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CHAPTER |
INTRODUCTION

Background and Rationale

Diabetes mellitus affects approximately 100 million persons worldwide [1].
Five to ten percent have type 1 (insulin-dependent) and 90% to 95% have type 2
(non-insulin-dependent) diabetes mellitus [2]. Prevalence of type 2 diabetes
characterized by insulin resistance, which leads to morbidity and mortality associated
with atherosclerotic cardiovascular disease and late complications, has been
increasing in Thailand. In these pathological processes, cutaneous microvascular
dysfunction, were thought to be crucial early events [3]. Mechanisms contributing to
insulin resistance and cutaneous microvascular dysfunction include glucotoxicity,
lipotoxicity and inflammation [4]. Previous reports proposed that oxidative stress or
the increase production of reactive oxygen species (ROS) plays a key role in those

deleterious effects of diabetes [5].

Exercise training was an essential component in both medical management of
patients with type 2 diabetes and in preventing the development of diabetic
complications. A meta-analysis of 14 trials found that exercise training reduced
HbA1C levels by 0.66% and whole body exercise was associated with improvement
of NO vasodilator function in subjects with type 2 diabetes [6]. These data showed
that exercise training act as antioxidant treatment was effective in reducing
cutaneous microvascular dysfunction and vascular disease. However, most of them
have studied only in the effect of land-based exercise regimens. Whereas, effect of
water-based exercise training and cutaneous microvascular vasodilator function in

patients with type 2 diabetes mellitus were still limited.

Water-based exercise was defined as activities performed in the water that
promote and enhance physical and mental fitness. The principle of water-based
exercise is an immersion of the body in thermal water for therapeutic purposes,
based on the composition and temperature of the water [7]. Although the scientist
evidence for overall benefits of aquatic exercise is extensive, the dose-response
relationship and the effects of this exercise on people with diabetes were not clearly
understood. It should be recommended to patients with type 2 diabetes provides
more benefits, including the improved muscle strength and endurance, reduction of
edema, and increased circulation. However, the remaining unexplained that it is

suitable for type 2 diabetes patients. The effectiveness comparison between land-



based exercise training and water-based exercise training still remains inconclusive.
Thus, the purpose of the present study was to investigate the effect of water-based
exercise training on physiological adaptations and cutaneous microvascular reactivity
in type 2 diabetic patients as well as compare with land-based exercise training.
Fasting plasma glucose, glycosylated hemoglobin (HbAlc), health related physical
fitness, and cutaneous microvascular reactivity were evaluated at baseline and after

12 weeks of training with three training sessions per week.

The results from the present study were established the suitable exercise
training which safe and effective for patients with type 2 diabetes and may explained
mechanisms which responsible for the beneficial effects of land-based and water-
based exercise training on diabetic physiological adaptations and cutaneous

microvascular reactivity.
Research questions

1. Whether physiological adaptations and cutaneous microvascular reactivity
in type 2 diabetic patients can be changed by water-based exercise training.

2. How difference of the effects of water-based exercise training on
physiological adaptations and cutaneous microvascular reactivity when compared

with land-based exercise training.
The purpose of this study

1. To determine the effects of water-based exercise training on physiological
adaptations and cutaneous microvascular reactivity in type 2 diabetic patients.

2. To compare the effect of water-based and land-based exercise training on
physiological adaptations and cutaneous microvascular reactivity in type 2 diabetic

patients.
Research Hypotheses
Water-based exercise training affects physiologic and cutaneous microvascular

reactivity in type 2 diabetic patients in a greater extent than land-based exercise

training.

Scope of research

1. The participants were the fifty-three elderly with type 2 diabetes, aged 60-

70 vyears, were recruited from the supreme patriarch center on aging and



Yanasungwararam hospital, Chon-buri province, Thailand. The participants were

randomly allocated into equal numbers, ages and gender ratios into 4 groups;

- Water-based exercise group (Wex; n=20) (Continuous water-based exercise

training program)
- Water-based control group (Wco; n=20) (water immersion)

- Land-based exercise group (Lex; n=20) (Continuous land-based exercise

training program)
- Land-based control group (Lco; n=20) (non-exercise)
2. The variables used in the study included:

2.1 Independent variables were water-based exercise training and land-based

exercise 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 percentage of body fat,
percentage of total body water, body mass index, waist-to-hip ratio, muscular

strength, maximal oxygen consumption and body flexibility.

- Blood biochemistry variables as to fasting blood g¢lucose, glycosylated
hemoglobin, insulin, total cholesterol, high density lipoprotein cholesterol, low

density lipoprotein cholesterol, triglyceride, C - reactive protein, malondialdehyde.

- Post-occlusive reactive hyperemia variables as to time to peak, peak

perfusion flux and recovery time.

Operational definition

Water-based exercise training is an activity in the water that raises the body’s
demand for oxygen. In this study, the water-based exercise training is performed in
swimming pool (water temperature ~34 to 36°C) at moderate intensity of oxygen

consumption (70% of maximum heart rate).

Land-based exercise training is an activity on land that raises the body’s
demand of oxygen, resulting in a temporary increase in rate of respiration and heart rate.
In this study, the land-based exercise training is performed aerobic exercise on stable

ground at moderate intensity of oxygen consumption (70% of maximum heart rate).



10

Maximum oxygen consumption (VO,max) is the maximum oxygen uptake or the
maximum volume of oxygen that can be utilized in one minute during maximal or
exhaustive exercise. It is measured as milliliters of oxygen used in one minute per

kilogram of body weight.

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 benefits and applications
1. To understand the effects of water-based exercise training on physiological

adaptations and cutaneous microvascular reactivity in patients with type 2 diabetes

mellitus.

2. To understand the comparative effects between water-based exercise
training and land-based exercise training on physiological adaptations and cutaneous

microvascular reactivity in type 2 diabetic patients.

3. To provide appropriate exercise training program for safe and effective in

patients with type 2 diabetes mellitus.

4. To provide fundamental information which essential for planning treatment

in type 2 diabetic patients.
5. To provide physiological knowledge for further studies.

Conceptual Framework

This study was outlined possible courses of action in figure 1.1
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Figure 1 Conceptual framework. The underlying mechanisms in water-based and

land-based exercise training are currently unknown in patients with type 2 diabetes.
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CHAPTER 1l
LITERATURE REVIEW
The aim of the present study was to determine the effect of water-based
exercise training on physiological adaptations and cutaneous microvascular reactivity

in patients with type 2 diabetes mellitus. This chapter will explore the literature were

listed as followed:-

1. Type 2 diabetes mellitus
1.1 Definition and diagnosis of type 2 diabetes mellitus
1.2 Prevalence and epidemiology of type 2 diabetes mellitus
1.3 Pathophysiological of type 2 diabetes mellitus
1.4 Clinical symptoms of type 2 diabetes mellitus
1.5 Treatment of type 2 diabetes mellitus

2. Oxidant and antioxidant
2.1 Free radicals and oxidative stress
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1. Type 2 diabetes mellitus
1.1 Definition and diagnosis of type 2 diabetes mellitus

Type 2 diabetes mellitus (known as non-insulin-dependent diabetes
mellitus, NIDDM) is accounting for 85-95% of all cases of diabetes. As well as often
remains undiagnosed until complications become symptomatic [8]. Thus, particularly
in patients with type 2 diabetes, early detection of the disease allows them to make
lifestyle changes and initiate medical therapy, which can reduce the appearance of
complications. Considering the higher and constantly increasing prevalence of type 2

diabetic patients and the great potential of non-pharmacological measures
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associated with small modifications in lifestyle for primary and secondary disease

prevention, the medical community has granted much attention to this type of

diabetes mellitus and has defined a set of rules for early diagnosis of the disease.

Tests to detect the occurrence of type 2 diabetes should always be considered in

subjects who have one or more of the risk factors for the development of the

disease, as shown in Table 1 [9].

Table 1 Criteria to check for the existence of type 2 diabetes mellitus in adults

(adapted from the American Diabetes Association [9])

1

Subjects aged more than 45 years (When normal, the checkup should be

repeated every 1-3 years)

Occurrence of symptoms like polyuria, polydipsia, and unexplained weight loss

Asymptomatic subjects carrying at least one of the following risk factors:

3.1
3.2
3.3

3.4
35

3.6

3.7
3.8

Have a first-degree parent with diabetes
Overweight or with a BMI >25 I<g/m2

History of impaired glucose tolerance or impaired fasting glucose in a

previous test
Hypertension (>140/90 mmHg)

A plasma high density lipoprotein cholesterol level <35 mg/dl and/or a
plasmatic triglyceride level >250 mg/dl

History of gestational DM or of a newborn child weighing more than
4.08 kg

Sedentary lifestyle

Other clinical conditions associated with insulin resistance, such as

polycystic ovary syndrome and acanthosis nigricans

1.2 Prevalence and epidemiology of type 2 diabetes mellitus

The World Health Organization has estimated that, globally, the

number of people with diabetes in 2000 was 177 million, with 33 million in Europe.

By 2030, this will increase to 370 million worldwide and much of the anticipated

increase will occur in economically developing countries including Thailand [10].
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Diabetes already accounts for a large proportion of spending on health care and the
anticipated increase in cases has significant implications for economic productivity
and resource allocation. Because the long-term complications of diabetes are an
important determinant of the total cost of care, there is the prospect of major

additional demands on health services in the years to come.

For several years that everyone was facing a worldwide epidemic of
type 2 diabetes. It causes both social, economic, and health consequences to the
nation. Disability-adjusted life years lost (DALYs) due to diabetes ranked the 3™ and
the 5" for Thai women and men adult populations respectively [11]. The type 2
diabetes prevalence increases progressively due to population growth, aging,
urbanization, and increasing prevalence of obesity and physical inactivity, the
diabetes epidemic will be worse in the future. It was estimated that the number of
people with diabetes in adults aged 20 years and over (especially after 35 years old)
in Thailand will increase from 1,017,000 in 2000 to 1,923,000 in 2025 [12]. Early
interventions could be cut down on the disease development and their
complications among this population subgroup are then expected to have
tremendous positive health and other impacts on the individual and the country as a

whole.

The interactions of environmental and behavioral factors, such as
physical inactivity, obesity, and stress, with genetic factors are responsible for the
alteration in glucose homeostasis by impaired glucose tolerance, which can result
from pancreatic [3 cell dysfunction and/or from the increase of insulin resistance in
target tissues [13, 14]. Eighty-five to 95% of all diabetes mellitus cases are
characterized by glucose intolerance induced by insulin resistance. Independent of
its origin, the resultant chronic hyperglycemia may negatively influence the structure
and function of many organs, particularly the cardiovascular, nervous, and renal

systems [8, 15].

1.3 Pathophysiological of type 2 diabetes mellitus

Type 2 diabetes is characterized by hyperglycemia, increase free fatty
acids, and insulin resistance provokes molecular mechanisms that alter the function
and structure of blood vessels [16]. These include increased oxidative stress,
disturbances of intracellular signal transduction such as activation of Protein Kinase C
(PKQ), and activation of receptor for advanced glycation end product (RAGE) lead to

cutaneous microvascular dysfunction in diabetic patients.
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Hyperglycemia induces a series of cellular events that increase the
production of reactive oxygen species (ROS) then promotes a cascade of cutaneous
microvascular processes that activate increasing inflammation and decreases
endothelium-derived NO. Hyperglycemia also increases the production of the lipid
second messenger diacylglycerol, which causes the membrane translocation and
activation of PKC. Activation of PKC inhibits the activity of the phosphatidylinositol 3
kinase pathway, thereby limiting activation of Akt kinase and subsequent

phosphorylation of NOS, which results in less NO production [17].

In addition, hyperglycemia and free fatty acids induced oxidative stress
leads to the activation of stress-sensitive signaling pathways. This, in turn, worsens
both insulin secretion and action, leading to overt type 2 diabetes. Furthermore,

oxidative stress induced by elevations in glucose and FFA plays a key role in causing

insulin resistance and B—cell dysfunction. Thus, treatment aimed at reducing the
degree of oxidative stress and activation of stress-sensitive signaling pathways would
appear to warrant consideration for inclusion as part of the treatment program for

patients with type 2 diabetes [5].

Circulating levels of free fatty acids are elevated in diabetes because
of their excess liberation from adipose tissue and diminished uptake by skeletal
muscle. Free fatty acids may impair cutaneous microvascular function through
several mechanisms, including increased production of ROS, activation of PKC, and
exacerbation of dyslipidemia [18]. Elevation of free fatty acid concentrations activate
PKC and decrease insulin receptor substrate-1 associated phosphatidylinosital-3
kinase activity. These effects on signal transduction may decrease NOS activity as

results in decrease NO production.

Insulin resistance most often precedes the onset of type 2 diabetes
may be explained by alterations in intracellular signaling that reduce the production
of NO. Also, insulin resistance is associated with elevations in free fatty acid levels.
Abdominal adipose tissue, the type found prominently in type 2 diabetes, is more
insulin resistant and releases more free fatty acids compared with the type of
adipose in other locations. Activating lipoprotein lipase to metabolize these free fatty
acids increases insulin sensitivity. Thus, free fatty acid induced alterations in
intracellular signaling may also contribute to decreased NOS activity and reduced

production of NO in insulin-resistant states of type 2 diabetes [19].

There is a large amount of experimental and clinical data indicating

that cutaneous microvascular dysfunction is involved in disease states such as
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atherosclerosis, hypertension, heart failure and diabetes. Decreased endothelium-
dependent vasodilation of the forearm and coronary circulation has been associated
with human aging [20], but less information about microcirculatory function and its
relationship with exercise in type 2 diabetes has been reported to date. Previously
reported experimental data have shown that chronic exercise training is associated
with enhanced endothelium-dependent vasodilation which is accompanied by
increased NO production in large coronary vessels and micro-vessels in animals [21].
Urinary excretion of NO metabolites increases with increasing levels of chronic
physical activity and, in patients with cardiovascular disease, levels of urinary NO
metabolites increase in direct relationship with the gain in functional capacity,
suggesting that increased NO production may be a major adaptive mechanism by

which aerobic exercise training benefits the cardiovascular system [22].

Exercise induces a complex integrated physiological response that
involves activation of circulating hormones and local autacoids, such as
catecholamine, adenosine and ATP, which could exert an influence in the long-term
regulation of NO biosynthesis. In addition, exercise increases myocardial oxygen
consumption and reduces vascular resistance at the coronary level. This effect will
elicit cutaneous microvascular  shear stress, which may increase cutaneous
microvascular NO synthase (eNOS) expression and activity [23]. Other mechanisms
implicated in the increased NO facilitated by exercise-induced expression of
antioxidant enzymes [24]. It is possible that the beneficial effects of regular exercise
training could be mediated by the increase in NO availability and action, and this
could be improving cutaneous microvascular function in some clinical conditions

associated with type 2 diabetes.

In diabetes, cutaneous microvascular cell dysfunction is characterized
not only by decreased NO but also by increased synthesis of inflammatory cytokine.
The metabolic abnormalities that characterize type 2 diabetes associated with
chronic inflammation [25]. Peterson and co-worker study recently indicates that
physical inactivity can increase pro-inflammatory independently of obesity, and
exercise may induce anti-inflammatory mediators [26]. Although exercise training has
been proven beneficial in treatment of type 2 diabetes, this preventive and
therapeutic modality remains underused [27]. Previous studies show that moderate
exercise enhances T-cell function and decreases respiratory infections, which
suggests that the volume of exercise is a critical element of inducing a positive or

negative immune response in diabetic patients [28].
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In the reference paper, the decrease in TNFOL was related to the
decrease in FFM [29], although, this may not be apply to all situations as unchanged
and increased values of FFM after endurance training were also reported [30].
However, previous studies showed that long-term gentle jogging increased insulin

action despite no influence on BMI or Vo, max [31].

