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ABSTRACT

The purpose of this study was to investigate the effects of tai-chi 3 times a
week for eight weeks on exercise capacity, plasma glucose and quality of life in type 2
female diabetic patients who practiced (study) and did not practiced (control) the tai-
chi exercise. Thirty subjects, aged between 44-74 years old, were voluntary divided
into control (n=15) and study (n=15) groups. The evaluations of heart rate, systolic
blood pressure, diastolic blood pressure, knee extensor muscle endurance, forced vital
capacity, forced expiratory volume in 1 second, fasting plasma glucose level and
quality of life (evaluated by Thai version of the SF-36 questionnaire; 9 scales) were
done in this study at pre- and post-exercise program.

After eight weeks of tai-chi exercise, there were significant differences of
percentage change (p<0.05), in the following parameters; heart rate (study vs control:
3.09+2.66 vs -0.77+4.46; p=0.005), knee extensor muscle endurance (study vs control:
48.44+51.77 vs 2.91+16.86; p=0.001 ), forced vital capacity (study vs control: -
8.3346.69 vs 1.96+5.25; p= 0.001 ), forced expiratory volume in 1 second (study vs
control: -6.40+7.55 vs -0.56+7.70; p=0.023 ) and general health scale of SF-36 (study
vs control: -10.69+ 21.19 vs 29.67+58.23; p=0.011).

In conclusion, this study demonstrated the positive effect on type 2 female
diabetic patients after continue practiced tai-chi exercise.
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BLOOD PRESSURE/ FORCED VITAL CAPACITY/
FORCED EXPIRATORY VOLUME IN 1 SECOND/
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CHAPTER I
INTRODUCTION

Diabetes mellitus is a group of metabolic diseases characterized by
hyperglycemia resulting from defects in insulin secretion, insulin action, or both. Type
2 diabetes, the most prevalent form of the disease, is often asymptomatic in its early

stages and can remain undiagnosed for many years.

The chronic hyperglycemia of diabetes is associated with long-term
dysfunction, damage, and failure of various organs, especially the eyes, kidneys,
nerves, heart, blood vessels, and quality of life (1-4). Individuals with undiagnosed
type 2 diabetes are also at significantly higher risk of stroke, coronary heart disease,
and peripheral vascular disease than the nondiabetes. They also have a greater
likelihood of having dyslipidemia, hypertension, and obesity. Early detection and

prompt treatment may reduce the burden of diabetes and its complications.

The estimated prevalence of diabetes among adults was 7.4% in 1995; this is
expected to rise to about 9% in 2025. However, specific population subgroups have a
much higher prevalence of the disease than the population as a whole. These
subgroups have certain attributes or risk factors that either directly cause diabetes or
are associated with it.

The correlation of risk factor with development of diabetes is never 100%.
However, the greater the number of risk factors an individual presents, the greater
chance of developing or having diabetes that individual is. Conversely, the chance of
an asymptomatic individual without any risk factors for having or developing diabetes

is relatively low.
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The risk of developing type 2 diabetes increases with age, obesity, and lack of
physical activity (5). Type 2 diabetes is more common in individuals with a family

history of the disease and in members of certain racial/ethnic groups.

In 1979, the National Diabetes Data Group classified diabetes mellitus by
clinical presentations as 2 types: insulin-dependent diabetes mellitus (type I, IDDM)
and noninsulin-dependent diabetes mellitus (type I, NIDDM).

In 1997, the new classifications of diabetes mellitus are 4 types: type 1
(formerly called type I, IDDM or juvenile diabetes), type 2 (formerly called type I,
NIDDM or adult-onset), other specific type (formerly called MODY or maturity-onset

diabetes in youth) and gestational diabetes mellitus.

The best screening and simplification of diagnostic criteria for diabetes are
fasting plasma glucose that the new cut point for fasting plasma glucose level is 126
mg/dl or higher [formerly cut point was140 mg/dl or higher] (6).

The survey in Thailand, 1996, found that diabetes caused aging women to
death 2.3% (7).The combination of management in diabetic patients (medicines, diet
control, and exercise) yield the best result in diabetic patients. Stress can raise blood

glucose, so regular exercise, relaxation and breathing exercisecan reduce stress (8).

Many exercises are beneficials to diabetic patients. For example, insulin
sensitivity improves plasma glucose and stress reduces after exercise (9). Nevertheless,

precautions for exercise in diabetic patients are hypoglycemia and hyperglycemia (1).

Tai-chi is also named to as Tai chi chuan or taijiquan. Tai chi is a traditional
Chinese conditioning exercise, which its roots are in the martial art. Centuries millions
years of the Chinese are practice tai-chi’s flowing, meditative movements to cultivate
and maintain health and well-being tai chi has been found to be suitable for older
people and patients with chronic exercise.
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The basic tai-chi exercise is a series of graceful movements linked together in
continuous sequence lower center of gravity (COG; knees and hips held in flexion).
During the performance of tai-chi, deep breathing and mental concentration are
required to achieve harmony between body and mind. In the session of tai-chi
performs have warm-up, exercise, and cool-down. Tai-chi exercise can be improves

physical and mental health (10).

Previous studies have shown tai-chi to be beneficial to the cardiopulmonary

system, flexibility muscle strength, and body composition (11-17).

1.1  Purpose of the study
General Objective

The purpose of the study was to investigate the changes in heart rate (HR),
systolic blood pressure(SBP), diastolic blood pressure (DBP), knee extensor muscle
endurance (KE), forced vital capacity (FVC), forced expiratory volume in 1 second
(FEV»), fasting plasma glucose (FPG), and SF-36 scores after 8 weeks tai-chi exercise
program. The subjects were female type 2 diabetic patients, 40 years and over. They
were recruited from Siriraj Hospital. There were divided into the control and study
groups.

Control group — the patients who received routine care

Study group — the patients who received routine care and home exercise

program (tai-chi).

Specific objectives

1. To compare the heart rate, systolic and diastolic blood pressure, knee extensor
muscle endurance, forced vital capacity (FVC), forced expiratory volume in one
second (FEV3), fasting plasma glucose (FPG) and SF-36 score between pre- and post-
exercise in control and study groups.

2. to compare percent change the heart rate, systolic and diastolic blood pressure,
knee extensor muscle endurance, forced vital capacity (FVC), forced expiratory
volume in 1second (FEV3), fasting plasma glucose (FPG) and SF-36 score between

control and study groups.
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1.2 Hypotheses of the study

1. There would be a significant difference in all parameters except systolic and
diastolic blood pressure in diabetic patients comparing between pre- and post- exercise
in control and study groups.

2. There would be a significant difference in all parameters except systolic and
diastolic blood pressure in diabetic patients comparing between control and study

groups.

1.3 Scope of the study

This study was to investigated the effect of tai-chi exercise on female diabetic
patients (type 2 diabetic) aged of 40 and over. Heart rate, systolic blood pressure,
diastolic blood pressure, forced vital capacity, forced expiratory volume in 1 second,
knee extensor endurance, fasting plasma glucose and quality of life score were

investigated at pre- and post-exercise program.

14 Parameters

The following variables were investigated in this study:
heart rate

blood pressure (systolic and diastolic blood pressure)
forced vital capacity

forced expiratory volume in 1 second

knee extensor muscle endurance

fasting plasma glucose

SF-36 scores

N o g s~ w D oE

1.5  Advantages of the study

1. The results of this study would provide beneficial information of many
parameters in type 2 diabetic women.

2. The application of tai-chi exercise would be recommended as an adjunctive
therapy to conventional training to improve physical and mental health in patients with
type 2 diabetes.
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CHAPTER II
LITERATURE REVIEW

2.1 Diabetes mellitus
Definition of Diabetes Mellitus (DM)

Diabetes means that the body is more excretes more water or urine than normal.
Mellitus means honey. Therefore, diabetes mellitus (DM) means the disease that the
taste of urine likes honey. DM decreases insulin production or target cell failed to
response to insulin. The insulin disorder causes of the carbohydrate, protein, and lipid
metabolism disorder, especially carbohydrate metabolism. The carbohydrate

metabolism is controlled by insulin.

Causes of DM (18)

. Hormonal disorder

o Disorder of insulin secretion

o Lack or decrease the numbers of beta cell decrease insulin receptor
o Disorder of insulin production

o Liver disease

o Stress

o Drugs

o Lack of exercise

Risk factors for diabetes include family history of diabetes, body mass index
greater than 25 kg. per m’, sedentary lifestyle, hypertension, dyslipidemia, history of
gestational diabetes or large-for-gestational-age infant, and polycystic ovary syndrome.
Black, Latin American, Native American, and Asian-Pacific Islanders also are at

increased risk for diabetes. Medications are not as effective as lifestyle change (16).

