
 

   
 

ความสัมพันธระหวางแบบแผนการบริโภคอาหารกับกลุมอาการเมแทบอลิก 
ของประชากรในอําเภอเมือง จังหวดันครราชสีมา 

 
 
 
 
 
 
 
 
 
 

นางสาวรัชฎา  สุธาดารัตน 
 
 
 
 
 
 
 
 
 
 
 
 

วิทยานพินธนี้เปนสวนหนึ่งของการศึกษาตามหลักสูตรปริญญาเภสัชศาสตรมหาบัณฑิต 
สาขาวิชาอาหารเคมีและโภชนศาสตรทางการแพทย  ภาควิชาอาหารและเภสัชเคมี  

คณะเภสัชศาสตร จุฬาลงกรณมหาวิทยาลัย 
ปการศึกษา  2552 

ลิขสิทธ์ิของจุฬาลงกรณมหาวิทยาลัย 



 

 
 

RELATIONSHIP BETWEEN DIETARY PATTERN AND METABOLIC 
SYNDROME IN POPULATION IN MUEANG DISTRICT,                               

NAKHON RATCHASIMA PROVINCE 
  
 
 

 
 
 
 
 
 
 
 
 

Miss Ratchada  Sutadarat

 

 

 

 

 

 

 

 

 

 

A Thesis Submitted in Partial Fulfillment of the Requirements 

for the Degree of Master of Science in Pharmacy                             

Program in Food Chemistry and Medical Nutrition 

Department of Food and Pharmaceutical Chemistry 

 Faculty of Pharmaceutical Sciences 

 Chulalongkorn University 

Academic Year 2009 

Copyright of Chulalongkorn University 



Thesis Title 

By 

RELATIONSHIP BETWEEN DIETARY PATTERN 

AND METABOLIC SYNDROME IN POPULA nON 

IN MUEANG DISTRICT, NAKHON RA TCHASIMA 

PROVINCE 

Miss Ratchada Sutadarat 

Field of Study 

Thesis Advisor 

Thesis Co-Advisor 

Food Chemistry and Medical Nutrition 

Assistant Professor Suyanee Pongthananikorn, Dr.P.H. 

Assistant Professor Kulwara Meksawan, Ph.D. 

Accepted by the Faculty of Pharmaceutical Sciences, Chulalongkorn 

University in Partial Fulfillment of the Requirements for the Master' s Degree 

... .... ~7 ... .. ~ ......... Dean of the Faculty of 

/ / Pharmaceutical Sciences 

(Associate Professor Pintip Pongpech, Ph.D.) 

........ ~~.~ .... ~~~~.~~~ ...... Thesis Advisor 

(Assistant Professor Suyanee Pongthananikorn, Dr.P.H.) 

............ ~~ .... ~!~ ..... Thesis Co-Advisor 

(Assistant Professor Kulwara Meksawan, Ph.D.) 

..... I.?t ~ ... b.-:!~~r.-:..: ............... Examiner 

(Associate Professor Oranong Kangsadalampai, Ph.D.) 

.. ... . ~ .. .. .. ~.g: ........... External Examiner 

(Assistant Professor Rewadee Chongsuwat, Ph.D.) 



f'lfQ1 "lli1~lf 11"1': fI11lJiYlJ~'U yj'j~l1'hm 'lJ'lJ11f..!'U f11'j 'lJnmHll111'j f)'Jf)~mllf11'j llJlL'Yl'lJtJ~f) 

'\JtJ'I1.h~'lf1ml'Ut111fltJllltJ'I i'l111~'Um'j1'lffflJ1. (RELATIONSHIP BETWEEN DIETARY 

PATTERN AND METABOLIC SYNDROME IN POPULATION IN MUEANG DISTRICT, 

NAKHON RATCHASIMA PROVINCE) tJ . ~Urf)ln1'Yltll11'Vi'Uyjmrf): f..!tHl'j . "ltlJ1W 

IV 

f11 'j ~mJll; 'I 'Vi 'j'j tu 'U 1 tu ~~l 1",n l~l 1"el111i1 'I 1 'Uf') f'lif lj 111 QU 'j ~ff '1tll'rltJ ~f)lnfl11lJ'ljf)'\JtJ'I 
f)~lJtJ1 f)U llJlL 'Yl1JtJ ~f) 11~~fl1 1 lJiYlJ~'U yj'j ~1111'111 'lJ'lJ11f..!'U f11'j 'lJnflfltJ1111'j tl'lJf)~lJtJ1 f11 'j llJlL 'Yl'lJtJ~f) 

'\JtJ'Iu'j~'lf1ml'Ut111fltJllltJ'I i'l111~'Um'j1'lffflJl f)~mi1tJV1'1fitJu'j~'lf1m~ljtJ1~ 20 iJ~'U1u ~l.,j'lf'lJ 
fllHl'j1~"l'\Jfll'ViU'j ~ ~liJ tu h'l'VifJ1'lJl~lJl11'j1'lf'Um'j1'lffflJl l'U'1f1'1'j~1111'11~tJ'Ui'U11f1lJ 2551 ~'1 

4 d 0 .c:It..o=::rt..o=::It. Q.I I c:::t, 

l~tJ'UlJ'U1f1lJ 2552 ~1'U1'U 480 fI'U ('lf1fJ 230 fI'U 11~ ~ l1tlJ'I 250 fI'U) f11'j1'U'HWf)'llJtJ1f11'jllJlL'Yl'lJtJClf) 

1" .. 1" "Q.I 3J 0 QJ d Q" 
'lflf)tuCVI'\JtJ'I IDF 1L~~ NCEP ATP III 1L~~ 'lflf)tuCVI~~1I~lff'U'jtJ'lJltJ1ff1l1'j'lJ'lf11ltJl'lffJ If)'lJ'\JtJlJCl~lf) 

f..!~ f)1 a n~1~'j ~ ~'lJ,hlfl]j1 'UltitJ ~ fl11lJ~'U 1 ~li 11 1 ff''U 'j tJ 'lJltJ 1 11 ~~1L 'lJ'lJ fftJ1J\lllJ U'j ~lii'U 

fI11lJ iYlJ~ 'U yj 'j ~ 1111 'Ill 'lJ 'lJ 1Lf..!'U f)1 'j 'lJ n fl fI tJ 111 U tl 'lJ f)~ lJtJ 1 f11 'j llJ 1L 'Yl'lJ tJ ~ f) 1 ~ fJ 1 ~ffii ~ fl11lJ tl~ tltJ fJ 

1~iff~fll;'1'Vi11 

" '" " .. " " 'jtJfJ~~ 13.9 lL~~l'Viffl1tlJ'I 'jtJfJ~~ 16.8) 1L~~1I1lJlf)tuCVI'\JtJ'I NCEP ATP III 'jtJfJ~~ 17.9 (1'Viff'lf1fJ 'jtJfJ~~ 

18. 7 1L~ ~l'Viffl1 tU'I ftJfJ~~ 17.2) 1 ~fJ 1l.!'Vi'lJfI11lJIl1l f)~ l.:jtJ V1'1 lj't!fJ",hTittl'j~1111'11'Viff'lf1fJllCl~l'Viffl1 tU'I 
u u u 

'" 
1 'U Yl'l fftJ '11 f)tu cvi' f) l'j 111 ~ \l fJ fl1'U fl11lJ iYlJ~'U yj 'j ~ 111 1'1 1L'lJ 'lJ 1Lf..!'U f) l'j 'lJ n fl fI tJ 111 U tl'lJ f)~ lJtJ 1 f)l'j 

'" . '" , "'1 .. ~ .. 
llJll'Yl'lJtJ~f) 'Vi'lJ11f11'j'lJ'j flfltJ111UlJtJ~f) (OR = 9.22, 95% CI = 1.37-61.97, P = 0.022) f)U~lJ 

lltJ~f)tJ~tJcllJlf)f)11 30 f)flJ~tJ1'U (OR = 3.54, 95% CI = 1.04-12.07, p = 0.043) 1l~~f11'j'lJl1flfl 

f..!~~t1tucvi'11Jlf)tJ~lJlf)f)11 3 1'U~tJiYU~l,.r (OR = 5.24, 95% CI = 1.32-20.89,p = 0.019) ljfl11lJiYlJ~'Uyj 

tl'lJ f)1 'j ln~ f) ~ lJtJ 1 f)1 'j llJll 'Yl 'lJ tJ ~ f)tJ VN lj't! fJ~h Ti ttl f..!~ ~ 1 f) f) l'j ~ml1ifll ff~ 'I 1 '11'1" 'U 11 f)~ lJ tJ 1 f) l'j 
• u • 

llJll 'Yl'lJtJ~ f)1 rJ'U 11i1 '11 'U u tlJ111'Yll 'I "l'\J fll'Vi'\J tJ'I U'j ~'lf1 m 1'\J 1I111tJ 'I 1L~~ f)l'j 'lJ n fl fltJ 111 U lrJ'UU ~ i fJ~lj 

fl11lJrl1TitlJ~tJ f11'j ln~f)~lJtJ1 f11'j llJl1 'Yl'lJtJ~f) ~'1J'U i'lfl1'j lj f)uuf 'lJ1U~fJ'U1L'lJ1Jllf..!'U f11'j'lJnflfltJ111 U 
, ". . . . , 

1 ~m ~ 'Vi1~tJV1'1 v'! f)1 'j 1Jn fl fltJ 1111 'j II tJ~ f) f)U ~lJlfl ~ tJ'I~lJ Vi ljlltJ ~ f)tJ ~tJ clll~~ f)1 'j 1Jn flfltJ1l11'j Vi lj 

fI1{11J 1 ~l~'j~ll~~ 1 '\J,j'Uff 'I 1~tJ~~fI11lJl~fJ'I~tJf11'j ln~ f)~lJtJ1f11'j llJll'Yl'lJtJ~f)~llJlJl 
~ . 

fllfl1'lf1 . ..... . .. . ... . . tJl111'j lL~~lfliY'lflfllj ... ... ... .. .... .. ... . ellfJlltJ~tJ11iYlI .. . .. 1.~.~}. ... ~~.: .~ .~~~ ... .. ~ ... . . 
'" d i .. ...... "'_I~ '" '" ..... ~NtlM ~~lf~~N' 

ff1'\J 11'lf1 ... tJll11'j lfllJlL~ ~ fl'lf'U ff1ffll 'j 'Yl1'1 f11'jll'Vi'Yl fJ .. ell fJlJ tJ'lftJ tJ. 'Ylu'j f)1oJ 11'Yl tIl'U 'Vi'U li 11 Cl f) . If- ........... . 
';!I ~ .... ... _I~ '" '" .. , Cl., L~ 
uf11'jfff)1oJ1 .... .. ........ 2552 . . .. ....... . . . . . . ... ... . . .. . ... . .. . ellfJlJtJ'lftJ tJ. 'YlU'jf)1oJ11'Yltll'U'Vi'Uli'j1lJ . . . 'l, ........ 7" 



##5076585833 : MAJOR FOOD CHEMISTRY AND MEDICAL NUTRITION 
KEYWORDS: METABOLIC SYNDROMEIDIETARY PATTERNIPREVALENCE 

RATCHADA SUTADARAT: RELATIONSHIP BETWEEN DIETARY 
PATTERN AND METABOLIC SYNDROME IN POPULATION IN MUEANG 
DISTRICT, NAKHON RA TCHASIMA PROVINCE. THESIS ADVISOR: ASST. 
PROF. SUY ANEE PONGTHANANIKORN, Dr.P.H., THESIS CO-ADVISOR: 
ASST. PROF. KULWARA MEKSAWAN, Ph.D., 96 pp. 

v 

This cross-sectional descriptive study aimed to examine the prevalence of metabolic 

syndrome and the relationship between dietary pattern and metabolic syndrome in 

population in Mueang District, Nakhon Ratchasima Province. The samples were 480 

persons (230 males and 250 females) aged 20 years and over who received the annual 

health examination at Maharat Nakhon Ratchasima Hospital during December, 2008 

through March, 2009. The diagnosis of metabolic syndrome was defined by the IDF and 

the NCEP A TP III criteria, with the modified waist circumference cut off points for Asian 

population. The data were collected from blood biochemical test, blood pressure 

measurement, waist circumference measurement, and questionnaires. The relationship 

between dietary pattern and metabolic syndrome was evaluated by multiple logistic 

regression. 

The results showed that the prevalence of metabolic syndrome defined by the IDF 

was 15.4% (13.9% in males and 16.8% in females) and by the NCEP ATP III was 17.9% 

(18.7% in males and 17.2% in females) . No significant difference in prevalence between 

males and females by both criteria was found. The analysis of the relationship between 

dietary pattern and metabolic syndrome showed that late night meal intake (OR = 9.22, 

95% CI = 1.37-61.97, P = 0.022), alcohol consumption more than 30 grams per day 

(OR = 3.54, 95% CI = 1.04-12.07, P = 0.043), and bakery product intake more than 

3 days per week (OR = 5.24, 95% CI = 1.32-20.89, P = 0.019) were significantly 

associated with metabolic syndrome. The findings from this study illustrated that the 

metabolic syndrome was one of health problems in urban population, and dietary pattern 

was an important factor that influenced the development of metabolic syndrome. 

Therefore, it is suggested that some dietary patterns should be modified, especially late 

night meal intake, alcohol consumption and high carbohydrate and fat intake to decrease 

the risk of metabolic syndrome. 
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CHAPTER 1  

INTRODUCTION 

 

1.1 Background and Rationale 

 The metabolic syndrome is a cluster of metabolic abnormalities such as 

abdominal obesity, hyperglycemia, dyslipidemia, and hypertension (Grundy et al., 

2005).  The report of Thailand population health examination survey III in population 

aged 15 years and over showed that the prevalence of abdominal obesity was 15.0% 

in males and 36.0% in females, hyperglycemia 15.4% in males and 10.6% in females, 

dyslipidemia 14.0% in males and 17.0% in females, and hypertension 23.0% in males 

and 21.0% in females (Ministry of Public Health, Health System Research Institute, 

2006).  These diseases were the components of metabolic syndrome that associated 

with increased risk of developing cardiovascular disease (CVD) and type 2 diabetes, 

which were the major causes of mortality and health problem of non-communicable 

chronic diseases in Thailand. 

Several studies in worldwide population aged 20 years and over showed that 

the prevalence of metabolic syndrome varied from 7% to 42%.  Namely, the 

prevalence of metabolic syndrome was 7.0% in Korean (Lee et al., 2004), 15.0% in 

European (Hu et al., 2004), 23.7% in American (Ford, Giles and Dietz, 2002), 39.6% 

in Arabian (Malik and Razig, 2008), and 42.0% in Iranian (Azizi et al., 2003) 

populations.  For Asian countries, China, Taiwan, Hong Kong, Japan, and Thailand 

had similar prevalence rate ranging between 10-15% (Pan, Yeh and Weng, 2008).  In 

the male population, Thai had higher metabolic syndrome prevalence (25.8%) than 

those of Japanese (13.3%) and Chinese (9.8%), while in the female population, Thai 
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had lower prevalence (8.2%) than those of Japanese (11.5%) and Chinese (17.8%) 

(Gu et al., 2005; Lohsoonthorn, Lertmaharit and Williams, 2007; Shiwaku et al., 

2005).  In Thailand, the survey of metabolic syndrome prevalence in Bangkok and 

northeast provinces showed that the prevalence was 15.2% in Bangkok 

(Lohsoonthorn et al., 2007), 15.0% in Khon Kean Province (Pongchaiyakul et al., 

2007), 17.0% in Nong Khai Province (Kaewtrakulpong, 2008), and 24.0% in Surin 

Province (Wilaisakunyong, Deeying and Wongthimakorn, 2007).   

The exact etiology of metabolic syndrome remains unclear, but it is known to 

be a complex interaction between genetic and environmental factors.  Among 

environmental factors, dietary habits are the major importance for prevention and 

treatment of the metabolic syndrome (Feldeisen and Tucker, 2007).  The consumption 

of high fat diet, high carbohydrate diet, salty diet, sweetened beverage, and diets low 

in fruits, vegetables and whole grains associate with increasing of metabolic 

syndrome (Giugliano, Ceriello and Esposito, 2008).  In preceding time, Thailand had 

rapid socioeconomic growth, resulting in lifestyle changes, especially in the city.  

Thai population tend to increase consumption of fastfood, which consisted of high fat 

and carbohydrate and decrease consumption of fruits and vegetables.  These dietary 

habits had promoted the development of metabolic syndrome.  The National 

Statistical Office of Thailand studied the food consumption behavior in Thai 

population aged 6 years and over.  The results showed that the food group 

consumption of Thai population were ranging from meat and meat products (97.4%), 

fatty foods (86.3%), processed foods (83.2%), carbonated and sweetened beverages 

(71.7%), and snacks (49.0%) (Ministry of Information and Communication 

Technology, National Statistical Office, 2005).  In addition, Thai population had 

increased consumption of sugar and sweetened foods, and consumed fruits and 
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vegetables below the standard value that recommended the consumption of                 

a minimum of 400 grams per day (excluding potatoes and other starchy tubers) for the 

prevention of chronic diseases such as heart disease, diabetes, and obesity (Ministry 

of Public Health, Health System Research Institute, 2006).  Department of Health, 

Ministry of Public Health studied the dietary behaviors among Thais working age 

with sedentary lifestyle in Bangkok.  It was found that the person who consumed 

large dinner, diets low in fish, and repeated dietary type had the increased risk of 

developing CVD, and the person who consumed high meat and meat products and 

low grains had the increased risk of developing abdominal obesity (Saiwongse et al., 

2008). 

In Thailand, most studies examined the prevalence of metabolic syndrome 

without focusing on the relationship with dietary pattern.  There were few studies that 

assessed the prevalence of metabolic syndrome and its association with dietary 

behaviors.  Therefore, this study was designed to examine the relationship between 

dietary pattern and metabolic syndrome in population in Mueang District,               

Nakhon Ratchasima Province for using as the nutritional data for health promotion 

and prevention of metabolic syndrome. 

 

1.2 Objectives of the Study 

The aim of the study was to estimate the prevalence of metabolic syndrome 

and to determine the relationship between dietary pattern and metabolic syndrome in 

population in Mueang District, Nakhon Ratchasima Province.  
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1.3 Research Variables 

 Independent variables were the dietary pattern and health behaviors (physical 

activity, cigarette smoking, time spent for sleeping, weight control, dietary 

supplement intake for weight loss, family history, and medications). 

 Dependent variable was the metabolic syndrome that consisted of 5 

components: waist circumference, fasting plasma glucose, serum triglycerides, serum 

high-density lipoprotein cholesterol (HDL-C), and blood pressure. 

 

1.4 Scope of the Study 

 This research was aimed to study among population aged 20 years and over in 

Mueang District, Nakhon Ratchasima Province who received the annual health 

examination at Maharat Nakhon Ratchasima Hospital during December, 2008 through 

March, 2009. 

