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ABSTRACT

The objective of this cross sectional research was to examine the optimal cut-
off points of body mass index which reflect the risk factors of cardiovascular disease
in the urban Thai male population. The cardiovascular risk factors were hypertension
and dyslipidemia. Thai males aged 35-50 years who worked and lived in Bangkok
were surveyed. These respondents were 413 government officers who answered
questionnaires regarding demographic and health data. Their weight and height were
measured for calculating body mass index (BMI). Measurement of blood pressure and
collection of blood samples for blood chemical analysis were performed. SPSS and
epidemiological methods (sensitivity, specificity and ROC curve analysis) were used
for data analysis.

Results show that more than 50 percent of respondents were overweight when
using the Asia criteria of BMI >23 kg/m”. While, the prevalence of overweight
respondents using the WHO criteria of BMI >25 kg/m” was 32.7 percent. The mean
BMI level of the respondents increased proportionately with blood pressure (SPB and
DBP), TC and LDL-C, except, TG. Increasing of HDL-C levels reversed
proportionately with BMI level. The optimal cut-off point of BMI which reflected
hypertension was 23.5 kg/m?. The optimal cut-off points of BMI which reflected high
risk in TC, TG, LDL-C, and HDL-C were 22.0, 23.5, 23.0, and 24.0 kg/m’
respectively.

The findings indicate that the cut-off points of BMI that reflect the risk factors
of cardiovascular disease in this study were lower than WHO criteria but was almost
matching the Asia criteria. Therefore, the cut-off points of BMI according to WHO
criteria may not be appropriate for the Thai male population. These results
demonstrate that if the physicians approach to specifying overweight as a BMI of >25
kg/m” is taken as an indication for therapeutic intervention, then the Thai male
population will be ignored despite the profound relationship of weight gain to
cardiovascular risk factors and incidence of disease such as hypertension and
dyslipidemia.

KEY WORDS: BODY MASS INDEX/ CUT-OFF POINT FOR OBESITY/

CARDIOVASCULAR DISEASE/ HYPERTENSION/
DYSLIPIDEMIA
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CHAPTER1
INTRODUCTION

Rationale

In the past, weight gain and fat storage have been viewed as signs of health and
prosperity. Nowadays, it threatens physical condition. Obesity is now well recognized
as a disease in its own right. It is a major risk factor of many non-communicable
diseases such as cardiovascular disease, hypertension and diabetes mellitus.
Cardiovascular disease (CVD) in particular is significant as it is one of the five leading
causes of death worldwide (1).

The prevalence of overweight and obesity has been increasing in most parts of
the world. According to the World Health Organization Consultation on Obesity, the
incidence of obesity has been increasing rapidly since 1990. The prevalence of obesity
in adult population is 10-25% in most countries of Western Europe and 20-25% in
some countries in the Americas (2). In Thailand, the Fourth Nations Food and
Nutrition Survey (1995) by the Department of Health, Ministry of Public Health used
the BMI of 25 kg/m” or more to classify of obesity and found that the prevalence rate
of obesity was increasing in all adult age groups. In particular, the age groups 30-39,
40-49 and 50-59 years these rates were 20.8%, 40.2% and 35.0% respectively (3).
Longitudinal study of Thai bank employees revealed that the majority of participants
both male and female experienced weight gain. The prevalence of overweight and
obesity increased in both sexes (4). This has resulted in an epidemic that has occurred
concurrently with the changes in lifestyle and diet, along with an increase in life
expectancy and urbanization.

In Thailand, mortality related to CVD has been increasing progressively each
year since 1975 and has become one of the first three leading causes of death among
the Thai population for more than 10 years. Health Information Division, Bureau of

Health Policy and Strategy reported the mortality rate of heart disease were 56.0, 58.5,



Prapaphorn Kaewboonruang Introduction / 2

62.5,69.2,77.4, and 71.2 per 100,000 population in 1992, 1993, 1994, 1995, 1996 and
1997 respectively (5).

A number of cardiovascular risk factors are influenced by overweight
including hypertension, impaired glycaemic control, dislipidemia and haemostatic and
rheological factors. Until recently it was thought that only severe degrees of excess
weight increased the risk of coronary heart disease (CHD), but recent evidence shows
a clear association with modest weight gain. In the nurses’ study, Willett et al. (6)
controlled for age, smoking, menopausal status, post menopausal hormone use and
family history. They found that the risk of CHD increased 2-fold in women of body
mass index (BMI) 25-28.9 kg/m2 and by 3.6 for those with a BMI of 29 kg/m2 or
more. Weight gain from age 18 years increased the risk 1.6-fold for an 8-10.9 kg
weight gain and 1.9-fold for an 11-19 kg gain. In males, a 10% increase in weight will
increase the risk of coronary heart disease by 38% whereas a 20% weight rise
corresponds with an 86% increase in risk (7). Blood pressure increased by 6 mmHg
systolic and 4 mmHg diastolic for a 10% gain in body fat and those who are
genetically more susceptible show the greater effect (7). Reisen et al. (8) have
demonstrated that a weight loss of 11 kg produced a 20% decrease in both systolic and
diastolic pressure in hypertensive patients even when the sodium intake was kept
constant. It would appear that, as a general rule, blood pressure is reduced by 1 mmHg
systolic and 2 mmHg diastolic for each 1% reduction in body weight (7). The most
characteristic lipid disorders in obesity are elevated total cholesterol (TC) and
triglycerides (TG), high low density lipoprotein cholesterol (LDL-C) and low high
density lipoprotein cholesterol (HDL-C). A meta-analysis by Datillo and Kris-Etherton
of some 70 published studies and other work reviewed, has indicated that for every 1
kg of weight lost, there is a corresponding reduction by about 1% in TC and LDL-C
and a rise by 1% in HDL-C (9).

Early obesity detection, prevention and management offer the best of solution.
There are many methods to assess fat distribution. Direct methods include computed
tomography, magnetic resonance, ultrasound, and dual energy x-ray. While those
methods are accurate, they are also complicated, expensive and cannot work in the
field. Conversely, anthropometry are a range of indirect methods such as body mass

index (BMI), waist to hip ratio (WHR), waist circumference (WC) and skinfold
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thickness and these demonstrative ways have been successfully used for work in the
field because they are simple and expedient (10-13). The World Health Organization
(WHO) suggests using cut-off points for BMI and WC concurrently but declares that
the use of WC to assess health risk would need to population specific and depends on
the presence or absence of other risk factors (e.g. overweight, CVD, and type 2
diabetes) (1). Some studies pointed out the possible advantages of using
anthropometric ratios. Suggested ratios were the WHR, the waist-to-thigh ratio, the
waist-to-height ratio and the sagittal abdominal diameter-thigh ratio. The rationale for
using these ratios is that the numerator reflects a combination of total and abdominal
fat mass and the denominator reflects overall body size or a body tissue mass (e.g.
muscle) that must be accounted for. However, since measurement errors may be
compounded in a ratio, and because the interpretation of these ratios in
pathophysiologic terms is difficult, the public health application of these ratios might
be limited (11-13).

A BMI is an indicator of fatness and is used to clinically assess obesity. Its
wide acceptance has been due to its simplicity and high specificity in screening for
total body fatness (% Body Fat: %BF) (14). However, a number of studies have
indicated limitation for its use. Length of legs or trunk in relation to overall stature
influences BMI. Also BMI cannot differentiate the components of body composition,
such as fat mass (FM) and fat-free mass (FFM), of subjects (15). Consequently BMI
can be large for those with short legs in proportion to their height and for those with
high muscularity. Consideration of these limitations is important when comparing
BMI values obtained across a range of different ethnic groups, because their body
proportions and body build are often different from each other (16).

Previous cross-ethnic studies that examined the BMI-%BF relationship in
respect to age, gender and ethnicity have reported that Asians tend to possess greater
%BF than Caucasians at the same BMI values (17-20). There are also reports that
Asians have higher health morbidities at lower BMI values than Caucasians. In
Asians, the cut-off classifications for overweight (>23.0 kg/m?) and obesity (>25.0
kg/m?) are lower than the WHO criteria (overweight >25.0 kg/m” and obesity >30.0
kg/m?) (21-25). These findings suggest that the universal BMI classification proposed
by the WHO may not be applicable to all populations. There is a need for studies to
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determine if population-specific BMI classifications should be developed for different
ethnic groups in order to allow BMI to be used as a better indicator of fatness (26).

In Thailand, Stevens NHC (27) studied 46 Thai women aged between 30-39
years old to test if body composition prediction equations using BMI, developed for
Caucasian females can be used for Thai females. The results found that Thai female
subjects have higher body fat than Caucasian females in the same level of BMIL
Consequently, the universal BMI classification by WHO might not be a suitable
prediction of body composition for Thai females. Chunchusak (28) studied 120
working men from factories in Bangpakong industrial estate. Their ages ranged
between 35-60 years old and the results found that more than 70 percent of the
subjects have normal BMI (20-24.9 kg/m®) but their have dyslipidemia levels were
rate as high normal levels of TC and TG were 60 percent and 23.58 percent,
respectively. Therefore, the BMI classification proposed by WHO might not be
applicable to the Thai male population. For this reason, the aim of this study was to
examine the optimal cut-off points of BMI which be reflect the risk factors of CVD

such as hypertension and dyslipidemia in the urban Thai male population.

Research Question

What are the optimal cut-off points of BMI in the selected urban Thai
population which detect: high in blood pressure (BP), total cholesterol (TC),
triglyceride (TG), low-density lipoprotein cholesterol (LDL-C) and low in high-
density lipoprotein cholesterol (HDL-C)?

Research Objective
General Objective
To examine the optimal cut-off points of BMI which reflect the risk factors of

CVD in the urban Thai male population.

Specific Objectives
1. To identify the optimal cut-off points of BMI which associate with the risk
factors of CVD such as high in blood pressure, total cholesterol, triglyceride, low-

density lipoprotein cholesterol and low in high-density lipoprotein cholesterol.
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2. To compare the sensitivity of cut-off points of BMI which reflect the risk
factors of CVD between Asia criteria (as 23 kg/m2 or more) and WHO criteria (as 25

kg/m® or more).

Research Hypothesis

1. The cut-off points of BMI which detect the risk factors of CVD in this study
is lower than WHO criteria (BMI >25.0 kg/m?).

2. The sensitivity of cut-off points of BMI in Asia criteria is better than WHO

criteria for detection the risk factors of CVD.

Scope of this Study
The subjects of this study are derived from Thai male population aged 35-50
years old and who live in Bangkok. Their employment duties are those of official

works are official work, which have low levels of physical activity.

Limitations of this Study

1. This research aims at studying the selected Thai male population who live in
Bangkok.

2. This research does not deal with eating habits that may affect the levels of
BMI, blood pressure and plasma lipids.

3. This research dose not deal with family history of disease such as
hyperlipidemia and hypertension because these diseases are the chronic disease which
may not present signs and symptoms in the present time and so most of samples do not

know their family history of disease.

Definition of Terms

1. Body mass index (BMI) is a simple index of weight-for-height that is
commonly used to classify overweight and obesity in adults. It is calculated as the
weight in kilograms divided by the square of the height in meters (kg/m?).

Body weight (k
Body mass index = y weight (kg)

Body height (m)*
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2. Cardiovascular disease (CVD) risk factors are the factors associated with
coronary heart disease (CHD) and cerebrovascular disease (stroke). These include
hypertension and dyslipidemia.

2.1 Hypertension
Blood pressure levels are classified according to WHO-ISH Guideline for
the Management of Hypertension (29).
- Optimal blood pressure means SBP <120 mmHg and DBP <80 mmHg.
- Normal blood pressure means SBP <130 mmHg and DBP <85 mmHg.
- High-—normal blood pressure SBP 130-139 mmHg and DBP 85-89 mmHg.
- Hypertension is a SBP of 140 mmHg or greater and/or a DBP of 90mmHg.
2.2 Dyslipidaemia
Plasma lipids mean TC, TG, LDL-C and HDL-C that were classified
according to the National Cholesterol education program (NCEP) (33).
2.2.1 Total cholesterol (TC)
- Acceptable levels means TC <200 mg/dl.
- Borderline levels means TC 200-239 mg/dl.
- High risk levels means TC >240 mg/dl.
2.2.2 Triglyceride (TG)
- Acceptable levels means TG <200 mg/dl.
- Borderline levels means TG 200-400 mg/dl.
- High risk levels means TG >400 mg/dl.
2.2.3 Low density lipoprotein cholesterol (LDL-C)
- Acceptable levels means LDL-C <130 mg/dl.
- Borderline levels means LDL-C 130-159 mg/dl.
- High risk levels means LDL-C >160 mg/dl.
2.2.4 High density lipoprotein cholesterol (HDL-C)
- Acceptable levels means HDL-C >35 mg/dl.
- High risk levels means HDL-C <35 mg/dl.
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CHAPTER 11
LITERATURES REVIEW

This study aims to examine the BMI cut-off points level which are associated
with the risk factors of CVD in the Thai male population who live in Bangkok.
The critical review of the literatures includes:

1. Cardiovascular disease

1.1 Scope of problem
1.2 Pathophysiology
1.3 Risk factors of CVD
2. Obesity
2.1 Scope of problem
2.2 Etiology of obesity
2.3 Risk factors associated with obesity
2.4 Assessing of obesity
2.5 Health problems related to obesity
3. Obesity and cardiovascular risk factors
3.1 Hypertension
3.2 Dyslipidaemia
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1. Cardiovascular disease

1.1 Scope of problem

The American Heart Association classify nine types of cardiovascular disease
(CVDs): CHD (sometimes called coronary artery disease; CAD or ischemic heart
disease; IHD) (31), stroke, high blood pressure, arrhythmias, disease of the arteries,
congestive heart failure, valvular heart disease, rheumatic fever/rheumatic heart
disease and congenital heart disease (32).

CVD is an important cause of global morbidity and in five of six WHO regions
it is the leading cause of morbidity (Table 1) (33). As health surveillance systems
improve in non-industrialized countries, there is an emerging awareness of the
magnitude of CVD as a cause of premature mortality. This is also true for
industrialized societies, and in several regions there has been a rapid increase in CVD
rate over the last two decades. In many countries in Asia and Africa limited data have
been available on detailed CVD mortality patterns. Nevertheless, it is now widely
recognized that stroke is a major cause of death among the elderly and CHD is an
important public-health problem in urbanized populations in these regions (34).

In Thailand, the mortality rate of heart disease gradually increased for more
than 10 years until 1996,then has been slightly decreased for both genders in both the
absolute number of deaths and the mortality rate (Table 2).

The death rate from diseases of the circulatory system in 2002 was 52.6 per
100,000 population. Among these, cerebrovascular diseases were the leading cause of
death with a rate of 21.5 and ischemic heart diseases were the secondary cause of
death with a rate of 14.4 per 100,000 population. Moreover, males had higher death

rate than females (5).

1.2 Pathophysiology

Disease of the coronary artery is almost without exception related to
atherosclerosis in the heart’s arteries. Atherosclerosis is not a single clinical disease
entity because atherosclerotic lesions can occur at different anatomic sites and their
clinical sequelaec depend on additional factors, such as age and physiologic status.

Atherosclerotic lesions most often occur within the inner most layer of the artery wall,
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the intima, but secondary changers can also be found in the media of the artery

underlying the lesion (35).

Table 1. CVD-related death in 2001 per 100,000 population, by WHO region

CVD African  American  European  South-East  Western Eastern  World
Region  Region Region  AsiaRegion Pacific ~ Mediter
Region  ranean
Region
CHD 333 967 2,423 1,972 963 523 7,181
Stroke 307 454 1,480 1,070 1,926 218 5,455
Hypertensive
heart disease 54 131 175 138 285 91 874
AllCVDs 985 1,979 5,042 3,797 3,745 1,037 16,585

Source: WHO. The World Health report 2002 ‘Reducing risk and promoting health life’. Geneva,
WHO. 2002 (33).

