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CHAPTER 1

INTRODUCTION

1.1  Background and Rationale

The metabolic.syndrome is a.cluster of imetabolic abnormalities such as
abdominal obesity, hyperglycemia, dyslipidemia, and hypertension (Grundy et al.,
2005). The report of Thailand population health examination survey 111 in population
aged 15 years and oveishowed that the prevalence of abdominal obesity was 15.0%
in males and 36.0% in females, hyperglycehia_ 15.4% in males and 10.6% in females,
dyslipidemia 14.0%n males;iand 17.0% ir;”':ferhales, and hypertension 23.0% in males
and 21.0% in females/(Ministry of Public”H?aft—h, Health System Research Institute,
2006). These diseases were the componeﬁf;j ,(_)f Jr.petabolic syndrome that associated
with increased risk of developing cardiovascgiar :jisease (CVD) and type 2 diabetes,
which were the"major cauéésr bf mortality and -h:(;axlth problemfof non-communicable
chronic diseasés 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 lranian (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



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 (Wilaisakunyeng, Deeying and Wongthimakern, 2007).

The exact gtiology.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;nt.t;e major importance for prevention and
treatment of the metabolic'syndrome (Feldeiséh and Tucker, 2007). The consumption
of high fat diet, high carbohydrate diet, saltvy_diet, sweetened beverage, and diets low
in fruits, vegetables and whole:grains associate with increasing of metabolic
syndrome (Giugliano, Ceriello and Esposito,?oaéj. In preceding time, Thailand had
rapid socioeconomic growth; resulting in ii”%és’tyilé changes, especially in the city.
Thai population.tend-te-increase-consumpiion-ei-fastioodwhich 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
populatian aged 6 years and over. The results showed that the food group
consumption-of Thai pepulationswere-ranging from.meatyand 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



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. I_F was found-that the person who consumed
large dinner, diets lowsanfish,-and repeated dietary type had the increased risk of
developing CVD,.and thesperson who consumed high meat and meat products and
low grains had thedincreased risk of devéloping abdominal obesity (Saiwongse et al.,
2008). _.

In Thailand, most studies examir;jed the prevalence of metabolic syndrome
without focusing on the relationship with dni:;é_t_ary- pattern. There were few studies that
assessed the prevalence of metabolic syﬁd‘}ome and its association with dietary
behaviors. Therefore, this study was desigr;;a‘;i-fjo-'ﬂ examine the relationship between
dietary pattern and metabolic syndromé""-iffé population in Mueang District,

Nakhon Ratchasima-Previnee-for-using-as-the-nuirtttonai-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 19 deterfine, the relationship between'dietary: pattern and metabolic,3yndrame in

population in Mueang District, Nakhon Ratchasima Province.



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 circumiference, fasting plasma glueose, serum triglycerides, serum

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

1.4 Scope of the Study

This research wasiaimed to study airrr.irong 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, 20009. ' i

15  Operational Definitiori of Terms
Metabolic-syndreme=a-ciusier-of-metabohe-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 ‘Cholesteral ‘Education. Program?Adult ‘Treatment Panel Il
(NCEP ATP I111) (National Cholesterol Education Program, 2001) requires three or
mereiofithe five components:: 2)ywaist circumference> 90,emrinimale 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



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 compone 1ts:as mentioned.
For the waist circumference, the %y used the recommended ethnic-
i &n for male and > 80 cm for

—

specific cut off points for an Asi; pulati

female) in both t IDF criteria (Alberti et al., 2005; The

World Health O ‘ ific Re \ 1ational Association for

000).

the Study of Obes nathedntern: ' " k. FO

iors such as the number of

meals per day, late night me . larg eal intake, favorite cooking method,

favorite taste, meal-made pat : ad die take, time between dinner
1eal, beverage con

mption, frequency of dietary
\

consumption, total daily enel c and energy distribution from carbohydrate,
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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 riskiof developing CVD and type 2 diabetes mellitus (type 2
DM). The abnormalities whigh are the components of metabolic syndrome such as
abdominal obesity, elevated plasma gluboéé, elevated serum triglycerides, reduced
serum HDL-C, and elevated blood pressur:e:. In addition, there are other abnormalities
found in person with metabolic syndromé’.such as proinflammatory state (elevated
C-reactive protein (CRP) in bload), pro;,thrcKmeotic state (high fibrinogen or
plasminogen activator inhibitor-1 in blood), hyperuricemia, and microalbuminuria
(Grundy et al., 2004a). Meitabolic syndrome_i_é_also known as insulin resistance

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

2.2 Pathogenesis‘@f Metabolic Syndrome

The exact etiology of metabolic syndrome remains.obscure, but it is believed
that a complex interaction between genetic.and envirenmental factors such as age,
sex, family history, dietary pattern, physical activity, cigarette smoking, alcohol
consumptiony andistress promote.thesdevelopment 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



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 eircumference 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 ie43:5% among 60-69 aged group.

Abdominalsobesity is'the presence of excessive fat tissue in and around the
abdomen. It is thesmain factor for the riJgj.rn]g prevalence of metabolic syndrome. It
contributes to hyperglycemia, elevated sé;rurﬁ- triglycerides, reduced serum HDL-C,
and hypertension that assoclate with higherv'c\/.,D risk. Abdominal obesity especially
correlates with metabolic components. Excess adipose tissue releases several
products that apparently exacerbaie these cnbm“b]t;nents. They include nonesterified
fatty acids (NEFA), cytokines, plasminogen activator inhibitor-1 (PAI-1), and
adiponectin. A High-plasma-NEFAdlevel-overioads-musele-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 jwith worsen metabolic components. The strong connection between
obesity sand smetaholies.components dead sNCEPR, ATP 1}y toy define the metabolic
syndrome, essentially as acluster 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



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' atheregenic dyslipidemia. Moreover,
hyperinsulinemia may enhance output of very 1ow-density lipoprotein cholesterol and
raise triglycerides. _lasulin resistance in muscle predisposes to glucose intolerance,
which can be woisened 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 syﬁdrome 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 gakstones, asthma{, siéép 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 @t increased risk for CVDiand/or type.2 diabetes.' In the effort to introduce the
metaboli¢ syndrome into clinical practice, several organizations have attempted to
formulate,simple eriteria for-its-diagneosis.s Gonsequently, sthere 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 11l (NCEP ATP IllI) 2001, American

Association of Clinical Endocrinologists (AACE) 2003, International Diabetes



Federation (IDF) 2005, and American Heart Association/National Heart Lung and
Blood Institutes (AHA/NHLBI) 2005 (Grundy et al., 2005). However, the NCEP
ATP |1l 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 cetail between the NCEP ATP Il and the
IDF criteria. The NCEP ATP 1| consiners thal eaeh metabolic component has the
same importance, whereas the IDF proposes abdominal obesity as the essential
condition. In addiuon, theeNCEP ATP ‘]II considers the waist circumference cut off
points regardless of ethnicity, while thel. IDF uses ethnic-specific cut off points for
waist circumference (Chatngern, 2 008; C§_[.Ljndy et al., 2005). Table 1 presents the
metabolic syndrome defined by the NCEF".“:.-A'IJ'“-P Il criteria. A person is diagnosed as
the metabolic syndrome if he/she has threéji)_r_r- more of the five components (National

Cholesterol Education Program:.2001). "B‘“ased on the IDF criteria, a person is

: o N :
diagnosed as the metabolic Syndrome if he/she has waist circumference > 90 cm in

male and > 80.cm in-female plls any two or more of:the four-components (Alberti
et al., 2005). Froffi 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).



10

Table 1 The metabolic syndrome defined by the NCEP ATP |11 and the IDF criteria

Components

Criteria

NCEP ATP 111

IDF

Waist circumference

Fasting plasma glucose

Triglycerides

High-density lipopretein

cholesterol

Blood pressure

male > 90 cm?

female > 80 cm?