1.4 Clinical Symptoms of type 2 diabetes mellitus

Type 2 diabetes may be present for many years before a diagnosis is
made. The development of this disease is a gradual process. It is quite common for a
diagnosis to be made by chance, with the patient having a routine blood test or

being in hospital for another reason. The common symptoms to be aware of include:

Polydipsia: chronic thirst and craving for fluids. A person with diabetes who

has high blood glucose concentrations will constantly crave water.

Polyuria: frequent urine excretion. In addition to being thirsty the patient will

make frequent visit to the bathroom, even throughout the night.

Weight loss may be an additional symptom, especially weight loss over a

short period of time.

Blurred vision. In some cases, where blood glucose concentrations are very

high, vision may become blurred.

Many who develop type 1 diabetes have some or all of these symptoms, but
those with type 2 diabetes may remain asymptomatic. The fact that one third of the
population with diabetes do not know they have the disease underscores the lack of

symptoms experienced by many.

1.5 Treatment of type 2 diabetes mellitus

The goal of diabetes mellitus treatment is directed toward glycemic
control, the correction of all metabolic and functional abnormalities such as
dyslipidemia, hypertension, and obesity, and the control of morbidity and mortality
related with the macro- and microvascular complications [9]. Apart from medication,
the standard therapeutic procedures for the treatment of type 2 diabetes mellitus
include correct dietary control and regular exercise [32, 33]. According to these
authors, the management of each patient should be individualized and adjusted to
age, medical history, earlier physical activity, eating habits, and sociocultural factors.

Especially before starting an exercise program, a medical examination is necessary to
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detect other diseases or diabetic complications that might represent

contraindications.

Glycemic control

Glycemic control is a main objective in diabetic patients. Several
studies have shown that improved glycemic control is associated with decreased
rates of chronic complications, such as retinopathy, nephropathy, neuropathy, and
cardiovascular diseases [34-37]. Capillary blood glucose monitored by the patient
himself represents a useful procedure to control glycaemia and to adjust
medications or physical activity/exercise prescriptions. Usually, capillary blood
glucose monitored once a day is important for the patient to check to prevent
asymptomatic hypoglycemia. Glycated hemoglobin (HbAlc) is required to estimate
the mean glycemia over the preceding 2-3 months and must be measured at least
twice a year to determine whether metabolic control is maintained within a normal
range [38]. Thus, HbAlc is useful in assessing treatment efficiency and in comparing

the result of the patients self-reported testing (Table 2).
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Table 2 Parameters used for a glycemic control in type 2 diabetic patients (adapted

from the American Diabetes Association [9])

Blood samples Glucose plasma HbA1lc plasma levels

concentrations

Fasting condition 90-130 mg/dl (5.0-7.2 mmol/l) <7.0%
Postprandial peak <180 mg/dl (<10.0 mmol/l)
level

Therapeutic exercise

Exercise is one of the main therapeutic measures to deal with high blood
glucose levels in diabetic patients [9, 39-41]. It is believed to control hyperglycemia
through the improvement of peripheral insulin sensitivity particularly in skeletal
muscle [42, 43]. In addition, many studies have also described exercise as a
countermeasure against many abnormalities observed in diabetic patients, such as
hyperlipidemia, hypertension, and a tendency for hyper coagulation [44-46], which
are considered to increase the risk of macro- and microvascular complications [47,
48]. These and many other chronic complications of diabetes mellitus seem to be

attenuated by the regular exercise.

2. Oxidant and antioxidant
2.1 Free radicals and oxidative stress

A number of complications arise as a consequence of macro and
microvascular complications that result from diabetes; these deficits have a central
role in the tissue-damaging effects of chronic hyperglycemia [6]. Since endothelial
cells (as well as renal mesangial and Schwann cells) are unable to limit glucose
transport as well as other cells do, they are more vulnerable to the toxic effects of
hyperglycemia. In fact, from a cardiovascular medicine perspective, diabetes can also
be classified as a cardiovascular disease [7]. Several studies have shown that diabetes
mellitus (types | and ) is accompanied by increased formation of free radicals and
decreased antioxidant capacity, leading to oxidative damage of cell components [8].
There are multiple sources of reactive oxygen species (ROSs) production in diabetes
including those of mitochondrial and nonmitochondrial origins; ROS accelerates the
four importantmolecular mechanisms involved in hyperglycemia-induced oxidative

tissue damage. These four pathways are activation of protein kinase C (PKC),
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increased hexosamine pathway flux, increased advanced glycation end product

(AGE), and increased polyol pathway flux [9].
2.2 Antioxidant

Cells have evolved highly complex enzymatic and nonenzymatic
antioxidant systems which work synergistically, and in combination with each other,
to protect the body against free radical-induced damage. The most efficient
enzymatic antioxidants involve glutathione peroxidase, catalase, superoxide
dismutase, heme oxygenase-1 (HO-1), NAD(P)H quinone oxidoreductase-1 (NQO-1),
and thioredoxin [63]. Non-enzymatic antioxidants include vitamins E and C, thiol
antioxidants (glutathione, thioredoxin) [64]. These antioxidants are capable of
combining with reactive oxidants to produce other less reactive species. SOD
promotes the dismutation of the superoxide radical to form hydrogen peroxide
(H202) and oxygen. Glutathione peroxidase (GPx) uses reduced glutathione (GSH) as a
reducing equivalent to reduce H202 to form oxidized slutathione and water.
Catalase converts H202 to water and oxygen. Further, GSH can remove selected
oxygen radicals directly and assist in the recycling of vitamins C and E. The newly
identified peroxiredoxin family is also a group of peroxidases that catalyze the
reduction of H202 and so far at least six isoforms have been identified in mammalian
cells [65]. Among them, peroxiredoxin lll is synthesized with a mitochondrial targeting
sequence (as is MnSOD) so that when it is transferred to mitochondria, its targeting
residues are cleaved during maturation. Some studies suggest that peroxiredoxin Il is
a critical regulator of mitochondrial H202 concentrations, which promotes apoptosis
in cooperation with other mediators of apoptotic signaling [66]. The specific
localization of peroxiredoxin Il within the mitochondria is thought to provide a
primary line of defense against H202 produced by the mitochondrial respiratory
chain [67].

Exercise training results in an upregulation of antioxidant defense
mechanisms in various tissues, presumably due to increased levels of oxidative stress
that occurs during exercise. Low/moderate amounts of ROS produced during regular
skeletalmuscle work are a part of “hormesis”, which describes the generally
favorable biological responses to low exposures to toxins and other stressors. A

pollutant or toxin showing hormesis has opposite effects in small versus large doses.

Hormesis is characterized by stimulation at low doses and inhibition at higher doses,
resulting in an inverted U-shaped dose response effect [68]. For example, exercise-

induced increased production of ROS can be beneficial by evoking specific
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adaptations, such as increased antioxidant/oxidative damage repairing enzyme
activity, increased resistance to oxidative stress and lower levels of oxidative damage.
On the other hand, excessive production of ROS is usually associated with

detrimental effects.

2.3 Free radicals, antioxidant and exercise

Inflammation has a prominent role in the pathogenesis of several
cardiovascular diseases. Atherosclerosis is an inflammatory disease that is mediated
by monocyte derived macrophages which accumulate in arterial plaques and
become activated to release cytokines that cause tissue damage [88]. Atherosclerotic
plagues in type Il diabetic patients have increased inflammatory properties and
worse cardiovascular outcomes than plagues observed in non-diabetic subjects [89].
We reported that systemic inflammation precedes either hyperglycemia or oxidative
stress in db/db mice [90]. As evidence accumulates favoring the role of inflammation
during the different phases of atherosclerosis, it is likely that markers of inflammation
such as high-sensitivity C-reactive protein (hs-CRP)may be increasingly used to
provide additional insights on the biological status of atherosclerotic lesions. Several
studies have shown that CRP and proinflammatory cytokines, including interleukin-6
(IL- 6) and tumor necrosis-A (TNF-Q), are elevated in type Il diabetic patients [89, 91].
CRP is considered to be an inde pendent predictor of cardiovascular events and of
the outcome of acute coronary syndromes [92]. Diabetic patients can be grouped as
being at low, intermediate, and high risk for cardiovascular disease based on their
levels of hs-CRP [93]. Besides its role as a marker of systemic inflammation and a
predictor of cardiovascular risk, CRP and other inflammatory cytokines also directly

trigger vascular dysfunction [94], possibly via altering calcium channel expression and

activity [95], upregulation of Rho-kinase expression and function [96], increasing the
production of ROS [97], and/or enhancing cyclooxygenase expression [98]. In turn,
cyclooxygenase enzymes cause vascular hypercontractility by increasing the synthesis
of constrictor prostanoid(s) [99, 100] and excessive formation of ROS [101].
Cyclooxygenase inhibitors alleviate the augmented contractile responses in several
animal models of diabetes [102-106]. These findings may partially explain the
inconsistent and mostly disappointing results with antioxidant use in diabetic patients
[64], since inflammation rather than oxidative stress may be the principle contributor
to diabetic vascular dysfunction. In agreement with this concept is the finding that
endothelial function improves in type 2 diabetic patients treated with rosiglitazone,

an agent that reduces inflammation but not oxidative stress [107].
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Exercise produces a short-term inflammatory response that is
accompanied by leukocytosis, increases in oxidative stress, and plasma levels of CRP.
This pro-inflammatory response is followed by a long term anti-inflammatory effect
[108]. Regular exercise reduces CRP, IL-6, and TNF-A levels and also increases anti-
inflammatory substances such as IL-4 and IL-10 [109, 110]. In healthy young adults, a
12-week, high-intensity aerobic training program down regulates cytokine release
from monocytes [110]. In fact, even leisure time physical activity (e.g., walking,
jogging, or running, etc.) reduces hs-CRP concentration in a graded manner [111].
Table 1 summarizes the findings of clinical studies on the effects of exercise on anti-

inflammatory and antioxidant markers in diabetic patients.

2.4 Oxidative stress and type 2 diabetes mellitus

Oxidative stress plays an important role in the pathogenesis of
cardiovascular disease, including atherosclerosis, hypertension, and the macro- and
micro-vascular diseases associated with diabetes. Oxidative stress is defined as an
increase in ROS and/or a decrease in the antioxidant defense mechanisms such as

catalase, glutathione, superoxide dismutase (SOD) [49].

Recently, Melikoglu et al [50] also reported that regular long term
training can induce antioxidant response to the oxidative stress. These results
support the possibility that the beneficial effect of physical exercise on oxidative

stress might be associated with increased antioxidant defenses.

Oxidative stress has been proposed to be a potential pathogenic
mechanism linking obesity and insulin resistance with cutaneous microvascular
dysfunction [51] and may explain the presence of inflammation in all of these
conditions. Oxidative stress resulting from increased production of ROS (or their
inadequate removal) plays a key role in the pathogenesis of late diabetic
complications [52, 53]. Although our understanding of how hyperslycemia-induced
oxidative stress ultimately leads to tissue damage has advanced considerably in
recent years [54], effective therapeutic strategies to prevent or delay the

development of this damage remain limited.

3. Exercise
3.1 Exercise and type 2 diabetes mellitus

Regular exercise is a recommended treatment for patients with type 2
diabetes because it enhances the glucose transporter 4 (GLUT4) expressions in

trained skeletal muscle with a consequent increase in the glucose transport capacity
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[55]. This mechanism may explain the enhanced sensitivity to insulin observed in
physically active diabetic patients [56-59]. Increased mass in skeletal muscle,
enhanced blood flow in muscle, greater density of insulin receptors, enhanced
disposal of glucose in skeletal muscle, and a reduction in body fat could also
contribute to this insulin sensitivity and improved glucose tolerance induced by

exercise training in diabetic patients [40, 60].

As mentioned above, the aim of exercise in type 2 diabetic patients is
to induce acute and chronic physiological changes, which improve insulin sensitivity
and glucose tolerance. To maintain glucose homeostasis, gslucagon and adrenalin are

released during acute exercise, which increases hepatic glucose production;

simultaneously, the insulin secretion by pancreatic B cells is reduced [61-63]. Thus,
an increase in glucose utilization during acute exercise is accompanied by an increase
in hepatic glucose production, an improved insulin sensitivity enhancing the binding
of insulin to sarcolemmal receptors, and an increased GLUT4 expression [39]. From a
chronic perspective, the improvement in insulin sensitivity is positively correlated
with the intensity of aerobic endurance training, which is in accordance with the fact
that insulin resistance in type 2 diabetic patients is associated with diminished
physical fitness. This association of regular exercise leads to changes in body

composition, a reduction in body fat and an increase in muscle mass.

When patients with type 2 diabetes participate in exercise training
programs, metabolic control is improved, as evidenced for example by a decrease in
serum triglyceride (TG) and very low density lipoprotein (VLDL) cholesterol and an
increase in high density lipoprotein cholesterol at rest [64]. However, some studies
have found that middle-aged subjects (age 40-54 years) who exercise regularly have
a better response in metabolic control when compared to older subjects (age 57-61
years), perhaps due to different pre-training levels of metabolic control or to
differences in the intensity of the training program or magnitude of chronic

complications with advanced age [55].

The purpose of exercise training for the primary prevention and the
treatment of lifestyle-related diseases are to improve insulin resistance. As in acute
effects of exercise, during exercise the glucose uptake by the working muscles rises 7
to 20 times over the basal level depending on the intensity of the work perform.
Intense exercise provokes the release of insulin-counter regulatory hormones such as
glucagons and catecholamine, which ultimately cause a reduction in the insulin

action [65]. As effects of long-term exercise training, continue exercise training
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improves reduced peripheral tissue sensitivity to insulin in IGT and type 2 diabetes
mellitus [66], and also improves abnormal lipid metabolism. Further, the water-based
and land-based exercise training should be improving cutaneous microvascular

function in type 2 diabetic patients.

Evidence for the benefit of exercise from previous studies shown that
individuals who maintain a physical exercise and active lifestyle are less likely to
develop insulin resistance, impaired glucose tolerance, or type 2 diabetes [67]. The
effects of exercise training on glucose control and related physiological parameters
have also been extensively studied in patients with type 2 diabetes. In 2001, Boule
et al [68] published a meta-analysis showing beneficial effects of exercise training on
one aspect of glucose control and percent of HbAlc in blood of diabetic patients.
They also found reductions in two measures of abdominal obesity and little effect
on the only other parameter they meta-analyzed: body mass. Fourteen studies in
the meta-analysis, 12 studies used aerobic training and 2 studies used resistance
training. Boule et al. found some physiological adaptations difference between
effects of aerobic and resistance training, but there were insufficient studies of
resistance training for this finding to be anything more than tentative. Aerobic
exercise is widely recognized to reduce the risk of coronary heart disease, so much
so that consensus panels routinely recommend physical activity as part of a
cardioprotective regimen for healthy people. Surprisingly, despite the wealth of
clinical and epidemiological data indicating benefit, the physiological or mechanistic
basis of this protection is unknown. Some recent studies have suggested that
exercise may promote cardioprotection through anti-inflammatory effects and that

these effects may be dose dependent [6, 69, 70].

The effects of exercise training on the improvement of the metabolic
profile have been controversial, but water-based and land-based exercise training
might be effective in delaying or preventing type 2 diabetes mellitus. As for exercise
intensity, the majority of studies in which the effects of exercise training were
analyzed used high-intensity exercise such as bicycle ergometer or running (land-
based) graded up to 70% to 90% of the Vo, max. McAuley et al. [71] showed that
modest levels of dietary and exercise recommendations did not improve significantly
the insulin sensitivity, but a more intensive program did. Therefore, they emphasized
that intensive lifestyle changes were necessary to improve insulin sensitivity. Similarly

to the evidence, Marek and co-worker [72] found that regular physical exercise

decreases tumor necrosis factor-OL (TNFOL) system activity and that decrease may be
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responsible for the concurrent increase in insulin sensitivity. Theirs result could be
explain that changes in the TNF system are related to the improvement in insulin
sensitivity during prolonged physical activity. There are also other changes resulting in
enhanced insulin action following training, such as increased amount of the glucose
transporter GLUT4 [73], increased capillarization of the muscle tissue [74] and

enhanced insulin signal transduction, for example at the level of phosphatidylinositol

3-kinase activity [75]. Therefore, a decrease in TNFQU expression is only one among

many other proposed mechanisms.