Brekke in 2005 studied the long-term effect of a lifestyle intervention on non-

diabetic first-degree relatives of type 2 diabetic patients. Positive change in lifestyle,
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blood lipids and fasting insulin can be achieved and maintained in a non-diabetic

population at risk of type 2 diabetes after 2 years (19).

Classification of diabetes

In 1997, an international expert committee released a report with new
recommendations for classification and diagnosis of DM. These new
recommendations were the results of more than 2 years collaboration among experts
from the American Diabetes Association and the World Health Organization (WHO).
The new classifications system classified 4 types of DM.

1. Type 1 DM (formerly called type I, IDDM or juvenile diabetes) is
characterized by beta cell destruction caused by autoimmune process, usually
leading to absolute insulin deficiency. The onset is usually acute, developing
over a period of a few days to weeks. Over 95% of person with type 1
develop the disease before the age of 25, with an equal incidence in both
sexes and increased prevalence in the White populations.

2. Type 2 DM (formerly called type II, NIDDM, or acute-onset) is
characterized by insulin resistance in peripheral tissue and insulin secretary
defect of beta cell. The most common form of DM and is highly associated
with a family history of diabetes, older age, obesity and lack of exercise. It is
more common in women, especially these with a history of gestational
diabetes.

3. Other specific types (formerly called maturity-onset diabetes in young,
MODY) is type of diabetes of various known etiology. This group includes
person with genetic defects of beta cell function or with defects of insulin
action, persons with disease of the exocrine pancreas, such as pancreatitis or
cystic fibrosis, and persons with pancreatic dysfunction caused by drugs,
chemicals or infections.

4. Gestational DM is operational classification-identifying women who
develop DM during gestation. However, most women classified with
Gestational DM have normal glucose homeostasis during the first half of
pregnancy and develop a relative insulin deficiency during the last term of

pregnancy, leading to hyperglycemia. The hyperglycemia resolves in most
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women after delivery but places them at increased risk of developing type DM

in later life.

Diagnosis of diabetes
The new diagnostic criteria for DM has been greatly simplified. The oral
glucose tolerance test previously recommended by the Nation Diabetes Data Group
has been reported with the recommendation that diagnosis of DM based on fasting
plasma glucose level of over 126 mg/dl. Other options for diagnosis include 2-hour
postprandial plasma glucose (ZhrPPG) reading of 200 mg/dl or higher after glucose
load for 75 g. The measurement of the FPG level is preferred to diagnostic test, but
any combination of two abnormal test results can be used. The FPG was selected as a
primary diagnostic test because it predicts adverse outcome as well as 2hrPPG test.
However, it is more reproducible than the oral glucose tolerance test (or 2hrPPG test)
and is easier to perform in clinical setting.
Plasma glucose concentration
1. Diabetes mellitus (20)
e FPG > 126 mg/dl (11.1 mmol/l)
e 2hrPPG > 200 mg/dl (11.10 mmol/l) after 75 g. glucose load
2. Impaired glucose tolerance
e FPG 110-125 mg/dl (6.10-7.00 mmol/l)
e 2hrPPG 140-199 mg/dl (7.75-11.00 mmol/1)
3. Normal
e FPG <110 mg/dl (6.10 mmol/l)
e 2hrPPG <140 mg/dl (7.75 mmol/l)

Pathophysiology of type 2 DM
In this literature review is focus only type 2 DM. Patients with type 2 DM by
insulin deficiency or insulin resistance or both of them.
e Insulin deficiency
Fasting plasma glucose may be normal or high. If the patients are aggravated by
glucose such as oral glucose tolerance test and after meal, the insulin secretion is

disorder. First phase of insulin secretion is a problem in diabetic patients because in
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this phase, insulin secrete very slow or cannot secretion. In second phase, the secretion
is depending on level of fasting plasma glucose. (FPG < 200 mg/dl: normal secretion,
FPG >200-250 mg/dl: secretion very slow, FPG very high: insulin cannot secretion)
e Insulin resistance
Type 2 DM, who have normal or increase insulin in before or after aggravate
by glucose or dietary, have insulin resistance. The location of insulin resistance is
target tissue; liver, muscle, and lipid. The study of insulin resistance is focus on insulin
receptors. The patients have 2 types of insulin receptors disorder; 1) decrease the
numbers of insulin receptors 2) post-receptor defect that develops diabetes. Insulin
receptor is decrease that find in patients with mild diabetes (FPG<160mg/dl) and port-
receptor defect that find in patients who have FPG>160mg/dl.
Insulin deficiency or insulin resistance is lead to 3 pathophysiologies;
Increase glucose product in liver
Decrease glucose uptake in liver
Decrease the using glucose in target tissue
The distribution of impaired glucose metabolism differs by sex. the
observation that impaired fasting glucose (IFG)is more prevalent in men and impaired
glucose tolerance (IGT) is more prevalent in women raise important questions about
their underlying etiology and ability of the current glucose thresholds to equally

identify men and women at high-risk of developing diabetes (7).

Management of DM (21, 22)
e Dietary control
e Exercise
e Diabetic education

e Hypoglycemic agent

2.2 Exercise in diabetes
Exercise is means the contraction of skeletal muscle. The contractions of
skeletal muscles are using the energy from glycogen, glucose, and fatty acid,

respectively.
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The source of energy is controlled by hormone (insulin, glucagons, growth
hormone, cortical, and catecholamine) that depend on duration, intensity, dietary, and
cardiopulmonary fitness. Glucose using is the most source of energy by oxidation via
pyruvate dehydrogenase and Krebs’s cycle. The end produce of this process is CO,. If
oxygen supply is deficit or limit oxidative capacity, glucose will be changed to
pyruvate and lactate. Lactate in this process in transport to the liver and some lactate is

used for glucose production by gluconeogenesis.

After exercise beginning, cardiovascular system is change at first: increase
cardiac output and blood supply to muscles that are contraction. The second change is
hormone adaptation: decrease insulin level during increase counter regular hormones
that cause of energy production by increase releasing of free fatty acid to circulation

glycogenolysis and gluconeogenesis. Glucose level is constant during exercise.

Exercise prescription for diabetes that think of general health, current diet and
drug regimen and body weight of patients. Most of type 2 DM patients are elderly that
usually have to other disease or complication from long-time of diabetes (23). Before
exercise, patients should check health status. If the patients have not disease or
condition that obstructs exercise, the patients can start the exercise program. Exercise
program should be suitable for elderly patients. In patients who use insulin injection
not injects at arm or leg in exercise day and should not exercise in peak insulin activity
because plasma glucose is more decrease. Therefore, patients who use drug may be
decrease dose of drug after regular exercise. The hypoglycemia may be occurring in

long during and severe intensity (24).

Potential adverse effects of exercise in type 2 diabetes (25)
Cardiovascular
Cardiac dysfunction and arrhythmias due to ischemic heart disease (often silent)
Excessive increments in blood pressure during exercise
Postexercise orthostatic hypotension
Microvascular

Retinal hemorrhage,
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Increase proteinuria

Acceleration of microvascular lesion
Metabolic

Worsening of hyperglycemia and ketosis

Hypoglycemia in patients on insulin or sulfonylurea therapy
Musculoskeletal and traumatic

Foot ulcers (especially in presence of neuropathy)

Orthopedic injury related to neuropathy

Accelerated degenerative joint disease

Eye injuries and retinal hemorrhange

Table 2.1 Summary of exercise recommendations for patients with type 2
diabetes (25)

Screening Search for vascular and neurological complications
including silent ischemic heart disease
Stress electrocardiogram in patients > 35 years old

Exercise program

Type Aerobic

Intensity 50-70% of maximum aerobic capacity
Duration 20-60 min

Frequency 3-5 times/week

Avoid complication Warm up and cool down

Careful selection of exercise type and intensity
Patient education
Monitoring of blood glucose by patient and
overall program by medical personnel
Compliance Make exercise enjoyable
Convenient location
Positive feedback from involved medical personnel

and family
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Table 2.2 The relationship between diabetic patients and insulin level (22)

insulin
Metabolic change during exercise insulin excess deficiency
Hepatic glucose production ! 1
Muscular glucose utilization 1 1 or —
Plasma glucose concentration ! 1
Free fatty acid production ! 1

Summary benefits and risk of exercise in diabetes (21, 22, 26)
Benefits;
e Increase insulin sensitivity
e Decrease cardiovascular risk factors:
Decrease cholesterol, LDL-cholesterol, and triglyceride
Increase HDL-cholesterol
e Decrease blood pressure
e Decrease cardiac work: decrease resting and exercise heart rate
e Improve peripheral circulation
e Increase oxygen transport by increase 2-3 diphosphoglycerate and decrease
blood viscosity
e Increase efficiency for lipid using and increase oxidative capacity in muscle
e Increase physical work capacity
e Increase sense of well-being and quality of life
e Adjunct to diet for weight reduction
Risks;
e Hypoglycemia during or after exercise in diabetes who taking insulin
e Increase plasma glucose in poorly controlled diabetes (may induce DKA in
typel DM)
e Complications of atherosclerotic cardiovascular disease:
e Myocardial infarction, arrhythmia, and sudden death

e Degenerative change joint disease
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e Soft tissue injury

e Worsening of diabetic complications

2.3 Effects of exercise on diabetes

Jette in 1984 (27) reviewed the physiological effects of exercise in diabetic
subjects. The fiber type distribution in skeletal muscle was the same in diabetic
subjects as in nondiabetic subjects, but the slow twitch and fast twitch type b fibers
were larger in diabetics, and the number of capillaries per fiber have shown to increase

in diabetic subjects participating in aerobic training.