> 100 mg/dl or
previouslydiagnosed
type.2 DM

2150 mg/dl or drug

treatmentfor elevated TG

male <40 mgydl
female < SOfrcngJ/dI
or drug treatr!neht for
reduced HDL-'C

>430/85 mmngpr drug

treatment for hypertension

male > 90 cm®

female > 80 cm °

> 100 mg/dl or
previously diagnosed
type 2 DM

= 150 mg/dl or drug

treatment for elevated TG

male < 40 mg/di
female < 50 mg/dI
or drug treatment for
reduced HDL-C

> 130/85 mmHg or drug

treatment for hypertension

% Using the recommended ethnic-spetific ‘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)
® The recommended ethnic=specific cut off points according to IDFSuch 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 c¢cm in male and > 90 cm in female for Japanese, and = 94 cm in male and > 80 c¢cm in
female for European(Alberti et al., 2005)
2.4 Mahagement of Metabelic Syndrome

The goal of metabolic syndrome management is to reduce risk of developing
CY2ianddiabetes:s The,NCER-ATP Il recommends thatiohesity: 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 Iossr‘will reduce the severity of the components of
metabolic syndrome (Grundy ci-al,, 2004a; Grundy et-al., 2005). Muzio et al. (2005)
found that patientsswho had weight loss more than 10% of their initial body weight
experienced greaterredugtion'in the metabolic syndrome components compared with
those achieving less than 10%. A combjh;tion of caloric restriction and increased
physical activity could improve individu‘uala‘- metabolic syndrome components by
promoting weight reduction (Christ et aI.,V';'2-00(4). Baxter et al. (2006) found that
dietary and exercise therapies haveibeen showiito significantly reduce the progression
of metabolic syndrome compgnents. Theidi;z'i'""'should be low in saturated fats,
trans fats, cholesterol, sodium, and simple étjng'érs',"and high in_fruits, vegetables and
whole grains. | These-dietary-patierns-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 imanagement‘and the increased
exercise thas an additional favorable effect for weight reduction that is the primary
management~for the~imprevement of ymetabolic syndromes~(Fappa et als 2008).
However, for patients who fail'the lifestyle changes, consideration shouldbe 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 onsraece, age and sex. Park et al. (2003)
studied in the United State .and found thg higher prevalence of metabolic syndrome in
Maxican-American than-African-American. Among the Caucasian, the prevalence of
metabolic syndrome'in Americanwas higher than European because the prevalence of
obesity in American was‘higher than Euﬁr.opean. In addition, the study by Yoo et al.
(2004) in 1,181 young adulis (35% Africédr.ll-Americans and 65% whites) aged 19-38
years using the criteria for metabolic syndjﬁorﬁe from the NCEP ATP IIl. The results
showed that the prevalence of metabolic sy;‘.ldrome was 12%. This was higher among
white males (15.5%) than African-America{n'imales (11.2%), white females (10.7%),
or African-American females(10.0%). J

Panagiotakos et al: (2007) studied th'é‘-'bré\’/alence of metabolic syndrome in
3,042 Greek adulis-aged-18=89-years=—Fhe-metabohe-syndromewas defined according
to NCEP ATP IITI7. 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 groupsfor-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). ‘1 centrast, triglyceride concentration was
significantly higher in males than femaler‘s (p <*0.004):

In Asian couniries; 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 I11. The'results showed that the age-adjusted prevalence of the metabolic
syndrome was 14.2% for males and 17]% for females, whereas the age-adjusted
prevalence of BMI /= 30 kg/m2 was 17% and 3.0% for males and females
respectively. For the Japanese populatioﬁ;,-Yoneda et al. (2008) investigated the
prevalence of metabolic Syndreme in 416-";Iative Japanese in Hiroshima and 574
Japanese-Americans in Los Angeles. The“Je;iJJn"I:ts showed that the prevalence of
metabolic syndrome was 20.1% and 6.3% 6 Tatte Japanese males and females, and
38.7% and 4.5% for=Japanese=American—males—and=femaies respectively. The
prevalence was significantly higher in Japanese-American males than in native
Japanese males.

In Thailand, Kaewpitoan (2008) studied in 1,008 Ubonrajathanee University
personnels aged 20 years and over. The prevalence of metabolic syndrome using
WHO and IPF criteriaswas-6.2and 18.7% respectively:: ;Theiprevalence imifemales
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 IlI
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) 4n.270 persons in Naresuan University
without history of hyperiension, diabr‘etes, and.hyperlipidemia showed that the
prevalence of metaboliessyndrome (4.44%) was not significantly associated with sex
(3.10% for males.and'5.6 7% for females; p = 0.383).

For each province'in Thailand, Santibhavank (2007) studied in 636 Nakhon
Sawan population aged /5-87 /years. [he results showed that the prevalence of
metabolic syndrome ésing the WHO, NCEP ATP I11, and IDF criteria was 6.2, 20.0,
and 18.7% respectively. Females:iand eld'e_r people had a higher prevalence than
males and younger people respectively. Wiléisakunyong et al. (2007) studied in 250
persons aged 40-90 years, who_lived in Chunxl-np“djr"'i'buri District, Surin Province. The
results showed that the prevalence of metabolic syndrome was 24.4%, and the
significant associatten-between-age-with-metabohe-synarome 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 fetnales)-who lived in Sri-Chiang Mai District,
Nong Khai Province found that the prevalence was 16.9% by NCEP ATP Il1l, 15.0%
by« IDF,~and-3.7%; by-WHO eriteriass For all seriteria, sthe prevalence~af 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 IlI 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 lgssawell-education (p < 0.05) than those
without metabolic syndroeme.. The thrge most common metabolic abnormalities in
males were high bleod pressure (45.0%), BMI=. 25 kg/m? (40.7%) and
hypertriglyceridemia (38.4%). Among females, high blood pressure (22.8%), BMI >
25 kg/m® (20.9%) andslow HDL-C (1,8...4.%) were the most common metabolic
abnormalities. Pongchaiyakul et al. (2007;) ;tudied in healthy participants (307 males
and 295 females) aged 20-90 years who ;j-ame for a health check-up clinic of
Srinagarind Hospital. The madified NCEP -ATP Il criteria was used to estimate the

¥

age and sex-specific prevalence of metaboli'c':syndnrome, in which BMI > 27 kg/m? for
e £

males and 25 kg/m* for females-were used in élace of waist circumference. The
results showed that the overall prevalence 01; ;n'gtgbblic 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
popuiation aged,35 years-and.older.. The jprevalence "of metabolic Syndrome was
determined using the NCEP ATP Ill 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 t0-2002 (17 years). The resulis'showed that the prevalence of
metabolic syndrome defined by NCEP ATP I, IDF;-and WHO criteria were 15.2,
10.1, and 4.5% respectively. ~The participants with metabolic syndrome by NCEP
ATP 11l had a 2.09timessrisk; by IDF had a 1.95 times risk, and by WHO had a 2.94
times risk of morbidity of C\/D, when corh;.)‘rared to the participants without metabolic

syndrome.

2.6  Dietary Pattern and Metabolic Syndrome

Among several factors that can increése1 "{fﬁe risk of metabolic syndrome, the
dietary habit is an important-factor, which ihflﬂeh'ces on_increasing or decreasing of
the prevalence Of-metabohic-syndrome-——Fhe-consumpiton 0Of 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 ifood, fried food, sweetened food, alcohol beverage, and snack intake
contribute, to.ebesity and metabelicisyndromey(Baxteret al 5,2006; Fappa-et al, 2008).
Excess energy intake raises total cholesterol, low-density ‘fipoprotein” 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 metaboliec syndrome components in 1,181 young adults
aged 19-38 years. The participants were divided into 3 groups according to the
having number of compenents (group 1 : no compenent, 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 thanigroup 2 (p < 0.05). The.‘rmean intake of sweetened beverages was
significantly lower in'group 1 than in greup 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 Peverage consumption were
independently associated with-the prevalenceﬂ 01; ";hetabolic syndrome in specific sex-
ethnicity populations. IS

The Framlingham-Ofispring-Speuse-Study-by-Sennenderg 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
consumptions=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 riskeof fatal coronary heart disease
and type 2 diabetes, \\hen diciary patterns were examined independently, processed
meat had the strongest asseciaiion 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 (A;R.IHC) Study. The results showed that the
consumption of the western diet, meat, dndafried foods promoted the incidence of
metabolic syndrome, whereas dairy consumﬁtion{-provided some protection.

