelial injury can be induced by 
mechanical denudation, hemodynamic forces, immune complex deposition, irradiation, 
and chemicals. Reactive oxygen species (ROS) and excess vWF are chemicals that can 
induce endothelial injury while antioxidants can inhibit oxidative stress to the endothelial 
cells.  Accumulation of lipoproteins, especially LDL cholesterol, in the arterial wall is the 
secondary pathogenic event.  A high level of HDL cholesterol inhibits oxidation, 
inflammation, coagulation, and platelet aggregation, induces the release of NO from 
endothelial cells, and also has ability to remove cholesterol from cells via reverse 
cholesterol transport (Andrews et al., 2010). All of these properties may contribute to the 
ability of HDL cholesterol to protect against atherosclerosis.  We can only speculate on 
the mechanisms by which the interval training would exert a greater effect on endothelial 
function. It seems reasonable to suggest that interval aerobic training increased blood 
flow and shear stress to a greater extent and, in turn, improved the NO bioavailability as 
well as endothelium-dependent vasodilation (Ribeiro et al., 2010). These functional 
measurement data are consistent with blood chemistry data in the present study. Only 
the INT group, but not the CON group, increased blood concentrations of NO and GPX 
and decreased blood MDA levels. The diminished level of reactive oxygen species, 
highly reactive and toxic compound has been attributed to the increase in endothelial 
NO production (Chakraphan et al., 2005). Thus, attenuated oxidative stress could be 
related to an enhancement of endothelial function after the interval training. 
 In summary, the effects of continuous and interval aerobic training on health-
related physical fitness, glycemic control and micro- and macro vascular function  were 



 
 

 
 
 

conclude in figure 5.1 and 5.2. Continuous aerobic training induced improvement in 
micro- and macro-vascular function possible through 4 pathways: improved VO2 max, 
decreased obesity, improved glycemic control and improved lipid profiles pathway.  
While interval aerobic training contributed to the improvement possible through 7 
pathways. The result were similar in the first 4 pathways of continuous aerobic training 
and the interval aerobic training had additional effects on 5 to 7 pathways which were 
improved antioxidant, decreased ROS and increased NO production. These resulted  in 
the  better benefits in the interval aerobic training on micro- and macro-vascular 
function. 
 
Conclusion 
 
 Both continuous aerobic training and interval aerobic training exercise programs 
exerted beneficial effects on glycemic control, physical fitness and micro- and macro-
vascular function in type 2 diabetic patients. However, interval aerobic training was 
more effective than continuos aerobic training in many of those parameters and some 
improvements were observed only in the INT group. Therefore, interval training may be a 
safe, efficient, and effective strategy for the secondary prevention of chronic 
cardiovascular complications of type 2 diabetes. 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.1 The mechanism of continuous aerobic training on micro- and macro-vascular 

function.  
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Figure 5.2 The mechanism of interval aerobic training on micro- and macro-vascular 
function.  
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Limitation of this study 
 

1. Due to included only 7-9 % of HbA1c (moderate severity), finding pariticipants 
is difficult. 

2. In this study, we could not control daily life behaviors of our subjects which 
may affect the results of biological data, blood chemistry and blood flow data. 
 
Suggestion for further research 
 

1. To explain the machnism of interval aerobic training deeply, other parameters 
i.e. PGC-1α, GLUT4 and insulin signalings should be included. 

2. The interval aerobic training should be applied in other types of diabetes i.e. 
type 1. 

3. The difference between duration of the recovery between bouts and a 
progression in interval aerobic training intensity should be compared. 
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แบบประเมินความเหมาะสมด้านองค์ประกอบ 

ของโปรแกรมการออกก าลังกายแอโรบิกแบบสลับช่วงส าหรับผู้ป่วยเบาหวานประเภทท่ี 2 
 แบบประเมินนี ้ส ำหรับผู้ เช่ียวชำญเพ่ือประเมินควำมเหมะสมด้ำนองค์ประกอบของ
โปรแกรมกำรออกก ำลงักำยแอโรบกิแบบสลบัชว่งส ำหรับผู้ ป่วยเบำหวำนประเภทท่ี 2 ท่ีผู้วิจยัสร้ำง
ขึน้ 
 ค ำชีแ้จง  เม่ือทำ่นตรวจดโูปรแกรมกำรออกก ำลงักำยแอโรบกิแบบสลบัช่วงชดุนีแ้ล้ว โปรด

พิจำรณำวำ่องค์ประกอบแตล่ะด้ำนมีควำมเหมำะสมอยูใ่นระดบัใด โดยท ำเคร่ืองหมำย √ ลงใน
ชอ่งตวัเลขท่ีตรงกบัควำมคิดเห็นของทำ่นมำกท่ีสดุ 
-1 หมำยถงึ ไมเ่ห็นด้วย 0 หมำยถึง ไมแ่นใ่จ +1 หมำยถงึ เห็นด้วย 

ข้อที่ องค์ประกอบการออกก าลังกายแอโรบิกแบบสลับช่วง ระดับความ
คิดเหน็ 

  -1 0 +1 
1. ท่าทางการออกก าลังกาย    
 1.1 ทำ่ทำงกำรออกก ำลงักำยท ำได้ง่ำย       
 1.2 ทำ่ทำงกำรออกก ำลงักำยนำ่สนใจ    
 1.3 ทำ่กำรออกก ำลงักำยประกอบด้วยกำรเคล่ือนไหวของ

