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Abstract

This study investigated prevalence and risk factors of metabolic syndrome (MetS) in a suburban community in
Pathum Thani province, Thailand. Anthropometric data, blood pressure, blood glucose and lipid levels were recorded from
222 participants, 35-65 years old. Identification of MetS was based on guidelines of the National Cholesterol Education
Program III. The study found the prevalence of MetS was 36.49% with no significant differences between male and female
participants. An advancing body mass index (BMI) emerged as one of the most significant risk factors. Participants with BMI
> 23 kg*m-2 had an increased risk of MetS (OR 3.17). Furthermore, participants in the age group 55-65 years had an increased
risk of MetS (OR 2.28). Lack of exercise and high waist to height ratio were also important risk factors (OR 2.38 and 3.37,
respectively). Therefore, increased physical activity or exercise and weight control are advised to reduce the prevalence of
MetS.
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1. Introduction

Metabolic syndrome (MetS) has been defined in terms
of a group of risk factors for cardiovascular disease (CVD)
and cerebrovascular disease. However, definitions of MetS
by different criteria have been proposed, for example by the
National  Cholesterol  Education  Program  (NCEP)  Adult
Treatment  Panel  III  (ATP  III),  the  International  Diabetes
Foundation (IDF), the World Health Organization (WHO),
and the European Group for the Study of Insulin Resistance
(EGIR). The proposed clinical diagnosis criteria of MetS are

defined as > 3 of the following: central obesity, elevated blood
pressure  (BP),  low  high-density  lipoprotein  cholesterol
(HDL-C), elevated triglycerides (TG), impaired fasting glucose
(Huang,  2009;  NCEP,  2002).  It  has  been  reported  that
individuals diagnosed with MetS have a twofold increased
risk to develop CVD over the next 5-10 years and a five-fold
increased risk of type II diabetes mellitus (Alberti et al., 2009).
The prevalence of MetS is increasing worldwide and in the
2010 National Health and Nutrition Examination Survey
(NHANES) a 22.9% prevalence of MetS was reported in the
United States of America (Beltran-Sanchez et al., 2013).

In Thailand, the overall prevalence of MetS among
adults was 32.6% with 35% in the capital Bangkok (Aekplakorn
et al., 2011). The socioeconomic environment of Pathum Thani
province,  which  is  located  to  the  north  of  Bangkok,  has
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rapidly changed in recent decades and among the provinces
it has the fastest population and economic growth compared
to the capital. Despite its rapid growth and the associated
negative health consequences the prevalence of MetS had
never  been  investigated  in  this  province.  Therefore,  the
present study was undertaken to record the prevalence of
MetS in a limited area of Pathum Thani province, the Klong
Luang  4  community  by  applying  the  NCEP  definition.
In addition, risk factors of MetS were investigated.

2. Materials and Methods

The present study was a cross-sectional population
survey with participants from the Klong Luang 4 community,
Pathum Thani province, Thailand. Males and females were
recruited either through poster advertisements, distributed
flyers and brochures or directly, by approaching them in their
primary care hospital. Ethics and protocols were approved
by  the  Research  Ethics  Committee  on  Human  Subjects,
Thammasat University, and written and informed consent
was obtained from all participants. The cross-sectional study
was designed to explore the prevalence of MetS. Anthropo-
metric  data,  blood  samples  and  blood  pressure  (BP)  data
were collected. Anthropometric measures were performed
as previously described (Yuenyongchaiwat, 2015). Briefly,
standing  waist  circumference  was  measured  in  duplicate
using  a  tape  measure  in  centimeters  at  the  level  of  the
umbilicus and the mean value was calculated. All participants
were asked to refrain from drinking and food consumption for
8-12 hours before blood samples were drawn for analysis
of  lipid  and  glucose  levels.  Plasma  glucose,  high-density
lipoprotein cholesterol (HDL-C), and triglyceride (TG) levels
were measured. Resting BP (5 min initial rest) was recorded
on the left arm using an Omronâ M6 Comfort BP monitor
(HEM-7211; Omron Healthcare B.V., Kruisweg, Hoofddorp,
The Netherlands). An appropriate arm cuff size was connected
on the left semi-flexed arm at the heart height level as recom-
mended by the manufacturer. According to a new American
Heart Association (AHA) recommendation, at least two BP
readings should be taken at a one-minute interval (Smith,
2005). Therefore, BP measurements were recorded at minutes
five and six and the mean BP was calculated. However, if the
two BP readings differed by > 5 mmHg, a third BP reading
was recorded and then the three BP readings were averaged.