Maiorana in 2001(28) examined the effect of eight weeks of exercise training
on conduit and resistance vessel function in patients with type 2 diabetes. The study
indicates that an exercise program improves indices of glycemic control, aerobic
exercise tolerance and conduit, and resistance vessel endothelial vasodilation in
patients with type 2 diabetes. The latter findings have particularly important clinical
significance in diabetes; improvement in endothelial function often parallels
antiatherogenic benefits, and vascular complications account for most deaths in type 2
diabetic patients. The study supports the value of an exercise program in the

management of type 2 diabetes.

Stewart in 2002 (29) reviewed the available evidence and plausible
mechanisms by which exercise training many improve the cardiovascular health of
persons with type 2 diabetes and hypertension and provides practical guidelines for
exercise prescription. Type 2 diabetes and hypertension result in abnormalities in
central and peripheral parameters of cardiovascular structure and function. Evidence
for an exercise training benefit is strongest for improvements in endothelial
vasodilator function and reduction of left ventricular diastolic function. The data for
exercise training’s improvement of arterial stiffness and system inflammation and
reduction of left ventricular mass are less robust. Exercise training also reduces total
and abdominal fat. These changes in body composition mediate improvements in
insulin sensitivity and blood pressure and may improve endothelial vasodilator

function.
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Li in 2003 (30) reviewed benefit and risk exercise on myocardial function in
diabetes. Regular physical activity promotes cardiorespiratory fitness and has been
considered a cornerstone for non-pharmacological treatment of more than 17 million
Americans with diabetes. Physical exercise has been shown to positively affect certain
cardiovascular risk factors such as insulin resistance, glucose metabolism, blood

pressure and body fat composition, which are closely with diabetes and heart disease.

Yakoyama in 2004 (31) investigate whether: 1) aerobic exercise decrease
arterial stiffness and 2) reduction in arterial stiffness is associated with improvement in
insulin resistance in type 2 diabetes. A 3-week exercise protocol including ergometer
and walking. Short-term aerobic exercise significantly decreased arterial stiffness in
both common carotic and femoral arteries, and reduction of stiffness was associated

with improvement of insulin resistance in type 2 diabetes.

Jurca in 2004 (32) examined sedentary postmenopausal women in a
ramdomized controlled trial who were assigned to exercise or control groups. The
exercising women performed 8 weeks of aerobic exercise training at a heart rate
equivalent to 50% of VO,max consisting on average of 44 minutes per session , 3 to 4
times per week. Resting heart rate variability was measured in each participant at
baseline and after 8 weeks of intervention. After 8 weeks, women randomly assigned
to the exercise group increased all absolute time and frequency domain indexes and

reduced resting heart rate compared with women in control group.

Spadacini in 2006 (33) found during exercise baroreflex control is active on
blood pressure, but the efferent response on blood pressure and heart rate is only
detected during low frequency stimulation, indicating a frequency-dependent effect.
The fact that blood pressure and heart rate both increase during exercise suggests that

baroreflex control is greatly reduce (34, 35).

Woo in 2006 were determine whether changes in oxygen efficiency occur with
aging or exercise training in healthy young and older subjects. The study presented

that older age is associated with decreased exercise efficiency and an increase in the
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oxygen cost of exercise, which contribute to a decreased exercise capacity. These age-
related changes are reversed with exercise training, which improves efficiency to

greater degree in the elderly than in the young (36).

Various lung function abnormalities have been described in type 1 diabetes
subjects. For example, some type 1 diabetic subjects have reduced lung volumes,
reduced elastic recoil, and reduced diffusing capacity. The decreased lung function
observed in both type 1 and type 2 diabetic subjects has commonly been explained by
the mechanism of glycosylation of proteins such as collagen in the lungs and chest
wall, the postulated process by which hyperglycemia leads to development of long-
term diabetic complications in other organs (37). Smoking was impact on pulmonary
function in diabetic patients (38). Although few studies have been conducted in type 2
diabetes, the weight of the evidence appears to point to lower lung function indices in

these subjects compared with non-diabetic subjects.

Lange in 1990 (39) found that subjects who developed diabetes during a 5-year
period of follow-up had the steepest declines in lung function compared with non-
diabetic subjects, whereas those who had diabetes at the beginning of the period of
observation did not have significantly greater declines in lung function compare with
non-diabetic subjects. Their follow-up study over 15 years did not detect any

differences in lung function decline between diabetics and non-diabetics.

Davis in 2000 determined whether diabetes is associated with reduced lung

function. Pulmonary function is reduced in type 2 diabetes (40).

Litonjua in 2005 (41) conducted this analysis to determine whether diabetic
subjects have different rates of lung function change compared with non-diabetic
subjects. Cases had lower forced expiratory volume in 1 second (FEV)) and forced
vital capacity (FVC). The results confirmed these previous studied and found that lung
function in diabetic subjects in their cohort was diminished when compared with non-

diabetic subjects.
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Fenicchia in 2004 evaluated the effected of acute and chronic resistance
training on glucose and insulin response to a glucose load in women with type 2
diabetes. Exercise training consisted of whole body resistance exercise program using
weight-lifting machines 3 days per week for 6 weeks. An acute bout of resistance
exercise was effective in improving integrated glucose concentration, including
reducing peak glucose concentrations in women with type 2 diabetes, but not aged
matched controls. There were no significant changes in insulin concentrations for
either group. Resistance exercise offers an alternative to aerobic exercise for

improving glucose control in diabetic patients (42).

Ugur-Altun in 2005 studied the relationship between exercise capacity and
metabolism and metabolic variables in unselected consecutive asymptomatic middle-
aged type 2 diabetic patients. The study demonstrated reducing exercise capacity was
associated with increased insulin resistance in asymptomatic middle-aged type 2

diabetic patients (43).

Patients with diabetes experience substantial emotional distress associated with
various issues, including strict dietary requirements, restriction in work and other
activities, worries about long-term complications, and so forth (44, 45). Previous
studies of self-related health have found that people with diabetes score lower than
individuals without the diabetes (46). Many studies have found that diabetes
complications have a negative impact on the self-related health status of people with

diabetes (47-49).

Gulliford and Mahabir in 1999 (50) were to estimate the effect of greater
symptom severity in diabetes on measures of health-related quality of life. Their
results provide standardised data for health related quality of life in relation to severity

of illness from diabetes.

Ahroni and Boyko in 2000 (51) were examining the responsiveness of the
Medical Outcomes Study 36-item Short Form (SF-36) to development of diabetic

complications over time. The development of any renal complication was related to
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decrements in five SF-36 (GH, PF, SF, RP, VT) while the appearance of any
neuropathy complication was associated with decline in four SF-36 scales (GH, PF,
PR, VT). These results imply that six of the SF-36 scales are responsiveness to
development of diabetes complications over time among elderly veterans, supporting
their use in longitudinal research, Renal and neuropathy complications have the

greatest effects on the SF-36.

2.4 Tai-chi exercise
Definition of tai-chi

Tai-chi is a famous form of Chinese martial art. Tai-chi is same as taiji, tai chi
chuan and tai chi quan in Western concept. In Chinese concept, TC is serious martial
art demanding great effort and endurance. The term Tai-chi means the cosmos, and

quan means fist techniques.

Typical form of tai-chi

Tai-chi combines deep diaphragmatic breathing and relaxation with slow and
gentle movements, both isometric and isotonic muscular contraction, while maintain
good posture. Tai-chi is designed to promote a smooth and balance flow of energy
throughout the body and become popular among Chinese elders who wish better
control bodily movements and to be more aware of the space though which they move
during practice or in real life situation. In terms of metabolic demands, Tai-chi is
approximately equivalent to walking 6 km/hr produces. Tai-chi involves stepping with

full weight bearing on both lower extremities.

2.5 Effect of tai-chi exercise

Tai-chi is many benefits for regularly practice. It improves postural balance,
muscular strength and endurance, coordination, and feel of well-being (10, 13, 14, 53-
59).