กล้ำมเนือ้มดัใหญ่ๆในร่ำงกำย 
   

 1.4 กำรเรียงล ำดบัควำมหนกักำรออกก ำลงักำยจำกระดบัเบำถึง
ระดบัปำนกลำงมีควำมตอ่เน่ืองและสมัพนัธ์กนั 

   

 1.5 ทำ่กำรออกก ำลงักำยมีควำมเหมำะสมกบัผู้ ป่วยเบำหวำน
ประเภทท่ี 2 และมีควำมเส่ียงน้อยตอ่กำรเกิดภำวะแทรกซ้อน
หรือกำรบำดเจ็บ 

   

2. ขัน้ตอนการออกก าลังกาย    
 ช่วงอบอุ่นร่างกาย    
  2.1 มีกำรเตรียมควำมพร้อมของกล้ำมเนือ้มดัใหญ่ท ำได้เป็น

อยำ่งดี 
   

  2.2 กำรยืดเหยียดกล้ำมเนือ้และข้อตอ่ท ำได้ครบทกุส่วน     



 
 

 
 
 

 
 
ข้อที่ องค์ประกอบการออกก าลังกายแอโรบิกแบบสลับช่วง ระดับความ

คิดเหน็ 
  -1 0 +1 

2. ขัน้ตอนการออกก าลังกาย (ต่อ)    
 ช่วงอบอุ่นร่างกาย    
  2.3 กำรอบอุ่นร่ำงกำยมีกำรจดัเรียงทำ่ได้ตอ่เน่ือง    
 2.4 ระยะเวลำกำรอบอุน่ร่ำงกำย 5-10 นำที มีควำมเหมำะสม    
 ช่วงออกก าลังกาย    
 2.5 โปรแกรมกำรออกก ำลงักำยในระยะท่ี 1 มีควำมเหมำะสม    
 2.6 โปรแกรมกำรออกก ำลงักำยในระยะท่ี 2 มีควำมเหมำะสม    
 2.7 โปรแกรมกำรออกก ำลงักำยในระยะท่ี 3 มีควำมเหมำะสม    
 2.8 กำรคิดคำ่กำรใช้พลงังำนในระยะท่ี 1 มีควำมเหมำะสม    
 2.9 กำรคิดคำ่กำรใช้พลงังำนในระยะท่ี 2 มีควำมเหมำะสม 

2.10 กำรคดิคำ่กำรใช้พลงังำนในระยะท่ี 3 มีควำมเหมำะสม 
   

 2.11 กำรออกก ำลงักำยแอโรบกิแบบสลบัช่วงมีควำมเหมำะสมกบั
ผู้ ป่วยเบำหวำนประเภทท่ี 2 

   

 ช่วงผ่อนคลาย    
 2.12 กำรผ่อนคลำยกล้ำมเนือ้มดัใหญ่ท ำได้ดี    
 2.13 กำรผ่อนคลำยกล้ำมเนือ้ท ำได้ทกุสว่น    
 2.14 กำรผ่อนคลำยกล้ำมเนือ้เรียงล ำดบัของทำ่ได้ตอ่เน่ืองกนั    

 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 
 

ข้อที่ องค์ประกอบการออกก าลังกายแอโรบิกแบบสลับช่วง ระดับความ
คิดเหน็ 

  -1 0 +1 
 ช่วงผ่อนคลาย    
 2.15 ระยะเวลำกำรผอ่นคลำย 5-10 นำที มีควำมเหมำะสม    

3. อุปกรณ์ “ลู่กล”    
 3.1 สำมำรถใช้ในกำรออกก ำลงักำยได้ง่ำย    
 3.2 เกิดควำมเส่ียงน้อยตอ่กำรบำดเจ็บในผู้ ป่วยเบำหวำนประเภท

ท่ี 2 
   

 
ความคิดเหน็และข้อเสนอแนะของผู้ทรงคุณวุฒิ
.............................................................................................................................................. 
.............................................................................................................................................. 
.............................................................................................................................................. 
........................................................................................................................................... 
        

ลงช่ือ....................................................... 
(...........................................................) 

ผู้ทรงคณุวฒุิ 
 
 
 
 
 
 
 
 
 

 



 
 

 
 
 

การวิเคราะห์ความตรงเชิงเนือ้หาจากการให้คะแนนของผู้ทรงคุณวุฒิเก่ียวกับ
แบบสอบถามความเหมาะสมด้านองค์ประกอบของการฝึกออกก าลังกายแอโรบิกแบบสลับ
ช่วง 

 

เนือ้หา 

ระดับความคดิเหน็ 
ค่า 
IOC 

เหน็
ด้วย 

1 

ไม่
แน่ใจ 
0 

ไม่เหน็
ด้วย 
-1 

1.1 ท่ำทำงกำรออกก ำลงักำยท ำได้ง่ำย    4 1 0 0.80 
1.2 ท่ำทำงกำรออกก ำลงักำยน่ำสนใจ 4 1 0 0.80 

1.3 ท่ำกำรออกก ำลงักำยประกอบด้วยกำรเคลื่อนไหวของ
กล้ำมเนือ้มดัใหญ่ๆในร่ำงกำย 

5 0 0 1 

1.4 กำรเรียงล ำดบัควำมหนกักำรออกก ำลงักำยจำกระดบั
เบำถงึระดบัปำนกลำงมีควำมตอ่เน่ืองและสมัพนัธ์กนั 