The NCEP ATP III guidelines were used to categorize
symptoms of MetS. The ATP criteria were defined as a person
having a waist circumference in male > 102 cm (> 40 inches) or
female > 88 cm (> 35 inches) plus any two or more of the
following four risk factors: (1) TG > 150 mg/dL; (2) low HDL-
C, male < 40 mg/dL, female < 50 mg/dL; (3) high BP (systolic
BP  > 130  or  diastolic  BP > 85 mmHg)  or  persons  taking
antihypertensive  medicine;  and  (4)  high  fasting  glucose
(> 110 mg/dL) or previously diagnosed with type 2 diabetes
(NCEP, 2002). The study defined a positive family history of
CVD as myocardial infarction, coronary revascularization,
or sudden death before 55 years of age in father or other male

first-degree relative, or before 65 years of age in mother or
other female first-degree relative, or essential hypertension
in one or both biological parents or siblings (Lloyd-Jones
et al., 2004; Treiber et al., 1997). According to the American
College of Sports Medicine (ACSM) and the AHA exercises
were defined as individual accumulations of 30 minutes of
moderate intensity at least five days per week or 150 minutes
per week (Haskell et al., 2007). It has been suggested that a
waist to height ratio is a simple and suitable screening tool
applicable  to  a  wide  variety  of  populations  for  all  cardio-
metabolic outcomes (e.g., diabetes) (Alberti et al., 2009;
Ashweel & Hsieh, 2005; Browning et al., 2010). Therefore, the
waist to height ratio was calculated and the mean boundary
values for waist to height ratio are used for males and females
at 0.5.

Descriptive  data  are  presented  as  percentage  (%),
mean, standard deviation (SD), and median. Body mass index
(BMI) was computed as body weight (kg) divided by the
square  of  the  body  height  (m2).  Data  were  verified  for
normality  of  distribution  using  the  Kolmogorov–Smirnov
Goodness  of  Fitness  test.  A  chi-square  test  was  used  to
analyze differences between the obtained values in partici-
pants  with  or  without  MetS.  In  addition,  ANOVA  was
conducted to compare variables between participants with
MetS where appropriate. Finally, logistic regression analysis
was  used  to  determine  independent  predictors  for  MetS.
A p-value of < .05 was considered statistically significant.
All statistical analyses were performed with SPSS version
20.0.

3. Results

In total 222 subjects (60 males, 162 females) partici-
pated in this study. The mean age in this group was 48.50±
7.39 years (range: 36-65 years) and the overall prevalence of
metabolic syndrome (MetS) was 36.49% with 26.66% (16) in
males and 40.12% (65) in females. Main occupations of the
participants were grocer and housemaid (53.5%), followed by
laborer and agriculturist (33.7%). Only 8.4% were employed
as  office  workers  or  administrative  staff.  The  remaining
participants  (4.4%)  did  not  specify  any  occupation.  The
summarized data of the participants with and without MetS
are shown in Table 1.

At the selected significance level (p < .05) gender was
found to be unrelated to the prevalence of MetS, i.e. females
did not show a higher prevalence of MetS compared to males
(c2 = 3.42, p = .064). Participants with a parent history of CVD
had  a  higher  prevalence  of  MetS  compared  to  individuals
without a family history of CVD (c2 = 4.89, p = .027). The
highest prevalence of MetS was observed in participants who
seldom or never exercised and also had a high waist/height
ratio (defined as > 0.5). Furthermore, the prevalence of MetS
was found to increase with age (F (1,220) = 6.51, p = 0.011)
and BMI (F (1,220) = 32.82, p < .001).