For the healthy diet, Panagiotakos'e’i al. (2004) evaluated the effect of the
mediterranean-style dietary patiern on the pre;zalwéjr%:ce of the metabolic syndrome. The
samples were Greek adults aged 18 years ah"a ‘over, without any clinical evidence of
cardiovascular: disease-or-diapetes-mekttius=—he-resuti=shoved 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-productssfishypoultry,
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...Fhis result was similar to previous
study that the higher intakes of fruits, vegetables, vegetable oil, and dairy and lower
intakes of meat_and chelesterol 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 procé;ssead cereals, and fish were associated with
reduced prevalence of imetabolic syndromé}and— Its components, whereas high fried
food intake was associated with increaseds risk for components of metabolic
syndrome. , 4

In Asian countries; Chen; Pang and Li (2008) examined the association
between dietary. fat-ana-metabohe-syndrome-in-1460-Qingdac’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 thedmetabolic 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, generallysaltintake should not over 6 grams or
1 teaspoon or sodium 2,400 miIIigram_g 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 waswreduced from a high level (3.5 grams/day) to an intermediate level
(2.3 grams/day) oreven from.an intermecﬁlliate level to a lower level (1.2 grams/day).

Department.of Health, Ministry Of;éllJb|iC Health studied the dietary behaviors
in working-age Thaiswith'Sedentary Iifestﬁale in Bangkok. It was found that there was
a significant relationship between. the mete;b__olic- syndrome and the consumptions of
rice more than 4 ladles at dinnek, less amoﬁn‘i of fish than pork or beef, and repeated
dietary type. The result showed that the p:ﬁq";/;iignces of abdominal obesity (fat in
abdomen more_than 100 €M% were 44,2% 'ff)‘k'rpéfsons 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,ithe consumption of large dinner, low in fish, and repeated dietary type had
the, increased-tisk-for-development of G\/D~and,the-consumption-ef 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

me, whereas the consumption
of high fat diet, high diet, high sug diet, 8 d aleohol and sweetened beverages

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

)attern was

influenced on the developingmetabolic syndrome ar onents.
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CHAPTER 3

MATERIALS AND METHODS

W V//

This chapter descri serva

termlnlng the prevalence of
metabolic syndrome ary pattern and metabolic
syndrome in populati L Ratchasima Province who

received the annual health examination at Maharat Nakhon Ratchasima Hospital.

3.1 Research Des

This research wa criptive study.

3.2 Samples
Samples were males nd-females aged 20.years and over in Mueang District,

Nakhon Ratchasima ination at Maharat

-

Nakhon Ratc t{ | -'j arch, 2009. They

could understan(mead and w one of them .mre pregnant, lactating,

disabled or had mcoﬁpﬂ results of health wmnatlon

i S 98 i ol o v v

Nakhon Mtchasma Hospital. The‘oartlmpants prowded informed consent before the

ARAKNN TN URIINYIA
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3.3 Sample Size

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

n =
w0 =S
Zop i - vaI@aI curve at 95% = 1.96
p . - ‘ of the prevalence of metabolic syndrome

(200 ere 0.15

[}

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

ﬂﬁﬂ%ﬁﬂﬂ%ﬂﬂ?ﬂﬁ

196

’QW]Nﬂ‘imﬁJ‘WI’JﬂB’mB

= ~ 250
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3.4 Research Instruments
3.4.1 Tools for anthropometric assessment

e Weight and Height Scaling Apparatus

3.4.2 Automatic blood pressure monito surement of blood pressure

3.4.3 Laboratory ment i 1d blood chemical parameter
3.4.4 Foo el g7 jation ‘ or the 24-hour dietary

3.4.5 Thein 0N ( sent form for the --'.‘ icipants (Appendix B)

The questlongﬁlre was proved by 5 experts for testlng the content validity, and

AR TN TN <

recommdﬂjatlons It was subsequently tested the rellablllty with the group of

YA S ST

(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 ‘agtivity, cigarette smoking, time spent for
sleeping, weight control; dietary supp|eJment intake-for weight loss, family history,
and medications) and.dietary pattern. The participants.completed the questionnaires
in advance and returned them to the resegrcher on the day wvisiting the Health Checkup
Unit. l‘

3.5.2 Waist circumferencé was rﬁéésured with a bendable measurement tape
at the end of normal gxpiration and standi%)g 5bsition, measuring at midpoint between
the last rib and the iliac €rest. 3

3.5.3 Body weight was:measured b}} participants wearing light clothing and
without shoes using a digital seale {SECA®, Gf.rrﬁjany)

3.5.4 Height was measured withou't»';/'v'éaﬂ'ng shoes in straight position using
a digital scale With-height-meter-(SECA™-Germany):

3.55 Body mass index was calculated by dividing body weight in kilograms
by square of heighf 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. ;4 Second measurement ;wasdoney 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 LXZQ PRO autematic analyzer, Beckman Coulter,

USA).

3.6 Data Analysis

3.6.1 Number, percentage, mean;a;ﬁld standard deviation (SD) were described
the demographic characteristics, ‘health b(;:{ha\}iors, dietary pattern, and prevalence of
metabolic syndrome and its components ofﬂ:t.h_e participants.

3.6.2 The total daily energy and nﬂt‘Eient values of the 24-hour dietary recall
were quantified by a computerized program .Q"l;"h;'ij'r-'ﬂNutrisurvey, Division of Nutrition,
Department of Health & Tropical Medicihé}"Méh’idol University). The standard
reference tables={Deparimeni-of-Healif;—ivitmsiry=ot=Pubhc_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%
confidenee interval, (95% C1). .Significant:statistical-level was-two-tailedsang. p-value

less than 0.05.



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 reeeived the .annual health examination at Maharat Nakhon
Ratchasima Hospital. The data were collﬁected using the guestionnaires and the results

of health checkupsfrom the annualihealth examination.

4.1 Characteristics of the Participants
A total of 525 persons were recruited into the study. Of these, 45 persons who
had missing anthropometri€ measurement, missing blood testing or did not fast before

N1

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

persons for analysis.

—f -

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-were146.45 +/8.13/and47.16/+ 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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Male (n=230) Female (n=250) Total (n = 480)

Variables Number (%) Number (%) Number (%)
Age (years)

20-29 4.0 7(2.8) 11 (2.3)

30-39 45 (19.6) 42 (16.8) 87 (18.1)

40-49 101 (43.9) 99 (39.6) 200 (41.7)

50-59 68 (29.6) 86 (34.4) 154 (32.1)

> 60 12 (5.2) 16 (6.4) 28 (5.8)
Mean + SD 46.45+ 8.13 47.16 + 9.08 46.82 + 8.64
Min-Max 26 472 24 - 80 24 - 80
Residence

Municipality 74 (30».555 123 (49.2) 194 (40.4)

Suburban 159 (69.1) 4 127 (50.8) 286 (59.6)
Marital status 8

Single 55T 4 50 (20.0) 63 (13.1)

Couple 199 (86.5)‘." 168 (67.2) 367 (76.5)

Divorce/separate/widow 18 (7.8). ‘ - 32 (12.8) 50 (10.4)
Education level ~ = :

Primary school 18 (7.,/8)% -~ 16 (6.4) 34 (7.1)

Secondary sehool 112 (48.7) - 46 (18.4) 158 (32.9)

Bachelor degree 70(30.4) 147 (58.8) 217 (45.2)

Master degree and over 30 (13.1) 41 (164) 71 (14.8)
Occupation

Government officer/ 198 (86.1) 187 (74.8) 385 (80.2)

State enterprise worker

Employee 21(9.2) 41 (16.4) 62 (12.9)

Housewife/Retiree 4(1.7) 15 (6.0) 19 (4.0)

Business owner/Trader 7 (3.0 7.(2.8) 14 (2.9)
Income (baht/month)

<10,000 25 (10.9) 42 (16.8) 67 (14.0)

10,001-20,000 105 (45.6) 65 (26.0) 170 (35.4)

20,001-30,000 64 (27.8) 53 (21.2) 117 (24.4)

30,001-40,000 20 (8.7) 57 (22.8) 77 (16.0)

> 40,001 16 (7.0) 33(13.2) 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 activityj most Of the participants (69.2%) had light
work activity (mostly.sitting or standing). The numberof females who had light work
activity was greateirthan those.of males (78.8% vs 58.7%). There was only 19.8% of
the participants exercising at/least 3 dayls per week with duration of 30 minutes and
over per time (26.4% in males éﬁd 14_0% in females). More than 70% of the
participants had exergise |ess than 3 days:"_i)erd“-vveek or no exercise. In addition, only
9.6% of participants had going out.by walki;ig or bicycle at least 3 days per week with
duration of 10 minutes and over.per time. ‘I;A'E)strof the participants were non-smokers
(76.0%). Fifty-five participants '(11.5%) wéﬁtéié%okers and 6.7% of them smoked
1-10 rolls per day. The number of male smok&éWés‘ higher than female smokers.