4 1 0 0.80 

 2.1 มีกำรเตรียมควำมพร้อมของกล้ำมเนือ้มดัใหญ่ท ำได้
เป็นอย่ำงดี 

4 1 0 0.80 

 2.2 กำรยืดเหยียดกล้ำมเนือ้และข้อตอ่ท ำได้ครบทุกสว่น  5 0 0 1 
 2.3 กำรอบอุน่ร่ำงกำยมีกำรจดัเรียงท่ำได้ตอ่เน่ือง 5 0 0 1 
2.4 ระยะเวลำกำรอบอุน่ร่ำงกำย 5-10 นำที มีควำม
เหมำะสม 

5 0 0 1 

2.5 โปรแกรมกำรออกก ำลงักำยในระยะท่ี 1 มีควำม
เหมำะสม 

4 1 0 0.80 

2.6 โปรแกรมกำรออกก ำลงักำยในระยะท่ี 2 มีควำม
เหมำะสม 

4 1 0 0.80 

2.7 โปรแกรมกำรออกก ำลงักำยในระยะท่ี 3 มีควำม
เหมำะสม 

4 1 0 0.80 

2.8 กำรคิดคำ่กำรใช้พลงังำนในระยะท่ี 1 มีควำมเหมำะสม 4 1 0 0.60 

2.9 กำรคิดคำ่กำรใช้พลงังำนในระยะท่ี 2 มีควำมเหมำะสม 4 1 0 0.60 
2.10 กำรคิดคำ่กำรใช้พลงังำนในระยะท่ี 3 มีควำม
เหมำะสม 

4 1 0 0.60 



 
 

 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

เนือ้หา 

ระดับความคดิเหน็ 
ค่า 
IOC 

เหน็ด้วย 
1 

ไม่แน่ใจ 
0 

ไม่เหน็
ด้วย 
-1 

2.11 กำรออกก ำลงักำยแอโรบิกแบบสลบัช่วงมีควำม
เหมำะสมกบัผู้ ป่วยเบำหวำนประเภทที่ 2 

4 1 0 0.80 

2.12 กำรผ่อนคลำยกล้ำมเนือ้มดัใหญ่ท ำได้ดี 4 1 0 1 
2.13 กำรผ่อนคลำยกล้ำมเนือ้ท ำได้ทุกสว่น 4 1 0 0.80 
 2.14 กำรผ่อนคลำยกล้ำมเนือ้เรียงล ำดบัของท่ำได้
ตอ่เน่ืองกนั 

4 1 0 0.80 

2.15 ระยะเวลำกำรผ่อนคลำย 5-10 นำที มีควำม
เหมำะสม 

4 1 0 0.80 

3.1 สำมำรถใช้ในกำรออกก ำลงักำยได้ง่ำย 4 1 0 0.80 
3.2 เกิดควำมเสี่ยงน้อยตอ่กำรบำดเจ็บในผู้ ป่วยเบำหวำน
ประเภทท่ี 2 

4 1 0 0.80 



 
 

 
 
 

แบบประเมินความเหมาะสมด้านองค์ประกอบ 
ของโปรแกรมการออกก าลังกายแอโรบิกแบบต่อเน่ืองส าหรับผู้ป่วยเบาหวานประเภทท่ี 2 
 แบบประเมินนี ้ส ำหรับผู้ เช่ียวชำญเพ่ือประเมินควำมเหมะสมด้ำนองค์ประกอบของ
โปรแกรมกำรออกก ำลงักำยแอโรบกิแบบตอ่เน่ืองส ำหรับผู้ ป่วยเบำหวำนประเภทท่ี 2 ท่ีผู้วิจยัสร้ำง
ขึน้ 
 ค ำชีแ้จง  เม่ือทำ่นตรวจดโูปรแกรมกำรออกก ำลงักำยแอโรบกิแบบสลบัช่วงชดุนีแ้ล้ว โปรด

พิจำรณำวำ่องค์ประกอบแตล่ะด้ำนมีควำมเหมำะสมอยูใ่นระดบัใด โดยท ำเคร่ืองหมำย √ ลงใน
ชอ่งตวัเลขท่ีตรงกบัควำมคิดเห็นของทำ่นมำกท่ีสุด 
-1 หมำยถงึ ไมเ่ห็นด้วย 
0 หมำยถึง ไมแ่นใ่จ 
+1 หมำยถงึ เห็นด้วย 

ข้อที่ องค์ประกอบการออกก าลังกายแอโรบิกแบบต่อเน่ือง ระดับความ
คิดเหน็ 

  -1 0 +1 
1. ท่าทางการออกก าลังกาย    
 1.1 ทำ่ทำงกำรออกก ำลงักำยท ำได้ง่ำย       
 1.2 ทำ่ทำงกำรออกก ำลงักำยนำ่สนใจ    
 1.3 ทำ่กำรออกก ำลงักำยประกอบด้วยกำรเคล่ือนไหวของ

กล้ำมเนือ้มดัใหญ่ๆในร่ำงกำย 
   

 1.4 กำรเรียงล ำดบัควำมหนกักำรออกก ำลงักำยจำกระดบัเบำถึง
ระดบัปำนกลำงมีควำมตอ่เน่ืองและสมัพนัธ์กนั 

   