Jones in 2005 (60) to establish whether the reported beneficial physiologic
effects of tai chi when performed under stringent experimental conditions can be
generalized to the community. A community-based tai-chi program (12 weeks) was

feasible and potentially economical as a public health initiative. Tai-chi is widely
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accepted in Asia and increasingly in West as a health-promoting activity they can be
practiced at any age in setting and requires no equipment. The potential cost

effectiveness of tai-chi makes an ideal choice for public health initiatives globally.

Young in 1999 (12) compared the effects on blood pressure of a 12-week
moderate-intensity aerobic exercise program and tai-chi program of light activity.
Program of the moderate intensity aerobic exercise and tai chi exercise may have

similar effects on blood pressure in previously sedentary older individuals.

Wong in 2001 (61)evaluated the effects of coordination exercise on postural
stability in elderly. The elderly who regularly practiced tai chi showed better postural
stability in the more challenged conditions than those who do not. Tai-chi exercise as a
coordination exercise may reduce the risk of a fall through maintaining the ability of

posture control.

Lan in 2000 (53) evaluated the training effect of tai-chi program on knee
extensor muscular strength and endurance in elderly individual. The study showed tai-

chi training might improve muscular strength and endurance of knee extensors.

Jancewicz in 2001 (62) reviewed focuses on the increasing evidence of tai-chi
as an exercise activity which can improve fitness, and that with regular application can
lead to increase in functional abilities, coordination, joint mobility and improve self-

esteem and confidence.

Li in 2003 (11) was studied physical function that showed tai-chi participants
with lower levels of physical function at baseline was more benefited than those with
higher physical function levels. The main outcome measure was self-reported physical

function.

Tsang in 2004 (54, 63) investigated the effects of long-term tai chi exercise on

balance control. Tai chi practice group improved balance control in the elderly



Wantanee Yodchaisarn Literature Review / 18

population when there was an increased reliance on visual and vestibular systems

during stance.

Wu in 2004 (64) studied quantitatively characterize the spatial, temporal, and
neuromuscular activation patterns of tai-chi gait. The qualification of tai-chi gait

movement is effects on balance, flexibility, strength and health.

Zhang in 2005 (13) reported the investigate the effect of 8§ weeks of intensive
tai chi chuan training on physiological function and fear of falling. The study group
showed significant reduce fear of falling, improvements in balance and flexibility,

when compared with the control group after intervention

Yeh in 2004 (14) studied effects of tai chi in patients with chronic heart failure.
At 12 weeks of tai chi training, patients in the tai chi group showed improved quality-
of-life scores, increased distance walked in 6 minutes and decreased serum B-type
natriuretic peptide levels that comared with patients in the control group. A trend

toward improvement was seen in peak oxygen uptake.
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CHAPTER IlI
MATERIALS AND METHODS

3.1 Subjects

The subjects in this study were type 2 female diabetic patients within aged of
40 years old and over. The patients were voluntarily participated and divided into the
control and study groups.

Control group — the patients who received routine care

Study group — the patients who received routine care and home exercise

program (tai-chi exercise).

3.1.1 Inclusion criteria
The type 2 female diabetic patients were included in this study if they
1. Aged 40 years and over
2. Fasting plasma glucose 126-180 mg/dl.
3. Body mass index < 30 kg/m?
4. Never been tai-chi practice
5. Understand Thai language
3.1.2 Exclusion criteria
The type 2 female diabetic patients were excluded from this study if they
1. had history of musculoskeletal problem that obstruct exercise such
as pain during exercise
had history of cardiovascular problem that obstruct exercise
had history of pulmonary problem that obstruct exercise
had history of neurological problem that obstruct exercise
had history of liver or pancreas disease

had history of alcoholism

N g s~ w D

hypertension (>160/105 mmHg.)
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3.1.3 Withdrawal criteria

The type 2 female diabetic patients were withdraw in this study

1. Subjects in control group who were received TC exercise during study.

2. Subjects in study group who were received another exercise during study.

3. Subjects in study group who were lost of practice over 20% of exercise
program.

Subjects were asked to complete an informed consent form prior to

participation.

3.2 Instrumentation and Data Collecting Form

3.2.1 Instrumentation
The instruments in this study were included

e CASIO Stopwatch HS-3V (IRDT 011Q05, China)(Figure 3.1)

e Mercury sphygmomanometer — Baumanometer desk model (BY7122, USA)
(Figure 3.2)

e Spirit Stethoscope (A605T,US) (Figure 3.2)

e Hand-held dynamometer (Figure 3.3)

e Table (Figure 3.4)

e Sandbag (100, 500, 1,000, 1,500 grams) (Figure 3.1)

e Spirometer (Figure 3.5)

e Plasma glucose monitor (Accu-Chek Advantage) (Figure 3.6)

e Videotape and television monitor

.=

Figure 3.1 Stopwatch and Sandbag
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Figure 3.4 Table



Wantanee Yodchaisarn Materials and Methods / 22

Figure 3.5 Spirometer

Figure 3.6 Plasma glucose monitor

3.2.2 Data Collecting Form

Thai version of the SF-36 questionnaire

The SF-36 quality of life questionnaire (Thai version) was used to evaluate the
effect of tai-chi exercise program on quality of life before and after training. The
questionnaire consists of 36 items that cover nine aspects of quality of life (physical
functioning, role-limitations due to physical problems, social functioning, bodily pain,
general mental health, role limitation due to emotional problems, vitality and general

health perceptions.)
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Scale Items
Physical Functioning 3.1-3.10
Role-Physical 4.1-4.4
Bodily Pain 7,8
General Health 1,11.1-11.4
Vitality 9.1,95,9.7,9.7
Social Functioning 6, 10
Role-Emotional 5.1-5.3
Mental Health 9.2-9.4,9.6,9.8
Reported Health Transition 2

3.3 Procedure

After the explanation of all process, the subjects signed consent form. The
following parameters were measured heart rate, blood pressure, forced vital capacity,
forced expiratory volume in 1 second, knee extensor muscle endurance, fasting plasma
glucose and SF-36 score at pre- and post-exercise program.

3.3.1 Heart rate

The researcher recorded the numbers of heart rate in 1 minute from radial
pulse.

3.3.2 Blood pressure

The blood pressure was measured blood pressure from brachial artery and the
researcher recorded systolic and diastolic blood pressure.

3.3.3 Forced vital capacity (FVC) and forced expiratory volume in 1
second (FEV;) (65-68)

The forced vital capacity (FVC) and forced expiratory volume in 1 second
(FEV1) were measured by Spirometer. According to the standard procedures of
American Thoracic Society, each spirometer parameter were accepted when variations
between trials fall within less than £+ 5%.

3.3.4 Knee extensor muscle endurance (69-72)

First Step: Selected the dominance leg
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Subjects were asked to kick a football, wrote figure of eight, and touch the
point on the floor. The dominance leg was the side that subjects used to do all
activities.

Second Step: Maximal voluntary contraction of knee extensor muscle

Subjects were asked to extend dominance leg for measure the maximal
voluntary contraction of knee extensor muscle by hand-held dynamometer.

Third Step: Knee extensor muscle endurance

This study used 30% of maximal voluntary contraction of knee extensor
muscle for measurement the knee extensor muscle endurance. Subjects were asked to
hold 30% of maximal voluntary contraction of knee extensor muscle on leg. The
subjects were asked to hold the weight at leg full extension as long as possible. The
holding time was recorded.

3.3.5 Short Form 36 Questionnaire (SF-36) (73, 74)

The subjects were asked to answer the SF-36 questionnaires. The researcher
were explained the definition of each scale. After that, the researcher interviewed the
subjects and recorded the answers of the questionnaire.

3.3.6 Plasma glucose level (75)

Subjects were measured plasma glucose level using by fasting plasma glucose
test, and recorded pre- and post-exercise program. The subjects were asked to fast all

food and water 8 hours before test.

3.4 Exercise procedures

Study group

At first visit, subjects were received an instruction of tai-chi exercise program.
Subjects were asked to perform tai-chi following the videotape and television
monitoring under the researcher’s instruction.

At home, subjects were asked to eat some food before exercise about 20
minutes. Subjects were asked to perform tai-chi following the videotape and combine
with breathing control. Duration of tai-chi was about 22 minutes. Subjects were

instructed to perform 3 times per week for 8 weeks.
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Explanation of objective, process of testing and training

Signed informed consent

Patients were divided into control or study group

Control group

At 1% visit
Pre-test among parameters
(HR, SBP, DBP, KE, FVC, FEV;,
FPG, SF-36)

Study group

8 weeks later : Retest

At 1% visit
Pre-test among parameters
(HR, SBP, DBP, KE, FVC, FEV4,
FPG, SF-36)
Tai-chi exercise

Exercise 3 times per week

8 weeks later : Retest

Statistical Analysis

Figure 3.7 The research procedures
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3.5 Statistical analysis

The statistical analysis of the data was performed by SPSS for Microsoft
Windows release 11.0 program. The level of statistically significant difference for all
analyses will be set up at p-value=0.05 level.