3.2 Exercise recommendation for type 2 diabetic patients

Exercise programs for diabetic patients should consist of aerobic
endurance exercise, which enhances cardiorespiratory fitness, muscular strength, and
endurance, and modifies body composition. However, in patients with type 2
diabetes, this type of training together with resistance training, as opposed to aerobic
training alone, seems to induce better positive adaptations of glucose control, insulin
function, muscular strength, and exercise tolerance [76, 77]. Nevertheless, resistance
exercise or exercise performed at high intensities should only be carried out by
individuals without any diabetes mellitus associated chronic complications, such as

proliferative retinopathy or hypertension [44, 63, 65, 78].

Table 3 describes the exercise components recommended for type 2
diabetic patients. To achieve cardiorespiratory and metabolic improvements, the
exercise intensity must be individually adjusted from low to moderate, in
correspondence to 40-70% of maximum oxygen consumption [35]. The use of heart
rate for monitoring exercise intensity may not be suitable in patients with type 2
diabetes because they may develop autonomic neuropathy, which affects the heart
rate response to exercise [63]. Intensity should rather be estimated using ratings of
perceived exertion (RPE), with recommended RPE of 10-16 (very light to hard). The
duration of exercise is directly related to the caloric expenditure required and is
inversely related to the intensity. At least 30 min of continuous and moderate
exercise should be performed in each training session. If weight loss is the main
target of exercise, its intensity needs to be set from low to moderate (50% VO2 max),

and the duration needs to be increased up to 60 min.
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Table 3 Exercise characteristics recommended for type 2 diabetic patients (based on
data from the American Diabetes Association [79], Eriksson [39], Leutholtz and Ripoll
[41], and Peirce [80])

Type Duration Frequency Intensity
Aerobic exercise At least 30 3-5 days a week 40-60% VO, OF
such as walking, min/session RPE 10-16 or
running, bicycling, or 150 min/week 50-70% of MHR
swimming 90 min/week >60% VO2 max or

>70% of MHR

Resistance 10-15 repetitions 2 days a week 40-50% of 1 RM
Warm up/cool 5-10 min Before and after exercise Low intensity
down

To improve cardiovascular performance, the recommended frequency of
exercise is between three and five sessions per week. Moreover, obese diabetic
patients may need to participate in daily physical activity to maximize caloric
expenditure for effective weight management. Normally, patients with type 2 diabtes
are elderly, showing a decline in muscle mass associated with a reduction in
metabolic function. Resistance training programs increase muscle strength and
muscle mass. Patients, however, with blood glucose higher than 300 meg/dl,
congestive heart failure, uncontrolled arrhythmias, severe valvular malfunction, or an
aerobic capacity lower than five MET, are not allowed to perform this type of training
(63, 64].

Resistance training should be performed at low intensity [40-50% of 1
repetition maximum (RM)], with 10-15 repetitions for each muscle group and a 3:1
ratio of endurance/resistance sessions. Low intensity is suggested to avoid
exaggerated blood pressure. In the same way, regular breathing during exertion can
also prevent a severe rise in cardiac afterload. The type of weightlifting equipment

that could be used depends on the patients’ preferences and abilities [39, 70].

There are several safe forms of exercise such as walking, jogging,
bicycling, and swimming, which allow patients to maximize their caloric expenditure
and to improve physical fitness enjoyably and effectively. Long-term exercise

programs are usually accompanied by a dropout rate of 90% of the initial
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participants after 1 year, while in short-term exercise programs, dropout rates range
from 35-80% during the first 3-6 months [69]. Many reasons could contribute to
refraining from maintenance of exercise, including lack of time, travel problems,
expenses, and injury, but waning motivation seems to be the main cause [33]. Setting
of personal goals for individuals is necessary, both for the diabetic patients and staff
involved in the program, because both are equally important in providing
encouragement to continue exercising. Even though participation in regular exercise
programs may be low, a good strategy to maintain patients’ involvement in such
programs can be enhanced by routine activities of daily living. Lifestyle modifications
such as stair climbing instead of using an elevator, household tasks, and gardening

can provide appropriate physical activity with increased calorie burning [39].

Aerobic exercise has consistently been shown to improve glucose
control, enhance insulin sensitivity, and improve cardiovascular risk factors such as
visceral adiposity, lipid profile [44], arterial stiffness, and cutaneous microvascular
function [81]. Consistent with this evidence, the American Diabetes Association (ADA)
recommends in individuals with type 2 diabetes perform at least 150 min of
moderate-intensity aerobic exercise and/or at least 90 min of vigorous aerobic
exercise per week [82]. Although a lifestyle modification of this nature could have
substantial impact on the metabolic and cardiovascular health of this population, it
is often difficult for those who have been habitually sedentary to adhere to these
guidelines. Indeed, a recent population-based study found that only 28% of
individuals with type 2 diabetes achieve these recommendations. Unfortunately, it is
frequently those who would benefit the most from aerobic exercise that have the
greatest difficulty performing it. For individuals with severe obesity, arthritis, physical
disabilities, and/or diabetes complications, even walking for 20-30 min may be
challenging, uncomfortable, and/or painful to perform. With the continued increase
in the prevalence of type 2 diabetes [83], it is evident that alternate forms of
physical activity that produce similar metabolic improvements to aerobic exercise

may be beneficial in the management of this disease.

However, because of complications or coexisting conditions such as
peripheral neuropathy or degenerative arthritis, those with type 2 diabetes may
require alternative modes that are non-weight bearing activities such as stationary
cycling, swimming, and aquatic exercise activities. In addition, most of studies only in
the effect of land-based exercise regimens. Whereas, study characteristics and
magnitude effects of water-based exercise training on cutaneous microvascular

vasodilator function, HbA1C and other measures of glucose control included
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physiological parameters related to complications of diabetes in type 2 diabetic

patients are still limited.

3.3 Water-based exercise

Water-based exercise or aquatic exercise is defined as therapeutic and
exercise activities performed in the water carried out in heated pools by a variety of
providers that promote and enhance physical and mental fitness. It is said to
incorporate the use of the “healing powers” of water. Many practitioners of ‘aquatic
exercise’ feel water has significant curative properties and that, unlike other
medicinal agents, is not harmful or potentially toxic [63]. The water’s unique
properties allow the pool to provide an environment for people of all
abilities. Aquatic exercise training incorporates individual assessment, evidence-
based practice, and clinical reasoning skills to devise treatment plans based on the
principles of hydrostatics, hydrodynamics, physiologic effects of immersion and
sometimes its temperature [84]. Water-based exercise training offers several benefits
over land-based exercise training for people with type 2 diabetes. Buoyancy reduces
loading across joints affected by pain and allows the performance of functional
closed-chain exercises that otherwise may be too difficult on land. Water turbulence
can be used as a method of increasing resistance, and percentage of body weight
borne across the lower limbs can be decreased or progressed in proportion to the
depth of immersion [85]. The warmth and pressure of the water may further assist

with pain relief, swelling reduction, and ease of movement.

Water lends itself to a well-balanced workout that improves all major
components of physical fitness-aerobic training, muscular strength and endurance,
flexibility and body composition. Shallow water programming is performed in waist to
chest depth. The feet remain in contact with the pool bottom during most of the
workout providing a low impact training option. Currently, hydrotherapy is applied in
many rehabilitative programs. Examples of its use include improving muscular and
cardiopulmonary endurance in the elderly, osteoarthritis and rheumatoid arthritis,
various dermatological conditions, chronic heart failure, reducing spasticity in
traumatic brain injury patients, burns and wound healing, pressure ulcer [86].
Although many studies have reported positive effects of hydrotherapy interventions
in randomize controlled trial with various conditions. Most studies have employed
outcome measures for impairments such as pain, strength, range of motion,
cardiovascular fitness, or inflamsmation [87] that can impede function. There is little

evidence attesting to its efficacy on cutaneous microvascular function in type 2
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diabetic patients. Furthermore, most water-based exercise programs demonstrate
little consideration of hydrostatic or hydrodynamic principles in their choice of
exercises, thus reducing the potential for benefit from the overall program. The
present study is design to address the limitations of previous studies through the use
of an adequately powered randomized controlled trial and a functional progressive

intervention that maximized the unique properties of water to optimize outcomes.

Aquatic exercise has been shown to improve impairments and
functional limitations in individuals with various diseases and to improve the fitness
of older women [88]. Elderly women participating in a 12-week water exercise class
demonstrated significant improvements in oxygen consumption, muscular strength,
agility, skin-fold thickness, and cholesterol as compared with control group. Although
most studies have reported positive effects of water-based exercise measures
including in osteoarthritis, cardiovascular disease, and inflammation. There is little
evidence attesting to its efficacy on cutaneous microvascular function in type 2

diabetic patients.

Water cools more efficiently than air, so when exercising in the water
the body is able to eliminate excess heat more effectively. This is not to say that you
will not sweat during a workout in the pool, but water helps prevent overheating and
washes away the perspiration as you exercise. Because the water cools the body
quickly, it is imperative that you begin every workout with a “thermal warm up”
designed to elevate the body’s core temperature, warm the muscles and prepare
the joints for the increased workload to come. Even at the recommended
temperature of 83-86 degrees Fahrenheit (28-30 degrees Celsius), a proper warm up
is necessary to prevent injury and provide comfort. (NOTE: Special populations and
specialty training may require deviations from this recommended range). With type 2
diabetes are over 40 years of ages and many are obese, the body does not produce
adequate insulin. Exercising vigorously just once a week reduces your risk of type 2
diabetes by 23%; exercising five or more times per week reduces the risk by 42%. A
regular exercise program is considered to be a cornerstone to diabetic care. Before
initiating an exercise program, should consult physician as modifications in
medications or exercise scheduling may be in order. Shoes should always be worn in
and around the pool area and the diabetic should be aware that might be at a
higher risk for heat related illness and should avoid exercising in excessive heat.
[References: AEA Aquatic Fitness Professional Manual and Fitness Empowerment of
Active Adults-FEOAA, 2003]
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Water temperature that is too warm or too cold can add a significant

thermal load to the cardiovascular system. Choukroun and Varene [89] found cardiac
output to be unchanged from 25°C to 37°C (77°F to 93°F) but significantly
increased at 40°C (104°F); oxygen consumption was significantly increased at 25°C

(77°F). Several studies have found a decreased HR in subjects exercising in cold

water and exercising in very warm water can increase HR. Most pool temperatures
range from 27°C to 35°C (81°F to 95°F) and thermoneutral temperature is

suggested to be approximately 34°C. Thus, the current pool temperature in the

place of present study is in range and potential effects on the patient.

Heart rate responses differ when exercising in the water than when
exercising on land. Typically, aquatic exercisers experience a reduced heart rates
response such as lowered pulse rate, but the water should not be considered less
effective. Studies have shown that oxygen consumption, the true measure of the
cardiovascular benefits, is comparable to a similar program on land, although the
heart rate response is lower. Several factors, some of which have been previously
mentioned, influence the exercising heart rate when submerged in the water to mid-
chest: Lessened gravity allows a more efficient return of blood to the heart from the
extremities. The cooling effect of water reduces the workload on the heart. (One
function of the heart is to keep the body cool during sustained exercise.) Hydrostatic
pressure, the pressure that the water exerts on the body while submerged, assists in

blood flow and improves the exchange of oxygen into the blood.

When training in the pool, the increase in blood flow to the working
muscle and the increase cardiac load resulting from hydrostatic pressure still occurs.
Most studies have found the HR to be lower or unchanged compared with similar
cardiovascular activity on land [90]. When performing resistive exercise in the pool,
be sure to realize that most muscle contractions are concentric because of the
negation of gravity. The strength training principles and progressions used in water-
based activities are the same as those used on land. These include variables such as
frequency, intensity, and duration. As with techniques to increase mobility, progress
traditional strength and endurance training exercises to address functional limitations

and disabilities as quickly as possible.

Thus, land-based exercise regimen exerts positive improvements for
diabetes group. As water-based exercise becomes more and more popular in
Thailand, we are based on the unclear understanding on effectiveness of this type of

exercise on diabetes patients. It is believed that if this water-based exercise gives rise
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in positive outcomes in other disease-specific patients. This exercise should exhibit
similar outcome in type 2 diabetic patients. The second aim of this study is to
compare the effectiveness of two forms of exercise during the 12-week training on
physiological and cutaneous microvascular reactivity in a group with type 2 diabetic
patients, and further, to determine which method of exercise is more effective in
improving fasting blood glucose, glycosylated hemoglobin Alc (HbAlc), health
related physical fitness, and cutaneous microvascular dysfunction in type 2 diabetic
patients. The primary hypothesis is that water-based exercise training can improve
cutaneous microvascular dysfunction in type 2 diabetes. The secondary hypothesis
was that water-based exercise training would result in greater improvements on
cutaneous microvascular dysfunction in type 2 diabetes patients than land-based

exercise training.
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CHAPTER 1lI
METHODOLOGY

This study aims to determine the effects of water-based exercise training and
land-based exercise training on physiological adaptations and cutaneous
microvascular reactivity in type 2 diabetic patients. The experimental protocols were
divided into 4 parts. First, physiological characteristics and physical fitness in all
subjects were examined. Second, blood chemical data i.e. fasting blood slucose,
glycosylated hemoglobin (HbAlc), lipid profile, insulin, C-reactive protein (CRP), and
malondialdehyde (MDA) levels were analyzed. Third, exercise intervention i.e. mode,
frequency, duration were performed. And Fourth, cutaneous microvascular reactivity
were assessed. All protocol and procedures employed in this study were reviewed
and approved by the supreme patriarch center on aging research and ethics
committee, Department of Medical Service, Ministry of Public Health, NO 14/2009
(Appendix A).

Sample group

Fifty-three elderly subjects with diagnosis of type 2 diabetes mellitus aged 60
to 70 years were recruited from the supreme patriarch center on aging and
Yanasungwararam hospital, Chon-buri province, Thailand. The participants were
randomly allocated into equal numbers, ages and gender ratios into 4 groups with an
equal number of subjects; Wex; Water-based exercise training, Wco;, Water

immersion, Lex; Land-based exercise training, Lco; non exercise control.

Potential participants received information about the study, screen for
eligibility, and invite to participate. All subjects have duration of type 2 diabetes at
least 3 years and regularly physical activity before the test. Physiotherapist assessed
the patients’ capability of starting exercise in the gym or pool safely, and obtain

written inform consent before baseline assessment.
Inclusion criteria
1. All participants were patients with type 2 diabetes as defined according to

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

2. All participants were patients with type 2 diabetes at least 3 years, but not

more than 10 years and non-previous (6 months) exercise training.
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3. All participants were screened by physical activity readiness questionnaire
(PAR-Q) (Appendix B) and general health questionnaire (Appendix E). They were free
from diabetic nephropathy, diabetic retinopathy, severe diabetic neurophathy, severe
cardiovascular disease and severe cerebrovascular disease under approval of

attending physicians.

4. AWl participants were encouraged to follow their habitual life style including
medication throughout the whole investigation period.

5. AUl participant received information sheet for research participant (Appendix

C) and signed the inform consent (Appendix D).