 1.5 ทำ่กำรออกก ำลงักำยมีควำมเหมำะสมกบัผู้ ป่วยเบำหวำน
ประเภทท่ี 2 และมีควำมเส่ียงน้อยตอ่กำรเกิดภำวะแทรกซ้อน
หรือกำรบำดเจ็บ 

   

     
2. ขัน้ตอนการออกก าลังกาย    
 ช่วงอบอุ่นร่างกาย    
  2.1 มีกำรเตรียมควำมพร้อมของกล้ำมเนือ้มดัใหญ่ท ำได้เป็น

อยำ่งดี 
   

  2.2 กำรยืดเหยียดกล้ำมเนือ้และข้อตอ่ท ำได้ครบทกุส่วน     



 
 

 
 
 

 
ข้อที่ องค์ประกอบการออกก าลังกายแอโรบิกแบบต่อเน่ือง ระดับความ

คิดเหน็ 
  -1 0 +1 

2. ขัน้ตอนการออกก าลังกาย (ต่อ)    
 ช่วงอบอุ่นร่างกาย    
  2.3 กำรอบอุ่นร่ำงกำยมีกำรจดัเรียงทำ่ได้ตอ่เน่ือง    
 2.4 ระยะเวลำกำรอบอุน่ร่ำงกำย 5-10 นำที มีควำมเหมำะสม    
 ช่วงออกก าลังกาย    
 2.5 โปรแกรมกำรออกก ำลงักำยในระยะท่ี 1 มีควำมเหมำะสม    
 2.6 โปรแกรมกำรออกก ำลงักำยในระยะท่ี 2 มีควำมเหมำะสม    
 2.7 โปรแกรมกำรออกก ำลงักำยในระยะท่ี 3 มีควำมเหมำะสม    
 2.8 กำรคิดคำ่กำรใช้พลงังำนในระยะท่ี 1 มีควำมเหมำะสม    
 2.9 กำรคิดคำ่กำรใช้พลงังำนในระยะท่ี 2 มีควำมเหมำะสม 

2.10 กำรคดิคำ่กำรใช้พลงังำนในระยะท่ี 3 มีควำมเหมำะสม 
   

 2.11 กำรออกก ำลงักำยแอโรบกิแบบสลบัช่วงมีควำมเหมำะสมกบั
ผู้ ป่วยเบำหวำนประเภทท่ี 2 

   

 ช่วงผ่อนคลาย    
 2.12 กำรผ่อนคลำยกล้ำมเนือ้มดัใหญ่ท ำได้ดี    
 2.13 กำรผ่อนคลำยกล้ำมเนือ้ท ำได้ทกุสว่น    
 2.14 กำรผ่อนคลำยกล้ำมเนือ้เรียงล ำดบัของทำ่ได้ตอ่เน่ืองกนั    

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 
 

ข้อที่ องค์ประกอบการออกก าลังกายแอโรบิกแบบต่อเน่ือง ระดับความ
คิดเหน็ 

  -1 0 +1 
 ช่วงผ่อนคลาย    
 2.15 ระยะเวลำกำรผอ่นคลำย 5-10 นำที มีควำมเหมำะสม    

3. อุปกรณ์ “ลู่กล”    
 3.1 สำมำรถใช้ในกำรออกก ำลงักำยได้ง่ำย    
 3.2 เกิดควำมเส่ียงน้อยตอ่กำรบำดเจ็บในผู้ ป่วยเบำหวำนประเภท

ท่ี 2 
   

 
ความคิดเหน็และข้อเสนอแนะของผู้ทรงคุณวุฒิ
.............................................................................................................................................. 
.............................................................................................................................................. 
.............................................................................................................................................. 
........................................................................................................................................... 
        

ลงช่ือ....................................................... 
(...........................................................) 

ผู้ทรงคณุวฒุิ 
 
 
 
 
 
 
 
 
 

 



 
 

 
 
 

การวิเคราะห์ความตรงเชิงเนือ้หาจากการให้คะแนนของผู้ทรงคุณวุฒิเก่ียวกับ
แบบสอบถามความเหมาะสมด้านองค์ประกอบของการฝึกออกก าลังกายแอโรบิกแบบ
ต่อเน่ือง 

 

เนือ้หา 

ระดับความคดิเหน็ 
ค่า 
IOC 

เหน็
ด้วย 

1 

ไม่
แน่ใจ 
0 

ไม่เหน็
ด้วย 
-1 

1.1 ท่ำทำงกำรออกก ำลงักำยท ำได้ง่ำย    4 1 0 0.80 
1.2 ท่ำทำงกำรออกก ำลงักำยน่ำสนใจ 4 1 0 0.80 

1.3 ท่ำกำรออกก ำลงักำยประกอบด้วยกำรเคลื่อนไหวของ
กล้ำมเนือ้มดัใหญ่ๆในร่ำงกำย 

5 0 0 1 

1.4 กำรเรียงล ำดบัควำมหนกักำรออกก ำลงักำยจำกระดบั
เบำถงึระดบัปำนกลำงมีควำมตอ่เน่ืองและสมัพนัธ์กนั 

4 1 0 0.80 

 2.1 มีกำรเตรียมควำมพร้อมของกล้ำมเนือ้มดัใหญ่ท ำได้
เป็นอย่ำงด ี

4 1 0 0.80 

 2.2 กำรยืดเหยียดกล้ำมเนือ้และข้อตอ่ท ำได้ครบทกุสว่น  5 0 0 1 
 2.3 กำรอบอุน่ร่ำงกำยมีกำรจดัเรียงท่ำได้ตอ่เน่ือง 5 0 0 1 
2.4 ระยะเวลำกำรอบอุน่ร่ำงกำย 5-10 นำที มีควำม
เหมำะสม 