‘FOr-other—healih—behaviors;=the-resuiis=showed that 80.2% of the
participants sleprt for 6-8 hours per day. Almost all participants (99.8%) did not take
dietary supplemen't 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
hypertensions~diabetes-melitus;-or dyslipidemia-and-18:3% were on medications for

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

Male (n=230) Female (n=250) Total (n = 480)

Variables Number (%0) Number (%0) Number (%0)
Work activity
Inactivity 3(1.2) 6 (1.2)
Light %?/ 197 (78.8) 332 (69.2)
Moderate ” 43 (17.2) 121 (25.2)
Heavy | 1461 --lﬂ ‘2 8) 21 (4.4)
Exercise (days/week : '
Never 173 (36.0)
187 (39.0)
>3 (<30 min 25 (5.2)
> 3 (> 30 minute 95 (19.8)
Going out by walking o
bicycle (days/week) &
<3 | ” 434 (90.4)
>3 (> 10 minutes/iime) £, +25(10 Y ) 46 (9.6)
Cigarette smoking (rolls/d ) o aaus. h
Non-smoker ' 246 (98.4) 365 (76.0)
Ex-smoker 3(1.2) 60 (12.5)
1-10 32 (6.7)
>10 T — 000} 23 (4.8)

Time spent for s -u- g

(hours/day)
37 (16.1 30 (12.0) 67 (14.0)
385 (80.2)
?1 2! El INYITSNGINT o
Weight Control

aﬁﬁmmmﬁmﬁ%m ag

Fast 6 (2.6) 4 (1.6) 10 (2.1)

Reduced quantity intake 2(0.9) 1(0.4) 3(0.6)
combined with fast

Others 37 (16.1) 25 (10.0) 62 (12.9)




31

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

Male (n=230) Female (n=250) Total (n = 480)
Variables Number (%) Number (%) Number (%)

Dietary supplement intake

for weight loss
Yes 0 (0.0) 1(0.4) 1(0.2)
No 230 (100:0) 249 (99.6) 479 (99.8)

Family history of

HTN/DM/dyslipidemia
Yes 126 (54.8) 156 (62.4) 282 (58.8)
No 10445:2) 94 (37.6) 198 (41.2)

Medications of

HTN/DM/dyslipidemia
Yes 43(18.7) 45 (18.0) 88 (18.3)
No 187 (81.35- 205 (82.0) 392 (81.7)

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

4.1.3 Dietary Patterii Data

The dietary —pattern data” ‘Were assessed by multiple choice
questionnaire, food-frequency-guestionnaire;-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 Ry ‘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.latesnightsmeal 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

Male (n =230) Female (n=250) Total (n = 480)
Variables Number (%0) Number (%0) Number (%)

Number of meals

per day
<3 405 (84.4)
>3 (20.4) 75 (15.6)
Late night meal intake |
Yes 29 (6.0)
No 451 (94.0)
Large meal intake
Dinner 238 (49.6)
Lunch 182 (37.9)
Breakfast 48 (10.0)
No specific ; 12 (2.5)
Favorite cooking method
Deep fry | 92 (19.1)
Fry - 68(27.2) 132 (27.5)
Boil/Bake 105 (42.0) 175 (36.5)
Toast /Grill 11 (4.4) 32 (6.7)
No specifiLc v 33 (14.4) 16 (6.4 ¥ 49 (10.2)
- e —
Fav:rlte taste v'!— " ‘
alt 2 14.4) 65 (13.5)
Sweet 57 (22.8) | 127 (26.5)
Others 131 (57. O) 157 (62.8) 288 (60.0)
Meal-
TR VR AN T

mié-made 90 (39.1) 69 (27.6) 159 (33.1)

q Yes ' 88 (38 3) 75 (30.0) 163 (34.0)
No 142 (61.7) 175 (70.0) 317 (66.0)




33

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

Male (n =230) Female (n=250) Total (n = 480)
Variables Number (%0) Number (%0) Number (%)

Time between dinner and

bedtime (hours)
<4
>4

27 (50.8) 219 (45.6)
23 (49.2) 261 (54.4)

Time spent on each mea

(minutes/meal) / ), ‘H

<15 | (35.2) 0 242 (50.4)
>15 F -‘ ( \\‘T\. 238 (49.6)
Alcohol consumpii rF :
(grams/day) 7
No drinking 316 (65.8)
<15 68 (14.2)
15-30 24 (5.0)
> 30 | 72 (15.0)
Water intake (glasses/day
<6 117 (46.8) 195 (40.6)
6-8 103 (41.2) 215 (44.8)
>8 \ ) ™ 70 (14.6)
High-caloriej» ";‘. ------- \':"j
(glasses/day) = i
<1 58 (73.0 198 (79.% 366 (76.3)
2-3 ¢ 5 (23.5) o 49 (19.6) 103 (21.4)

11 (2.3)

Nevdt] 1809 45 (18.0) 63 (13.1)

amﬁ%mmﬂﬁnﬁwmﬁ’y

> 3 days/week 33 (14.3) 20 (8.0) 53 (11.0)
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Table 4 The dietary pattern data of the participants (continued)

Male (n=230) Female (n=250) Total (n =480)

Variables Number (%) Number (%) Number (%)
Meat product intake
Never 15/(6.5) 21 (8.4) 36 (7.5)
1-3 days/month 100 (43.5) 139 (55.6) 239 (49.8)
1-3 days/week 92 (40.0) 72 (28.8) 164 (34.2)
> 3 days/week 23 (10.0) 18(7.2) 41 (8.5)
Bakery product intake
Never 59 (25.7) 26.(10.4) 85 (17.7)
1-3 days/month 96 (41.7) 132 (52.8) 228 (47.5)
1-3 days/week 53 (23.0) 68 (27.2) 121 (25.2)
> 3 days/week 22:(9.6) 24 (9.6) 46 (9.6)
Fried food intake
Never 8@EH) © | 25(100) 33 (6.9)
1-3 days/month 99 (43.0) v 121 (48.4) 220 (45.8)
1-3 days/week o1 (39.6), = 15(30.0) 166 (34.6)
> 3 daysiweek 2D (1394 29(116) 61 (12.7)
Coconut milk food intake £ 43
Never 18(7.8), . 28 (11.2) 46 (9.6)
1-3 days/month 103 (44.8) 130 (52.0) 233 (48.5)
1-3 days/vreek 90.(39.) £-3-(29:2) 163 (34.0)
> 3 days/week 19 (8.3) 19 (7.6) 38 (7.9)
Vegetable intake
Never 0 (0.0 1(0.4) 1(0.2)
1-3 days/month 8.(3.5) 10 (4.0) 18 (3.7)
1-3 days/week 81 (85.2) 85 (34.0) 166 (34.6)
> 3 days/week 141 (61.3) 154 (61.6) 295 (61.5)
Fruit intake
Never 2(0.9) 0 (0.0) 2 (0.4)
1-3 days/month 28 (12.1) 11 (4.4) 39 (8.1)
1-3 days/week 123 (53.5) 88 (35.2) 211 (44.0)

> 3 days/week 77 (33.5) 151 (60.4) 228 (47.5)




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

Male (n=230) Female (n=250) Total (n =480)