Table 2. Death of heart disease by gender and rate per 100,000 population, 1991-1997

Year Male Female Total
No. of deaths Rate No. of deaths Rate No. of deaths Rate

1991 8,760 66.2 12,243 43.2 1,003 54.7
1992 19,746 68.7 12,385 43.2 32,131 56.0
1993 21,219 72.9 12,770 44.1 33,989 58.5
1994 22,729 77.4 13,951 47.6 36,680 62.5
1995 25,531 86.2 15,522 523 41,053 69.2
1996 28,630 96.0 17,656 58.9 46,286 77.4
1997 26,482 87.9 16,486 544 42,968 71.1

Source: Health Information Division, Bureau of Health Policy and Plan, Ministry of Public Health
Statistic. 1997 (5).
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1.2.1 The atherosclerotic lesion

1) The fatty streak

The early stages of fatty steak formation are characterized by the
appearance of large subendothelial lumps covered by an intact layer of endothelial
cells. Early fatty streaks consist mainly of macrophages and T-lymphocytes. Initially,
monocytes and T-lymphocytes adhere to an intact endothelial surface at sites of
predilection for lesion development. Endothelial cells in the affected areas express
adhesion molecules. After migration through the endothelium the monocytes
differentiate into macrophages. With expression of the lesion, smooth muscle cells
also migrate into the intima. Macrophages and smooth muscle cells typically are lipid-
laden, and at this stage the cholesterol-rich lipid droplets are intracellular. In a later
stage during the development of the fatty streak, defects are found in the arterial
endothelium through which macrophages can protrude, most likely to remove excess
lipids from the arterial intima. The fatty streak is seen in many different populations,
not only in those with a high increase of atherosclerosis; therefore, a lipid deposition
as the fatty streak does not inevitably lead to an advanced atherosclerotic lesion.
Rather, a number of additional factors are necessary if the fatty streak is to progress to
the next, more complex stage of an atherosclerotic lesion, the fibrous plaque (35).

2) The fibrous plaque

The fibrous plaque occurs almost only in populations with a high
incidence of atherosclerosis. Furthermore, it protrudes into the lumen of vessel. The
fibrous plaque is made up of macrophages, T-lymphocytes, accumulating connective
tissue matrix, cell debris, and intracellular lipid and extracellular lipid — all covered by
proliferating smooth muscle cells, not only in the lumen but also at the bottom of the
lesion. The presence of T-lymphocytes indicates that an immune response is an
important factor in the development of the lesion and that this process may actually be
driven by an autoimmune response (35).

3) The advanced or complex lesion

As it ages the fibrous plaque is vascularized from the lumen and from the
media of the artery. The core of the lesion becomes increasingly necrotic and
eventually is calcified. The surface of the intima may develop fissures and ulcerate.

The developing complex lesion protrudes into the arterial lumen, which, when a
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thrombus is formed, can become completely occluded. Alternatively, the media
underling the lesion may atrophy, leading to the formation of an aneurysm. Plaque
instability appears to be caused by the abundance of lipid-laden macrophages and
extracellular lipids and by the death of smooth muscle cells and extracellular matrix
proteins thought to stabilize the plaque (35).

1.2.2 Pathogenetic mechanisms of plaque formation

1) The response-to-injury hypothesis

The hypothesis is based on the thought that factors such as altered blood
flow, chronic elevation of serum cholesterol, toxins and other injurious agents can lead
to disintegration of the surface of the intima. The injury might lead to a chronic
inflammatory response involving macrophages, T-lymphocytes, platelets, and smooth
muscle cells and also such mediator substances as platelet-derived growth factor
(PDGE). The endothelial cell monolayer acts as a permeability barrier that regulates
the passage of substances from the plasma to the underlying arterial wall. An intact
endothelial cell layer is thromboresistant, because the surface of the endothelial cells
contains prostacyclin and endothelial-derived growth factor (EDGF) as well as
glycoproteins and proteoglycans with antithrombolic properties (35).

2) The monoclonal hypothesis

The monoclonal hypothesis suggests that each lesion of atherosclerosis is
a being neoplasm derived from a single transformed smooth muscle cell; the mutation
of the cell may be induced by certain chemical components or other risk factors. This
hypothesis is not uncontested: each lesion could arise from a population of cells that
expresses the same isoenzyme, and therefore the lesion could be hyperplastic rather
than distribution of the isoenzymes in cells of the artery wall (35).

3) The lipid hypothesis

This hypothesis proposes that remnants of triglyceride-rich lipoproteins
or modified LDL of hyperlipidemic subjects are taken up by macrophages to form the
early atherosclerotic lesion, and that chronic exposure of endothelium to these
lipoproteins leads to cell injury. Cell necrosis in turn results in a deposition of lipid in
the extracellular space. Injury to the endothelium and progression of the

atherosclerotic lesion by exposure to chronically elevated levels of remnants and/or
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modified LDL could be part of the sequence leading to the formation of occlusion

plaques and to their clinical sequelae (35).

1.3 Risk factors of CVD

Over the last 2 decades a downward trend of incidence of CHD was observed
in some countries, whereas in others CHD remained on the rise. It remains the major
cause of death in the world. Therefore, the literature review on risk factors will be
related to CHD (34). The term “risk factors” first appeared in the Framingham Heart
study reported in mid-1960s (36). The Framingham Heart Study has clearly
established that high cholesterol, hypertension and cigarette smoking are the CHD risk
factors attributable to the majority of people. In addition to these factors, gender,
family history, and age have been identified as non-modifiable risk factors (36).
Categories of risk factors are important both for risk assessment and as a target for
intervention where commonly, it is identified in relation to the strategy of intervention
into two groups (37):

- Non-modifiable risk factors are age, gender, race/ethnic, family history and
type A personality.

- Modifiable risk factors are hyperlipidemia, cigarette smoking, hypertension,
diabetes mellitus, obesity, physical inactivity and others e.g. contraceptive used,
alcoholic intake, and stress. Most of the modifiable risk factors can be influenced by
diet.

The risk factors for CVD can also be categorized into three groups (38):

- Non-modifiable risk factors are age, male gender, black, and family history
of CVD.

- Physiological risk factors that are modifiable include elevated LDL-C,
hypertension, diabetes mellitus and obesity.

- Modifiable behavioral risk factors such as smoking, consumption of
dietary fat, cholesterol, salt, alcohol and a sedentary lifestyle.

Grundy et al. (39) proposed a classification of factors for CHD into four

categories according to emerging mechanisms as follows.
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1) Causal risk factors
The major causal risk factors are cigarette smoking, high blood pressure,
elevated serum cholesterol (or LDL-C), low HDL-C, and high plasma glucose.
Although the precise mechanisms whereby these five risk factors promote
atherosclerosis and predispose to CHD are not yet fully understood, abundant evidence
supports a directly causal role. Moreover, they act independently of one another.
2) Conditional risk factors
Conditional risk factors consist of factors that are associated with an
increased risk for CHD but whose causal link to CHD remains to be documented with
certainly. Because of uncertainty about their role in atherogenesis, the conditional risk
factors are not universally accepted as being major causal risk factors. The conditional
risk factors include elevated concentrations of serum triglycerides, Lp(a), small LDL
particles, homocysteine, and coagulation factors.
3) Predisposing risk factors
Predisposing risk factors consist of obesity, physical inactivity, and family
history of premature CHD, male gender, and possibly behavioral, socioeconomic, and
ethnic factors. Another predisposing risk factor is insulin resistance, a condition in
which cellular action is impaired by metabolic aberration. The major predisposing risk
factors, obesity and physical inactivity worsen insulin resistance, and their impact on
causal and conditional risk factors may be mediated largely via this mechanism.
4) Plaque burden as a risk factor
The usual way for estimating plaque burden in the clinical setting is to use
age as surrogate marker. The severity of coronary atherosclerosis rises with age.
Hence older persons on average have a greater plaque burden than younger persons.
This factors accounts for the well known claim that age is a risk factors for CHD. Use
of age as an indicator of plaque burden has been generally accepted for primary
prevention.
1.3.1 Major non-modifiable risk factors
1) Age and sex
Age is an independent risk factor for CVD. At any given LDL-C
concentration, risk for a clinical CVD event is higher in older than in younger people

(40). Eighty-five percent of Americans who die of CVD are age 65 or older. Given
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that age is a surrogate for coronary atherosclerotic plaque burden, the true risk factor,
in risk prediction algorithms, it has been suggested that risk algorithms would be
improved by the replacement of the age factor by accurate measurement of plaque
burden by noninvasive methods (41). At any given age, men are at a greater risk than
women for a CVD event. The reason for the difference in risk by sex is not entirely
understood. Both biologic and environment (including behavioral and psychosocial)
factors have been suggested. The differences in CVD mortality rates between
countries are greater than the differences between men and women, suggesting that
biologic factors are not solely responsible (40).

2) History of atherosclerotic disease

Established CVD or clinical atherosclerotic disease of the aorta, carotid
arteries, or arteries to the limbs confers very high risk for myocardial infarction (MI)
or CHD death. Risk is increased five to seven times, and approximately one-half of MI
and at least 70% of CVD deaths occur in patients with prior manifestations of
atherosclerotic disease. Recent studies suggest that one-third of stroke patients have
asymptomatic CVD, and cardiac events are the leading cause of death in stroke
survivors. Patients with asymptomatic peripheral vascular disease (PVD) appear to
have the same increased risk for CVD events and death as claudicates. Carotid intima-
media thickness as determined by B-mode ultrasound appears to be a useful surrogate
endpoint for atherosclerosis in distant beds and for clinical coronary events (42).

3) Family history

A family history of premature CVD indicates a high risk independent of
traditional and nontraditional risk factors. Although heredity contributes to many risk
factors (e.g. lipid concentrations, blood pressure, and obesity), it accounts for only a
portion of the aggregation of CVD seen in families. As summarized by the United
States National Cholesterol Education Program (NCEP) relative risk for CVD in first-
degree relatives has been reported to range form 2 to as much as 12 times that of the
general population. Risk increases with younger age at onset in the proband and with
the number of primary relatives affected. Siblings of the proband appear to have the
highest relative risk among primary relatives. Familial clustering of CVD risk most
closely resembles diseases of polygenic origin and does not follow a mendelian

dominant or recessive pattern that would suggest a single gene locus. Differences in
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gene frequency and in demographic profile, environmental factors, and early
childhood programming can all contribute to variations in risk for CVD among the
population (43).

The American College of Cardiology Evaluation of Preventive
Therapeutics (ACCEPT) study, a national survey conducted in 1996-1997, found that
U.S. physicians do not appear to adhere to NCEP recommendations for the screening
of family members of high-risk patients. Less than 1% of the screening of family
members of CVD patients aged younger than 55 years. Within 6 months of the
patient’s cardiovascular event, family members were screened in only 17.8% of cases,
and family screening was performed in only 19.6% of cases in which there was a
recognized family history of premature CVD (44).

1.3.2 Major modifiable risk factors

1) Hypertension

Hypertension is established as one of the major independent risk factors
for CVD and satisfies the criteria suggesting a causal relationship. Genetic and
environmental factors, including factors such as weight gain, sodium intake and
demographic factors such as age, sex, and ethnicity, contribute to population variations
in blood pressure. Many prospective studies have related increasing SBP and DBP
with risk for stroke, MI, congestive heart failure, and renal insufficiency. On average,
SBP continues to rise with age, whereas DBP peaks in the fifth decade of life and then
decreases. In the Multiple Risk Factor Intervention Trial (MRFIT) screens in 12 years’
follow-up, both absolute and relative risk for CVD death increased with progressively
higher SBP or DBP, independent of age, race, plasma cholesterol, cigarette-smoking
status, or income. It is important to note that approximately two-thirds of
hypertension-related CVD deaths in MRFIT occurred in individuals with only mild
hypertension, and the relative risk for CVD death also increased with each succeeding
SBP level in the normotensive range (45). In United States, clinical action limits for
blood pressure are established by the Joint National Committee (JNC); classification
of hypertension by the World Health Organization is in general accord with the JNC
VI definitions (Table 3) (29).
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Table 3. Classification of blood pressure in adults (>18 years)

Category Systolic (mmHg) Diastolic (mmHg)
Optimal <120 and <80
Normal <130 and <85
High-normal 130-139 or 85-89
Hypertension

Grade 1 (mild) 140-159 or 90-99

Grade 2 (moderate) 160-179 or 100-109

Grade 3 (severe) >180 or >110

Source: Guideline Subcommittee. 1999 World Health Organization-International Society of

Hypertension Guidelines for the Management of Hypertension. J Hypertension 1999;17:151-83 (29).

On average, according to meta-analysis, antihypertensive drug therapy
with lifestyle intervention significantly reduces the relative risk for CVD and for fatal
CVD, each by 16% (2-3% for each reduction of 1 mmHg in DBP, reductions
averaging 5-6 mmHg). Significant risk reduction extends even to older people with
isolated systolic hypertension. Total stroke and stroke mortality rates are reduced 38%
and 40%. However, the numbers of coronary and stroke deaths prevented are
approximately the same because of the higher prevalence of CVD. There are clear-cut
benefits in CVD risk from a decrease of even 5 or 6 mmHg in DBP. The Hypertension
Optimal Treatment (HOT) trial, which enrolled 18,790 patients, from 26 countries,
with hypertension and DBP of 100-115 mmHg, showed intensive lowering of blood
pressure to be associated with a low rate of CVD events. The lowest incidence of
major CVD events occurred at a mean achieved DBP of 82.6 mmHg; the lowest risk
for CVD death occurred at 86.5 mmHg. The rate of adverse events was not increased
or decreased with further reductions, although there was an apparent increase in the

mortality rate when DBP was reduced to below 70 mmHg (46).
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2) Dyslipidemia

Elevated plasma cholesterol

The strength of the independent, dose-response relation, the consistency
of findings within and among populations and biologic plausibility all argue for
elevated LDL-C as causal in the development of CVD. Perhaps the clearest
demonstration of the importance of LDL-C in the pathogenesis of atherothrombotic
disease is the occurrence of premature CVD events in individuals with inherited forms
of hypercholesterolemia, even without the presence of other risk factors. In addition to
the example from observational epidemiologic studies cited above and the major
interventional trials, the meta-analysis by Law et al. (47) is of particular interest. There
is remarkable consistency among large cohort studies in the relation of cholesterol to
the incidence of CVD. The true relation between cholesterol concentration and CVD
has tended to be underestimated because of regression dilution and surrogate
underestimation. After allowance for these sources of error, analysis of the
international studies shows that a 10% difference in cholesterol concentration is
associated with a 38% difference in CVD mortality rate. A difference of 23 mg/dl in
cholesterol in the cohort studies by this analysis would be associated with a CVD
mortality difference of 54% at age 40, 39% at age 50, 27% at age 60, and 20% at age
70 (47). Traditionally, CVD risk has been considered to be 2-3% lower for each 1%
decrease in TC concentration.

Although early observational studies suggested that CVD risk plateau at
lower cholesterol concentrations, more recent evidence does not support such a
plateau. Only in populations with a very low concentration of TC (<150 mg/dl) or
LDL-C (<100 mg/dl) is a near absence of CVD events seen (47). In the Heart
Protection Study, there was no evidence of a bottom LDL-C threshold beyond which
statin therapy was not beneficial in preventing clinical events. Although there must be
some LDL-C threshold, because cholesterol is required by the body, the LDL-C
lowering in the Heart Protection Study led to clinical benefit even in patients whose
values were lower than 116 mg/dl or lower than 100 mg/dl at entry into the study.
Atherosclerosis identified in autopsy studies in adolescents and young adults correlates

with plasma cholesterol concentration and other risk factors, and cholesterol
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concentration in young adulthood predicts the development of CVD events later in life
(48).