Exclusion criteria

1. The participants were illness or infection.
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 gymnasium, the supreme patriarch
center on aging, Chon-buri province, Thailand. All participants (Wex, Wco, Lex, Lco)
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. Post-occlusive reactive
hyperemia data were performed on the same 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 patient/ Participant Information Sheet

2. The Informed Consent Form

3. The Physical Activity Readiness Questionnaire (PAR-Q)
4. The general health history questionnaire

5. Medical assessment record form

Instrument for exercise training program

1. Treadmill (Quinton, USA)
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2. Heart rate monitors (Sport tester PE 3000, Finland)

Instrument for measuring physiological data variables

1. Bioelectrical impedance analysis (BIA-101 impedance analyzers, USA)
2. Digital blood pressure (Omron, Japan)

3. Weight and height digital scale (Detector, USA

4. Heart rate monitors (Sport tester PE 3000, Finland)

Instrument for measuring blood chemical data variables

1. Centrifugator
2. Freezer -40 °C

Instrument for measuring physical fitness variables

1. Cardiopulmonary gas exchange system (Vmax 29, USA)

2. Treadmill (Quinton, USA)

3. Grip dynamometer (D-type No.1857, Tokyo Japan).

4. Back and leg dynamometer (No.1281 Takei kiki & Company, Tokyo Japan).
5. Sit and reach box (No.1229 Takei kiki & Company, Tokyo Japan).

7. Heart rate monitor (Sport tester PE 3000, Finland)

Instrument for measuring cutaneous microvascular variables

1. Laser Doppler flow meter (DRT4 Moor LAB, Moor instrument, England)

Places of study

Each subject was informed of the purposes, methods, procedures, the
possible risks and benefits of the study. Written informed consent forms document
were obtained from all subjects in this study prior to giving the test. The experiments
are conducted in the same period of time at swimming pool and gymnasium of the
supreme patriarch center on aging, ministry of public health, Chonburi province.
Ambient temperatures at the swimming pools and room are 29.5 + 5.5 °C and 31.5 +
6.0 °C with 86.0 £ 10.0 % relative humidity.

Methodology

1. All volunteers have been aware of the details to perform the testing and

data collection and signed the informed consent form.
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General history of each subject were obtained from questionnaire (Appendix
F) in which duration of type 2 diabetes, medical history, injury, daily physical
activities, past illness and health status were included. Subjects with history of
kidney, liver, and other diseases which could be aggravated by water-based and

land-based exercise were excluded.
2. The sample account for 4 groups by using interventions data.

Group I: Subjects were performed water-based exercise by aqua-aerobic
exercise in the indoor swimming pool with control temperature at 30-34 degree
celsius at moderate intensity or 70% maximum heart rate, 13 persons. The target

heart rate used this following formula;
HRmax = 220 - age (year)
Target heart rate = % Intensity: (70%) x HRmax

Group II: Subjects were performed water-based control by immersion in the

indoor swimming pool with control temperature at 30-34 degree celsius, 15 persons.

Group lll: Subjects were performed land-based exercise by land-aerobic
exercise in the gymnasium at moderate intensity or 70% maximum heart rate, 10

persons.

Group IV: Subjects could do daily life as usual but no exercise program, 15

persons.

Exercise training protocol

Subjects were separately attended water-based exercise training in the indoor
swimming pool with control temperature at 30-34 degree celsius or land-based
exercise training in the indoor gymnasium at the same temperature and humidity.
One classes for 50 minutes, three times a week for 12 weeks with similarly pattern in
both exercise groups. Aqua-aerobic exercise program was designed by the
multidisciplinary team of the supreme patriarch center on aging and professional
team from Mahidol and Chiangmai University which was approved by Division of
Medical Service, Ministry of Public Health.

Mode: land-based or water-based exercise training
Frequency: 3 times per week, 12 weeks

Duration: 50 min; 10 min warm-up, 30 min exercise, and 10 min cool-down
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The warm up in the water-based exercise group consist of head, neck, upper
and lower limbs stretching. The aquatic exercises is aerobic exercise which is the
whole body exercise in all directions, for example shoulder adduction and
abduction, shoulder horizontal adduction and horizontal abduction, trunk flexion and
extension, trunk rotation, hip flexion and extension, hip adduction and abduction,
knee flexion and extension, ankle dorsiflexion and plantar flexion. Cool down
involved walking forwards, sideways, and backwards through the water, and knee

cycling.

The warm up in the land-based exercise group involved about ten minutes of
stretching. The gym exercise is aerobic exercise and cool down consist of upper and
lower limbs stretches. The same protocol for increasing exercise intensity in the

water was also applied in the gym.
Intensity: 70% HRay; HRmax = 220 — age (year)

3. The data collection protocol that is defined (Figure 2). Subjects all group

have been tested parameters before and after experiment

Parameter Assessment

Hemodynamic data, health-related physical fitness data, biochemistry data

and cutaneous blood flow data were collected at baseline and after 12 weeks.

Physiological characteristics

1. Hemodynamic data (Appendix G)
Resting heart rate

The participants sat at least 5 minutes for resting period prior to the
measurement. The resting heart rate was measured with heart rate monitor (Sport
tester PE 3000, Finland)

Resting blood pressure

The participants sat at least 5 minutes for resting period before 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).
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Figure 2 Data collection protocol
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2. Health related physical fitness testing (Appendix G)
Body composition assessment

Direct segmental multi-frequency bioelectric impedance analysis method is
used to measure percentage body fat, a body composition analysis device (BIA-101
impedance analyzers, USA) Subjects take off their shoes and socks before measuring.
BMI is calculated as body weight x heigh‘{2 and expressed in kg/mz. The waist
circumference is measured at the smallest circumference between the rib cage and

the iliac crest, with the subject in the standing position.

BMI = Body weight (kg)

Height (m?)

Body weight and height of each subject are measured using weight and height
digital scale (Detector, USA). Per cent body fat is determined using the bioelectrical
impedance analysis (BIA-101 impedance analyzers, USA). Subject’s per cent body fat
is measured after 12 hours fasting. Bio-impedance measurement is taken on the right
side of the body with the client lying supine on a nonconductive surface in a room
with ambient temperature. The skin of each subject at the electrode sites is cleaned
with alcohol pad. Then, the sensor (proximal) electrodes are placed on the dorsal
surface of the wrist so that the upper border of the electrode bisected the head of
the ulna and the dorsal surface of the ankle so that the upper border of the
electrode bisects the medial and lateral malleoli. A measuring tape and surgical
marking pen could be used to mark these points for electrode placement. After that
the source (distal) electrodes are placed at the base of the second or third
metacarpo-phalangeal joints of the hand and foot. The distance between the
proximal and distal electrodes is at least 5 cm. The lead wires are then attached to
the appropriate electrodes. Red leads are attached to the wrist and ankle, and black
leads are attached to the hand and foot. The subject’s legs and arms are abducted
approximately 45°. Therefore, there are contacts between the thighs and between
the arms and the trunk. Resistance and reactance are measured. The test repeats

three times and the best value is recorded.

The complementary computer software allows to estimate subject’s body
composition (per cent body fat, body fat, per cent lean body mass, lean body mass,
per cent total body water, total body water, and body mass index) based on physical

characteristics i.e., age, gender, race, physical activity level, and level of body fatness.
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Isometric strength test

Isometric leg strengths of knee extensors (quadriceps muscle) and knee
flexors (hamstrings, gastronemius muscle, etc.) were measured with a back and leg
dynamometer (No.1281 Takei kiki & Company, Tokyo Japan). Each subject was
performed a maximum exertion force while standing with flexed knee approximately

at 130°-140° for leg strength measurement.

Isometric hand grip strengths were tested by using a digital grip dynamometer
(D-type No.1857 Takei kiki & Company, Tokyo Japan). Each subject was performed
the test while standing relaxed with hand extended, forming a 35 degree angle with
the forearm and then squeezed vigorously, exerting the maximum force of which

subject is capable.

Both tests were repeated three times and the best value was recorded.
Before measuring, every strength dynamometers were taken calibration procedures.
All subjects were asking to perform with maximum efforts. Verbal command was

encouraged throughout the experiment to ensure each subject’s maximal effort.
Flexibility assessment

Flexibility instrument was designed to test the stretching ability of the
hamstrings and lower back muscles. The indirect methods were performed in each

subject by using the most popular techniques being the sitting toe-touch tests.

Sit and reach box: In order to consider hip and trunk flexibility, trunk forward
bending was use. The subject was suggested to keep both legs in a fully extended
posture and place both feet, in the totally contact fashion, against sit and reach box.
Like a scoop position, subject sit on the floor and gradually bend forward as far as
possible and both hands slide along the measuring scale. The final position is hold
for 2 seconds and the distance in centimeters is note. The experiment repeats three

times and the highest value is record.
Cardiovascular and respiratory fitness

Maximal O, uptake (Voymax) is a valid mean of assessing a person’s
cardiorespiratory fitness. Various form of exercise could be used for the test such as
treadmill running, cycling, or bench stepping. In any case, the exercise load should
be increased stepwise until exhaustion. During the exercise test, Vo, is increased with
increasing workload until it reaches a peak or plateau despite further increases in the

work rate. Vo,max is also referred to as maximal aerobic power.
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Treadmills (Quinton, USA) were used to test Vo,max in this study. After a
medical exam, start the test by walk on treadmill at low speed. Then, depending on
the Bruce’s treadmill protocol, belt speed and grade will increase at regular intervals
of Bruce’s treadmill protocol. While running, subjects will be breathing through a 2-
way valve system. Air will come in from the room, but will be expired through
sensors that measure both volume and oxygen concentration. Oxygen uptake will be
calculated by a computer at each stage. With each increase in speed or incline, more
muscle mass will be employed at a greater intensity. Oxygen consumption will
increase linearly with increasing workload. However, at some point, an increase in
intensity will not result in an “appropriate” increase in oxygen consumption. Ideally,
the oxygen consumption will completely flatten out despite ever-increasing

workload. This is the true indication of achieving VO, max.
3. Cutaneous microvascular reactivity assessment (Appendix H)
Microvascular reactivity analysis

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.

Dual-channel DRT4 laser Doppler fluximetry (Moor Instruments, UK) used in
this study is a noninvasive device that permits real-time continuous measurement of
microvascular perfusion. In the present study, this instrument was used together with
DPIT-V2 skin laser probe (Moor Instruments), which was stably held by PHI-V2 probe
holder (Moor Instruments). Laser Doppler fluximetry generates a low-intensity beam
of monochromatic coherent 780-nm light through an inbuilt infrared semiconductor
laser diode. This ligsht was delivered to the site of measurement by a flexible fiber
optic probe. The laser light usually penetrates to a depth of 1-2 mm of skin
(Anderson and Parrish, 1981), and the measurement is therefore dominantly a
reflection of perfusion in arterioles, capillaries, postcapillary venules and venules of

the superficial dermal plexus (Ryan, 1992).

Laser Doppler fluximetry uses laser Doppler shift principle to measure
perfusion of blood cells, mainly erythrocytes, in the skin. Photons of laser light

scattered in moving blood cells produce a Doppler shift on the reflect light. This
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reflected light is detected by a photo-detector, and the signal is processed to
determine the amount of the frequency shift. Theoretically, the blood perfusion
measured by laser Doppler fluximetry is determined by the product of blood flow
velocity and the number of moving red cell corpuscles with the surface microvessels
of skin. The blood perfusion recorded is generally termed as “flux” and is expressed
in perfusion arbitrary units (PU). Besides measuring skin perfusion, the DPIT-V2 probe

used also monitors skin temperature of the measurement site.

Prior to each study session, subjects fasted overnight and avoided from
consuming high salt food for at least 12 hours. They were also told to refrain from
any heavy activities or vigorous exercises for 12 hours to avoid short-term exercise
effects on microvascular reactivity (Bircher, De-Borer, Agner, Wahlberg, and Serup,
1994; Smolander, Kolari, Korhonen, and Ilmarinen, 1987). Alcohol and caffeine
containing beverages were withheld for at least 48 hours. Subjects have
familiarization visits with the instruments and study environment before the actual

study.

All subjects are studied in room controlled for both temperature and

humidity (room temperature is 24°C with 70% relative humidity). The laser Doppler
probe is fixing to the skin surface of the third digit of the left hand and of the first

digit of the left foot. SBF is measure under basal conditions, after local heating at

44°C and during reactive hyperemia following a 3-min brachial artery occlusion, at
the beginning of the study, 6 week and at the end of 12 week. The output signal is
linearly related to red cell flow as predicted by theoretical and experimental

models.

The laser Doppler apparatus is connected to a computer which install
program allows the storage and analysis of the recordings by used Moor Soft for
Windows/DRT4 software package version 1.2 (Moor Instruments). Changes in skin
blood perfusion flux are expressed in perfusion arbitrary perfusion units (PU)
Coefficient of variation (three measurements) for baseline SBF is less than 5%. The
following laser-Doppler-derived parameters of post-occlusive reactive hyperemia

measurement are studied (Figure 4):

1. PORHmax, the maximum increase in hyperemia perfusion (peak flow above
minimum rest flow), expressed in AU as the difference between maximal perfusion

flux during post-occlusive reactive hyperemia and minimal baseline perfusion flux;

2. Tp, time-to-peak, time after occlusion cuff decompression until the post-

occlusion peak perfusion flux is reached;
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3. PORHpeak, amplitude of peak perfusion flux during hyperemia;

4. PORHmMax/Tp, mean velocity of the postocclusive hyperemia increase,

expressed as a ratio between PORHmax and Tp;

5. PORH%, the percentage of hyperemic response, is calculated as follows:

PORH, .. = Mean baseline perfusion flux

X 100%
Mean baseline perfusion flux
Perfusion flux (ALT)
M
Baxeline Oeclusion Postocelusion
&
RHmax PGRHpnnh
T
Y »
0 1 4 Time (min}

Figure 3 Schematic illustration of some studied reactive hyperemia
parameters. Abbreviations: PORH,,.,, maximum increase in hyperemia perfusion flux;
Tp, time-to-peak; PORH,c., amplitude of peak perfusion flux; PU, arbitrary perfusion
units.

Blood sample analysis

All participants, who fasted for at least 12 h before the start of the study, are
requested to adhere to a low nitrate diet (e.g. exclusion of foodstuffs containing a
high concentration of nitrates, such as cured meat, fruits and, in particular, leafy
green vegetables) for 72 h before collection of blood samples. Blood samples are
taken before and at the end of interventions. Plasma samples are frozen at -85°C

until analyzed.
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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).
For fasting blood glucose (FBG), glycosylated hemosglobin (HbAlc), lipid profiles,
insulin and C-reactive protein (CRP) studies were measured with standard procedures
(enzymatic reference method with hexokinase, immunoturbidity, enzymatic
colorimetric test, enhanced chemiluminescence and linked immuno assay method
respectively) at NHS Lab, Bangkok, Thailand. Homeostasis model assessment (HOMA),
the parameter for insulin resistance, was calculated by using equation of [FBG
(mg/dL) x Insulin level (uU/ml) / 405] (Turner et al., 1993).

Data analysis

The data including biological data, health-related physical fitness data,
biochemistry data, cutaneous blood flow 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.
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CHAPTER IV
RESULTS

1. General physical characteristic

Fifty-three subjects with diagnosis of type 2 diabetes mellitus whose age
ranges are 60-75 years old voluntarily participated in this study. After promoting in
the senile club of local community, more twenty participants were included because
they interested in this program and could be participating in the twelve-week period.
All subjects had no known serious health problems and participated until the end
study session. They had undergone a detailed medical examination focusing on
inclusion criteria. All volunteers in this experiment had history of type 2 diabetes at
least 3 years, but not more than 10 years before this test. In addition, they were

trained under the similar intervention protocol.

The program of training began with warm-up, exercise training and cool down.
The warm-up exercise consisted of 10 minute isometric contractions in combination
with stretching the upper and lower extremities. Training session consisted of a
standardized set of aerobic exercises program 30 minute and cool down period of 10
minute. This training was regularly performed in the afternoon (13.30 - 14.30 PM.). All
of them trained approximately 50 minute per day and 3 days per week within
therapeutic pool temperature of ~34 to 36°C continuously for 12-wk. The subjects in
the water-based and land-based exercise training program performed at 70% of
maximum heart rate (MHR). They were monitored by a HR monitoring device or rating
of perceived exertion scale (RPE) of 10-16 in accordance with standard
recommendations by ACSM for diabetic patients [65]. The subjects understood that

at any time they experienced uncomfortable feeling they could stop exercising.