Kolmogorov-Smirnov Goodness of Fit test were used for test normal distribution
of all data.

Independent t-test or Mann-Whitney U test were performed where it is necessary
to determine the difference in the mean value and percentage change of quantitative
general characteristics data, heart rate, systolic blood pressure, diastolic blood pressure,
knee extensor endurance, force vital capacity, forced expiratory volume in 1 second,
fasting plasma glucose and SF-36 score between control and study groups.

Paired t-test or Wilcoxon Singed Ranks test were used to test the difference in
the mean value and percentage change of quantitative general characteristics data,
heart rate, systolic blood pressure, diastolic blood pressure, knee extensor endurance,
force vital capacity, forced expiratory volume in 1 second, fasting plasma glucose and
SF-36 score between pre- and post-exercise in control and study groups.
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CHAPTER IV
RESULTS

Thirty patients who were diagnosed as type 2 female diabetes mellitus and
received routine care at Siriraj Hospital participated in this study. All patients were
divided into two groups, control and study groups. The patients in the control group
(n=27) received routine care and the study group (n=23) received routine care and tai-
chi exercise. Twelve subjects in the control group were defined as drop out; all
persons were loss contact in the 2" visit. Eight subjects in the study group were
defined as drop out; six persons exercised less than 80% of tai-chi exercise program

and two persons were loss contact in the 2" visit.

Pre-exercise program was tested at the first visit and post-exercise program
was tested at the eighth week after the first visit.

4.1 General and clinical characteristics of control and study groups

The general characteristics data, which were tested by Kolmogorov Smirnov
One Sample Test, were normal distribution. There were no statistically significant
difference of age, weight, height and body mass index (BMI) between control and

study groups (p>0.05) (Table 4.1). In Table 4.2 shown clinical characteristics.

Table 4.1 Demographics data of control (n=15) and study groups (n=15)

o Control (n=15) Study (n=15) .
Characteristics p-value
Mean SD Mean SD
Age (yrs) 54.93 7.56 59.67 5.72 0.063
Weight (kg.) 57.40 6.68 | 160.07 | 5.07 0.836
Height (cm.) 159.67 | 5.69 58.0 4.73 0.784
BMI (kg/m?) 22.54 2.59 22.68 2.30 0.873

Note: BMI = Body Mass Index, t = p-value from Independent t-test
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Table 4.2 Qualitative general and clinical characteristic data of control and study

groups
Number of case
Characteristic data
Control Study
Gender
o female 15 15
Years of DM
o 15 2 4
e 6-10 5 7
e >15 8 3
Underlying disease
e Hypertension 11 9
e Cardiovascular disease 2 1
e Dyslipidemia 8 10

4.2 Comparison of mean values of heart rate, systolic blood pressure, diastolic
blood pressure, knee extensor muscle endurance, forced vital capacity, forced
expiratory volume in 1 second, fasting plasma glucose and SF-36 scores between
control and study groups pre-exercise program

Heart rate, systolic blood pressure, diastolic blood pressure, knee extensor
muscle endurance, forced vital capacity, forced expiratory volume in 1 second, fasting
plasma glucose and SF-36 score were tested at the first visit. Table 4.3 showed the
comparison of mean values of heart rate, systolic blood pressure, diastolic blood
pressure, knee extensor muscle endurance, forced vital capacity, forced expiratory
volume in 1 second, fasting plasma glucose and SF-36 score between control and
study groups pre-exercise program. The results revealed that there were no statistical
differences (p>0.05) except fasting plasma glucose and social functioning scale (SF-
36).
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Table 4.3 Comparison of parameters between control and study groups pre-exercise

program
Darameters Control (n=15) Study (n=15)

Mean SD Mean SD p-value

HR 75.47 4.34 73.93 5.48 0.403"

SBP 125.73 7.55 122.40 11.37 0.352°

DBP 79.20 3.99 79.60 6.42 0.893"

KE 154.33 41.33 168.87 66.52 0.478"

FVC 1.75 0.10 1.81 0.18 0.224"

FEV 1.45 0.10 1.48 0.16 0.551 "
FPG 144.47 7.54 158.6 15.75 0.005 ' *

PF 89.70 12.02 92.00 9.41 0.559

RP 93.33 14.84 95.00 10.35 0.929 "

BP 84.13 21.48 86.67 21.31 0.622"

GH 54.93 24.47 55.93 15.66 0.895"

SF-36 | VT 68.33 14.10 68.33 15.31 1.000 °
SF 85.33 16.95 97.50 7.01 0.010 " *

RE 93.33 13.80 91.11 15.26 0.671"

MH | 7493 14.14 80.80 9.47 0.193"

RHT 2.60 1.06 2.07 0.88 0.145"

Note: HR = heart rate, SBP = systolic blood pressure, DBP = diastolic blood pressure,
KE = knee extensor endurance, FVC = forced vital capacity,
FEV = forced expiratory volume in 1 second, FPG = fasting plasma glucose,
SF-36 = Rand Short Form, 36
PF = physical functioning, RP = role-physical, BP = bodily pain,
GH = general health, VT = vitality, SF = social functioning,
RE = role-emotional, MH = mental health, RHT = reported health transition
t = p-value from Independence t-test, u = p-value from Mann-Whitney U test
* = statistically significant at p>0.05
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4.3 Comparison of mean values of heart rate, systolic blood pressure, diastolic
blood pressure, knee extensor muscle endurance, forced vital capacity, forced
expiratory volume in 1 second and fasting plasma glucose between pre- and post-
exercise program in control and study groups

Heart rate, systolic blood pressure, diastolic blood pressure, knee extensor
muscle endurance, forced vital capacity, forced expiratory volume in 1 second and
fasting plasma glucose were tested at pre- and post-exercise program. Table 4.4
showed the comparison of mean values of these parameters between pre- and post-
exercise program in control and study groups. The results were shown in Table 4.4 and
Figure 4.1-4.7. In the control group, the mean values of systolic and diastolic blood
pressure at post-exercise were significantly higher than pre-exercise (p<0.05). In the
study group, the mean values of heart rate, knee extensor muscle endurance, forced
vital capacity and forced expiratory volume in 1 second at post-exercise were

significantly higher than pre-exercise (p<0.05).

Table 4.4 Comparison of heart rate, systolic blood pressure, diastolic blood pressure,
knee extensor muscle endurance, forced vital capacity, forced expiratory volume in 1
second, and fasting plasma glucose between pre- and post-exercise program in control
and study groups

Control group
Parameters Pre-exercise Post-exercise p-value '
Mean SD Mean SD

HR 75.47 4.35 76.00 4.80 0.274
SBP 125.73 7.55 124.40 6.73 0.004*
DBP 79.20 3.99 78.40 3.87 0.014 *

KE 154.33 41.33 148.60 43.46 0.186
FVvC 1.75 0.10 1.72 0.12 0.083
FEV: 1.45 0.10 1.47 0.18 0.365
FPG 144.47 7.54 142.33 15.59 0.327

Note: t = p-value from Paired t-test

* = statistically significant at p<0.05
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Table 4.4 Comparison of heart rate, systolic blood pressure, diastolic blood pressure,
knee extensor muscle endurance, forced vital capacity, forced expiratory volume in 1
second, and fasting plasma glucose between pre- and post-exercise program in control

and study groups (cont.)

Study group
Parameters Pre-exercise Post-exercise p-value '
Mean SD Mean SD
HR 73.93 5.48 71.60 4.80 0.001*
SBP 122.40 I 121.33 6.73 0.109
DBP 79.60 6.42 79.20 3.87 0.284
KE 168.87 66.52 256.67 43.46 0.000*
FVC 1.81 0.16 1.98 0.12 0.000*
FEV; 1.48 0.16 1.58 0.18 0.002*
FPG 158.60 55 154.93 15.59 0.267
Note: t = p-value from Paired t-test
* = statistically significant at p<0.05
Comparison of Heart Rate
between Pre- and Post- in Control and Study Groups
90.00
E 85.00 x
£ 80.00
7 O control
g 75.00 1 study
y 70.00
T 65.00
60.00
pre post trial

Note: pre = pre-exercise program = the first visit
post = post-exercise program = the eighth week after the first visit

Figure 4.1 Mean values and standard deviation of heart rate of control and study

groups.
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Comparison of Systolic Blood Pressure
between Pre- and Post- in Control and Study Groups

140.00 *
135.00 - =
130.00 :
125.00 T
120.00 L
115.00
110.00
105.00
100.00
95.00
90.00

O control
study

SBP (mmHg)

pre post trial

Note: pre = pre-exercise program = the first visit
post = post-exercise program = the eighth week after the first visit
Figure 4.2 Mean values and standard deviation of systolic blood pressure of control

and study groups.