Reduced high-density lipoprotein cholesterol

In addition to genes, lifestyle factors strongly affect HDL-C
concentrations, as with other lipoprotein fractions. The strong, curvilinear inverse
relation between HDL-C concentration and CVD risk is well established by
observational epidemiologic studies. Each 1 mg/dl increment in HDL-C is associated
with a 2% risk decrement in men and 3% risk decrement in women. HDL-C also
appears to be a stronger risk factor in type 2 diabetes mellitus and when low
concentrations occur with elevated TG and LDL-C, and reduced HDL-C is a
component of the metabolic syndrome. The HDL-C threshold for high CVD risk is
much higher in patients with such additional risk factors (49).

Some evidence, including cross-sectional data on events and ultrasound
assessment of carotid plaque morphology, has linked low HDL-C with increased risk
for ischemic stroke (50).

Elevated plasma triglyceride

The relation between hypertriglyceridemia and atherothrombosis is
complex. The hypertriglyceridemia state is heterogeneous with respect to underlying
metabolic alteration. The various triglyceride-rich lipoprotein (TGRL) are
heterogeneous in atherogenic potential; their metabolism is closely associated with the
metabolism and blood coagulation and fibrinolytic pathways. Since the 1980s, a
variety of mechanisms whereby TGRLs may be atherogenic and prothombotic have
been identified. The epidemiologic association of total fasting plasma TG with CVD
risk has, thus, been complicated by methodological difficulties. Association of the
highest risk for CVD with moderate rather than severe hypertriglyceridemia, which
can be understood in terms of the distribution of TG among different classes of plasma
lipoproteins, is counterintuitive for many clinicians (51).

Meta-analysis of 17 population-based studies with an average follow-up
of 8.4 years in men and 11.4 years in women, found an increase of 88.5 mg/dl in
fasting TG to be associated with a 32% and 76% increased risk for incident CVD in
men and women, which on multivariate analysis decreased to 14% and 37% but

remained significant. Two years later, the 8 year follow-up of the prospective
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Copenhagen Male Study showed that relative risk on multivariate analysis for a first
CVD event was increased by 50% for the middle-third of fasting TG concentrations
and more than doubled for the highest third of concentrations (52).

Lipid cut-off points are shown in Table 4 according to the current
National Cholesterol Education Program (NCEP) initial classification based on TC,
TG, LDL-C, and HDL-C levels (30).

Table 4. Classifications of blood lipid values in adults base on the National

Cholesterol Education Program (NCEP)

Lipid (mg/dl) Desirable level Borderline level High risk level
TC <200 200-239 >240
TG <200 200-400 >400
LDL-C <130 130-159 >160
HDL-C >35 - <35

Source: Expert Panel on Detection, Education and Treatment of High Blood Cholesterol in Adults,
Nation Cholesterol Education Program. Second report of the Expert Panel on Detection, Evaluation and
Treatment of High Blood Cholesterol in Adult (Adult Treatment Panel II). Circulation 1994;89:1329-
445 (30).

3) Diabetes mellitus

Major lipid abnormalities are more common in non-insulin-dependent
diabetes mellitus (NIDDM) with the commonest lipid abnormality being
hypertriglyceridemia with reduced HDL-C. Total cholesterol tends to be unaltered but
there is more small dense atherogenic LDL-C with its increased susceptibility to
oxidation. An analysis of National Health and Nutrition Examination Surveys
(NHANES) I cohort data indicated that the declines in CHD mortality rate seen in the
general U.S. population were not matched in subjects with diabetes. Between 1971
and 1975 and between 1982 and 1984, the age-adjusted CHD mortality rate fell by

36% among nondiabetic men and by 27% among nondiabetic women, but it fell by
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only 13% among diabetic men and rose by 23% in diabetic women. It is estimated that
the number of adults with diabetes in the world will be 300 million in 2025, compared
with 135 million in 1995. The prevalence of diabetes in adults worldwide was
estimated to be 4.0% in 1995 and is predicted to rise to 5.4% by the year 2025 (53).

Risk for all forms of CVD, including CHD, is increased substantially in
type 1 as well as in type 2 diabetes mellitus, and patients with CHD are more likely to
die if they have diabetes. Diabetes mellitus increases the risk for CHD by two to four
times, and atherosclerosis is also rapidly progressive. Macrovascular complications are
encountered more often in type 2 than in type 1 diabetes. Although multiple risk
factors such as hypertension, dyslipidemia, and risk visceral obesity are common in
adults with type 2 diabetes, they do not account for all the increased risk in diabetics.
In a 12-year follow up in Multiple Risk Factor Intervention Trial (MRFIT), the
absolute risk for cardiovascular death was much higher for diabetic than non-diabetic
men at every age and risk factor level, and risk increased more steeply in the diabetic
men as risk factor levels increased (54).

According to American Diabetic Association, diabetes mellitus is defined
as a plasma glucose of 140 mg/dl and/or treatment of diabetes. Recently in 1997,
Expert Committee on the Diagnosis and Classification of Diabetes defines diabetes
mellitus as a fasting blood glucose of 126 mg/dl and/or treatment of diabetes. Multiple
studies have demonstrated that the presence of diabetes mellitus (fasting plasma
glucose >126 mg/dl) greatly increases the risk of cardiovascular disease (55).

4) Smoking

Cigarette smoking is the key public health challenge in developed
nations. In 44 developed countries taken together, tobacco was responsible for 24% of
all deaths in males and 7% of all deaths in females in 1990, rising to more than 40% in
men in some former socialist economies. The average loss of life of smokers is 8
years; for those whose deaths are attributable to tobacco, it is approximately 16 years.
Fifty percent of continuing cigarette smokers die of smoking-related causes
approximately one-half of them in middle age (56).

Cigarette smoking can kill in at least 24 different ways. Among major
chronic diseases for which smoking is a risk factor are CVD, cancers, including

cancers of the lung and upper aerodigestive system, liver, pancreas, stomach, rectum,
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renal pelvis, urinary bladder, uterine cervix, and penis, as well as leukemia, and
nonmalignant respiratory diseases, for example, emphysema, bronchitis, and
pneumonia (57).

Smoking and cardiovascular disease

Smoking is the single most important preventable cause of morbidity and
mortality from CVD. In United States, approximately one-fifth of deaths from CVD is
attributable to smoking, and CHD accounts for approximately one-half of these deaths.
Smoking doubles to quadruples the risk for CHD event, and the risk is synergistically
compounded by hypertension, hypercholesterolemia, glucose intolerance, or diabetes.
Smoking confers at least a 70% excess rate of death from CHD. It increases risk for
sudden cardiac death by ten times in men and 4.5 times in women. Smoking is
predictive of chronotropic incompetence, and male smokers with chronotropic
incompetence are at particularly high risk to suffer death or a CVD event (58).

Mechanisms of damage

Cigarette smoke contains 3000-4000 different components and each puff
contains 10 free radicals. Studies in rats have demonstrated endothelial cell changes as
a result of injury, and enhanced deposition of fibrinogen and lipid contributes to
atherogenesis. Fibrinogen levels and platelet aggregation are increased and this leads
to increased blood coagulability and viscosity. Smoking appears to reduce HDL-C and
increase TG. By sympatho-adrenal stimulation, nicotine reduces coronary blood flow,
most markedly in areas already compromised by ischemic damage, and this may
precipitate arrhythmia or angina, potentially resulting in observed increased risk of
sudden death among smokers (59).

Dose-response relation

The degree of risk of smoking is related to the number of cigarettes
smoked and to cumulative consumption (age at beginning and duration) in a strong
and consistent dose-response relation. Risk for MI and death from CVD is increased
even with smoking only one to four cigarettes each day; thus, there is no safe level of
tobacco use. Smoking so-called low-yield cigarettes does not reduce smoking-related

risk for CVD (60).
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5) Physical inactivity

Physical inactivity is an independent predictor of CHD and is directly
related to CVD mortality rate. Manifestations of CHD are reduced in people whose
jobs are physically demanding or who regularly participate in moderate to strenuous
recreational activities, and survival rates are increased after MI when behavior is
modified to include regular exercise. Most CVD mortality benefits of physical activity
can be attained through moderately intense activity (61).

Exercise training increases maximum ventilatory oxygen uptake and
decreases myocardial oxygen demands, and beneficial changes occur in
hemodynamic, hormonal, metabolic, neurologic, and respiratory function. Exercise
can help control diabetes and obesity and adds an independent blood pressure-
lowering effect in certain hypertensive groups. Below a critical level of physical
activity, chances for being overweight become substantial. Exercise training also
favorably alters carbohydrate metabolism, adipose tissue distribution, and insulin
sensitivity, and decreases fibrinogen concentrations. Although, importantly,
unaccustomed vigorous exercise appears to be able to trigger acute coronary ischemic
events, and endurance training reduces risk for thrombosis (62).

Exercise induces a number of positive changes in lipoprotein metabolism
in diabetic and nondiabetic individuals. It increases HDL-C, in particular
“cardioprotective”, and reduces, sometimes markedly, plasma TG. Effects on LDL-C
are less consistent, although exercise often moderately lowers LDL-C, and it shifts
LDL from small, dense particles to larger particles. In addition, it decreases the extent
of postprandial lipemia, and endurance training increases lipoprotein lipase (LPL)
activity. There appears to be little effect on Lp(a). Regular exercise in overweight
individuals enhances the beneficial effect of a low-fat diet on lipid concentration.
Furthermore, exercise protects against the adverse effects of dyslipidemia on the
vascular wall and may improve endothelial function (63).

In conclusion, major modifiable risk factors are major risk factors of CVD and
include hypertension, dyslipidemia, diabetes mellitus, smoking, and physical
inactivity. For obesity is categorized as a major modifiable risk factors contributing to
the major causal risk factors. Long-term prospective studies have consistently shown

that excess body fat is related to increased levels of CHD. Many of the effects of
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obesity, however, are mediated through increases in other characteristics and this has

led to debate concerning the independence of obesity as a risk factor (64).

2. Obesity

2.1 Scope of problem

Obesity is a significant health problem in the United States and other
industrialized nations. It is a complex, multifaceted chronic disease that involves
metabolic, physiologic, biochemical, genetic, behavioral, social, and cultural factors
and results from an imbalance between energy expenditure and caloric intake.
Traditionally, obesity has been defined as an excess of body fat: 25% body fat in men
and 33% in women. Obesity is associated with greater risk for a number of health
problems, including cardiovascular disease, hypertension, dyslipidemia, and non-
insulin dependent diabetes mellitus. It has been found to be a modifiable and
preventable risk factor for these and other medical conditions that can be treated by
making lifestyle modifications (65).

In the year 2000, 64.5% of the adult population in the United States was
overweight (BMI of 25 kg/m” or higher), and 30.5% were obese (BMI of 30 kg/m’or
higher). Secular trend data suggest that obesity prevalence has been increasing steadily
over the last 30 years (66). In Thailand, the fourth Nations Food and Nutrition Survey
(1995) by Department of Health, Ministry of Public Health by used the BMI of 25
kg/m” or more to classify of obesity and found that the prevalence rate of obesity was
increasing in all adult age groups. For age groups 30-39, 40-49, and 50-59 years,
prevalence rate were 20.8%, 40.2%, and 35.0% respectively (3). Five year longitudinal
studies of 1,019 Thai bank employee revealed that the majority of participants both
male and female had experienced weight gain. The prevalence of overweight and
obesity increased in both sexes (4).

At the international level, it appears that the degree of obesity is linked to the
levels of urbanization, economic development, and nutrition. Although women appear
to have higher rate of obesity than men, being overweight is more common in men
than in women. The prevalence of obesity appears to be linked to levels of
urbanization and development in particular regions. In Africa, little information has

been collected on obesity trends, but there has been an increase in the rates of obesity
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in the developing countries. For instance, in Mauritius the proportion of obese men
increased from 3.4% to 5.3% and that of obese women form 10.4% to 15.2% over a 5-
year period. In comparison, Brazil has undergone a transition from nutritional
deficiencies to excess, as indicated by an increase in obesity across all groups of men

(3.1% to 5.9%) and women (8.2% to 13.3%) over a 15-year period (1).

2.2 Etiology of obesity

The development of obesity is incompletely understood but involves social,
behavioral, cultural, physiology, metabolic and genetic factors. Lifestyle my play a
dominate role. Parents and offspring BMlIs are correlated, including between biologic
parents and adult adopters (but not between adoptive parents and adult adopters);
furthermore, similarity of BMI is approximately twice as great in monozygotic as in
dizygotic twins. The complex etiology makes the search for obesity genes challenging;
several genome scanning projects with obesity phenotypes as a primary focus are
currently under way (9).

It is being recognized more and more that obesity results in great measure
from an environment that promotes excessive food intake and discourages physical
activity through advances in technologic mechanisms that are strong in the defense
against weight loss but weak against weight gain when there is abundant food supply.
Nevertheless, altering the environment should not be viewed as insurmountable given
the societal have been made in the United States against smoking and high—fat diets
(67). Preventing the development of obesity in young adulthood and middle age
should be high on the list of public health priorities, and even if weight control efforts

fail in the first generation, they may succeed in later generations (9).

2.3 Risk factors associated with obesity

1) The importance of energy balance

Body weight is the integrated product of a lifetime’s energy intake, offset by
energy needs. Throughout the last century there has been a trend towards increased
body weight and increases in body mass index. Data from the annual Health Survey
for England shows that the average gain in weight of the adult population over the last

10 years has been approximately 0.35 kg/year, which is primarily adipose tissue, with
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modest concomitant increases in lean tissue. At an individual level, excess weight gain
may occur gradually, almost imperceptibly, over many years or, in intermittent
episodes of more pronounced positive energy balance, perhaps related to holidays or
festive periods when usual diet and activity habits are distorted. However, spontaneous
weight loss is rare, except in association with pathological processes. This asymmetry
in energy balance is underpinning the rise in obesity (76).

Energy balance is the product of both innate and discretionary processes. Energy
expenditure consists predominately of three components; resting energy expenditure,
thermogenesis and physical activity (77). Resting energy expenditure is a product of
an individuals size, shape and body composition and accounts for 50-80 percent of
energy needs. Additional energy (approximately 10 percent) is expended in the
thermogenesis accompanying digestion and processing of food, or for
thermoregulation. Only the energy expended in physical activity is discretionary and
thus modifiable.

2) Physical activity

A comparison of contemporary living practices with historical accounts
quickly reveals that habitual physical activity has declined, but data on secular trends
using objective measures are lacking. Cross-sectional analyses of measures of activity
and the risk of obesity consistently report a reduced weight or BMI with higher
categorical levels of physical activity. This is particularly true for vigorous activity,
which may reflect improved reporting of such activities in questionnaires relative to
the lower intensity of activities of daily living. However, the interpretation of these
cross-sectional analyses is limited due to difficulties in dissecting the directionality of
the association. Physical activity may influence weight, but weight may also influence
the intensity or nature of physical activity (78).

Prospective studies provide evidence that physical activity may attenuate
weight gain, but there is no consistent evidence to suggest that activity can fully
prevent or reverse age-associated increases in body weight. In the US Health
Professionals Follow-up of almost 20,000 men those in the lowest activity category at
baseline and follow up gained 1.1 kg compared to those in the highest activity
category at the two time points who gained only 0.8 kg (79).
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3). Energy intake

Analysis of the dietary factors associated with obesity is confounded by the
difficulties in assessing food intake and eating behavior. Dietary surveys are
increasingly beset by the problem of underreporting, probably related to the increased
awareness of nutrition issues and concern over body weight, which leads individuals
to consciously or sub-consciously mis-report their food intake.