Variables Number (%) Number (%) Number (%)
Whole grain intake
Never 47(20.4) 40 (16.0) 87 (18.1)
1-3 days/month 94 (40.9) 100 (40.0) 194 (40.4)
1-3 days/week 56 (24.4) 59 (23.6) 115 (24.0)
> 3 days/week 33 (14.3) 51 (20.4) 84 (17.5)
Single-plate food intake
Never 16/ (7.0) 41 (16.4) 57 (11.9)
1-3 days/month 90 (39.1) 143 (57.2) 233 (48.5)
1-3 days/week 90 (39.1) 45 (18.0) 135 (28.1)
> 3 days/week 34-(14.8)" 21 (8.4) 55 (11.5)
Semi-instant foodiintake
Never 42-(18:3) 78 (31.2) 120 (25.0)
1-3 days/month 139 (60.4)- v 134 (53.6) 273 (56.9)
1-3 days/week 20178, | 8@ 71 (14.8)
> 3 daysiweek 3/(3.g) 7(2.8) 16 (3.3)
Salty processed food intake F 1'
Never 22,(9.6) &0 ==, 38 (15.2) 60 (12.5)
1-3 days/month 129 (56.0) 132 (52.8) 261 (54.4)
1-3 days/vreek 62.(27.0) 64.(25.6) 126 (26.2)
> 3 days/week 17 (7.4) 16 (6.4) 33 (6.9)
High-sugar food intake
Never 38 (16.5) 37 (14.8) 75 (15.6)
1-3 days/month 111 (48.3) 145 (58.0) 256 (53.3)
1-3 days/week 66 (28.7) 48 (19.2) 114 (23.8)
> 3 days/week 15 (6.5) 20 (8.0) 35 (7.3)
Snack intake
Never 44 (19.1) 55 (22.0) 99 (20:6)
1-3 days/month 128 (55.7) 130 (52.0) 258 (53.8)
1-3 days/week 49 (21.3) 47 (18.8) 96 (20.0)

> 3 days/week 9 (3.9 18 (7.2) 27 (5.6)
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Table 5 The total energy intake and its distribution of the participants

Male Female Total
Variables n=131 n =187 n =318
Total daily energy intake
(kcal)
Mean + SD 1,581.69 +440.01 4 1,317.55+379.28  1,426.36 + 425.15
Min-Max 716.90 — 3,094.70+ .599.93=3,343.40  599.93 - 3,343.40
Calorie from carbohydrate
(%)
Mean =+ SD 5482 £110.19 55.48+9.26 55.21 £9.64
Min-Max 25.08/- 93.60 27.98-79.18 25.08 - 93.60
Calorie from fat
(%)
Mean =+ SD 27.34 +7.95 ;. 27.00+£8.25 27.14+8.12
Min-Max 11.00.452:4% 9.65-51.88 9.65-52.41
Calorie from protein
(%) )
Mean + SD 17.88+ 4.80 %17.424 4.90 17.61 + 4.86
Min-Max 757-3308  6.82- 4300 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 bothihome-made and non home-made ‘meal pattern.. Mast of theparticipants 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 spentifor each meal’waes 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
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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%), coeanut milk food (48.5%), whole grain (40.4%), single-
plate food (48.5%)ysemizinstant food (56.9%), salty processed food (54.4%), high-
sugar food (53.3%), andssnack (53.8%)!.. The food items that most of participants
consumed more than' 3 days per week Weréd;/legetables (61.5%) and fruits (47.5%).

The data of'the" 24-hqur di"jetafy recall were analyzed for total energy
intake and its distribution ‘frem carbohyd:.r'a_x_te,,_-fat, and protein. The data of 162
participants were excluded because of da‘fa":m,issing and unusual intake reporting.
Therefore, the completed data-were obtained%ér#ﬂS participants for analysis. The
total energy intake data was-analyzed for é)ééfﬁiﬁing the unreliable data by boxplot
analysis. The résults-showed-that-there-was-ne-partieipant-Who reported unreliable
total energy intaké (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 keal in males and 1,317.55 + 379.28 kcal in females.
The mean percentages of calorie from carbohydrate, fat, and protein were 55.21 +
0.64,27.14 £ 8.12, and17.61 « 4.86respectively: The values of dietaryjintake 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 gircumference, fasting plasma glucose,
triglycerides, high-density- lipoprotein _pholesterol, systolic blood pressure (SBP),
diastolic blood pressuie«(DBP), total cholesierol, low=density lipoprotein cholesterol,
and body mass_.index (Table 6). The results showed that the mean waist

|
circumference was'86.24+ 914 cm in males and 79.10 + 10.14 cm in females. The

mean fasting plasma glueosg was 94.28 i’424.01 mg/dl. The mean triglycerides was
132.81 + 58.66 mo/dl. The mean total chbleSteroI was 217.22 + 41.05 mg/dl, while

the mean HDL-C was 69.28 +16.89 mg/dl and the mean LDL-C was 121.21 + 36.75

i

mg/dl. The mean SBP and DBP were 125?5?5 + 1478 and 75.29 £+ 10.61 mmHg

4
=¥

respectively. The mean BMI was 24.10 + 3.75 kg/m”.

The resultsrsh(‘)wed that 38.é‘% :)f fhe participants had over waist
circumference (= 90 cm in males and > 80 cm in females). Thefe were 21.2% of the
participants who had fasting plasma glucose 100 mg/dl and over. About 30% of the
participants had triglyeerides 150 mg/dl and_over, and only 3.5% had low HDL-C
(< 40 mg/dl insmales and < 50 mg/dl in females)." For bload pressure, 40.4% of the
participants had SBP 130 mmHg and over and/or DBP 85 mmHg and over.
Furthermare, ‘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/m? and over.
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Male (n =230) Female (n=250) Total (n =480)

Variables Number (%) Number (%) Number (%)
Waist circumference (cm)

< 90/80 (male/female) 154 (67.0) 140 (56.0) 294 (61.2)

> 90/80 (male/female) 76 (33.0) 110 (44.0) 186 (38.8)
Mean + SD 86.24 + 944 79.10 + 10.14 82.52 +10.30
Min-Max 67 2135 58 - 113 58 - 135
Fasting plasma glucose(ma/dl)

<100 169 (73.5) 209 (83.6) 378 (78.8)

> 100 61(26.5) 41.(16.4) 102 (21.2)
Mean + SD 97.11% 22..69 91.68 +24.93 94.28 + 24.01
Min-Max 70-= 3011 67 - 340 67 - 340
Triglycerides (mg/dl) , 2

< 150 Vi1 (618) 210 (84.0) 351 (73.1)

> 150 89 (38.;[)‘. 40 (16.0) 129 (26.9)
Mean + SD 150.64°+ 6_8;.74 116.42 + 41.36 132.81 + 58.66
Min-Max 64 - 462",_' = , 86-427 56 - 462
HDL-C (mg/dl) =

< 40/50 (male/female) 3 (1Yst== 14 (5.6) 17 (3.5)

> 40/50 (malelfemale) 227 (98.7) 236 (94.4) 463 (96.5)
Mean + SD 63.19 + 13.24 74.89 £ 17702 69.28 + 16.39
Min-Max 37-130 38-129 37-130
Blood pressure (mimHg)

< 130 (SBP) or 85 (DBP) 127 (55.2) 159 (63.6) 286 (59.6)

> 130 (SBP) or-85 (DBP) 103 (44-8) 91(36.4) 194 (40.4)
Mean £ SD

SBP 125.02 £15.35 120.28 +13.88 122.55 + 14.78

bBP (716 +'11.26 73.57 £9.68 75129+ 10.61
Min-Max

SBP 90 - 194 80-170 80 -194

DBP 40-114 40 - 110 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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Male (n =230) Female (n=250) Total (n =480)

Variables Number (%) Number (%) Number (%)
Total cholesterol (mg/dl)

< 200 69(30.0) 97 (38.8) 166 (34.6)

> 200 161 (70.0) 153 (61.2) 314 (65.4)
Mean + SD 224.86 +43.86 210.20 + 37.00 217.22 £41.05
Min-Max 108s- 361 111 - 335 108 - 361
LDL-C (mg/dl)

<130 100, (43:5) 188 (75.2) 288 (60.0)

> 130 130 (56.5) 62 (24.8) 192 (40.0)
Mean + SD 131 318 38.79 111.46 +31.87 121.21 £ 36.75
Min-Max 32235 36- 215 32-235
BMI (kg/m?) 7

< 23.00 70 (3(’)14)‘ 126 (50.4) 196 (40.8)

23.00-24.99 14401 (2B 4 44 (17.6) 105 (21.9)

25.00-29.99 83 (36_.1:) 63 (25.2) 146 (30.4)

> 30.00 16 (7:0)- . 17(69) 33 (6.9)
Mean + SD 24.65.+ 345 v 23.58 £ 3.94 2410+ 3.75
Min-Max 1479 38.89__; ~.16.20 - 37.81 14.79 - 38.89

n - number; mg/dl = milligram per deciliter; SD - standard deviation; minsmax - minimum and
maximum; LDU=C= low-density lipoprotein.cholesterol BML-bodymass intex; kg/m? - kilogram
per square meter

The data_showed that males had, higher prevalences of elevated fasting
plasma §lucase, elevated triglycerides, elevated blood pressure, BMI 23 kg/m? and
over, elevated total cholesterol, and elevated LDL-C than females, whereas females
had “higher “prevalences ‘of, abdominal ' opesity 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' Table8 and Table 9. In this study, the
IDF and the NCEP ATR III criteria were used-for diagnosis of the metabolic
syndrome.

