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CHAPTER 1
INTRODUCTION

1.1 Background

The prevalence of overweight and obesity are an important public health
concern. It cannot be denied that it has vulnerability and risks for the number of
diseases such as progressive cardiovascular disease (CVD), metabolic disorders and
other chronic non-modified diseases (6, 9, 12). Obesity has dramatically increased
globally since the early 1980 (13). In 2008, more than 200 million (9.8 percents) men
and almost 300 million (13.8 percents) women were found as obese individuals (9,
13). In 2010, there was a significant growth in the number of obesity which led to the
cause of mortality, approximately 3.4 million people. Furthermore, it was also found
that the number of life expectancy and disability-adjusted life-years decreased

markedly which stood at 3.9 percents and 3.8 percents respectively (14).

The most favorite clinical definition of obesity is based on body mass index
(BMI) calculated by divided body weight in kilograms by height in meters squared
(kg/mz) (15). As focused in Asia, BMI > 25 kg/m2 is used to classify the obesity in
adults (16). From the National Health Surveys between 1995 and 1998, it was
reported that Thailand has the highest obesity prevalence in Asia, at around 23.8
percents on overweight and 6.8 percents on obesity in adults while the lowest
obesity rates in this region were reported to 2.2 percents in India and 3.3 percents in

Philippines (17).

In Thailand, the sequences of National Health Examination Survey (NHES)
were provided consecutively in 1991, 1997 and 2004. Overall of Thai adults, age
adjusted mean BMI with aged > 18 years rose from 22.0 kg/m2 in 1991 to 22.7 kg/m2
in 1997 and 23.2 kg/m2 in 2004. The prevalence of obesity with BMI > 25 I<g/m2 in

adults vastly increased from 18.2 percents to 24.1 percents and 28.1 percents in



1991, 1997 and 2004 respectively. In adults with BMI > 30 kg/mz, the prevalence
increased from 3.5 percents to 5.8 percents and 6.9 percents in the corresponding
years. The highest rates of obesity prevalence were reported in the 45-54 years’ age
group with BMI > 25 and > 30 kg/m2 in both male and female. For both group of
these BMI, urban areas had a higher prevalence of obesity than rural areas in both
genders (18). In 2009, data from the Diabetes Association of Thailand reported the
prevalence of obesity in women was higher than men, with the number 11.3 and 4.7
million, respectively (19). The health care cost attributable to obesity in Thailand was

estimated at 12,142 million baht (725.3 million US$) per year (20).

According to one of the strategic objectives of the Naval Medical Department
which standards require the naval officers are in good health and physical fitness for
the duty. The key performance indicator in this strategic objective is the naval
officers have a BMI in normal range (18.5 to 22.9 kg/mz) (21). Focus on the data from
the annual health examination in the last fiscal year, naval officers who stationed in

the East region with a BMI > 25 kg/m2 is 35.51 percents (22).

Obesity is considered in many health problems consequences such as
diabetes mellitus, hypertension, hyperlipidemia, coronary heart diseases (CHD),
obstructive sleep apnea (OSA), stroke, premature death, osteoporosis, some type of
cancer (endometrial, breast, prostate and colon) and lowering in the overall quality
of life (QOL) (6, 23, 24). Two meta-analysis studies found that obesity (evaluated as
BMI) independently increased risk of the mortality by 20 percents in women and 28
percents in men (25). Moreover, the respiratory system is affected by obesity as well
(23). Obese individual is also associated with increased risk of respiratory symptom:s,
such as breathlessness especially during exercise, although they have not explicitly
respiratory illness (26, 27). Pulmonary function tests of obese individuals, who
typically are a restrictive pattern and may describe an obstructive pattern (28). The

progressive increase in BMI is associated with decreased lung volumes (27, 29-31)



such as forced vital capacity (FVC) (29, 30), forced expiratory volume in first second
(FEVy) (29, 30), FEV/FVC ratio (29) and peak expiratory flow rate (PEF) (23). The
reduction of FEV, is a strong predictor of CHD, chronic obstructive pulmonary disease
(COPD)-related mortality, and the death from CVD (32). In clinical practice, the
FEV/FVC ratio less than 70 percents was used to determine an obstructive disorder
(33, 34). Decreased FVC is also an indicative of increased asymptomatic mortality in
adults or metabolic syndrome individuals (32). Each 1 percents higher in FEV,
percents predicted is associated with a 1-1.5 percents lowering in all-cause mortality
(35). The effect of obesity on absolute lung function in men might be greater than
women, probably as a result of excessive central fat distribution in men (36).
Alteration of resting in lung volumes is reduced during exercise, whereas dyspnea

and oxygen cost of breathing are also enlarged in this group (27).

Cardiorespiratory fitness (CRF) is one of the most important physical health
measurements in obviously healthy people, individuals with increased risk for CVD
and practically patient population. It is expressed as either peak metabolic
equivalents (METs) or maximal oxygen uptake (VO a0 (28). A relative value of VO, .y
typically decreased in obese individuals when compared those with normal weight
(28, 36-38). Overweight adults with the highest level of CRF have a lower risk of CVD
than those are at a normal body weight but with low level of CRF (15). According to
previous study has demonstrated the improvement of prognosis as CRF, increase
each 1 MET (3.5 ml Oy/kg/min) is associated with a 13 percents and 15 percents

decrease in all-cause mortality and CVD, respectively (28).

The important processes of lowering in body mass included caloric restriction
and comprehensive lifestyle intervention (39, 40). Prescribe on-site with > 14 sessions
of high-intensity in 6 months was recommended for comprehensive weight loss
intervention in obesity (39). Over the past decade research, high intensity interval

training (HIIT) has been grown interested (41) and extensively used to improve



aerobic performance and facilitate conditioning (42). Although the HIIT has been
significantly increased VO, compared with continuous training in individuals with
cardiometabolic disorders and obesity (5, 43) but there is still controversy in several
studies (1, 6). According to previous studies demonstrated that HIIT in obesity can be
performed in either land-based (1, 2, 5, 43) or water-based environment (6).
However, land-based exercise such as jogging or running, may be required to disturb
that activity if and musculoskeletal injury presents. The cessation of activity resulted
in significant reduction in a 14 to 16 percents of VO, Over a 4 to 6 weeks’ period
of inactivity. Therefore, alternative training modalities such as water-based exercise
are frequently achieved in an effort to preserve functional capacity (44). Water-based
exercise is in consistent with recommendations stating that non-weight-bearing (NWB)
activities are special considerations in providing exercise prescription for obesity (45).
This type of exercise was considered as the safest and most protective environment
for obesity because of the buoyancy of water reduces the risk of injury to joints (46,

ar).

Considering the benefits of HIIT in water, this may be improving peak oxygen
uptake (VO,peqr) for obese individuals. To the best our knowledge, there were the
studies reporting the effects of water-based exercise on body composition, CRF,
strength and QOL in obese adults (4, 7, 9), but rare in the effects of HIIT in water,
particularly in obese group (6, 48). Therefore, the purpose of this study was to
evaluate the effects of 6-week aquatic interval training on alterations of predicted

VOspear, lUNg volumes, body composition and QOL in obesity.

1.2 Rationale

Obesity have increased dramatically in global since the early 1980 (13), and it
is considered in many health consequences, lowering in the overall QOL and
increased premature death (6, 23, 24, 49). In Asia, obesity is defined as the individuals
who had a BMI > 25 kg/m2 (16). The higher in BMI has been associated with lowering



in lung volumes (27, 29-31) and VO,..y, Which lead to increased risk for CVD (28, 36-
38). Considering the benefits of HIIT in water, this may be improving VO, in obese
individuals. To the best our knowledge, there were the studies reporting the effects
of continuous training in water environment on body composition, CRF, strength and
QOL in obese adults (4, 6, 7, 9), but rare in HIIT, particularly in obesity (48). Therefore,
six weeks of aquatic interval training could be improved predicted VOjgeqr, lung

volumes, body composition and QOL in obesity.

1.3 Objective of the study

The objective of the study was to investigate the effects of 6-week aquatic
interval training on alterations of predicted peak oxygen uptake, lung volumes, body

composition and quality of life in obesity.

1.4 Parameters of the study
1.4.1 Independent variable

Independent variable in this study was 6-week aquatic interval training.

1.4.2 Dependent variable

Dependent variables included percent changes of predicted peak oxygen
uptake, lung volumes (force vital capacity, force expiratory in first second, force
expiratory in first second/ force vital capacity ratio and peak expiratory flow), body
composition (body weight, body mass index, waist circumference, hip circumference,
waist-hip ratio, total body fat percentage, total and segmental subcutaneous fat

percentage, total and segmental skeletal muscle percentage), and quality of life.



1.5 Scope of the study

This study investicated the effects of 6-week aquatic interval training on
alterations of predicted VO,pes, lung volumes, body composition, and QOL in
obesity. Participants who met inclusion and absent of exclusion criteria were
recruited and randomized into either the control or the experimental group.
Participants in the experimental group received 3 sessions a week of aquatic interval
training for 6 weeks. Each session was started with 10-min warm-up, then followed
by 4-min HIIT altered with 3-min recovery phase, and 3-min cool-down. The control
group received a home program of self-stretching exercise 3 times/week, totally 6
weeks. All of outcomes measurements were at baseline and post-training period, and
were conducted at Somdej Phranangchaosirikit hospital, Sattahip, Chonburi, Thailand.
Aquatic interval training performed at the swimming pool of the Royal Thai Fleet

Headquarter in Chonburi, Thailand.

1.6 Research question

Does 6-week aquatic interval training improve predicted peak oxygen uptake,

lung volumes, body composition and quality of life in obesity?

1.7 Hypothesis of the study

After the trained obesity accomplished 6-week aquatic interval training,
predicted peak oxygen uptake, lung volumes and quality of life would be
significantly increased compared to the control group. Body composition in the

experimental group would be significantly improved compared to the control group.

1.8 Brief methodology

Obese participants in the experimental group received 3 sessions a week of
aquatic interval training for 6 weeks. In control group, participants received a home
program of self-stretching exercise 3 times per week for 6 weeks. Moreover,

participants in both groups were required to maintain their physical activity level,



usual dietary intake and alcohol consumption throughout the study. All of outcome
measurements were performed at baseline and after the training by the secondary

investigators.

1.9 Advantage of the study

Six-week aquatic interval training may result in obese individuals to improve
predicted peak oxygen uptake, lung volumes, body composition, and quality of life.
This training may be another alternative efficient modality to apply in obesity for
enhancing cardiorespiratory fitness, lung volumes, quality of life, and alternating body
composition. Besides exercise in water environment can reduces the risk of injury to

musculoskeletal system in obesity.



CHAPTER 2
REVIEW LITERATURE

2.1 Comorbidities of overweight and obesity

The epidemic obesity is caused by both imbalance energy intake and energy
expenditure. The excessive energy intake is stored as fat in adipocytes, which are the
largest body part of endocrine unit. Fat within the adipocytes are oxidized to release
free fatty acids (FFAs) for gluconeogenesis and energy use when energy expenditure
is required (50). Obesity is important cause of comorbidities which affected to further
morbidity and mortality. The evidences that linked obesity with a various health
conditions are also observed (49). The persistence of obesity is associated with
dyslipidemia, CVD, CAD, type 2 diabetes mellitus (DM), respiratory problems, several
cancers and hypertension (15, 49). Type 2 DM is powerfully associated with obese
individuals with insulin resistance. The relationship between increased obesity and

fitness level in individuals with type 2 DM is shown in Figure 2.1 (15).
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Figure 2.1 Relationship of fitness and health.



The increased in body weight is a strongly predictor of radiographically
confirmed osteoarthritis (OA) of the knee in middle-aged women and a simple
predictor of OA of distal interphalangeal and carpometacarpal joints. It can be seen
that every 5 kg of weight gain resulted in an increased the risk 35 percents of knee
arthritis. Approximately increased 60 percents of ground-reaction forces at the knees
were presented in obese patients compared to normal weight patients during
walking. Reduction in ground-reaction forces for obese individuals was observed

when walking at a slower pace (15).

2.1.1 Cardiac manifestations of obesity
2.1.1.1 Cardiovascular disease

Obesity is a major risk factor for CVD, nevertheless the levels of
abdominal obesity is seem to be more important for cardiovascular and metabolic
risk (7). Visceral obesity increased risk of CVD through the mechanisms of
hyperglycemia, prothrombotic state, proinflammatory mediation, elevated blood
pressure, and atherogenic dyslipidemia. Insulin resistance and adipokines are the
cause of the atherogenic process-atherosclerosis, inflammation, and thrombosis.
Increased exposure of hepatocytes to FFAs by inadequate adipocyte fatty acid
oxidation influences to dyslipidemia. Elevation of circulating FFAs, especially low-
density lipoprotein (LDL), which is rich in lipids and macrophages lead to enlarges of
atherosclerotic plaque. Atherosclerotic plaque progression is accelerated by
decreased high-density lipoprotein  (HDL) levels, increased BP, inflammatory
cytokines, and increased plasma glucose levels, all of these are mediated by insulin
resistance and elevated FFA circulation. More importantly, the unstable advanced
atherosclerotic plaque could be ruptured and caused an acute coronary syndrome

(50).
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2.1.1.2 Cardiac structure and obesity

Obesity may be related to remodeling of the myocardial structure.
However, it is unexplained if obesity is the causal mechanism or if comorbid
conditions, such as OSA, diabetes, and hypertension, are the causal mechanisms. All
of these conditions, and possibly a direct effect of adiposity mediated by leptin and
adiponectin, resulted in hypertrophy and heart failure. In obese patients, cardiac
arrhythmias may be presented, but arrhythmias develop in the setting of OSA or left
ventricular hypertrophy occurred more often. These arrhythmias may elevate the
consequence of sudden death in patients with absent other obvious risk factor for

hypertrophy or heart failure other than obesity (50).