Analysis of the dietary determinants of obesity is also confounded by the
problems of post-hoc changes in consumption in response to increasing body weight.
This makes it difficult to draw quantitative conclusions from cross-sectional or even
prospective studies of food intake and body weight. Nonetheless increasingly refined
recording tools and statistical analysis are seeking to understand more about the
location and social context of eating episodes and using factor analysis to identify
types of dietary patterns, which may inform future strategies to prevent and treat
obesity (80).

4) Energy density

Energy density is a critical component in the regulation of human appetite and
plays an important role in determining total energy intake. In the “real world” energy-
dense diets are frequently high in fat, since fat (37 kJ/g) contains more than twice as
much energy gram-for-gram as protein (17 kJ/g) or carbohydrate (16 kJ/g). Many low-
fat foods, especially dairy products, contain substantially less energy than their full-fat
equivalent, allowing consumers to maintain the bulk of food in the diet, while
constraining energy intake. However, recent advances in food technology have
resulted in some food ranges that are low in fat but where the energy content is similar
to traditional equivalents. These foods, such as biscuits, cakes and desserts often
contain large quantities of added sugars and might be expected to lead to similar
passive over-consumption as high-fat foods of similar energy density.

Food served in most “fat-food” chains such as burger and chicken outlets are
characterized by a particularly high energy density. These foods are frequently high in
fat and have a low water content. The high energy density of these foods provides a
plausible biological explanation for the epidemiological associations between ‘““fast-

food” consumption and obesity (81).
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5). Portion size

The size of portions of food commonly served is increasing. This trend,
previously observed only in the USA, has rapidly swept across restaurants throughout
the world as part of the process of globalization. It has been exploited by marketers
and now also affects household food from ready-meals to items such as crisps,
confectionery and soft drinks.

A series of studies in both laboratory and free-living settings have
demonstrated that large portions foster increased consumption in both adults and
children of both genders and irrespective of adiposity (82).

6) Snacking

There is a clear secular decline in traditional three-meal-a-day eating patterns
and a rise in more frequent, less formal eating occasions, commonly described as
snacking. Epidemiological associations between eating frequency and obesity yield
mixed results and heavily confounded by under-reporting of energy intake and hence
potentially under-reporting of eating episodes too. In day-to-day life the impact on
body weight is likely to be determined by the quantity and quality of snacks consumed
rather than by eating frequency (82).

7) Soft drinks

The emphasis on dietary fat as an important determinant of energy density has
tended to divert attention from sugar-rich foods and drinks. However, it is important to
recognize the energy density theory of appetite control cannot be equally applied
across solid and liquid foods alike. Liquids have a lower energy density than solids
because of their high water content, yet there is poorer energy compensation following
isoenergetic liquids relative to solid food, perhaps due to differences in viscosity (82).

It is evident that increases in soft drink consumption, as part of broader diet
and lifestyle change, have paralleled the rise in obesity. Sugar-rich drinks are
frequently alleged to be a determinant of obesity risk but within cross-sectional
surveys there is little evidence of an association. Two free-living studies have tested
the effects on sugar-rich drinks on body weight. In the first, daily consumption of 1150
g soda sweetened with a high-fructose corn syrup (530 kcal/day) versus aspartame (3
kcal/day) or no beverage, over 3 weeks each, showed that the high-fructose corn syrup

drink significantly increased energy intake and body weight relative to both the
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aspartame and control treatments (83). Secondly, a 10 week trial examined the impact
of sugar-rich versus artificially-sweetened foods and drinks in which >80 percent of all
intervention foods were beverages. Over 10 weeks, weight increased by 1.6 kg in the
high sugar group and decreased by 1.0 kg in the group in whom sugar rich foods and
beverages were replaced by artificially sweetened varieties (p <0.001). Overall, this
data supports the hypothesis that consumption of sugar-rich drinks is a risk factor for

obesity (84).

2.4 Assessing of obesity

There are several methods of body-composition analysis, including
anthropometry (skinfold measurements, waist to hip ratio, waist circumference, and
BMI), near infrared interactance (NIA), hydrostatic weighing, air displacement, dual
energy x-ray absorptiometry (DEXA), and bioelectrical impedance (BIA).

2.4.1 Direct methods

1) Near-infrared interactance (NIA)

In this method, a fiber optic probe is connected to a digital analyzer that
measures the tissue composition (fat and water) at various sites on the body. This
method is based on studies that show optical densities are linearly related to
subcutaneous and total body fat. The biceps is the most often used single site for
estimating body fat using the NIA method. The NIA light penetrates the tissues and is
reflected off the bone bake to the detector. The NIA data is entered into a prediction
equation with the person’s height, weight, frame size, and level of activity to estimate
the percent body fat.

This method has become popular outside of the laboratory because it is
simple, fast, noninvasive, and relatively inexpensive. However, the amount of pressure
applied to the fiber optic probe during measurement may affect the values of optical
densities, and skin color and hydration level may be potential sources of error. To
date, studies conducted with this method have produced mixed results: a high degree
of error has occurred with very lean and very obese people, and the validity of a
single-site measurement at the biceps is questionable. Much more research is needed
to substantiate the validity, accuracy, and applicability of this method, and it is

therefore not recommended (68).
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2) Hydrostatic weighing

Hydrostatic weighing measures whole-body density by determining body
volume. There is a variety of equipment available to do underwater weighing ranging
in sophistication from the standard stainless steel tank with a chair or cot mounted on
underwater scales to a chair and scale suspended from a diving board over a pool or
hot tub.

The individual is first weighed outside the tank, then immersed totally in
water and weighed again. Since bone and muscle are more dense and fat is less dense
than water, an individual with more bone and muscle will weigh more in water and
therefore have a higher body density and lower percentage of body fat than an
individual who has a higher proportion of body fat. The volume of the body is
calculated and the individual’s body density is determined using standard formulas.
Body fat percentage is then calculated from body density using standard equations.

The underlying assumption with this method is that densities of fat mass
and fat-free mass are constant. However, underwater weighing may not be the
appropriate gold standard for everyone. For example, athletes tend to have denser bone
and muscles than non-athletes, which may lead to an underestimation of body fat
percentage. At the same time, the body fat of elderly patients suffering form
osteoporosis may be overestimated. To date, specific equations have not been
developed to accommodate these different population groups.

Another important consideration in this method is residual lung volume,
which can be estimated or measured, but a direct measure is desirable and it should be
taken in the tank whenever possible (68).

3) Air displacement

Based on the same principle as underwater weighing, the BOD POD is a
fiberglass plethysmograph that measures body volume by changes in pressure in a
closed chamber. The system uses computerized sensors to measure how much air is
displaced while a person sits within the chamber. It uses a calculation to determine
body density, and then estimates body fat. The system is safe, relatively quick, results
are easily replicated, and the chamber can accommodate a wide range of body shapes
and sizes. However, the equipment is very expensive and limited in availability.

Another drawback to this method is that subjects need to be clothed in very thigh-
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fitting attire, including a tight-fitting swim cap, for accurate measurement. Since the
equipment is measuring air displacement, uncovered scalp hair and loose clothing can
underestimate body fat by more than two percent and five percent, respectively (68).

4) Dual energy x-ray absorptiometry (DEXA)

The use of DEXA for body composition analysis is based on a three-
compartment model that divides the body into total body mineral, fat-free lean mass
and fat tissue mass. DEXA uses a whole body scanner that has two low-dose x-ray at
different sources that read bone and soft tissue mass simultaneously. The sources are
mounted beneath a table with a detector overhead. The scanner passes across the
individual’s reclining body and data is collected at 0.5-cm intervals. The full scan
takes 10 and 20 minutes. It is safe and noninvasive, although the individual must lie
still throughout the procedure.

DEXA is becoming regarded as the new “gold standard” in body
composition analysis because it provides a higher degree of precision in only one
measurement, and can also show the distribution of fat tissue throughout the body. It is
very reliable and the results are reproducible. However, the equipment is not widely
available, although it is moving more from the laboratory and into clinical settings. In
evaluating fat mass by DEXA as compared to bioelectrical impedance or skinfold
thickness, body fat is underestimated by the other methods as compared to DEXA,
with better precision obtained by the DEXA. In nonobese patients, skinfold thickness
or bioelectrical impedance is appropriate for routine monitoring, but DEXA may be
the method of choice in obese patient monitoring, since reproducibility gains special
importance (68).

5) Bioelectrical impedance (BIA)

Bioelectrical impedance analysis is a relatively quick, simple, and fairly
accurate way to determine body composition. For the analysis, the patient only needs
to remove the shoe and sock on one foot. Gel electrodes are placed on the hands and
feet, and a very mild electrical current is sent though the body. Muscle, because it
contains water and electrolytes, will conduct the current; fat tissue acts as an insulator
and resists the current. The differences in conduction between the two tissues provide
the machine with a measure of electrical impedance, which is then applied to a

mathematical formula to calculate lean body mass. The entire procedure takes only a
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few minutes, and the instrument provides information on fat mass in pounds and
percentage of total bodyweight, lean body mass in pounds and percent, basal
metabolic rate based on lean body mass, and target weight.

During the first week of caloric restriction, there is loss of body weight in
excess of the loss of lean and fat tissue due to a water diuresis. If patients are measured
at their first visit and then frequently thereafter, it is possible to find that patients are
apparently gaining fat as they lose weight using BIA. Since lean body mass is assessed
based on both body water and muscle, the loss of water leads to an apparent decrease
in lean body mass, which in most cases exceeds the loss of fat in the first week of
dieting, leading to a seeming increase in percent body fat. The bioelectrical impedance
measurement is most useful at first visit for assessing type of obesity, and not useful
for multiple serial determinations.

A second potential problem is overemphasis on the quantitative accuracy
of body fat estimation. Small changes cannot be measured using this device, and it is
important to stress this fact to patients. The changes observed in percent fat often do
not impress patients as much as the ratio of the absolute change in fat mass in pounds
compared to changes in lean mass (68).

2.4.2 Indirect methods

1) Skinfold thickness measurement

Using hand-held calipers that exert a standard pressure, the skinfold
thickness is measured at various body locations. A calculation is then used to derive a
body fat percentage based on the sum of the measurements. The caliper method is
based upon the assumption that the thickness of the subcutaneous fat reflects a
constant proportion of the total body fat and that the sites selected for measurement
represent the average thickness of the subcutaneous fat. Skinfold measurements are
made by grasping the skin and underlying tissue, shaking it to exclude any muscle, and
pinching it between the jaws of the calipers. Duplicate readings are often made at each
site to improve the accuracy and reproducibility of the measurements. Generally
speaking, skinfold measurements are easy, inexpensive, and portable. However, results
can be very subjective as precision ultimately depends on the skill of the person
making the measurement and the site measured. The quality of the calipers is also a

factor; they should be accurately calibrated and have a constant specified pressure.
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Inexpensive models sold for the home use are usually less accurate than those used by
an accredited caliper technician. The more obese the subject, the more difficult it is to
“pinch” the skinfold correctly, requiring even more skill to obtain an accurate
measurement (69).

2) Waist to hip ratio

Since the pioneering work of Jean Vague in the 1940s, it has slowly
become accepted that different body morphology or types of fat distribution are
independently related to the health risk associated with obesity. Starting with Jean
Vague’s brachio-femoral adipo-muscular ratio as an index of fat distribution (which
was based on a ratio of skinfolds and circumferences of the arms and thighs), more
recent indices have been adopted to predict specifically intra-abdominal fat. The most
popular among all measures is the waist to hip circumference ratio (69).

Over the last 10 years, a high WHR (WHR >1.0 in men and >0.85 in
women) has become accepted as the clinical method of identifying patients with
abdominal fat accumulation (13). However, some experts consider that the hip
measurement contains additional valuable information related to gluteofemoral muscle
mass and bone structure (11). The WHR may therefore remain a useful research tool
but individuals can be identified as being at increased risk of obesity-related illness by
using the waist circumference alone as an initial screening tool (1).

3) Waist circumference (WC)

Waist circumference is a convenient and simple measurement that is
unrelated to height, correlates closely with BMI and WHR, and is an approximate
index of intra-abdominal fat mass and total body fat (11). Furthermore, changes in WC
reflect changes in risk factors of CVD (10). Waist circumference is measured at the

midpoint between the lower border of the ribcage and the iliac crest (Table 5) (1).
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Table 5. Sex-specific cut-off points for waist circumference that denote “increased

(3

risk” and “substantially increased risk” of metabolic complications

associated with obesity in Caucasians

Risk of obesity-associated metabolic complications

Increased Substantially increased
Men >94 cm (~ 37 inches) >102 cm (~ 40 inches)
Women >80 cm (~ 32 inches) >88 cm (~ 35 inches)

Source : WHO. The World Health Report Organization Report of a WHO consultation on obesity.
Obesity: preventing and managing the global epidemic. Geneva, WHO. 1998 (1).

4) Body mass index

Body mass index (BMI) is a simple index of weight—for—height that is
commonly used to classify overweight and obesity in adults. It is calculated as the
weight in kilograms divided by the square of the height in meters (kg/m?). BMI has a
high correlation with adiposity, but it does not quantify total body adiposity or convey
information concerning regional fat distribution. However as reviewed by Kuczmarski
and Flegal (67), BMI is an easily obtained measure that has been recommended for use
in all age groups. Most clinical studies assessing the health effect of overweight and
obesity rely on BMI. From a public health perspective, the use of BMI cut-off points
to define overweight and obesity is a necessary to help describe populations. BMI is
an index that can be used for comparison across studies both in the United States and
internationally. Although it may be useful to use similar criteria when comparing data
from different studies and countries, health risks associated with overweight and
obesity are part of a continuum and at a given BMI may vary when a specific
population is observed. These BMI cut-off points should be considered as a guide to
allow for the comparisons among various populations and over time. Currently, the

National Institutes of Health (65), Healthy People 2010 (70), the 2002 Dietary



Prapaphorn Kaewboonruang Literature Review / 34

Guidelines for America (71), and WHO (1) all use similar cut-off points of BMI for
defining overweight (BMI >25 kg/m?) and obesity (BMI >30 kg/m?).

Internationally, there has been some deliberation concerning the universal
application of these cut-off points of overweight and obesity. A report cosponsored by
the WHO Western Pacific Region (26) recently recommended different ranges for
classifying regions. Increase in health related risk factors and co-morbidities
associated with obesity occur at a lower level in Asian populations than in other ethnic
groups. By contrast, Pacific Islanders appear to be more muscular and have
comparably lower levels of body fat at a given BMI. Thus, on the basis of the
respective health related risk factors and co-morbidities in these populations, lower
cut-off points for Asians were identified for overweight (BMI >23 kg/m?) and obesity
(BMI >25 kg/m?) (Table 6).

Some support for cut-off points comes from data on Chinese living in
Hong Kong (72). Similar data have been published from the Chinese in Singapore (73)
and on Indian Asians living in Mauritius, where there is a significantly increased risk
of Type 2 diabetes and hypertension among those with a BMI between 23 to 24.9
kg/m” compared to those within the normal range. Clearly these cut-off points do not
apply to Pacific Islanders. In these populations, higher cut-off points are required to
define overweight and obesity of BMI >26 kg/m” and BMI >32 kg/m” respectively
(74).

Relative risk of obesity associated health problems

Although obesity should be considered as a disease in its own right, it can also
be recognized as one of the key risk factors for other non-communicable diseases,
such as CVD and non-insulin dependent diabetes mellitus (NIDDM). The key risk
factors for other non-communicable are obesity, high blood pressure,
hypercholesterolemia and smoking (7).