General physical characteristics at baseline among four groups of subjects
with type 2 diabetes mellitus: water-based exercise training subjects (Wex), water
immersion subjects (Wco), land-based exercise training subjects (Lex), non-exercise
control subjects (Lco) are shown in Table 4. Average body weights (BW) and the body
mass index (BMI) were in the obesity range. Their mean age, heights, body weights,
body mass index, resting heart rate (HR rest), and systolic blood pressure (SBP) were
similar between and among groups at baseline. Whereas, diastolic blood pressure
(DBP) was observed significantly difference among four groups. There were also no
significant difference in fasting blood glucose (FBG) and glycosylated hemoglobin (HbAlc) in

all four groups at pre-training.
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Table 4 General physical characteristics data among four groups of subjects with
type 2 diabetes mellitus: Wex; Water-based exercise training subjects, Wco; Water
immersion subjects, Lex; Land-based exercise training subjects, Lco; non exercise

control subjects at baseline (n = 53).

Baseline
Variables Wex (n = 13) Wco (h =15 Lex(h=10) Lco(nh=15  P-value
Age (years) 66.3 + 0.7 65.7+ 1.1 64.4 + 0.9 63.6 + 0.9 0.18
Height (cm) 156.0+19 1545+19 1541 +27 1548+ 1.6 0.92
BW (kg) 64.7+ 24 60.3 + 2.6 S59:l423.5 657+ 21 0.21
BMI (ke ) 261+09 252+08 252+09  27.4+07 0.18
HR rest (bpm) 82.6 + 3.1 779+ 22 74.6 + 1.9 77.8+30 0.27
SBP (mm Hg) 1165 +3.7 111.7+22 1179+53 1167 +23 0.99
DBP (mm Hg) 72.2+3.1 69.5+ 1.8 728 + 2.0 78.1+1.8 0.04
FBG (mg~dL71) 1577+65 1514483 151.1+121 1455+59 0.74
HbA1c (%) 8.0+0.4 e b 7.7+0.1 7.6 +0.1 0.44

Values are mean + SEM.

n; number of subjects, BW; body weight, BMI; body mass index, HR rest; heart rate at rest,
SBP; systolic blood pressure, DBP; diastolic blood pressure, FBG; fasting blood glucose, HbAlc;

glycosylated hemoglobin. frepresents statistical difference among four group, P<0.05.

2. Effect of exercise training on hemodynamic changes

Hemodynamic data in the four group subjects of type 2 diabetic before and
after 12 weeks are shown in Table 5 to 9. After 12 weeks of exercise training, resting
heart rate (Figure 4) and systolic blood pressure (Figure 5) were significantly reduction
as compared with pre-exercise training (P<0.05) only observed in water-based
exercise group. However, there was no significant difference in these variables in the
other groups. Nevertheless, heart rate at rest represented statistical difference among
four groups (P<0.05). In addition, diastolic blood pressure was significantly decreased
(P<0.05) only in land-based exercise group (Figure 6).
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Table 5 Effects of exercise training on hemodynamic data among four groups of
subjects with type 2 diabetes mellitus: Wex; Water-based exercise training subjects,
Wco; Water immersion subjects, Lex; Land-based exercise training subjects, Lco; non
exercise control subjects at baseline.

Baseline

Variables Wex (n = 13) Wco(n =15 Lex(n=10) Lco(n=15) P-value

HR rest (bpm) 826 +3.1 J(9,122 74.6 + 1.9 77.8 +3.0 0.27
SBP (mm Hg) 1165+ 3.7 111.7+22 1179+53 116.7+23 0.99
DBP (mm Hg) 722+ 3.1 69.5 + 1.8' 728+ 20 78.1+138 0.04

Values are mean + SEM.

n;, number of subjects, HR rest; heart rate at rest, SBP; systolic blood pressure, DBP; diastolic

blood pressure. Trepresen‘ts statistical difference among four groups, P<0.05.

Table 6 Effects of exercise training on hemodynamic data among four groups of
subjects with type 2 diabetes mellitus: Wex; Water-based exercise training subjects,
Wco; Water immersion subjects, Lex; Land-based exercise training subjects, Lco; non
exercise control subjects after 12 weeks.

After 12 weeks

Variables Wex (n = 13) Wco(n =15 Lex(n=10) Lco(n=15) P-value

HR rest (bpm) 742+ 20 81.5+ 1.6 72.4 + 1.7 79.6 + 2.0 0.004
SBP (mm Hg) 1142 +35 1177+22 1127+32 1160+ 27 0.71
DBP (mm Hg) 71.0+ 2.2 734+ 1.7 65.8 + 1.8’ 79.0+ 15 0.000

Values are mean + SEM.

n;, number of subjects, HR rest; heart rate at rest, SBP; systolic blood pressure, DBP; diastolic

blood pressure. Trepres,ents statistical difference among four groups, P<0.05.
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Table 7 The comparison of resting heart rate (bpm) between pre- and post- training
of four groups of subjects with type 2 diabetes mellitus: Wex; Water-based exercise
training subjects, Wco; Water immersion subjects, Lex; Land-based exercise training

subjects, Lco; non exercise control subjects after 12 weeks.

Resting heart rate (bpm)

Group P-value
Pre-test Post-test
Wex (n = 13) 82.6 + 3.1 74.2 + 2.0% 0.03
Wco (n = 15) 779 + 2.2 815+ 1.6 0.20
Lex (n = 10) 74.6 + 1.9 724 + 1.7 0.40
Lco (n = 15) 77.8 + 3.0 79.6 + 2.0 0.62

Values are mean + SEM.

*represents statistical difference from pre-test, P<0.05.
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*represents significant difference from baseline, P<0.05. frepresents statistical difference
among four groups, P<0.05.

Figure 4 The comparison of resting heart rate (bpm) between before and
after 12 weeks training and among four groups: water-based exercise training (Wex),

water immersion (Wco), land-based exercise training (Lex), non-exercise control (Lco).
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Table 8 The comparison of systolic blood pressure (mmHg) between pre- and post-
training of four groups of subjects with type 2 diabetes mellitus: Wex; Water-based
exercise training subjects, Wco; Water immersion subjects, Lex; Land-based exercise

training subjects, Lco; non exercise control subjects after 12 weeks.

Systolic blood pressure (mmHg)

Group P-value
Pre-test Post-test
Wex (n = 13) 116.5 + 3.7 114.2 + 3.5% 0.04
Wco (n = 15) 111.7 + 2.2 117.7 + 2.2 0.11
Lex (n = 10) 1179 + 5.3 112.7 + 3.2 0.41
Lco (n = 15) 116.7 + 2.3 116.0 + 2.7 0.85

Values are mean + SEM.

*represents significant difference from baseline, P<0.05
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*represents significant difference from baseline, P<0.05
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Figure 5 The comparison of systolic blood pressure (mmHg) between before
and after 12 weeks training and among four groups: water-based exercise training
(Wex), water immersion (Wco), land-based exercise training (Lex), non-exercise

control (Lco).
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Table 9 The comparison of diastolic blood pressure (mmHg) between pre- and post-
training of four groups of subjects with type 2 diabetes mellitus: Wex; Water-based
exercise training subjects, Wco; Water immersion subjects, Lex; Land-based exercise

training subjects, Lco; non exercise control subjects after 12 weeks.

Diastolic blood pressure (mmHg)

Group P-value
Pre-test Post-test
Wex (n = 13) 128831 71.0+22 0.74
Wco (n = 15) 69.5+ 1.8 734+ 1.7 0.12
Lex (n = 10) 728 + 2.0 65.8 + 1.8% 0.01
Lco (n = 15) 78.1+1.8 79.0+ 15 0.68

Values are mean + SEM.

*represents statistical difference from pre-test, P<0.05

-
T -T— - T *1,
Before
B After 12 wks
0
Wex Wco Lex Lco
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among four groups, P<0.05.

Figure 6 The comparison of diastolic blood pressure (mmHg) between before
and after 12 weeks training and among four groups: water-based exercise training
(Wex), water immersion (Wco), land-based exercise training (Lex), non-exercise

control (Lco).
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3. Effect of exercise training on body composition

The body compositions data before and after 12 weeks of water-based and
among four groups of subjects with type 2 diabetes mellitus; Water-based exercise
training subjects (Wex), Water immersion subjects (Wco), Land-based exercise training
subjects (Lex), non-exercise control subjects (Lco) are presented in Table 10 to 13.
There was no significant difference in body weight (BW), percentage body fat (BF),
body mass index (BMI), percentage of total body water (TBW) and waist hip ratio
(WHR) in the four groups (Figure 8).

Table 10 Effects of exercise training on body composition data among four groups of
subjects with T2DM at baseline.

Baseline

Variables Wex (n=13) Wco(n=15) Lex(n=10) Lco(n=15) P-value

BW (ko) 64.74+24  603+26 59.1+35 657421 0.21
BF (%) 388+ 16 362+13 399+10  39.6408 0.12
TBW (%) 480+19 495+15 457409 453108 0.09
BMI (kg-m ) 261+09 252408 252+09 27.4+07 0.18
WHR 0.87 +002 085+001 086+002 089+002 049

Values are mean + SEM.

Table 11 Effects of exercise training on body composition data among four groups of

subjects with type 2 diabetes mellitus after 12 weeks.

After 12 weeks

Variables Wex (n=13) Wco(n=15) Lex(n=10) Lco(n=15) P-value

BW (kg) 62.7+23  605+26 584+34  6564+20 0.25
BF (%) 379116 369+14 37.7+10 402415 0.46
TBW (%) 476+20 489+1.1 473112 452416 0.34
BMI (ke ) 262+1.1 253408 20.6+10 274407 0.16
WHR 0.88+0.02 086+001 087+002 089+002 062

Values are mean + SEM.
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Table 12 The comparison of body weight (kg) between pre- and post- training and
among four groups of subjects with type 2 diabetes mellitus: Wex; Water-based
exercise training subjects, Wco; Water immersion subjects, Lex; Land-based exercise

training subjects, Lco; non exercise control subjects after 12 weeks.

Body weight (kg)
Group P-value
Pre-test Post-test
Wex (n = 13) 64.7+2.4 62.7 + 2.3* 0.045
Wco (n = 15) 60.3 + 2.6 60.5 + 2.6 0.94
Lex (n = 10) 59.1+35 58.4 + 3.4 0.89
Lco (n = 15) 65.7+ 2.1 65.6 + 2.0 0.98

Values are mean + SEM.
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*represents significant difference from baseline, P<0.05
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Figure 7 The comparison of body weight (kg) between before and after 12
weeks training and among four groups: water-based exercise training (Wex), water

immersion (Wco), land-based exercise training (Lex), non-exercise control (Lco).



52

Table 13 The comparison of body fat (%) between pre- and post- training and
among four groups of subjects with type 2 diabetes mellitus: Wex; Water-based
exercise training subjects, Wco; Water immersion subjects, Lex; Land-based exercise

training subjects, Lco; non exercise control subjects after 12 weeks.

Body fat (%)

Group P-value
Pre-test Post-test
Wex (n = 13) 388+ 1.6 379+ 1.6 0.71
Wco (n = 15) 369+ 1.4 369+ 1.4 0.69
Lex (n = 10) 399+ 1.0 37.7 +1.0% 0.03
Lco (n = 15) 40.2 + 1.5 402+ 1.5 0.81

Values are mean + SEM.
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*represents significant difference from baseline, P<0.05

Figure 8 The comparison of body fat (%) between before and after 12 weeks
training and among four groups: water-based exercise training (Wex), water immersion

(Wco), land-based exercise training (Lex), non-exercise control (Lco).
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Table 14 The comparison of percentage of total body water (%) between pre- and

post- training and among four groups of subjects with type 2 diabetes mellitus: Wex;

Water-based exercise training subjects, Wco; Water immersion subjects, Lex; Land-

based exercise training subjects, Lco; non exercise control subjects after 12 weeks.

Total body water (%)

Group P-value
Pre-test Post-test
Wex (n = 13) 48.0+ 1.9 47.6 + 2.0 0.88
Wco (n = 15) 495+ 1.5 489 + 1.1 0.73
Lex (n = 10) 457+ 0.9 473 + 1.2 0.27
Lco (n = 15) 453+ 0.8 452 + 1.6 0.97
Values are mean + SEM.
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Figure 9 The comparison of total body water (%) between before and after

12 weeks training and among four groups: water-based exercise training (Wex), water

immersion (Wco), land-based exercise training (Lex), non-exercise control (Lco).
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Table 15 The comparison of body mass index (kg~m—2) between pre- and post-

training and among four groups of subjects with type 2 diabetes mellitus: Wex;

Water-based exercise training subjects, Wco; Water immersion subjects, Lex; Land-

based exercise training subjects, Lco; non exercise control subjects after 12 weeks.

Body mass index (kg-m ")

Group P-value
Pre-test Post-test
Wex (n = 13) 26.1+0.9 26.2 + 1.1 0.90
Wco (n = 15) 252 +0.8 253+ 0.8 0.91
Lex (n = 10) 252+09 246 + 1.0 0.63
Lco (n = 15) 274 + 0.7 27.4 + 0.7 0.99
Values are mean + SEM.
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Figure 10 The comparison of body mass index (kg-m_z) between before and

after 12 weeks training and among four groups: water-based exercise training (Wex),

water immersion (Wco), land-based exercise training (Lex), non-exercise control (Lco).
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Table 16 The comparison of waist hip ratio between pre- and post- training and
among four groups of subjects with type 2 diabetes mellitus: Wex; Water-based
exercise training subjects, Wco; Water immersion subjects, Lex; Land-based exercise

training subjects, Lco; non exercise control subjects after 12 weeks.

Waist hip ratio

Group P-value
Pre-test Post-test
Wex (n = 13) 0.87 +0.02 0.88 + 0.02 0.78
Wco (n = 15) 0.85 + 0.01 0.86 + 0.01 0.65
Lex (n = 10) 0.86 + 0.02 0.87 £ 0.02 0.71
Lco (n = 15) 0.89 + 0.02 0.89 + 0.02 0.88

Values are mean + SEM.
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Figure 11 The comparison of waist hip ratio between before and after 12

Waist hip ratio
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1

weeks training and among four groups: water-based exercise training (Wex), water

immersion (Wco), land-based exercise training (Lex), non-exercise control (Lco).
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4. Effect of exercise training on physical fitness characteristic

Physical fitness parameters data at baseline and after 12 weeks training of
type 2 diabetic subjects in the four groups are shown in Table 17 to 19. Handerip
strength was significantly increased (P<0.05) in both exercise training group (Figure 9).
In addition, changes of maximal oxygen consumption (VO,max) was significantly
higher than baseline (P<0.05) in only the water-based exercise training group (Figure
10). There were no significant differences in leg strength and flexibility for four

groups.

Table 17 Effects of exercise training on physical fitness data among four groups of
subjects with type 2 diabetes mellitus: Wex; Water-based exercise training subjects,
Wco; Water immersion subjects, Lex; Land-based exercise training subjects, Lco; non

exercise control subjects at baseline.

Baseline

Variables Wex (n=13) Wco(n=15) Lex(n=10) Lco(n=15) P-value

GS (keBW ) 032+004 033+002 040+004 031+002 020

LS (kgBWil) 0.79+0.08 0.80+0.11 090+0.17 0.74 £ 0.07 0.70
Flexibility (cm) 102+ 1.7 98+ 1.2 92+ 1.1 58+ 2.7 0.32
VO,max 235+02 22.8 +0.1 23.0+04 222 +02' 0.001

(mLkg -min’)

Values are mean + SEM.

n, number of subjects, GS; grip strength, LS; leg strength, VO,max; maximal oxygen consumption.

Trepresents statistical difference among four groups, P<0.05.
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Table 18 Effects of exercise training on physical fitness data among four groups of

subjects with type 2 diabetes mellitus: Wex; Water-based exercise training subjects,

Wco; Water immersion subjects, Lex; Land-based exercise training subjects, Lco; non

exercise control subjects after 12 weeks.