2.1.2 Respiratory manifestation of pathogenic obesity

It seems to be that obesity caused of important mechanical effects on the
respiratory system. Excess soft tissue mass and fatty infiltration of the chest wall and
elevated pulmonary blood volume resulted in a decreased in respiratory muscle
compliance, functional residual capacity (FRC) and total volume (TV), and peripheral
airway diameter, which also altered in pulmonary blood volume and a ventilation-
perfusion mismatch. Although obesity may also influence to an increase in airway

hyper-responsiveness but this claim remained controversial (50).

2.1.2.1 Obstructive sleep apnea

Obstructive sleep apnea is referred as a repetitive upper airway
collapse during sleep, which leads to hypoxia, sympathetic nervous system surges,
airway edema, and inflammation of wupper airway. The intermittent airflow
obstruction has been influence to increase in local and systemic inflammatory
markers and oxidative stress. Alteration of these proinflammatory cytokines levels,
such as interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF- @), and leptin, and
reduced adiponectin levels are suggested that obesity may mediate these responses

both of cause and effect. A vicious cycle can be worsening and resulted in significant
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changes in sleep patterns during OSA, which can promote weight gain through

modulating appetite-regulating hormones (50).

2.1.2.2 Asthma

The previous cross-sectional studies have demonstrated a higher
prevalence of asthma in obesity. However, biological mechanisms between obesity
and asthma have not yet been fully clarified, a powerful suspected contributor is
leptin, which stimulates increased an eotaxin levels (an eosinophil chemoattractant),
and changes in lung volume. Studies in animal models found that leptin causes an
important immunomodulatory role that may be affected airway function and
immune response. Moreover, leptin also affects normal lung development,
particularly in the synthesis of mediating pulmonary surfactant and the differentiation

of lipofibroblasts into mature normal fibroblasts in the lung (50).

2.1.3 Malignancy in obesity

Several malignancies are expected to be related to obesity. The important
candidates relating obesity to cancer are those cytokines (leptin, IL-6, TNF-Q,
adiponectin, and FFAs), which lead to insulin resistance. These cytokines are
associated with the promotion of cellular proliferation and in the inhibition of
apoptosis. Adiponectin is the amplest hormone secreted by adipocytes, which is
likely a major protector and regulator in cell proliferation in this process, both by
acting directly on cancer cells and indirectly through the insulin resistance pathway.
Insulin resistance and hyperinsulinemia related to an increase in production of
insulin-like growth factor-1 (IGF-1). Many cancer cell lines have IGF-1 receptors which
those consisted of prostate, breast, and colon cancer. In addition, increased the
circulating level of FFAs may directly affect cancer potential through cellular
proliferation, and indirectly through insulin resistance pathway. Moreover, FFAs and
other cytokines are related to recruit the sympathetic nervous system and resulted

in cell proliferation directly through stimulating IGF-1 as well as other growth factors,
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consisting of platelet-derived growth factor-BB, but these relationships are yet to be

proved (50).

2.1.4 Skin manifestation of obesity

Obesity involved in several abnormalities functions of the skin which
consisted of the effects on the sebaceous g¢land, sebum production, skin barrier
function, and sweat production. Additionally, it also related to promotes changes in
lymphatic, collagen structure and function, wound healing, and subcutaneous fat. In
obese individuals, the major metabolic manifestations of skin disorders are regulated
by insulin resistance. As well obesity caused the severity of the acne worsen by
hyperandrogenism and elevated IGF-1 production, which promoted the activity of
sebaceous glands (50). Skin problems are also as a result of mechanical means and
among obese individuals are included chronic venous insufficiency, lymphedema,
striae, cellulite development, and adiposis dolorosa (painful multiple subcutaneous
lipomas). Moreover, lymphedema and venous stasis are related to cause a chronic
inflammatory state. Patients with these conditions are more associated with cellulitis,

panniculitis, venous stasis ulcers, necrotizing fasciitis, and angiosarcoma (50).

2.1.5 Musculoskeletal disability and pain associated with obesity

Individuals with obesity are positively related to musculoskeletal pain and
injury, particularly in the back, hip, knee, ankle, and foot. Biomechanical adaptions as
a resulted of the sheer bulk and force of increased fat mass affected locomotion,
balance, and strength and lead to pain. A center of gravity and some inertia in obese
individuals have altered, which caused obviously increased anteroposterior sway.
Postural control and balance may be not changed and is quite depended on
physical activity. Gait patterns of obesity are different from the normal gait patterns
by increased hip abduction, decreased hip flexion, and decreased ankle plantar
flexion. These alterations may have an influence on the maladaptation’s

development (50).
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2.1.5.1 Osteoarthritis

Osteoarthritis is defined as a degenerative joint disorder in which
obese individuals have a higher risk of incidence and development in weight-bearing
joints. Obese patients have an increased load on the medial compartment in the
knee due to varus joint ligament. Even though the load is increased, but no
correspondence increase in subchondral cartilage volume happens to support this
load. Muscular fatigues are less able to reduce the shock of a load on the joint.
Individuals with obesity have higher absolute but lower relative muscle strength,
therefore strengthening of muscle and physical activity can decrease the disability

and pain associated with OA knee (50).

2.1.5.2 Plantar fasciitis

Obese individuals had a 5-time higher risk of developing plantar
fasciitis than normal weight individuals. Previous studies in obesity has demonstrated
that plantar pressures correlated moderately with body weight, with higher pressures
under the heel, midfoot, and central metatarsal heads during walking. This
relationship is particularly strong in obese women because of those have weaker

licaments in the medial longitudinal arch than those of men (50).

2.2 Respiratory physiological changes in obesity

Obesity results in alteration of resting respiratory physiologic variables such as
compliance, neuromuscular strength, work of breathing, lung volumes, spirometry
measurement, respiratory resistance, diffusing capacity and gas exchange (26, 27, 36).

In this section, we reviewed some variables that are associated with this study.

2.2.1 Respiratory compliance

Respiratory compliance is the capability of the respiratory system to extend

while alteration of volume relative to pressure (36). Total respiratory system in obese
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individual is characterizing stiffening, which contributes to a combine effects on lung
and chest wall compliance (26). Excessive adipose tissue affects to reduce the
thoracic distensibility, particularly at the chest wall as a consequence of the
restriction of the ribcage and diaphragm expansion (51-53). Decreased lung
compliance in obesity is caused by increased the weight of chest wall and the higher
position of the diaphragm in the thoracic cavity (23), these contributed to increased
work and oxygen cost of breathing, particularly in patients with morbid obesity (23,
53). Reduction in lung compliance resulted in excessive bibasal airway closure and
pulmonary gas trapping, diffuse micro-atelectasis (alveolar collapse), and relatively
increased intrathoracic blood volume collectively increase static lung elastic recoil
pressure (26, 36, 51, 53). From the previous studies found that a reduction in lung

compliance in obesity compared with BMI is exponential relationship (26).

2.2.2 Lung volumes: spirometric variables

Increasing BMI is associated with a reduction in spirometric variables such as
vital capacity (VCO) (36, 51), FVC (26, 29, 30) and FEV; (26, 29, 30, 36), depending upon
the age, type of body fat distribution (having a relatively greater effect in central
obesity) (36). The FEV,/FVC ratio is usually normal or increased with obesity, even in
morbidly obese individuals, demonstrating that both FEV, and FVC are affected in
the same range (26). Consequently, it has been clearly that spirometric abnormalities
in patients with mild to moderate obesity express a restrictive defect existed on the
system whereas with severe and morbid obesity, it represents air flow obstruction
(54). Obesity may be directly impact on the respiratory function by various
mechanisms. Mechanical causes consist of the accumulation of fat may be resisted
to the diaphragm and thoracic expansion, may be due to invade into the chest by
the chest wall or diaphragm or by impeding the movement of the diaphragm during

forced inhalation (54, 55).
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2.2.3 Effects of aerobic exercise on lung function in obesity

Effects of aerobic exercise on lung function or pulmonary index in obese
participants have been reported in many studies. These studies were summarized

and shown as in Table 2.1 and 2.2.

Azad et al. reported the effects of aerobic exercise on lung function (FVC,
FEV; and MW) in overweight and obese students with poor endurance performance
and mild deterioration of respiratory indices (Table 2.1). Twenty-four weeks of
aerobic exercises program, 3 days a week of 30-min continuous running on treadmill
at 75-85 percents of predicted maximal HR (HR,,,,) were applied to all participants. In
intervention group, this program resulted in significantly greater post-exercise
respiratory indices as compared to those of pre-exercise values. However, the post-
exercise respiratory indices did not extend to the predicted values. No significant

differences were found in BMI reduction in intervention group (3).

Ferdowsi et al. investicated the effects of eight-week aerobic exercise on
airway trachea indexes included FEV,, FVC, FEV,/FVC ratio, forced expiratory flow at
25 and 75 percents of FVC (FEFy.75), BMI and VO,., level in overweighed male
students (Table 2.1). All of participants achieved the aerobic exercise protocol 3
sessions/week with the intensity of 70-85 percents of heart rate reserve (HRR) for 8
weeks. Each training session included continuous running for 35 minutes. After
accomplished the training, a significant enhancement were observed in all airway

trachea indices and VO, level in the exercise group (10).

Askarabadi et al. evaluated the effects of aerobic exercise on some
pulmonary indexes (FVC and FEV;), BMI, body fat distribution and VO, level in
normal and fat men (Table 2.2). All of participants followed the 3 sessions per week
of 8-week aerobic training program. Each session composed of treadmill running for

30 minutes at 70 percents of the peak work rate. The peak work rate as the target
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training intensity is obtained during the baseline incremental exercise test.
Significantly increased in all pulmonary indices and VO,,,., were observed at post-
training in both groups. Body fat distribution and BMI in the post training period had

significantly decreased compared to the prior training period for both groups (8).
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2.3 Exercise-related cardiorespiratory physiological changes in obesity
2.3.1 Maximal oxygen uptake

Maximal oxygen uptake or maximal oxygen consumption or maximal aerobic
power (VO,ma) represents the highest rate of oxygen that can be taken up and
utilized by the body during perform maximal exercise (37, 56, 57). It is expressed in
the milliliters of oxygen consumed in one minute per kilogram of body weight
(mU/min/kg) and frequently used as a variable for assessing cardiovascular (aerobic)
capacity (37). Measurement of VO, indicates the optimal integration of oxygen
uptake, transport, and delivery by the pulmonary and cardiovascular systems and

oxygen consumption at the muscle levels (56).

Obesity is associated with a higher basal metabolic rates (27) and oxygen
uptake at rest (36). Because fat tissue has a lower metabolic rate than other tissues,
thus oxygen uptake in obese individuals is lower than normal value when expressing
it per kilogram actual body weight. Similar to otherwise active healthy, decreased
VOymax is correlated to actual body weight, but if it is correlated to either height,
predicted body weight, or lean body mass, normal or increase value are preserved in

obesity (36).

Oxygen consumption is markedly increased in obese subjects as compared to
normal weight subjects during exercise at a given workload, since extra energy is
needed to move heavier body parts (27, 36). Furthermore, the ability of cardiac and
ventilatory reserves in obese individuals are restricted to support the increased
muscle oxygen requirement during exercise as a consequence of the size of the
heart and the lungs do not increase comparable with additional body weight. This
physiological alteration affect peak exercise performance in obese participants who
are not able to attain the same peak work rates as normal weight participants (36).
According to the study published by Radovanovic et al. investigated the relationship

between VO,.., and BMI, a significant negative correlation was found suggesting an
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essentiality to preserve body mass in the optimal range (18.5 to 24.9 kg/mz), because

of the greater body mass affected on cardiorespiratory function (37).

2.3.2 Cardiorespiratory fitness and mortality
2.3.2.1 Definition of cardiorespiratory fitness

Cardiorespiratory fitness also known as aerobic fitness, defined as the
capacity of the circulatory and respiratory systems to provide oxygen to skeletal
muscle during prolonged physical activity and can be measured directly from
respiratory gas exchange during an incremental exercise testing (58, 59). It is also
associated with the ability to function of large muscle, dynamic, moderate-to-
vigorous intensity exercise during prolonged period of time (60). Moreover, CRF is
determined as a component of physical fitness for health-related because (a) low
levels of CRF resulted in particularly increased risk of premature death from all
causes especially from CVD; (b) CRF increased is associated with decreased in death
from all causes; and (c) large amount of CRF levels are associated with larger levels

of habitual physical activity and affected to many health benefits (60).

2.3.2.2 Cardiorespiratory fitness and mortality

The convincing evidence from the past studies found that a moderate
or high level of CRF is associated with decreased risk of all-cause and CVD mortality
in both men and women. Age, ethnicity, adiposity, tobacco used, alcohol
consumption, and health conditions are independent of the protective effect of CRF
on mortality (61). The meta-analysis study of the relationship between CRF and all-
cause mortality and CHD or CVD events in healthy men and women demonstrated
that a 1-MET higher level of CRF (corresponding to 1-km/h higher running/jogging
speed) was associated with 13 percents and 15 percents reduction in risk of all-cause
deaths and CHD or CVD events, respectively. In this research, it explained that a 1-
MET higher level of CRF is comparable to a 7-cm, 5-mmHg, 1-mmol/L, and 1-mmol/L

reduction in waist circumference, systolic blood pressure (SBP), triglyceride level (in
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male), and fasting plasma glucose, respectively, and a 0.2-mmol/L increase in HDL. In
addition to after adjusted the heterogeneity of study characteristics, individuals with
low CRF (< 7.9 METs) had a substantially higher risk of all-cause deaths and CHD or
CVD events compared with individuals with moderate and high CRF (7.9-10.8 and >
10.9 METs, respectively). The minimal level of CRF associated with significant lower
event rates for men and women were approximately 9 and 7 METs in those 40 years
old, 8 and 6 METs in those 50 years old, and 7 and 5 METs in those 60 years or
older, respectively (62). Moreover, the Aerobics Center Longitudinal Study has been
reported the median followed-up period of 43,356 patients for mortality was 14.5
years. Of these, 627 from a total of 1,934 participants died from CVD. From this
study, they revealed that each 1-MET increased was associated with decreased risk
for CVD approximately 10 percents to 20 percents (63). Another study had evaluated
two large cohorts of individual CVD patients. The participants were referred to cardiac
rehabilitation and accomplished a progressive cycle ergometer test to exhaustion at
the beginning of the program which directly measured VO,., is @ strong predictor of
cardiovascular and all-cause mortality. The cutoff points above of VO, that is a
marked survival benefit are 13 mL/kg/min (3.7 METs) in women and 15 mU/kg/min
(4.3 METs) in men. Each 1 mU/kg/min higher level in oxygen consumption is
associated with lower 9 percents and 10 percents in cardiac mortality in men and
women, respectively (60). Overweight adults with the highest level of CRF have a
lower risk of CVD than those are at a normal body weight (BW) but with low level of
CRF (15).