The more life-threatening, chronic health problems associated with obesity fall
into four main areas (Table 7) (1):

1. Cardiovascular problems including hypertension, stroke and CHD.

2. Conditions associated with insulin resistance, namely NIDDM.
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3. Certain types of cancers, mainly the hormonally related and large-bowel

cancer.

4. Gallbladder disease.

Table 6. Classification of overweight in adult Europids and Asians according to BMI

Classification BMI Risk of co-morbidities
Europids Asians
Underweight <18.5 <18.5 Low (but increased risk of
other clinical problems )

Normal range 18.5-24.9 18.5-22.9 Average
Overweight >25 >23

Pre —obese 25-299 23-249 Increase

Obese | 30-34.9 25-29.9 Moderate

Obese 11 35-39.9 > 30 Severe

Obese 111 > 40 Very Severe

Source : The Asia-Pacific perspective : Redefining obesity and its treatment. 2000 (26).

It is important to recognize that ethnic differences will have a bearing on the
prevalence of a particular disease; some minority populations in the USA have a
higher prevalence of certain obesity-related disease (particularly NIDDM but, for
black Americans, also CVD, stroke and osteoarthritis of the knee) compared with the
white population (65). Nevertheless, the absolute prevalence may vary, the relative
risk of any particular disease (whether the risk is slightly, moderately or greatly
increased for an obese person compared to a lean person) is fairly consistent

throughout the world.
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Table 7. Health risk associated with obesity (WHO 1998)
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Greatly Increased Moderately Increased Mildly Increased
(RR>3) (RR 2-3) (RR 1-2)
-Type 2 diabetes -Coronary heart disease -Cancer (breast cancer in
-Gallbladder disease -Hypertension post menopausal women,
-Dyslipidemia -Osteoarthritis colon cancer)
-Metabolic Syndrome (knees and hips) -Reproductive hormone

-Breathlessness

-Hyperuricemia and gout

-Abnormalities polycystic

-Sleep apnea ovary syndrome
-Impaired fertility

-Low back pain
-Increase anaesthetic risk
-Fetal defects associated

with maternal obesity

Source: WHO. The World Health Report Organization Report of a WHO consultation on obesity.
Obesity: preventing and managing the global epidemic. Geneva, WHO. 1998 (1).

3. Obesity and cardiovascular risk factors

Several cardiovascular risk factors are associated with obesity including
hypertension and dyslipidemia. Many studies investigating the effect of obesity on
cardiovascular risk factors are based on Europids and show increase in risk associated
with high BMI (1, 7, 67). In Asia, risks of the same magnitude occur at a lower BMI.
In Japan, there is an increases in mortality from CHD for those with a BMI >30 kg/m®.
If other risk factors such as hypertension, diabetes mullitus and dyslipidaemia are also
present, then there is a higher risk of CHD morbidity among those with a BMI of
between 25 and 29.9 kg/m”* (75).

3.1 Hypertension

The association between hypertension and obesity is well documented. Both
systolic and diastolic blood pressures increase with BMI and obese individuals are at a

higher risk of developing hypertension than are lean subjects. The reason for the
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association between increased body weight and elevated blood pressure is unclear.
One possibility is that obesity is associated with higher circulating levels of insulin
which enhances renal retention of sodium, resulting in increased blood pressure (31).
As exercise is known to improve insulin sensitivity, this would perhaps explain why
exercise also reduces blood pressure. Other possible etiological factors include
elevated plasma remain or enchanted catecholamine activity (32).

Blood pressure is increased by 6 mmHg systolic and 4 mmHg diastolic for a 10
% gain in body fat with those genetically more susceptible showing the greater effect.
Reisen et al. (9) have demonstrated that a weight loss of 11 kg produced a 20%
decrease in both systolic and diastolic pressure in hypertensive patients even when the
sodium intake was kept constant. It would appear that, as a general rule, blood
pressure is reduced by 1 mmHg systolic and 2 mmHg diastolic for each 1% reduction
in body weight (25).

The relationship of BMI and hypertension

Both systolic and diastolic blood pressure increase with BMI and obese
individuals are at higher risk of developing hypertension than are lean subjects. In
obese adults aged 2045 years, the relative risk of developing high blood pressure is
five to six times greater than in lean individuals. A weight reduction of as little as 3 —
5 kg can significantly reduce blood pressure for both treated and untreated individuals
and can eliminate the need for pharmacologic agents in up to 50 % of cases. As there
currently is insufficient research to suggest a specific body weight target for
hypertension on an individual basis, relying on the expert panel’s guidelines for
healthy (70).

In Japan, there is a two- fold increase in the risk of hypertension for those with
a BMI >25.0 kg/m” compared to those with a BMI 22.0 kg/m* (39). It has recently
been suggested that the optimal BMI cut-off point to predict hypertension in Hong
Kong Chinese is 23.8 kg/m” among men and 24.1 kg/m? for women (34).

3.2 Dyslipidemia
The most characteristic dyslipidaemia in obesity is elevated total cholesterol
and triglycerides, high LDL-C and low HDL-C. A meta-analysis of 70 published

studies on the effects of weight loss on plasma lipid concentrations showed a decrease
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of 1.9 mg/dl in total cholesterol, 0.8 mg/dl in LDL-C and 1.3mg/dl in triglycerides and
increase in HDL-C of 0.27 mg/dl during active weight loss and 0.35 mg/dl on weight
stabilization for each 1 kg of weight loss (36).

The relationship of BMI and dyslipidemia

The lowest mortality related to cardiovascular disease occurs in individuals
who remain lean throughout life. A healthy weight-one that optimizes the normal
lipidemia corresponds to a BMI of 22.6 kg/m® for men and 21.1 kg/m” for women. If
this BMI were achieved there would be 25% fewer cases of coronary heart disease and
35% fewer strokes or episodes of cardiac failure. Weight loss of 205 in obese
individuals would reduce cardiovascular risk by 40% (69).

In Japan, there is a two—fold increase in the risk of hypertriglyceridemia,
hypercholesterolemia and decreased HDL cholesterol in those with a BMI >25.0
kg/m®> compared to those with a BMI of 22.0 kg/m* (39). It has recently been
suggested that the optimal BMI cut-off point to predict dyslipidemia in Hong Kong
Chinese is 23.0 kg/m” among men and 24.1 kg/m’ for women. (34).
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Age 35-50 years
Male gender

Behavioral risk factors

- Heavy smoking

- Heavy alcohol
consumption

- Physical inactivity

Physiological risk factors of CVD

Hypertension

- BMI

- SBP
- DBP

Dyslipidemia

- TC
—» - TG

- LDL-C
- HDL-C

v

Cardiovascular disease
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CHAPTER III
MATERIALS AND METHODS

Research Design

This is a cross sectional study. The study was designed to examine the BMI
cut-off point levels, which reflect the risk factors of CVD (SBP, DBP, TC, TG, LDL-
C and HDL-C) in the urban Thai male population.

Population and Sample
The population in this study were Thai nationality, male employees who
undertook annual physical check ups by the Office of Public Health and
Environmental Technology Service, Faculty of Public Health, Mahidol University
during 2 February — 31% March 2004. The subjects were purposive sampling as
describe by the following criteria:
Inclusion criteria
1. Males aged 35 — 50 years old who live in Bangkok
2. Thai nationality
Exclusion criteria
1. The subjects who were taking medication for controlling of blood pressure
and/or plasma lipid.
2. The subjects who were heavy smokers as smoking 16 rolls per day or more.
3. The subjects who were heavy, daily consumer alcohol.
4. The subjects who have any complication conditions or diseases that induce
increase or decrease weight change such as:
- Renal disease
- Liver disease
- Thyroid disease

- Post orthopedic operation with plate and screw
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Sample Size

The sample size was determined by the following formula:

n= Z»PQ
q2
n = The sample size
Zo» = The standard estimate under normal curve at a.= 0.1

and Z,»=1.645

P = The prevalence of at least one of five physiological risk
factors for CVD was 42.2 (five physiological risk for CVD are
SBP and/or DBP>140/90 mmHg, FBS >126 mg/dl, TC >200
mg/dl and HDL-C <35 mg/dl). This data were collected from
249 male employees of the Government Saving Bank in 2000

by Temcharoen (5).
Q =1-P =0.58
d = Error between sample and population.

=10% of P = 0.042
Calculation of formula:
n . =(1.645)* (0.42) (0.58)
(0.042)
=373.69

Therefore, a minimum of 374 samples were necessary in this study.

Research Instruments
1. Self-administered questionnaires for collecting personal general information.

Part I Demographic data: age, nationality, religion, marital status and
educational level.

Part II Health data: health history, smoking habits, alcohol consumption
behaviors and exercise habits.

2. Anthropometric data
Body weight was measured using a beam balance scale.
Body height was measured using a measuring height instrument (fixed to

the beam balance scale).
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3. Blood pressure was measured using a mercury manometer.
4. Laboratory measurements
Blood samples were collected by laboratory instruments (syringe 5 ml,
needle No. 23, standard sampling tube laboratory) and analyzed by blood chemical

analysis.

Collection of Data

1. The self-administered questionnaires were provided to subjects on the
examination day. Incomplete questionnaires would be sent back to subjects to
complete.

2. Body weight was measured to the nearest 0.1 kilogram. Being, the subjects
stand in the center of the weighing platform with wearing light clothes, with emptied
pocked and without shoes.

3. Body height was measured to the nearest 0.1 centimeter. The subjects were
barefoot in a standing position with feet together, arms to the side, legs straight,
shoulders relaxed and head in the Frankfort horizontal plane (looking straight ahead).
This plane is represented by a line between the lowest point on the margin of the orbit
(the bony socket of the eye) and the tragion (the notch above the tragus, the
cartilaginous projection just anterior to the external opening of the ear). Heels,
buttocks, scapular (shoulder blades), and the back of the head all rested against the
vertical surface of the height instrument.

4. BMI was calculated by the body weight in kilograms divided by the body
height in meters squared (kg/m?).

5. Blood pressure was measured in the sitting position from the left arm after at
least 5 minutes of physical rest. The subjects, who have high blood pressure, SBP >
140 mmHg and/or DBP >90 mmHg, repeated the measurement of blood pressure
again after at least 30 minutes of physical rest.

6. Blood sampling and analysis.

A blood sample volume of 3-5 ml was collected. Blood samples were obtained
from vein of the subjects in the morning after at least 8 hours of overnight fast and at

least 24 hours of drinking alcohol. The following quantitative assays were performed:
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- Serum levels of total cholesterol, triglyceride and high density
lipoprotein cholesterol were assayed by enzymatic colorimetric test.
- Low density lipoprotein cholesterol was calculated from Freidewald’s

formula.

LDL-C (mg/dl) = TC — HDL-C — (TG/5)

Type of Variables
1. Independent variables
Body mass index
2. Dependent variables
Systolic blood pressure
Diastolic blood pressure
Plasma total cholesterol
Plasma triglyceride
Plasma low-density lipoprotein cholesterol
Plasma high-density lipoprotein cholesterol
3. Controlled variables
Age
Nationality
Personal illness
Taking medication controlling blood pressure and plasma lipid
Smoking
Alcohol drinking

Statistical Analysis

The data were analyzed by the Statistical Package for Social Science (SPSS)
program.

1. The number of distribution and percentage were used to analyze the
demographic data and health data.

2. The mean and standard deviations were used to analyze the weight, height,

BMI, blood pressure, plasma TC, plasma TG, plasma LDL-C and plasma HDL-C.
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3. The multiple regression analysis was used to find the effect of the
confounding variables on blood pressure, plasma TC, plasma TG, plasma LDL-C and
plasma HDL-C.

4. Sensitivity and specificity analysis were used to find the optimal cut-off
points of BMI which reflect the risk factors of CVD. The receiver operating
characteristic (ROC) curve analysis were plotted using measures of sensitivity and
100- specificity for each BMI cut-off value (Appendix B).

Sensitivity is the ability of a test to correctly identify those who have the
disease; the percentage of those who have the disease and are proven to have the
disease as demonstrated by a test. Sensitivity shows the proportion of truly diseased
persons in a population who underwent screening and who are correctly identified as
being diseased by the screening test (88).

Specificity is the ability of a test to correctly identify the percentage of those
who do not have the disease; those who do not have the disease and are proven to not
have the disease as demonstrated by a test. Specificity shows the proportion of
nondiseased persons in a population who underwent screening and who are correctly
identified as not being diseased by the screening test (88).

An ROC curve is a plot of a test’s sensitivity (plotted on the y axis) versus its
false positive fraction (FPF), or (100 — specificity and plotted on the x axis). Each
point on the graph is generated by a different decision threshold.

In this study the optimal cut-off points of BMI for each of the risk factors of
CVD were denoted by high in sensitivity value and each value of sensitivity and
specificity being more than 50%. For the each of the risk factors of CVD, the
sensitivity associated with each optimal BMI cut-off value was greater than its
attendant specificity. The overall performance of each ROC curve was evaluated by
calculating the area under the curve (AUC), which is a measure of the diagnostic
power of a test, and describes the probability that a test will correctly identify subjects
with the disorder. The closer the curve to the (0, 100) point (left upper corner), the
greater the AUC and the better test (89).
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Ethical Issue

The research was conducted after the final permission was granted by the
Committee on Human Rights Related to Human Experimentation, Faculty of
Graduated Studies, Mahidol University. The researcher was well aware of research
ethics. Therefore, the utilization of the data collected from the subjects would be used
in consideration of the integrity, value, and possible effects on the subjects. As such,
before the data collection process began, the potential subjects would have explained
to them about the research objectives and the data collected from them. They would be
assured that their participation in the study was based purely on a voluntary basis and
that they could withdraw from the study at any time. They also had a chance to ask
questions for clarification, and they were asked to sign the informed consent from

(Appendix A) before data collection started.
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CHAPTER 1V
RESULTS

This research aimed to examine the cut-off points of BMI which reflect the
risk factors of CVD (high in BP, TC, TG, LDL-C and low in HDC-C) in Thai males
populations who live in Bangkok. The results of the study are presented in 4 parts as
follows:

1. Characteristics of the samples
1.1 General characteristics
1.2 Health behavior characteristics
2. Health status of the samples
2.1 Anthropometric data and body mass index
2.2 Blood pressure
2.2.1 Systolic blood pressure
2.2.2 Diastolic blood pressure
2.3 Lipidemia
2.3.1 Total cholesterol level
2.3.2 Triglyceride level
2.3.3 Low density lipoprotein cholesterol level
2.3.4 High density lipoprotein cholesterol level
3. The effect of confounding age, smoking habits, alcohol drinking behavior
and BMI on variables

4. The optimal cut-off points of BMI which reflect the risk factors of CVD
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1. Characteristics of the samples

1.1 General characteristics

General characteristics of 413 samples in terms of age, marital status, and
educational level are shown in Table 8. The age range of samples was 35 to 50 years
with a mean of 43 years. Most of them were married and had completed Bachelor

degree education level.

Table 8. The number and percentage distribution of general characteristics of samples

Characteristic Number Percentage
Age (years)
35-40 144 34.9
41 -45 119 28.8
46 - 50 150 36.3
Total 413 100.0
Mean £ SD 43.05 +5.01
Min — Max 35-50
Marital Status
Single 71 17.2
Married 290 70.2
Divorced / Widowed / Separated 52 12.6
Total 413 100.0
Educational level
Diploma 109 26.4
Bachelor degree 274 66.3
Masters degree or higher 30 7.3

Total 413 100.0
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1.2 Health behavior characteristics

Heath behavior characteristics of the samples in terms of smoking habits,
alcohol drinking behavior, and exercise habits are shown in Table 9. More than 50
percent of samples were smokers by 29.5 percent smoked 1-5 rolls per day, 19.9
percent smoked 6-10 rolls per day and 7.5 percent smoked >11 rolls per day.