 

1.5 Operational Definition of Terms 

 Metabolic syndrome: a cluster of metabolic abnormalities such as abdominal 

obesity, elevated plasma glucose, elevated serum triglycerides, reduced serum            

HDL-C, and elevated blood pressure.  The diagnostic criteria of metabolic syndrome 

defined by the National Cholesterol Education Program Adult Treatment Panel III 

(NCEP ATP III) (National Cholesterol Education Program, 2001) requires three or 

more of the five components : 1) waist circumference  90 cm in male and  80 cm in 

female, 2) fasting plasma glucose  100 mg/dl or previously diagnosed type 2 

diabetes, 3) triglycerides  150 mg/dl or drug treatment for elevated triglycerides,      

4) HDL-C < 40 mg/dl in male and < 50 mg/dl in female or drug treatment for reduced 

HDL-C, 5) systolic blood pressure  130 mmHg and/or diastolic blood pressure  85 
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mmHg or drug treatment for hypertension.  The diagnostic criteria of metabolic 

syndrome defined by the International Diabetes Federation (IDF) (Alberti, Zimmet 

and Shaw, 2005) requires waist circumference  90 cm in male and  80 cm in female 

plus any two or more of the four components as mentioned. 

For the waist circumference, the present study used the recommended ethnic-

specific cut off points for an Asian population ( 90 cm for male and  80 cm for 

female) in both the NCEP ATP III and the IDF criteria (Alberti et al., 2005; The 

World Health Organization Western Pacific Region, the International Association for 

the Study of Obesity, and the International Obesity Task Force, 2000). 

Dietary pattern: a description of dietary behaviors such as the number of 

meals per day, late night meal intake, large meal intake, favorite cooking method, 

favorite taste, meal-made pattern, repeated dietary type intake, time between dinner 

and bedtime, time spent on each meal, beverage consumption, frequency of dietary 

consumption, total daily energy intake, and energy distribution from carbohydrate, 

protein and fat intakes. 
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1 Definition of Metabolic Syndrome 

 The metabolic syndrome is a cluster of metabolic abnormalities that is 

associated with increased risk of developing CVD and type 2 diabetes mellitus (type 2 

DM).  The abnormalities which are the components of metabolic syndrome such as 

abdominal obesity, elevated plasma glucose, elevated serum triglycerides, reduced 

serum HDL-C, and elevated blood pressure.  In addition, there are other abnormalities 

found in person with metabolic syndrome such as proinflammatory state (elevated    

C-reactive protein (CRP) in blood), prothrombotic state (high fibrinogen or 

plasminogen activator inhibitor-1 in blood), hyperuricemia, and microalbuminuria 

(Grundy et al., 2004a).  Metabolic syndrome is also known as insulin resistance 

syndrome, deadly quartet, syndrome X, and Reaven syndrome (Grundy et al., 2005). 

 

2.2 Pathogenesis of Metabolic Syndrome 

 The exact etiology of metabolic syndrome remains obscure, but it is believed 

that a complex interaction between genetic and environmental factors such as age, 

sex, family history, dietary pattern, physical activity, cigarette smoking, alcohol 

consumption, and stress promote the development of abdominal obesity and insulin 

resistance, which are dominant risk factors for the presence of metabolic syndrome 

(Baxter, Coyne and McClintock, 2006; Grundy et al., 2004b).  Several studies 

investigated the risk factors for the presence of metabolic syndrome.  Reaven, Strom 
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and Fox (2000) found that 50% of patients with metabolic syndrome had a cause from 

genetic factor, and another 50% of those had a cause from lifestyle behaviors.  Wu 

(2002) found that the risk factors that influenced on the presence of metabolic 

syndrome were high waist circumference (excess fat in abdomen) and family history 

of diabetes for males, and were high waist circumference and family history of 

hypertension for females.  Ford et al. (2002) found that the prevalence of metabolic 

syndrome increased with advancing age.  The prevalence was 6.7% among 20-29 

aged group and increased to 43.5% among 60-69 aged group. 

Abdominal obesity is the presence of excessive fat tissue in and around the 

abdomen.  It is the main factor for the rising prevalence of metabolic syndrome.  It 

contributes to hyperglycemia, elevated serum triglycerides, reduced serum HDL-C, 

and hypertension that associate with higher CVD risk. Abdominal obesity especially 

correlates with metabolic components.  Excess adipose tissue releases several 

products that apparently exacerbate these components. They include nonesterified 

fatty acids (NEFA), cytokines, plasminogen activator inhibitor-1 (PAI-1), and 

adiponectin.  A high plasma NEFA level overloads muscle and liver with lipid, which 

enhances insulin resistance.  High CRP level accompanying obesity may signify 

excessive cytokines and proinflammatory state.  An elevated PAI-1 contributes to      

a prothrombotic state, whereas low adiponectin level that accompany obesity 

correlates with worsen metabolic components.  The strong connection between 

obesity and metabolic components lead NCEP ATP III to define the metabolic 

syndrome, essentially as a cluster of metabolic complications of obesity (Grundy       

et al., 2004a). 

Insulin resistance is the impairment of tissue responsiveness to the normal 

action of insulin.  It is linked to obesity, generally rises with increasing body fat 
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content.  Weight gain seems to enhance insulin resistance and metabolic syndrome.            

Most people with obesity or overweight have postprandial hyperinsulinemia and 

relatively low insulin sensitivity.  When insulin-resistant muscle is already overloaded 

with lipid from high plasma NEFA level, some excess NEFA presumably are diverted 

to the liver, promoting fatty liver and atherogenic dyslipidemia. Moreover, 

hyperinsulinemia may enhance output of very low-density lipoprotein cholesterol and 

raise triglycerides.  Insulin resistance in muscle predisposes to glucose intolerance, 

which can be worsened by increased hepatic gluconeogenesis in insulin-resistant 

liver.  Finally, insulin resistance may raise blood pressure by a variety of mechanisms 

(Grundy et al., 2004a). 

Beyond the presence of metabolic syndrome increased the risk of CVD and 

type 2 diabetes, individuals with metabolic syndrome may be susceptible to other 

conditions such as polycystic ovary syndrome, fatty liver, nonalcoholic 

steatohepatitis, cholesterol gallstones, asthma, sleep disturbances, and some types of 

cancer (Grundy et al., 2004a). 

 

2.3 Clinical Diagnosis of Metabolic Syndrome 

 From clinical standpoint, the presence of the metabolic syndrome identifies a 

person at increased risk for CVD and/or type 2 diabetes.  In the effort to introduce the 

metabolic syndrome into clinical practice, several organizations have attempted to 

formulate simple criteria for its diagnosis.  Consequently, there are many criteria for 

diagnosing metabolic syndrome such as the World Health Organization (WHO) 1998, 

European Group for Study of Insulin Resistance (EGIR) 1999, National Cholesterol 

Education Program Adult Treatment Panel III (NCEP ATP III) 2001, American 

Association of Clinical Endocrinologists (AACE) 2003, International Diabetes 
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Federation (IDF) 2005, and American Heart Association/National Heart Lung and 

Blood Institutes (AHA/NHLBI) 2005 (Grundy et al., 2005).  However, the NCEP 

ATP III and the IDF criteria are widely considered useful for assessing the magnitude 

of metabolic syndrome in general population (Pan et al., 2008; Pongchaiyakul et al., 

2007).  There are some differences in the detail between the NCEP ATP III and the 

IDF criteria.  The NCEP ATP III considers that each metabolic component has the 

same importance, whereas the IDF proposes abdominal obesity as the essential 

condition.  In addition, the NCEP ATP III considers the waist circumference cut off 

points regardless of ethnicity, while the IDF uses ethnic-specific cut off points for 

waist circumference (Chatngern, 2008; Grundy et al., 2005).  Table 1 presents the 

metabolic syndrome defined by the NCEP ATP III criteria.  A person is diagnosed as 

the metabolic syndrome if he/she has three or more of the five components (National 

Cholesterol Education Program, 2001).  Based on the IDF criteria, a person is 

diagnosed as the metabolic syndrome if he/she has waist circumference  90 cm in 

male and  80 cm in female plus any two or more of the four components (Alberti      

et al., 2005).  From the different criteria, the estimation of prevalence rate will vary 

inevitably and long-term cardiovascular risks of these criteria may also differ (Pan     

et al., 2008). 
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Table 1 The metabolic syndrome defined by the NCEP ATP III and the IDF criteria 

 Criteria 

   Components   NCEP ATP III           IDF 

Waist circumference 

 
 

  male  90 cm a 

  female  80 cm a 

   male  90 cm b 

   female  80 cm b 

Fasting plasma glucose 

  

 
 

   100 mg/dl or 

  previously diagnosed  

  type 2 DM 

    100 mg/dl or 

   previously diagnosed  

   type 2 DM 

Triglycerides 

 
 

   150 mg/dl or drug 

  treatment for elevated TG 

    150 mg/dl or drug 

   treatment for elevated TG

High-density lipoprotein 

cholesterol  

 

 
 

  male < 40 mg/dl 

  female < 50 mg/dl 

  or drug treatment for         

  reduced HDL-C  

   male < 40 mg/dl 

   female < 50 mg/dl 

   or drug treatment for      

   reduced HDL-C 

Blood pressure  

 

   130/85 mmHg or drug 

  treatment for hypertension

    130/85 mmHg or drug 

   treatment for hypertension
a Using the recommended ethnic-specific cut off points for Asian population according to 
WHO such as  90 cm in male and  80 cm in female (Grundy et al., 2005; The World Health 
Organization Western Pacific Region et al., 2000) 
b The recommended ethnic-specific cut off points according to IDF such as  90 cm in male 
and  80 cm in female for South Asian,  90 cm in male and  80 cm in female for Chinese,  
 85 cm in male and  90 cm in female for Japanese, and  94 cm in male and  80 cm in 
female for European (Alberti et al., 2005) 
                                              

2.4 Management of Metabolic Syndrome 

 The goal of metabolic syndrome management is to reduce risk of developing 

CVD and diabetes.  The NCEP ATP III recommends that obesity is the primary target 

of the intervention for metabolic syndrome.  First-line therapy should be weight 

reduction with reinforcement of lifestyle modifications by a combination of caloric 

restriction and increased physical activity (Grundy et al., 2004a).  Weight reduction is 

the major goal and probably the core of the underlying mechanisms that finally lead to 
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the improvement of the metabolic syndrome components (Fappa et al., 2008).  The 

first aim of weight loss is to achieve a decline of about 7-10% from baseline total 

body weight during a period of 6 to 12 months.  This will require decreasing caloric 

intake by 500 to 1,000 kilocalories per day.  Moderate-intensity exercise at least 30 

minutes per day helps to enhance caloric deficit (Thompson et al., 2003).  Achieving 

the recommended amount of weight loss will reduce the severity of the components of 

metabolic syndrome (Grundy et al., 2004a; Grundy et al., 2005).  Muzio et al. (2005) 

found that patients who had weight loss more than 10% of their initial body weight 

experienced greater reduction in the metabolic syndrome components compared with 

those achieving less than 10%.  A combination of caloric restriction and increased 

physical activity could improve individual metabolic syndrome components by 

promoting weight reduction (Christ et al., 2004).  Baxter et al. (2006) found that 

dietary and exercise therapies have been shown to significantly reduce the progression 

of metabolic syndrome components.  The diet should be low in saturated fats,       

trans fats, cholesterol, sodium, and simple sugars, and high in fruits, vegetables and 

whole grains.  These dietary patterns have been found to have a beneficial effect on 

the metabolic syndrome (Fappa et al., 2008; Grundy et al., 2005).   

In summary, lifestyle modifications have a favorable effect on the metabolic 

syndrome.  Dietary changes constitute the core of management and the increased 

exercise has an additional favorable effect for weight reduction that is the primary 

management for the improvement of metabolic syndrome (Fappa et al., 2008).  

However, for patients who fail the lifestyle changes, consideration should be given to 

treat specific abnormalities with drugs.  Although drug treatment that directly reduce 

insulin resistance is promising, clinical trials to prove the reduction of CVD are still 

lacking (Grundy et al., 2004a). 
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2.5 Epidemiology of Metabolic Syndrome 

 Nowadays, the metabolic syndrome tends to increase continuously because the 

prevalence of obesity and overweight is increasing.  The prevalence of metabolic 

syndrome was widely variable for both males and females across various populations 

(Lohsoonthorn et al., 2007), depending on race, age and sex.  Park et al. (2003) 

studied in the United State and found the higher prevalence of metabolic syndrome in   

Maxican-American than African-American.  Among the Caucasian, the prevalence of 

metabolic syndrome in American was higher than European because the prevalence of 

obesity in American was higher than European.  In addition, the study by Yoo et al. 

(2004) in 1,181 young adults (35% African-Americans and 65% whites) aged 19-38 

years using the criteria for metabolic syndrome from the NCEP ATP III.  The results 

showed that the prevalence of metabolic syndrome was 12%.  This was higher among 

white males (15.5%) than African-American males (11.2%), white females (10.7%), 

or African-American females (10.0%). 

 Panagiotakos et al. (2007) studied the prevalence of metabolic syndrome in 

3,042 Greek adults aged 18-89 years.  The metabolic syndrome was defined according 

to NCEP ATP III.  The results showed that the prevalence was 18%, whereas sex-

specific prevalence was 23% in males and 13% in females.  The prevalence of 

metabolic syndrome increased accordingly with age (6% in < 35 age group, 24% in     

35-65 age group, and 26% in > 65 age group for males; 5% in < 35 age group, 15% in 

35-65 age group, and 28% in > 65 age group for females).  This result was similar to 

previous study that the prevalence of metabolic syndrome was 19.8% (25.2% for 

males and 14.6% for females; p < 0.001), and increasing age influenced on an 

increment of the prevalence of metabolic syndrome (Panagiotakos et al., 2004).   
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Sodjinou et al. (2008) studied in 200 urban adults in Benin using WHO       

cut-offs to define CVD risk factors.  The results showed that the prevalence of obesity 

was 18%, abdominal obesity was 32%, hypertension was 23%, and low HDL-C was 

13%.  The mean body mass index (BMI) and waist circumference were markedly 

higher in females than males (p < 0.001).  In contrast, triglyceride concentration was 

significantly higher in males than females (p < 0.001).   

In Asian countries, Park et al. (2004) studied in 7,865 South Koreans aged   

20-79 years (45.5% in males and 54.5% in females) using the diagnostic criteria from 

NCEP ATP III.  The results showed that the age-adjusted prevalence of the metabolic 

syndrome was 14.2% for males and 17.7% for females, whereas the age-adjusted 

prevalence of BMI  30 kg/m2 was 1.7% and 3.0% for males and females 

respectively.  For the Japanese population, Yoneda et al. (2008) investigated the 

prevalence of metabolic syndrome in 416 native Japanese in Hiroshima and 574 

Japanese-Americans in Los Angeles.  The results showed that the prevalence of 

metabolic syndrome was 20.1% and 6.3% for native Japanese males and females, and 

38.7% and 4.5% for Japanese-American males and females respectively.  The 

prevalence was significantly higher in Japanese-American males than in native 

Japanese males.  

In Thailand, Kaewpitoon (2008) studied in 1,008 Ubonrajathanee University 

personnels aged 20 years and over.  The prevalence of metabolic syndrome using 

WHO and IDF criteria was 6.2 and 18.7% respectively.  The prevalence in females 

was higher than males.  Tangpong et al. (2008) studied in 304 Walailak University 

personnels (115 males and 189 females) aged 25-65 years.  The NCEP ATP III 

criteria was used to estimate the prevalence of metabolic syndrome.  The results 

showed that the overall prevalence was 13.2% with significant difference between 
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males (9.9%) and females (3.3%).  The prevalence increased accordingly with age 

(7.5% in 25-35 age group, 14.7% in 36-45 age group, 24.2% in 46-55 age group, and 

31.2% in 56-65 age group).  It was found that the prevalence of metabolic syndrome 

was significantly higher in older age group than younger age group (p < 0.05).  

However, the study by Banthavan (2006) in 270 persons in Naresuan University 

without history of hypertension, diabetes, and hyperlipidemia showed that the 

prevalence of metabolic syndrome (4.44%) was not significantly associated with sex 

(3.10% for males and 5.67% for females; p = 0.383). 

 For each province in Thailand, Santibhavank (2007) studied in 636 Nakhon 

Sawan population aged 15-87 years.  The results showed that the prevalence of 

metabolic syndrome using the WHO, NCEP ATP III, and IDF criteria was 6.2, 20.0, 

and 18.7% respectively.  Females and elder people had a higher prevalence than 

males and younger people respectively.  Wilaisakunyong et al. (2007) studied in 250 

persons aged 40-90 years, who lived in Chumponburi District, Surin Province.  The 

results showed that the prevalence of metabolic syndrome was 24.4%, and the 

significant association between age with metabolic syndrome was found.  The 60 

years and over age group had 2.6 times higher risk of metabolic syndrome than the 

40-49 age group.  In addition, the study by Kaewtrakulpong (2008) in 1,004 persons 

(54.6% for males and 45.4% for females) who lived in Sri Chiang Mai District,   

Nong Khai Province found that the prevalence was 16.9% by NCEP ATP III, 15.0% 

by IDF, and 3.7% by WHO criteria.  For all criteria, the prevalence of metabolic 

syndrome differed by age group.  Elder persons had a higher prevalence of metabolic 

syndrome than younger persons.   

For persons visiting the health examination, Lohsoonthorn et al. (2007) found 

that 1,339 professionals and office workers (535 males and 804 females) who 
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participated in the annual health examination at King Chulalongkorn Memorial 

Hospital in Bangkok had the prevalence of metabolic syndrome defined by the 

modified NCEP ATP III criteria of 15.2%, and it was approximately 3 times more 

common among males than females (25.8% vs 8.2%).  Males and females with 

metabolic syndrome were older and were less well-education (p < 0.05) than those 

without metabolic syndrome.  The three most common metabolic abnormalities in 

males were high blood pressure (45.0%), BMI  25 kg/m2 (40.7%) and 

hypertriglyceridemia (38.7%).  Among females, high blood pressure (22.8%), BMI  

25 kg/m2 (20.9%) and low HDL-C (18.4%) were the most common metabolic 

abnormalities.  Pongchaiyakul et al. (2007) studied in healthy participants (307 males 

and 295 females) aged 20-90 years who came for a health check-up clinic of 

Srinagarind Hospital.  The modified NCEP ATP III criteria was used to estimate the 

age and sex-specific prevalence of metabolic syndrome, in which BMI  27 kg/m2 for 

males and 25 kg/m2 for females were used in place of waist circumference.  The 

results showed that the overall prevalence of metabolic syndrome was 15.0%, with no 

significant difference between males (15.3%) and females (14.6%).  In males, the 

prevalence increased from 9.5% among the 20-39 age group to 24.7% among the 50 

up age group.  In females, the prevalence also increased with age, from 7.0% in 20-39 

age group to 29.5% in 50 up age group. 

 For rural Thai population, Boonyavarakul (2005) studied in 400 rural 

population aged 35 years and older.  The prevalence of metabolic syndrome was 

determined using the NCEP ATP III criteria with and without the modified waist 

circumference criteria for Asian population.  The results showed that the prevalence 

was 18%, but increased to 23% with the modified Asian criteria.  It was significantly 
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influenced by BMI, gender, and age.  There was significant association between 

percentage of body fat and BMI in both males and females in this study. 

 Regarding the presence of metabolic syndrome and the risk of CVD, Srisara 

(2007) conducted retrospective cohort study in 3,499 persons of Electricity 

Generating Authority of Thailand (2,702 males and 797 females).  Data were 

collected from 1985 to 2002 (17 years).  The results showed that the prevalence of 

metabolic syndrome defined by NCEP ATP III, IDF, and WHO criteria were 15.2, 

10.1, and 4.5% respectively.  The participants with metabolic syndrome by NCEP 

ATP III had a 2.09 times risk, by IDF had a 1.95 times risk, and by WHO had a 2.94 

times risk of morbidity of CVD, when compared to the participants without metabolic 

syndrome. 