2.4 Water-based exercise in obesity

The benefits of water-based exercise for cardiovascular and metabolic health
are extensive and well-established. Water-based exercise is classified as a natural
non-weight bearing, is considered to be a safe and effective alternative to land-based
exercise to improve CRF and strength (47). Previous studies that reported the effects
of water-based exercise to improve cardiovascular and metabolic health in obesity

have shown as in Table 2.3, 2.4 and 2.5.
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The study of Meredith-Jones et al. evaluated the effects of a circuit based
deep water running exercise program on VO,...,, Strength and abdominal obesity in
older, overweight/obese females (Table 2.3). A circuit based deep water running
program consisted of continuous deep water running with 70-75 percents of the
HRmax, interspersed with resistance exercises for 90 seconds. The participants have
been performed this program for 60 min/day, 3 days/week, totally 12 weeks. After
accomplished a circuit based deep water running program, all participants had
significantly improved in VOy,., and upper and lower body muscle strength.
Furthermore, they had significantly decreased in waist circumference (WC) and waist-

hip ratio (WHR) (7).

According to the study of Jones et al., this studied the effects of water-based
circuit-type training intervention on glucose and insulin response in overweight
women (BMI > 25 kg/mz) with normal or impaired glucose tolerance (Table 2.3). The
training was conducted a 12-week combination of aerobic and resistance exercises in
an aquatic environment with an intensity at 70 to 75 percents of specific HR
performed 60 min/session, 3 sessions/week. Followed up to the 12-week period, WC
had significantly decreased in all of participants, but WHR had only significantly

decreased in normal glucose tolerance group (11).

A study published by Rica et al., where investigated the effects of short-term
follow-up intervention by water-based exercise on indicators of obesity in frail obese
older women (Table 2.4). Water-based exercise program consisted of 60-min sessions,
3 times per week, over 12 weeks. Each training session included warm-up 10 min,
endurance training with 70 percents of HR,,,, for 45 min, and cool-down 5 min. After
completed the water-based exercise program, no alterations were observed in any
anthropometric parameters, but had a significant improvement in all functional

aerobic parameters and self-reported QOL questionnaire (9).
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Gappmaier et al. compared the effects of aerobic exercise between in water-
base versus walking on land on indices of fat reduction and weight loss changes in
obese women (Table 2.5). Participants were randomly allocated to 1 of 3 exercise
groups included 1) walking on land, 2) swimming at 27 °C water temperature and 3)
walking in 29 °C water temperature at the navel height. All participants were assigned
to perform exercise intensity at 70 percents of HR, ... Supervised exercise included 40
min/session, and performed 4 times a week for 13 weeks. After the training, there
were significant reductions in BW, body fat percentage, skin fold and girth
measurements in all groups. No significant differences were found when compared

between groups (4).

2.5 High intensity interval training (HIIT) in obesity

High intensity interval training consisted of repeated short to long active
phase of relatively high-intensity exercise alternated with recovery periods of either
low-intensity exercise or rest (60, 64). The target of intensity and duration of the
intervals can be varied depending on the exercise session and physical fitness level
of the participants (60). In adults, the most common reason for not participating in
exercise is a perceived lack of time. Generally, HIIT is typically consumed time to
exercise lesser than standard continuous exercise (2, 65). The benefit of HIT has
contributed to increase in the total volume of high intensity exercise that is
accumulated during an exercise session when compared to energy expenditure-
matched steady state of moderate intensity continuous training (MICT) (42, 60, 64). Of
several studies, obese individuals using HIT methods achieved greater positive
changes in VOyqeq than did MICT (2, 43, 66). It has been clearly that VO,ey is a strong
predictor of all-cause and CVD mortality (1, 64, 65). High intensity interval training
also resulted in improvement of cardiomyocyte contractile function (67) and
increased stroke volume (SV) (68). Besides a recovery phase during the HIIT session
greatly improved and accelerated removing blood lactate level preventing lactate
accumulation, thereby probably extensively increased the tolerable exercise time in

obesity (42, 43).
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Previous studies of the effects of interval training to improve cardiovascular
function, CRF and metabolic health in obesity were summarized in Table 2.6, 2.7, 2.8

and 2.9.

Pasetti et al. compared the effects of continuous versus interval training (IT)
through deep water running on body composition, cardiorespiratory conditions and
quality of life in obese women (Table 2.6). All participants were determined the
target HR based on the HRR method. The training step lasted 12 weeks for both
training, 3 sessions a week. In continuous training (ConT) group, intensity of training
was progressed from 65 percents of HRR in 2" week to 85 percents HRR in 12" week.
For IT group, a sequence of deep water running was started at 70-75 percentages
HRR associated with the high intense stimulus set of sprints that included 15-sec of
sprints with 30-sec for active recovery, totally 40 minutes. After the training
completed, found that ConT group had significantly decreased body mass than IT
group, while IT group had promoted twice as much body fat reduction as ConT
group. Considering to the CRF level indicated that the fitness level improved in both

ConT and IT groups, but more significantly increased in the IT (6).

According to the study of Fisher et al. assessed the effects of 6-week of HIIT
versus MICT for the improvement of body composition, insulin sensitivity, BP, blood
lipids, and cardiovascular fitness in sedentary overweight or obese young men (Table
2.7). Participants in HIIT group were assigned to performed a 20-min protocol,
included cycling 4 minutes at 15 percents of maximal anaerobic power (Max-AP)
(defined as the peak power derived from the Wingate Test) followed by 30 seconds
at 85 percents of Max-AP. The training was performed 3 days/week, with at least 1-
day rest between each session, totally 6 weeks. In MICT group, they were received
continuous cycling 45-60 minutes at 55-65 percents of VO, for 5 days/week,
totally 6 weeks. After the training, a higher improvement in VO, was found in MICT

group compared to HIIT group, and no significant differences in other groups (1).
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Ingul et al. studied effects of aerobic interval training to improve cardiac
function (left ventricular end-diastolic volume, SV, and VO,.,) in obese adolescents,
and compared the findings with those in lean counterparts (Table 2.8). Only 10
obese adolescents participated in aerobic interval training group. They were assigned
to perform 2 sessions per week of walking or running with elevation on a treadmill
for 13 weeks. Interval training session consisted of warm-up 10 minutes at 70
percents of HR .. followed by an interval for 4 minutes at 90-95 percents of HR .
and then 3-min active recovery at 70 percents of HR, ., totally 4 cycles. Each training
session ended with cool-down for 5 minutes, 40 minutes of training in total. After the
training, obese subjects had a significant reduction in waist circumference and fat
content, whereas no altered in BMI. Aerobic interval training affected significantly
increased VO, in obese adolescents, but the VO, was still lower than that
observed in lean counterparts. Obese adolescents had essentially decreased left
ventricular size and function when compared with lean counterparts even at rest and

during exercise (5).

The study reported by Baekkerud et al., compared the effects of three
popular exercise modalities on VO, in overweight and obese individuals (Table
2.9). After recruitment, all participants were randomized to achieve one of three
exercise modalities, 1) 4 x 4 min high intensity interval training (4HIIT) at 85-95
percents of HR ., 2) 10 x 1 min high intensity interval training (1HIIT) at VO,.x load,
and 3) 45 minutes of moderate intensity continuous training (MICT) at 70 percents of
HRmax- All groups performed the training 3 days per week for a total of 6 weeks. For
AHIIT group, included a 10 minutes of warm-up period at 70 percents of HR; .
followed by 4 intervals of 4 minutes, each at 85-95 percents of HR..,, alternated
with 3 minutes of treadmill walking at 70 percents of HR.,s. This session ended with
cool-down for 3 minutes at 70 percents of HR .. Participants in 1HIT group
performed warm-up and cool down periods same as the 4HIIT group. For intervals,
10 x 1 min intervals training were executed at the speed and inclination from the

results of subjects VO, test (corresponded to ~ 90 percents of their HR.,,). The
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active recovery followed intervals was done by walking on the floor in the training
room. In MICT group, they performed 45 minutes of steady state either running or
walking at 70 percents of HR.. After accomplished the training, only participants in
AHIT group had significantly increased VO, compared with 1HIIT and MICT group
(AHIIT: 10 percents, 1HIT: 3.3 percents and MICT: 3.1 percents) (2).

Additionally, the previous studies had demonstrated that both land-based
and water-based exercise all contribute to improving cardiovascular and metabolic
heath in obesity (1, 2, 4-7, 9, 47). The advantages of interval training are increase the
total volume and/or average exercise intensity performed during an exercise session;
improve CRF levels and cardiometabolic biomarkers within short-term (< 3 months);
and similar to or higher than with single intensity exercise in healthy adults and
individuals with metabolic, cardiovascular, or pulmonary disease (60). Therefore, the
researchers applied protocol from Baekkerud et al (2) by way of interval training was
performed in the water. This protocol was chosen because the period of interval
training protocol lasted in 6 weeks, performed in obese individuals, and VO,,., had
significantly increased after accomplished the training. Water-based exercise was
considered as the safest and most protective environment for obesity because of the
buoyancy of water besides reduces the risk of joint injury (46, 47). Additionally,
increased in breathing frequency at maximal effort and decreased in tidal volumes at
the ventilatory threshold and at maximal effort during immersion in water. The cost
of breathing was elevated during exercise in water and a higher minute ventilation
response was required to produce an oxygen consumption equivalent when

compared to exercise on land (69).

Previous studies on the effects of multiple types of exercises to improve
cardiovascular and metabolic health in obesity were presented in Table 2.10, 2.11

and 2.12.
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2.6 Outcome measurements
2.6.1 Cardiorespiratory fitness measurement

Maximal oxygen uptake was referred as the highest amount of oxygen that
and individual can be taken up and utilized by the body during maximal exercise
session (35, 57). It is the gold-standard measurement procedure to investigate the
CRF, which corresponding to a comparison between individuals with various body
weights and expressed clinically in relative (mU/kg/min) as opposed to absolute
(MUmin). VO, is derived from the product of the maximal cardiac output (L
blood/min) and arterial-venous oxygen difference (ml O,/L blood). This variable is
similarly related to the functional capacity of the heart, and used to describe CRF in
individuals with CVD or pulmonary disease, chronic diseases and health conditions
(60, 70). In healthy subjects, VO,.x involved in the transportation of oxygen and also
was the restrictions of cardiovascular system that were most responsibility of exercise
limitation, as ventilation and gas exchange were adequate to preserve the capacity of
arterial oxygen up to peak exercise (70). However, the influence of a male-female
differences on VO,,., those males generally having a greater VO, than females.
When males and females obtained similar fitness level train at the same frequency,
intensity, and duration, they have shown no differences in the relative higher in
VO, max Furthermore, previous research evidences demonstrated that no differences
between the genders in central or peripheral adaptations after acquired the aerobic

endurance training (35).

2.6.1.1 Direct measurement of maximal oxygen uptake

The measurement of CRF including the directly via expired gas
analysis or estimation from maximal or submaximal exercise tests which generally
use by a treadmill or cycle ergometer (61). The cardiopulmonary exercise test (CPET)
is a considerable physiological investigation that can be assisted clinicians in their
diagnostic evaluation of exercise intolerance, exercise related symptoms and

dyspnea (70). This method involved in the measurement of respiratory gas exchange
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such as oxygen uptake, carbon dioxide output, and minute ventilation.
Electrocardiography, BP and pulse oximetry are also essentially monitored during a
symptom-limited maximal progressive exercise tolerance test. Nevertheless, a
constant work rate protocol would be used in some conditions. The results form
CPET provided a global evaluation of the progressive exercise response indicated to
pulmonary, cardiovascular, neuropsycholosgic, hematopoietic and musculoskeletal

systems (71).

2.6.1.2 Indirect measurement of maximal oxygen uptake

When direct measurement of VO,,., is not practicable, various
submaximal and maximal exercise tests can be used to estimate VO, Consider
using @ maximal or submaximal exercise test depends on the reason of testing, risk
level of the participant, and accessible appropriate equipment. Submaximal exercise
test is commonly used to evaluate the CRF because maximal exercise testing is not
always practicable in the fitness setting. For submaximal exercise test in the fitness
setting, the basic objective is to determine the HR response to one or more

submaximal work rates and applies the results to predict VO, (60).

The most accurate estimate of VO, is derived from the HR response

to submaximal exercise tests if all of the following assumptions are achieved (60):
(1) For each exercise work rate, a steady state HR is obtained
(2) Alinear relationship between HR and work rate is existed
(3) Minimal different between actual and predicted HR .«

(4) Mechanical efficiency (i.e., oxygen uptake at a given work rate) is

the same for everyone

(5) The participant is not on medications, consume high quantities of
caffeine, under large amounts of stress, ill, or in a high

temperature environment, all of which may change HR
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General modes are used for exercise testing consist of treadmills,
cycle ergometers, steps, and field tests. Using the mode of exercise testing is

depending of the setting, available equipment, and individual training (60).