Comparison of Diastolic Blood Pressure
Pre- and Post- in Control and Study Groups
90.00
> *

~ 85.00
(@] A
2 \
€ 80.00 o control
é study
a 7500 +— -+ L
o)
0O 70.00

65.00
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Note: pre = pre-exercise program = the first visit
post = post-exercise program = the eighth week after the first visit
Figure 4.3 Mean values and standard deviation of diastolic blood pressure of control

and study groups.
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Comparison of Knee Extensor Endurance
between Pre- and Post- in Control and Study Groups
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Note: pre = pre-exercise program = the first visit
post = post-exercise program = the eighth week after the first visit
Figure 4.4 Mean values and standard deviation of knee extensor muscle endurance of

control and study groups.

Comparison of Forced Vital Capacity
between Pre- and Post- in Control and Study Groups
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Note: pre = pre-exercise program = the first visit
post = post-exercise program = the eighth week after the first visit
Figure 4.5 Mean values and standard deviation of forced vital capacity of control and

study groups.
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Comparison of Forced Expiratory Volume in 1 Second between
Pre- and Post- in Control and Study Groups
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Note: pre = pre-exercise program = the first visit
post = post-exercise program = the eighth week after the first visit
Figure 4.6 Mean values and standard deviation of forced expiratory volume in 1

second.

Comparison of Fasting Plasma Glucose
between Pre- and Post- in Control and Study Groups
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Note: pre = pre-exercise program = the first visit
post = post-exercise program = the eighth week after the first visit
Figure 4.7 Mean values and standard deviation of fasting plasma glucose of control

and study groups.
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4.4 Comparison of the percentage change of mean values of heart rate, systolic
blood pressure, diastolic blood pressure, knee extensor muscle endurance, forced
vital capacity, forced expiratory volume in 1 second, and fasting plasma glucose
between control and study groups post-exercise program

Heart rate, systolic blood pressure, diastolic blood pressure, knee extensor
muscle endurance, forced vital capacity, forced expiratory volume in 1 second and
fasting plasma glucose were retested at the eighth week after the first visit. The results
were shown in Table 4.5 and Figure 4.8. The percentage change of heart rate, knee
extensor muscle endurance, forced vital capacity and forced expiratory volume in 1

second in the study group were significantly higher than in the control group (p<0.05).

Table 4.5 Comparison of the percentage change of mean values of heart rate, systolic
blood pressure, diastolic blood pressure, knee extensor muscle endurance, forced vital
capacity, forced expiratory volume in 1 second and fasting plasma glucose between
control and study groups post-exercise program

Parameters (2 v p-value
Mean SD Mean SD

HR 0.77 4.46 -3.09 2.66 0.005 *
SBP -1.02 =2 -0.72 2.33 0.195
DBP -1.00 1.58 -0.41 0.34 0.435

KE -2.91 16.89 48.44 51.77 0.001 *

FVC -1.96 5.25 8.33 6.69 0.001 *

FEV, 0.56 7.70 6.40 7.56 0.023 *
FPG -1.20 12.27 -2.58 13.38 0.358

t = p-value from Independent t-test

* = statistically significant at p< 0.05
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Comparison of Percentage Change of Heart Rate, Systolic Blood
Pressure, Diastolic Blood Pressure, Knee Extensor Muscle
Endurance, Forced Vital Capacity, Forced Expiratory in 1 Second
and Fasting Plasma Glucose between Control and Study Groups
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study
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Percentage Change (%0)

-10.00

-30.00

HR SBP DBP KE FvC FEV1 FPG Parameters

Note: HR = heart rate, SBP = systolic blood pressure, DBP = diastolic blood pressure,
KE = knee extensor muscle endurance, FVC = forced vital capacity,
FEV = forced expiratory volume in 1 second , FPG = fasting plasma glucose
Figure 4.8 Percentage change of heart rate, systolic blood pressure, diastolic blood
pressure, knee extensor muscle endurance, forced vital capacity, forced expiratory

volume in 1 second and fasting plasma glucose of control and study groups.
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4.5 Comparison of mean values difference of SF-36 scores between pre- and post-
exercise program in control and study groups

The health-related quality of life was examined by SF-36 quality of life
questionnaire. The resulted were presented in Table 4.6 and Figure 4.9-4.18. The
change of general health, vitality, role-emotional and reported health transition in the
study group were significantly hither than in the control group (p<0.05).

Table 4.6 Comparison of mean values of SF-36 scores between pre- and post-exercise

program in control and study groups

Control group
Pargjyeters Pre-exercise Post-exercise

Mean SD Mean SD prvalue

PF 89.67 12.02 91.00 10.56 0.348"
RP 93.33 14.84 88.33 18.58 0.285°
BP 84.13 21.48 81.87 21.98 0.429°
GH 54.93 24.47 59.60 18.04 0.105"
VT 68.33 14.10 65.67 9.80 0.219"
SF 85.83 16.95 90.00 1863 0.136°
RE E3n33 13.80 95.56 11.73 0.328°
MH 74.93 14.14 78.67 10.22 0.184"
RHT 2.60 1.06 2.53 0.74 0.376
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Table 4.6 Comparison of mean values of SF-36 scores between pre- and post-exercise
program in control and study groups (cont.)

Study
Parameters Pre-exercise Post-exercise

Mean SD Mean SD p-value

PF 92.00 9.41 93.67 9.72 0.167"

RP 95.00 10.35 93.33 14.84 0.353°

BP 86.67 21.31 90.13 16.38 0.223"
GH 55.98 15.66 49.47 16.17 0.017 **
VT 68.33 155531 68.67 14.33 0.001 '*

SF 97.50 7.01 98.33 4.40 0.353°
RE 91.11 15.26 97.78 8.61 0.042 **

MH 80.80 9.47 82.13 12.27 0.298"
RHT 2.07 0.88 i 0.64 0.023 #*

Note: PF = physical functioning, RP = role-physical, BP = bodily pain,
GH = general health, VT = vitality, SF = social functioning,
RE = role-emotional, MH = mental health, RHT = reported health transition
t = p-value from Paired t-test, a = p-value from Wilcox Signed Ranks test

* = statistically significant at p<0.05
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Comparison of Physical Functioning
between Pre- and Post- in Control and Study Groups
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Note: pre = pre-exercise program = the first visit
post = post-exercise program = the eighth week after the first visit

Figure 4.9 Mean values and standard deviation of physical functioning of control and
study groups.

Comparison of Role-Physical
between Pre- and Post- in Control and Study Groups
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Note: pre = pre-exercise program = the first visit
post = post-exercise program = the eighth week after the first visit

Figure 4.10 Mean values and standard deviation of role-physical of control and study
groups.
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Comparison of Bodily Pain
between Pre- and Post- in Control and Study Groups
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Note: pre = pre-exercise program = the first visit
post = post-exercise program = the eighth week after the first visit

Figure 4.11 Mean values and standard deviation of bodily pain of control and study
groups.

Comparison of General Health

between Pre- and Post- in Control and study Groups
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60.00
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pre post trial

Note: pre = pre-exercise program = the first visit
post = post-exercise program = the eighth week after the first visit

Figure 4.12 Mean values and standard deviation of general health of control and study
groups.
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Comparison of Vitality

between Pre- and Post- in Control and Study Groups
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Note: pre = pre-exercise program = the first visit
post = post-exercise program = the eighth week after the first visit

Figure 4.13 Mean values and standard deviation of vitality of control and study
groups.

Comparison of Social Functioning
between Pre- and Post- in Control and Study Groups
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Note: pre = pre-exercise program = the first visit
post = post-exercise program = the eighth week after the first visit

Figure 4.14 Mean values and standard deviation of social functioning of control and
study groups.
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Comparison of Role-Emotional
between Pre- and Post- in Control and Study Groups
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Note: pre = pre-exercise program = the first visit

post = post-exercise program = the eighth week after the first visit

Figure 4.15 Mean values and standard deviation of role-emotional of control and

study groups.
Comparison of Mental Health
between Pre- and Post- in Control and Study Groups
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Note: pre = pre-exercise program = the first visit

post = post-exercise program = the eighth week after the first visit

Figure 4.16 Mean values and standard deviation of mental health of control and study

groups.
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Comparison of Reported Health Transition
between Pre- and Post- in Control and Study Groups
4.00 *
3.50 T
3.00 -
2.50 '
2.00
1.50 -
1.00
0.50
0.00

O control
1 study

score (marks)

pre post trial

Note: pre = pre-exercise program = the first visit

post = post-exercise program = the eighth week after the first visit
Figure 4.17 Mean values and standard deviation of reported health transition of
control and study groups.