In detail, in the age groups 35-44 years, 45-54 years,
and 55-65 years the prevalence of MetS increased from
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4.01% to 9.12%, and 16.42%, respectively (c2 = 7.34, p = .026).
In addition, participants with a BMI > 23 kg*m2 had a higher
prevalence  of  MetS  at  32.43%  (n = 72)  compared  to
individuals with a lower BMI (4.05%, n = 9) (c2 = 8.91, p =
.003). Similarly, participants with a waist to height ratio > 0.5
had a higher MetS prevalence than those with a lower waist
to height ratio (32.88%, n = 73 versus 3.60%, n = 8; c2 = 9.13,
p = .003).

To determine the risk of developing MetS, a logistic
regression analysis was performed. Age, gender, history of
smoking,  CVD  in  the  family,  and  exercise  were  evaluated
(Table 2). A high BMI emerged as one of the most significant
risk  factors  for  developing  MetS.  A  BMI > 23 kg*m-2  as
recorded  in  173  participants  (77.93%)  was  significantly
associated  with  an  increased  risk  of  MetS  at  an  odds  ratio
(OR) of 3.17 (95% confidence interval (CI) 1.45-6.94, p = .004).
Individuals with a waist to height ratio > 0.5 were at higher
risk for MetS compared to participants with a waist to height
ratio < 0.5 (OR 3.37, CI 1.48-7.64, p = .004). In addition,
participants in the age group 55-65 years had an OR of 2.28
(CI 1.03-5.08, p = .043) for MetS compared to those in the age
group 35-45 years. Lack of exercise was found to be a major

risk factor (OR 2.38, CI 1.27-4.43, p = .006) while female gender
was not identified as an independent risk factor for MetS
(OR 1.84, CI 0.96-3.54, p = .064).

4. Discussion

The aim of the present study was to explore the preva-
lence and pattern of MetS in a suburban community located at
Klong Luang 4, Pathum Thani province, Thailand. Data was
sampled from 222 individuals aged 35-65 years; 77.93% were
obese (defined as BMI > 23 kg*m-2) with 45 males and 128
females. The total prevalence of MetS was 36.49% by NCEP
ATP III with 16 males and 65 females. The prevalence of MetS
was not significantly different between males and females.

The  findings  of  the  present  study  were  similar  to
previous findings and studies of the prevalence of MetS in
Asian populations. For example, Ravikiran et al. reported a
35.8% prevalence of MetS in adult Asian Indians by using
NCEP ATP III (Ravikiran et al., 2010). Mohamud et al. (2011)
reported a 34.3% prevalence of MetS in Malaysians based on
ATP II definition. The Korean National Health and Nutrition
Examination Surveys reported a 31.3% prevalence of MetS in

Table 1. Baseline characteristics of participants with and without metabolic syndrome

           Variables MetS (%) without MetS (%) Total (%) 2 p-value
 n = 81 n = 141 n = 222

Gender 3.42 .064
   - Male 16 (19.75%) 44 (31.21%) 60 (27.03%)
   - Female 65(80.25%) 97 (68.79%) 162 (72.97%)

Smoking history .15 .700
   -  No smoking 71 (87.65%) 121 (85.82%) 192 (86.49%)
   - Current smoking 10 (12.35%) 20 (14.18%) 30 (13.51%)

Family history of CVD 4.89 .027
   - No family history 40(49.38%) 91 (64.54%) 131 (59.01%)
   - Family history 41 (50.6%) 50 (35.5%) 91 (40.99%)

Exercise 7.62 .006
   Non-exercise 63 (77.78%) 84 (59.57%) 147 (66.22%)
   Exercise 18 (22.22%) 57 (40.43%) 75 (33.78%)

Waist to height ratio 9.13 .003
   < 0.5 8 (9.88%) 38 (26.95%) 46 (22.72%)
   > 0.5 73 (90.12%) 103 (73.05%) 176 (79.28%)