Field tests is one of exercise test included walking or running in a
destine time or distance such as 12-min and 1.5-mi (2.4 km) walk or run test, shuttle-
walking test, and the 1-mi and 6-min walk test (60). Although field tests are not as
precise as laboratory tests, their advantages are easy to allow for the large number
of participants at a time, a simple time-effective measurement of physical fitness
without technical equipment, and require little equipment (60, 72). Moreover, the

estimation of VO, can be derived from the test results (60).

2.6.1.2.1 Six-minute walk test

The six-minute walk test (6MWT) is one of functional walking
test that is a practical simple test, easy to conduct, better approved, and reflects the
activities of daily living more than the other walk tests. This test requires 30 meters
hallway but no exercise equipment or advanced training for investigators (73). Six-
minute walk test was opted in this study because it is easy to use, inexpensive, no
advanced training for investigators. Moreover, walking is an activity performed daily,
can be done easily, and safe for obese individuals. The participants will be asked to
quickly walk on a flat, hard floor in the 6 minutes’ period. This method could
investigate the integrated responses of all the systems included the pulmonary and
cardiovascular, systemic circulation, peripheral circulation, blood, neuromuscular
units, and muscle metabolism during exercise (73). From the study of Larsson et al.
demonstrated that 6MWT had good reproducibility and known group validity and can
be recommended for evaluating walking ability in obese individuals. Reproducibility
was also analyzed by means of coefficient of variation (CV) was 4.7 percents,

intraclass correlation (ICC) was 0.96. For an improved walking distance in obese
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individuals evaluation, however, at least 80 meters was required to affect the

difference clinically significant (74).

(1) Indications and contraindications for six-minute walk test

Six-minute walk test is used to measure at one time of
functional status of patients, and also used as a predictor of morbidity and mortality.
Indications for using the 6MWT include the following: compare between
pretreatment and post treatment, a single measurement of functional status, and a
predictor of morbidity and mortality. On the other hand, absolute contraindications
for using the 6MWT consisted of unstable angina and myocardial infarction within the
previous month. Relative contraindications included a resting HR is more than 120

beat/min; SBP and DBP are more than 180 and 100 mmHg respectively (73).

(2) Preparing for six-minute walk test

Participant should be informed to wear the comfortable
clothing and appropriate shoes for walking. A light meal should be eaten before early
morning or early afternoon tests. Moreover, vigorous exercise should be avoided

within 2 hours before starting the test (73).

(3) Procedure

Participant should be sat at rest in a chair before starting the
test for at least 10 minutes, located near the starting position. Resting HR, BP,
baseline dyspnea scale and oxygen saturation (SpO,) will be measured during this
time. Then participant will be instructed to walk back and forth around the cones in
the hallway as far as they can for 6 minutes. Walking slow down, stop and rest during
the test can be done as necessary, but they have to resume walking as soon as

possible. In addition, the participant will be required to avoid talking to anyone
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during the test. Post-walk dyspnea scale, fatisue level, HR, BP, SpO, and distance

covered will be recorded after accomplished the test (73).

Overall dyspnea and fatigue levels during 6MWT are rated by
the Borg’s ratings of perceived exertion (RPE) scale (75). This scale has become very
popular and extensively applied in many clinical researches (74-76). The values of
RPE scale ranged from 6 to 20 and can be used to signify HR ranging from 60 to 200
beats/min. Borg’s RPE is categorized into 15 grade scales for ratings of perceived

exertion and is summarized in Table 2.13 (75).

Table 2.13 The 15-grade scale for ratings of perceived exertion, the RPE scale.

6

7 Very, very light
8

9 Very light

10

11 Fairly light
12

13 Somewhat hard
14

15 Hard

16

17 Very hard
18

19 Very, very hard
20

(4) Prediction of maximal oxygen uptake

Predicted VO,may is expressed as ml/kg/min and is calculated
from the equation according to American College of Sports Medicine (ACSM)’s

guidelines (Equation 2.1). The variables that used to calculate predicted VO,,,., were
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distance from the test, age, height, body weight and rate pressure product (RPP) (45,
60). Rate pressure product is used to estimate myocardial oxygen consumption
under dynamic and static exercise condition, and is achieved from HR in beat/min

and SBP in mmHg (35).

VOymax = (0.02 x distance [m]) - (0.191 x age [yr]) - (0.07 x weight [kg]) + (0.09 x
height [cm]) + (0.26 x RPP x [10°]) + 2.45

Where m = distance in meters; yr = year; kg = kilogram; cm = centimeter; RPP = rate

pressure product (45, 60).

Equation 2.1 Estimated maximal oxygen uptake calculation.

2.6.2 Lung volumes
2.6.2.1 Introduction

Spirometry is a simple, noninvasive technique and basis for pulmonary
function testing (60), and its performance is essential for the investigation and follow-
up of the diseases of respiratory system (77). The benefit of spirometry transcends
the field of Respiratory Medicine, and has been gradually important in primary care
and other fields of respiratory diseases (77). This measurement is related to the air
moving in and out of the lungs during different respiratory procedure and measure

whether there is air in and out, how much and how fast (34, 78).

2.6.2.2 Indications and contraindications for spirometer testing

Spirometry is essential tool for the investigation, diagnosis and
monitoring of most respiratory diseases. It provides the influence of other organic or

systemic diseases on lung function to be evaluated. Therefore, spirometry should be
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separated from any routine health investigation, particularly in participants is

associated with risk of progressing lung diseases (77).

2.6.2.2.1 Indications

Spirometry was used for several purposes, but the main

indications for using spirometry are ordered:

(1) Diagnosis: spirometry was used to investigate signs and
symptoms of respiratory diseases, measure the effects of the disease on lung
function, evaluate subjects at risk of pulmonary disease, evaluate risk of surgical
procedures (chest or upper abdominal surgery), investigates health status prior to the
vigorous physical activity programs, and routine physical health examinations (60, 77-

79).

(2) Monitoring: spirometry was used to assess the effect of
therapeutic interventions and monitor the course of diseases which affect lung
function. Additionally, to screen and monitor persons with occupational exposed to

toxic substances in occupational surveys (60, 77-79).

(3) Investigation of disability: spirometry was derived in using
for rehabilitation program and also used to evaluate dysfunction for medical

insurance and legal evaluation (social security, expert reports, etc.) (60, 77-79).

(4) Public health: spirometry was used in epidemiological
studies, used for generate the reference equations, and also used in clinical research

(60, 77-79).
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2.6.2.2.2 Contraindications

The complications in forced spirometry in any case are rare.

However, spirometry is also contraindicated in adoption, which followed as:

(1) Absolute contraindications

The absolute contraindications of spirometry consisted of
hemodynamic instability, pulmonary embolism (until adequately anti-coagulated),
recent pneumothorax (2 weeks after re-expansion), acute hemoptysis, active
respiratory infections (tuberculosis, norovirus, and influenza), recent myocardial
infarction within 7 days, unstable angina, thoracic artery aneurysm that is large in size

(> 6 cm), intracranial hypertension, and acute retinal detachment (77).

(2) Relative contraindications

Spirometry also had relative contraindications that followed:
used in children with aged less than 5-6 years old, persons with confused or
dementia, persons who have recently received abdominal, thoracic, brain, eye, ear,
nose or throat surgery, acute diarrhea or vomiting, nausea, hypertensive crisis, and
dental or facial conditions that affect the restriction of insertion and holding the

mouthpiece (77).

2.6.2.3 Variables in forced spirometry

The components of the respiratory cycle are classified as lung
volumes and lung capacities (capacity is the summation of one or more than one
volumes) (78). Although a spirometry test can be provided multiple measurements,
the most commonly used consist of the FVC, FEV,, FEV,/FVC ratio and PEF (60).

These forced spirometry variables are shown in Figure 2.2.
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2.6.2.3.1 Force vital capacity

Force vital capacity is defined as the total volume that can be
forcefully expired from a deep inspiratory effort (34, 77-79). It represents the
difference between the total lung capacity (TLC) and residual volume (RV) (34). The
process of measuring FVC with spirometer begins from the participant inhale as deep
as possible. Then participant exhales as long and as powerfully as possible,
expressed in L (34, 77, 78). Generally, normal value range is 3-6 L, and predicted

values + 20 percents depended on height, gender and race (80).

“Breathe in “Breathe out

"Breathe

y= as deeply as hard and as
noermatly as you can” long you can”
/Wj A M h h

Inspiratory
reserve Inspiratory
volume (IRV)  capacity {IiC)

Forced
tal
n vi

7777777 4 capacity
(FvC)

Ea

Volume (L)

Total

Expiratory lung
reserve capacity
volume (RW) (TLC)
Functional
residual
. "T=— ¥ " _ capacty __ )

(FRC)

Residual
volume (RW)

Time (sec)

Figure 2.2 Lung volumes and capacities represented on a volume-time spirogram.

2.6.2.3.2 Force expiratory volume in first second

Force expiratory volume in first second is referred as the
maximal volume of the air exhaled in the first second of the FVC procedure, also
expressed in L (34, 77-79). It is decreased by the airways obstruction, loss of
pulmonary recoil and, rarely, by a severe respiratory muscles weakness. Normally,
FEV; value is more than 75-80 percents of normal vital capacity (80). A reduction in

FEV, may also indicate to a lowering in TLC, which occurs in patients with restrictive
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lung disease (e.g. pulmonary fibrosis) or after pneumonectomy (81). However, FEV, is
a more repeatable measurement than FVC, especially in patients with the airflow
obstruction, and corresponds to measure intrathoracic airway obstruction and

evaluate the response rate of the treatment with bronchodilators (81).

The previous research indicated that men who remained in the
active life style during the follow-up (19 months) found 50 ml increased in their FEV,
and 70 milliliter (ml) in their FVC, whereas subjects who remained in sedentary life
style had 30 and 20 ml decreased in their FEV; and FVC, respectively (3). Moreover,
FEV, is a significant predictor of all-cause mortality by each 1 percent higher in FEV;
percent predicted is associated with a 1-1.5 percents lowering in all-cause mortality.
Although the reason of this result was unclear, but it was suggested that 1) Impaired
pulmonary function contributed to a lowering in tolerance against environmental
toxins, 2) oxidative stress has negatively related to FEV; percent predicted and
affected the overall health status, and 3) physical inactivity may simply affected the
low FEV, values (35).

2.6.2.3.3 Force expiratory volume in first second/force vital

capacity ratio

Force expiratory volume in first second/force vital capacity
(FEV,/FVCQ) ratio is a calculated ratio, and represented the relationship between both
FEV; and FVC (34, 77). It is used to differentiate the pattern of obstructive, restrictive
defects or normal (34, 78). Normally, the FEV,/FVC ratio is 70 percents or above
(there is some decreased as age increased), lower than 65 percents being definitely
abnormal in those less than 65 years of age (82). According to the Global Initiative for
Chronic Obstructive Lung Disease COPD guidelines, which defined an obstructive

disorder as consisted with a ratio of lower than 70 percents (34).
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2.6.2.3.4 Peak expiratory flow

Peak expiratory flow rate is defined as the maximal speed of
expiratory airflow and expressed in L (34, 77). It is used to measure of airflow
obstruction and is useful in order to quick and simply as in asthma patients who
require several measurements per day (34). PEF is also indicated the maximum
speed of the airflow that can be hold for 10 milliseconds at the beginning of a
maximal expiration after maximal inhalation, and wide normal range is 300-700

L/minute (varying as for vital capacity) (80).

Results from these measurements can help to identify the
presence of restrictive or obstructive respiratory abnormalities, sometimes before
symptoms or signs of disease are present. The FEV,/FVC ratio is diminished with
obstructive airway diseases (e.g., asthma, chronic bronchitis, emphysema, COPD) but
remains normal with restrictive disorders (e.g., kyphoscoliosis, neuromuscular disease,

pulmonary fibrosis, other interstitial lung diseases) (60).

2.6.2.4 Procedure
2.6.2.4.1 Preparation of the participant and equipment

Before starting the investigation, the procedure should be
explained to participants for their collaboration. They should be asked about
smoking, drugs withdrawal, recent illness and possible contraindications or infectious
conditions (77, 79). Participants should be performed the test in sitting position and
not wearing tight-fitting clothing (77). Position that was used in the test should be
written in the report (34). The back of the participant must be attached to the
backrest as to ensure that the participant dose not lean forward during achieving the
test (77). False teeth should be left in except it impedes around the mouthpiece or
hard to perform the test (34, 77). Moreover, the participants will be asked to use a

nose clip to prevent possible air leaks and not being measured (34).
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Activities that should be avoided before the spirometry
maneuver are consisted of alcohol consumption within 4 hours prior to testing, a
large meal consumed within 2 hours before testing, smoking within 1 hour before
testing, perform a vigorous exercise within 30 minutes before testing. In addition to
the participants should be instructed not to tight, restrictive clothing as this may also

affect a sub-optimal reading (34).

2.6.2.4.2 Description of the maneuver

Before starting the test, the participants must be informed
accurate, explicit and concise instructions. Participant should be assumed in
corrected posture with slightly elevated (79). Attach nose clip, then place the
mouthpiece in the mouth and close lips around the mouthpiece (77, 79). Investigator
should be checked that there are no leaks and the participant does not cause an
obstruction or bending the devices (77). The participant will be asked to breathe in
maximally with a pause of < 1 second at TLC, and followed by a hardly and fast

breathing out for as long as they can into the spirometer (34, 77, 79, 81).

2.6.2.4.3 Acceptance criteria

Considering the spirometry maneuver that can be accepted, it
must take into account the start, course and completion of the test. However, there

are three acceptance criteria, which is as follows (77).