4.6 Comparison of percentage change of SF-36 Scores between control and study
groups

The health-related quality of life score was retested at the eighth week after the
first visit by SF-36 quality of life questionnaire. The resulted were shown in Table 4.7
and Figure 4.19. The percentage change of general health in the study group was
significantly hither than in the control group (p<0.05).
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Table 4.7 Comparison of percentage change of SF-36 scores between control and

study groups
Parameters Control Study p-value
Mean SD Mean SD

PF 3.08 19.56 2.04 7.69 0.327"

RP -0.56 36.93 -0.50 19.53 0.342"

BP -0.56 27.74 7.72 21.55 0.117"
GH 29.67 58.23 -10.69 21.19 0.011 **
VT -0.57 22.04 2.05 16.36 0.358"

SF 8.13 21.85 1.51 10.67 0.163"

RE 5.55 25.71 10.00 20.70 0.312"
MH 8.95 12.15 2.53 2.15 0.210"
RHT 7.00 51.74 -12.22 51.74 0.053"

Note: PF = physical functioning, RP = role-physical, BP = bodily pain,
GH = general health, VT = vitality, SF = social functioning,

RE = role-emotional, MH = mental health, RHT = reported health transition

t = p-value from Independent t-test
u = p-value from Mann Whitney U test
* = statistically significant at p< 0.05
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Comparison of Percentage Change of SF-36 Scores
between Control and Study Groups
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Note: PF = physical functioning, RP = role-physical, BP = bodily pain,
GH = general health, VT = vitality, SF = social functioning,
RE = role-emotional, MH = mental health, RHT = reported health transition

Figure 4.19 Percentage change of SF-36 scores of control and study groups.
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CHAPTER V
DISCUSSION

This investigation was designed to determine the effect of tai-chi exercise
program on type 2 female diabetic patients. The patients were voluntarily participated
and divided into control and study groups. Physical capacity and physical fitness were
determined by heart rate, systolic blood pressure, diastolic blood pressure, knee
extensor muscle endurance, forced vital capacity and forced expiratory volume in 1
second. Fasting plasma glucose level was determined and quality of life was measured

by Thai version of SF-36 questionnaire for cardiac patients.

5.1 Characteristics of the subjects

There were no statistically differences (p>0.05) between control and study
groups on any subject’s characteristics were age, weight, height, and body mass index
(BMI). Therefore, baseline characteristics of subjects in both groups were similar
except the plasma glucose and social functioning scale (SF-36) general and clinical

characteristic.

5.2 Tai-chi exercise protocol

Tai-chi poses are encouraging body movement, strengthening of muscle and
emotional control. During tai-chi perform, the subjects must control body, breathing
and mind. The movement of tai-chi is soften and continuous between pose to next-

pose until the ending.

Exercise can improve patients’ exercise capacity. Tai-chi home exercise
program is easily practice, economical and time-safe program, but it needs patients’
compliance. Using tai-chi home exercise program for diabetes, the therapists must

educate diabetic patients about the signs and symptoms that dangerous during exercise.
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Therapists have to introduce the subjects how to safely perform tai-chi home exercise at
the first time. The exercise intensity and frequency of this home exercise program are
22 minutes, three times per week and eight weeks. The follow up and encouraging

process were done by using telephone called one time per week.

5.3 Effect of tai-chi exercise on type 2 female diabetes

In this study, mean values differences of all parameters between control and
study groups at pre-exercise program were no statistical differences (p>0.05) except
plasma glucose level and social functioning, scale 6 of SF-36, as shown in Table 4.2.
Therefore, baseline exercise capacity and quality of life scores of subjects in both
groups were most similar which would not be the cause of differences in the

investigated parameters in the study.

After 8 weeks, in the study group, the results in Table 4.4 shown significantly
difference of means values of heart rate, knee extensor muscle endurance, forced vital
capacity and forced expiratory volume in 1 second. Heart rate (Figure 4.1) decreased
from 73.93+5.48 to 71.6+4.90 beats/min (p=0.001). Knee extensor muscle endurance
(Figure 4.4) increased from 168.87+66.52 to 256.67+ 70.73 seconds (p=0.000). Forced
vital capacity (Figure 4.5) increased from 1.81+0.16 to 1.98+0.27 liters (p=0.000).
Forced expiratory volume in 1 second (Figure 4.6) increased from 1.48+0.16 to
1.58+0.20 liters (p=0.002). Although the percentage change (Table 4.5) in the study
group were significantly higher than the control group in various parameter including
heart rate (p=0.005), knee extensor muscle endurance (p=0.001), forced vital capacity

(p=0.001), and forced expiratory volume in 1 second (p=0.023).

This study presented positive exercise effect of heart rate, knee extensor
muscle endurance, forced vital capacity and forced expiratory volume in 1 second in

the subjects who received 8 weeks tai-chi exercise.

In this study presented significantly difference of heart rate in study group,
(Table 4.4 -4.5). Jurca in 2004 (32) examined sedentary postmenopausal women in a

randomized controlled trial who were assigned to exercise or control groups. The
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exercising women performed 8 weeks of aerobic exercise training at a heart rate
equivalent to 50% of VOzmax CONsisting on average of 44 minutes per session , 3 to 4
times per week. Resting heart rate variability was measured in each participant at
baseline and after 8 weeks of intervention. After 8 weeks, women randomly assigned
to the exercise group increased all absolute time and frequency domain indexes and

reduced resting heart rate compared with women in control group.

This study demonstrated significantly difference of knee extensor muscle
endurance (Table 4.4-4.5). The tai-chi poses are encouraging muscular strength;
especially knee muscle. The study group were slightly knee flexion during perform
and slowly movement all time to perform. Previous studies showed positive effect of
tai-chi exercise on many group of muscular strength and endurance but no studies
were present muscular endurance in same this method. Their found improve knee

extensor strength (64).

This study demonstrated significantly difference of forced vital capacity and
forced expiratory in 1 second (Table 4.4-4.5). Tai-chi perform stretch trunk muscle
and improve trunk mobility that improve chest expansion. Although, this study
presented improvement of forced expiratory volume in 1 second and forced vital
capacity. Litonjua in 2005 conducted this analysis to determine whether diabetic
subjects have different rates of lung function change compared with non-diabetic
subjects. Cases had lower forced expiratory volume in 1 second (FEV;) and forced
vital capacity (FVC) (41). Previous studies found the lung function in diabetic subjects
in the cohort studies diminished when compared with non-diabetic subjects. The
diabetic duration seems a more effect on pulmonary function than glycemic control
(40).

This study showed no significantly difference of means value (Table 4.4) of
systolic blood pressure, diastolic blood pressure and fasting plasma glucose between
the control and the study groups. Although the percentage change (Table 4.5) in the
study group was not significantly higher than the control group. A systolic blood

pressure, diastolic blood pressure and fasting plasma glucose but in control group
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there were significantly difference of means value (Table 4.4) of systolic blood
pressure (p=0.004) and diastolic blood pressure (p=0.014) between pre- and post-

exercise period..

At the first visit, the control group had mean systolic and diastolic blood pressure
of 125.00+7.55 and 79.20+3.99 mmHg; respectively. In addition, subjects in the study
group had mean systolic and diastolic blood pressure of 122.40+11.37 and 79.60+6.42
mmHg; respectively. Population-based cohort studies suggest that being physically fit
or active is associated with reduced incidence of developing hypertension (12). The
duration period influenced effect of tai-chi exercise on systolic and diastolic blood
pressure over 12 weeks (60). Colberg in 2005 (76) was designed to examine an
aerobic exercise intervention would positive affect cutaneous perfusion in sedentary
type 2 diabetic individuals as well. Their results presented moderate aerobic for only
10 weeks does not appear to reverse the impairments in cutaneous perfusion, systolic
blood pressure was significantly difference between pre- and post-exercise in control
group and study group. While, diastolic blood pressure was no significantly difference

between pre- and post-exercise in control group and study group.

This study demonstrated no significantly difference of mean value of fasting
plasma glucose level between pre- and post-exercise in the study group. In addition,
percentage change in the study group was no significantly higher of fasting plasma
glucose than the control group. The reason might be that 8 weeks tai-chi were not
enough to decrease fasting plasma glucose level whereas dietaries were more

influence than short period of exercise (19, 77, 78).

The study using Thai version of SF-36 questionnaire for cardiac patients
applied to diabetic patients because it covers physical health and emotional health.
This study demonstrated significantly difference of mean value of general health
(p=0.017), social functioning (p=0.001), role-emotional (p=0.042) and reported health
transition (p=0023) in the study group after 8 weeks tai-chi (Table 4.6). In addition,
percentage change in the study group was significantly higher of general health than

the control group (p=0.011) (Table 4.7). In scale 1 (physical function) to scale 8
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(mental health), lower scores signify poorer functioning in contrast to scale 9 (reported
health transition).