 

2.6 Dietary Pattern and Metabolic Syndrome 

 Among several factors that can increase the risk of metabolic syndrome, the 

dietary habit is an important factor, which influences on increasing or decreasing of 

the prevalence of metabolic syndrome.  The consumption of healthy diet, which 

reduces in sugar, fat and salt intake and increases in fruit and vegetable intake are 

recommended for prevention and treatment of metabolic syndrome.  In contrast, the 

unhealthy diet consumption such as fatty meat, animal skin, coconut milk, fast food, 

processed food, fried food, sweetened food, alcohol beverage, and snack intake 

contribute to obesity and metabolic syndrome (Baxter et al., 2006; Fappa et al., 2008).  

Excess energy intake raises total cholesterol, low-density lipoprotein cholesterol 

(LDL-C), and triglyceride levels and lower HDL-C level, and thus it increase the risk 

of both hypertension and diabetes.  Increased energy intake is associated with 
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elevated plasma insulin, which is a potent factor causing increase in renal sodium 

reabsorption and consequent blood pressure elevation (Temcharoen, 2001). 

The study of Yoo et al. (2004) was designed to examine the relationship 

between dietary intakes and metabolic syndrome components in 1,181 young adults 

aged 19-38 years.  The participants were divided into 3 groups according to the 

having number of components (group 1 : no component, group 2 : 1-2 components, 

and group 3 : 3 components and over).  After adjustment for age, total energy intake, 

BMI, physical activity and dietary intake were compared between the groups.  The 

results showed that group 1 had significantly higher mean intakes of fruits, fruit juice, 

and vegetables than group 2 (p < 0.05). The mean intake of sweetened beverages was 

significantly lower in group 1 than in group 2 or group 3 among whites (p < 0.001) 

but not among African-Americans.  Therefore, this result suggested that low fruit and 

vegetable consumption and high sweetened beverage consumption were 

independently associated with the prevalence of metabolic syndrome in specific sex-

ethnicity populations. 

 The Framingham Offspring Spouse Study by Sonnenberg et al. (2005) showed 

that lower intakes of dietary fiber and vegetables, and higher intakes of fat, energy, 

and sweetened beverages were associated with the highest prevalence of metabolic 

syndrome.  In addition, whole grain and cereal fiber intakes were associated with a 

38% reduced risk of metabolic syndrome (McKeown et al., 2004).  For the beverage 

consumption, Dhingra et al. (2007) studied the soft drink consumption and risk of 

developing metabolic syndrome in middle-aged adults.  The results showed that 

individuals consuming  1 soft drink per day had a higher prevalence of metabolic 

syndrome than those consuming < 1 drink per day.  After follow-up for 4 years, it was 

found that the consumption  1 soft drink per day was associated with increased odds 
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of developing metabolic syndrome, obesity, increased waist circumference, 

hypertension, impaired fasting blood glucose, low HDL-C, and hypertriglyceridemia. 

 Hu et al. (2000) examined in the US Health Professionals Study.  The study 

identified two dietary patterns, the prudent and the western diet.  The results indicated 

that the western diet, characterized by frequent consumption of red meats and 

processed meats, was associated with increased risk of fatal coronary heart disease 

and type 2 diabetes.  When dietary patterns were examined independently, processed 

meat had the strongest association for risk of diabetes.  Similarly, Lutsey, Steffen and 

Stevens (2008) studied in 9,514 participants aged 45-64 years who enrolled in the 

Atherosclerosis Risk in Communities (ARIC) Study.  The results showed that the 

consumption of the western diet, meat, and fried foods promoted the incidence of 

metabolic syndrome, whereas dairy consumption provided some protection.   

For the healthy diet, Panagiotakos et al. (2004) evaluated the effect of the 

mediterranean-style dietary pattern on the prevalence of the metabolic syndrome.  The 

samples were Greek adults aged 18 years and over, without any clinical evidence of 

cardiovascular disease or diabetes mellitus.  The result showed that adherence to a 

mediterranean dietary pattern was associated with a 20% lower risk of metabolic 

syndrome.  In addition, the mediterranean dietary consumption could reduce the risk 

of coronary heart disease by 23% (Pitsavos et al., 2003).  The mediterranean-style 

dietary pattern was characterized by high intakes of fruits, vegetables, whole grains, 

beans, nuts, and olive oil and low to moderate intakes of dairy products, fish, poultry, 

eggs, and wine. The major energy intake from dietary fat was in the form of 

monounsaturated fats (Kris-Etherton et al., 2001).  Therefore, this dietary pattern 

could reduce the risk of abnormal components of the metabolic syndrome.   
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Panagiotakos et al. (2007) studied the association between food pattern and the 

characteristics of metabolic syndrome in 1,514 males and 1,528 females aged 18-89 

years.  The results suggested that the dietary pattern that included cereals, fish, 

legumes, vegetables, and fruits was independently associated with reduced levels of 

clinical and biological markers linking to the metabolic syndrome, whereas meat and 

alcohol consumption showed the opposite results.  This result was similar to previous 

study that the higher intakes of fruits, vegetables, vegetable oil, and dairy and lower 

intakes of meat and cholesterol were inversely associated with the metabolic 

syndrome (Azadbakht, Mirmiran and Azizi, 2005).  The three epidemiological studies 

were summarized by Baxter et al. (2006).  The results indicated that consumption 

high in fruits, vegetables, minimally processed cereals, and fish were associated with 

reduced prevalence of metabolic syndrome and its components, whereas high fried 

food intake was associated with increased risk for components of metabolic 

syndrome.   

 In Asian countries, Chen, Pang and Li (2008) examined the association 

between dietary fat and metabolic syndrome in 1,460 Qingdao’s adults aged 25 years 

and over.  The results showed that the subjects who had more than 44.4% of energy 

from fat had 2 times higher risk of metabolic syndrome than the subjects who had less 

than 28.9% of energy from fat.  Therefore, dietary fat were independently associated 

with the metabolic syndrome.  For the study in India, Ghosh, Bose and Chaudhuri 

(2003) studied in middle aged Bengalee Hindu males.  The results revealed that the 

frequency of egg, fried snacks, and sweets consumptions were positively and 

significantly related with central obesity.  Additionally, Park et al. (2004) found that 

the consumption of light alcohol (< 15 grams/day) could decrease the risk of the 

metabolic syndrome in South Korean females. 
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In Thailand, Chatngern (2008) studied in 344 male naval personnels in 

Bangkok and suburban aged 35-60 years.  The results showed that there was strong 

association between the consumption of salty foods (> 2 times/week) and metabolic 

syndrome.  As high salt intake could elevate blood pressure and also increase the 

prevalence of hypertension, therefore, generally salt intake should not over 6 grams or 

1 teaspoon or sodium 2,400 milligrams per day.  The study of Sacks et al., 2001 

indicated that blood pressure could be lowered in consumers of the DASH diet if the 

sodium intake was reduced from a high level (3.5 grams/day) to an intermediate level 

(2.3 grams/day) or even from an intermediate level to a lower level (1.2 grams/day). 

Department of Health, Ministry of Public Health studied the dietary behaviors 

in working-age Thais with sedentary lifestyle in Bangkok.  It was found that there was 

a significant relationship between the metabolic syndrome and the consumptions of 

rice more than 4 ladles at dinner, less amount of fish than pork or beef, and repeated 

dietary type.  The result showed that the prevalences of abdominal obesity (fat in 

abdomen more than 100 cm2) were 44.2% for persons who had high meat and low 

carbohydrate intakes and 31.9% for persons who had equal proportional intakes of 

meats, grains, fruits and vegetables.  The vegetarians who consumed diets high in fish 

and grains and low in fat, and those who had low meat, milk, butter, and egg intakes 

had the prevalence of abdominal obesity of 28.1% and 25.7% respectively.  

Therefore, the consumption of large dinner, low in fish, and repeated dietary type had 

the increased risk for development of CVD and the consumption of high meat and 

meat products and low grains had the increased risk of developing abdominal obesity 

(Saiwongse et al., 2008). 
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In summary, the epidemiologic studies suggested that no individual dietary 

component seemed to be wholly responsible for the association of diet and metabolic 

syndrome.  Rather, it was likely that the interaction between many dietary 

components and the overall diet quality appeared to offer protection against the 

metabolic syndrome.  The increased consumption of vegetables, fruits, and whole 

grains have shown to be protective for metabolic syndrome, whereas the consumption 

of high fat diet, high salt diet, high sugar diet, and alcohol and sweetened beverages 

have been associated with increased risk of the metabolic syndrome (Baxter et al., 

2006; Pan et al., 2008).  Therefore, the dietary pattern was an important factor that 

influenced on the developing metabolic syndrome and its components.  
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CHAPTER 3 

MATERIALS AND METHODS 

 

 This chapter described the observational study determining the prevalence of 

metabolic syndrome and the relationship between dietary pattern and metabolic 

syndrome in population in Mueang District, Nakhon Ratchasima Province who 

received the annual health examination at Maharat Nakhon Ratchasima Hospital. 

 

3.1  Research Design                                                                                                                               

This research was an observational, cross-sectional descriptive study. 

 

3.2  Samples                                                                        

  Samples were males and females aged 20 years and over in Mueang District, 

Nakhon Ratchasima Province who received the annual health examination at Maharat 

Nakhon Ratchasima Hospital during December, 2008 through March, 2009.  They 

could understand, read and write Thai.  None of them were pregnant, lactating, 

disabled or had incomplete results of health examination. 

 The study protocol was approved by the Ethical Committee of the Maharat 

Nakhon Ratchasima Hospital.  The participants provided informed consent before the 

data collection.  
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3.3  Sample Size 

 The number of participants enrolled in this study was calculated as follow:  

 

  n =        

 

While  n = number of sample 

  Zα/2 = the standard value under normal curve at 95% = 1.96 

P = proportion of the prevalence of metabolic syndrome 

 from Lohsoonthorn et al. (2007) were 0.15 

  Q = 1-P 

d          = maximum allowable error between study proportion in 

sample size and population = 0.05 

 

The number of participants in this study was 

 

 n =           
      

   =       196  

 

The number of participants was adjusted 20% for the error in collecting samples (R) 

 sample size =           
      

    = 

     

=      245             250  

 

 

    (Z/2)
2 PQ

           d2 

        (1.96)2 (0.15)(0.85)
                   (0.05)2 

          n   
       (1-R)

         196   
       (1-0.2)
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3.4  Research Instruments 

3.4.1 Tools for anthropometric assessment  

 Weight and Height Scaling Apparatus 

 Bendable measurement tape 

3.4.2 Automatic blood pressure monitor for measurement of blood pressure 

3.4.3 Laboratory instruments for blood collection and blood chemical parameter 

analysis  

3.4.4 Food pictures for estimation of food quantity for the 24-hour dietary            

recall (Appendix A)   

3.4.5 The information sheet and consent form for the participants (Appendix B) 

3.4.6 The questionnaires (Appendix A) 

 Part 1  Metabolic syndrome assessment 

 Part 2  Demographic characteristics  

 Part 3  Dietary pattern  

 Part 4  Food frequency questionnaire 

 Part 5  The 24-hour dietary recall 

 

The questionnaire was proved by 5 experts for testing the content validity, and 

it was revised for clearer content and suitability according to the experts’ 

recommendations.  It was subsequently tested the reliability with the group of           

30 persons who had similar characteristics to the study samples.  The reliability in the 

part of food frequency questionnaire was presented by Cronbach’s alpha that was 0.75 

(Appendix C). 
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3.5  Research Procedure 

 Data collection was performed with cooperation of a Health Checkup Unit, 

Maharat Nakhon Ratchasima Hospital.  

 3.5.1 Self-administered questionnaires were composed of demographic 

characteristics, health behaviors (physical activity, cigarette smoking, time spent for 

sleeping, weight control, dietary supplement intake for weight loss, family history, 

and medications) and dietary pattern.  The participants completed the questionnaires 

in advance and returned them to the researcher on the day visiting the Health Checkup 

Unit.   

 3.5.2 Waist circumference was measured with a bendable measurement tape 

at the end of normal expiration and standing position, measuring at midpoint between 

the last rib and the iliac crest. 

 3.5.3 Body weight was measured by participants wearing light clothing and 

without shoes using a digital scale (SECA®, Germany).  

 3.5.4 Height was measured without wearing shoes in straight position using 

a digital scale with height meter (SECA®, Germany). 

 3.5.5 Body mass index was calculated by dividing body weight in kilograms 

by square of height in meters. 

 3.5.6 Blood pressure of the participants was measured using an automatic 

blood pressure monitor (Kenz-BPM SP-1, Japan) with the participant in a sitting 

position after 5-10 minutes rest period.  Second measurement was done for the 

participants who had high blood pressure after 10-20 minutes rest. 
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 3.5.7 Blood sampling and analysis 

  Venous blood sample (10 ml) was drawn from each participant in the 

morning after at least 8-10 hours of overnight fast.  Samples were subsequently 

analysed at a central laboratory of Maharat Nakhon Ratchasima Hospital.  Fasting 

plasma glucose, total cholesterol, triglycerides, and HDL-C were measured by 

enzymatic methods (SYNCHRON LX20 PRO automatic analyzer, Beckman Coulter, 

USA). 

 

3.6 Data Analysis 

3.6.1 Number, percentage, mean and standard deviation (SD) were described 

the demographic characteristics, health behaviors, dietary pattern, and prevalence of 

metabolic syndrome and its components of the participants. 

3.6.2 The total daily energy and nutrient values of the 24-hour dietary recall 

were quantified by a computerized program (Thai Nutrisurvey, Division of Nutrition, 

Department of Health & Tropical Medicine, Mahidol University).  The standard 

reference tables (Department of Health, Ministry of Public Health) were used to 

convert household portions to gram weights.   

3.6.3 Multivariate analysis was illustrated the relationship between 

participant’s dietary pattern and metabolic syndrome by multiple logistic regression.  

Risk of the metabolic syndrome was presented by adjusted odds ratio (OR) and 95% 

confidence interval (95% CI).  Significant statistical level was two-tailed and p-value 

less than 0.05. 
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CHAPTER 4 

RESULTS 

 

The present research was conducted to study the prevalence of metabolic 

syndrome and the relationship between dietary pattern and metabolic syndrome in 

population who received the annual health examination at Maharat Nakhon 

Ratchasima Hospital.  The data were collected using the questionnaires and the results 

of health checkup from the annual health examination.   

 

4.1  Characteristics of the Participants 

         A total of 525 persons were recruited into the study.  Of these, 45 persons who 

had missing anthropometric measurement, missing blood testing or did not fast before 

venipuncture were excluded.  Therefore, the complete data were obtained from 480 

persons for analysis.   

 

4.1.1 Demographic Data   

The demographic data of the study population included age, residence, 

marital status, education level, occupation, and income.  The results of demographic 

characteristics were stratified by gender (Table 2).  There were 480 persons 

participating in this study, 230 males (47.9%) and 250 females (52.1%).  The mean 

age of males and females were 46.45  8.13 and 47.16  9.08 years respectively.  

Most of the participants aged between 40-49 years (41.7%), lived in suburban 

(59.6%), and were married (76.5%).  There were 45.2% of the participants who 

completed bachelor degree, 80.2% were government officers or state enterprise 

workers, and 35.4% had income 10,001-20,000 baht per month.    
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Table 2 The demographic data of the participants 

 

Variables 

Male (n = 230) 

Number (%) 

Female (n = 250) 

Number (%) 

Total (n = 480) 

Number (%) 

Age (years)  

20-29 

30-39 

40-49 

50-59 

 60 

Mean  SD 

Min-Max 

 

          4 (1.7) 

        45 (19.6) 

      101 (43.9) 

        68 (29.6) 

12 (5.2) 

46.45  8.13 

26 - 72 

 

          7 (2.8) 

        42 (16.8) 

        99 (39.6) 

        86 (34.4) 

16 (6.4) 

47.16  9.08 

24 - 80 

 

        11 (2.3) 

        87 (18.1) 

      200 (41.7) 

      154 (32.1) 

28 (5.8) 

46.82  8.64 

24 - 80 

Residence  

Municipality 

Suburban 

 

        71 (30.9) 

      159 (69.1) 

 

      123 (49.2) 

      127 (50.8) 

 

      194 (40.4) 

      286 (59.6) 

Marital status  

Single 

Couple 

Divorce/separate/widow 

 

        13 (5.7) 

      199 (86.5) 

        18 (7.8) 

 

        50 (20.0) 

      168 (67.2) 

        32 (12.8) 

 

        63 (13.1) 

      367 (76.5) 

        50 (10.4) 

Education level 

Primary school 

Secondary school 

Bachelor degree 

Master degree and over 

 

        18 (7.8) 

      112 (48.7) 

        70 (30.4) 

        30 (13.1) 

 

        16 (6.4) 

        46 (18.4) 

      147 (58.8) 

        41 (16.4) 

 

        34 (7.1) 

      158 (32.9) 

      217 (45.2) 

        71 (14.8) 

Occupation  

Government officer/             

State enterprise worker 

Employee 

Housewife/Retiree 

Business owner/Trader 

 

      198 (86.1) 

         

        21 (9.2) 

          4 (1.7) 

          7 (3.0) 

 

      187 (74.8) 

         

        41 (16.4) 

        15 (6.0) 

          7 (2.8) 

 

      385 (80.2) 

         

        62 (12.9) 

        19 (4.0) 

        14 (2.9) 

Income (baht/month) 

 10,000 

10,001-20,000 

20,001-30,000 

30,001-40,000 

      ≥ 40,001 

 

        25 (10.9) 

      105 (45.6) 

        64 (27.8) 

        20 (8.7) 

        16 (7.0) 

 

        42 (16.8) 

        65 (26.0) 

        53 (21.2) 

        57 (22.8) 

        33 (13.2) 

 

        67 (14.0) 

      170 (35.4) 

      117 (24.4) 

        77 (16.0) 

        49 (10.2) 

n - number;  SD - standard deviation;  min-max - minimum and maximum   
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  4.1.2 Health Behavior Data 

The health behavior data included work activity, exercise, going out by 

walking or bicycle, cigarette smoking, time spent for sleeping, weight control, dietary 

supplement intake for weight loss, family history, and medications.  The results of 

health behavior data, stratified by gender, are presented in Table 3. 

For the physical activity, most of the participants (69.2%) had light 

work activity (mostly sitting or standing).  The number of females who had light work 

activity was greater than those of males (78.8% vs 58.7%).  There was only 19.8% of 

the participants exercising at least 3 days per week with duration of 30 minutes and 

over per time (26.1% in males and 14.0% in females).  More than 70% of the 

participants had exercise less than 3 days per week or no exercise.  In addition, only 

9.6% of participants had going out by walking or bicycle at least 3 days per week with 

duration of 10 minutes and over per time.  Most of the participants were non-smokers 

(76.0%).  Fifty-five participants (11.5%) were smokers and 6.7% of them smoked     

1-10 rolls per day.  The number of male smokers was higher than female smokers. 