1) Begin the test with fast and without hesitation. A suitable
start requires a back extrapolated volume lower than 0.15 L or 5 percents of the FVC
in the main criterion. Another additional criterion is the time to reach the PEF must
be lower than 120 msz, which is assessed at the beginning of the test. If it is larger,

inform the participant to exhale faster at the start (77).
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2) The course of the exhalation test should be uninterrupted,
without any artificial or evident coughing in the first second that could impact the
FEV.. If the course of the maneuver is inaccurate as a result of coughing or increase
pressure and closure of the glottis, ask the participant to do it over again in a more
relaxed manner (while forced expiration is continuous) and without a reduction of

the force generated until the end of the exhalation (77).

3) At the end of the test must not manifest early disruption of
the exhalation, so the changing of the volume must be less than 0.025 L for > 1
second (77). The maneuver will be accepted when breathing out for at least 6
seconds (34, 77). In participant with poor ending, they will be required not to stop

blowing out until told to do so, even though there is no expiratory airflow (77).

A maneuver will be considered beneficial when it has a good
start and without an obstruction in the first second. It is considered to be acceptable

if there are no errors at the beginning, during or at the end of the test (77).

2.6.2.4.4 Repeatability and selection of results

The different value between the best two acceptable FVC and
FEV, should be lower than 0.15 L. In participants who has the FVC lower than 1 L, a
repeatability criterion < 0.1 L is recommended (77). A minimum of 3 acceptable
maneuvers should be performed to ensure the outcomes are accurate (34, 77). The
maximal value of FVC and FEV; should be selected from all the acceptable

maneuvers without artifacts (77, 79).

In clinical testing from the study of Barr et al, CV and limits of
agreement of hand-held spirometer were 3.3 percents and 0.24 L for the FVC; 2.6
percents and 0.18 L for the FEVy; and 1.9 percents and 0.05 for the FEV,/FVC ratio,



50

respectively. Therefore, hand-held spirometer generally reproducible resulted that

were generally valid compared to laboratory-based spirometry (83).

2.6.3 Body composition

The composition of human body is consisted of fat and fat-free
compartments (84) or expressed in relative percentage of body mass (60). The
assessment of body composition involved with one or many of the accurate
measurements (84). Body composition can be investigated at the molecular, cellular,
and tissue levels using several different laboratory and field techniques (60, 84). An
investigation of body composition in obese individuals played an important role
outcome measurement in research and clinical practice to determine the
effectiveness of community-based obesity prevention procedures (72, 84). It is well
establishing that excessive amounts of body fat, particularly central body fat
distribution, are associated with a higher risk of progressing hypertension, metabolic
syndrome, type 2 DM, stroke, CVD, cancer, renal failure, and dyslipidemia (60, 84).
However, obesity is noticed to increase in body fat and alters the difference in body
composition from those of normal body weight individuals, which provides
investigating body composition in the obese is challenging (84). This section briefly
focuses on simple field-based methods for investigating body composition in obese

individuals of this study.

2.6.3.1 Body mass index

Overweight and obesity are defined as the condition with excessive
body weight increased using BMI as the criterion to determine these conditions (60).
BMI is one of the most regularly field assessment of body size because it is a simple
and inexpensive method, and there are national cut points to determine overweight
and obese individuals (72). Evaluating BMI is the relation of body weight to high and
is calculated by divided body weight in kilograms by height in meters squared (kg/mz)
as demonstrated in Equation 2.2 (60, 84).
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Overweight defined as weight heavier than the standards, whereas
obesity defined as excessive body fat (72). However, BMI did not distinguish between
weight associated with muscle and weight associated with fat (60), but highly
correlate with total body fat and is very helpful for epidemiological studies (85).

Furthermore, the classification of BMI is different according to each race (60).

BMI = Body weight (kg) (60, 84)
Height (m’)

Equation 2.2 Body mass index calculation.

The classification of BMI categories for Europeans, African American and White
Adults are based on the same criteria which comprised of 6 categories as shown in

Table 2.14 (16, 60).

Table 2.14 Classification of body mass index categories for Europeans, African

American and White Adults.

Classification BMI (kg/mz)
Underweight <185
Normal 18.5-24.9
Pre-obese or overweight 25.0-29.9
Obesity class | 30.0-34.9
Obesity class |l 35.0-39.9
Obesity class Il > 40.0

In other hand, the classifications of obesity according to BMI in Asians adults
are different from the Europeans, African American and White. It is proposed

according to the criteria of Western Pacific Region of WHO (WPRO) (16), and the



52

International Obesity Taskforce (IOTF) (86). For Asians adults, BMI is categorized into 5

levels as summarized in Table 2.15.

Table 2.15 Classification of body mass index categories for Asians.

Classification BMI (kg/mz)
Underweight <185
Normal 18.5-22.9
Pre-obese or overweight 23.0-24.9
Obesity class | 25.0-29.9
Obesity class |l > 30

2.6.3.2 Circumferences

Considering about the health risks associated with obesity not only
the magnitude of obesity relevant, but also with the body fat distribution (85). The
pattern of body fat distribution is divided into 2 main types, which are used to
classify the different types of obesity (60, 85). Android or central obesity is referred to
more fat accumulated in the trunk or subcutaneous and visceral abdominal area (60,
85). This type of obesity related to increase the risk of hypertension, metabolic
syndrome, Type 2 DM, dyslipidemia, CVD, and premature death compared with
gynoid or gynecoid obesity type (60). Gynoid or gynecoid or peripheral obesity is
referred as the distribution of fat mainly located in the subcutaneous hip and thigh

(60, 85).

Body composition may be generally represented by using a measuring
circumference, and equations are able to calculate for both genders and a range of
age groups. Measuring with a cloth tape using a spring-loaded handle (e.g., Gulick
tape measure) for reducing a compression on the skin and increasing consistent
measurement (60). For this study, we focused on waist circumference (WC) and hip

circumference (HC).
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The waist-hip ratio (WHR) is referred to the waist circumference (above
the iliac crest) divided by the hips circumference (maximal circumference around the
buttocks) (60, 87) and has been used as a simple technique for investigating the
distribution of body fat and recognizing individuals with higher and more harmful
amounts of abdominal fat (60). Moreover, WHR is the measurement used to
distinguish between individuals with upper body obesity and those with lower body
obesity (87).

However, the result of meta-analysis from 9 cohort studies shown that
higher in WHR is related to a higher risk of CVD mortality after age and sex adjusted
analyses (88). For young men and women, it has a very high health risk if the WHR
greater than 0.95 and 0.86 respectively. For people aged 60-69 years, those have the
same high-risk classification as young adults if the WHR over 1.03 and 0.90 in men
and women (60). Similar to the EPIC (European Prospective Investigation on Cancer)
study evaluated the comparing waist, waist/hip and all-cause mortality in young
adults and middle-aged subjects. In subgroup analyses found that relative risks (RRs)
of mortality among men and women in the highest quintile of WC were 2.05 and
1.78, respectively, and in the highest quintile of WHR, the relative risks were 1.68 and
1.51, respectively (see Figure 2.3) (89). Body mass index included WC or WHR were
remained significantly associated with the risk of death in models. For the causes of
death in men, there was a strong relationship between increased WC or WHR and

deaths related to respiratory diseases (90).

According to the previous study demonstrated the relationship
between WHR and spirometric variables such as FVC and FEV, results showed that
larger values of WHR are inversely associated with FVC and FEV, in both men and
women. This association preserved after age, BMI, cigarette smoking, social class,
physical activity index, prevalent bronchitis/emphysema, and prevalent asthma

adjusted (55). In another study conducted on the effect of WHR on FVC and FEV,
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found that WHR has a strong inversely related with FEV; in men but not in women. In

addition to a higher WHR is associated with lower in FVC in men when compared to

women (91).
Alf-couse
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Figure 2.3 Multivariate relative risks of mortality according to quintiles of waist

circumference and WHR in men and women participating in the EPIC study.

2.6.2.3 Bioelectrical impedance analysis

Bioelectrical impedance analysis (BIA) is defined as the measurement

of the body impedance using electrodes which are attached from one leg to others,

or to the arm, to create a current through the circuit. The impedance measurement

is used for the prediction of total body water (TBW) and fat-free mass (FFM) and fat

mass is calculated by the distinction between weight and FFM (84). BIA is a one way

of measuring body composition that is noninvasive, portable, fast, affordable

equipment (72, 92), and also has a great potential technique (93).



55

The method is based on the hypothesis that the body is a cylindrical-
shaped ionic conductor while the compartments of intracellular and extracellular
non-adipose tissue are resistances and capacitance respectively (92, 93). Low-dose
electrical current from BIA is passed through body (72). Fat free mass is able to
better conduct the current than body fat tissue because of it has lower water
content (72, 84). Estimation of FFM obtained from impedance value, height squared,
body weight, and age. Body fat is estimated from the FFM results and expressed as
percent (72). The accuracy of BIA and skinfolds are similarly as long as followed by
rigorous protocol adherence and the analysis of the equation programmed are valid
and accurate for the participants (60). In addition, the strengths of using BIA included
validation of equation are available for adults and children, and estimation of
standard error is available for BIA published equations (72). Reported mean CV of BIA
for within-day resistance measurements is 1-2 percents; daily or weekly intra-
individual variability is slightly higher ranging from 2-3.5 percents. All of the
reproducibility/precision is 2.7-4.0 percents. Prediction errors were estimated to be 3-
8 percents for TBW and 3.5-6 percents for FFM, respectively (94). Tagliabue et al
evaluated BIA in obese individuals; it appeared that BIA had highly linear correlations
with arm and leg FFM, R = 0.93 and 0.93 respectively (95).

2.6.4 Quality of life assessment

Quality of life are used to define as the performance of any individuals to
perceive in at least 1 of 4 important domains included somatic sensation, physical
function, emotional state and social interaction (96, 97). Consequently, it has
extensively been considered as an important outcome measurement in obesity-
related research (97). Evaluating QOL may enhance the assessment of treatment
efficacy, provide the comparative efficacy of different treatments, and can be applied
to evaluate the impact of a treatment on participants’ perception and function in
their everyday life (96). The effects of obesity on QOL have been well established,
and the overall consensus was that obese individuals decreased QOL, and treatment

enhanced QOL. The main tool used to assess QOL is the questionnaire which can be
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categorized into general QOL and obesity-specific QOL questionnaires (84).
Considering the obesity-specific QOL questionnaires, those are consisted of 1) Impact
of Weight on Quality of Life (IWQOL)/IWQOL-Lite, 2) Moorehead-Ardelt Quality of Life
Questionnaire — Il (MA-II), 3) Weight Related Symptom Measure (WRSM), and Obesity
and Weight Loss Quality of Life (OWLQOL), 4) Obesity Related Well-Being (ORWELL-
97) and 5) Impact of Weight on Quality of Life-Lite (IWQOL-Lite) (84, 97).

In this study, the researchers chose the WRSM and OWLQOL questionnaire
for measuring QOL in obese participants because of its ability to detect the
symptoms as a resulted of obesity and obesity treatment, able to measure of a
person’s global evaluation of obesity and their effort to lose weight (84, 97), and its
ease of completion in 7 minutes (97). Following 4 important domains of QOL,
physical function, emotional state and social interaction can be measured using
OWLQOL whereas somatic sensation can be detected by WRSM (97). Additionally,
WRSM and OWLQOL questionnaire have been translated and published into Thai

version (98).

The WRSM is self-administration included 20 items measuring symptoms
associated with obesity and obesity treatment (84, 97). Example bothersomeness of
symptoms include shortness of breath, pain in the joints, etc. (99). Each item scaling
included the Yes/No questions followed by a 7-point Likert scale 0 (not at all) to 6 (a
very great deal) to indicate the degree of bothersomeness of the identified
symptoms. Total score was derived from summing the bothersomeness scores for
each symptom. Total score ranged from 0 to 120. Higher scores represent a worse
symptom burden. For test-retest reliability of WRSM in 1 week, ICC was 0.83 and

internal consistency represented by Cronbach’s alpha was 0.87 (97).

The OWLQOL is self-administration included 17 items evaluating a person’s

global evaluation of position in life related to obesity and their effort to body weight
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(84, 97). Example question of obesity-specific QOL consist of ‘because of my weight, |
try to wear clothes that hide my shape’ etc. (99). The item scaling composed a 7-
point Likert scale 0 (not at all) to 6 (a very great deal). Total scores ranged from 0 to
100, and a higher score represents a higher obesity-specific QOL. The test-retest
reliability of OWLQOL within 1 week demonstrated ICC and internal consistency
(Cronbach’s alpha) which was 0.95 and 0.93-0.96, respectively (97). Both of WRSM
and OWLQOL questionnaire are responsive to short and long-term reductions in
body weight, and proposed to be administrated together with other outcome

measures (84).

2.7 Conceptual framework of the study

This study focuses on the effects of 6-week aquatic interval training on
alterations of predicted VO,pe4, lung volumes, body composition and QOL in obesity.
Figure 2.4 presents alterations in obese individuals. A summary explanation for this

study can be described as follows:

Obesity had alterations in body composition, respiratory physiological
changed, and exercise-related respiratory physiological changed. All of these
alterations included increase body weight, BMI, body fat percentage, WC, HC, and
WHR, decrease lung volumes and VO, Which those lead to decrease in QOL. This
study investigated the effects of 6-week aquatic interval training using the intensity at
60-75 percents HRR on alterations of predicted VOjpes, lung volumes, body
composition and QOL in obesity. The outcome measurements were as follow: 1)
predicted VOjpea, 2) lung volumes (FVC, FEV;, FEV,/FVC ratio and PEF), 3) body
composition (body weight, BMI, WC, HC, WHR and total body fat percentage, total
and segmental subcutaneous fat percentage, and total and segmental skeletal

muscle percentage), and 4) QOL.
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Aquatic interval training

Altered in body composition
Increase body mass index
Increase % body fat

Increase waist and hip circumferences

Respiratory physiological changes

Decrease lung volumes

Cardiorespiratory fitness change

Decrease peak oxygen uptake

Decreased quality of life

Figure 2.4 Conceptual framework.