Mean ± SD Mean ± SD Mean ± SD t  p-value

Age (yr) 50.15 ± 7.23 47.55 ± 7.32 48.50 ± 7.39 2.55 .011
BMI (kg*m-2) 28.43 ± 4.07 26.09 ± 4.08 26.31 ± 4.37 5.73 < .001
Waist circumference (cm) 95.33 ± 8.92 86.24 ± 9.44 89.57 ± 10.23 6.99 < .001
SBP (mmHg) 129.50 ± 15.24 118.31 ± 13.05 122.38 ± 14.87 5.75 < .001
DBP (mmHg) 82.48 ± 12.38 118.31 ± 13.05 77.90 ± 11.70 4.59 < .001
FBS (mmol/l) 129.61 ± 21.40 113.76 ± 22.42 119.55 ± 23.30 5.12 < .001
HDL-C (mg/dL) 53.86 ± 11.49 51.93 ± 11.68 52.64 ± 11.62 1.19 .234
TG (mg/dL) 139.43 ± 70.50 111.13 ± 54.57 121.50 ± 62.25 3.33 .001
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2007 and it was noted that it had significantly increased from
a figure of 24.9% in 1998 (Lim et al., 2011). In addition, the
results of the present study were comparable to populations
in non-Asian countries such as the United States of America
(34.4%)  (Ervin, 2009). In Thailand, Aeklakorn et al. (2014)
found the prevalence was 32.6% from four geographic regions
of Thailand including the capital Bangkok. They also reported
that the prevalence of MetS in Bangkok of approximately
35% was higher than that in rural areas or other urban areas
of Thailand. Pathum Thani province has become a suburb of
Bangkok, in fact a part of the Bangkok metropolitan area.
Furthermore, it has been shown that Pathum Thani province
has  a  tendency  to  develop  just  like  a  major  city  and,  not
surprisingly, the observed prevalence of MetS was accord-
ingly high.

Differences in MetS prevalence can be largely predicted
by traditional risk factors; such as family history of CVD, age
and gender. The present study is in accordance with other
studies which demonstrated that the prevalence of MetS is
age-dependent with a lower prevalence in young adults and
a  higher  prevalence  in  older  people  (Pattyn  et  al.,  2013).
Gender is also a risk factor for MetS, however, the present
study found no significant differences between males and
females. In this study 162 participants were females and 60
were males and this difference in gender sample size (factor
2.7) might have affected the result. Although, it seemed that
there was a difference regarding gender and MetS (26.66%
(16) in males and 40.12% (65) in females), the difference was
not significant (p = .064).

Remarkably, it has been shown that the risk to develop
MetS can be reduced by 50% with sufficient physical activity
or exercise, and weight control (Yu et al., 2013) Therefore,
an approximate 50% variation in the number of MetS cases
should be considered and it is important to focus on these
risk factors. As this study has confirmed, lack of exercise or
physical activity is a major risk factor. Participants who had
exercised less frequently had a higher prevalence of MetS.
Following  a  meta-analysis  of  randomized  and  clinical
controlled  trials  it  was  suggested  that  dynamic  endurance
exercises (e.g., walking, cycling) could significantly reduce
the risk of MetS (i.e., waist circumference, HDL-C, systolic
BP, diastolic BP) (Ashwell et al., 2012; Pattyn et al., 2013).
Furthermore, approximately 30% of people with a high BMI
have  hypertension  (NHLBI,  2004).  In  addition,  a  lack  of
physical activity or a sedentary lifestyle increases the risk
to  develop  hypertension  by  20-50%  (NIH,  2004).  Waist
circumference  is  also  one  of  the  clinical  criteria  for  MetS.
Several studies reported that BMI, waist circumference and
waist  to  height  ratio  are  correlated  and,  in  addition,  these
factors  are  associated  with  a  risk  of  MetS,  e.g.,  diabetes
mellitus, hypertension (Dalton et al., 2003; Guasch-Ferre et
al., 2012; Ko et al., 1999; Liu et al., 2011; Misra et al., 2006).
Thus, it appears that much of the variation in the prevalence
of MetS can be prevented by lifestyle modifications such as
increasing  physical  activity  or  exercising  and controlling
body weight.