For other health behaviors, the results showed that 80.2% of the 

participants slept for 6-8 hours per day.  Almost all participants (99.8%) did not take 

dietary supplement for weight loss.  There were 46.7% of the participants who had 

weight control, and they reduced amount of food intake (31.1%) rather than fasting 

(2.1%).  The results also found that 58.8% of the participants have family history of 

hypertension, diabetes mellitus, or dyslipidemia and 18.3% were on medications for 

these diseases. 
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Table 3 The health behavior data of the participants 

 

Variables 

Male (n = 230) 

Number (%) 

Female (n = 250) 

Number (%) 

Total (n = 480) 

Number (%) 

Work activity 

Inactivity  

Light 

Moderate 

Heavy 

 

    3 (1.3) 

135 (58.7) 

  78 (33.9) 

  14 (6.1) 

 

    3 (1.2) 

197 (78.8) 

  43 (17.2) 

    7 (2.8) 

 

    6 (1.2) 

332 (69.2) 

121 (25.2) 

  21 (4.4) 

Exercise (days/week)  

Never 

< 3 

 3 (< 30 minutes/time) 

 3 ( 30 minutes/time) 

 

  51 (22.2) 

106 (46.1) 

  13 (5.6) 

  60 (26.1) 

 

122 (48.8) 

  81 (32.4) 

  12 (4.8) 

  35 (14.0) 

 

173 (36.0) 

187 (39.0) 

  25 (5.2) 

  95 (19.8) 

Going out by walking or 

bicycle (days/week) 

< 3  

 3 ( 10 minutes/time) 

 

 

205 (89.1) 

  25 (10.9) 

 

 

229 (91.6) 

  21 (8.4) 

 

 

434 (90.4) 

  46 (9.6) 

Cigarette smoking (rolls/day) 

Non-smoker 

Ex-smoker 

1-10 

> 10 

 

119 (51.7) 

  57 (24.8) 

  31 (13.5) 

  23 (10.0) 

 

246 (98.4) 

    3 (1.2) 

    1 (0.4) 

    0 (0.0) 

 

365 (76.0) 

  60 (12.5) 

  32 (6.7) 

  23 (4.8) 

Time spent for sleeping 

(hours/day) 

< 6 

6-8 

> 8 

 

 

  37 (16.1) 

176 (76.5) 

  17 (7.4) 

 

 

  30 (12.0) 

209 (83.6) 

  11 (4.4) 

 

 

  67 (14.0) 

385 (80.2) 

  28 (5.8) 

Weight control 

Never 

Reduced quantity intake 

Fast 

Reduced quantity intake 

combined with fast  

Others 

 

139 (60.4) 

  46 (20.0) 

    6 (2.6) 

    2 (0.9) 

   

  37 (16.1) 

 

117 (46.8) 

103 (41.2) 

    4 (1.6) 

    1 (0.4) 

   

  25 (10.0) 

 

256 (53.3) 

149 (31.1) 

  10 (2.1) 

    3 (0.6) 

   

  62 (12.9) 
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Table 3 The health behavior data of the participants (continued)  

 

Variables 

Male (n = 230) 

Number (%) 

Female (n = 250) 

Number (%) 

Total (n = 480) 

Number (%) 

Dietary supplement intake  

for weight loss 

Yes 

No 

 

 

    0 (0.0) 

230 (100.0) 

 

 

    1 (0.4) 

249 (99.6) 

 

 

    1 (0.2) 

479 (99.8) 

Family history of  

HTN/DM/dyslipidemia 

Yes 

No 

 

 

126 (54.8) 

104 (45.2) 

 

 

156 (62.4) 

  94 (37.6) 

 

 

282 (58.8) 

198 (41.2) 

Medications of  

HTN/DM/dyslipidemia 

Yes  

No 

 

 

  43 (18.7) 

187 (81.3) 

 

 

  45 (18.0) 

205 (82.0) 

 

 

  88 (18.3) 

392 (81.7) 

  HTN - hypertension;  DM - diabetes mellitus;  n - number 

 

4.1.3 Dietary Pattern Data 

  The dietary pattern data were assessed by multiple choice 

questionnaire, food frequency questionnaire, and the 24-hour dietary recall.  For the 

24-hour dietary recall, total energy intake data was assessed by boxplot analysis and 

the unreliable data were excluded.  The results of dietary pattern of the participants, 

stratified by gender, are presented in Table 4 and Table 5.   

The results showed that 15.6% of the participants had more than 3 

meals per day and 6.0% had late night meal intake.  About half of the participants had 

large dinner (49.6%), while only 10.0% had large breakfast.  For the preference of  

cooking method, about one-fifth of the participants liked deep fried cooking (19.2%) 

and about one-fourth of those liked fried cooking (27.5%).  There were 13.5% and 

26.5% of the participants who favored salty taste and sweet taste respectively.   
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Table 4 The dietary pattern data of the participants  

 

Variables 

Male (n = 230) 

Number (%) 

Female (n = 250)

Number (%) 

Total (n = 480) 

Number (%) 

Number of meals  

per day 

≤ 3 

> 3 

 

 

206 (89.6) 

  24 (10.4) 

 

 

199 (79.6) 

  51 (20.4) 

 

 

405 (84.4) 

  75 (15.6) 

Late night meal intake 

Yes 

No 

 

  19 (8.3) 

211 (91.7) 

 

  10 (4.0) 

240 (96.0) 

 

  29 (6.0) 

451 (94.0) 

Large meal intake 

Dinner 

Lunch  

Breakfast 

No specific   

 

138 (60.0) 

  55 (23.9) 

  29 (12.6) 

    8 (3.5) 

 

100 (40.0) 

127 (50.8) 

  19 (7.6) 

    4 (1.6) 

 

238 (49.6) 

182 (37.9) 

  48 (10.0) 

  12 (2.5) 

Favorite cooking method  

Deep fry 

Fry 

Boil/Bake 

Toast /Grill 

No specific 

 

  42 (18.3) 

  64 (27.8) 

  70 (30.4) 

  21 (9.1) 

  33 (14.4) 

 

  50 (20.0) 

  68 (27.2) 

105 (42.0) 

  11 (4.4) 

  16 (6.4) 

 

  92 (19.1) 

132 (27.5) 

175 (36.5) 

  32 (6.7) 

  49 (10.2) 

Favorite taste  

Salt  

Sweet 

Others 

 

  29 (12.6) 

  70 (30.4) 

131 (57.0) 

 

  36 (14.4) 

  57 (22.8) 

157 (62.8) 

 

  65 (13.5) 

127 (26.5) 

288 (60.0) 

Meal-made pattern  

Non home-made 

Home-made 

Both  

 

  66 (28.7) 

  90 (39.1) 

  74 (32.2) 

 

  69 (27.6) 

  69 (27.6) 

112 (44.8) 

 

135 (28.1) 

159 (33.1) 

186 (38.8) 

Repeated dietary type intake 

Yes 

No 

 

  88 (38.3) 

142 (61.7) 

 

  75 (30.0) 

175 (70.0) 

 

163 (34.0) 

317 (66.0) 
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Table 4 The dietary pattern data of the participants (continued) 

 

Variables 

Male (n = 230) 

Number (%) 

Female (n = 250)

Number (%) 

Total (n = 480) 

Number (%) 

Time between dinner and  

bedtime (hours)  

< 4 

 4 

 

 

  92 (40.0) 

138 (60.0) 

 

 

127 (50.8) 

123 (49.2) 

 

 

219 (45.6) 

261 (54.4) 

Time spent on each meal  

(minutes/meal) 

< 15 

 15 

 

 

127 (55.2) 

103 (44.8) 

 

 

115 (46.0) 

135 (54.0) 

 

 

242 (50.4) 

238 (49.6) 

Alcohol consumption 

(grams/day) 

No drinking 

< 15 

15-30 

> 30 

 

 

  88 (38.3) 

  50 (21.7) 

  22 (9.6) 

  70 (30.4) 

 

 

228 (91.2) 

  18 (7.2) 

    2 (0.8) 

    2 (0.8) 

 

 

316 (65.8) 

  68 (14.2) 

  24 (5.0) 

  72 (15.0) 

Water intake (glasses/day) 

< 6 

6-8 

> 8 

 

  78 (33.9) 

112 (48.7) 

  40 (17.4) 

 

117 (46.8) 

103 (41.2) 

  30 (12.0) 

 

195 (40.6) 

215 (44.8) 

  70 (14.6) 

High-calorie juice intake 

(glasses/day) 

 1 

2-3 

> 3 

 

 

168 (73.0) 

  54 (23.5) 

    8 (3.5) 

 

 

198 (79.2) 

  49 (19.6) 

    3 (1.2) 

 

 

366 (76.3) 

103 (21.4) 

  11 (2.3) 

Fatty meat intake 

Never 

1-3 days/month 

1-3 days/week 

> 3 days/week 

 

  18 (7.8) 

  82 (35.7) 

  97 (42.2) 

  33 (14.3) 

 

  45 (18.0) 

118 (47.2) 

  67 (26.8) 

  20 (8.0) 

 

  63 (13.1) 

200 (41.7) 

164 (34.2) 

  53 (11.0) 
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Table 4 The dietary pattern data of the participants (continued) 

 

Variables 

Male (n = 230) 

Number (%) 

Female (n = 250)

Number (%) 

Total (n = 480) 

Number (%) 

Meat product intake  

Never 

1-3 days/month 

1-3 days/week 

> 3 days/week 

 

  15 (6.5) 

100 (43.5) 

  92 (40.0) 

  23 (10.0) 

 

  21 (8.4) 

139 (55.6) 

  72 (28.8) 

  18 (7.2) 

 

  36 (7.5) 

239 (49.8) 

164 (34.2) 

  41 (8.5) 

Bakery product intake 

Never 

1-3 days/month 

1-3 days/week 

> 3 days/week 

 

  59 (25.7) 

  96 (41.7) 

  53 (23.0) 

  22 (9.6) 

 

  26 (10.4) 

132 (52.8) 

  68 (27.2) 

  24 (9.6) 

 

  85 (17.7) 

228 (47.5) 

121 (25.2) 

  46 (9.6) 

Fried food intake 

Never 

1-3 days/month 

1-3 days/week 

> 3 days/week 

 

    8 (3.5) 

  99 (43.0) 

  91 (39.6) 

  32 (13.9) 

 

  25 (10.0) 

121 (48.4) 

  75 (30.0) 

  29 (11.6) 

 

  33 (6.9) 

220 (45.8) 

166 (34.6) 

  61 (12.7) 

Coconut milk food intake 

Never 

1-3 days/month 

1-3 days/week 

> 3 days/week 

 

  18 (7.8) 

103 (44.8) 

  90 (39.1) 

  19 (8.3) 

 

  28 (11.2) 

130 (52.0) 

  73 (29.2) 

  19 (7.6) 

 

  46 (9.6) 

233 (48.5) 

163 (34.0) 

  38 (7.9) 

Vegetable intake 

Never 

1-3 days/month 

1-3 days/week 

> 3 days/week 

 

    0 (0.0) 

    8 (3.5) 

  81 (35.2) 

141 (61.3) 

 

    1 (0.4) 

  10 (4.0) 

  85 (34.0) 

154 (61.6) 

 

    1 (0.2) 

  18 (3.7) 

166 (34.6) 

295 (61.5) 

Fruit intake 

Never 

1-3 days/month 

1-3 days/week 

> 3 days/week 

 

    2 (0.9) 

  28 (12.1) 

123 (53.5) 

  77 (33.5) 

 

    0 (0.0) 

  11 (4.4) 

  88 (35.2) 

151 (60.4) 

 

    2 (0.4) 

  39 (8.1) 

211 (44.0) 

228 (47.5) 
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Table 4 The dietary pattern data of the participants (continued) 

 

Variables 

Male (n = 230) 

Number (%) 

Female (n = 250)

Number (%) 

Total (n = 480) 

Number (%) 

Whole grain intake 

Never 

1-3 days/month 

1-3 days/week 

> 3 days/week 

 

  47 (20.4) 

  94 (40.9) 

  56 (24.4) 

  33 (14.3) 

 

  40 (16.0) 

100 (40.0) 

  59 (23.6) 

  51 (20.4) 

 

  87 (18.1) 

194 (40.4) 

115 (24.0) 

  84 (17.5) 

Single-plate food intake 

Never 

1-3 days/month 

1-3 days/week 

> 3 days/week 

 

  16 (7.0) 

  90 (39.1) 

  90 (39.1) 

  34 (14.8) 

 

  41 (16.4) 

143 (57.2) 

  45 (18.0) 

  21 (8.4) 

 

  57 (11.9) 

233 (48.5) 

135 (28.1) 

  55 (11.5) 

Semi-instant food intake 

Never 

1-3 days/month 

1-3 days/week 

> 3 days/week 

 

  42 (18.3) 

139 (60.4) 

  40 (17.4) 

    9 (3.9) 

 

  78 (31.2) 

134 (53.6) 

  31 (12.4) 

    7 (2.8) 

 

120 (25.0) 

273 (56.9) 

  71 (14.8) 

  16 (3.3) 

Salty processed food intake 

Never 

1-3 days/month 

1-3 days/week 

> 3 days/week 

 

  22 (9.6) 

129 (56.0) 

  62 (27.0) 

  17 (7.4) 

 

  38 (15.2) 

132 (52.8) 

  64 (25.6) 

  16 (6.4) 

 

  60 (12.5) 

261 (54.4) 

126 (26.2) 

  33 (6.9) 

High-sugar food intake 

Never 

1-3 days/month 

1-3 days/week 

> 3 days/week 

 

  38 (16.5) 

111 (48.3) 

  66 (28.7) 

  15 (6.5) 

 

  37 (14.8) 

145 (58.0) 

  48 (19.2) 

  20 (8.0) 

 

  75 (15.6) 

256 (53.3) 

114 (23.8) 

  35 (7.3) 

Snack intake 

Never 

1-3 days/month 

1-3 days/week 

> 3 days/week 

 

  44 (19.1) 

128 (55.7) 

  49 (21.3) 

    9 (3.9) 

 

  55 (22.0) 

130 (52.0) 

  47 (18.8) 

  18 (7.2) 

 

  99 (20.6) 

258 (53.8) 

  96 (20.0) 

  27 (5.6) 
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Table 5 The total energy intake and its distribution of the participants 

 

Variables 

Male 

 n = 131 

Female 

 n = 187 

Total  

n = 318 

Total daily energy intake 

(kcal) 

   Mean  SD 

   Min-Max 

 

 

 1,581.69  440.01 

716.90 – 3,094.70 

 

 

1,317.55  379.28  

599.93 – 3,343.40

 

 

1,426.36  425.15 

 599.93 – 3,343.40 

Calorie from carbohydrate 

(%) 

   Mean  SD 

   Min-Max 

 

 

54.82  10.19 

25.08 - 93.60 

 

 

55.48  9.26 

27.98 - 79.18 

 

 

55.21  9.64 

25.08 - 93.60 

Calorie from fat  

(%)  

   Mean  SD 

   Min-Max 

 

 

     27.34  7.95 

 11.00 - 52.41 

 

 

27.00  8.25 

9.65 - 51.88 

 

 

27.14  8.12 

       9.65 - 52.41 

Calorie from protein 

(%) 

   Mean  SD 

   Min-Max 

 

 

17.88  4.80 

7.27 - 33.08 

 

 

17.42  4.90 

6.82 - 43.00 

 

 

17.61  4.86 

       6.82 - 43.00 

  n - number;  DRI - dietary reference intake;  kcal - kilocalorie;  SD - standard deviation;   

  min-max - minimum and maximum  

 

For the meal-made pattern, there were 33.1% of the participants who 

had home-made meal pattern, 28.1% had non home-made meal pattern, and 38.8% 

had both home-made and non home-made meal pattern.  Most of the participants had 

no repeated dietary type intake (66.0%).  Most of them had dinner at least 4 hours 

before their bedtime (54.4%) and time that they spent for each meal was less than 15 

minutes (50.4%). 

In this study, 65.8% of the participants did not drink alcohol.  Seventy-

two participants (15.0%) had alcohol consumption more than 30 grams per day.  More 

than 80% of drinkers were males, and the proportion of male drinkers was about 6.5 



 
37

times higher than female drinkers.  In addition, most of the participants drank 6-8 

glasses of water per day (44.8%) and less than 1 glass of high-calorie juice per day 

(76.3%).   

  The data of the food frequency assessment was divided into 13 food 

items.  The results showed that the diet that most of the participants consumed for 1-3 

days per month included fatty meat (41.7%), meat product (49.8%), bakery product 

(47.5%), fried food (45.8%), coconut milk food (48.5%), whole grain (40.4%), single-

plate food (48.5%), semi-instant food (56.9%), salty processed food (54.4%), high-

sugar food (53.3%), and snack (53.8%).  The food items that most of participants 

consumed more than 3 days per week were vegetables (61.5%) and fruits (47.5%). 

 The data of the 24-hour dietary recall were analyzed for total energy 

intake and its distribution from carbohydrate, fat, and protein.  The data of 162 

participants were excluded because of data missing and unusual intake reporting.  

Therefore, the completed data were obtained from 318 participants for analysis.  The 

total energy intake data was analyzed for examining the unreliable data by boxplot 

analysis.  The results showed that there was no participant who reported unreliable 

total energy intake (Appendix C).  Table 5 presents the total energy intake and its 

distribution of the participants.  The results showed that the mean total daily energy 

intakes were 1,581.69  440.01 kcal in males and 1,317.55  379.28 kcal in females.  

The mean percentages of calorie from carbohydrate, fat, and protein were 55.21  

9.64, 27.14  8.12, and 17.61  4.86 respectively.  The values of dietary intake were 

compared with dietary reference intake (DRI) for Thais (The committee on 

recommended daily allowances, 2003).  The results indicated that the mean 

percentages of calorie from carbohydrate and fat were in the standard range (45-65% 
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and 20-35% respectively).  The mean percentage of calorie from protein was higher 

than the standard range (10-15%). 

 

4.1.4 Clinical Data 

The clinical data included waist circumference, fasting plasma glucose, 

triglycerides, high-density lipoprotein cholesterol, systolic blood pressure (SBP), 

diastolic blood pressure (DBP), total cholesterol, low-density lipoprotein cholesterol, 

and body mass index (Table 6).  The results showed that the mean waist 

circumference was 86.24  9.14 cm in males and 79.10  10.14 cm in females.  The 

mean fasting plasma glucose was 94.28  24.01 mg/dl.  The mean triglycerides was 

132.81  58.66 mg/dl.  The mean total cholesterol was 217.22  41.05 mg/dl, while 

the mean HDL-C was 69.28  16.39 mg/dl and the mean LDL-C was 121.21  36.75 

mg/dl.  The mean SBP and DBP were 122.55  14.78 and 75.29  10.61 mmHg 

respectively.  The mean BMI was 24.10  3.75 kg/m2. 

The results showed that 38.8% of the participants had over waist 

circumference ( 90 cm in males and  80 cm in females).  There were 21.2% of the 

participants who had fasting plasma glucose 100 mg/dl and over.  About 30% of the 

participants had triglycerides 150 mg/dl and over, and only 3.5% had low HDL-C     

(< 40 mg/dl in males and < 50 mg/dl in females).  For blood pressure, 40.4% of the 

participants had SBP 130 mmHg and over and/or DBP 85 mmHg and over.  