Based on IDF critgria, 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 metabolici gyndrome defined by the NCEP ATP IlI
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 genderwhen defined by IDF and NCEP ATP Il criteria.
In addition, the result showed that the prevaién(;é'"of metabolic syndrome defined by
NCEP ATP 111 was 2.5% highef than that by IDF.

Table 8 dha-table-9-demonsiraie-the-meiapotic-syndrone components of the
participants who had metabolic syndrome as defined by IDF and NCEP ATP Il
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% ofsthe-participants were-reduceds; Blaod-pressure of most.of the,participants
(82.4%) was elevated. Forthe'NCEP ATP Il 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

Male (n=230) Female (n=250) Total (n = 480) p-value®

Criteria Number (%) Number (%) Number (%)
IDF 32 (13.9) 42 (16.8) 74 (15.4) 0.382
NCEP ATP IlI 43 (18.7) 43 (17.2) 86 (17.9) 0.669

& Chi-square test for comparison between males and females; n - number; IDF - International Diabetes
Federation; NCEP ATP Il - National Cholesterol Education Program Adult Treatment Panel 11

Table 8 The metabolie'syndrome companents of the participants defined by IDF criteria

Metabotic Non-metabolic Total p-value®
Variables syndrome~ # ' syndrome (n =480)
(N =) (n = 406) Number (%)

Number (%)% “Number (%)

Waist circumference (cm) _
< 90/80 (male/female) 010.0) ¥ 7294 (72.4) 294 (61.2)  <0.001

> 90/80 (male/female) 74 (@00:0) ¥ 4 112 (27.6) 186 (38.8)
Fasting plasma glucose g 324
(mg/dI) =
<100 28(37.8) " 350 (86.2) 378(78.8)  <0.001
> 100 46 (62.2) 56 (13.8) 102 (21.2)
Triglycerides (ma/dl)
< 150 18 (24.3) 333 (82.0) 351(73.1)  <0.001
> 150 56 (75.7) 73 (18.0) 129 (26.9)
HDL-C_(mg/dl)
< 40/50 (male/female) 11(14.9) 6 (15) 17(3.5) <0.001°
> 40/30 (male/female) 63 (85.1) 400 (98.5) 463 (96.5)
Blood pressure (mmHg)
<130 (SBP) 0r.85(DBP).| 13 (17.6) 273 (67.2) 286 (596) -~ < 0.001
> 130 (SBP) or 85 (DBP) 61 (82.4) 133 (32.8) 194 (40.4)

& Chi-square test for comparison between metabolic syndrome and non-metabolic syndrome;

® 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 Il criteria

Metabolic Non-metabolic Total p-value?®

Variables syndrome syndrome (n =480)
(n =394) Number (%)

Waist circumference (cm) =
< 90/80 (male/fe
>90/80 (male/

294 (61.2)  <0.001
186 (38.8)

Fasting plasma gluce

(mg/dl)
<100 . 378(788)  <0.001
> 100 102 (21.2)
Triglycerides (mg/dl)
<150 351 (73.1) <0.001
> 150 129 (26.9)

HDL-C (mg/dl) e Tk
< 40/50 (male/female; -!l ﬁﬁl} 4k i 4 (1.0 17 (3.5) <0.001°
> 40/50 (male/female) = ) 390 (99.0) 463 (96.5)

<1

Blood pressure (mmHg) ‘
< 130 (SBP) 0r ¢ 86 (59.6) < 0.001
> 130 (SBR).of 85 (DBP) - 194 (40.4)

]

2 Chi-square test fort mparison b and non-metabolic syndrome;

® Fisher’s exact test-for comparison between metabolic syndrome and nen-metabolic syndrome;
NCEP ATP Il - Natlonal Cholesterol Education Program Adult Treatment Panel 1l1; n - number;
cm - centimeter; mg/d mitligram per deciliter; HRL:C - high-density lipoprotein cholesterol;

i) i ek iuiiey
RIAINTUUNINYINY




44

The above-mentioned results indicated that the prevalence of abdominal
obesity was lower in NCEP ATP IlI than IDF criteria. While the prevalences of the
other components were higher in NCEP ATP IlI than IDF criteria. For both IDF and
NCEP ATP IlI criteria, the results showed that the first 3 prevalences of metabolic
syndrome components in the participants withsmetabolic syndrome were abdominal
obesity, elevated blood pressure, and elgvated triglyeerides respectively. In addition,
the prevalence of abdeminal ebesity, elevated fasting plasma glucose, elevated
triglycerides, reduged HDIE-C,and elevated blood pressure in the participants with
metabolic syndrome” were significantly higher than those in participants without
metabolic syndrome: x:

4.3  The Relationship between Dietar;v/',PaKttern and Metabolic Syndrome by

Multiple Logistic Regression Analyéis

In this study, 318 participants complelted“ '{ﬁe questionnaire for analysis of the
relationship between dietary pattern and métébé‘lfd syndrome. Fifty-two participants
were excluded bEeause-they-took-medications-for-ireatment-0f 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 .oddssratio, for-thesrelationshipsbetween, dietary~pattern and metabolic
syndrome. “The metabolic’ syndrome was a dependent variable, "and “the“dietary

patterns were independent variables.
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Metabolic Non-metabolic  OR 95% ClI p-value?
Variables syndrome syndrome
Number (%) Number (%)
n=34 n =232
Number of meals
per day
>3 4(11.8) 34-(147) 0.28  0.05-1.48 0.136
<3 30788.2) 198 (85.3) 1.00
Late night meal intake
Yes 44(11'8) 8 (3.5) 922 1.37-61.97 0.022
No 30/(88.2) 224 (96.5) 1.00
Large meal intake
Dinner 19 (535.9) 1118 (50.9) 092 0.40-2.14 0.845
Others 15/(44.1) )14 (49.0) % 1.00
Favorite cooking :
method {
Deep fry/Fry 18 (52.9) ﬂBT(SQ.Q) 1.08  0.46-2.55 0.866
Others 167D 114(491) 100
Favorite taste £ _ -
Salt/Sweet 15 (44.1) 06 (41.4) 1497 0.60-367  0.392
Others . 19 (55.9) 136 (58.6) 1.00
Meal-made pattern
Non home-made 8(23.5) 62 (26.7) 114  0.36-3.58 0.827
Both 15 (44.1) 96 (41.4) 112 0.43-2.94 0.811
Home=made 11 (32.4) 74 (31.9) 1.00
Repeated dietary type
intake
Yes 15 (44.1) 74 (31.9) 2.00. _ 0.78-5.11 0.149
No 19 (55.9) 158 (68.1) 1.00
Time between dinner
and bedtime (hours)
<4 18 (52.9) 104 (44.8) 152  0.64-3.63 0.345
>4 16 (47.1) 128 (55.2) 1.00

% 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)

Metabolic Non-metabolic  OR 95% CI p-value?