In regards to alcohol drinking behavior of the samples, it was found that 51.3
percent of the samples drank alcohol <1 time per month, and 16.5 percent of the
samples did not drink alcohol.

For exercise habits, 46.5 percent of the samples did not exercise. There were
12.3 percent of the samples exercised >3 days per week and >30 minutes per time,

while 5.6 percent were exercised >3 day per week but <30 minutes per time.

Table 9. The number and percentage of smoking habits, alcohol drinking behavior and

exercise habits of samples

Characteristic Number Percentage
Smoking habits
No 178 43.1
Yes
1 - 5 rolls / day 122 29.5
6 -10 rolls / day 82 19.9
11 -15 rolls / day 31 7.5
Total 413 100.0

Alcohol drinking behavior

No 68 16.5
Yes
<I time / month 212 51.3
1 time / week 87 21.1
2 — 3 times / week 37 8.9
>4 times / week 9 2.2

Total 413 100.0
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Characteristic Number Percentage
Exercise habits

No 192 46.5

Yes

<3 days / week 147 35.6

>3 days / week and <30 minutes / time 23 5.6

>3 days / week and >30 minutes / time 51 12.3

Total 413 100.0

2. Health status of the samples
2.1 Anthropometric data

2.1.1 Body weight and body height

Most of samples had a body weight 60 to 60.9 kg. The minimum body

weight was 44 kg, while 110 kg was the maximum recorded body weight. The mean

of body weight was 67.87+10.89 kg (Table 10).

For body height, the average of body height was 168.32+6.43 cm. Body

height ranged from 153 cm for the minimum and 186 cm for the maximum. Most of

samples had a body height of 160 to 169 cm (Table 10).
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Table 10. The number and percentage by weight and height of samples

Variable Number Percentage

Body weight (kg)
<50 11 2.7
50-59.9 66 16.0
60 —69.9 172 41.6
70 -79.9 112 27.1
80 —89.9 34 8.2
>90 18 4.4
Total 413 100.0
Mean + SD 67.87 +10.59
Min — Max 44 - 110

Body height (cm)
<160 31 7.5
160 — 169 215 52.0
170 - 179 156 37.8
> 180 11 2.7
Total 413 100.0
Mean + SD 168.32 £ 6.43
Min — Max 153 - 186

2.1.2 Body mass index

The body mass index of the samples was classified by two criteria:
WHO and Asia criteria (Table 11). According to WHO criteria, the results found that
most of the samples were normal weight with a BMI of 18.5-24.9 kg/m*. While, 27.9
percent of the sample found to be pre-obese (BMI 25.0-29.9 kg/m?) and 4.8 percent
were obese level I (BMI 30.0-34.9 kg/mz). By Asia criteria, the results found that most

of the samples were in the overweight group with a BMI >23 kg/m”. 25.1 percent of



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Public Health) /51

the samples were pre-obese (BMI 23.0-24.9 kg/mz), 27.9 percent were obese level I
(BMI 25.0-29.9 kg/m2) and 4.8 percent of the samples were obese level II (BMI>30.0
kg/m?®). The mean BMI of the samples was 23.33 + 3.21 kg/m™.

Table 11. The number and percentage of BMI of samples classified by WHO and Asia

criteria
Variable Number Percentage
BMI (WHO)
Underweight (<18.5 kg/m?) 23 5.6
Normal (18.5 — 24.9 kg/m?) 255 61.7
Overweight (>25.0 kg/m’) 135 32.7
Pre-obese (25.0-29.9 kg/m?) 115 27.9
Obese I (30.0-34.9 kg/m?) 20 4.8
Obese 11 (35-39.9 kg/m?) 0 0.0
Obese III (>40 kg/m®) 0 0.0
Total 413 100.0
BMI (Asia)
Underweight (<18.5 kg/m?) 23 5.6
Normal (18.5 — 22.9 kg/m?) 151 36.6
Overweight (>23 kg/m?) 239 57.8
Pre-obese (23.0-24.9 kg/m?) 104 25.1
Obese I (25.0-29.9 kg/m?) 115 27.9
Obese IT (>30.0 kg/m?) 20 4.8
Total 413 100.0
Mean + SD 23.93+3.21

Min — Max 16.71 —34.33
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2.2 Blood pressure and BMI

2.2.1 Systolic blood pressure and BMI

The results found that the mean systolic blood pressure of the samples
was 125.16 = 12.16 mmHg (100-160 mmHg) (Table 12). The percentage that had
systolic blood pressure at hypertensive levels were 19.6 percent. The mean of body
mass index of the hypertensive group was 26.21 + 3.46 kg/m?, and 32.3 percent of
samples had high-normal systolic blood pressure. The results showed that BMI level
increased proportionately with SBP.

2.2.2. Diastolic blood pressure and BMI

The samples had diastolic blood pressure of between 60-100 mmHg with
a mean of 80.29 + 8.13 mmHg (Table 12). An analysis to identify the samples who
had diastolic blood pressure of hypertensive level were 24.4 percent. The mean body
mass index was 25.85 + 3.33 kg/m”. There were 50.4 percent of the samples who had
normal diastolic blood pressure and the mean body mass index was 23.72 + 2.91

kg/m?. The results showed that BMI level increased proportionately with DBP.

Table 12. The mean BMI of the study subjects classified by blood pressure level.

Variables Number Percentage BMI

Mean = SD
SBP (mmHg)

Optimal (<120mmHg) 84 20.3 22.84+3.29

Normal (<130mmHg) 115 27.8 23.00 £2.78

High-normal (130-139mmHg) 133 323 24.02 £2.58

Hypertension (=140mmHg) 81 19.6 26.21 £3.46

Mean = SD 125 +12.16

Min — Max 100 - 160
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Table 12. (Continued)

Variables Number Percentage BMI

Mean + SD
DBP (mmHg)

Optimal (<80mmHg) 104 25.2 2248 £2.74

Normal (<85mmHg) 208 50.4 23.74 £2.091

High-Normal (85-89mmHg) - - -

Hypertension (>90mmHg) 101 24.4 25.85+3.30

Mean £+ SD 80.29 + 8.13

Min — Max 60 — 100

2.3 Lipidemia and BMI

2.3.1 Total cholesterol level and BMI
The mean level of total cholesterol was 221.07 £ 39.22 mg/dl (range was 113—

398 mg/dl) (Table 13). The results showed that 24.7 percent of the samples had total
cholesterol in an acceptable level, 47.7 percent had a borderline total cholesterol level
and 27.6 percent had a high-risk total cholesterol level. The mean of body mass index
classified by total cholesterol level 22.60 + 3.60, 23.82 £ 2.77 and 25.28 + 3.03 kg/mz,
respectively. The results revealed that BMI level increased proportionately with TC.

2.3.2 Triglyceride level and BMI

The mean level of triglyceride was 162.35 £ 91.27 mg/dl (47-596 mg/dl)
(Table 13). More than 70 percent of the samples had an acceptable triglyceride level,
23.3 percent had a borderline triglyceride level and 2.4 percent had a high-risk
triglyceride level. The mean of body mass index classified by triglyceride level were
23.36 + 3.02, 25.69 + 3.13 and 24.39 + 3.05 kg/m’, respectively. These results
indicated that BMI levels did not increase proportionately with TG.
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2.3.3 Low-density lipoprotein cholesterol level and BMI

The mean level of low-density lipoprotein cholesterol was 139.40 =+
37.06 mg/dl (44.2-269.8 mg/dl) (Table 13). The results showed that 38.7 percent of
the samples had an acceptable low-density lipoprotein cholesterol level, 33.5 percent
had a borderline low-density lipoprotein cholesterol level and 27.8 percent had a high-
risk level. The mean of body mass index classified by low-density lipoprotein
cholesterol level were 23.25 +3.57, 23.79 + 2.91 and 25.02 + 2.70 kg/m?, respectively.
These results indicated that BMI levels increased proportionately with LDL-C.

2.3.4 High-density lipoprotein cholesterol level and BMI

The mean level of high-density lipoprotein cholesterol was 49.16 + 12.63
mg/dl (18-99 mg/dl) (Table 13). The results showed that 90.1 percent of the samples
had an acceptable high-density lipoprotein cholesterol level and 9.9 percent had a
high-risk high-density lipoprotein cholesterol level. The mean of body mass index
classified by high-density lipoprotein cholesterol level were 23.74 + 3.14 and 25.63 +
3.34 kg/m?® respectively. These results suggested that BMI levels reversed
proportionately with HDL-C.

Table 13. The mean BMI of the study subjects, classified by lipid level

Variables Number Percentage BMI
Mean = SD
TC (mg/dl)
Acceptable (<200 mg/dl) 102 24.7 22.60 + 3.60
Borderline (200-239 mg/dl) 197 47.7 23.82+2.77
High-risk (=240 mg/dl) 114 27.6 25.28 £3.03
Mean + SD 221.07 £39.22

Min — Max 113 -398
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Table 13. (Continued)

Variables Number Percentage BMI

Mean = SD
TG (mg/dl)

Acceptable (<200 mg/dl) 307 74.3 23.36 £3.02

Borderline (200-400 mg/dl) 96 233 25.69 £3.13

High-risk (>400 mg/dl) 10 24 24.39 £3.50

Mean = SD 162.35£91.27

Min — Max 42 —596

LDL-C (mg/dl)

Acceptable (<130 mg/dl) 160 38.7 23.25+3.57
Borderline (130-159 mg/dl) 138 335 23.79 £ 291
High-risk (>160 mg/dl) 115 27.8 25.02+£2.71
Mean = SD 139.40 £ 37.06
Min — Max 44.2 —269.8

HDL-C (mg/dl)

Acceptable (>35 mg/dl) 372 90.1 23.74 £ 3.14
High-risk (<35 mg/dl) 41 9.9 25.63 £3.34
Mean + SD 49.16 £ 12.63

Min — Max 18 -99
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3. The effect of confounding age, smoking habits, alcohol drinking behavior and
BMI on the variables
Form the literature review found that age, smoking habits, alcohol drinking
behavior and BMI were effected to blood pressure and lipidemia. Therefore, to ensure
that the effect of age, smoking habits, alcohol drinking behavior and BMI were

controlled, the multiple regression analysis was used in this study.

Table 14. The effect of confounding age, smoking habits alcohol drinking behavior
and BMI on the variables

Variables Confounding R R’ R” Change F

Factors

SBP Age
Smok 0.270 0.073 - 0.000%**
Alc

Age
Smok 0.425 0.181 0.108 0.000%**
Alc
BMI

DBP Age
Smok 0.248 0.062 - 0.000**
Alc

Smok 0.406 0.165 0.103 0.000%**
Alc
BMI
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Table 14. (Continued)

Variables Confounding R R’ R” Change F

Factors

TC Age
Smok 0.532 0.283 - 0.000**
Alc

Age
Smok 0.552 0.305 0.022 0.000%**
Alc
BMI

TG Age
Smok 0.610 0.372 - 0.000**
Alc

Smok 0.623 0.388 0.016 0.000**
Alc
BMI

LDL-C Age
Smok 0.375 0.140 - 0.000%**
Alc

Age
Smok 0.395 0.156 0.016 0.000**
Alc
BMI
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Table 14. (Continued)

Variables Confounding R R’ R” Change F

Factors

HDL-C Age
Smok 0.198 0.039 - 0.000%**
Alc

Age

Smok 0.217 0.047 0.008 0.000%**
Alc

BMI

Note: ** Significant at p < .01, Smok = Smoking habits, Alc = Alcohol drinking behavior, BMI =

Body mass index

Table 14 showed that the age, smoking habits and alcohol drinking of samples
effects SBP and DBP; and the unique effects exerted by BMI on these two risk factors
are larger than 10%. For TC, TG, LDL-C and HDL-C the results showed that these
factors were slightly but still significantly effected by BMI after controlling age,

smoking habits and alcohol drinking behavior.

4. The optimal cut-off points of BMI which reflect the risk factors of CVD
Epidemiological methods have been used to examine the cut-off points of BMI
which reflect the risk factors of CVD. Figure 1-6 and Table 15 showed the
epidemiological methods to identify the optimal cut-off points of BMI which reflect
high in SBP, DBP, TC, TG and LDL-C and low in HDL-C, the risk factors of CVD,

by receiver operatic characteristic (ROC) curve analysis.
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4.1 The optimal cut-off points of BMI and hypertension
4.1.1 Systolic blood pressure
The ROC curves for the cut-off points of BMI which reflect high systolic

blood pressure was illustrated in Figure 1.
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Figure 1. The receiver operating characteristic (ROC) curve for the cut-off points of

BMI which reflect high systolic blood pressure

The cut-off point of BMI which had the most of area under the curve (AUC)
was 24 kg/m” (AUC = 3648) but it had sensitivity value (57%) lower than specificity
value (64%). According to the criteria for this study, the optimal cut-off points of BMI
for each the risk factors of CVD were denoted by high in sensitivity value and each
value of sensitivity and specificity were more than 50%. For the each of risk factors of
CVD, the sensitivity associated with each optimal BMI cut-off value was greater than
its attendant specificity. Moreover the optimal cut-off points would had the most of
area under ROC curve. When, the cut-off point of BMI at 23.5 kg/m” was considered,
it had sensitivity value (63%) higher than specificity value (56%) and AUC = 3528.
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Considering, the cut-off point of BMI at 23 kg/m2 also had sensitivity value (66%)
higher than specificity value (51%) but it had AUC (3366) which was lower than the
cut-off point of BMI at 23.5 kg/m”. According to the epidemiological methods criteria
for this study, the optimal cut-off point of BMI which reflects high systolic blood
pressure was 23.5 kg/m”.

4.1.2 Diastolic blood pressure

The ROC curves for the cut-off points of BMI which reflect high diastolic

blood pressure was illustrated in Figure 2.
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Figure 2. The receiver operating characteristic (ROC) curve for the cut-off points of

BMI which reflect high diastolic blood pressure

The cut-off point of BMI which had the most of area under the curve (AUC)
was 24.5 kg/m* (AUC = 4224) but it had sensitivity value (64%) lower than specificity
value (66%). Considering, the cut-off point of BMI at 24.0 kg/m2 found that the
sensitivity was 68% and specificity value was 60% (AUC = 4080), it would be the
optimal cut-off point of BMI for reflect high DBP. When the cut-off point of BMI at
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23.5 kg/m® was considered, it found that sensitivity value was 72% and specificity
value was 52% (AUC = 3744). However, the cut-off point at 23.5 kg/m2 had
sensitivity value (72%) more than the cut-off point at 24.0 kg/m” (68%). According to
the epidemiological methods criteria for this study, the optimal cut-off point of BMI
which reflects high diastolic blood pressure was 23.5 kg/m’.