Furthermore, there were 65.4% of the participants who had total cholesterol 200 

mg/dl and over.  Forty percents of the participants had LDL-C 130 mg/dl and over, 

and 59.2% had BMI 23 kg/m2 and over. 
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Table 6 The clinical data of the participants 

    

Variables 

Male (n = 230) 

Number (%) 

Female (n = 250) 

Number (%) 

Total (n = 480) 

Number (%) 

Waist circumference (cm) 

< 90/80 (male/female) 

 90/80 (male/female) 

Mean  SD 

Min-Max 

 

154 (67.0) 

  76 (33.0) 

 86.24  9.14  

 67 - 135 

 

140 (56.0) 

110 (44.0) 

79.10  10.14 

58 - 113 

 

294 (61.2) 

186 (38.8) 

82.52  10.30 

58 - 135 

Fasting plasma glucose (mg/dl) 

< 100 

 100 

Mean  SD  

Min-Max  

 

169 (73.5) 

  61 (26.5) 

 97.11  22.69 

 70 - 304 

 

209 (83.6) 

  41 (16.4) 

91.68  24.93 

67 - 340 

 

378 (78.8) 

102 (21.2) 

94.28  24.01 

67 - 340 

Triglycerides (mg/dl) 

< 150 

 150 

Mean  SD  

Min-Max  

 

141 (61.3) 

  89 (38.7) 

150.64  68.74 

64 - 462 

 

210 (84.0) 

  40 (16.0) 

116.42  41.36 

56 - 427 

 

351 (73.1) 

129 (26.9) 

132.81  58.66 

56 - 462 

HDL-C (mg/dl) 

< 40/50 (male/female) 

 40/50 (male/female) 

Mean  SD  

Min-Max  

 

    3 (1.3) 

227 (98.7) 

 63.19  13.24 

 37 - 130 

 

  14 (5.6) 

236 (94.4) 

74.89  17.02 

38 - 129 

 

  17 (3.5) 

463 (96.5) 

69.28  16.39 

37 - 130 

Blood pressure (mmHg) 

< 130 (SBP) or 85 (DBP) 

 130 (SBP) or 85 (DBP) 

Mean  SD  

SBP 

DBP 

Min-Max  

SBP 

DBP 

 

127 (55.2) 

103 (44.8) 

 

125.02  15.35 

  77.16  11.26 

 

90 - 194 

40 - 114 

 

159 (63.6) 

  91 (36.4) 

 

120.28  13.88 

73.57  9.68 

 

80 - 170 

40 - 110 

 

286 (59.6) 

194 (40.4) 

 

122.55  14.78 

  75.29  10.61 

 

80 - 194 

40 - 114 

n - number;  cm - centimeter;  SD - standard deviation;  min-max - minimum and maximum;      
mg/dl - milligram per deciliter;  mmHg - millimeter Hg;  HDL-C - high-density lipoprotein 
cholesterol;  SBP - systolic blood pressure;  DBP - diastolic blood pressure 
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Table 6 The clinical data of the participants (continued) 

    

Variables 

Male (n = 230) 

Number (%) 

Female (n = 250) 

Number (%) 

Total (n = 480) 

Number (%) 

Total cholesterol (mg/dl)  

< 200 

 200 

Mean  SD 

Min-Max  

 

  69 (30.0) 

161 (70.0) 

224.86  43.86 

108 - 361 

 

  97 (38.8) 

153 (61.2) 

210.20  37.00 

111 - 335 

 

166 (34.6) 

314 (65.4) 

217.22  41.05 

108 - 361 

LDL-C (mg/dl) 

< 130 

 130 

Mean  SD  

Min-Max  

 

100 (43.5) 

130 (56.5) 

131.81  38.79 

32 - 235 

 

188 (75.2) 

  62 (24.8) 

111.46  31.87 

36 - 215 

 

288 (60.0) 

192 (40.0) 

121.21  36.75 

32 - 235 

BMI (kg/m2) 

< 23.00 

23.00-24.99 

25.00-29.99 

 30.00 

Mean  SD 

Min-Max 

 

  70 (30.4) 

  61 (26.5) 

  83 (36.1) 

  16 (7.0) 

24.65  3.45 

14.79 - 38.89 

 

126 (50.4) 

  44 (17.6) 

  63 (25.2) 

  17 (6.8) 

23.58  3.94 

16.20 - 37.81 

 

196 (40.8) 

105 (21.9) 

146 (30.4) 

  33 (6.9) 

24.10  3.75 

14.79 - 38.89 

 n - number;  mg/dl - milligram per deciliter;  SD - standard deviation;  min-max - minimum and   
 maximum;  LDL-C - low-density lipoprotein cholesterol;  BMI - body mass index;  kg/m2 - kilogram   
 per square meter 
 

The data showed that males had higher prevalences of elevated fasting 

plasma glucose, elevated triglycerides, elevated blood pressure, BMI 23 kg/m2 and 

over, elevated total cholesterol, and elevated LDL-C than females, whereas females 

had higher prevalences of abdominal obesity and reduced HDL-C than males.           

In addition, the results showed that the means of triglycerides, total cholesterol,   

LDL-C, and BMI in males were higher than the standard values, and the means of 

total cholesterol and BMI in females were higher than the standard values. 
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4.2 Prevalence of Metabolic Syndrome and its Components 

The prevalence of metabolic syndrome is presented in Table 7 and the results 

of metabolic syndrome components including waist circumference, fasting plasma 

glucose, triglycerides, high-density lipoprotein cholesterol, systolic blood pressure, 

and diastolic blood pressure are presented in Table 8 and Table 9.  In this study, the 

IDF and the NCEP ATP III criteria were used for diagnosis of the metabolic 

syndrome. 

Based on IDF criteria, it was found that the prevalence of metabolic syndrome 

was 15.4%.  There were 13.9% of males and 16.8% of females who had metabolic 

syndrome.  The prevalence of metabolic syndrome defined by the NCEP ATP III 

criteria was 17.9%.  With this criteria, 18.7% of males and 17.2% of females had 

metabolic syndrome.  There was no significant difference in the prevalence of 

metabolic syndrome in both gender when defined by IDF and NCEP ATP III criteria.  

In addition, the result showed that the prevalence of metabolic syndrome defined by 

NCEP ATP III was 2.5% higher than that by IDF. 

Table 8 and Table 9 demonstrate the metabolic syndrome components of the 

participants who had metabolic syndrome as defined by IDF and NCEP ATP III 

criteria respectively.  For the IDF criteria, all participants had abdominal obesity and 

62.2% of the participants had elevated fasting plasma glucose.  The levels of 

triglyceride in 75.7% of the participants were elevated, and the levels of HDL-C in 

14.9% of the participants were reduced.  Blood pressure of most of the participants 

(82.4%) was elevated.  For the NCEP ATP III criteria, 86.0% of the participants had 

abdominal obesity and 65.1% had elevated fasting plasma glucose.  There were 

79.1% of the participants who had elevated triglycerides.  About 15% of the 

participants had reduced HDL-C level, and 83.7% had elevated blood pressure.   
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Table 7 The prevalence of metabolic syndrome of the participants  

    

Criteria 

Male (n = 230) 

Number (%) 

Female (n = 250) 

Number (%) 

Total (n = 480) 

Number (%) 

p-value a 

IDF 32 (13.9) 42 (16.8) 74 (15.4) 0.382  

NCEP ATP III 43 (18.7) 43 (17.2) 86 (17.9) 0.669 
  a Chi-square test for comparison between males and females;  n - number;  IDF - International Diabetes 
  Federation;  NCEP ATP III - National Cholesterol Education Program Adult Treatment Panel III 
 

 

Table 8 The metabolic syndrome components of the participants defined by IDF criteria 

 

Variables 

Metabolic 

syndrome 

(n = 74) 

Number (%) 

Non-metabolic 

syndrome  

(n = 406)  

Number (%) 

Total  

(n = 480) 

Number (%) 

p-value a

Waist circumference (cm) 

< 90/80 (male/female) 

 90/80 (male/female) 

 

   0 (0.0) 

 74 (100.0) 

 

294 (72.4) 

112 (27.6) 

 

294 (61.2) 

186 (38.8) 

 

< 0.001 

Fasting plasma glucose 

(mg/dl) 

< 100 

 100  

 

 

 28 (37.8) 

 46 (62.2) 

 

 

350 (86.2) 

  56 (13.8) 

 

 

378 (78.8) 

102 (21.2) 

 

 

< 0.001 

Triglycerides (mg/dl) 

< 150 

 150 

 

 18 (24.3) 

 56 (75.7) 

 

333 (82.0) 

  73 (18.0) 

 

351 (73.1) 

129 (26.9) 

 

< 0.001 

HDL-C (mg/dl) 

< 40/50 (male/female) 

 40/50 (male/female) 

 

 11 (14.9) 

 63 (85.1) 

 

    6 (1.5) 

400 (98.5) 

 

  17 (3.5) 

463 (96.5) 

 

  < 0.001 b

Blood pressure (mmHg) 

< 130 (SBP) or 85 (DBP) 

 130 (SBP) or 85 (DBP) 

 

 13 (17.6) 

 61 (82.4) 

 

273 (67.2) 

133 (32.8) 

 

286 (59.6) 

194 (40.4) 

 

< 0.001 

  a Chi-square test for comparison between metabolic syndrome and non-metabolic syndrome; 
  b Fisher’s exact test for comparison between metabolic syndrome and non-metabolic syndrome; 
  IDF - International Diabetes Federation;  n - number;  cm - centimeter;  mg/dl - milligram per   
  deciliter;  HDL-C - high-density lipoprotein cholesterol;  mmHg - millimeter Hg;  SBP - systolic 
  blood pressure;  DBP - diastolic blood pressure   
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Table 9 The metabolic syndrome components of the participants defined by NCEP 

ATP III criteria 

 

Variables 

Metabolic 

syndrome 

(n = 86) 

Number (%) 

Non-metabolic 

syndrome  

(n = 394)  

Number (%) 

Total  

(n = 480) 

Number (%) 

p-value a

Waist circumference (cm) 

< 90/80 (male/female) 

 90/80 (male/female) 

 

12 (14.0) 

74 (86.0) 

 

282 (71.6) 

112 (28.4) 

 

294 (61.2) 

186 (38.8) 

 

< 0.001 

Fasting plasma glucose 

(mg/dl) 

< 100 

 100  

 

 

30 (34.9) 

56 (65.1) 

 

 

348 (88.3) 

  46 (11.7) 

 

 

378 (78.8) 

102 (21.2) 

 

 

< 0.001 

Triglycerides (mg/dl) 

< 150 

 150 

 

18 (20.9) 

68 (79.1) 

 

333 (84.5) 

  61 (15.5) 

 

351 (73.1) 

129 (26.9) 

 

< 0.001 

HDL-C (mg/dl) 

< 40/50 (male/female) 

 40/50 (male/female) 

 

13 (15.1) 

73 (84.9) 

 

    4 (1.0) 

390 (99.0) 

 

17 (3.5) 

463 (96.5) 

 

  < 0.001 b

Blood pressure (mmHg) 

< 130 (SBP) or 85 (DBP) 

 130 (SBP) or 85 (DBP) 

 

14 (16.3) 

72 (83.7) 

 

272 (69.0) 

122 (31.0) 

 

286 (59.6) 

194 (40.4) 

 

< 0.001 

  a Chi-square test for comparison between metabolic syndrome and non-metabolic syndrome; 
  b Fisher’s exact test for comparison between metabolic syndrome and non-metabolic syndrome; 
  NCEP ATP III - National Cholesterol Education Program Adult Treatment Panel III;  n - number;   
  cm - centimeter;  mg/dl - milligram per deciliter;  HDL-C - high-density lipoprotein cholesterol;   
  mmHg - millimeter Hg;  SBP - systolic blood pressure;  DBP - diastolic blood pressure   
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The above-mentioned results indicated that the prevalence of abdominal 

obesity was lower in NCEP ATP III than IDF criteria.  While the prevalences of the 

other components were higher in NCEP ATP III than IDF criteria.  For both IDF and 

NCEP ATP III criteria, the results showed that the first 3 prevalences of metabolic 

syndrome components in the participants with metabolic syndrome were abdominal 

obesity, elevated blood pressure, and elevated triglycerides respectively.  In addition, 

the prevalence of abdominal obesity, elevated fasting plasma glucose, elevated 

triglycerides, reduced HDL-C, and elevated blood pressure in the participants with 

metabolic syndrome were significantly higher than those in participants without 

metabolic syndrome.  

 

4.3 The Relationship between Dietary Pattern and Metabolic Syndrome by 

Multiple Logistic Regression Analysis 

 In this study, 318 participants completed the questionnaire for analysis of the 

relationship between dietary pattern and metabolic syndrome.  Fifty-two participants 

were excluded because they took medications for treatment of hypertension, diabetes 

mellitus, or dyslipidemia.  The dietary behavior of these participants was altered.  

Therefore, the remaining 266 participants (112 males and 154 females) were included 

for analysis of the relationship between dietary pattern and metabolic syndrome. 

 Multivariate analysis by multiple logistic regression was performed.  Table 10 

presents the odds ratio for the relationship between dietary pattern and metabolic 

syndrome.  The metabolic syndrome was a dependent variable, and the dietary 

patterns were independent variables.   
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Table 10 The relationship between dietary pattern and metabolic syndrome   

 

Variables 

Metabolic 

syndrome  

Number (%) 

n = 34 

Non-metabolic 

syndrome  

Number (%) 

n = 232 

OR 

  

95% CI p-value a

Number of meals 

per day 

> 3 

≤ 3       

 

 

  4 (11.8) 

30 (88.2) 

 

 

  34 (14.7) 

198 (85.3) 

 

 

0.28 

1.00 

 

 

0.05-1.48 

 

 

0.136 

Late night meal intake 

Yes 

No 

 

  4 (11.8) 

30 (88.2) 

 

  8 (3.5) 

224 (96.5) 

 

9.22 

1.00 

 

1.37-61.97 

 

0.022 

Large meal intake 

Dinner  

Others  

 

19 (55.9) 

15 (44.1) 

 

118 (50.9) 

114 (49.1) 

 

0.92 

1.00 

 

0.40-2.14 

 

0.845 

Favorite cooking 

method 

Deep fry/Fry 

Others  

 

 

18 (52.9) 

16 (47.1) 

 

 

118 (50.9) 

114 (49.1) 

 

 

1.08 

1.00 

 

 

0.46-2.55 

 

 

0.866 

Favorite taste 

Salt/Sweet 

Others  

 

15 (44.1) 

19 (55.9) 

 

  96 (41.4) 

136 (58.6) 

 

1.49 

1.00 

 

0.60-3.67 

 

0.392 

Meal-made pattern  

Non home-made 

Both  

Home-made 

 

  8 (23.5) 

15 (44.1) 

11 (32.4) 

 

  62 (26.7) 

  96 (41.4) 

  74 (31.9) 

 

1.14 

1.12 

1.00 

 

0.36-3.58 

0.43-2.94 

 

0.827 

0.811 

Repeated dietary type 

intake 

Yes 

No  

 

 

15 (44.1) 

19 (55.9) 

 

 

  74 (31.9) 

158 (68.1) 

 

 

2.00 

1.00 

 

 

0.78-5.11 

 

 

0.149 

Time between dinner 

and bedtime (hours) 

< 4 

≥ 4 

 

 

18 (52.9) 

16 (47.1) 

 

 

104 (44.8) 

128 (55.2) 

 

 

1.52 

1.00 

 

 

0.64-3.63 

 

 

0.345 

a Significant level: p < 0.05;  n - number;  OR - odds ratio;  95% CI - 95% confidence interval 
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Table 10 The relationship between dietary pattern and metabolic syndrome (continued)  

 

Variables 

Metabolic 

syndrome  

Number (%) 

n = 34 

Non-metabolic 

syndrome  

Number (%) 

n = 232 

OR 

  

95% CI p-value a

Time spent on each 

meal (minutes/meal) 

< 15 

≥ 15 

 

 

21 (61.8) 

13 (38.2) 

 

 

116 (50.0) 

116 (50.0) 

 

 

1.66 

1.00 

 

 

0.68-4.06 

 

 

0.263 

Alcohol consumption 

(grams/day) 

> 30 

15-30  

< 15 

No drinking 

 

 

  8 (23.6) 

1 (2.9) 

  5 (14.7) 

20 (58.8) 

 

 

20 (8.6) 

  9 (3.9) 

  38 (16.4) 

165 (71.1) 

 

 

3.54 

1.37 

0.94 

1.00 

 

 

1.04-12.07 

0.14-13.17 

0.30-2.95 

 

 

0.043 

0.784 

0.914 

Water intake 

(glasses/day)  

≤ 8 

> 8 

 

 

26 (76.5) 

  8 (23.5) 

 

 

199 (85.8) 

  33 (14.2) 

 

 

0.44 

1.00 

 

 

0.15-1.30 

 

 

0.136 

High-calorie juice 

intake (glasses/day)  

> 1 

 1 

 

 

   8 (23.5) 

 26 (76.5) 

 

 

  55 (23.7) 

177 (76.3) 

 

 

0.70 

1.00 

 

 

0.24-2.06 

 

 

0.523 

Fatty meat intake 

(days/week) 

> 3 

≤ 3 

 

 

3 (8.8) 

31 (91.2) 

 

 

22 (9.5) 

210 (90.5) 

 

 

0.80 

1.00 

 

 

0.15-4.27 

 

 

 

0.797 

Meat product intake 

(days/week) 

> 3 

 3 

 

 

2 (5.9) 

32 (94.1) 

 

 

18 (7.8) 

214 (92.2) 

 

 

0.65 

1.00 

 

 

0.10-4.06 

 

 

0.645 

a Significant level: p < 0.05;  n - number;  OR - odds ratio;  95% CI - 95% confidence interval 
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Table 10 The relationship between dietary pattern and metabolic syndrome (continued)

 

Variables 

Metabolic 

syndrome  

Number (%) 

n = 34 

Non-metabolic 

syndrome  

Number (%) 

n = 232 

OR 

  

95% CI p-value a

Bakery product intake 

(days/week) 

> 3 

 3 

 

 

  5 (14.7) 

29 (85.3) 

 

 

  24 (10.3) 

208 (89.7) 

 

 

5.24 

1.00 

 

 

1.32-20.89 

 

 

0.019 

Fried food intake 

(days/week) 

> 3 

 3 

 

 

  5 (14.7) 

29 (85.3) 

 

 

  29 (12.5) 

203 (87.5) 

 

 

1.86 

1.00 

 

 

0.38-9.24 

 

 

0.447 

Coconut milk food 

intake (days/week) 

> 3 

 3 

 

 

2 (5.9) 

32 (94.1) 

 

 

22 (9.5) 

210 (90.5) 

 

 

0.24 

1.00 

 

 

0.02-2.30 

 

 

0.213 

Vegetable intake 

(days/week) 

> 3 

 3 

 

 

21 (61.8) 

13 (38.2) 

 

 

137 (59.1) 

  95 (40.9) 

 

 

1.00 

0.88 

 

 

 

0.35-2.24 

 

 

 

0.787 

Fruit intake 

(days/week) 

> 3 

 3 

 

 

14 (41.2) 

20 (58.8) 

 

 

114 (49.1) 

118 (50.9) 

 

 

1.00 

1.15 

 

 

 

0.44-3.01 

 

 

 

0.772 

Whole grain intake 

(days/week) 

> 3 

 3 

 

 

  5 (14.7) 

29 (85.3) 

 

 

  34 (14.7) 

198 (85.3) 

 

 

1.00 

1.21 

 

 

 

0.32-4.61 

 

 

 

0.777 

Single-plate food 

intake (days/week) 

> 3 

 3 

 

 

3 (8.8) 

31 (91.2) 

 

 