5 0 0 1 

2.5 โปรแกรมกำรออกก ำลงักำยในระยะท่ี 1 มีควำม
เหมำะสม 

4 1 0 0.80 

2.6 โปรแกรมกำรออกก ำลงักำยในระยะท่ี 2 มีควำม
เหมำะสม 

4 1 0 0.80 

2.7 โปรแกรมกำรออกก ำลงักำยในระยะท่ี 3 มีควำม
เหมำะสม 

4 1 0 0.80 

2.8 กำรคิดคำ่กำรใช้พลงังำนในระยะท่ี 1 มีควำมเหมำะสม 4 1 0 0.60 
2.9 กำรคิดคำ่กำรใช้พลงังำนในระยะท่ี 2 มีควำมเหมำะสม 4 1 0 0.60 
2.10 กำรคิดคำ่กำรใช้พลงังำนในระยะท่ี 3 มีควำม
เหมำะสม 

4 1 0 0.60 



 
 

 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

เนือ้หา 

ระดับความคดิเหน็ 
ค่า 
IOC 

เหน็
ด้วย 

1 

ไม่
แน่ใจ 
0 

ไม่เหน็
ด้วย 
-1 

2.11 กำรออกก ำลงักำยแอโรบิกแบบสลบัช่วงมีควำม
เหมำะสมกบัผู้ ป่วยเบำหวำนประเภทที่ 2 

4 1 0 0.80 

2.12 กำรผ่อนคลำยกล้ำมเนือ้มดัใหญ่ท ำได้ดี 4 1 0 1 
2.13 กำรผ่อนคลำยกล้ำมเนือ้ท ำได้ทกุสว่น 4 1 0 0.80 
 2.14 กำรผ่อนคลำยกล้ำมเนือ้เรียงล ำดบัของท่ำได้
ตอ่เน่ืองกนั 

4 1 0 0.80 

2.15 ระยะเวลำกำรผ่อนคลำย 5-10 นำที มีควำมเหมำะสม 4 1 0 0.80 
3.1 สำมำรถใช้ในกำรออกก ำลงักำยได้ง่ำย 4 1 0 0.80 
3.2 เกิดควำมเสี่ยงน้อยตอ่กำรบำดเจ็บในผู้ ป่วยเบำหวำน
ประเภทท่ี 2 

4 1 0 0.80 



 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX G 
Biological and health-related physical fitness assessment  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
 

 
 
 

APPENDIX G 
Biological and health-related physical fitness assessment 
 

Biological assessment 
 

-Resting heart rate 
The participants were sitting at least 5 minutes for resting period prior  

to the measurement. The resting heart rate was measured with heart rate monitor (Polar, 
Finland) 

-Resting blood pressure 
The participants were sitting at least 5 minutes for resting period prior  

to the measurement. The blood pressure was measured with digital blood pressure 
(Omron, Japan). The systolic blood pressure and diastolic blood pressure were 
recorded in unit of millimeters of mercury (mmHg). 

 
Health-related physical fitness assessment 

 
-Body composition 
 

 
 
Fat mass, body fat, muscle mass and waist-to-hip ratio, was 

performed by using Body composition analyzer (Biospace, In body 220, Korea). 
 



 
 

 
 
 

-Muscle strength 
Muscle strength was performed with weight machine (Leg extension 

machine, Leg curl machine, Chest press machine and Lat machine, Nautilus, USA), 
using one repetition maximum method (1RM). participants were familiarized with each of 
the resistance machines by performing 8-10 repetitions of a light load (~50% of 
predicted 1RM). After a 1 minute of rest, participants performed a load (~80% of 
estimated 1RM) through the full range of motion. After each successful performance, the  
weight increased until a failed attempt occurred. One minute rests were given between 
each attempt and the 1-RM was attained within 5 attempts and 5 minutes rest separated 
each test.  

-Flexibility 
The sit and reach test is a common measure of flexibility, and 

specifically measures the flexibility of the lower back and hamstring muscles. The  
measurement is to use the level of the feet as recording zero, so that any measure that 
does not reach the toes is negative and any reach past the toes is positive.  

-Cardiovascular and respiratory fitness 
All participants performed walking on treadmill (Landice, UK). 

Maximal O2 consumption was assess by Modified Bruce protocol in which the grade 
and intensity were increased every 3 minutes until exhaustion. Oxygen consumption was 
measured with the cardiopulmonary gas exchange system (Cortex, Metamax 3B, 
Germany) throughout the exercise test. Respiratory exchange ratio (RER) values 1.05 
was used to determine maximal O2 consumption. 



 
 

 
 
 

 
 

‘Cardiopulmonary gas exchange system 
 
 

 
                  

Modified Bruce protocol 
 
 
 
 
 
 
 
 



 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX H 
Vascular assessment 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 
 

APPENDIX H 
Vascular assessment 

 
Cutaneous blood flow assessment 
 

Cutaneous blood flow study was performed on all participants on the right wrist 
with a laser Doppler flowmetry (DRT4 MoorLAB, Moor Instrument, UK), using the post-
occlusive reactive hyperemic method. All participants rested in the supine position for 
20 minutes. Baseline data was monitored for 1 min and then placed the cuff around the 
right upper arm, inflated rapidly to 200 mmHg for 5 minutes and deflated for 5 minutes 
of recovery (Betik et al. 2004). Blood flow data at baseline and after deflated cuff at 
maximal blood flow were collected. 