4.2 The optimal cut-off points of BMI and dyslipidemia
4.2.1 Total cholesterol level
The ROC curves for the cut-off points of BMI which reflect high total

cholesterol level was illustrated in Figure 3.
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Figure 3. The receiver operating characteristic (ROC) curve for the cut-off points of

BMI which reflect high total cholesterol level

The cut-off point of BMI which had the most of area under the curve (AUC)
was 22.0 kg/m? (AUC = 4080), sensitivity value was 80% and specificity value was
51%. According to the epidemiological methods criteria for this study, the optimal cut-

off points of BMI which reflect high diastolic total cholesterol level was 22.0 kg/m®.
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The ROC curves for the cut-off points of BMI which reflect high

triglyceride level was illustrated in Figure 4.
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The receiver operating characteristic (ROC) curve for the cut-off points of

BMI which reflect high triglyceride level

The cut-off point of BMI which had the most of area under the curve (AUC)

was 24.5 kg/m* (AUC = 4158) but it had sensitivity value (63%) lower than specificity
value (66%). Considering, the cut-off point of BMI at 24.0 kg/m® found that the

sensitivity value was 68% and specificity value was 61% (AUC = 4148), it would be

the optimal cut-off point of BMI for reflect high TG. When the cut-off point of BMI at

23.5 kg/m” was considered, it found that sensitivity value was 73% and specificity

value was 53% (AUC = 3869). However, the cut-off point at 23.5 kg/m’ had

sensitivity value (73%) more than the cut-off point at 24.0 kg/m2 (68%). According to

the epidemiological methods criteria for this study, the optimal cut-off points of BMI

which reflect high triglyceride level was 23.5 kg/m”.
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4.2.3 Low-density lipoprotein cholesterol level
The ROC curves for the cut-off points of BMI which reflect high low-

density lipoprotein cholesterol level was illustrated in Figure 5.
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Figure 5. The receiver operating characteristic (ROC) curve for the cut-off points of

BMI which reflect high low-density lipoprotein cholesterol level

The cut-off point of BMI which had the most of area under the curve (AUC)
was 22.5 kg/m* (AUC = 3312) but it had specificity value (46%) lower than 50%.
When the cut-off point of BMI at 23.0 kg/m” was considered, it had sensitivity value
64% and specificity value 51% (AUC = 3264). According to the epidemiological
methods criteria for this study, the optimal cut-off points of BMI which reflect high
LDL-C level was 23.0 kg/m’.
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4.2.4 High-density lipoprotein cholesterol level
The ROC curves for the cut-off points of BMI which reflect low high-

density lipoprotein cholesterol level was illustrated in Figure 6.
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Figure 6. The receiver operating characteristic (ROC) curve for the cut-off points of

BMI which reflect low high-density lipoprotein cholesterol level

The cut-off point of BMI which had the most of area under the curve (AUC)
was 25.0 kg/m” (AUC = 4270) but it had sensitivity value (61%) lower than specificity
value (70%). Considering, the cut-off point of BMI at 24.5 kg/m2 found that the
sensitivity value was 63% and specificity value was 61% and AUC was 3843. When
the cut-off point of BMI at 24.0 kg/m* was considered, it found that sensitivity value
was 74%, specificity value was 56% and AUC was 4144. The results showed that the
cut-off point at 24.0 kg/m? had sensitivity value and AUC more than the cut-off point
at 24.5 kg/m®. According to the epidemiological methods criteria for this study, the
optimal cut-off points of BMI which reflect low HDL-C level was 24.0 kg/m”.
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In conclusion, the optimal cut-off points of BMI which reflect to each of the
risk factors of CVD are listed in Table 16. The BMI cut-off values for reflect
hypertension was 23.5 kg/m” and dyslipidemia were range from 22 to 24 kg/m’.

Table 16. The optimal cut-off values, sensitivity, specificity, and area under curve of

BMI indices to predict hypertension and dyslipidemia based on ROC curve

analysis
Males (N=413)

CVD risk factors Cut-off Sensitivity Specificity AUC
Hypertension

- SBP 235 63 56 3528

- DBP 23.5 72 52 3744
Dyslipidemia

-TC 22.0 80 51 4080

-TG 23.5 73 53 3869

-LDL-C 23.0 64 51 3264

- HDL-C 24.0 74 56 4144

5. The cut-off points of BMI according to WHO and Asia criteria

Comparison of the sensitivity of cut-off points of BMI which detects the risk
factors of CVD between WHO criteria (>25 kg/m?) and Asia criteria (>23 kg/m?). The
results showed that the cut-off point of BMI at >25 kg/m2 had the sensitivity lower
than the cut-off point of BMI at >23 kg/m”. Therefore, the sensitivity of the cut-off
point of BMI in Asia criteria is better than the WHO criteria for detecting the risk
factors of CVD for these samples.
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Table 17. The sensitivity of the samples by SBP, DBP, TC, TG, LDL-C and HDL-C
to identify the cut-off point of BMI according to WHO criteria (>25
kg/m”) and Asia studies criteria (>23 kg/m?)

Sensitivity (%)
BMI SBP DBP TC TG LDL-C HDL-C
25 43 55 36 55 34 61

23 66 75 49 76 64 80
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CHAPTER V

DISCUSSION

This cross sectional study examined the cut-off points of BMI which reflect
the risk factors of CVD including hypertension and dyslipidemia. The 413 participants
were Thai males aged 35-50 years and who live in Bangkok. They all work in the
office, which involves low levels of physical activity.

Weight-height indexes are well accepted as indexes for body fat content,
especially for BMI. Therefore, most researchers in nutrition use BMI for the
assessment of nutritional status. The universal BMI classification proposed by the
WHO suggested cut-off points for overweight (BMI >25 kg/m?) and obesity (BMI >30
kg/m?). These criteria were based on observational studies in Europe on the
relationship between morbidity and mortality with BMI, and so may not be applicable
to Thai populations. Because, the BMI have limitations for its use as length of legs or
trunk in relation to overall stature. In addition BMI cannot differentiate the
components of body composition, such as FM and FFM of subjects (15).
Consequently BMI can be large for those with short legs in proportion to their height
and for those with high muscularity. Consideration of these limitations is important
when comparing BMI values obtained across a range of people each quite different to
each other (16).

Most of the samples were married males with a mean age of 43.05 years old.
The majority of them have completed a Bachelor degree (Table 8). Age is an
independent risk factor for CVD. The risk for a clinical CVD event is high in older
than in younger people. Because, the atherosclerotic lesion or plaque developed over a
long period of time, which is in line with the culmination of processes that may have
been developing a series of changes to the walls of the coronary arteries. The severity
of coronary atherosclerosis rises with age, hence older people on average, have a
greater plaque burden than younger persons. This factor supports the well known

claim that age is a risk factor for CHD. Use of age as an indicator of plaque burden has
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been generally acceptable for primary prevention (64). Eighty-five percent of
Americans who die of CVD are aged 65 or older. In addition, men are at greater risk
than women for CVD event (64).

The respondents were the government officials who working in offices, were
physically inactive (sedentary lifestyles) and most of them did not exercise (Table 9).
Physical inactivity is directly related to CVD mortality rate. Manifestation of CVD are
reduced in people whose jobs are physically demanding or who regularly participate in
moderate to strenuous recreational activity and survival rates are increased after
myocardial infarction when behavior is modified to include regular exercise. Most
CVD mortality benefits of physical activity can be attained through moderately intense
activity (61). Exercise induces a number of positive changes in lipoprotein metabolism
in both diabetic and non-diabetic individuals. It increases HDL-C in particular
“cardioprotective” and reduces, sometimes markedly, plasma TG. Effects on LDL-C
are less consistent, although exercise often moderately lower LDL-C (63).

Furthermore, the majority of the respondents were smokers and drinkers,
which were the modifiable behavioral risk factors for CVD (Table 9). For participants
who smoked, most of them smoked 1-5 rolls per day and the maximum number
smoked was 15 rolls per day but this study did not limit the cigarettes commutative
consumption (age at beginning and duration). Cigarette smoking appears to reduce
HDL-C, increase TG (59) and risk for death from CVD is increased even when
smoking only one to four rolls of cigarettes each day. Thus, there is no safe level of
cigarettes smoking (60).

In regards to alcohol consumption, the potential participants who were heavy
alcoholic drinkers, as defined as those drinking alcohol everyday and or those drinking
alcohol within 24 hours before blood samples were obtained, were excluded from the
study group. The respondents who drank alcohol, most of them drank only once pre
month or more and drank on a maximum of 4 occasions per week. However, this study
did not limit the amount of alcohol drunk per occasion. Alcohol produced a beneficial
rise in HDL-C but only at moderate intakes beyond which there is a concomitant rise
in TG and LDL-C. The effect contributes to the J-shaped relation between alcohol and
total mortality rate. Lowest mortality occurred in those who consume 1 or 2 drink per

day and total mortality rises rapidly with increasing number of drinks consumed as
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these exceed 3 drinks per day (59). The NCEP recommend that daily alcohol
consumption should not exceed approximately 30 g for men, the amount in
approximately 2 drinks and approximately 15 g, or 1 drink, for women (59).

According to the WHO classification of obesity, using a BMI >30 kg/m?, the
prevalence of obesity was approximately 10-20% and 15-25% in European men and
women, respectively (1). By contrast, the prevalence of obesity using the same criteria
for Asian populations is less than 3% in Japan and China (69). Based on these
definitions, Asian populations, such as the Chinese, are often considered as a non-
obese population. Previous cross-ethnic studies that examined the BMI-%BF
relationship in respect to age, gender and ethnicity have reported that Asians tend to
possess greater %BF than Caucasians at the same BMI values (17-20). There are also
reports that Asians have higher health morbidities at lower BMI values than
Caucasians. In Asians, the cut-off point of BMI for overweight (>23.0 kg/m?) and
obesity (>25.0 kg/mz) are lower than the WHO criteria (overweight >25.0 kg/m2 and
obesity >30.0 kg/m?) (21-25).

This study illustrated that use of the Asia criteria of BMI >23 kg/m’
demonstrated almost a twice greater prevalence of overweight in the respondents when
compared using the WHO criteria of BMI >25 kg/m”. Therefore, the cut-off point of
BMI according to the Asia criteria may be appropriate for the Thai male population.
Therefore, this finding supports using lower BMI criteria to define obesity.

These results (Table 12) showed that the BMI levels increased positively with
both systolic blood pressure and diastolic blood pressure. The relationship of which
remained statistically significance after excluding the effect of age, smoking habits
and alcohol drinking behaviors (Table 14). More than 50 percent of the samples were
high normal and hypertensive in systolic blood pressure. For subjects who had systolic
blood pressure at the hypertensive level, an average BMI of 26.214+3.46 kg/m2 was
recorded. Those with diastolic blood pressure at the hypertensive level had an average
BMI of 25.85+3.30 kg/m”. Both systolic and diastolic blood pressure increased with
BMI and obese individuals are at higher risk of developing hypertension than lean
subjects (68). The benefits of a 10 kg loss of weight showed a decrease of 10 mmHg in
SBP and 20 mmHg in DBP (36). Moreover, hypertension increased in prevalence with

increasing age.
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The most characteristic dyslipidemia in obesity are elevated levels of TC, TG,
LDL-C and low levels of HDL-C. An elevated plasma cholesterol concentration has
been shown to be a major risk factor for CHD. Hypercholesterolemia is estimated to
account for 40% of all MI. Moreover, for each 10 mg/dl increased in serum
cholesterol, the overall death rate increased by 5% and the cardiovascular related death
rate by 9% (84). Eventhough major factors affecting these biochemical parameters
were age, smoking habits, alcohol drinking behaviors and BMI played a minor rate but
its effects were still of statistical significance after controlling age, smoking habits and
alcohol drinking behaviors (Table 14).

In this study, it was showed that the BMI levels were positively increased with
TC level. The samples who had TC in high-risk levels (>240 mg/dl), recorded an
average BMI of 25.28+3.03 kg/m”. The benefits of a 10 kg loss of weight showed a
decrease of 10 percent in TC (35).

Triglyceride level is well accepted as a coronary risk factor. The studies of men
surviving a MI showed that approximately 8% had elevated cholesterol levels, 7% had
elevated TG and 15% had combined elevations of cholesterol and TG (85).

This study showed that the BMI levels did not positively increase with TG
level. The samples who had TG in high-risk levels (>400 mg/dl), had an average BMI
of 24.39+3.50 kg/m’. The samples who had TG in borderline levels (200-400 mg/dl),
yielded an average BMI of 25.69+3.13 mg/m”. These results were not consistent with
other studies, because the number of samples, who had TG in the high-risk levels,
represented only 2.4 percent of the total sample group. The benefits of a 10 kg loss of
weight showed a decrease of 30 percent in TG (35).

Low-density lipoprotein cholesterol increased with age and weight gain. They
also may be elevated in the presence of hypothyroidism, nephrotic syndrome, and
estrogen deficiency. Moreover, the concentration of TC or LDL-C in the blood is
significantly associated with subsequent CHD morbidity and mortality, especially in
middle-age men (86).

In this study, it was showed that the BMI levels positively increased with LDL-
C level. The samples who had LDL-C in the high-risk levels (>160 mg/dl), had an
average BMI of 25.02+2.71 kg/m”. The benefits of a 10 kg loss of weight showed a
decrease of 15 percent in LDL-C (35).
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A low high-density lipoprotein cholesterol level is a major risk factor for CHD,
but a high HDL-C is a negative risk factor. In multiple clinical trials, for every 1 mg/dl
increase in HDL-C, a 2-3 percent reduction of risk for CHD occurred (87).

In this study, it was showed that BMI levels were negatively increased with
HDL-C level. The samples who had HDL-C in the high-risk levels (<35 mg/dl), had
an average BMI was 25.63+3.34 kg/m®. The benefits of a 10 kg loss of weight showed
an increase of 8 percent in HDL-C (35).

This finding (Table 13) illustrated that only 24.7 percent of samples had TC in
acceptable levels, while 90.1 percent of samples had HDL-C in acceptable levels so
that it may result in to high level of TC, the majority of which were in borderline and
high-risk level. However, only 38.7 percent of the samples who had LDL-C in
acceptable levels and more than 60 percent had LDL-C in borderline and high-risk
levels. It was interesting to note that the cut-off point of BMI according to the Asia
criteria detected the overweight proportion of the samples as 57.8 percent (the WHO
criteria detected only 32.7 percent), the percentage of which is similar to that of the

samples who had LDL-C in a borderline and high-risk level.

The optimal cut-off points of BMI which reflect the risk factors of CVD

The optimal cut-off points of BMI and hypertension

Results from this study suggested that the optimal cut-off points of BMI which
reflect hypertension (both systolic blood pressure and diastolic blood pressure) to be
23.5 kg/m®. The sensitivity and specificity of these values to predict hypertension were
more than 60% and 50%, respectively. The Hong Kong study suggested that the
optimal BMI cut-off points to predict hypertension in Hong Kong Chinese was 23.8
kg/m” among men and 24.1 kg/m* among women (34). The Singapore study suggested
that the optimal BMI cut-off point to predict hypertension was 23.4 kg/m’ in

Singaporean women (88).

The optimal cut-off points of BMI and dyslipidemia

This study suggested the optimal cut-off points of BMI which reflect elevated
TC at 22.0 kg/mz, elevated TG at 23.5 kg/mz, elevated LDL-C at 23.0 kg/mz, and
reduced HDL-C at 24.0 kg/m”. The sensitivity and specificity of these values to
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predict dyslipidemia were more than 80% and 50%, respectively. The Hong Kong
study suggested that the optimal BMI cut-off points to predict dyslipidemia in Hong
Kong Chinese was 23.0 kg/m”* among men and 24.1 kg/m* among women (34). The
Singapore study suggested that the optimal BMI cut-off point to predict dyslipidemia
was 23.9 kg/m2 in Singaporean women (88).

Alternatively, the difference in findings may reflect the different decision rules
used to determine cut-off values. In this study, the optimal cut-off points of BMI for
each the risk factors of CVD were denoted by high in sensitivity value and each value
of sensitivity and specificity were more than 50%. For each of the risk factors of CVD,
the sensitivity (63% - 80%) associated with each optimal BMI cut-off value was
greater than its attendant specificity (51% - 56%). In the study by Yong-Hao et al.
(87), the optimal cut-off points for each index was denoted by the value that yielded
the largest sum of sensitivity and specificity. Ostensibly, applying this decision rule in
this study may potentially lower the cut-off points of the BMI indices by enhancing
sensitivity at the expense of reduced specificity. Notwithstanding these
methodological differences, it must be acknowledged that all anthropometric cut-off
points are arbitrary, and any decision rules to determine cut-off values must balance
the need to prevent a significant proportion of CVD events, and the clinical practice
burden of labeling a patient as being at risk for CVD (87).