  30 (12.9) 

202 (87.1) 

 

 

0.65 

1.00 

 

 

0.13-3.15 

 

 

0.589 

a Significant level: p < 0.05;  n - number;  OR - odds ratio;  95% CI - 95% confidence interval 
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Table 10 The relationship between dietary pattern and metabolic syndrome (continued)

 

Variables 

Metabolic 

syndrome  

Number (%) 

n = 34 

Non-metabolic 

syndrome  

Number (%) 

n = 232 

OR 

  

95% CI p-value a

Semi-instant food 

intake (days/week) 

> 3 

 3 

 

 

1 (2.9) 

33 (97.1) 

 

 

11 (4.7) 

221 (95.3) 

 

 

0.39 

1.00 

 

 

0.02-8.16 

 

 

0.542 

Salty processed food 

intake (days/week) 

> 3 

 3 

 

 

1 (2.9) 

33 (97.1) 

 

 

17 (7.3) 

215 (92.7) 

 

 

0.26 

1.00 

 

 

0.02-3.36 

 

 

0.305 

High-sugar food intake 

(days/week) 

> 3 

 3 

 

 

2 (5.9) 

32 (94.1) 

 

 

20 (8.6) 

212 (91.4) 

 

 

0.79 

1.00 

 

 

0.10-6.56 

 

 

0.827 

Snack intake 

(days/week) 

> 3 

 3 

 

 

1 (2.9) 

33 (97.1) 

 

 

16 (6.9) 

216 (93.1) 

 

 

0.41 

1.00 

 

 

0.02-7.14 

 

 

0.538 

Calorie from 

carbohydrate (%)  

> 65 

 65 

 

 

2 (5.9) 

32 (94.1) 

 

 

  32 (13.8) 

200 (86.2) 

 

 

0.28 

1.00 

 

 

0.04-1.82 

 

 

0.180 

Calorie from protein 

(%) 

> 15 

 15 

 

 

27 (79.4) 

  7 (20.6) 

 

 

161 (69.4) 

  71 (30.6) 

 

 

1.81 

1.00 

 

 

0.60-5.49 

 

 

0.295 

Calorie from fat 

(%) 

> 35 

 35 

 

 

  6 (17.6) 

28 (82.4) 

 

 

  34 (14.7) 

198 (85.3) 

 

 

1.12 

1.00 

 

 

0.37-3.39 

 

 

0.846 

  a Significant level: p < 0.05;  n - number;  OR - odds ratio;  95% CI - 95% confidence interval 
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The results indicated that the risk of metabolic syndrome found in the 

participants who had favor of deep fried/fried cooking, favor of salty/sweet taste, non 

home-made meal pattern, and both non home-made and home-made meal pattern was 

increased.  The risk of metabolic syndrome was also increased in participants who had 

repeated dietary type intake, time between dinner and bedtime less than 4 hours, and 

time spent on each meal less than 15 minutes.  The drinkers who consumed 15-30 

grams of alcohol per day had increased risk of metabolic syndrome.  Moreover, the 

consumption of more than 3 days per week of fried food, 3 days and less per week of 

fruits and whole grains, more than 15% of calorie from protein, and more than 35% of 

calorie from fat influenced the increased risk of metabolic syndrome.  However, the 

increase in the risk of metabolic syndrome influenced by these dietary patterns were 

not significant. 

There were significant relationships between late night meal intake, alcohol 

consumption, and bakery product intake and metabolic syndrome.  The participants 

who had late night meal intake had 9.22 times higher risk of metabolic syndrome than 

the participants who had not (95% CI = 1.37-61.97, p = 0.022).  The participants with 

and without metabolic syndrome had 11.8% and 3.5% of late night meal intake 

respectively.  The participants who had alcohol consumption more than 30 grams per 

day had 3.54 times higher risk of metabolic syndrome than the participants who had 

not (95% CI = 1.04-12.07, p = 0.043).  The participants with and without metabolic 

syndrome had 23.6% and 8.6% of alcohol consumption more than 30 grams per day 

respectively.  The participants who had bakery product intake more than 3 days per 

week had 5.24 times higher risk of metabolic syndrome than the participants who had 

bakery product intake 3 days and below per week (95% CI = 1.32-20.89, p = 0.019).  
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The participants with and without metabolic syndrome had 14.7% and 10.3% of 

bakery product intake more than 3 days per week respectively. 

 

The equation for prediction of the metabolic syndrome 

 The result in Table 10 showed that late night meal intake, alcohol 

consumption, and bakery product intake were significantly related to metabolic 

syndrome (p < 0.05).  These variables were taken into the equation for prediction of 

the metabolic syndrome.  This equation had accuracy of prediction 88.3%.  The 

equation was as follow:   

 

Probability of metabolic syndrome   =                                  (Amornnimit, 2003) 

 

While  0         =  constant of the equation 

i ; i = 1,2,…,p       =  coefficients of the predictive variables 

  X         =  predictive variable 

 
In this study, the 3 predictive variables were taken into the equation for 

prediction of the metabolic syndrome (Appendix C). 

 

Probability of metabolic syndrome    =                                   

 

While    X1    = late night meal intake  

(0  =  no,  1  =  yes) 

  X2      =         alcohol consumption 

                       (0  =  no drinking,  1  =  drinking  30 grams per day) 

  X3      =    frequency of bakery product intake                         

(0 =  ≤ 3 days per week,  1  =  > 3 days per week) 
 

                      1    
      1+ e - (0 + 1X1 + … + pXp) 

                              1    
       1+ e - (-2.84 + 2.22 X1 + 1.27 X2 + 1.66 X3) 
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CHAPTER 5 

DISCUSSION 

 

 The present study was proposed to examine the prevalence of metabolic 

syndrome and the relationship between dietary pattern and metabolic syndrome in 

population in Mueang District, Nakhon Ratchasima Province who received the annual 

health examination at Maharat Nakhon Ratchasima Hospital. 

  

5.1  Characteristics of the Participants 

  In this study, there were 480 participants (230 males and 250 females) aged 

20 years and over who received the annual health examination at Maharat Nakhon 

Ratchasima Hospital.  All of them were population in Mueang District, Nakhon 

Ratchasima Province.  The proportion of males and females who participated in this 

study was similar.  The participants had mean age of 46.82 years.  Most of them were 

married, completed bachelor degree, had income 10,001-20,000 baht per month, and 

were government officers or state enterprise workers.  These characteristics were 

similar to the previous studies (Lohsoonthorn et al., 2007; Thanatadthanakul, 2007) 

that investigated in population who visited the health examination.  Thanatadthanakul 

(2007) studied in urban Thai population and found that the participants were urban 

government officer who had mean age of 45.6 years.  Most of them were married and 

had light work.  Lohsoonthorn et al. (2007) studied in professional and office workers 

in Bangkok and found that most participants completed bachelor degree.  The 

participants with metabolic syndrome were older, and the level of education was 
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lower than those without metabolic syndrome.  Several research studied in urban 

working-age population (aged 20 years and over) because people in this age range had 

inappropriate lifestyles that could be the causes of obesity, hypertension, diabetes, and 

dyslipidemia.  As most of the participants who received the annual health examination 

in the present study were government officers or state enterprise workers and had age 

range 40-49 years, therefore these samples might represent urban population who 

were in working age. 

Regarding health behaviors, most of the participants had light work, less 

exercise, and no weight control.  More than 50% of the participants had family history 

of hypertension, diabetes mellitus, or dyslipidemia.  About one-fifth of the 

participants had medications for hypertension, diabetes mellitus, or dyslipidemia.  

These health behaviors were the risk factor of developing metabolic syndrome.  Chen 

et al. (2008) found that the sedentary behavior was independently associated with the 

metabolic syndrome.  For the cigarette smokers, most of them smoked 1-10 rolls per 

day, and males had smoking greater than females.  Similarly, the Ministry of Public 

Health, Health System Research Institute (2006) found that males had cigarette 

smoking 20 times more than females.  Male and female smokers had mean cigarette 

smoking 12 and 8 rolls per day respectively.   

Regarding the clinical data, the prevalences of hypercholesterolemia, 

overweight/obesity, and hypertension were the first 3 health problems of the 

participants.  It was found that the average levels of triglycerides, total cholesterol, 

LDL-C, and BMI in males and the average levels of total cholesterol and BMI in 

females were higher than the standard level.  These results indicated that dyslipidemia 

and overweight/obesity were the major problems of the participants in this study.  

Therefore, the participants should concern on lifestyle modification as it is a primary 
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treatment of these problems.  The avoidance of high-fat consumption and increased 

physical activity were important factors for solving such problems.   

 

5.2 Prevalence of Metabolic Syndrome and its Components 

For the present study, the metabolic syndrome was defined by the IDF and the 

NCEP ATP III criteria because these criteria were simple and more suitable for the 

routine health examination in hospital’s laboratory.  The recommended waist 

circumference was derived from the ethnic-specific cut off points for an Asian 

population ( 90 cm for male and  80 cm for female) in both IDF and NCEP ATP III 

criteria.     

In this study, the metabolic syndrome prevalences according to IDF and NCEP 

ATP III criteria were 15.4% and 17.9% respectively.  It was found that the prevalence 

of metabolic syndrome in this study was similar to the previous studies in Thailand.  

The prevalences of metabolic syndrome defined by NCEP ATP III in the participants 

who received the health examination was 15.2% among professional and office 

workers in Bangkok (Lohsoonthorn et al., 2007) and 24.4% among population in 

Chumponburi District, Surin Province (Wilaisakunyong et al., 2007).  In the 

prevalences of metabolic syndrome defined by IDF, there were 18.7% among Nakhon 

Sawan population (Santibhavank, 2007) and 15.0% among population in Si Chiang 

Mai District, Nong Khai Province (Kaewtrakulpong, 2008).  Moreover, the metabolic 

syndrome prevalence in this study was similar to the previous studies in Asian 

countries (China, Taiwan, Hong Kong, and Japan), which had the prevalence rate 

ranging between 10-15% (Pan et al., 2008). 
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When comparing the prevalence of metabolic syndrome defined by the IDF 

and the NCEP ATP III criteria, the results showed that the prevalence of metabolic 

syndrome classified by the NCEP ATP III criteria was 2.5% higher than that by the 

IDF criteria.  This was similar to the previous studies (Kaewtrakulpong, 2008; 

Santibhavank, 2007).  It may be because the IDF requires that all participants with 

metabolic syndrome must have abdominal obesity as the essential condition, while the  

NCEP ATP III considers that the importance of all metabolic syndrome components 

are the same.  Thus, the prevalence of metabolic syndrome was variable across studies 

according to the selection of diagnostic criteria.  In addition, the present study showed 

that the prevalence was higher in males than in females when using the NCEP ATP 

III criteria, but the prevalence was higher in females than in males when using the 

IDF criteria.  However, the difference between genders was not significant for both 

criteria.  The results were similar to the previous study that males and females had no 

significant difference in the prevalence of metabolic syndrome (Pongchaiyakul et al., 

2007).   

For the metabolic syndrome components, the highest to lowest prevalence of 

metabolic syndrome components in the participants with metabolic syndrome were 

abdominal obesity, elevated blood pressure, elevated triglycerides, elevated fasting 

plasma glucose, and reduced HDL-C respectively.  This result was consistent with the 

study in professionals and office workers in Bangkok that the highest prevalence of 

the participants was hypertension (Lohsoonthorn et al., 2007).  However, the present 

result was inconsistent with the study in Walailak University that the highest 

prevalence of the participants was low HDL-C (Tangpong et al., 2008).  These 

different results may be due to the different characteristics of the participants such as 

dietary behavior, exercise, smoking, alcohol drinking, stress, etc.  Furthermore, the 
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results showed that the prevalences of all metabolic syndrome components were 

significantly higher among participants with metabolic syndrome than the participants 

without metabolic syndrome.  Therefore, all components of metabolic syndrome 

should be concerned and treated in the participants with metabolic syndrome for 

preventing the development of CVD and diabetes mellitus.  

 

5.3 The Relationship between Dietary Pattern and Metabolic Syndrome 

The multiple logistic regression was used to analyze the relationship between 

dietary pattern and metabolic syndrome.  This statistical analysis could evade the 

influence of confounding factors, which may affect the relationship between 

metabolic syndrome and associated factors.  Thus, using of multiple logistic 

regression in this study could control the effects of potential confounders.  After 

confounding factors were adjusted, there were 3 factors of dietary pattern that showed 

significant relationships with the metabolic syndrome.  These factors included late 

night meal intake, alcohol consumption and bakery product intake. 

The first significant factor was late night meal intake.  The consumptions of 

total energy, carbohydrate, or fat at night were associated with higher overall daily 

energy intake (Castro, 2007).  The present study showed a significant relationship 

between late night meal intake and metabolic syndrome.  The participants who had 

late night meal intake were 9.22 times more likely to have the metabolic syndrome 

when compared with the participants who had not.  It was found that the participants 

with and without metabolic syndrome had 11.8% and 3.5% of late night meal intake 

respectively.  This result was consistent with the study of Berg et al. (2009) who 

studied in men and women aged 25-74 years and found that eating at night was            

significantly associated with obesity (OR = 1.62, 95% CI = 1.10-2.39). Geliebter et al. 
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(2000) found that subjects who worked during the night shift had significant weight 

gain greater than subjects who worked during the day shift, because night shift 

workers consumed the last daily meal later than day shift workers. 

 The second significant factor was alcohol consumption.  The evidence of 

alcohol consumption that associated with the metabolic syndrome varied.  There was 

either positive or negative association in the cross-sectional study.  The present study 

showed that alcohol consumption was significantly related to the metabolic syndrome.  

The participants who consumed alcohol more than 30 grams per day had 3.54 times 

more likely to have the metabolic syndrome when compared with the participants who 

did not.  The participants with and without metabolic syndrome had 23.6% and 8.6% 

of consuming alcohol more than 30 grams per day respectively.  Similarly, 

Kloimklinsuk (2007) found that the current drinkers had 1.34 times higher risk of 

metabolic syndrome than the non-drinkers.  Panagiotakos (2007) found that alcohol 

intake was positively correlated with the metabolic syndrome (OR = 1.26, 95% CI = 

1.21-1.33).  In contrast, Lohsoonthorn et al. (2007) found that alcohol consumption 

was not significantly associated with the metabolic syndrome in males and females.  

Some studies showed that mild to moderate alcohol consumption was associated with 

lower prevalence of the metabolic syndrome, with a favorable influence on lipids, 

waist circumference, and fasting insulin (Freiberg et al., 2004), while the heavy 

alcohol consumption led to increased serum triglycerides (Rimm et al., 1999).  These 

different results might be due to the different characteristics of samples and method of 

data collection that lacked the direct measurement of alcohol consumption. 

The last significant factor was bakery product intake.  Bakery products 

consisted of high refined carbohydrate and high fat.  The diets with high refined 

carbohydrates were positively associated with the cardiovascular risk factors, and the 
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high consumption of fat was associated with adverse blood lipid profile (Yao et al., 

2003).  In this study, there was the significant relationship between bakery product 

intake and metabolic syndrome.  The participants who had bakery product intake 

more than 3 days per week were 5.24 times more likely to have the metabolic 

syndrome when compared with the participants who had bakery product intake 3 days 

and below per week.  The participants with and without metabolic syndrome had 

14.7% and 10.3% of consuming bakery product more than 3 days per week 

respectively.  The study of Anderson et al. (1991) showed that a small increase in 

soluble-fiber intake (~6 grams per day) from refined, wheat-based bakery product 

could decrease serum total cholesterol and LDL-C in hypercholesterolemic subjects.  

Additionally, Wirfalt et al. (2001) found that women who consumed refined bread had 

increased risk of hyperinsulinaemia, whereas the intake of high-fiber bread was 

associated with lower central obesity and dyslipidemia in men.  These results 

suggested that the consumption of high-fiber bakery product had adversely associated 

with the metabolic syndrome components, while a refined, low-fiber bakery product 

was favorable associated with the metabolic syndrome components. 

According to the present study, there were some factors of dietary pattern that 

were not significantly related to the metabolic syndrome.  The insignificant results 

might be due to the small sample size.  Increasing the number of participants may lead 

to better explanation on the relationship of dietary pattern and metabolic syndrome.  

This study was a cross-sectional study that the measurement of exposure and outcome 

were in the same period, so the study could not disclose the direct relationship 

between metabolic syndrome and associated dietary pattern.  In addition, there are 

several factors of lifestyle that influence on the developing metabolic syndrome    

such as physical inactivity, cigarette smoking, stress, knowledge of participants, etc.  
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Thus, the strategies for prevention and treatment of metabolic syndrome and for 

protecting the development of CVD and diabetes mellitus, should include lifestyle 

modification such as increased exercise combined with dietary habit modification.  

However, the dietary pattern is still an important factor that influences the presence of 

metabolic syndrome (Fappa et al., 2008). 

In this study, almost 50% of the participants had a large dinner, while only 

10% had a large breakfast.  This was a poor dietary behavior because dietary intake at 

breakfast appeared to be protective against metabolic syndrome, while a high load at 

dinner favored this syndrome (Esquirol et al., 2009).  In addition, Saiwongse et al. 

(2008) found that there was a significant relationship between the consumption of        

a large dinner and repeated dietary type and metabolic syndrome.  For other dietary 

behaviors, more than 50% of the participants in this study spent time on each meal 

less than 15 minutes.  Shin et al. (2009) found that the subjects with metabolic 

syndrome had approximately 2 times faster eating than those without metabolic 

syndrome.  This indicated that the faster eating was associated with the risk of 

metabolic syndrome.     

For beverage consumption, most participants had 6-8 glasses per day of water 

drinking.  The intake of water 1 liter or more per day was associated with significantly 

increased odds of recovering from metabolic syndrome over 12 months (OR = 3.9, 

95% CI = 1.7-8.8, p = 0.001) (Stookey, Gardner and Popkin, 2008).  Most participants 

had 1 glass and below per day of high-calorie juice intake.  The coffee was a popular 

beverage among the participants.  Hino et al. (2007) found that the intake of coffee 

was inversely associated with all components of the metabolic syndrome except 

HDL-C (p < 0.01).  Moreover, Dhingra et al. (2007) found that the consumption of    

≥ 1 soft drink per day was associated with increased odds of developing metabolic 
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syndrome (OR = 1.44, 95% CI = 1.20-1.74), obesity (OR = 1.31, 95% CI = 1.02-

1.68), increased waist circumference (OR = 1.30, 95% CI = 1.09-1.56), impaired 

fasting glucose (OR = 1.25, 95% CI = 1.05-1.48), higher blood pressure (OR = 1.18, 

95% CI = 0.96-1.44), hypertriglyceridemia (OR = 1.25, 95% CI = 1.04-1.51), and low 

HDL-C (OR = 1.32, 95% CI = 1.06-1.64).   

Regarding the frequency of dietary intake, most of the participants consumed 

the unhealthy diet (1-3 days per month) such as fatty meat, meat product, bakery 

product, fried food, coconut milk food, single-plate food, semi-instant food, salty 

processed food, high-sugar food, and snack.  For the healthy diet, most of them often 

consumed fruits and vegetables (more than 3 days per week) and seldom consumed 

whole grains.  Several studies indicated that the consumption of healthy diet was 

generally found to be associated with lower prevalence of metabolic syndrome, while 

the consumption of unhealthy diet appeared to be associated with increased risk of 

metabolic syndrome (Baxter et al., 2006; Pan et al., 2008).   