After 12 weeks

Variables Wex (n =13) Wco(n =15 Lex(n=10) Lco(n=15) P-value
GS (kgBWil) 0.40 + 0.03 0.32+0.02° 0.6 +0.04  0.32 + 0.02 0.001
LS (kg~BW71) 0.77+£0.08 0.80+0.10 0.80+0.13 0.78 £ 0.06 0.99
Flexibility (cm)  11.7 + 2.6 99+1.2 142+ 27 55+28 0.08
VO,max 238 +0.1 22.6 £ 0.1 236 +0.3 22.1+0.1" 0.00

(mLkg -min’)

Values are mean + SEM.

n;, number of subjects, GS; grip strength, LS; leg strength, VO,max; maximal oxygen consumption.

Trepresents statistical difference among four groups, P<0.05.

Table 19 The comparison of grip strength (kg-BWfl) between pre- and post- training

of four groups of subjects with type 2 diabetes mellitus: Wex; Water-based exercise

training subjects, Wco; Water immersion subjects, Lex; Land-based exercise training

subjects, Lco; non exercise control subjects after 12 weeks.

Grip strength (kg-BW )

Group P-value
Pre-test Post-test
Wex (n = 13) 0.32 +0.04 0.40 + 0.03* 0.03
Wco (n = 15) 0.33 +£ 0.02 0.32 +£0.02 0.87
Lex (n = 10) 0.40 + 0.04 0.46 + 0.04* 0.03
Lco (n = 15) 0.31+£0.02 0.32 +£0.02 0.79

Values are mean + SEM.
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*represents significant difference from baseline, P<0.05

Figure 12 The comparison of grip strength (kg-BW_l) between before and after
12 weeks training and among four groups: water-based exercise training (Wex), water

immersion (Wco), land-based exercise training (Lex), non-exercise control (Lco).

Table 20 The comparison of leg strength (kg-BWfl) between pre- and post- training of
four groups of subjects with type 2 diabetes mellitus: Wex; Water-based exercise
training subjects, Wco; Water immersion subjects, Lex; Land-based exercise training

subjects, Lco; non exercise control subjects after 12 weeks.

Leg strength (kg-BW )

Group P-value
Pre-test Post-test
Wex (n = 13) 0.79 £ 0.08 0.77 £ 0.08 0.88
Wco (n = 15) 0.80 £ 0.11 0.80 + 0.10 0.94
Lex (n = 10) 091 +0.17 0.80 +0.13 0.61
Lco (n = 15) 0.74 + 0.07 0.78 + 0.06 0.64

Values are mean + SEM.
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Figure 13 The comparison of grip strength (kgBW’l) between before and after
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12 weeks training and among four groups: water-based exercise training (Wex), water

immersion (Wco), land-based exercise training (Lex), non-exercise control (Lco).

Table 21 The comparison of maximal oxygen consumption (mL-kg—1~min—1) between
pre- and post- training and among four groups of subjects with type 2 diabetes
mellitus: Wex; Water-based exercise training subjects, Wco; Water immersion
subjects, Lex; Land-based exercise training subjects, Lco;, non exercise control
subjects after 12 weeks.

Maximal oxygen consumption (mL-kg -min™)

Group P-value
Pre-test Post-test
Wex (n = 13) 235+0.2 238 + 0.1* 0.047
Wco (n = 15) 228 +0.1 226 +0.1 0.32
Lex (n = 10) 230+04 236 +0.3 0.32
Lco (n = 15) 222+0.2 22.1+0.1 0.65

Values are mean + SEM.

*represents statistical difference from pre-test, P<0.05.
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Figure 14 The comparison of maximal oxygen consumption (ml_-kg_l-BW_l)
between before and after 12 weeks training and among four groups: water-based
exercise training (Wex), water immersion (Wco), land-based exercise training (Lex),

non-exercise control (Lco).

5. Effect of exercise training on blood chemistry

Blood chemical data before and after 12 weeks of four group subjects are
shown in Table 18 to 12. There were significant differences from pre-test (P<0.05) in
fasting blood glucose (FBG), glycosylated hemoglobin (HbA1c), total cholesterol, high
density lipoprotein cholesterol (HDL-chol) and low density lipoprotein cholesterol
(LDL-chol) in both water-based and land-based exercise groups. Similarly, fasting
blood glucose was significantly decreased (P<0.05) in the group of water-based
control (Figure 11). However, a significant decrease (P<0.05) in triglyceride (TQG),
insulin, HOMA-IR, C-reactive protein (CRP) and malondialdehyde (MDA) level was
found only in water-based exercise group. In addition, the change of CRP in water-
based exercise training group was significantly lower than those of the water-based

control group, land-based exercise training group and land-based control group.
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Table 22 Effects of exercise training on blood chemical parameters data among four

groups of subjects with type 2 diabetes mellitus: Wex; Water-based exercise training

subjects, Wco; Water immersion subjects, Lex; Land-based exercise training subjects,

Lco; non exercise control subjects at baseline.

Baseline
Variables Wex (n =13) Wco(n=15) Lex(n=10) Lco(nh=15) P-value

FBG (mgdL’)  157.7+65 151.4+83 15114121 1455459 0.74
HbA1c (%) 8.0+ 04 7.6 +£0.1 7.7+0.1 7.6 +0.1 0.11
Insulin 232+ 13 214+ 14 238+ 15 218+ 1.2 0.58
(WU-mL )

HOMA-IR 332+ 0.2 3.03+0.2 337 +0.2 3.06 + 0.2 0.61
Cholesterol 230.2+9.0 2265+ 131 213.6+99 2264+ 14.6 0.000
(me-dL™)

TG (mg-dL™) 186.4 + 27.2 181.6+ 16.6 149.7+11.6 147.7+110 028
HDL-chol 51.8 + 3.6' 549 +33 60.4 + 3.3 64.7 + 2.6 0.02
(mg-dL™)

LDL-chol 137.1+70 1357+ 109 136.2+82 149.6+9.1 0.64
(me-dL™)

CRP (mg~dL71) 55+0.2 54+0.1 58+0.2 6.0+ 0.3 0.14
MDA (mg-dL'l) 1312.7 + 525 12027 +429 11975+ 656 1228.9 + 76.7 0.54

Values are mean + SEM.

+represents statistical difference among four groups of subjects, P<0.05.
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Table 23 Effects of exercise training on blood chemical parameters data among four

groups of subjects with type 2 diabetes mellitus: Wex; Water-based exercise training

subjects, Wco; Water immersion subjects, Lex; Land-based exercise training subjects,

Lco; non exercise control subjects after 12 weeks.

After 12 weeks

Variables Wex (n =13) Wco(n=15) Lex(n=10) Lco(nh=15) P-value
FBG (mg-dLil) 1338 + 4.1 1485+ 7.7 1453 + 115 1472+ 6.4 0.47
HbA1c (%) 6.8+0.2 7.6+0.1 6.8+ 0.1 7.6+0.1 0.00
Insulin 219+1.2 221+ 15 226+ 13 220+ 1.1 0.98
(LU-mL )

HOMA-IR 3.03+0.2 311+0.2 316 + 0.2 310+ 0.1 0.97
Cholesterol 2202+94 2262+129 2063+95 2272+ 146 0.68
(me-dL™)

TG (mg~dL71) 1735+242 1804+ 165 1455+ 115 1458 + 10.6 0.32
HDL-chol 582 +33 o A s 629 +3.2 63.9 + 3.0 0.13
(mg-dL ™)

LDL-chol 1285+ 6.7 1363 +9.7 1257+78 150.2+89 0.19
(medL™)

CRP (mg‘del) 504+ 0.1 53011 5.7 1104 6.0+0.3 0.003
MDA (mg~dL’1) 1161.4 £ 421 12246 £36.2 11527 +732 12341 + 826 0.71

Values are mean + SEM.

"represents statistical difference among four groups of subjects, P<0.05.
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Table 24 The comparison of fasting blood glucose (mg~d|_—1) between pre- and post-

training and among four groups of subjects with type 2 diabetes mellitus: Wex;

Water-based exercise training subjects, Wco; Water immersion subjects, Lex; Land-

based exercise training subjects, Lco; non exercise control subjects after 12 weeks.

Fasting blood glucose (mg-dL ™)

Group P-value
Pre-test Post-test
Wex (n = 13) 157.7 + 6.5 133.8 + 4.1 0.004
Wco (n = 15) 1514 + 8.3 1485 + 7.7 0.79
Lex (n = 10) 1511+ 121 1453 + 11.5% 0.03
Lco (n = 15) 1455+ 59 1472 + 6.4 0.84
Values are mean + SEM.
*represents statistical difference from pre-test, P<0.05
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*represents significant difference from baseline, P<0.05.

Figure 15 The comparison of fasting blood glucose (mg~d|_—1) between before

and after 12 weeks training and among four groups: water-based exercise training

(Wex), water immersion (Wco), land-based exercise training (Lex), non-exercise

control (Lco).
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Table 25 The comparison of glycosylated hemoglobin (%) between pre- and post-
training and among four groups of subjects with type 2 diabetes mellitus: Wex;
Water-based exercise training subjects, Wco; Water immersion subjects, Lex; Land-

based exercise training subjects, Lco; non exercise control subjects after 12 weeks.

Glycosylated hemoglobin (%)

Group P-value
Pre-test Post-test
Wex (n = 13) 8.0+ 04 6.8 + 0.2* 0.006
Wco (n = 15) 7.6+0.1 7.6 +£0.1 0.72
Lex (n = 10) 7.7+0.1 6.8 £ 0.1* 0.0004
Lco (n = 15) 7.6+0.1 7.6+0.1 0.87

Values are mean + SEM.
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*represents significant difference from baseline, P<0.05.

Figure 16 The comparison of glycosylated hemoglobin (%) between before
and after 12 weeks training and among four groups: water-based exercise training
(Wex), water immersion (Wco), land-based exercise training (Lex), non-exercise

control (Lco).
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Table 26 The comparison of insulin (MU-mL_1) between pre- and post- training and
among four groups of subjects with type 2 diabetes mellitus: Wex; Water-based
exercise training subjects, Wco; Water immersion subjects, Lex; Land-based exercise

training subjects, Lco; non exercise control subjects after 12 weeks.

Insulin (uU-mL-l)

Group P-value
Pre-test Post-test
Wex (n = 13) 232413 219 + 1.2% 0.04
Wco (n = 15) 214+ 14 221 +15 0.74
Lex (n = 10) 238+ 15 226 +1.3 0.53
Lco (n = 15) 218+ 1.2 220+ 1.1 0.88

Values are mean + SEM.
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Figure 17 The comparison of insulin (MU-mL_l) between before and after 12

Insulin (pU/mL)

weeks training and among four groups: water-based exercise training (Wex), water

immersion (Wco), land-based exercise training (Lex), non-exercise control (Lco).
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Table 27 The comparison of HOMA-IR between pre- and post- training and among
four groups of subjects with type 2 diabetes mellitus: Wex; Water-based exercise
training subjects, Wco; Water immersion subjects, Lex; Land-based exercise training

subjects, Lco; non exercise control subjects after 12 weeks.

HOMA-IR
Group P-value
Pre-test Post-test
Wex (n = 13) 332+ 0.2 3.03 + 0.2% 0.027
Wco (n = 15) 3.03+0.2 3.11+0.2 0.77
Lex (n = 10) 3.37+0.2 316+ 0.2 0.45
Lco (n = 15) 3.06 + 0.2 3.10 + 0.1 0.86
Values are mean + SEM.
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*represents significant difference from baseline, P<0.05.

Figure 18 The comparison of HOMA-IR between before and after 12 weeks
training and among four groups: water-based exercise training (Wex), water immersion

(Wco), land-based exercise training (Lex), non-exercise control (Lco).
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Table 28 The comparison of cholesterol (mg-dL_l) between pre- and post- training
and among four groups of subjects with type 2 diabetes mellitus: Wex; Water-based
exercise training subjects, Wco; Water immersion subjects, Lex; Land-based exercise

training subjects, Lco; non exercise control subjects after 12 weeks.

Cholesterol (mg-dL™)

Group P-value
Pre-test Post-test
Wex (n = 13) 230.2 + 9.0 220.2 + 9.4* 0.040
Wco (n = 15) 2265 + 13.1 226.2 + 129 0.98
Lex (n = 10) 2136 + 9.9 206.3 + 9.5*% 0.047
Lco (n = 15) 226.4 + 14.6 227.2 + 14.6 0.96
Values are mean + SEM.
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*represents significant difference from baseline, P<0.05.

Figure 19 The comparison of cholesterol (mg-dL_l) between before and after
12 weeks training and among four groups: water-based exercise training (Wex), water

immersion (Wco), land-based exercise training (Lex), non-exercise control (Lco).
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Table 29 The comparison of triglyceride (mg~dL—1) between pre- and post- training
and among four groups of subjects with type 2 diabetes mellitus: Wex; Water-based
exercise training subjects, Wco; Water immersion subjects, Lex; Land-based exercise

training subjects, Lco; non exercise control subjects after 12 weeks.

Triglyceride (mg-dL™)

Group P-value
Pre-test Post-test
Wex (n = 13) 186.4 + 27.2 173.5 + 24.2* 0.03
Wco (n = 15) 181.6 + 16.6 180.4 + 16.5 0.95
Lex (n = 10) 149.7 + 11.6 1455 + 115 0.79
Lco (n = 15) 1477+ 11.0 145.8 + 10.6 0.96

Values are mean + SEM.
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*represents significant difference from baseline, P<0.05.

Figure 20 The comparison of triglyceride (mg-dL_l) between before and after
12 weeks training and among four groups: water-based exercise training (Wex), water

immersion (Wco), land-based exercise training (Lex), non-exercise control (Lco).
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Table 30 The comparison of high density lipoprotein cholesterol (mg-dLil) between
pre- and post- training and among four groups of subjects with type 2 diabetes
mellitus: Wex; Water-based exercise training subjects, Wco; Water immersion
subjects, Lex; Land-based exercise training subjects, Lco; non exercise control

subjects after 12 weeks.

High density lipoprotein cholesterol (mg-dL_l)

Group P-value
Pre-test Post-test
Wex (n = 13) 51.8 + 3.6 58.2 + 3.3* 0.019
Wco (n = 15) 549 +3.3 547 +3.2 0.96
Lex (n = 10) 60.4 + 3.3 629 + 3.2% 0.039
Lco (n = 15) 64.7 + 2.6 63.9 + 3.0 0.84

Values are mean + SEM.
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*represents significant difference from baseline, P<0.05.

Figure 21 The comparison of high density lipoprotein cholesterol (mg-dL_l)
between before and after 12 weeks training and among four groups: water-based
exercise training (Wex), water immersion (Wco), land-based exercise training (Lex),
non-exercise control (Lco).
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Table 31 The comparison of low density lipoprotein cholesterol (mg~d|_—1) between
pre- and post- training and among four groups of subjects with type 2 diabetes
mellitus: Wex; Water-based exercise training subjects, Wco; Water immersion
subjects, Lex; Land-based exercise training subjects, Lco;, non exercise control

subjects after 12 weeks.

Low density lipoprotein cholesterol (mg-dL_l)

Group P-value
Pre-test Post-test
Wex (n = 13) 1371+ 7.0 1285 + 6.7 0.038
Wco (n = 15) 135.7 £ 10.9 136.3 + 9.7 0.97
Lex (n = 10) 136.2 + 8.2 1257 + 7.8* 0.036
Lco (n = 15) 149.6 + 9.1 150.2 + 8.9 0.96

Values are mean + SEM.
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*represents significant difference from baseline, P<0.05.

Figure 22 The comparison of low density lipoprotein cholesterol (mg-dL_l)
between before and after 12 weeks training and among four groups: water-based
exercise training (Wex), water immersion (Wco), land-based exercise training (Lex),

non-exercise control (Lco).
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Table 32 The comparison of C-reactive protein (mg.dL-l) between pre- and post-

training and among four groups of subjects with type 2 diabetes mellitus: Wex;

Water-based exercise training subjects, Wco; Water immersion subjects, Lex; Land-

based exercise training subjects, Lco; non exercise control subjects after 12 weeks.