These findings (Table 15) showed that the optimal cut-off points of BMI which
reflect the risk factors of CVD (hypertension and dyslipidemia) were 22.0, 23.0, 23.5
kg/m? (only HDL-C had the cut-off point of BMI at 24.0 kg/m?®). These optimal cut-off
points of BMI were closely matched with the Asia criteria. The results of this study
indicate that the optimal cut-off values of BMI were lower than those recommended
by the WHO. Therefore, the current WHO criteria to classify overweight and obesity

may not be appropriate for Thai male populations who aged 35-50 years.
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CHAPTER VI

CONCLUSION AND RECOMMENDATIONS

Conclusion

The aim of the study was to examine the optimal cut-off points of body mass
index which reflect the risk factors of cardiovascular disease in the urban Thai male
population aged 35-50 years and who live in Bangkok.

The design of this study was a cross sectional research. The 413 respondents
worked in Bangkok. The samples worked in the government offices and undertook
annually physical check up by the office of Public Health and Environmental
Technology Service, Faculty of Public Health, Mahidol University. The samples were
purposive sampling. Respondents who were taking medication for controlling of blood
pressure and plasma lipid, were heavy smokers who smoked 16 rolls or more per day,
were heavy daily consumers of alcohol, and who had any complication condition or
disease that induces increases or decreases weight change such as renal disease, liver
disease, thyroid disease or post orthopedic operation with plate and screw were
excluded of this study.

The research instruments were two part self-administered questionnaires:
demographic data and health data, weight and height scale, mercury manometer for
measurement of blood pressure and laboratory instruments for collecting blood
samples and blood chemical analysis. The body mass index of each participant was
calculated. The collected data were analyzed and presented in absolute number,
percent, mean, standard deviation, minimum, and maximum value. The relationship
among BMI, SBP, DBP, TC, TG, LDL-C, and HDL-C were analyzed by multiple
regression analysis. The optimal cut-off points of BMI that associated with high in
SBP, DBP, TC, TG, LDL-C, and low in HDL-C were analyzed by epidemiological

methods (sensitivity, specificity and ROC curve analysis). From the results of the
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study it can be concluded that, most of the respondents were married males in the
middle age group (43.05+£5.01 years). The majority of them completed Bachelor
degrees and were consumer of cigarettes and alcohol. Moreover, the respondents were
government officials who working in an office and who were physically inactive (had
sedentary lifestyles) and most of them did not exercise. The body mass index was
classified by two criteria. The first group classified according to WHO criteria found
that the most of the respondents were of normal weight (BMI 18.5-24.9 kg/mz). The
second group classified according to Asia criteria found that the most of the
respondents were overweight (BMI >23 kg/m?). BMI levels positively increased with
the risk factors of cardiovascular disease such as SBP, DBP, TC, LDL-C, and
negatively increased with HDL-C. However, BMI levels did not positively increased
with TG. The cut-off points of BMI were classified into 9 levels as 21.0, 21.5, 22.0,
22.5, 23.0, 23.5, 24.0, 24.5, and 25.0 kg/m”. Epidemiological methods (sensitivity,
specificity and ROC curve analysis) have been used to examine the optimal cut-off
points of BMI which reflect the risk factors of CVD. The optimal cut-off points of
BMI which reflect hypertension was 23.5 kg/m’ elevated TC was 22.0 kg/m?,
elevated TG was 23.5 kg/m?, elevated LDL-C was 23.0 kg/m?, and reduced HDL-C
was 24.0 kg/m®.

Recommendations

1. The samples of this study were not population based and were limited to
Thai male who aged 35 — 50 years and lived in Bangkok. Hence, this results need to be
interpreted with caution.

2. This study demonstrated that the optimal cut-off points of BMI which reflect
the risk factors of CVD were lower than the criteria suggested by the WHO, but were
in agreement with Asia criteria. Therefore, using the optimal cut-off point of BMI at
23.0 kg/m* according to the Asia criteria represented the optimal cut-off points of BMI
at 22.0, 23.5 and 24.0 kg/mz, would be convenience to detect the risk factors of CVD
for Thai male populations who are aged 35 -50 years.

3. This the multiple regression analysis indicated that age, smoking and alcohol

drinking of the samples slightly effects on the risk factors of CVD. Therefore, using
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these results would be aware of the age, smoking habits and alcohol drinking behavior

in other Thai male population.

Recommendations for further study

1. Expanded study in other Thai male populations in different work place
characteristics or the general population or Thai female populations. Furthermore, the
optimal cut-off points of BMI as the most appropriate screening tool for Thai
populations would be further strengthened if there were supporting data from the
larger sample sizes than that undertaken in this study.

2. Eating habits questionnaires should include information on health data
related to the risk factors for CVD both in terms of quality and quantity of food intake.

3. Smoking habits questionnaires should include age at beginning smoking and
the duration of smoking. Moreover, the further studies should limit the number of
cigarettes smoked that may be affect the levels of blood pressure and plasma lipid.

4. Alcohol drinking behavior questionnaires should include the volume of

alcohol consumed at each intake event.
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APPENDIX B

EPIDEMIOLOGICAL METHODS

Sensitivity and specificity: Tests of validity

Sensitivity is the ability of a test to correctly identify those who have the
disease; the percentage of those who have the disease and are proven to have the
disease as demonstrated by a test. Sensitivity shows the proportion of truly diseased
persons in a population who underwent screening and who are correctly identified as
being diseased by the screening test (88).

Specificity is the ability of a test to correctly identify the percentage of those
who do not have the disease; those who do not have the disease and are proven to not
have the disease as demonstrated by a test. Specificity shows the proportion of non-
diseased persons in a population who underwent screening and who are correctly

identified as not being diseased by the screening test (88).

Table 18. A 2 x 2 probability table

Screening Test Disease Total

+ -

+ a b a+tb
(True positive) (False positive) (Total test positive)

- c d c+d
(False negative)  (True negative) (Total test negative)
Total atc b+d atb+c+d

(Total disease) (Total non-disease) (Grand total)

True positive is when the test says the person has a disease and the person

indeed has the disease.
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False positive is when a screening test indicates that the individual has a
disease but the person does not actually have the disease. The test was wrong in
indicating that the person had the disease when the person was in fact well and not
diseased. The test wrongly said yes to being diseased, labeling a healthy person as
diseased.

False negative is when a screening test indicates that the individual not have a
disease but the person in fact does have a disease. The test was wrong in indicating
that the person is well when the person will get sick or is diseased. The test wrongly
said no to being diseased, labeling a diseased person as health.

True negative is when the test says the person is healthy and has no disease and

the person in fact is healthy and disease free.

Sensitivity = Pr (Test+ / Dx+) = a
atc
Specificity = Pr (Test- / Dx-) = d
b+d
Accuracy = a+d
atb+c+d

Standardization of tests is the term used to show that a test has been used over
a long period of time, has had widespread use, the cut-off levels/ values have been
well established, and the test has a proven track record over time with normative data.
Screening programs should use standardized tests as it is important to have test with
high predictability, reliability, validity, and long term use. This usually means that the
test has been refined and retested in order to make it as effective and accurate as

possible.

Understanding the results of screening, sensitivity, and specificity
From each screening program, individuals are classified as either negative
(those without the disease) or positive (those with the disease). However, because the

sensitivity and specificity of a test is often less than 100%, false negatives and false
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positive occur. Thus, the epidemiologist classifies the individual participants into four
categories.

False Negative (FN) True Negatives (TN)

False Positive (FP) True Positive (TP)

These four categories are used to understand and evaluate the results of
screening programs. These categories are also used to assess test results and for data
analysis of a study population. To more easily understand the role of the four
categories, it is helpful to use a graphic presentation of the screening process and
where each of the four possible outcomes of a test fits.

Sensitivity and specificity are proportionate and therefore expressed in
percentages. Ideally, the epidemiologist would like to see a test that works so well that
both sensitivity and specificity are at 100%.

To help in the analysis, some observations about sensitivity and specificity will
be helpful. As the percentage of true negative (TN) and true positives (TP) goes up,
sensitivity and specificity go down. In summary, sensitivity is the ability to identify
correctly those with the disease. Specificity is the ability is the ability to identify
correctly those without the disease.

An inverse relationship exists between true positives and false positives.
Conversely an inverse relationship exists between false negatives and true negatives.

The percentage of false negatives is the complement of sensitivity. Conversely,
the percentage of false positives is the complement of specificity. The epidemiologist
wants a sensitive test so that the test will identify a high proportion of those who have
the disease and a test that will generate few false negatives. Conversely the
epidemiologist wants the test to be specific enough to detect the disease, so that
responses are limited to the study group who are truly diseased and few false positive
are produced. Once a screening process is complete, a diagnosis is needed to establish
the disease in those who are suspected of having it and rule out those persons screened

who are suspected of being diseased but are not (88).

The receiver operating characteristic (ROC) curve
In 1971, Lusted described how a method used often in psychophysics could be

adopted for medical decision making. This method overcomes the limitation of a
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single sensitivity and specificity pair and the summary measures associated with single
sensitivity and specificity pair and the summary measures associated with single
sensitivity and specificity pairs by including all of the decision thresholds. A receiver
operating characteristic (ROC) curve is a method of describing the intrinsic accuracy
of a test apart from the decision thresholds. Since the 1970s, it has been the most
valuable tool for describing and comparing diagnostic tests.

An ROC curve is a plot of a test’s sensitivity (plotted on the y axis) versus its
false positive fraction (FPF), or (100 — specificity and plotted on the x axis). Each
point on the graph is generated by a different decision threshold.

Diagnostic test with ROC curves above the chance diagonal have at least some
ability to discriminate between patients with and without the condition. The closer the
curve is to the (0, 100) point (left upper corner) the better the test (89).

The ROC curve area has several interpretations:

1. The average value of sensitivity for all possible values of specificity.

2. The average value of specificity for all possible values of sensitivity.

3. The probability that a randomly selected patient with the condition has a test
result indicating greater suspicion than that of a randomly chosen patient without the

condition.
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Table 19. The sensitivity and specificity of the samples by the variables to identify
those with BMI of 25 kg/m?

BMI
Sensitivity Specificity
<25 =25
SBP
Normal 155 44 0.43 0.78
High-Risk 123 91
DBP
Normal 233 79 0.55 0.75
High-Risk 45 56
TC
Normal 78 24 0.36 0.76
High-Risk 200 111
TG
Normal 230 77 0.55 0.75
High-Risk 48 58
LDL-C
Normal 112 48 0.34 0.70
High-Risk 166 87
HDL-C
Normal 262 110 0.61 0.70
High-Risk 16 25
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Table 20. The sensitivity and specificity of the samples by the variables to identify
those with BMI of 24.5 kg/m*

BMI
Sensitivity Specificity
<24.5 >24.5
SBP
Normal 135 64 0.50 0.68
High-Risk 107 107
DBP
Normal 209 106 0.64 0.66
High-Risk 36 65
TC
Normal 72 30 0.45 0.71
High-Risk 107 141
TG
Normal 203 104 0.63 0.66
High-Risk 39 67
LDL-C
Normal 99 61 0.43 0.62
High-Risk 143 110
HDL-C
Normal 227 145 0.63 0.61
High-Risk 15 26
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Table 21. The sensitivity and specificity of the samples by the variables to identify
those with BMI of 24 kg/m’

BMI
Sensitivity Specificity
<24 > 24
SBP
Normal 127 72 0.57 0.64
High-Risk 93 121
DBP
Normal 188 124 0.68 0.60
High-Risk 32 69
TC
Normal 68 34 0.51 0.67
High-Risk 152 159
TG
Normal 186 121 0.68 0.61
High-Risk 34 72
LDL-C
Normal 91 68 0.49 0.57
High-Risk 129 125
HDL-C
Normal 209 162 0.74 0.56
High-Risk 11 31
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Table 22. The sensitivity and specificity of the samples by the variables to identify
those with BMI of 23.5 kg/m?

BMI
Sensitivity Specificity
<235 >23.5
SBP
Normal 111 88 0.63 0.56
High-Risk 80 134
DBP
Normal 163 149 0.72 0.56
High-Risk 28 73
TC
Normal 65 37 0.59 0.64
High-Risk 126 185
TG
Normal 162 145 0.73 0.53
High-Risk 29 77
LDL-C
Normal 87 73 0.39 0.54
High-Risk 104 149
HDL-C
Normal 181 191 0.76 0.49
High-Risk 10 31
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Table 23. The sensitivity and specificity of the samples by the variables to identify
those with BMI of 23 kg/m’.

BMI
Sensitivity Specificity
<23 >23

SBP
Normal 102 97 0.66 0.51
High-Risk 72 142

DBP
Normal 149 163 0.75 0.48
High-Risk 25 76

TC
Normal 61 42 0.64 0.60
High-Risk 113 198

TG
Normal 149 158 0.76 0.49
High-Risk 25 81

LDL-C
Normal 82 78 0.64 0.51
High-Risk 92 161

HDL-C
Normal 166 206 0.80 0.45
High-Risk 8 33
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Table 24. The sensitivity and specificity of the samples by the variables to identify
those with BMI of 22.5 kg/m?

BMI
Sensitivity Specificity
<225 >22.5
SBP
Normal 87 112 0.75 0.44
High-Risk 54 160
DBP
Normal 122 190 0.81 0.39
High-Risk 19 82
TC
Normal 56 46 0.73 0.55
High-Risk 85 226
TG
Normal 124 183 0.84 0.40
High-Risk 17 89
LDL-C
Normal 73 87 0.72 0.46
High-Risk 68 185
HDL-C
Normal 134 238 0.83 0.36
High-Risk 7 34
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Table 25. The sensitivity and specificity of the samples by the variables to identify
those with BMI of 22 kg/m?

BMI
Sensitivity Specificity
<22 >22

SBP
Normal 75 124 0.86 0.36
High-Risk 38 176

DBP
Normal 101 211 0.88 0.32
High-Risk 12 89

TC
Normal 52 50 0.80 0.51
High-Risk 61 250

TG
Normal 100 207 0.88 0.33
High-Risk 13 93

LDL-C
Normal 64 96 0.81 0.40
High-Risk 49 204

HDL-C
Normal 107 265 0.85 0.29
High-Risk 6 35
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Table 26. The sensitivity and specificity of the samples by the variables to identify
those with BMI of 21.5 kg/m*

BMI
Sensitivity Specificity
<215 >21.5

SBP
Normal 61 138 0.85 0.31
High-Risk 32 182

DBP
Normal 84 228 0.91 0.27
High-Risk 9 92

TC
Normal 43 59 0.84 0.42
High-Risk 50 261

TG
Normal 80 227 0.88 0.26
High-Risk 13 93

LDL-C
Normal 55 105 0.82 0.34
High-Risk 38 215

HDL-C
Normal 89 283 0.90 0.24
High-Risk 4 37
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Table 27. The sensitivity and specificity of the samples by the variables to identify
those with BMI of 21 kg/m’.

BMI
Sensitivity Specificity
<21 >21

SBP
Normal 52 147 0.91 0.26
High-Risk 19 195

DBP
Normal 68 244 0.97 0.22
High-Risk 3 98

TC
Normal 38 64 0.89 0.37
High-Risk 33 278

TG
Normal 66 241 0.95 0.21
High-Risk 5 101

LDL-C
Normal 45 115 0.90 0.28
High-Risk 26 227

HDL-C
Normal 67 305 0.90 0.18
High-Risk 4 37
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