CHAPTER 3
MATERIALS AND METHODS

This study was an experimental design which investicated the effects of 6-
week aquatic interval training on alterations of predicted VO2peak, lung volumes,
body composition, and QOL in obesity. The method included an ethical
consideration, study design, pre-inclusion screening, characteristic of participants,
sample size calculation, instrumentation, research setting, 6-week aquatic interval
training, self-stretching exercise, outcome measurements, statistical analysis, and flow

chart.

3.1 Ethical consideration

The results of this study presented in the form of quantitative value. All
personal information of the participant was kept confidentially. An approval of the
study protocol was sought from Ethic Review Committee for Research Involving
Human Project, Chulalongkorn University prior to data collection. Institutional Review
Board (IRB) was approved this on 1" AUG 2016. A copy of certificate of approval is
presented in Appendix A. The first enrolled participant was screened on 22" AUG
2016 and the last participant completed on 11" OCT 2016. Trial registration in Thai

clinical trials registry (TCTR) was done before participant enrollment.

3.2 Study design

A block randomized control trial single-blind study was used to investigate
the effects of 6-week aquatic interval training to improve predicted VOjpes, lung
volumes, body composition and QOL in obesity. Gender, age and BMI were used to
design in block randomization for each group. All outcome measurements were

performed by secondary investigators who work as a physical therapist at physical
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therapy department in Somdej Phranangchaosirikit Hospital. All  secondary

investigators were blinded about the group of participants.

3.3 Pre-inclusion screening

The screened questionnaire was used to screen the previous medical history
of all participants. This questionnaire consisted of age, gender, height, body weight,
past history of illness, inclusion and exclusion criteria (see Appendix B). If participants
responded the screened questionnaire with the answer was “not” in number 2 to 10
of section 2, those were selected to participate in this study. The eligible participants
were asked to accomplish the Baecke habitual physical activity questionnaire (100,
101) (see Appendix C) to ensure that they were categorized as sedentary people.
After that, they were randomized by simple draw. Allocation concealment was used

to prevent selection bias by using sealed opaque envelopes tickets.

3.4 Participants

Participants were invited to participate in this study by announcement and
verbal. Twenty-one obese individuals who met the inclusion and the exclusion
criteria participated in this study, and were randomly allocated to either training
group (n = 11) or control group (n = 10). After that, all participants were informed the
testing procedures and outcome measurements, and were required to maintain their
physical activity level, usual dietary intake and also alcohol consumption throughout
the study. This information is summarized in screen information sheet (Appendix D
and E). Written informed consent was being obtained in advance from each
participant (Appendix F and G). The inclusion and exclusion criteria for the

participants are as follows.
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3.4.1 Inclusion criteria

1) Obese individuals who had BMI > 25 kg‘/m2 (using a classification of BMI
categories for Asian adults) (16, 86)

2) Age between 25 to 55 years old

3) A sedentary people who did not participate in at least 30 minutes of
physical activity with moderate intensity, at least 3 day/week for at least the 3
months (60)

3.4.2 Exclusion criteria

1) Any person who had a medical history of CVD or CAD or unstable angina

and pulmonary problems such as pulmonary embolism

2) Uncontrolled metabolic diseases (e.g. uncontrolled DM and thyroid

diseases)

3) Uncontrolled hypertension, those with a SBP > 180 mmHg and/or resting
diastolic BP (DBP) > 110 mmHg

4) Orthopedic problems that could be interfered the training
5) Other severe condition such as cancer or renal failure
6) Participated in any another clinical trial

7) Participated in regular vigorous intensity endurance activity for the last 6

months

8) History of smoking or worked in environments with a high concentration of

dust or pollution

9) Unable to perform an activity in each session of aquatic training more than

60 minutes

10) Participant who cannot attend the aquatic training class more than 15

sessions (80 percents) out of 18 sessions
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3.5 Sample size calculation

The sample size was calculated by G*Power program version 3.1.9.2. The
calculation of sample size based on the result from the pilot study (power = 95
percents, alpha = 0.05 and effect size = 1.56). The result of the calculation is 8
participations per group. The dropout rate was set at 20 percents, therefore 10
participants per group were needed in this study. The details of sample size

calculation are shown in Appendix H.

3.6 Instrumentation

The instruments in this study are as followed: 1) automatic BP monitors
(Omron HEM-7203, Kyoto, Japan), 2) fingertip pulse oximeter (Edan, H10 Fingertip
oximeter, White Medical, Rugby, UK), 3) Borg’s RPE scale chart, 4) measuring tape, 5)
traffic cones, 6) digital stopwatch (SEIKO Memory 100, Japan), 7) handheld electronic
spirometer (MicroDL-RG22 4BS, CareFusion, UK), 8) nose clips, 9) stadiometer (Seca,
Hamburg, Germany; accuracy 0.1 cm), 10) body composition monitor with scale
(Omron, KaradaScan HBF-362, Kyoto, Japan), 11)a cloth tape measurement, 12)
Baecke Habitual Physical Activity questionnaire Thai version, 13) WRSM and OWLQOL
questionnaire Thai version, 14) HR monitors: Sigma PC 3.11 (SIGMA SPORT, Germany),

16) life vest jackets, 17) waterproof envelopes, and 18) whiteboard.

3.7 Research setting

All of outcome measurements in this study were conducted at Somdej
Phranangchaosirikit hospital, Sattahip, Chonburi, Thailand. Six-week aquatic interval
training was performed at the outdoor swimming pool of the Royal Thai Fleet

Headquarter in Sattahip, Chonburi, Thailand.
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3.8 Aquatic interval training

The interval training protocol published by Baekkerud et al. (2) was adopted
with slight modification and its effectiveness was proved to increase the level of
VO, max in Obesity. Aquatic interval training consisted of 3 days a week for a total of 6
weeks. Training program carried out 3 different days by week, with a 1-day rest
between sessions. Participants who unable to attend in those training more than 15
sessions out of 18 sessions were excluded from data analysis. The water level was

fixed at xiphoid or near xiphoid level, with the water temperature at 30-32°C.

Each training session divided into 3 stages. The first stage was a warm-up
included running in the water 10 min at 50 percents of HRR. The second stage was a
HIIT included 4 min of running in the water at 60-75 percents of HRR interspersed
with 3 min of active recovery at 50 percents of HRR. Each 3-min active recovery
phase included 2 primary exercises: 1) star jumps performed in 1St, 3rd, 5" and 7"
cycle (see Figure 3.1), and 2) forward jumps performed in Zﬁd, 4" and 6" cycle (see
Figure 3.2). Star jumps are jumping on the spot moving the arms and legs sideways in
the frontal plane. Forward jumps are jumping on the spot moving the arms and legs
backward and forward in the sagittal plane. According to the ACSM criteria, the
metabolic requirement of star jumps and forward jumps were classified into light to
moderate intensity (102). The final stage was a 3-min cool down at 50 percents of

HRR.

Exercise intensity was prescribed at 60-65 percents of HRR and performed HIIT
for 5 cycles in the first 2 weeks. Then, the intensity was progressed to 65-70 percents
of HRR and HIIT were performed 6 cycles in 3 and 4" week. In the last 2 weeks, the
levels of intensity were progressed up to 70-75 percents of HRR, 7 cycles. The
estimating intensity of exercise was calculated from HRR method because it can be
reduced an overestimated or underestimated errors from using HR,,, method (60).

Maximal HR is the highest rate acquire during peak exercise, and commonly
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predicted from the equation of 220 - age. Target exercise intensities are applied
using HRR method which are based on ACSM’s guidelines recommendations, and are

summarized in Equation 3.1 (45, 60).

Figure 3.1 Star jumps: jumping on the spot moving the arms and legs sideways in the

frontal plane, dots line represented as the water level.

Figure 3.2 Forward jumps: jumping on the spot moving the arms and legs backward

and forward in the sagittal plane, dots line represented as the water level.



Figure 3.3 Heart rates monitor Sigma PC 3.11 (SIGMA SPORT, Germany).

Figure 3.4 Life vest jacket.

65
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Heart rate reserve method:

Target HR = [(HR . — resting HR) x % intensity desire] + resting HR (45, 60)

Equation 3.1 Prescribing exercise intensity using heart rate reserve method.

Running in the water was instructed by the researcher which kept the elbows
bent at 90°, fists closed, the body slightly bend forward, used the legs and arms
similar to land running. Participants were required to attach HR monitor on their
chest wall and wrist joint (see Figure 3.3) and worn life vest (see Figure 3.4)
throughout the exercise sessions. Average exercise HR and Borg (RPE) scale were
checked every 1 minute and recorded immediately in the last minute of each
exercise phase by the researcher to ensure prescribed intensities reached to target
zone. Blood pressure, average HR and RPE scale are recorded in data collection

sheet during exercise (Appendix ).

3.9 Self-stretching exercise

Obese participants in control group received a usual care, a home program of
self-stretching exercise 3 sessions/week. Each session spends about 15-20 minutes. A
home program consisted of 11 self-stretching exercises which covered neck,
shoulder, back, thigh and calf region (see Appendix J), and were advised by
researcher. The brochure of stretching exercise was distributed to a control group in
the first day after outcome measuring process. Continuity of stretching exercise is
monitored once a week by telephone. After 6 weeks of followed-up, they were
assigned the instruction of aerobic exercise training according to the guidelines

recommended by the ACSM for obese adults.
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3.10 Outcome measurements

All outcome measurements were performed at baseline and after training
(within 3 days), and were recorded in personal data collection sheet (see Appendix
K). The outcome measurements consisted of the predicted VOjpes, lung volumes,

body composition, and self-report QOL questionnaires.

3.10.1 Predicted peak oxygen uptake

In this study, the 6MWT was opted for measuring the predicted VO,pea. The
protocol during 6MWT was conducted according to the ATS recommendation (73).
Participants were instructed to wear comfortable cloths with sport shoes. Strenuous
activity should be avoided for 24 hours before the test and also avoided a heavy

meal, caffeine or nicotine for 2 to 3 hours prior to testing.

Before starting the test, participants were asked to sit at rest in a chair at least
10 minutes, located near the starting position. Resting HR, BP, baseline dyspnea and
SpO, were measured during this time. Dyspnea scale was measured by using Borg’s
RPE 6 to 20 scale (75). Then participants were instructed to walk back and forth
around the cones in the 30-meters hallway as far as they can for 6 minutes. Walking
slow down, stop and rest during the test can be done as necessary, but they had to
resume walking as soon as possible. Heart rate, SpO, and the Borg scale were
measured every 1 minute during the test and recorded in data collection sheet
during 6MWT (see Appendix L). In addition, participants were required to worn a
fingertip oximeter, and avoid talking to anyone during the test. Post-walk the Borg
scale, fatisue level, HR, BP, SpO, and distance covered were recorded after
accomplished the test. Then, these variables were assessed again after finished the
test for 3 minutes. Predicted VO,p., expressed as ml/kg/min and predicted from the

formula as presented in Chapter 2 (Equation 2.1).
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3.10.2 Lung volumes

Handheld electronic spirometer (MicroDL, CareFusion, UK) was used to assess
lung volumes. The spirometer was calibrated before each day’s testing and after
every few hours of testing. Spirometry testing were performed by one trained
qualified technicians and used techniques base the ATS recommendation (79).
Participants performed the spirometry test in the sitting position and were attached
with a nose clip. Uniformity of spirometry test was assured by using the same
equipment brand for all the participants. Participants were asked to breathe in
maximally with a pause of < 1 second at TLC, and followed by a hardly and fast

breathing out for as long as they can into the spirometer.

The maneuver was accepted when breathing out for at least 6 seconds. A
minimum of 3 acceptable maneuvers were performed, separated by 1 minute to
ensure the outcomes were accurate. The largest value was selected from all 3
acceptable maneuvers without artifacts. The difference between the best 2
acceptable variables should be less than 0.15 L. The variables that were derived

from the spirometry test consisted of FVC, FEV,, FEV,/FVC ratio and PEF.

3.10.3 Body composition

Body composition in this study included BMI, waist and hips circumferences,
WHR, total body fat percentage and segmental body fat percentage. Participants
were asked to wear the light clothing and without shoes while measuring these

outcomes.

3.10.3.1 Body mass index

Standing height was measured by a stadiometer, measured to the
nearest 0.1 cm. Body weight was measured using a body composition monitor with

scale, measured to the nearest 0.1 kg. Body mass index was calculated as the weight
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(kg) divided by the square of the height (m?) (60, 84). This formula is demonstrated in
Chapter 2 (Equation 2.2). Normal weight and obese classifications were defined on

the basis of WPRO (16) and IOTF (86) cutoffs as presented in Chapter 2, Table 2.15.

3.10.3.2 Circumferences

Waist and hips circumferences were measured using the standardized
description of circumference sites and procedures from the ACSM’s guidelines (60).
Measurement of HC performed in the standing position with feet together. A
horizontal measure was taken at the maximal circumference of the hips between the
iliac crest and the crotch, and recorded to the nearest 0.1 cm (55, 60). Waist
circumference was conducted in the standing position with arms at the sides, feet
together, and abdomen relaxed. A horizontal measure were taken at the smallest
part of the torso at the umbilicus level, and recorded to the nearest 0.1 cm (55, 60).
All measurements performed at least 2 times, and made with a flexible yet inelastic
tape measure, and placed on the skin surface without compression. If the duplicate
measurements at each site were not in the range of 5 mm, the new measure was
repeated again. The average of these circumferences was recorded and accepted.

Then, WHR was calculated from both of the WC and HC (WC divided by HQO).