For the data of daily energy intake, there was no significant relationship 

between carbohydrate, fat, and protein intake and the metabolic syndrome.  It may be 

influenced by several factors.  The participants might have recall bias, especially type 

and amount of dietary intake that they could not remember or clearly estimate their 

dietary intake.  Thus, the data of energy intake might be under or overestimated.  

However, the single 24-hour dietary recall was useful for estimating the mean intake 

of population (Park et al., 2004).  

Several studies indicated that there were several factors (sedentary behavior, 

cigarette smoking, alcohol consumption, high fat and carbohydrate consumption, 

stress, etc.) that influenced the presence of metabolic syndrome.  The present study 

illustrated that there were 3 factors of dietary pattern including late night meal intake, 
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alcohol consumption more than 30 grams per day, and bakery product intake more 

than 3 days per week that were significantly related to the metabolic syndrome.  The 

dietary pattern is one of the important factors that play a role in increasing or 

decreasing the metabolic syndrome.  
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CHAPTER 6 

CONCLUSION 

 

This research was a cross-sectional study that determined the prevalence of 

metabolic syndrome and the relationship between dietary pattern and metabolic 

syndrome in population in Mueang District, Nakhon Ratchasima Province who 

received the annual health examination at Maharat Nakhon Ratchasima Hospital 

during December, 2008 through March, 2009.  There were 480 participants (230 

males and 250 females) enrolled in this study.  The data were collected from blood 

test, blood pressure measurement, waist circumference measurement, and self-

administered questionnaire.  The results showed that the prevalence of metabolic 

syndrome defined by the IDF was 15.4% (13.9% in males and 16.8% in females) and 

by the NCEP ATP III, with the modified waist circumference cut off points for an 

Asian population, was 17.9% (18.7% in males and 17.2% in females).  Males and 

females had no significant difference in the prevalence of metabolic syndrome 

defined by both criteria.  The analysis of the relationship between dietary pattern and 

metabolic syndrome by the multiple logistic regression showed that late night meal 

intake, alcohol consumption, and bakery product intake were significantly associated 

with the metabolic syndrome.  Thus, the population should avoid late night meal 

intake and should have the appropriate consumption of alcohol and the products with 

high carbohydrate and fat.  The present study illustrated that the metabolic syndrome 

was a health problem found in urban population, and the dietary pattern was an 

important factor for the risk of developing metabolic syndrome. 
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Recommendations for further study 

1. The sample size should be increased for better explanation of some factors that  

are related to the metabolic syndrome.  

2. The data collection of the 24-hour dietary recall may use the multiple replicate  

24-hour dietary recall and the data of food frequency questionnaire may be 

recalled for longer period so as to decrease the error of dietary assessment.   

3. The study should be designed for representation of all population in Mueang 

District, Nakhon Ratchasima Province. 
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แบบสอบถาม 
 

โครงการวิจัยเรื่อง     “ความสัมพันธระหวางแบบแผนการบริโภคอาหารและกลุมอาการ 
           เมแทบอลิกของประชากรในอําเภอเมือง จังหวัดนครราชสีมา” 

 

คําชี้แจง 
 โครงการวิจัยนี้ เปนสวนหนึ่งของวิทยานิพนธระดับปริญญาโท ภาควิชาอาหารและ     
เภสัชเคมี คณะเภสัชศาสตร จุฬาลงกรณมหาวิทยาลัย โดยมีการเก็บขอมูลผลการตรวจสุขภาพ และ
ขอมูลเกี่ยวกับแบบแผนการบริโภคอาหารของผูท่ีเขารับการตรวจสุขภาพจากโรงพยาบาลมหาราช
นครราชสีมา  ทานเปนผูหนึ่งที่ไดรับคัดเลือกใหเปนกลุมตัวอยางของงานวิจัยในคร้ังนี้  ผูวิจัยจึง   
ขอความกรุณาจากทาน…  

1. ลงนามแสดงความยินยอมใน “ใบยินยอมดวยความสมัครใจ” เพื่อใหผูวิจัยสามารถนํา     
ผลการตรวจสุขภาพของทาน (ผลการตรวจรางกาย ผลการตรวจเลือด และขอมูลตางๆ ท่ี 
ไดจากการตอบแบบสอบถาม) มาใชวิเคราะหในโครงการวิจัยนี้ 

2. ขอใหท านตอบแบบสอบถาม  โดยโปรดตอบใหครบทุกขอตามความเปนจริง 
แบบสอบถามนี้ ประกอบดวย 5 สวน ไดแก 

        สวนที่ 1   ขอมูลการประเมินกลุมอาการเมแทบอลิก (สําหรับผูวิจยั)  ทานไมตองตอบ  
       สวนท่ี 2   ขอมูลทั่วไป มี 15 ขอ 
        สวนท่ี 3   ขอมูลแบบแผนการบริโภคอาหาร มี 9 ขอ 
        สวนท่ี 4   แบบบันทึกความถ่ีในการบริโภคอาหาร มี 13 ขอ 
       สวนท่ี 5   แบบบันทึกการบริโภคอาหารยอนหลัง 24 ช่ัวโมง   

 

ท้ังนี้ ผลการตรวจสุขภาพของทาน ผูวิจัยจะติดตามจากโรงพยาบาลมหาราชนครราชสีมา
ดวยตนเอง  ผูวิจัยขอรับรองวาขอมูลของทานจะถูกเก็บเปนความลับ และจะนําเสนอผลการวิจัยใน
ลักษณะภาพรวมเทานั้น  ผูวิจัยขอขอบคุณทุกทานท่ีใหความรวมมือมา ณ โอกาสนี้ 

    

เภสัชกรหญิงรัชฎา สุธาดารัตน 
                                  นิสิตปริญญาโท  ภาควิชาอาหารและเภสัชเคมี  

    คณะเภสัชศาสตร  จุฬาลงกรณมหาวิทยาลัย 

 

โปรดกรอกขอมูล     วันท่ี ………/………..……../…….……  ตัวอยางท่ี   
 

 
 

ชื่อ (นาย/ นาง/ นางสาว) ..................................................... นามสกุล ..............................................        
ท่ีอยูปจจุบัน บานเลขท่ี ............... หมู ……...... ซอย .......................... ถนน ....................................
ตําบล .................................. อําเภอ .................................. จังหวัด ...................................................
รหัสไปรษณีย ............................... เบอรโทรศัพทท่ีติดตอได ........................................................... 
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สวนที่ 1  ขอมูลการประเมินกลุมอาการเมแทบอลิก  (สําหรับผูวิจยั)                 
 

ตัวชี้วดั เกณฑการวนิิจฉัยกลุมอาการ 
เมแทบอลิก ตาม NCEP ATP III 

เกณฑการวนิิจฉัยกลุมอาการ 
เมแทบอลิก ตาม IDF  

การวินจิฉัยกลุมอาการเมแทบอลิก code 
NCEP ATP III IDF 

1)  เขาเกณฑ 2) ไมเขาเกณฑ 1) เขาเกณฑ 2)  ไมเขาเกณฑ NCEP 
ATPIII 

IDF 

1)  WC  ………… cm ชาย  90 cm, หญิง  80 cm ชาย  90 cm, หญิง  80 cm       

2)  FPG ………… mg/dl  100 mg/dl หรือ type 2 DM   100 mg/dl หรือ type 2 DM       

3)  TG   ………… mg/dl  150 mg/dl หรือ ไดรับยา  150 mg/dl หรือ ไดรับยา       

4)  HDL-C……… mg/dl ชาย  40 mg/dl, หญิง  50 mg/dl 
หรือ ไดรับยา                         

ชาย  40 mg/dl, หญิง  50 mg/dl 
หรือ ไดรับยา  

      

5)  BP   ………… mmHg  130/85 mmHg หรือ ไดรับยา  130/85 mmHg หรือ ไดรับยา       

                                                                                                        ผลการประเมินกลุมอาการเมแทบอลิก       

อื่นๆ  :   น้ําหนัก ……… kg    
          :   สวนสูง …….... cm     
          :   BMI ……......... kg/m2            1)  18.50 kg/m2              2) 18.50 – 22.99 kg/m2   

       3) 23.00 – 24.99 kg/m2     4) 25.00 – 29.99 kg/m2          5)  30.00 kg/m2    
          :   Total cholesterol……….mg/dl           1)  200 mg/dl                  2)  200 mg/dl                 
          :   LDL-C……….mg/dl        1)  130 mg/dl               2)  130 mg/dl 77 
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สวนท่ี 2  ขอมูลท่ัวไป 
 

   คําช้ีแจง   โปรดใสเคร่ืองหมาย  ลงในชอง   หรือเติมขอความลงในชองวาง 
          

1. เพศ               
  1)  ชาย                    2)  หญิง 

  

2. อายุ …………  ป 
 

3. สถานภาพสมรส            
  1)  โสด                2)  คู/สมรส         3)  หยา/แยก/หมาย 

4. ระดับการศึกษา    
  1)  ไมไดเรียนหนังสือ             2)  ประถมศึกษา    3)  มัธยมตน/ปวช.             
  4)  มัธยมปลาย/ปวส.               5)  ปริญญาตรี    6)  สูงกวาปริญญาตรี 
  7)  อ่ืนๆ ระบุ ……………………………. 

5. อาชีพ  
      1) ขาราชการ/พนักงานรัฐวิสาหกิจ     2) ลูกจาง           3) แมบาน/เกษียณ                                    
      4) ธุรกิจสวนตัว/คาขาย             5) อ่ืนๆ ระบุ……………………  
6. รายไดเฉล่ียตอเดือน    

 1) ต่ํากวา 5,000 บาท              2) 5,000-10,000 บาท            3) 10,001-20,000 บาท    
 4) 20,001-30,000 บาท            5) 30,001-40,000 บาท    6) 40,001 บาท ข้ึนไป 

 

7. โดยปกติ การทํางานของทานมี อิริยาบถสวนใหญ เปนแบบใด 
 1) นั่งหรือยนื อาจเดนิบางแตไมเกนิคร้ังละ 10 นาที         
 2) ออกแรงปานกลาง (ออกแรงจนหายใจเร็วข้ึน เหนื่อยเล็กนอย) ตั้งแตคร้ังละ 10 นาทีข้ึนไป      
 3) ใชกําลังมาก หรือยกส่ิงของท่ีมีน้ําหนักมาก ตั้งแตคร้ังละ 10 นาทีข้ึนไป 
 4) ไมไดทํางาน 

8. โดยปกติ ทานออกกําลังกายหรือไม 
 1) ไมไดออกกําลังกาย             2) 1-2 วันตอสัปดาห        3)  3 วันตอสัปดาห           
 4)  4 วันตอสัปดาห          5)  5 วนัข้ึนไปตอสัปดาห  

 

(ถามี) ชนิดของการออกกําลังกาย คือ ………………..…………….. คร้ังละ ................... นาที 
 

9. ปกติ ทานเดนิทางไปทํางาน ไปธุระนอกบาน ดวยวิธีใด 
 1) นั่งรถ อาจเดินบางแตไมเกินคร้ังละ 10 นาที       
 2) เดินเทาหรือข่ีจักรยานอยางตอเนื่องเปนเวลาตั้งแต 10 นาทีข้ึนไป สัปดาหละ…..…วัน 
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10.  ทาน นอนหลับ พักผอน วนัละ …………… ช่ัวโมง 
 

11.  ทานสูบบุหร่ี หรือไม     
  1) ไมเคยสูบ             2) เคยสูบ แตเลิกแลว 
  3) สูบ จํานวน…....มวนตอวัน 

 

12.  ปจจุบันทานควบคุมนํ้าหนักตัวหรือไม  
  1)  ไมเคยควบคุมน้ําหนกัตัว    2)  ควบคุมดวยวิธีการลดปริมาณอาหาร 
  3)  ควบคุมดวยวิธีการอดอาหาร   4)  ควบคุมดวยวิธี ระบุ……………….. 

 

13.  ปจจุบันทานรับประทานยารักษาโรคใดบาง  
  1) โรคความดันโลหิตสูง    2) โรคเบาหวาน     
  3) โรคไขมันในเลือดสูง      4) โรคอ่ืนๆ ระบุ.................................... 
  5) ไมมี            

 

14.  ทานรับประทานผลิตภัณฑเสริมอาหารหรือวิตามินบํารุงหรือไม 
  1) ไมรับประทาน 
  2) รับประทาน เพื่อ…………………………… 
 

15.  ทานมีญาติสายตรงเปนโรคตอไปนี้หรือไม  โปรดระบุวาเปนใคร  

 

 1) โรคความดันโลหิตสูง   
 2) โรคเบาหวาน  
 3) โรคไขมันในเลือดสูง     
 4) อ่ืนๆ ระบุ.......................... 
 5)  ไมมี  

  
สวนท่ี 3  ขอมูลแบบแผนการบริโภคอาหาร 
 

    คําช้ีแจง   โปรดใสเคร่ืองหมาย  ลงในชอง   หรือเติมขอความลงในชองวาง 
 

1. ปกติทานรับประทานอาหารม้ือใดบาง                                                                                             
   1)  ม้ือเชา     2)  อาหารวางเชา     3)  ม้ือกลางวัน  
   4)  อาหารวางบาย     5)  ม้ือเย็น      6)  ม้ือดึก 

 

2. ปกติทานรับประทานอาหารม้ือใด ในปริมาณมากท่ีสุด 
  1)  ม้ือเชา         2)  ม้ือกลางวัน         3)  ม้ือเย็น            
  4)  ม้ืออ่ืนๆ ระบุ ………………………… 

พอแม      
 
 
 
 
 

พี่นอง 
 
 
 
 
 

ปูยา     
 
 
 
 
 

ตายาย 
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3. ทานชอบรับประทานอาหารที่ปรุงดวยวิธีใดมากท่ีสุด 
  1)  ทอด         2)  ผัด              3)  ลวก/ตม/อบ  
  4)  ปง/ยาง        5)  อ่ืนๆ ระบุ............................ 

 

4. ทานชอบรับประทานอาหารรสชาติใดมากที่สุด         
  1)  เค็ม          2)  หวาน         3)  เปร้ียว 
  4)  จืด           5)  เผ็ด            6)  อ่ืนๆ ระบุ .................. 

 

5. โดยสวนใหญ ทานรับประทานอาหารแบบใด (ตอบไดมากกวา 1 ขอ)                      
   1)  ปรุงอาหารเองท่ีบาน   
   2)  ซ้ืออาหารปรุงสําเร็จมารับประทานท่ีบาน 
   3)  รับประทานอาหารนอกบาน  
   4)  อ่ืนๆ ระบุ .............................................. 

 

6. ทานดื่มน้ําเปลาวันละประมาณเทาใด                           
  1)  นอยกวา 6 แกวตอวัน            
  2)  6-8 แกวตอวนั   
  3)  มากกวา 8 แกวตอวัน 

 

7. ทานดื่มเคร่ืองดื่มแอลกอฮอล หรือไม  
  1)  ไมดื่ม          
  2)  ดื่มแอลกอฮอล     ชนิดใดบาง 

            2.1)  เบียร สัปดาหละ …..…… แกว (360ซีซี)        
   2.2)  สุรา  สัปดาหละ …..…… แกว (45ซีซี)      
   2.3)  ไวน  สัปดาหละ …..…… แกว (150ซีซี) 
   

8. เคร่ืองดื่มชนิดใดท่ีทานมกัดืม่เปนประจํา (ตอบไดมากกวา 1 ขอ) 
  1)  น้ําอัดลม  สัปดาหละ ………… แกว  
  2)  ชา/กาแฟ  สัปดาหละ ………… แกว 
  3)  น้ําผลไม   สัปดาหละ ………… แกว 
  4)  อ่ืนๆ ระบุ…………..………… สัปดาหละ ….…. แกว 

 

9. โดยปกติ การรับประทานอาหารของทานเปนแบบใด (ตอบไดมากกวา 1 ขอ) 
  1)  มักรับประทานอาหารซํ้าๆ กันทุกวัน 
  2)  รับประทานอาหารมื้อเย็นหางจากเวลานอน นอยกวา 4 ช่ัวโมง 
  3)  ใชเวลาในการรับประทานอาหารแตละม้ือ 15 นาทีข้ึนไป 

เหลา 
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สวนท่ี 4   แบบบันทึกความถี่ในการบริโภคอาหาร  
 

   คําช้ีแจง    ในระหวาง 1 เดอืนท่ีผานมา ทานรับประทานอาหารตางๆ เหลานี้ บอยครั้งเพียงใด   
      โปรดใสเคร่ืองหมาย  ลงในชองวาง แตละขอเลือกเพียงคําตอบเดียว 

 

 4 วันขึ้นไป 
ตอสัปดาห 

1 - 3 วัน 
ตอสัปดาห 

1 - 3 วัน 
ตอเดือน

ไมเคย 

1. เนื้อสัตวปนมนั/หนังสัตว เชน หมูสามช้ัน หมูกรอบ    
หนังหมู ฯลฯ 

    

2. ผลิตภัณฑจากสัตว เชน เคร่ืองในสัตว ไขแดง 
กุนเชียง ไสกรอก หมูยอ แหนม แฮม เบคอน ฯลฯ 

    

3. อาหารที่มีแปง-เนยสูง เชน ขนมปงทาเนย เคก คุกกี้
โดนัท ฯลฯ  

    

4. อาหารทอด อาหารมัน เชน หมูทอด ไกทอด ไขเจยีว 
ทอดมัน ฯลฯ 

    

5. อาหารใสกะทิ เชน แกงใสกะทิ ขนมหวานใสกะทิ     

6. ผักตางๆ เชน ผักใบเขียว ฯลฯ     

7. ผลไมตางๆ เชน สม มะละกอ ฝร่ัง แอปเปล ฯลฯ     

8. ธัญพืชไมขัดสี เชน ขาวกลอง ขนมปงโฮลวีท งา  
ลูกเดือย ฯลฯ  

    

9. อาหารจานเดยีว เชน ขาวมันไก ขาวขาหมู หอยทอด    
ผัดไท ฯลฯ 

    

10.  อาหารกึ่งสําเร็จรูป เชน บะหม่ีกึ่งสําเร็จรูป                   
 โจกกึ่งสําเร็จรูป ฯลฯ 

    

11.  อาหารแปรรูปประเภทใสเกลือเปนหลัก เชน              
       เนื้อเค็ม ปลาเค็ม ไขเค็ม ปลารา กะป ผัก-ผลไมดอง 

    

12.  อาหารที่มีน้ําตาลสูง เชน ขนมหวาน ผลไมแชอ่ิม     

13.  ขนมสําหรับกนิเลน เชน มันฝร่ังทอด ถ่ัวทอด              
 ขาวเกรียบกุง กลวยแขก ปาทองโก ฯลฯ 
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สวนท่ี 5   แบบบันทึกการบริโภคอาหารยอนหลัง 24 ชั่วโมง 
คําช้ีแจง   กรุณาบันทึก อาหาร เคร่ืองดื่ม และขนมทุกชนิด ท่ีทานรับประทานเม่ือวานนี้ตลอดท้ังวัน   

        

       วันท่ีบันทึก ………….  เดือน ……..……………..  พ.ศ. ……………… 

มื้ออาหาร สถานที่
รับประทาน 

รายการอาหาร สวนประกอบ  
(คราวๆ) 