Variables syndrome syndrome
Number (%) Number (%)
n=34 . n=232

Time spent on each

meal (minutes/meal)
<15
>15

@.66 0.68-406  0.263

Alcohol consumption

(grams/day)
> 30 1.04-12.07  0.043
15-30 0.14-13.17  0.784
<15 0.30-2.95 0.914
No drinking

Water intake
(glasses/day)
<8
>8

044 0.15-1.30  0.136
1.00

High-calorie juice

intake (glasses/day)

>1 N g(23ny  sso2n—0oei 4 024.206 0523
<1 v" 1,00 ‘

Fatty meat intake' - m

(days/week)

AUg) T el

Meat prMJct intake

’QW RN T8 U REHE Beee

32 (94.1) 214 (92.2) 1.00

% 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)

Metabolic Non-metabolic  OR 95% CI p-value
Variables syndrome syndrome
Number (%) Number (%)
1 n =232

K @.24 1.32-20.89  0.019

Bakery product intake
(days/week)

>3

<3
Fried food intake

(days/week)
>3
<3

0.38-9.24 0.447

Coconut milk fog
intake (days/week)
>3
<3

0.02-2.30 0.213

Vegetable intake
(days/week)
> 2L
<3 1 0.35-2.24 0.787

i

Fruit intake v‘; —
14 (41.2

(daysiweek) -
s U
¢ 20 (58.8) 1 8 50.9) 115 044-301  0.772

ﬁﬂﬂﬁ?ﬂﬂﬂﬁﬂﬂﬂﬂi

5(14.7 34 (14.7) 1.00
ay

qintake (days/week)
>3 3(8.8) 30 (12.9) 0.65 0.13-3.15 0.589
<3 31(91.2) 202 (87.1) 1.00

8 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)

Metabolic Non-metabolic  OR 95% CI p-value
Variables syndrome syndrome
Number (%) Number (%)

Semi-instant food
intake (days/week)
>3
<3

0.02-8.16 0.542

Salty processed food

intake (days/week
>3
<3

0.02-3.36 0.305

High-sugar food i

(days/week)
>3
<3

0.10-6.56 0.827

Snack intake

(days/week)
>3
<3

0.02-7.14 0.538

-..,- —

Calorie from Y
carbohydrate (% =
> 65 m 2(5.9 2 (13.8) Om 0.04-1.82 0.180
<65 d 32 (94.1) 2 0(86.2) 1.00

ZZ!”'?TT.TH’MW]?WMI‘]?

27 (79. 4&, 161(69.4)  1.81 060-549  0.295
e @/

> 35 6 (17.6) 34 (14.7) 112 0.37-3.39  0.846
<35 28 (82.4) 198 (85.3) 1.00

2 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. J-he-drinkers who consumed 15-30
grams of alcohol per.day had increased risk of metabelic syndrome. Moreover, the
consumption of more than.8 days per week of fried food, 3 days and less per week of
fruits and whole grains, morethan15% of calorie from protein, and more than 35% of
calorie from fat infiuenced the increased [ISk of metabolic syndrome. However, the
increase in the risk of metabalic syndromfé influenced by these dietary patterns were
not significant. |

There were significant relationshipS-l'Setween late night meal intake, alcohol
consumption, and bakery product intake anc:Lm“e'Jt"ébolic syndrome. The participants
who had late night meal intake had 9.22 timés"rn higher risk of metabolic syndrome than
the participants Whe-hag-net(95% -C=-1:37-61:9¢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 thanithe participants who had
not (95%: Cl = 1.04-12.07, p = 0.043). The participants with and without metabolic
syndrome, had«23.6%.and 8:6%-0f aleohol-consumption:mere-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).



50

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

ne ic syndrome
BN 1 yée night meal intake, alcohol

ificantly related to metabolic
——
: e equation for prediction of

The result in
consumption, and bal
syndrome (p < 0.0

the metabolic syne i prediction 88.3%. The

(Amornnimit, 2003)

In this ___________ the equation for
e Y

: D
Probability of metabollc syndrome (2 AT T LTI

Wh..erémm AUBRINYINT

(0 = no, 1 # yes)

A WA FHa WA INYE

(0 = nodrinking, 1 = drinking > 30 grams per day)

f
prediction of the'meta

X3 = frequency of bakery product intake

(0 = <3days perweek, 1 = >3 days per week)
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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 DistrictyNakhon Ratchasima Province who received the annual

health examination at iMaharat Nakhon Ratchasima Hospital.

51  Characteristicsof the Participanfé 2

In this study, there were 480 partllc:lpants (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 ;,;)hu_lgtion in Mueang District, Nakhon
Ratchasima Province. The proportion of ngs_ and females who participated in this
study was similak. .The participants had mean hge- of 46.82 years. Most of them were
married, compleied 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 previoussstudies (Lohsoonthorn/et al., 2007; Thanatadthanakul, 2007)
that investigated ih population who visited the health examination. TFhanatadthanakul
(2007) studied in urban Thai population and found.that the participantsywere urban
government officer who had mean age of 45.6 years. _Mast 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 officess 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, mest of the participants had light work, less
exercise, and no weight centrel. More than 50% of the participants had family history
of hypertension, diabetes mellitus, ori .ciyslipidemia. About one-fifth of the
participants had medications: for hypertensib-n, diabetes mellitus, or dyslipidemia.
These health behaviorswerg the risk factor of developing metabolic syndrome. Chen
et al. (2008) found that the sedeatary behaviorawvas independently associated with the
metabolic syndrome. For the Cigarette smokérs:"lffﬂost of them smoked 1-10 rolls per
day, and males had smokifig-greater than females. Similarly, the Ministry of Public
Health, Healthh System—Research—instituie~(2006)-found=tnat 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- prevalerices’ of “-hypercholesterolemia,
overweight/obesity, and hypertension were the first 3 health problems of the
partieipants. ~It was found-that-the average devels of. triglycerides;«totak.chelesterol,
L DL-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 metaboli¢ syndrome was defined by the IDF and the
NCEP ATP Il criteria-because these ctiteria 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 crﬁn fqr female) in both IDF and NCEP ATP 111
criteria. - |

In this study, the metapbolic syndrorine |Jo-revalences according to IDF and NCEP
ATP Il criteria were 15.4% and 17:9% res;;éctively. It was found that the prevalence
of metabolic syndrome in this study was sé#;i}ar to the previous studies in Thailand.
The prevalences of metabolic syndrome defiléed-igfil NCEP ATP Ill in the participants
who received the health examination. was '.li"E}r.‘Zg%'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 fwas ;similar, to“the: previous—studies jin jAsian

countries (China, Talwan, 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 IlI criteria, the results showed that the prevalence of metabolic
syndrome classified by the NCEP ATP Il 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 IlI considers'that the importance of all'metabolic syndrome components
are the same. Thusythe prevalence of metabolic syndrome was variable across studies
according to the selection/of diagnostic criteria. In addition, the present study showed
that the prevalencewas higher in males thz;n in females when using the NCEP ATP
Il 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 similarito the pre\'/-i‘bus study that males and females had no
significant difference in the prevalence of métal;"cl)"lsic syndrome (Pongchaiyakul et al.,
2007). I

For the mEiabelic-syndrome-compeonenis;=ihe-highesi=td Towest prevalence of
metabolic syndrome components in the participants with metabolic syndrome were
abdominal obesity, elevated blood pressure, elevated triglycerides, elevated fasting
plasma/glucese, and reduced HDL-C respectively. This result'was €onsistent with the
study inprofessionals and office workers in Bangkok that the highest prevalence of
the, partieipants was hypertension (Lohseonthormset.al., 2007)s 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 Relationshipbetween Dietary Pattern and Metabolic Syndrome

The multiplelogistic regression was used to analyze the relationship between
dietary pattern and metabolic syndrome. This statistical analysis could evade the
influence of confeunding factors, Whiébn may affect the relationship between
metabolic syndromesand associated fa@torg. Thus, using of multiple logistic
regression in this study could. control thev'e‘ffe(cts of potential confounders. After
confounding factors were adjusted,there were 3 factors of dietary pattern that showed
significant relationships with-the metabolic :syr“\&"?ome. These factors included late
night meal intake, alcohol consumption and békéry"product intake.