3.10.3.3 Total and segmental body fat percentage

Participants were instructed to avoid drink lots of water and eat a
meal 1 to 2 hours before the measurement. After the investigator entered the data
that included the height, age and gender into the bioelectrical impedance,
participants were asked to stand barefoot on this equipment with distribute weight
evenly, and held the ¢rip electrodes for 1 minute. After the display appeared body
weight, they were instructed to keep their back and knees straight, and extend their
arms straight at a 90° angle to the body. Then body fat was calculated from the
analyzer with a built-in equation in the bioelectrical impedance. The amount of body

fat expressed as a percent of total weight.
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3.10.4 Quality of life questionnaire

Self-administrated WRSM and OWLQOL questionnaire Thai version were used
for assessing QOL in this study. All participants were asked to accomplish this
questionnaire at baseline and after training. The WRSM was self-administration
included 20 items measuring symptoms associated with obesity and obesity
treatment (84, 97). Each item scaling included the Yes/No questions followed by a 7-
point Likert scale 0 (not at all) to 6 (a very great deal). Total score ranged from 0 to
120 which a higher score represented a worse symptom burden (97). The OWLQOL
was self-administration included 17 items evaluating a person’s global evaluation of
position in life related to obesity and their effort to body weight (84, 97). The item
scaling composed a 7-point Likert scale 0 (not at all) to 6 (a very great deal). Total
scores ranged from 0 to 100, and a higher score represented a higher obesity-specific
QOL (97). Both of WRSM and OWLQOL questionnaire were proposed to be
administrated together with other outcome measures, and those can be

accomplished in 7-10 minutes (84).

3.11 Statistical analysis

The descriptive statistic was described the demographic data and categorical
data. Continuous data expressed as mean and standard deviation (SD). Normal
distribution of the data was verified by the Shapiro-Wilk test. Either unpaired t-test or
Mann-Whitney U test was used to compare baseline characteristics and percent
change differences from pre- to post-training between groups. The level of statistical
significance was set at p < 0.05. The IBM Statistical Package for the Social Science
(SPSS) Statistics for Windows, Version 22.0 (IBM Corp. Released 2013., Armonk, NY,

USA) software package was carried out for all statistical analyses.
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3.12 Flow chart of this study

Obese participant, n = 21

Blocked randomized

Control group n = 10

Experimental group n = 11

A 4

\ 4

Baseline measurements:

- 6MWT

- Spirometry testing

- Anthropometric measurement

- WRSM and OWLQOL questionnaire
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Data analysis

Data analysis

Figure 3.5 Flow chart of this study.




CHAPTER 4
RESULTS

4.1 Participants

Twenty-one sedentary obese participants (11 females, 10 males, age 36.05 +
9.49 years, height 168.19 + 10.58 cm, weight 89.12 + 17.57 kg, BMI 31.34 + 4.03
kg/mz) enrolled and were allocated to control (n = 10, 5 females, 5 males) and
experimental group (n = 11, 6 females, 5 males). In aquatic interval training group,
nine from eleven participants completed all their prescribed training sessions. One
female attended 17 from all 18 sessions. One male withdrew from the training group
after attained 8 sessions due to a motorcycle accident, caused a fractured left
humerus. There were no adverse events during the training. Nevertheless, seven
participants (4 females, 3 males) reported a tension at the calf muscles in the first
week of exercise. Trial registration number was TCTR20160818003. Baseline

characteristics of the control and the experimental groups are summarized

in Table 4.1 and 4.2. Continuous variables were compared with unpaired t-test. No

statistically significant baseline differences were observed between groups.

4.2 Exercise intensity, ratings of perceived exertion, resting heart and blood

pressure

The mean exercise training intensities during the interval training (active phase
whereas calculated from the mean of all intervals) were achieved at 98.98 + 3.54
percents, 99.32 + 2.2 percents, and 98.37 + 1.81 percents of 65 percents HRR, 70
percents HRR, and 75 percents HRR, respectively. Focusing on the subjective
examination, dyspnea scale was measured using Borg’ RPE (grading 6-20 scale). In
active phase, mean RPE scales were stated at 11.87 + 1.12, 14.37 + 1.52 and 15.45 +
1.66 in 1St—2nd week, 3rd—4th week and Sth—éth week, respectively. These results may be
informed that sedentary obese participants can be achieved target HR and perceived

exertion throughout this training. After 6 weeks of followed up, mean resting HR in
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the experimental group had changed from 82.60 + 6.99 beats/min to 78.80 + 8.09
beats/min (p = 0.002). Considering alterations in BP in the experimental group, it was
found that SBP had changed between 7 to -12 mmHg whereas DBP had changed
between 4 to -14 mmHs. For the control group, SBP had changed between 13 to -5
mmHg whereas DBP had changed between 4 to -14 mmHg. As compare SBP and DBP
after accomplished interventions, no significant alterations were observed between
groups. Alterations of resting HR and BP in the experimental group are summarized in

Table 4.3.

4.3 Predicted peak oxygen uptake and six-minute walk distance

Significant differences in VO,pec and six-minute walk distance (6MWD) were
found in only experimental group. Differences of predicted VO,pe, are presented in
Figure 4.1. The trained obese participants had 6.74 + 5.56 percents (p = 0.002) and
8.40 = 6.01 percents (p = 0.001) higher predicted VO,pe5 and 6MWD compared with

the control group. Six-minute walk distance variable is presented in Table 4.4.

4.4 Lung volumes

For the experimental group, FEV; and PEF had significant increased by 8.92 +
6.52 percents (p < 0.001) and 42.32 + 42.27 percents (p = 0.017) respectively
compared to the control group, whereas no significant changes in FEV,/FVC ratio and

FVC. All spirometry variables are summarized in Table 4.4.

4.5 Body composition
4.5.1 Body mass index

After 6 weeks of follow up, there were no statistically significant differences in
BMI and body weight (BW) as compared between groups. All body composition

variables are shown in Table 4.5.
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Variable (units) Control Experimental p-Value
(n=10) (n=11)

Personal data
Age (year) 38.60 + 9.68 33.73 + 9.13 0.250
Height (cm) 166.80 + 9.86 169.46 +11.51 0.579
Physical activity level 5.54 +0.43 5.58 + 0.29 0.857
Resting HR (beat/min) 88.30 + 11.64 82.18 + 6.78 0.153
SBP (mmHg) 129.10 + 9.69 133.90 + 13.02 0.362
DBP (mmHg) 77.40 +7.23 83.90 + 9.69 0.106
Cardorespiratory fitness
Predicted VO,pea (Ml/kg/min) 18.24 + 2.02 18.84 + 2.22 0.526
6-minute walk distance (m) 571.90 + 47.04 555.73 + 43.77 0.425
Lung volumes
FVC (L) 3.86 + 1.48 3.56 + 0.79 0.860
FEV, (L) 295 + 091 273 +0.84 0.672
FEV/FVC ratio 83.20 + 8.44 79.45 + 14.53 1.000
PEF (L) 371.90 + 12791  314.27 + 128.33 0.316
Body composition
Bodyweight (kg) 88.65 + 18.16 89.55 + 17.90 0.911
BMI (kg/mz) 31.77 +4.73 30.96 + 3.47 0.655
Waist circumference (cm) 101.70 + 11.42 101.42 £ 10.11 0.954
Hip circumference (cm) 114.16 £ 9.73 112.09 +9.28 0.724
WHR 0.89 + 0.06 0.90 + 0.05 0.611

Notes: Data were presented as mean = SD. *Significance differences were set as p <

0.05. VOypeak = peak oxygen uptake, HR = heart rate, SBP = systolic blood pressure,

DBP = diastolic blood pressure, FEV; = force expiratory in ISt second, FVC = force

vital capacity, PEF = peak expiratory flow, BMI = body mass index, WHR = waist-hip

ratio.
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Table 4.2 Baseline characteristics between experimental and control groups

(continued).

Variable (units) Control Experimental val
ariable (units -Value
(n = 10) (n = 11) P

Total body fat and skeletal muscle percentage (%)

Body fat 34.49 + 5.82 33.81 + 6.06 0.796
Subcutaneous fat: whole body 29.28 + 9.07 28.97 +9.01 0.939
Skeletal muscle: whole body 26.17 + 3.85 26.83 +4.13 0.481

Segmental subcutaneous fat percentage (%)

Trunk 2633 +7.78 2594 + 7.67 0.908
Legs 39.32 £ 12.45 38.92 + 1191 0.941
Arms 39.96 + 13.08 40.13 + 12.94 0.888

Segmental skeletal muscle percentage (%)

Trunk 18.57 £ 3.51 19.18 + 394 0.712
Legs 41.94 + 5.41 42.41 + 5.80 0.573
Arms 26.93 + 8.75 26.70 + 9.44 0.778
Quality of life

OWLQOL 60.90 + 16.56 52.18 + 18.52 0.271
WRSM 22.70 £ 12.48 43.36 + 30.81 0.061

Notes: Data were presented as mean + SD. *Significance differences were set as p <
0.05. OWLQOL = Obesity and Weight Loss Quality of Life, WRSM = weight related

symptoms mesures.

4.5.2 Circumferences and waist-hip ratio

Waist circumference was 2.35 + 3.62 percents lesser in the experimental than
the control group (p = 0.028), but no significant difference was observed in HC
between groups (p = 0.402). However, WHR in the training group had significantly
decreased by 2.59 + 2.64 percents (p = 0.022) as compared to the control group.

Circumferences and WHR variables are presented in Table 4.5.
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Table 4.3 Alterations of resting HR and BP as compared within the experimental

group (mean + SD).

Variables Pre-training Post-training p-Value
Resting HR (bpm) 82.60 + 6.99 78.80 + 8.09 0.002*
SBP (mmHg) 133.90 + 13.02 132.50 + 13.84 < 0.001*
DBP (mmHg) 83.90 + 9.69 81.90 + 10.80 0.001*

*Significant difference within the experimental group (p < 0.05).
Notes: HR = heart rate, SBP = systolic blood pressure, DBP = diastolic blood

pressure.

4.5.3 Total and segmental body fat percentage

In comparison between groups, no statistically significant group differences
were observed in total and segmental body fat percentage (p > 0.05), those are

summarized in Table 4.5 and 4.6.

4.5.4 Total and segmental skeletal muscle percentage

Only participants in aquatic interval training group who had significantly
greater improvement of skeletal muscle percentage for legs (1.26 + 1.72 percents, p
= 0.020) and arms (1.44 + 1.91 percents, p = 0.002) as compared to the control
group. No significant alteration was found in skeletal muscle percentage for trunk.

These variables are demonstrated in Table 4.5 and 4.6.

4.6 Quality of life

In this study, WRSM and OWLQOL questionnaires (Thai version) were selected
for assessing QOL of all participants. Significant improvement in OWLQOL scores

(19.38 + 15.15 percents, p = 0.003), and significant reduction in WRSM scores (66.43 +
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20.71 percents, p < 0.001) were observed in only experimental group when
compared to the control group. A higher score of OWLQOL represented a
higher QOL, and a lower score of WRSM represented a higher QOL. The

scores from WRSM and OWLQOL questionnaires (Thai version) are shown in Table

4.6.
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*Significant between pre- and post-training (p < 0.05).

Figure 4.1 Changes in predicted VO p.q from pre- to post-training in the control and

the experimental group.
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CHAPTER 5
DISSCUSSION

The purpose of this study was to assess the effects of 6-week aquatic interval
training on alterations of predicted VOjpea, lUNg volumes, body composition and
QOL in obesity. Achieved fitness benefits of this exercise modality are in lined with
the ACSM’s recommendation (60) for improving health in obese individuals, were
consistent with those of intensity and volume-matched aquatic interval training. The
main finding from the present study is that obese participants randomly allocated to
6-week aquatic interval training had a significantly higher improvement in CRF
(predicted VO,pea and 6MWD), lung volumes (FEV; and PEF), body composition (WC,
WHR, skeletal muscle percentage for legs and arms), and QOL (OWLQOL and WRSM
score) as compared to the control group. These current findings supported our
hypotheses in this study. To our knowledge, our study is the first to report the similar
positive short-term effects of aquatic interval training in obese adults, and the results
suggest that a 6-week aquatic interval training can lead to maintain and improve in

CRF, lung volumes, body composition and QOL for obese men and women.

Predicted peak oxygen uptake in the training increased by 6.74 + 5.56
percents after accomplished the program, indicating that CRF of obese individuals
can be progressed in 6-week aquatic interval training. This finding has an important
clinical implication with previous studies indicated that low levels of CRF are known
to be as an independent predictor for cardiovascular mortality and all-causes
mortality (28, 103). An improvement of predicted VO,eqx in this study is comparable
to that found by Broman et al.studied a group of overweight women who
participated in 8 weeks of HIIT (75 percents of HR,.,) in deep water, and despite
longer duration of the program, found similar higher in VOyge. (104). This higher level
of predicted VO,pes is comparable to improvements observed in other studies using
interval training with a water-immersed at similar exercise intensities in obesity, but

has longer duration of exercise intervention (7, 48). Furthermore, the reductions of
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resting HR, SBP and DBP in our trained participants were in line with previous studies
(6, 66, 105). These results validated the use of HIT with water-immersed as an
effective exercise training modality for enhancing the levels of CRF and minimized HR

at rest in obese men and women.

The adaptation in predicted VO,,eq due to aquatic interval training is found
mostly in peripheral skeletal muscles, with a higher levels of arteriovenous oxyge;
(a-V O,) difference, increased in central blood flow, and increased in mitochondrial
enzyme activities (57, 104). When the body is immersed in water, the hydrostatic
static vascular gradient may additionally contribute to increased central blood
volume by regulating intrathoracic pressures (69). An alteration of central blood flow
leads to elevated cardiac output as a result of a higher SV (69, 104). This increase has
been attributed to a higher level of diastolic filling. Hydrostatic compression resulted
in the transcapillary fluid shifts. The greater thoracic blood volume induced the
ability to stretch of the heart wall, enlargement of left ventricular chamber size, and
cardiac muscle hypertrophy with increased ability of contractility during systole (66,
69). From those of mentioned mechanisms, parasympathetic nerve activity was
increased, and sympathetic nerve activity was decreased that affect intrinsic firing
rate of sinoatrial rate, thus reducing HR at rest (66, 69). These results possibly
increase the stimulation of the myocardium to adapt to training (104). Moreover, the
low- and high-intensity training exercise programs had a great impact on shear stress
in the arterial wall differently during exercise training and that may be minimized in

SBP and DBP (105).