 
 
 

 
 
 
 
 
 
 
 

Laser Doppler flowmetry 
 
Brachial artery characteristics assessment 
 

Brachial artery characteristics were assessed with the ultrasound equipment 
(CX50, Philips, USA), using the occlusion technique on the right forearm. All subjects 
rested in the supine position for 20 min. The brachial artery was imaged above the 
antecubital fossa in the longitudinal plane. Baseline data was monitored for 1 min and 



 
 

 
 
 

then the cuff placed around the right forearm was inflated rapidly to 50 mmHg above 

systolic blood pressure for 5 min and deflated for 5 min of recovery (Corretti et al., 2002; 
Dhindsa et al., 2008). Mean blood velocity was collected by using the pulsed wave 

Doppler mode. Brachial analyzer program (Brachial Analyzer, Medical imaging 

applications, USA) was used for analyzing changes in vascular diameter. Shear rate was 
calculated by blood velocity/vascular diameter (Pyke et al., 2008). FMD was calculated 
using the formula FMD = (d2-d1) x 100/d1 when d1 is the averaged the brachial artery 
diameter at baseline, d2 is the averaged the maximal post occlusion brachial artery 
diameter (Naidu et al., 2011).  

 
 

 
                       0                                 5                    6           7          8         min                                    
 
 

 
Dia. = Diameter 
BFV = Blood flow velocity 

 
Protocol for ultrasound imaging 

Baseline  occlusion 

Diameter    2x10 sec 
BFV           2x10 sec 
every 1 min x 3 times 

  
 

deflated 
 

Diameter   2x10sec 
BFV           2x10sec 

Diameter 2x10sec 
BFV           2x10sec 

 After deflated 

Dia. 2x10sec 
BFV  2x10sec 



 
 

 
 
 

 

 
 

Imaging brachial artery diameters  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX I 
Malondialdehyde 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 
 

 
APPENDIX I 

Malondialdehyde 
 

Malondiadehyde (MDA) is a ROS which is derived from the lipid oxidation of cell 
membrane polyunsaturated fatty acid and its formular is CH2 (CHO)2.  This compound is 
highly reactive and toxic and is used as a biomarker to measure the level of oxidative 
stress.  Thiobarbituric acid reactive substances method is used for analyzing level of 
MDA (Nanhini TA and Anuradha CV, 2003), by the concept that one molecule of MDA 
can react with 2 molecules of thiobarbituric acid (TBA).  The chemical reaction and the 
method of measurement are described as follows: 

 
 
Reagents 

1. Phosphate buffer saline (PBS) pH 7.4  
-Na2HPO4 2.27 g, NaH2PO4 0.12 g and NaCl 8,18 g are dissolved in distilled 
water until total volume of solution is 1,000 ml. The solution is adjusted to pH 7.4. 

2. 30% Trichloroacetic acid  (TCA)  
-Dissolve thicholoacetic acid 30 g in distilled water until toltal volume of solution 
is  100 ml 

3. Butylated hydroxyl toluene (BHT) 



 
 

 
 
 

-Dissolve Butylated hydroxyl toluene 88 mg in ethanol 10 ml 
 

4. 1% thiobarbituric acid (TBA) 
-One g of 2-thiobarbituric acid in 100 ml distilled water  

5. Malondialdehyde bis (diethylaceta) is used as external standard. 
Samples 

Use EDTA whole blood samples.  
 

Sample preparation 
Centrifuge whole blood for 10 minutes at 4C, 3500 rpm and then separate the 

plasma and erythrocytes. The erythrocytes are washed four times with 3 ml of 0.85% 
normal saline; centrifuging for 10 minutes at  4C, 3000 rpm after each wash.  

 
Measurement of MDA; the sequences of the test are: 

1.  Draw 200 l of each of washed erythrocytes, plasma, and diethylacetal 
(external standard) in three separate eppendorf tubes. 

2. In each tube, add 800 l of PBS, mix, and then add 30% TCA for erythrocyte 
lysis and protein precipitation 

3. Add 25l of BHT, mix, and then put in -20C refrigerator for 2 hours for the 
completeness of erythrocyte lysis and protein precipitation 

4. Centrifuge at 12,000 rpm for 10 minutes. 
5. Separate the supernatant into the new eppendorf tubes. 
6. Add 250 l of 1% TBA in each tube, mix, and boil in heat box 

(ACCUBLOCKTM Digital Dry Bath, Labnet International) at 103C for 15 
minutes. 

7. Stop the reaction by using cold water, draw 300l of the solution and put in 
the 96-well-plate ELISA. 

8. Measure light absorbance at 532 nm by using ELISA Reader (Enspire 
multilabel plate, Perkin-Elmer, USA) 



 
 

 
 
 

Construct the concentration graft of the external standard, and then calculate the lipid 
oxidation of the samples from the standard curve. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 



 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX J 
Superoxide dismutase 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 
 

APPENDIX J 
Superoxide dismutase 

 
Superoxide dismutases (SODs) are group of enzymes that catalyze the 

dismutation of superoxide into oxygen and hydrogen peroxide.  The test for SOD activity 
by using RANSOD kit (Randox Laboratories-US, Ltd., West Virginia, USA).  The principle 
of this method is by employing xanthine and xanthine oxidase (XOD) to generate 
superoxide radical which react with 2-(4-iodophenyl)-3-(4-nitrophenol)-5-
phenyltetrazolium chloride (I.N.T.) to form a red formazan dye.  The ability of enzyme 
activity of SOD is to measure the degree of inhibition of the above reaction.  One unit of 
SOD is equal to 50% inhibition of the rate of reduction of I.N.T. under the conditions of 
the assay.  The equation for reaction is shown below. 