Limitations of the present study are noted as follows.
Only 222 participants were recruited by convenience sampling

Table 2. Results of logistic regression analysis for risk factors for metabolic syndromes

Risk factors for MetS Odds ratio 95% CI for OR p-value

Gender Reference group- male
Female 1.84 .96 - 3.54 .064

Age groups (in years) Reference age group 35-44 years
45-55 1.10 .48 - 2.54 .826
55-65 2.28 1.03 - 5.08 .043

Family history of CVD Reference family history group - no family history
Family history 1.87 1.07 - 3.25 .028

Smoking history Reference smoking history - no smoking history
Current smoking .85 .38 - 1.92 .700

Exercise Reference exercise – moderate to high intensity of exercise
Low / never Exercise 2.38 1.27 - 4.43 .006

BMI Reference BMI < 23 kg/m2

BMI > 23 kg/m2 3.17 1.45 - 6.94 .004

WHtR Reference WHtR < 0.5
> 0.5 3.37 1.48 - 7.64 .004

CI; confidence interval, OR; odds ratio MetS; metabolic syndrome, CVD;
cardiovascular disease, BMI; body mass index, WHtR; waist to height ratio
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from the Klong Luang 4 community. Therefore, the partici-
pants may not represent the whole community and, conse-
quently, the results should not be used to draw conclusions
for  the  whole  population  of  the  community.  Multistage
probability surveys of the community might result in more
representative data. In addition, it has been suggested that
employment status might be correlated to the prevalence of
MetS (Davila et al., 2010). Therefore, various occupational
groups and their differences in obesity and MetS should be
analyzed.

In  summary,  the  prevalence  of  MetS  in  the  Klong
Luang 4 community, Pathum Thani province, Thailand was
36.49%  (81  from  222  participants)  and  77.93%  of  the
participants were already obese (defined as BMI > 23 kg*m-2).
A high waist to height ratio and lack of exercise are associated
with MetS. In addition, participants with high BMI emerged
as  having  one  of  the  most  significant  risk  factors  for
developing MetS.

Acknowledgements

The  authors  acknowledge  the  help  of  Mr. Paitoon
Dhari,  the  head  of  community  health  services,  and  Mrs.
Somsong Duren, a registered nurse, for organizing and over-
seeing  the  participants  recruited  in  the  community.  The
authors are also thankful to all the participants of the study.
Lastly,  the  study  was  fully  supported  by  a  research  grant
from Thammasat University.

References

Aekplakorn, W., Chongsuvivatwong, V., Tatsanavivat, P., &
Suriyawongpaisal, P. (2011). Prevalence of metabolic
syndrome  defined  by  the  International  Diabetes
Federation  and  National  Cholesterol  Education
Program  criteria  among  Thai  adults.  Asia  Pacific
Journal of Public Health, 23, 792-800. doi: 10.1177/
1010539511424482.

Aekplakorn, W., Inthawong, R., Kessomboon, P., Sangthong,
R., Chariyalertsak, S., Putwatana, P., & Taneepanich-
skul, S. (2014). Prevalence and trends of obesity and
association with socioeconomic status in Thai Adults:
National  Health  Examination  Surveys,  1991-2009.
Journal of Obesity, 2014, 410259. doi: 10.1155/2014/
410259. Epub 2014 Mar 17.

Alberti,  K. G.,  Eckel,  R. H.,  Grundy,  S. M.,  Zimmet,  P. Z.,
Cleeman, J. K., Donato K. A., . . . Smith, S. C. Jr. (2009).
Harmonizing the metabolic syndrome: A joint interim
statement of the International Diabetes Federation
Task Force on Epidemiology and Prevention; National
Heart,  Lung,  and  Blood  Institute;  American  Heart
Association; World Heart Federation; International
Atherosclerosis Society; and International Associa-
tion for the Study of Obesity. Circulation, 120(16),
1640-1645. doi: 10.1161/CIRCULATIONAHA.109.
192644. Epub 2009 Oct 5

Ashwell, M., Gunn, P., & Gibson, S. (2012). Waist-to-height
ratio  is  a  better  screening  tool  than  waist  circum-
ference and BMI for adult cardiometabolic risk factors:
Systematic review and meta-analysis. Obesity reviews,
13, 275-286.