C-reactive protein (mg-dL")

Group P-value
Pre-test Post-test
Wex (n = 13) 55+£0.2 50+ 0.1% 0.01
Wco (n = 15) 54+ 0.1 53+0.1 0.61
Lex (n = 10) 58+0.2 57402 0.68
Lco (n = 15) 6.0+ 0.3 6.0+ 0.3 0.97
Values are mean + SEM.
*represents significant difference from baseline, P<0.05.
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*represents significant difference from baseline, P<0.05.

Figure 23 The comparison of C-reactive protein (mg-dL-l) between before and

after 12 weeks training and among four groups: water-based exercise training (Wex),

water immersion (Wco), land-based exercise training (Lex), non-exercise control (Lco).
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Table 33 The comparison of malondialdehyde (mg-dL-l) between pre- and post-

training and among four groups of subjects with type 2 diabetes mellitus: Wex;

Water-based exercise training subjects, Wco; Water immersion subjects, Lex; Land-

based exercise training subjects, Lco; non exercise control subjects after 12 weeks.

Malondialdehyde (mg-dL™)

Group P-value
Pre-test Post-test
Wex (n = 13) 1312.7 + 52.5 1161.4 + 42.1* 0.03
Wco (n = 15) 1202.7 + 42.9 1224.6 + 36.2 0.69
Lex (n = 10) 1197.5 + 65.6 1152.7 + 73.2 0.65
Lco (n = 15) 12289 + 76.7 1234.1 + 82.6 0.96
Values are mean + SEM.
*represents significant difference from baseline, P<0.05.
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*represents significant difference from baseline, P<0.05.

Figure 24 The comparison of malondialdehyde (mg~d|_—1) between before and

after 12 weeks training and among four groups: water-based exercise training (Wex),

water immersion (Wco), land-based exercise training (Lex), non-exercise control (Lco).
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6. Effect of exercise training on post-occlusive reactive hyperemia (PORH)

Post-occlusive reactive hyperemia (PORH) of type 2 diabetic subjects in water-
based group and land-based group are shown in Table 9. The significantly higher
(P<0.05) of peak perfusion (PORHpeak) were observed at the post-test training only in
water-based exercise group. Time-to-peak (Tp) was also significantly increased from
pre-test (P<0.05) in the both exercise groups. However, there was no significant
difference in these variables in the water-based and land-based control group.
Furthermore, recovery time was significantly lower (P<0.05) in the water-based and

land-based exercise groups compared with before exercise training.

Table 34 Effects of exercise training on post-occlusive reactive hyperemia (PORH)
among four groups of subjects with type 2 diabetes mellitus: Wex; Water-based
exercise training subjects, Wco; Water immersion subjects, Lex; Land-based exercise

training subjects, Lco; non exercise control subjects at baseline.

Baseline

Variables Wex (n = 13) Wco(n =15 Lex(n=10) Lco(n=15) P-value

Time to peak 1266 £ 0.5 1244 +05 1200+0.7 11.83+0.6 0.73
(s)

PORHpeak 71.85+26 7093+27 6560+31 70.53+32 0.53
(PU)

Recovery time 188.37+2.4 186.14+2.9 191.74+3.1 190.32 + 2.4 0.50
(s)

Values are mean + SEM.

n = number of subjects. PORHpeak; amplitude of peak perfusion flux, PU; arbitrary perfusion

units.
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Table 35 Effects of exercise training on post-occlusive reactive hyperemia (PORH)
among four groups of subjects with type 2 diabetes mellitus: Wex; Water-based
exercise training subjects, Wco; Water immersion subjects, Lex; Land-based exercise

training subjects, Lco; non exercise control subjects after 12 weeks.

After 12 weeks

Variables Wex (n =13) Wco(n =15 Lex(n=10) Lco(n=15) P-value
Time to peak 1380 0.4 1252+07 1378+09 10.77 +0.8' 0.009
(s)

PORHpeak 79.69 £25 7560+24 7330+33 7393+27 0.36
(PU)
Recovery time ~ 170.87+2.6' 179.71#2.2  177.36+4.4 190.75 + 2.1 0.000

(s)

Values are mean + SEM.

n = number of subjects. PORHpeak; amplitude of peak perfusion flux, PU; arbitrary perfusion

units. +represents statistical difference between Wex versus Wco, P<0.05.

Table 36 The comparison of time to peak (s) between pre- and post- training and
among four groups of subjects with type 2 diabetes mellitus: Wex; Water-based
exercise training subjects, Wco; Water immersion subjects, Lex; Land-based exercise

training subjects, Lco; non exercise control subjects after 12 weeks.

Time to peak (s)

Group P-value
Pre-test Post-test
Wex (n = 13) 12.66 + 0.5 13.80 + 0.4* 0.03
Wco (n = 15) 12.44 + 0.5 12.52 £ 0.7 0.93
Lex (n = 10) 12.00 £ 0.7 13.78 + 0.9% 0.04
Lco (n = 15) 11.83 + 0.6 10.77 £ 0.8 0.27

Values are mean + SEM.

*represents significant difference from baseline, P<0.05.
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*represents significant difference from baseline, P<0.05.

Figure 25 The comparison of time to peak (s) between before and after 12
weeks training and among four groups: water-based exercise training (Wex), water

immersion (Wco), land-based exercise training (Lex), non-exercise control (Lco).

Table 37 The comparison of peak perfusion (PU) between pre- and post- training and
among four groups of subjects with type 2 diabetes mellitus: Wex, Water-based
exercise training subjects, Wco; Water immersion subjects, Lex; Land-based exercise

training subjects, Lco; non exercise control subjects after 12 weeks.

Peak perfusion (PU)

Group P-value
Pre-test Post-test
Wex (n = 13) 71.85 + 2.6 79.69 + 2.5% 0.04
Wco (n = 15) 70.93 + 2.7 75.60 + 2.4 0.21
Lex (n = 10) 65.60 + 3.1 73.30 £ 3.3 0.10
Lco (n = 15) 70.53 £ 3.2 7393 £ 2.7 0.42

Values are mean + SEM.

*represents significant difference from baseline, P<0.05
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*represents significant difference from baseline, P<0.05.

Figure 26 The comparison of peak perfusion (PU) between before and after
12 weeks training and among four groups: water-based exercise training (Wex), water

immersion (Wco), land-based exercise training (Lex), non-exercise control (Lco).

Table 38 The comparison of recovery time (s) between pre- and post- training and
among four groups of subjects with type 2 diabetes mellitus: Wex, Water-based
exercise training subjects, Wco; Water immersion subjects, Lex; Land-based exercise

training subjects, Lco; non exercise control subjects after 12 weeks.

Recovery time (s)

Group P-value
Pre-test Post-test
Wex (n = 13) 188.37+2.4 170.87+2.6* 0.0005
Wco (n = 15) 186.14+2.9 179.71+2.2 0.09
Lex (n = 10) 191.74+3.1 177.36+4.4* 0.01
Lco (n = 15) 190.32 + 2.4 190.75 + 2.1 0.89

Values are mean + SEM.

*represents significant difference from baseline, P<0.05.
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Figure 27 The comparison of recovery time (s) between before and after 12
weeks training and among four groups: water-based exercise training (Wex), water

immersion (Wco), land-based exercise training (Lex), non-exercise control (Lco).
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CHAPTER V
DISCUSSION

The present study investigated the effect of water-based exercise training for
12 weeks, compare to land-based exercise, on physiological adaptations and
cutaneous microvascular function in type 2 diabetic patients. A significant decrease in
body weight was only observed in the Wex group meanwhile percentage body fat
was significantly decreased only in the Lex group. However, there was no significant
change in BMI and WHR for all groups. Resting heart rate and SBP decreased were
significantly only observed in the Wex group. In addition, there was a significant
difference in heart rest at rest between the Wex and Wco group. Only in the Lex
group, DBP was significantly decreased. In contrast, DBP increased in Wco group.
Handgrip strength was also increased in both Wex and Lex group. Moreover, maximal
oxygen consumption significantly increased only in the Wex group. In this study, FBG,
HbAlc, total cholesterol, LDL was decreased and HDL was increased in both exercise
groups. Also, FBG was decreased significant difference in the Wco group. Only the
Wex group had reduction in triglyceride, insulin, HOMA-IR, CRP and MDA.
Furthermore, there was a significant difference in CRP between the Wex and Lex
group. The greater in PORHpeak of Wex group were also observed significantly. In
addition, time-to-peak was significantly increased and the recovery time was also
significantly decreased in both exercise groups. However, there were no significant
changes in PORH were obtained in the both control group. Therefore, this is clear
that water-based exercise training could be used as an effective program to improve

physical functions and microvascular function in patients with T2DM.
Subjects characteristic

In this study, the subjects were similar in age, height and initial fitness level.
Some of their physical fitness variables were far beyond the normal range of the
population. The body mass index found in our subjects was in the high range, it is
interesting to note that this value was higher than that in the sedentary [91].
Therefore, it seems likely that type 2 diabetic patients in this study have overweight.
Correspond that aging is generally followed by physiological changes in body
composition. Essentially, elderly patients with T2DM are showing a decline in muscle
mass and increase of body fat. Thus, age is considered a primary risk factor for the

development and progression in chronic disease.
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The number of patients with diabetes mellitus is expected to increase by
46% around the world, between 2000 and 2010, the incidence of diabetes mellitus is
increasing rapidly as a result of aging population. Also, type 2 diabetes in older
person is an age-prevalent metabolic disorder, characterized by insulin resistance
with relative insulin deficiency [92, 93] with the highest prevalence. In T2DM,
microvascular function is impaired from the onset of the disease and is closely
associated with hyperglycemia and may contribute to insulin resistance. The way of
cutaneous microvascular function is altered in diabetic patients is not yet fully
understood, but the loss of normal microvascular function could be involved in the
pathogenesis of diabetic angiopathy, as microvascular dysfunction is associated with
diabetic microangiopathy and macroangiopathy [94, 95]. Under conditions of
hyperglycemia, recent reports indicate that an improved metabolic control in
diabetic patients, whatever the treatment used, is associated with near normalization
or restoration of normal microvascular function [6]. Consistent with this study
supports that these physical characteristic of subjects are influenced the aging
process in older adults type 2 diabetic patients. Therefore, effective exercise
protocols, at both the individual and population levels, are desperately needed to

slow the diabetes epidemic and reduce diabetes related complications.
Long-term effects of exercise training in type 2 diabetes mellitus

In the present study, the subjects were attended either to the water-based
exercise training or the land-based exercises training for 30 minute of continuous
aerobic exercise performed at 70% of maximum heart rate 3 days/wk. There were
effective in reducing body weight, SBP, heart rate at rest, fasting blood slucose,
HbA1c, lipid profile, insulin, HOMA-IR, CRP, MDA and increasing grip strength, VO,max
as well as improving post-occlusive reactive hyperemia (PORH). Consistent with
previous studies [96-98] have shown that both aerobic and resistance training
improve metabolic control (blood glucose level and insulin resistant), fat oxidation
and muscle storage. Exercise training also enhances skeletal muscles responsive to
increased insulin expression or activity of proteins involved in glucose metabolism
and insulin signaling in T2DM. Fat oxidation is also a key aspect of improved insulin
action, and training increases lipid storage in muscle and fat oxidation capacity [97].
In addition, the findings of earlier reported that deep water running is also
maintaining and improving cardiovascular fitness and resistance-type shallow water
exercise reduces the impact stress to the joints and often allows greater mobility and

improves strength [96, 98].
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Exercise program is an important goal of treatment in T2DM to achieve or
maintain optimal blood glucose, lipid, and blood pressure levels to prevent or delay
chronic complications of diabetes [99]. Aerobic exercise has been the mode
traditionally recommended for T2DM patients that are strongly associated with
weight loss, improved fasting blood sglucose, and increased cardiovascular fitness
[100]. In addition, the American Diabetes Association (ADA) and American College of
Sports Medicine (ACSM) also recommend resistance training as one part of exercise
program for diabetes prevention and management [91]. ACSM endorses exercise as a
treatment method for people with type 2 diabetes and currently recommends
expending a minimum cumulative total of 1000 kcal/wk of energy from aerobic
activities [101]. ADA has similar recommendations for at least 150 min per week of
moderate intensity aerobic physical activity and/or 90 min per week of vigorous
aerobic exercise [63]. Accordingly, the water-aerobic exercise program of this study
was conducted in an indoor swimming pool within a range of water temperature
pool (~34 to 36°C). This protocol has been the major focus for exercise-training
studies due to consistent findings of improved glucose control [102, 103]. Confirm to
the results of our study with warm water training in the elderly, supporting that this

training is safe for patients with T2DM.

Comparison of the effects of water-based and land-based exercise training on

hemodynamic changes

After 12 weeks of Wex and Lex training program, SBP and HR. were
significantly reduction as compared with pre-exercise training (P<0.05). However,
there was no significant difference in these variables in the Wco and Lco group.
Beside DBP was decreased only in Lex group. In contrast, DBP increased in Wco
group. In this study, the subjects practiced a simplified of aqua-aerobic form same as
modification of aerobic form in the land-based exercise group by following
instructions provided by a qualified trainer. Both training groups performed aerobic
exercise protocol at 70% of MHR by used a HR monitoring device to ensure that the
training intensity was maintained as prescribed. Subjective estimation of working load

was carried out using RPE scale.

In the present study, subjects were required to attend exercise training
program for 30 min, 3 days/wk for 12 weeks. It has been recommended that
frequency of exercise is between three and five sessions per week can improve
cardiovascular performance [65]. In general, increasing activity levels have proven to

be effective in reducing blood pressure [44]. Therefore, changes in resting heart rate
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and blood pressure (systolic and diastolic blood pressures) at 12 weeks of training in
the water-based exercise training group are consistent with the findings of earlier
studies [104]. This finding is very interesting considering aerobic exercise, traditionally
thought to be better type of exercise to improve blood pressure. Aqua-aerobic
exercise training, when properly supervised, is an excellent type of exercise to
improve the hemodynamic responses of T2DM subjects. This was demonstrated with
the decrease in the subjects’ HR and the improvement in the sensitivity of the aortic
baroreceptors, which contributed to a more efficient regulation of blood pressure
[105-107]. Furthermore, the hydrostatic pressure of being in the water helped to
increase the venous return to the heart and, thus improve the subjects’ blood

circulation [108].

Comparison of the effects of water-based and land-based exercise training on

body composition

In the current study, weight loss and decreasing percentage of body fat after
12 weeks exercise training was observed in water-based and land-based exercise
training groups, respectively. Clearly that water-based exercise as effective as exercise
on land for weight control although no significant change in body mass index (BMI)
after training in this study. It may be participants were still have physical activity and
did not strong diet restriction. Similar results were seen by Taunton and colleagues
(1996) following 12 weeks of shallow water aquatic training [109]. But, some
investigations has been shown insufficient for weight loss after aquatic training [6, 96,
110], because of obese and older people frequently have difficulty performing
sufficient exercise to create a large energy deficit and can easily counterbalance
expenditures by eating more. However, a reduction in body fat [98, 111] was found in
higher exercise ~2,000 to 2500 kcal/wk sustainable more weight loss than 1,000

kcal/wk of exercise.