The present study demonstrated that the distance from 6MWT in the
experimental group had a significantly increased by 45.80 + 32.39 meters (8.40 + 6.01
percents) after the training as compared to the control group, those of improvement
was in line with the hypothesis. The distance that a participant can perform in a

period of 6-minute reflects integrated responses of cardiopulmonary systems and
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muscle metabolism. Moreover, it was used for assessing the submaximal level of
functional capacity. Regarding exertion of most activities of daily living are performed
at submaximal levels, the 6MWD could be more effectively reflect the functional
exercise capacity for daily physical activities (73). Our finding was inconsistent with
the reported by Larsson and Reynisdottir assessing reproducibility and validity of
6MWT in men and women with obesity, the clinically significant difference required
of 6MWD was at least 80 meters for evaluation (74). Despite the significant change of
6MWD was less than 80 meters, our result was comparable with the study reported
by Guessogo et al., investigating 24-week training program based on repetition of
short-time walk sequences on 6MWD in obese women (106). A significant increment
of 6MWD in the present study would be as a resulted from the adaptation in CRF
and reflected to integrate responsiveness of cardiopulmonary systems and muscle

metabolism (73).

Previous studies obviously demonstrated that both of higher BMI and
abdominal obesity measured by WHR had significant influences on lung volumes (29,
30, 55, 91, 107). In our present study, significantly increased in FEV, and PEF were
observed in the primary analysis. The improvement of these indices was cleared with
this study’s hypothesis. To the best our knowledge, our study is the first to report
that 6-week aquatic interval training performed by obese men and women is an
effective training tool, producing improvements in FEV; and PEF. The possible
mechanism of the improvement may cause by the body immersed in water at the
thoracic level extremely affects to the pulmonary system lead to increase shifting
blood into the chest cavity, and compression of the chest wall itself. The
combination of this effect has resulted in change in pulmonary function, enhance
work of breathing, and alter respiratory dynamics (46). When body immersed up to
the xiphoid process, respiratory work has increased by 60 to 65 percents (108).
Hydrostatic force generates a higher level of thoracic blood volume (108) and a
resistance to the thoracic expansion (108, 109). This alteration leads to increase a

higher inspiratory effort resulting in strengthening of the diaphragm and intercostal
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muscles (108, 109). Regarding FEV,; and PEF improvements for the experimental
group, this finding agrees with two studies of overweight and obese young adults
found FEV,, FVC, FEV,/FVC ratio enhancements after aerobic exercise program (3, 10).
Additionally, the minimal clinically important differences (MCID) of FEV; have been
reported in 2 previous studies. A minimal level of perceived benefit and excess the
concept of statistical differences in FEV, is required as 100-140 ml or 5-10 percents
(110, 111). Of this, a higher value of FEV; by 100 + 7.0 ml in this study was in line
with those of MCID. The FEV, is greatly independent of expiratory effort, and is used
to express the levels of intrathoracic airway obstruction and investigate response to
bronchodilators (81). A reduction in major spirometric variables, such as FEV;, VC,
FEV/VC ratio and TLC, below their predicted relevant 5" percentiles was consistent
with a pulmonary defect, and it was a beneficial general approach in clinical practice

(33, 77).

As already known, the higher levels in abdominal subcutaneous fat has been
found to increase the risks for CVD and DM. Although simple clinical anthropometric
measurements such as WC, WHR and BMI, are not directly measure regional body fat
deposition. However, WC and WHR were the marker of abdominal obesity and used
for body fat distribution assessments. It was also independently associated with an
increased major risk of CHD and metabolic syndrome (7, 112). According to general
guideline, WHR that more than 0.80 for women and 0.95 for men increased mortality
risk regarding adjusting for BMI (113). Despite the present study was unsuccessful in
reducing all obesity indicators, however, this 6-week aquatic interval training was
significant changed in WC and WHR. Significant reduction of WC in this study is similar
to those of Boidin et al., following 9 months of water-immersed interval ergocycling
with Mediterranean diet counseling in obese patients (48). However, our results are
not comparative with the study of Pasetti et al., performing 12 weeks of interval
training in deep water running in obese women (6). Two studies performed 12-week
deep water circuit base training in overweight and obese women, significantly

decrease WC and WHR were found (7, 11). These studies supported the result of our
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findings. As well the study reported by Lopera et al., which investigated water-based
exercise intervention for 16 weeks in overweight and obese adolescents (112). The
evidence from previous research revealed an association between physical activity
and metabolic status. Advantageous effects of physical activity influenced by
exercise arise from morphological and physiological adaptations (12). It has been
shown that aquatic exercise as an aerobic exercise produces body fat consumption
(114), enhances lipid profiles and carbohydrate metabolism (12). Alteration in WC
may be induced by lowering in visceral or subcutaneous fat mass without any
change in body weight or BMI (11). Results from several numbers of water-based
studies revealed that changes in abdominal obesity measured by WC could be found

even any change in body mass or BMI (11, 12, 112).

When considering fat and lean mass percentages, by use of BIA, we were also
able to analyze whole body and segmental (trunk, legs and arms) subcutaneous fat
and skeletal muscle percentages. To author’s knowledge, this study is the first to
report such regional specific changes in body composition with aquatic interval
training. Our BIA analyses demonstrated the 6-week aquatic interval training
intervention utilized in this study was successful in enhancing skeletal muscle
percentage for legs and arms, compared to the control group. Despite no significant
reduction in whole body fat and segmental subcutaneous fat percentages, segmental
skeletal muscle improvements (1.26 + 1.72 percents for legs, 1.44 + 1.91 percents for
arms) are greater than some water-based exercise studies (48, 115). These differences
between studies (48, 115) may be as a result of the absence of caloric restriction,
differences in exercise intensity and interval duration, and a shorter exercise period.
Reductions in body fat percentages have been reported in obese women after 12
weeks of interval deep water running (6), and in obese patients after 9 month of
water-immersed interval ergocycling (48), but those are not consistent with our
findings. Although the present study found no differences in change in whole and
segmental body fat percentages, but there was a significant increase in legs and arms

skeletal muscle percentages in trained obese participants. Any improve in legs and
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arms skeletal muscle percentages may be reflective of a greater effort to move the
body through water (115), density and viscosity more than air (46, 115). Moving
extremities relative to water caused viscous resistance, which enlarges as more force
is exerted against it (46). These data suggest that performing relatively interval
training with water-immersed running as compared to controlled may elicit obviously

improved in segmental skeletal muscle percentages for obese men and women.

The OWLQOL and WRSM also were produced to complete the state of
patient reported outcomes using different concepts and different types of patient
reported outcome measures. These questionnaires included the measurement of
obesity-specific symptoms and QOL, general functional status and well-being,
person-specific preference measurement, and disability days (99, 116). The WRSM
establishes an association between symptoms with obesity and obesity treatment
(99). In the present study, WRSM scores in the experimental group was significantly
decreased in comparison with the control group, lower scores represented a lower
symptom burden (116). Of interesting, the trained obesity had a significant decreasing
score in decreased physical stamina item of weight-related symptoms measurement
after accomplished 6-week aquatic interval exercise, which those was in agreement
with VO,peac and 6MWD improvement. It has been clearly that VOype, represented to
the level of CRF (25, 60, 68). We assumed that when the trained participants
acknowledged significantly improved alterations in some outcome variables after the
end of the training, they might have an awareness of position in life related to
weight, weight loss, and weight loss treatment (99). This study has shown that
aquatic interval training for 6 weeks affected an improvement of QOL in obese men

and women.

Strengths of the present study included participants recruited from both
gender, had a control group for comparison of interaction effects, and no dietary

restriction and no lifestyle modification in all participants. Second, baseline and final



87

outcome measurements were investigated by the secondary investigators who
blinded the group of participants. Third, HR during interval and recovery phases were
checked every one minute by the researcher to ensure that participants can be
performed to target zones throughout the training session. Finally, there are limited
number of studies on the effects of HIIT with water-immersed on QOL in obese
adults (6), which those are presented in this study. Nevertheless, the limitation in this
study was the state of research setting was set at an outdoor swimming pool; the
weather conditions were unable to be controlled. Despite having to train at an
outdoor setting, the water temperature while performing in each exercise session was
not quite differences (28 to 30 °C). For further study strategies, to investigate the
accurate levels of VOyueq, future direct CPET should be performed for a global
evaluation of the progressive exercise response, and providing better results; anyway,
the 6MWT is a valid test for its estimation (76). The levels of perceived exertion and
HR during perform HIIT should be consistent. However, the RPE scale may variously
reports depending on perception of the individuals. In addition, altered blood
volume investigation included cardiac output and SV should be added for the
examination of possible concomitant adaptations in interval training performance.
For the control group, attention-time control should be performed for regulations of
time spent exercising as compared to the experimental group. However, the purpose
of this study was to investigate a head to head comparison of controlled and aquatic
interval training at stage of 6 weeks we hypothesized would result in statistical

difference effects, and also having a noticeably different time commitment.

In conclusion, the present study demonstrated that 6-week of aquatic interval
training has been given to improve CRF, functional exercise capacity, lung volumes,
some parameters of body composition and QOL in obese adults. These findings were
corresponded to the hypotheses of this study. Although this short-term program was
not effective in reducing total and segmental body fat percentages in obesity, but it
was successful in enhancing segmental skeletal muscle percentages, and also in

decreasing waist circumference. Furthermore, we also found that aquatic interval
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training was well tolerated in sedentary obese adults according to the mean exercise
intensity (excessed 95 percents of target HRR). For future public health researches,
the results of this study substantiate the message of the importance of the
frequency, intensity, duration and progression of this exercise modality. Therefore,
we believe that 6 weeks of aquatic interval training may be practical therapeutic

exercise for obesity.
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N1599AN189NNY = [(9).roA(10)ce (1D H(12) e 1B = e,
381319 = [(6-(13).ee )F (L) F(L5)eccF (16D 1/ = oo

RAIZLLUUTIU = e s

Activity level:
Sedentary subject = scores below 6
Active subject = scores 6 — 8

Athletic subject = scores above 8
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APPENDIX E
SCREENING INFORMATION SHEET FOR THE EXPERIMENTAL GROUP
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APPENDIX F
SCREENING INFORMED CONSENT FORM FOR THE CONTROL GROUP
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APPENDIX G

SCREENING INFORMED CONSENT FORM FOR THE EXPERIMENTAL GROUP
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APPENDIX H
SAMPLE SIZE CALCULATION
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Sample size calculation is based on the results from pilot study investigating

the effects of 6-week aquatic interval training on VOj,pes, lung volumes and body

composition in sedentary obese males. There were 5 participants participated in this

pilot study. Effect size is calculated from main outcome using an alteration of

VOZpeak~

File Edit View Tests Calculator

Help

Central and noncentral distributions | Protocol of power analyses
critical t =2.36462
0.3
PR
02 / Ay
- i/ A
i / Ay
~
| / N
0.1 S S
| E e,
’ S~o
0 =r T T T T - T T T ==
| -4 -2 0 2 4 3 3 10
! Test family Statistical test
[t tests '] [Means: Difference between two dependent means (matched pairs) ']
Type of power analysis @  From differences
A priori: Compute required sample size - given o, power, and effect size '] Mean of difference 1.47
SD of difference 0.94
Input Parameters Output Parameters
Tail(s) Noncentrality parameter & 44231786
—_— From group parameters
Effectsizedz  [1.5635295 Critical t 23645243
Mean group 1 o
® err prob 0.05 Df 7 g P
1
Power (1-P err prob) 0.95 Total sample size 8 REssaicupi
Actual power 0.9643827 5D group 1 1
SD group 2 1
Correlation between groups 0.5
Calculate Effect size dz ?
| [ Calculate and transfer to main window ]
[\
-

X-Y plot for a range of values

] [ Calculate J

Sample size calculation
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APPENDIX J
STRETCHING EXERCISE BROCHURE
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APPENDIX K
PERSONAL DATA COLLECTION SHEET
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APPENDIX L
DATA COLLECTIONS SHEET DURING SIX-MINUTE WALK TEST

wUUUUNNNITNAHBY 6-Minute walk test 59 [ Jpre [ ]Post
BMI = ke/m’ ALY Muge . yaon nn.
RPP = rate pressure product (HR x SBP in mmHg) = Jui
FramMedeU Wi WSINTNREOU WA | vine
ks YL
1 2 |31 4| 5|6 7 8 9 AR
BP (mmHg)
SpO, (%)
HR (bpm)
RPE

Distance (m)

- LLN (lower limit of normal) of 6-minute walk distance (6MWD) for men (117)
6MWD = (7.57xheight [cm]) — (1.76xweight [ke]) - (5.02xage [yr]) — 309 m -153 m
= [7.57x% (cm)] - [1.76x% (ke)] - (5.02x [yr]) = 309 m =153 m

= m

- LLN (lower limit of normal) of 6-minute walk distance (6MWD) for women
6MWD = (2.11xheight [cm]) - (2.29xweight [kg]) - (5.78xage [yr]) - 667 m -139 m
=[2.11x (cm)] - [2.29x (k)] - (5.78x [yr]) - 667 m =139 m

= m

Predicted VO,max (60)
VOymax = (0.02 x distance [m]) - (0.191 x age [yr]) - (0.07 x weight [kg])
+(0.09 x height [cm]) + (0.26 x RPP x [10-3]) + 2.45
=002x _ [mD-(0.191x [y -(007x  [ke)
+(0.09x _ [em]) +(0.26 x _ x [10-3]) + 2.45 = ml/kg/min

[
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