Ashwell, M., & Hsieh, S. D. (2005). Six reasons why the
waist-to-height ratio is a rapid and effective global
indicator for health risks of obesity and how its use
could simplify the international public health message
on obesity. International Journal of Food Sciences
and Nutrition, 56, 303-307.

Beltran-Sanchez, Harhay O. M., Harhay, M. M., & McElligott,
S. (2013). Prevalence and trends of metabolic syndrome
in the adult U.S. population, 1999-2010. Journal of the
American College of Cardiology, 62, 697-703.

Browning,  L. M.,  Hsieh,  S. D.,  &  Ashwell,  M.  (2010).
A  systematic  review  of  waist-to-height  ratio  as  a
screening  tool  for  the  prediction  of  cardiovascular
disease and diabetes: 0·5 could be a suitable global
boundary  value.  Nutrition  Research  Reviews,  23,
247-269.

Dalton, M., Cameron, A. J., Zimmet, P. Z., Shaw, J. E., Jolley,
D.,  Dunstan,  D. W.,  &  Welborn,  T. A.  (2003).  Waist
circumference, waist-hip ratio and body mass index
and their correlation with cardiovascular disease risk
factors  in  Australian  adults.  Journal  of  Internal
Medicine, 254, 555-563. doi: 10.1111/j.1365-2796.2003.
01229.x.

Davila, P. E., Caban-Martinz, A. J., Florez, H., Arheart, K. L.,
Fleming, L. E., McCollister, K. E., . . . Clarke T. (2010).
Prevalence of the metabolic syndrome among U.S.
workers. Diabetes Care, 33, 2390-2395.

Ervin, R. B. (2009). Prevalence of metabolic syndrome among
adults 20 years of age and over, by sex, age, race and
ethnicity, and body mass index: United States, 2003-
2006. National Health Statistics Reports, 5(13), 1-7.

Guasch-Ferré, M., Bulló, M., Martínez-González, M. Á.,
Corella, D., Estruch, R., Aros, F., . . . Salas-Salvadó, J.
(2012). Waist-to-height ratio and cardiovascular risk
factors in elderly individuals at high cardiovascular
risk. PLoS One, 7(8), e43275. doi: 10.1371/journal.pone.
0043275. Epub 2012 Aug 14.

Haskell, W. L., Lee, I. M., Pate, R. R., Powell, K. E., Blair, S. N.,
Franklin, B. A., . . . Bauman, A. (2007). ACSM/AHA
recommendations physical activity and public health
updated recommendation for adults form the American
College of Sports Medicine and the American Heart
Association. Circulation, 116, 1081-1093.

Huang, P. L. (2009). A comprehensive definition for metabolic
syndrome. Disease Models and Mechanisms, 2, 231-
237. doi: 10.1242/dmm.001180.

Ko,  G. T.,  Chan,  J. C.,  Cockram,  C. S.,  &  Woo,  J.  (1999).
Prediction of hypertension, diabetes, dyslipidaemia or
albuminuria using simple anthropometric indexes in
Hong  Kong  Chinese.  International  Journal  of
Obesity and Related Metabolic Disorders, 23(11),



K. Yuenyongchaiwat et al. / Songklanakarin J. Sci. Technol. 39 (6), 787-792, 2017792

1136-1142.
Lim, S., Shin, H., Song, J. H., Kwak, S. H., Kang, S. M., Won

Yoon, J., . . . Koh, K. K. (2011). Increasing prevalence of
metabolic syndrome in Korea: The Korean National
Health and Nutrition Examination Survey for 1998-
2007. Diabetes Care, 34(6), 1323-1328. doi: 10.2337/
dc10-2109. Epub 2011 Apr 19.