Favorable changes in subjects with T2DM found in this study are demonstrate
that will help type 2 diabetic patients associated with obesity, dislipidemia, and
hypertension, which are important risk factors for micro- and macrovascular diseases.
In fact, regular exercise seems to be effective in reducing the level of triglycerides
and lipoprotein cholesterol in patients with T2DM relates to weight loss [112].
Previous study shown that low intensity exercise, 5 times per week, 1 h per session,
and performed continuously during 1 year, can reduce body weight [111]. Weight loss

also leads to a decrease in insulin resistance [44].
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Comparison of the effects of water-based and land-based exercise training on
physical fitness

In fact, the elderly patients with T2DM are showing a decline in muscle mass
associated with a reduction in metabolic function. Therefore, the results of the
current study were found a significant increase in VO, max (i.e., even a small increase)
and grip strength after 12-wk water-based exercise training program should be viewed
as a positive physiological response (in terms of cardiovascular disease). These finding
is supported by previous reports that concluded deep water training is effective to
maintain and improve cardiovascular fitness, muscular strength as well as functional
mobility [113, 114]. Scientific reports [95, 110] are also available to induce the same
energy expenditure in water as on land at a speed of 3.5 km'h" and to maintenance
aerobic performance. Clearly, aqua-aerobic exercise programs are the one of save
forms for diabetic patients that consist of aerobic endurance exercise combine to
resistance exercise, which enhances cardiorespiratory fitness, muscular strength and

endurance.

However, there was no significant difference in VO,max between water-based
and land-based exercise. As expected, low VO,max values have been found mostly
in patients with T2DM when compared with healthy age-matched controls [104].
Thus, a main target of any intervention should be to increase this clinical component
of disease as showing in the result. Increasing VO,max at 12 weeks of training in both
groups is useful to prevent cardiovascular disease (CVD), hypertension, neuropathy,
or micro-vascular changes. Since, a recommend clinical trials evaluating exercise
interventions in T2DM have used a frequency of three times per week, should be
performed at least 10 min bouts of exercise, corresponding approximately to 40%-
60% of VO,max [44]. It is clear that a greater benefit in the water-based exercise
training is suitable for subjects with T2DM as same as the land-based exercise
training. In addition, this study demonstrated that a significant improvement in grip
strength increased with VO,max. The reason for this finding may be resistance is
provided by the water that surrounds the exercise participant. This multi-directional
resistance helps the individual to maintain or enhance muscular strength and

endurance even with gentle movements [115].

Comparison of the effects of water-based and land-based exercise training on

blood chemical

This present finding found more changes of glycemic control (FBG, HbAlc)
and lipid profile (total cholesterol, HDL, LDL) were observed in water-based and
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land-based exercise training at 12 weeks. In addition, there were improvements in
triclyceride, and insulin resistance only in water-based exercise training. During
exercise, contracting muscles increase uptake of BG to supplement intramuscular
glycogenolysis. As glycogen stores become depleted, muscles increase their uptake
and use of circulating BG, along with FFA released from adipose tissue. Intramuscular
lipid stores are more readily used during longer-duration activities and recovery.
Glucose production also shifts from hepatic glycogenolysis to enhanced
gluconeogenesis as duration increases [97]. Similarly, a meta-analysis of 15 papers
suggested that regular exercise in those with T2DM lowers weight and improves
HbAlc values [6]. Previous studies of small RCTs involving T2DM have reported that

aerobic training decreases total cholesterol and LDL including raises HDL [116].

Several studies [81, 117, 118] have shown that improved glycemic control is
associated with decreased rates of chronic complication and cardiovascular diseases.
Aquatic exercise improved the subjects’ glycemic control, which has been reported
in @ meta-analysis of 15 papers that suggested regular exercise in patients with T2DM
can lose weight and improve HbAlc values [6]. In the present study, the water-based
exercise group showed a significant difference in HbAlc when compared to baseline.
It is clear that the water-based exercise training protocol represents a useful
procedure to control glycaemia of older subjects with T2DM. Although, exercise in
water resulted in a non-significant correlation between VO, max and HbAlc. In this
study, participants in the water-based control group were immersed in the same
water temperature of training period. Water temperatures around 30-34°C in the
present study seems to be appropriate for microvascular function improvement. This
particular range of water temperature is selected according to the comfortable
feeling of population in tropical zone. Previous study [119] confirmed that pure
immersion in a heated pool from 37 to 40 degrees was resulted in reduction in
weight and plasma blood glucose. It may be due to increasing skeletal muscle blood
flow facilitates insulin mediated glucose uptake from immersion in a heated pool
[120].

In the present study, there were shown in a significant reduction of CRP and
MDA level only in the Wex group. In addition, the change of CRP in Wex group was
significantly lower than those of the Wco, Lex and Lco group as well as significantly
difference between the Wex and Lex groups. These finding indicated that the Wex
training was effective in the attenuating ROS may be one of the reason to improve
cutaneous vascular function. Since the diminished values of ROS could be related to

an enhancement of cutaneous microvascular function, or due to an increase in
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antioxidant activity therefore facilitating the removal of ROS [121]. It could be
described that aqua-aerobic training protocol was sufficient to enhance vascular

inflammatory markers significantly [122].

Comparison of the effects of water-based and land-based exercise training on

micro-vascular reactivity

In the current study, PORH,.x was significantly higher only in water-based
exercise training compare to baseline while, no significant difference between the
other groups. Microcirculation is known to be disturbed in T2DM [123]; a reduction of
capillary skin blood flow during reactive hyperemia may cause a regional ischemia
and an impaired tissue exchange during stress situations [124]. Several non-invasive
techniques have been developed to investigate the microcirculation of the skin. The
increase in micro-vascular blood flow following arterial occlusion, PORH, can be
assessed using the non-invasive laser Doppler technique [125]. Following release of
the arterial occlusion there is a marked transient increase in micro-vascular blood
flow to the ischemic tissues. Laser Doppler derived PORH measurements have been
shown to be highly reproducible [126]. The mechanisms behind PORH are believed
to be a combination of: myogenic relaxation of the vessels [127], release of local
mediators and metabolites from the ischemic tissue [128], and more recently the
involvement of sensory nerves [129]. This non-invasive assessment may reflect
micro-vascular cutaneous microvascular function, which depends on nitric oxide (NO)

production in cutaneous microvascular cells.

This study has shown that the recovery time was significantly lower in Wex
and Lex training group at 12 weeks training. Time-to-peak was also significantly
increased from pre-test (P<0.05) in the both exercise groups. There are only a few
studies using the laser-Doppler method have been performed on skin
microcirculation in older subjects with T2DM and the results still unclear. Some
investigation reported that diabetes was associated with decreased in skin blood flow
and found that microvascular flow was worse in the lower limbs [124, 130]. In
contrast that Edmonds et al,, 1982 [94] and Archer et al.,, 1984 [131] had reported
increase foot blood flow in subjects with diabetes compared with control subjects.
Reason for disturbances of the cutaneous microcirculation may change the course of
diabetes. At the onset of the disease abnormalities of the microvascular
hemodynamics are reversible and may be due to alterations in smooth muscle cell
function [132], probably partly caused by altered cutaneous microvascular cell

function resulting in increased endothelium-derived relaxing factor [133] and
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decreased prostacyclin production [134]. This finding suggested that water-based
exercise training was sufficient to improved cutaneous microvascular function in the

elderly with type 2 diabetic patients.
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CHAPTER VI
CONCLUSION

The present study investigated the effect of water-based exercise training for
12 weeks on physiological adaptation and cutaneous microvascular function in type
2 diabetic patients using protocol for a randomized controlled trial. The results
conclude that water-based exercise training significantly improved body composition
and hemodynamic better than land-based exercise training when compared to
baseline. Both water-based and land-based exercise training significantly enhanced
grip strength although the leg strength and flexibility were not changed. In addition,
water-based exercise training induced improvement in microvascular function
possible through improved VO,max, glycemic control and lipid profiles as similar
pathway as exercise on land (Figure 4 and 5). Furthermore, only water-based exercise
training that contributed to recovered insulin resistance, decreased CRP and
improved amplitude of peak flux during post-occlusive reactive hyperemia. Similarly,
both water-based and land-based exercise training affects recovery time of PORH.
These resulted in the better benefits in the water-based exercise training on micro-

and macro-vascular function.

It is suggested that a long term effect of aqua-aerobic exercise training
improves hemodynamic, glycemic control, lipid profile, insulin resistance and health-
related physical fitness in older adults with T2DM. Important finding of water-based
exercise training was more effective exercise to improved antioxidant and increased
microvascular function than land-based exercise training. Moreover, due to the
design and monitoring of training protocol no subjects were injured during the
training program and no significant muscle soreness. Therefore, it is more than
reasonable to conclude that aquatic exercise is a beneficial mode of exercise for

elderly patients with type 2 diabetes.
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Figure 28 The mechanism of land-based exercise training on cutaneous

microvascular function.
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Water-based exercise training
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Figure 29 The mechanism of water-based exercise training on cutaneous

microvascular function.
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Limitation of this study

1. Due to included only 7-9 % of HbAlc (moderate severity), finding
participants 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 mechanism of water-based exercise training deeply, other

parameters i.e. NO, GLUT4 and insulin signaling should be included.

2. The difference between duration of the recovery between bouts and a

progression in water-based exercise training intensity should be compared.
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Medical assessment record form
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FURSTD oo LV FUG 13T S
HN.

1. INUNNISITRYTTALUIINUUTELANA 2 (Badasann WHO & ADA)

anwaENAAINLaENanTIM RIS UANMS (ANnsialaraUns Aedeansiadudugndnass
se35laIsislutudaun S RaunAdnInaINTuUINIY)

O 1. femsvenuvmau Jaanzuin, Aug wazdmidndanlaglinsivane)
warnsangladtualaila SAdausd 200 Sadnsu/inddns Fuld vie

O 2. asranglealunanaunamzensimsetiados 8 43lue (FPG) ldrsaus 126
fadnsu/ndans ulU vise

O 3. asanglaglunarauindnsiannunuvesnglag (OGTT; nglaa 75 A3
[anhydrous glucose] avanetiiuaana) 2 Falus lrdaus 200 Sadnsa/wdans 1uly
2. MITUNTLATBILIAUINIY

O 1. Jssianit 1 O2 Uz 2 O 3 dszionduq ().
3. ANANAN

O A Predominantly insulin resistance with relative insulin deficiency

Os. Predominantly insulin secretory defect with insulin resistance

[ c. Diseases of the exocrine pancreas Oo. Endrocrinopathies

e Drug- or chemical-induced [ F. Infections

[J . Uncommon forms of immune-mediated diabetes

O . other genetic syndromes sometimes associated with diabetes
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N5INFANEIUII19N1Y (Body composition)

1ot 1532t VR 1T K \URLNAT

2. atianIy (Body mass index; BMI ... (Alanu/ng)

1

O 1. sihwdnddes (ewnin 17.9 An/mTi.) O 2. Unf (18-22.9 nn./ais)
O 3. i (23-24.9 nn./asu)) O 4. 821 (25-24.9 nn./esu)
O 5. gausuuse (35 nn/msuduly)

3. ldusAULeY (Waist circumference) ............. LTURLUAT
weinde O 1. Un@d O 2. lsus 80 wwufumstuly Sauasmg
wewe L 1. Und 0 2. fiaust 90 wuRmnstuld Sauasmns

4. 5oUL/axlnn (Waist hip ratio) ...................

O 1. U (0.7-0.8) O 2. dwiinidu 0.9-1.0 O3 6w 6 1.0
5. NIINITNINAYNSNUVUE NN (Basal metabolic rate; BMR) e, Kcal
6. Woasiualvulusisnie (% Body fat) Y+ %
7. lufulusnsnie (Body fat mass) N A kg.
8. Wosdusiilusnanie (% Total body water) v« A %
9. snandiie (Muscle mass) S ba 1~ 1 kg.
10. snandieiiusiranlasiu (Fat free mass) S kg.

N3INSIMAIN YauzAn (Vital sign: rest at sitting position 5 minute)

1 ANDT s afoundt O 1. Und O 2. lyasiuawe
2. AUAULATR ... Haduas/Uson

O 1. Und O 2. arusuladings O 3. awsladiogii
3. 99510158l 1 U afa

O 1. und O 2. 533 O 3. $rnduni

4. dnwaen1sela

O 1.und O 2 feuinaniiesidntes O 3.Aoudramdosunn
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U 2 N1IATIANHRIUHURNS

seauinaaluifenuasBuau

Fasting blood sugar = ...ccccvivvevcnenes mg /dl

HbA1lc T SUORIOO %

Insulin = e %

syavlusiuluidon

Total cholesterol (TC) S e mg %
Triglycerides (TG) S e mg %
High-density lipoprotein cholesterol (HDL-C) S e mg %
Low-density lipoprotein cholesterol (LDL-C) = e mg %

I
3
va
X

Very low-density lipoprotein cholesterol (VLDL) = oo,

(%
Y o

MaTangdnauwasnsviviniveswaduntaasndenvuaiin
MDA T
CRP S e

Maximal postocclusive reactive hyperemia (PORHpa0= ovveeeieeinnenne

Peak postocclusive reactive hyperemia (PORH eol) = oo,

Percent postocclusive reactive hyperemia PORHy, = .ooieiiiciinnnee
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APPENDIX G

Hemodynamic and health-related physical fitness assessment

Hemodynamic 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 (Sport
tester PE 3000, 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 bioelectrical impedance analysis (BIA-101 impedance analyzers, USA).
-Muscle strength

Muscle strength was performed with isometric strength test of leg strength
and hand grip strength (Takei kiki, Japan), both tests were repeated three times and
the best value was recorded. Before measuring, every strength dynamometers were
taken calibration procedures. All subjects were asking to perform with maximum
efforts. Verbal command was encouraged throughout the experiment to ensure each
subject’s maximal effort.

-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 (Quinton, USA). Maximal O,

consumption was assess by Modified Bruce protocol in which the grade and intensity
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were increased every 3 minutes until exhaustion. Oxygen consumption was
measured with the cardiopulmonary gas exchange system (Vmax 29, USA) throughout
the exercise test. Respiratory exchange ratio (RER) values 1.05 were used to

determine maximal O, consumption.

End point criteria to stop testing: the attainment of VO2 max was validated if
two of the following four criteria were satisfied: (1) oxygen uptake plateau despite
increasing exercise intensity (<120 mL-min-1); (2) respiratory exchange ratio >1.15; (3)
maximal heart rate within 10 beats-min-1 of the age-predicted maximal value; and (4)

a Borg scale value >17.

Cardiopulmonary gas exchange system

Stage | Time | Speed | Elevation | METS

1 3 1.7 0% i.7
2 3 1.7 5% 28
3 3 1.7 10% 54
4 3 25 12% T

5 3 3.4 14% 10
& 3 4.2 16% 12
T 3 5.0 18% i7

Modified Bruce protocol



140

APPENDIX H

Cutaneous microvascular reactivity assessment



141

APPENDIX H

Cutaneous microvascular reactivity 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
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APPENDIX |
Malondialdehyde

Malondiadehyde (MDA) is a ROS which is derived from the lipid oxidation of
cell membrane polyunsaturated fatty acid and its formular is CH, (CHO),. 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:

i

0§ 2 [

H P ‘ s \H O/:';\' N D S
MDA l TBA

S, /_/.»N;_\\:_\\_, OH HO. _N_ sH

. c ’ 2 H,0
NS ~er-cH=c H’l“*\:;_[,*N + 2H,

OH OH
MDA-TBA adduct

Reagents
1. Phosphate buffer saline (PBS) pH 7.4

- NayHPO, 2.27 ¢, NaH,PO,4 0.12 ¢ and NaCl 8, 18 ¢ 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 tricholoacetic acid 30 ¢ in distilled water until total volume of

solution is 100 ml
3. Butylated hydroxyl toluene (BHT)

- Dissolve Butylated hydroxyl toluene 88 mg in ethanol 10 ml
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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 M of each of washed erythrocytes, plasma, and diethylacetal

(external standard) in three separate eppendorf tubes.

2. In each tube, add 800 ML of PBS, mix, and then add 30% TCA for

erythrocyte lysis and protein precipitation

3. Add 25l 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 UL of 1% TBA in each tube, mix, and boil in heat box
(ACCUBLOCK " Digital Dry Bath, Labnet International) at 103 C for 15 minutes.

7. Stop the reaction by using cold water, draw 300Ul 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)

9. Construct the concentration graft of the external standard, and then

calculate the lipid oxidation of the samples from the standard curve.
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