The first=significani-facior-was-laie-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
whenscompared with.the participantsjwhoshad pet. At was/found that the,participants
with and without metabolic'syndrome had 11.8% and 3.5% offate 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 inr‘ the cross-seetional 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 havethe metabolic syndrome when compared with the participants who
did not. The participantswith and withou;t;rnnetabolic syndrome had 23.6% and 8.6%
of consuming alcoho! more than 30 ‘grafhs per day respectively.  Similarly,
Kloimklinsuk (2007) found that the currerft_-dr.-i(nkers had 1.34 times higher risk of
metabolic syndrome than the non-drinkers: -’banagiotakos (2007) found that alcohol
intake was positively correlated with the meéabc;'lji"'é syndrome (OR = 1.26, 95% CI =
1.21-1.33). In contrast; Lohsoonthorn et al. (2007) found that alcohol consumption
was not significantly-assoctated-with-the-metaboiic 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 circumiference, and fasting insulin “(kreiberg ‘et al., 2004)7~while the heavy
alcohol eonsumption led to increased serum triglycerides (Rimm et al., 1999). These
different-results might-be due to-the differenticharacteristicsiof-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 participantsavho had bakery product intake 3 days
and below per week. “The participantg with-and-without metabolic syndrome had
14.7% and 10.3%_ofweonsumimg bakery product mere than 3 days per week
respectively. Thesstudy of Ancerson 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 ang.i_DL-C in hypercholesterolemic subjects.
Additionally, Wirfaltet al,(2001) found th;at women who censumed refined bread had
increased risk of hyperinsulinaemia, whefeas.,the intake of high-fiber bread was
associated with lower central .obesity and-"idyslipidemia in men. These results
suggested that the consumption of high-fiberiaal;gy product had adversely associated
with the metabolic syndrome components, \“/\ihi'le-é' refined, low-fiber bakery product
was favorable asSectaied-wiih-ihe-metabotic-syndrome-compoients.

Accordingto 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 betteriexplanation on the relationship of dietary pattern and metabolic syndrome.
Thissstudy was.a cross=sectional-studysthat:-the measurement, ofiexpesure-and-eutcome
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, almest 50% of the participanisthad a large dinner, while only
10% had a large breakiast:" Thiswas a poor dietary behavior because dietary intake at
breakfast appeared«to be proteetive 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 significani .;elationship 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 etial. (2009)m*found that the subjects with metabolic
syndrome had approximately- 2 fimes faste'-re;étlt’ing than those without metabolic
syndrome. This indicated that the fasterréa'ting' was- associated with the risk of
metabolic syndrgine:

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 recavering/from metabelic syndrome over<12 months (OR = 3.9,
95% CI 21.7-8.8, p = 0.001) (Stookey, Gardner and Popkin, 2008). Most participants
had d:glass and below-per.day.of high-calerie 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% Cl = 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% CIl = 1.06-1.64).

Regarding the frequency of dieta}ry intake,mest 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 vegetahles (more théﬁn3 days per week) and seldom consumed
whole grains. Several studigs indicated‘u‘thaat- the consumption of healthy diet was
generally found to be associated with Iowerv'pre\(-a|ence of metabolic syndrome, while
the consumption of unhealthy diet appeared"ito be associated with increased risk of
metabolic syndrome (Baxter et al., 2006; Pan n:et alj 2008).

For the data of daily energy intak°e": there was_no significant relationship
between carbohytirates-fat-ana-proiein-intake-and-the-meiapolic 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)underfer overestimated.
However; the single 24-hour dietary recall was useful for estimating the mean intake
of pepulation(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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CHAPTERG6

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 populationsin 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 sxtudy The data were collected from blood
test, blood pressure measurement, wais;v_ circumference measurement, and self-
administered questiopnaire. The‘ Fesults showed that the prevalence of metabolic
syndrome defined by the IDF was 15.4% (1;;9:%_Jil_n males and 16.8% in females) and
by the NCEP ATP IlI, with the modified vﬂv?iis_t (_:i_rcumference cut off points for an
Asian population, was 17.9% (18.7% in malés ;nd 17.2% in females). Males and
females had nos 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 logisti€.reégression showed that late night meal
intake, alcohol:consumption, and bakery product intake were Sighifieantly associated
with the metabolic syndrome. Thus, the population should avoid late, night meal
intake and should.have the appropriate consumption of alcoholand 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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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-hou

24-hour dietary recall &

o decrease the ¢ f dietary assessment.

recalled for longer p

lietary recall may use the multiple replicate

data’ ,;/- frequency questionnaire may be

3. The study shoulg C 7 , esentation-of all population in Mueang

District, Nakhg
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Data analyses

The data analyses used in this study included:

1. Content validity test

The content validity test IS 0 e ire’s quality examination. In this

study, all parts of questioni for testing content validity.
Then, the question itability according to the
experts’ recomm livided into 5 parts that

consisted of par , part 2: demographic

The reliability test is one of the questi aire’s quality examination. The
Cronbach’s al e Cronbach’s alpha
normally ranges-heiween-0-i-and-the-aceepiabie-reliak ' guestionnaire should

Tﬁ 0 alﬁ/ 2003). In this study,

the reliability of food frequency questlonnalre was tested with the group of 30 persons

AT NBT TN T

Cronbaclu alpha that was 075 This value indicated that the food frequency

qﬂjﬂﬁﬁﬁ ﬁbm wﬁﬁ(ﬁ m Ef”]"'aaﬂname
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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

ssist in the estimating the portion sizes.

spoons and food pictures were used ft

However, the data obtained | recall may have under or over-

report because the participa learly estimate their dietary

intakes. Thus, the ing the unreliable total energy

intake data that e + 3 interquartile range
or less than first ed that no participant
reported the unreli Thus, the data of all

participants could be

3500.00

Q3 +3IQR

3000.00—

==

25IJIJ.|J

'ly : 1"’ 5IQR
2000.00 ]u

, <—— third quartile (Q3)

114,
QWW f 'f- ANEAR

energy intake (kcal)

Figure C-1 The boxplot analysis
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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

important in a regression equation.

difficult to determine Whether‘ -u-

Therefore, multicollinearity.among | e / es was assessed by tolerance and

Tolerance ( as Used to examine the strength of the linear relationship
among predictive, Ablessths 4 as lused : llinearity. The tolerance
indi a_perfectcollinear: M 0.00-1.00, whereas the

of 0 indicates ty t t
tolerance values of @11C eans |  that g ult ybeaproblem.

i . \\ easures the effect of other
predictive indicatdrs on reg : aﬂ __‘ _' N ' _ inversely related to the
tolerance value. A usL | ‘ , es is 10.0. This value corresponds to a
tolerance of 0.10 that indi 3.'..‘} u;;: of collinearity or multicollinearity

= .,“'..f'#

among the indende fiables (Ten L,

In this f{f"":‘ ...... suits showed that aii  predi : variables had no
f .
multicollinearity, “toleranc d \/mwas lower than 10.0
(Table C-1).

ﬂumwﬂmwmm
ama\mm UAIAINYA Y
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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 1 ’ / 725 1.379
Large meal intake ‘ /// 69 1.150
Favorite cooking me / 1.195
Favorite taste | ( . 1.236
Meal-made patte 1.200
Repeated dietar 1.333
Time between di 1.227
Time spent on each 1.246
Alcohol consu 1.250
Water intake 1.162
High-calorie jui 1.202
Fatty meat intake 1.456
Meat product intake 1.371
Bakery product intake 1.422
Fried food intake : o 1.834
Coconut milk food | 'I va 1.782
Vegetable intaki ,-— Y 1.412
Fruit intake ﬂ | A m 1.420
Whole grain int ’ 1.133
Single-plate food ufal& 1.427
s bt ] U TNEIN T
Salty processed food intake 1.365

-sugar food intake

I S0 N TN AR

“ 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. Theequation for prediction of the metabolic syndrome
In present study, the equation had accuracy of prediction 88.3%. The equation

was as follow:

1

Probability of metabolic syndrc BRI GTIE g

While X;

X2

' f _ \ gramsperday)
« bl @\

d /S per week)

1) The data of case number " ( ;A 5t in the equation

Probablll gl E (284 ?22(0)+1.27(O)+1.66(0))

(1+ 17.12)

ﬂﬂﬂ?ﬂﬂﬂ‘ﬁﬂ&ﬂﬂ‘i

Regardmg the equation, the pfthlpants with metabolic syndrome must have the
i) st e e i oo o o
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.
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2) The data of case number 341 were taken to test in the equation

Probability of metabolic syndrome = 1
1+e” (-2.84 +2.22(1) + 1.27(0) + 1.66(0))

= 1
(1+ e 0.62)

‘ ‘ / +11.86)

ility"of metabolic syn as 0.35. Therefore, the
equation predicted that this ease hac ne e drome. This result was

inaccurate because this participant was classifiec f,, etabolic syndrome group.

This equationmay. pre accurate “inacci ~ ecause its accuracy of

prediction is 88.3% '

ﬂ‘UEJ’JVIWITWEﬂﬂ‘S
ammmmumawmaﬂ
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