Liu, Y., Tong, G., Tong, W., Lu, L., & Qin, X. (2011). Can body
mass index, waist circumference, waist-hip ratio and
waist-height  ratio  predict  the  presence  of  multiple
metabolic  risk  factors  in  Chinese  subjects?  BMC
Public Health, 11, 35. doi: 10.1186/1471-2458-11-35.

Lloyd-Jones, D. M., Nam, B. H., D’Agostino, R. B., Levy,
D., Murabita, J. M., Wang, T. J., . . . O’Donnell, C. J.
(2004). Parental cardiovascular disease as a risk factor
for  cardiovascular  disease  in  middle-  aged  adults.
A prospective study of parents and offspring. Journal
of the American Medical Association, 291(18), 2204-
2211.

Misra,  A.,  Madhavan,  M.,  Vikram,  N. K.,  Pandey,  R. M.,
Dhingra, V., & Luthra, K. (2006). Simple anthropometric
measures  identify  fasting  hyperinsulinemia  and
clustering  of  cardiovascular  risk  factors  in  Asian
Indian adolescents. Metabolism, 55, 1569-1573. doi:
10.1016/j.metabol.2006.06.029.

Mohamud, W. N., Ismail, A. A., Sharifuddin, A., Ismail, I. S.,
Musa, K. I., Kadir, K. A., … Bebakar, W. M. (2011).
Prevalence of metabolic syndrome and its risk factors
in adult Malaysians: results of a nationwide survey.
Diabetes Research and Clinical Practice, 91(2), 239-
245. doi: 10.1016/j.diabres.2010.11.025. Epub 2010 Dec
13

National High Blood Pressure Education Program. (2004).
Seventh report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of
High Blood Pressure (NIH Pub #04-5230). Retrieved
from http://www.nhlbi.nih.gov/guidelines/hyperten-
sion/jnc7full.htm

National Cholesterol Education Program Expert Panel on
Detection, Evaluation, and Treatment of High Blood

Cholesterol  in  Adults.  (2002).  Third  report  of  the
National Cholesterol Education Program (NCEP) expert
panel on detection, evaluation, and treatment of high
blood cholesterol in adults (Adult Treatment Panel
III) final report. Circulation, 106(25), 3134-3421.

National High Blood Pressure Education Program Working
Group on High Blood Pressure in Children and Ado-
lescents. (2004). The fourth report on the diagnosis,
evaluation, and treatment of high blood pressure in
children  and  adolescents.  Pediatrics,  114(Suppl.  2,
4th Report), 555-576.

Pattyn, N., Cornelissen, V. A., Eshghi, S. R., & Vanhees, L.
(2013). The effect of exercise on the cardiovascular
risk factors constituting the metabolic syndrome: A
meta-analysis of controlled trials. Sports Medicine,
43(2), 121-133. doi: 10.1007/s40279-012-0003-z.

Ravikiran, M., Bhansali, A., Ravikumar, P., Bhansali, S., Dutta,
P., Thankur, J. S., . . . Walia, R. (2010). Prevalence and
risk  factors  of  metabolic  syndrome  among  Asian
Indians: a community survey. Diabetes Research and
Clinical Practice, 89(2), 181-188. doi: 10.1016/j.diabres.
2010.03.010.

Smith,  L.  (2005).  New  AHA  recommendations  for  blood
pressure measurement. American Family Physicians,
72, 1391-1398.

Treiber, F. A., Turner, J. R., Davis, H., & Strong, W. B. (1997).
Prediction of resting cardiovascular functioning in
youth with family histories of essential hypertension:
A  5-  year  follow-up.  International  Journal  of
Behavioral Medicine, 4, 278-291.

Yu, R., Yau, F., Ho, S. C., &Woo, J. (2013). Associations of
cardiorespiratory  fitness,  physical  activity,  and
obesity  with  metabolic  syndrome  in  Hong  Kong
Chinese midlife women. BMC Public Health, 13, 614.
doi: 10.1186/1471-2458-13-614

Yuenyongchaiwat, K. (2015). Effect of using pedometer to
increase physical activity in middle-aged Thais with
overweight: A preliminary study. Thammasat Inter-
national  Journal  of  Sciences  and  Technology,  20,
57-61.