This study, the scales that no significantly difference might be the baseline
scores of the control and the study groups were high scores. Previous studies shown
tai-chi exercise can be improved self-esteem and self-confidence in patients and
sedentary subjects (10, 58). From this study, we could imply that tai-chi exercise
program improved both of physical and emotional function of the subjects who
influenced social intervention. Therefore, in their scales did not present the
significantly differences in the study group. Previous studied found people with
diabetes have lower self-related health scores than individuals without the diabetes
(46). Many studies found that diabetes complications have a negative impact on the
self-related health status of people with diabetes (44, 47-49). While, previous studies

showed more beneficial to participants who had low physical and mental fitness (79).

Previous studies of self-related health have found that people with diabetes
have score lower than individuals without the diabetes (46). Many studies have found
that diabetes complications have a negative impact on the self-related health status of
people with diabetes (44, 47-49).
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CHAPTER VI
CONCLUSION

The tai-chi exercise program is useful to improve the physical capacity and
quality of life of type 2 female diabetic patients. Therefore, the researcher constructed
the tai-chi exercise program to use in this study for female diabetic patients. The
objectives of the study were to determine the physical capacity, physical fitness, and
quality of life between control and study groups pre- and post-exercise program by
heart rate, systolic and diastolic blood pressure, forced vital capacity, forced expiratory
volume in 1 second, knee extensor muscle endurance, fasting plasma glucose and SF-
36 questionnaire. It can be concluding from this present study that:

1. The mean value of heart rate, knee extensor muscle endurance, forced vital
capacity, forced expiratory volume in 1 second and SF-36 score (general health,
vitality, role-emotional and reported health transition) in post-exercise were
significantly higher than pre-exercise in study group.

2. The mean value of systolic blood pressure, diastolic blood pressure and fasting
plasma glucose were not significantly different from pre-exercise program in study
group.

3. The mean value of systolic blood pressure and diastolic blood pressure in post-
exercise were significantly higher than pre-exercise in control group.

4. The mean value of heart rate, knee extensor muscle endurance, forced vital
capacity, forced expiratory volume in 1 second, fasting plasma glucose and SF-36
scores (all scales) were not significantly different from pre-exercise program in control
group.

5. The percentage change of heart rate, knee extensor muscle endurance, forced
vital capacity, forced expiratory volume in 1 second and SF-36 score (general health)
in study group were significantly higher than the control group.

6. The percentage change of systolic blood pressure, diastolic blood pressure,
fasting plasma glucose and SF-36 score (physical functioning, role-physical, bodily
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pain, vitality, social functioning, role-emotional, mental health and reported health
transition) were not significantly different from control group.
Findings from this study can assist physical therapists and other health care

workers to gain physical and mental health for type 2 female diabetic patients.

Further study

The further study should be design to continue follow the patients for long-
term period (e.g. six to twelve months).

Experiment design in the further study should match the general and clinical
characteristic of subject between control and study group, record the subject dietary
during the study period for clearly explain effect of tai-chi exercise on fasting plasma
glucose. In addition, the further study should be investigated the chest expansion and

body composition.
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APPENDIX A
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APPENDIX B
CONSENT FORM
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APPENDIX C
SUBJECT INSTRUCTION
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APPENDIX D
SF-36 QUESTIONNAIRES
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APPENDIX E
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Faculty of Medicine Siriraj Hospital
Mahidol University

The Ethical Committee on Research Involving Human Subject
Faculty of Medicine Siriraj Hospital, Mahidol University

No. 153/2003

Protocol Title Effect of Tai-Chi on Type 2 Diabetic Patients

Protocol Mumber e

Principal Investigator Miss. Wantanee  Yolchaisan

Name of Department Orthopedic Surgery

The aforementioned project and informed consent have been reviewed and approved by the

Ethical Committee, Faculty of Medicine Siriraj Hospital, Mahidol University, based on the Declaration
of Helsinki on September 5, 2003

Signature of Chairman

Signature of Dean P J’a,,{o,gf

(Clin. Prof. Piyasakol Sakolsatayadorn)
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APPENDIX F
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APPENDIX G
PILOT STUDY

Sample size calculation
The sample size for the specific of this study aimed to determine exercise

capacity. The sample size per group was calculated from the following equation:

N = 2[(Zg+Za) 61/ (1-12)°

N = sample size per group

Zg = Z-value when the level of confidence is set at 95% (=1.96)
Zy = Z-value when the power of testing is set at 80% (=0.84)

0 i pool variance

Wi-pwo = the difference in mean of knee extensor endurance between

control and study groups

N = 2[(Zg+Zy) 61 /(u1-pa)’
2[(1.96+0.84)(107.46)]*/(140-249)
= 15.24

Therefore, the appropriate sample size was sixteen subjects per group.
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APPENDIX H
RESULTS OF PILOT STUDY

Table H.1 Characteristics of the subjects

Appendix / 94

Control (n=5) Study (n=5)

Age | Height | Weight | BMI Age Height | Weight | BMI
Subject | (yrs) | (cm) | (kg) | (kg/m?) | (yrs) (cm) (kg) | (kg/m)
1 48.00 | 158.00 | 52.00 | 20.83 58.00 | 164.00 | 63.00| 23.42
2 51.00 | 160.00 | 75.00 | 29.30 61.00 | 165.00 | 55.00| 20.20
3 57.00 | 149.00 | 48.00 | 21.62 57.00 | 147.00| 54.00| 24.99
4 60.00 | 175.00 | 60.00 | 19.59 63.00 | 157.00| 57.00| 23.12
5 74.00 | 160.00 | 67.00 | 26.17 56.00 | 158.00 | 66.00| 26.44
mean | 58.00 | 160.40 | 60.40 | 23.50 59.00 | 158.20 | 59.00| 23.63
SD 10.12 9.34| 10.97 4.08 2.92 7.19 5.24 2.34

Note: BMI = Body Mass Index
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Table H.2 Mean and standard deviation of heart rate, systolic blood pressure, diastolic
blood pressure, knee extensor muscle endurance, forced vital capacity, forced

expiratory volume in 1 second, fasting plasma glucose and SF-36 scores

Control (n=5) Study (n=5)
Parameters Pre-exercise Post-exercise Pre-exercise Post-exercise
Mean SD Mean SD Mean SD Mean SD

HR(beats/min) | 76.60 | 5.13 | 72.40 707 | 7740 | 7.33| 70.60 7.78

SBP(mmHg) | 127.20 | 5.93 | 125.60 | 32.53 | 125.20 | 4.60 | 123.20 | 24.04

DBP(mmHg) | 81.20| 4.38| 84.40| 11.31| 80.80 | 3.90| 84.40 7.07

KE(seconds) | 145.20 | 40.15 | 173.2 | 102.85 | 140.00 | 58.38 | 249.00 | 107.46

FVC(liters) 1.61| 0.20 1.84 0.27 1.71 | 0.24 1.97 0.44

FEV1(liters) 150 | 0.12 1.72 0.23 158 | 0.24 1.75 0.30

FPG(mg/dl) | 142.60 | 2.79 | 167.80 | 21.17 | 144.60 | 19.94 | 175.80 | 39.39

o 83.00 | 17.89 | 87.00 | 14.82 | 89.00 | 14.32 | 90.00 | 15.41
RP 90.00 | 22.36 | 90.00 | 22.36 | 95.00 | 11.18 | 85.00 | 22.36
BP 78.00 | 28.00 | 66.00| 29.36 | 70.80 | 27.67 | 76.80 | 22.44
GH 50.00 [ 29.15 | 48.00 | 18.91| 66.20 | 17.85| 52.80 | 26.21
VT 58.00 | 16.05 | 58.00 9.08| 86.00|11.40| 81.00| 16.36
SF 7750|2562 | 77.50| 16.30| 95.00 | 11.18 | 100.00 0.00
RE 93.34 | 14.91 | 100.00 0.00 | 100.00 | 0.00 | 100.00 0.00
MH 70.40 | 21.47| 76.80 | 13.08 | 88.80 |10.35| 91.20 | 13.39
RHT 2.60 | 1.52 2.40 1.14 1.60 | 0.89 1.40 0.55

SF-36 scores

Note: HR = heart rate, SBP = systolic blood pressure, DBP = diastolic blood pressure,
KE = knee extensor endurance, FVC = forced vital capacity,
FEV = forced expiratory volume in 1 second, FPG = fasting plasma glucose,
SF-36 = Rand Short Form, 36
PF = physical functioning, RP = role-physical, BP = bodily pain,
GH = general health, VT = vitality, SF = social functioning,
RE = role-emotional, MH = mental health, RHT = reported health transition
t = p-value from Independence t-test, u = p-value from Mann-Whitney U test

* = statistically significant at p>0.05
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APPENDIX |
RAW DATA OF PILOT STUDY
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RAW DATA OF THE STUDY
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