 
                    XOD   
    Xanthine        --->      Uric acid  +  O2

. 
               O2

. 
           I.N.T       --->      formazan dye 
Or inhibition reaction               SOD 
   O2

.    +   O2
.   +   2H+     --->     O2

   +   H2O2 
Chemicals: 

Contents Initial Concentration of Solution 

1.  Mixed Substrate 

Xanthine 

I.N.T 

 
 

0.05 mmol/l 
0.025 mmol/l 

2. Buffer 
CAPS 

EDTA 

 
 

40 mmol/l, pH 10.2 
0.94 mmol/l 

3. Xanthine Oxidase 80 U/l 

4. Standard  



 
 

 
 
 

Chemical for the analysis 
1. Phosphate buffer saline (PBS buffer) 5 mmol/l pH 7.4  

 

KH2PO4 MW 136.9 69.4 mg 

K2HPO4 . 3H2O MW 228.23 783.57 mg 
 

Dilute the above chemicals with distilled water until the total volume is 1,000 ml, 
adjust pH to 7.4. 

2. Mixed substrate, keep at 2-8C 
3. Buffer, keep at 2-8C 
4. Xanthine Oxidase,  keep 2-8C 
5. Standard, keep at 2-8C 

 

Standard Standard concentration 
(mM) 

Volume of Standard Sample Diluent 

S6 4.48 Undiluted Standard - 

S5 2.24 5 ml of S6 5 ml 

S4 1.12 5 ml of S5 5 ml 

S3 0.56 5 ml of S4 5 ml 

S2 0.28 5 ml of S3 5 ml 

S1 0.00 Sample Diluent  
 

6.  Erythrocyte hemolysate preserved in EDTA 

100l  of erythrocyte hydrolysate is diluted in 2.5 ml of PBS buffer (final 
dilution factor = 100) 

Automate analyser using kinetic mode program at wave length of 340 
nm, interval time = 30 seconds, 10 rounds of measurement with 5 seconds 
shake interval time.  The analytic process is performed as follows: 

 



 
 

 
 
 

gram of hemoglobin 

1.  Automate analyser will automatically draw these below reagents into the wells at 
the cuvette roter serially as listed. 

 Sample Diluent (ml) Standard S2-S6 (ml) Diluted Sample(ml) 

Diluted sample - - 0.05 
Standard - 0.05 - 

Ransod sample diluent 0.05 - - 

Mixed substrate 1.70 1.70 1.70 

Mix well    

Xanthine oxidase 0.25 0.25 0.25 
 

2. Mix thoroughly, and measure light absorbance of the samples and reagent blank 
at 30 seconds after the chemical reaction (A1) and repeat at 3 minutes after the 
A1 (A2). 

3. Calculation of the test 

             A/min (of standard or samples) = A2-A1/3 
A1=  light absorbance at 30 seconds after the chemical reaction 
A2= light absorbance at 3 minutes after A1 
Sample diluents rate (S1 rate) = rate of unhibited reaction = 100% 

% inhibition = [100- A/min sample x 100]/  A/min blank 
4. Construct the graft of % inhibition for standard by using log10 graft (standard 

concentration in SOD units/ml), and then measure units of SOD of the samples  
from the standard curve. 

5. Calculation of SOD units/ml in whole blood: 
SOD units/ml of whole blood =  SOD units/ml from standard curve x dilution 
factor 

6. Calculation of SOD units/g of hemoglobin: 
SOD units/g hemoglobin =  SOD units/ml 
                                              



 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX K 
Glutathione peroxidase 

 
 
 
 
 
  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 
 

APPENDIX K 
Glutathione peroxidase 

 
Glutathione peroxidase (GPX) assay is performed by using RANSEL Glutathione 

peroxidase kit (Randox Laboratories-US-Ltd.,  West Virginia, USA) and this assay is an 
adaptation of the method of Plagia and Valentine (1967).  GPX catalyses the reduction of 
an organic compound, ROOH, oxidizing reduced glutathione (GSH) to form oxidized 
glutathione (G SSG). 
 2GSH + ROOH                 ROH+GSSG+H2O  
 Oxidised glutathione (GSSG), by enzyme glutathione reductase (GR) and the 
presence of NADPH will convert to reduced glutathione (GSH) and NADP.  The 
reduction of NADPH resulting in decreased absorbance at 340 nm. 
 