ปริมาณที่รับประทาน 
(ระบุเปนหนวยที่ใชในครัวเรือน 
เชน ถวย ทัพพี ชอนโตะ ชอนชา 
แกว มิลลิลิตร ชิ้น ลูก ผล ฯลฯ)

ตัวอยาง  
มื้อเย็น รานอาหาร กวยเต๋ียวปลา เสนใหญ 2 ทัพพี

   เนื้อปลา 4 ชอนโตะ
   ถั่วงอก 1 ทัพพี

 
  

เชา 

  
 
 

  

 
 

กลางวัน 

    

 
 

เย็น 

    

 
คํ่า หรือ 
อาหารวาง 

    

 อาหารที่รับประทาน    เหมือนปกต ิ    นอยกวาปกติ เพราะ ……………………………............. 
            มากกวาปกติ เพราะ ……………………………................................................ 
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ภาพตัวอยางเพื่อใชกะประมาณปริมาณอาหารท่ีรบัประทาน 
สําหรับบันทกึการบริโภคอาหารยอนหลัง 24 ชั่วโมง 

(ระบุเปนหนวยท่ีใชในครัวเรือน เชน ถวย ทัพพี ชอนโตะ ชอนชา แกว มิลลิลิตร ช้ิน ลูก ผล ฯลฯ)
  

          
                  กลุมขาว-แปง  เชน           กลุมเนื้อสัตว เชน เนือ้สัตว 1 ชอนกินขาว = ปลาทู ½ ตัว     
       ขาวสวย 1 ทัพพี = 5 ชอนกินขาว      = ไข ½ ฟอง = ตับ 1 ชอนกินขาว = ลูกช้ิน 2 ลูก เปนตน 
   

                     
กลุมผัก เชน ผัก 1 ทัพพ ี      กลุมผลไม  ผลไม 1 สวน = ผลไมขนาดเล็ก 6-8 ผล (เชน ลําไย องุน)     

     = ผลไมขนาดกลาง 1-2 ผล (เชน ชมพู สม) = ผลไมขนาดใหญ 6-8 ช้ิน   
     (เชน มะมวง มะละกอ แตงโม สับปะรด)  

                                                        

                                
กลุมนม เชน นม 1 กลอง   กลุมเคร่ืองดื่ม เชน เบียร 1 แกว   กลุมขนมกินเลน เชน ปาทองโก 1 ตัว 

 

ภาพแสดง:  ตัวอยางอาหารสําหรับประมาณปริมาณอาหารท่ีบริโภค (Damapong, 2007) 
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Appendix B 

 Approval of certificate from Maharat Nakhon Ratchasima Hospital 

 Information sheet for participants 

 Consent form 
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เอกสารแนะนําสําหรับผูเขารวมการวิจัย 
1. ชื่อโครงการวิจัย 

 (ภาษาไทย) ความสัมพันธระหวางแบบแผนการบริโภคอาหารกับกลุมอาการเมแทบอลิก 
ของประชากรในอําเภอเมือง จังหวัดนครราชสีมา  

(ภาษาอังกฤษ) RELATIONSHIP BETWEEN DIETARY PATTERN AND METABOLIC 
SYNDROME IN POPULATION IN MUEANG DISTRICT, NAKHON 
RATCHASIMA PROVINCE                                  

2. ชื่อผูวิจัย         ภ.ญ. รัชฎา  สุธาดารัตน  ตําแหนง   เภสชักร 
3. สถานท่ีปฏิบัติงาน กลุมงานเภสัชกรรม  โรงพยาบาลมหาราชนครราชสีมา 

โทรศัพท  ที่ทํางาน     0-4423-5078       เคลื่อนท่ี     08-4036-0973 
4. เนื้อหาสาระของโครงการวิจัยและความเกี่ยวของกับผูเขารวมการวิจัย ไดแก 

4.1 เหตุผลและความจําเปนท่ีตองทําการศึกษาวิจัย 
กลุมอาการเมแทบอลิก หรือโรคอวนลงพุง คือ การมีความผิดปกติตางๆ ไดแก เสนรอบเอว

เกินมาตรฐาน ระดับน้ําตาลในเลือดสูง ระดับไตรกลีเซอไรดในเลือดสูง ระดับเอช-ดี-แอล 
คอเลสเตอรอลในเลือดตํ่า และความดันโลหิตสูง  ผูที่มีความผิดปกติ 3 ใน 5 อยางนี้ ถือวาเปนโรค
อวนลงพุง ซึ่งเปนปจจัยเสี่ยงท่ีทําใหเกิดโรคหัวใจและหลอดเลือด และโรคเบาหวาน ตามมาได  
ปจจุบันพฤติกรรมการบริโภคอาหารของคนไทยเปลี่ยนแปลงไปจากเดิม โดยเฉพาะคนในเขตเมือง
มีการบริโภคเนื้อสัตว แปง และไขมันเพิ่มขึ้น แตบริโภคผักและผลไมลดลง ทําใหมีความเสี่ยงตอ
การเกิดโรคอวนลงพุงมากขึ้น  จากรายงานการวิจัยพบวาผูที่ รับประทานอาหารม้ือเย็นมาก 
รับประทานปลานอย และรับประทานอาหารซ้ําซาก มีโอกาสเสี่ยงตอการเกิดโรคหัวใจและหลอด
เลือดเพิ่มขึ้น สวนผูที่รับประทานแบบเนนเนื้อสัตวโดยลดปริมาณขาว มีโอกาสเสี่ยงตอการมีไขมัน
สะสมบริเวณหนาทองมากท่ีสุด จากที่กลาวมาจะเห็นวาพฤติกรรมการบริโภคอาหารเปนปจจัยท่ีมี
ความสําคัญตอการเกิดโรคอวนลงพุง  การวิจัยนี้จึงทําการสํารวจความชุกของโรคอวนลงพุง และ
แบบแผนการบริโภคอาหารที่มีผลตอการเกิดโรคอวนลงพุงของประชากรในอําเภอเมือง จังหวัด
นครราชสีมา เพื่อใชเปนขอมูลพื้นฐานทางโภชนาการสําหรับการรณรงคสงเสริมสุขภาพของ
ประชาชนตอไป 
4.2 วตัถุประสงคของการวิจัย  

เพื่อศึกษาความชุกของกลุมอาการเมแทบอลิก และความสัมพันธระหวางแบบแผนการบริโภค
อาหารกับกลุมอาการเมแทบอลิกของประชากรในอําเภอเมือง จังหวัดนครราชสีมา 
4.3 วิธีการศึกษาวิจัย 

ผูวิจัยขอใหทานปฏิบัติตามขั้นตอน ดังนี้ 
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1) ขอใหทานลงนามแสดงความยินยอมเขารวมโครงการวิจัยใน “ใบยินยอมดวยความสมัคร
ใจ” เพื่อใหผูวิจัยสามารถนําผลการตรวจสุขภาพของทาน (ผลการตรวจรางกาย ผลการ
ตรวจเลือด และขอมูลตางๆ  ที่ไดจากการตอบแบบสอบถาม) มาใชวิเคราะหใน
โครงการวิจัยนี้ 

2) ทานทําการตอบแบบสอบถามขอมูลท่ัวไป ขอมูลแบบแผนการบริโภคอาหาร ขอมูล
ความถี่ในการบริโภคอาหาร และบันทึกการบริโภคอาหารยอนหลัง 24 ช่ัวโมง 

3) ทานเขารับการตรวจสุขภาพประจําป โดยดําเนินการตามขั้นตอนท่ีไดรับการช้ีแจงจาก
เจาหนาที่ของโรงพยาบาลมหาราชนครราชสีมา 

4) ผูวิจัยจะติดตามผลการตรวจสุขภาพจากแฟมประวัติของทาน ณ โรงพยาบาลมหาราช
นครราชสีมา ดวยตนเอง 

4.4 ระยะเวลาท่ีผูเขารวมการวิจัยตองเกี่ยวของในการศึกษาวิจัย 
1 วัน (วันท่ีเขารับการตรวจสุขภาพ) 

4.5 ประโยชนท่ีคาดวาจะไดรับ  
ไดขอมูลความชุกของกลุมอาการเมแทบอลิกของประชากรในอํา เภอเมือง  จังหวัด

นครราชสีมา และแนวโนมการบริโภคอาหารที่ทําใหเกิดหรือปองกันการเกิดกลุมอาการ               
เมแทบอลิก ซึ่งใชเปนแนวทางในการรณรงคสงเสริมการบริโภคอาหารเพื่อสุขภาพที่ดีตอไป 
4.6 ความเส่ียง  ความไมสบาย  และผลขางเคียงท่ีอาจเกิดขึ้น  

ไมมี เนื่องจากการวิจัยนี้เปนการตอบแบบสอบถาม และผลการตรวจสุขภาพ ผูวิจัยจะติดตาม
จากแฟมประวัติของทาน ณ โรงพยาบาลมหาราชนครราชสีมา 
4.7 การรักษาความลับของบันทึกทางการแพทย  และขอมูลการศึกษาวิจัย 

ขอมูลของทานจะถูกเก็บเปนความลับ และจะเปดเผยในรูปสรุปผลการวิจัยหรือเปดเผยตอผูมี
หนาท่ีที่เก่ียวของกับการสนับสนุนและกํากับดูแลการวิจัยเทานั้น 
4.8 คาใชจายและคาชดเชย 

ไมมี 
4.9 สิทธิในการถอนตัวออกจากการศึกษาวิจัย  

ทานมีสิทธิบอกเลิกการเขารวมโครงการวิจัยนี้เม่ือใดก็ได โดยไมมีผลตอการรักษาโรคท่ีทาน
จะไดรับตอไป 
4.10 การสอบถามขอสงสัย 

  ในกรณีที่มีปญหาหรือขอสงสัย ทานสามารถติดตอผูวิจัย :  
        เภสัชกรหญิง รัชฎา สุธาดารัตน  กลุมงานเภสัชกรรม โรงพยาบาลมหาราชนครราชสีมา     
       โทรศัพทที่ทาํงาน    0-4423-5078     โทรศัพทเคลื่อนท่ี    08-4036-0973 (ติดตอได 24 ช่ัวโมง) 
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ใบยินยอมดวยความสมัครใจ 
 

การวิจัยเร่ือง (ภาษาไทย) ความสัมพันธระหว างแบบแผนการบริโภคอาหารกับกลุม   
อาการเมแทบอลิกของประชากรในอําเภอเมือง จังหวัดนครราชสีมา 

                     (ภาษาอังกฤษ) 
 
 
 

วันท่ีใหความยนิยอม 

RELATIONSHIP BETWEEN DIETARY PATTERN AND 
METABOLIC SYNDROME IN POPULATION IN MUEANG
DISTRICT, NAKHON RATCHASIMA PROVINCE  
 

วันท่ี.................... เดือน.......................................... พ.ศ. ................... 
  

กอนท่ีจะลงนามในใบยินยอมใหทําการวิจัยนี้ ขาพเจาไดรับการอธิบายจากผูวิจัยถึง
วัตถุประสงคของการวิจัย วิธีวิจัย รวมท้ังประโยชนท่ีเกิดข้ึนจากการวิจัยอยางละเอียด  และมีความ
เขาใจดีแลว 

ผูวิจัยรับรองวาจะตอบคําถามตางๆ ท่ีขาพเจาสงสัยดวยความเต็มใจ ไมปดบัง ซอนเรน 
จนขาพเจาพอใจ 

ขาพเจามีสิทธิท่ีจะบอกเลิกการเขารวมในโครงการวิจัยนี้ เ ม่ือใดก็ได และเขารวม
โครงการนี้โดยสมัครใจ และการบอกเลิกการเขารวมการวิจัยนี้ จะไมมีผลตอการรักษาโรคท่ี 
ขาพเจาจะไดรับตอไป 

ผูวิจัยรับรองวาจะเก็บขอมูลเฉพาะเกี่ยวกับตัวขาพเจาเปนความลับและจะเปดเผยได
เฉพาะสรุปผลการวิจัย หรือการเปดเผยขอมูลตอผูมีหนาท่ีท่ีเกี่ยวของกับการสนับสนุนและกํากับ
ดูแลการวิจัยเทานั้น 
    ในการวิจัยคร้ังนี้ ขาพเจายอมใหผูวิจัยนําผลการตรวจรางกาย ผลการตรวจเลือด และ
ขอมูลตางๆ ท่ีไดจากการสัมภาษณหรือการตอบแบบสอบถามการวิจัย  มาใชวิ เคราะหใน
โครงการวิจัยนี้ 

ขาพเจาไดอานขอความขางตน และมีความเขาใจดีทุกประการ  และไดลงนามใน          
ใบยินยอมนี้ดวยความเต็มใจ 

 

ลงนาม ………………………………………………… ผูยินยอม 
           (................................................................) ช่ือตัวบรรจง 

             วันท่ี …….. เดือน ……….…….. พ.ศ…..…… 
  ลงนาม ………………………………………………… ผูวิจัย 
  ลงนาม ………………………………………………… พยาน 

               ลงนาม ………………………………………………… พยาน 
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Data analyses 

The data analyses used in this study included: 

 

1. Content validity test 

The content validity test is one of the questionnaire’s quality examination.  In this 

study, all parts of questionnaire were proved by 5 experts for testing content validity.  

Then, the questionnaire was revised for clearer content and suitability according to the 

experts’ recommendations.  Finally, the questionnaire was divided into 5 parts that 

consisted of part 1: metabolic syndrome assessment (5 items), part 2: demographic 

characteristics (15 items), part 3: dietary pattern (9 items), part 4: food frequency 

questionnaire (13 items), and part 5: the 24-hour dietary recall. 

 

2. Reliability test 

The reliability test is one of the questionnaire’s quality examination.  The 

Cronbach’s alpha is a popular technique for reliability test.  The Cronbach’s alpha 

normally ranges between 0-1 and the acceptable reliability of questionnaire should 

have the Cronbach’s alpha more than 0.70 (George and Mallery, 2003).  In this study, 

the reliability of food frequency questionnaire was tested with the group of 30 persons 

who had similar characteristics to the study samples.  The reliability was presented by 

Cronbach’s alpha that was 0.75.  This value indicated that the food frequency 

questionnaire had an acceptable reliability.  Therefore, this questionnaire was suitable 

for data collection. 
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3. Boxplot analysis 

In this study, the 24-hour dietary recall was used for estimating the total daily 

energy intake and its distribution.  The standard household measuring cups and 

spoons and food pictures were used to assist in the estimating the portion sizes.  

However, the data obtained from the 24-hour dietary recall may have under or over-

report because the participants could not remember or clearly estimate their dietary 

intakes.  Thus, the boxplot analysis was used for excluding the unreliable total energy 

intake data that were extreme outlier (more than third quartile + 3 interquartile range 

or less than first quartile - 3 interquartile range).  The result showed that no participant 

reported the unreliable total energy intake data (Figure C-1).  Thus, the data of all 

participants could be taken into the analysis. 

 

 
 

      
            Figure C-1  The boxplot analysis 

 

energy intake (kcal)

mild outlier

third quartile (Q3)  

first quartile (Q1)  
median  interquartile range 

IQR = Q3 - Q1 

extreme outlier

Q3 + 1.5 IQR  

Q3 + 3 IQR  
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4. Multicollinearity test 

For the multiple logistic regression analysis, there is the condition that the 

predictive variables should not have multicollinearity.  The multicollinearity makes it 

difficult to determine whether predictor is important in a regression equation.  

Therefore, multicollinearity among predictive variables was assessed by tolerance and 

variance inflation factor (VIF).   

Tolerance (1-R2) was used to examine the strength of the linear relationship 

among predictive variables that was used as a measure of collinearity.  The tolerance 

of 0 indicates a perfect collinearity that can range from 0.00-1.00, whereas the 

tolerance values of 0.10 or less means that multicollinearity may be a problem.   

VIF is the index for analysis of multicollinearity.  It measures the effect of other 

predictive indicators on regression coefficient.  VIF is inversely related to the 

tolerance value.  A usual threshold of VIF values is 10.0.  This value corresponds to a 

tolerance of 0.10 that indicates a high degree of collinearity or multicollinearity 

among the independent variables (Temcharoen, 2001).   

In this study, the results showed that all predictive variables had no 

multicollinearity, tolerance was higher than 0.10 and VIF was lower than 10.0   

(Table C-1). 
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Table C-1  Multicollinearity test by tolerance and VIF among predictive variables 

 Collinearity statistics 

Variables Tolerance VIF 

Number of meals per day .792 1.263 

Late night meal intake .725 1.379 

Large meal intake .869 1.150 

Favorite cooking method .837 1.195 

Favorite taste .809 1.236 

Meal-made pattern .834 1.200 

Repeated dietary type intake .750 1.333 

Time between dinner and bedtime .815 1.227 

Time spent on each meal .803 1.246 

Alcohol consumption .800 1.250 

Water intake .861 1.162 

High-calorie juice intake .832 1.202 

Fatty meat intake .687 1.456 

Meat product intake .730 1.371 

Bakery product intake .703 1.422 

Fried food intake .545 1.834 

Coconut milk food intake .561 1.782 

Vegetable intake .708 1.412 

Fruit intake .704 1.420 

Whole grain intake .883 1.133 

Single-plate food intake .701 1.427 

Semi-instant food intake .730 1.370 

Salty processed food intake .732 1.365 

High-sugar food intake .708 1.412 

Snack intake .554 1.806 

Calorie from carbohydrate .707 1.415 

Calorie from protein .683 1.464 

Calorie from fat .890 1.124 

   VIF - variance inflation factor 
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5. The equation for prediction of the metabolic syndrome 

In present study, the equation had accuracy of prediction 88.3%.  The equation 

was as follow:   

 

Probability of metabolic syndrome    =                                   

 

While    X1    = late night meal intake  

(0  =  no,  1  =  yes) 

  X2      =         alcohol consumption 

                       (0  =  no drinking,  1  =  drinking  30 grams per day) 

  X3      =    frequency of bakery product intake                         

(0  =  ≤ 3 days per week,  1  =  > 3 days per week) 

 

Example of the equation  

1)   The data of case number 15 were taken to test in the equation  

Probability of metabolic syndrome         =              

 

=    

          

         = 

 

      =  0.06  
 

Regarding the equation, the participants with metabolic syndrome must have the 

probability of metabolic syndrome more than 0.50.  The probability of metabolic 

syndrome of this case was 0.06.  Therefore, the equation predicted that this case had 

not the metabolic syndrome.  This result was accurate because this participant was not 

classified in the metabolic syndrome group.   

             1    
       (1+ 17.12) 

             1    
       (1+ e 2.84) 

                              1    
       1+ e - (-2.84 + 2.22 X1 + 1.27 X2 + 1.66 X3) 

                              1    
         1+ e - (-2.84 + 2.22(0) + 1.27(0) + 1.66(0)) 
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2)   The data of case number 341 were taken to test in the equation 

       Probability of metabolic syndrome       =                          

 

   =    

 

         = 

  

         =  0.35 

The probability of metabolic syndrome of this case was 0.35.  Therefore, the 

equation predicted that this case had not the metabolic syndrome.  This result was 

inaccurate because this participant was classified in the metabolic syndrome group.  

This equation may predict accurately or inaccurately because its accuracy of 

prediction is 88.3%.   

 

 

 

 

 

 

 

 

 

 

 

 

 
 

              1    
        (1+ 1.86) 

             1    
       (1+ e 0.62) 

                              1    
        1+ e - (-2.84 + 2.22(1) + 1.27(0) + 1.66(0)) 
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