 GSSG + NADPH + H+                 NADP+ + 2 GSH  
 

1. Chemical reagents 
 Glutathione                4 mmol/l 
 Glutathione reductase   ≥0.5 U/l 
 NADPH     0.34 mmol/l 

 2.  Phosphate buffer 0.05 mol/l;pH7.2, keep at 2-8 C 

 3.  EDTA 4.3 mmol/l, keep at 2-8C 

 4.  Cumene hydroperoxide 0.18 mmol/l, keep at 2-8C 

 5.  Diluting agent, keep at 2-8C 
 6.  Drabkin’s reagent 
  - potassium phosphate 1.4 mmol/l 
  - potassium ferricyanide 60.8 mmol/l 
  - potassium cyanide 78.8 mmol/l 
  - distilled water 480 ml 

 Keep at 15-25C 

GR 



 
 

 
 
 

7. Specimens for analyses 
- Whole blood in EDTA 
- Erythrocyte hemolysate in EDTA 
- Plasma in heparin 

 
Whole blood for GPX: 

1.  Dilute 0.05 ml of whole blood with 1 ml of diluting agent. 

2. Incubate at 37C for 5 minutes then add 1 ml of Drabkin’s reagent, mix, and 
measure in automate analyser 20 minutes after adding Drabkin’s reagent. 

 
Erythrocyte hemolysate for GPX: 

1. Dilute 0.05 ml of hemolysate with 1 ml of diluting agent. 

2. Incubate at 37C for 5 minutes then add 1 ml of Drabkin’s reagent, mix, and 
measure in automate analyser 20 minutes after adding Drabkin’s reagent. 

 
Plasma GPX: 

 Draw 200 l of  lithium heparinized plasma into a cup and then put in automate 
analyser 
 
For Automates Analyser: 
 - Analysed by using kinetic mode program, at the wave length of 340 nm (for the 
detection of NADPH), interval time = 30 seconds, 10 rounds, shake interval time = 5 
seconds. 
 
The sequence of the reagents are as follows: 

Diluted sample 

Diluted sample (ml) Reagent blank (ml) 

0.05 - 
Distilled H2O - 0.05 



 
 

 
 
 

Reagent 2.50 2.50 

Cumene Hydroperoxide 0.10 0.10 

 
 The light absorbance for the sample and reagent blank will be detected at 1,2,3 
and 4 minutes, respectively 
 Concentration without subtraction = 8421x(OD at 1 min – OD at 4 min)    (U/l) 
                                                                                            3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX L 
Nitric oxide 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 
 

APPENDIX L 
Nitric oxide 

 
Reconstitution of Reagents 

1. Enzyme cofactor 
-Reconstitute with 1.1 ml of Assay Buffer. Aliquot desired amount and store at  –

20°C. Keep on ice during use. Store at –20°C.  
2. Enhancer 
-Reconstitute with 1.1 ml distilled water. Store at +4°C.  
3. Nitrate Reductase 
-Reconstitute to 1.1 ml with Assay Buffer. This dissolves slowly, so gently vortex 

2-3 times over 15 minutes. Keep on ice during use. Store at +4°C.  
4. Nitrate and Nitrite Standards 
-Reconstitute with 100 ul of Assay Buffer. Vortex and mix well to generate 100 

mM standard. Store at +4°C when not in use (do not freeze!). The reconstituted 
standard is stable for 4 months when stored at +4°C.  

5. Griess Reagents R1 and R2 
-Ready to use. Store at +4°C.  

 
Measurement of Nitrate + Nitrite  

1. Nitrate standard curve: Mix 5 ul of the 100 mM reconstituted standard with 
495 ul of Assay Buffer to generate 1 mM standard working solution. Note: DAN Probe 
reacts with nitrite, not nitrate. For routine total nitrite/nitrate assay, you may prepare  
a nitrate standard curve only. However, if you desire to measure nitrite, nitrate 
concentration separately, you may prepare a nitrite standard curve in the absence of 
Nitrate Reductase in the standard and assay samples. Nitrate = Total – Nitrite.  

2. Preparation of samples: Up to 85 ul of sample can be added per assay and 
should be done in duplicate. When using less than 85 ul of sample, adjust volume to 85 
ul with Assay Buffer. If the approximate nitrate/nitrite concentration is completely 
unknown, we recommend that several dilutions be made. Urine can have high nitrate 



 
 

 
 
 

content and a 10 fold dilution should be used. Serum proteins will have a slight (~10%) 
effect on apparent nitrite levels. For best results serum filtrate from a 10Kd cutoff filter 
(Cat.No. PK-CA577-10KC-100) should be used. Typical urine levels are 0.2-2 mM and 1- 
20 uM respectively. Typical normal serum levels are ~20 uM and ~2 uM for nitrate and 
nitrite respectively with various disease states elevating these levels significantly. The 
absorbance of samples should be in the linear range of the standard curve (0-10 
nmol/well). If they fall outside this range, they should be rediluted and rerun.  

3. Assay procedure:  
-Add 85 ul sample and 115 ul Assay Buffer as blank well.  
-Add 0, 2, 4, 6, 8, 10 ul of standard to each well and adjust to 85 ul.  
- Add 85 ul of sample or dilution to each unknown well.  
-Add 5 ul of the Nitrate Reductase mixture to each well (standards and 

unknowns).  
-Add 5 ul of the enzyme cofactor to each well (standards and 

unknowns).  
-Cover the plate and incubate at room temperature for 1 hour to convert 

nitrate to nitrite.  
-Add 5 ul of the enhancer to each well and incubate 10 minutes.  
-Add 50 ul of Griess Reagent R1 to each well (standards and unknowns).  
-Add 50 ul of Griess Reagent R2 to each well (standards and unknowns).  
-Develop the color for 10 minutes at room temperature. The color is 

stable for about an hour.  
-Read the absorbance at 540 nm using a plate reader. 
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