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Objectives. This study explored the association between metabolic syndrome-related indicators and the ten-year risk for
cardiovascular disease (CVD) in the middle-aged and elderly population. Methods. Data were collected from residents in Southern
Taiwan through a health screening program, carried out from March 2007 to May 2008. The present study used the risk assessment
tool of the Framingham Heart Study and adopted 10% as low risk, 11∼20% as medium risk, and >20% as high risk for CVD.
Results. We found that subjects with abdominal obesity and hypertension had significantly higher 10-year risk for CVD than
those who had normal waist circumference and blood pressure (OR = 2.07 and 24.52, resp.). Subjects with hypertriglyceridemia
were 1.86 times more at risk for developing medium risk of CVD than those who had normal triglyceride levels. Furthermore,
individuals with reduced high-density lipoprotein cholesterol (HDL-C) had significantly higher 10-year risk for CVD than those
who had normal HDL-C. Conclusions. Metabolic syndrome-related indicators were positively associated with 10-year risk for
CVD. Waist circumference (WC), blood pressure, triglyceride and HDL-C might be good indicators for predicting the risk of CVD
for middle-aged and elderly populations.

1. Introduction
Metabolic syndrome is the concurrence in an individual of
interrelated risk factors for CVD and diabetes. These factors include hyperglycemia, raised blood pressure, elevated
triglyceride concentrations, reduced HDL-C, and obesity
(particularly central adiposity) [1]. Studies have demonstrated that the syndrome is common when these risk factors
are present and that its global prevalence is increasing. The
trend relates largely to the increase in obesity and sedentary
lifestyles [2]. Consequently, metabolic syndrome represents
a global public health problem.

Metabolic syndrome has been recognized as a major risk
factor for the development of CVD and type 2 diabetes
worldwide [3]. Previous research indicated that the risk for
coronary heart disease (CHD) and stroke was increased
threefold in subjects with metabolic syndrome (P < .001).
Cardiovascular mortality was also markedly increased in
subjects with metabolic syndrome (12.0 versus 2.2%, P <
.001) [4]. Dekker et al. studied the European population
and concluded that the metabolic syndrome was associated
with an approximately twofold increased risk of incident
cardiovascular morbidity and mortality [5]. Another study
showed that patients with even one or two metabolic
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syndrome components were at increased risk for mortality
from CHD and CVD. Moreover, metabolic syndrome overall
more strongly predicts CHD, CVD, and total mortality than
its individual components [6]. Similarly, the risk of incident
CVD increased in conjunction with rising numbers of the
components of metabolic syndrome; 2.5% of individulals
with one component developed CVD, whereas 14.9% of
those who had four or more components developed the
disease [7].
However, the utility of the metabolic syndrome in predicting risk for the CVD requires further understanding.
Previous studies have documented that under fixed body
mass index (BMI), metabolic risk (e.g., insulin resistance,
diabetes, and cardiovascular disease) was significantly higher
in Asians than in Caucasians [8]. To our knowledge, few
Taiwanese studies have been conducted with middle-aged
and elderly populations living in the community. Fewer
still have utilized the Framingham Heart Study as a risk
assessment tool to evaluate metabolic syndrome as a whole,
as well as its individual components as indicators of CVD
risk. The results of such studies could be used to inform
screening programs and as a reference for management
of metabolic syndrome and its individual components in
the middle-aged and elderly populations. Accordingly, we
assessed the association between components of metabolic
syndrome and 10-year risk of CVD in the middle-aged and
elderly population in Southern Taiwan.

2. Methods
The study design was cross-sectional, and research protocol
was approved by the Institutional Review Board at the Meiho
University, Pingtung, Taiwan. Participants were residents of
Pingtung County in Southern Taiwan and were over 40
years of age. Data were collected through a health screening
program, carried out from March 2007 to May 2008. A total
of 859 adults participated in the survey, but 28 individuals
were excluded because of missing information on the evaluation items for the 10-year risk of CVD. The final sample,
therefore, consisted of 831 adults.

3. Data Collection
A self-administered questionnaire was used to collect information on sociodemographic characteristics of the study
participants and their medical history and lifestyle behaviors.
Physical examinations were conducted in the health center
of a local teaching hospital. In addition, each participant’s
blood pressure was recorded, as were anthropometric measurements including height, weight, and waist circumference
(WC). Height was measured to the nearest 0.1 cm without
shoes using a stadiometer; weight was measured in light
clothing without shoes using a beam balance scale and
was recorded to the nearest 0.1 kg; waist circumference was
measured to the nearest 0.5 cm above the iliac crests and
below the lowest rib margin at minimal respiration in a
standing position. Blood pressures were taken twice with
the right arm, with the subject in a seated position, using
an electronic automatic blood pressure device (model 3M
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Littmann Classic 2 S. Stethoscope). If the two readings varied
by more than 10 mmHg, an additional measurement was
taken, and the average of the two closest readings of blood
pressures was used in the analysis. Fasting venous blood
samples were collected from each subject for a battery of
biochemistry analyses; the study subjects had fasted for 10
hours prior to the blood collection. The blood samples were
placed in a 4◦ C ice bucket, delivered to the laboratory within
four hours, kept in the refrigerator, and the analysis was
completed within a week. The laboratory analyses included
fasting plasma glucose (FPG), triglycerides (TG), and HDLC.
Metabolic syndrome status was defined according to the
criteria set in the 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, ATP-III) [9].
We utilized previously established modifications for
Asian populations, using waist circumference cut-points
[10]. Any three of the following five criteria were grounds
for identifying metabolic syndrome:
(1) abdominal obesity: waist circumference (WC) 90
cm in men and 80 cm in women;
(2) raised TG: 150 mg/dL;
(3) reduced HDL-C: HDL-C <40 mg/dL in men and
<50 mg/dL in women;
(4) hypertension: blood pressure of at least 130/85 mm
Hg or taking antihypertensive medication; and
(5) raised FPG 110 mg/dL and/or taking anti-glycemic
medication.

4. Statistical Analysis
Risk assessment for determining the 10-year risk for developing CVD was performed using Framingham risk scoring. The
risk factors included in the Framingham calculation were
sex, age, total cholesterol, HDL-C, smoking habits, systolic
blood pressure, and medication taken to treat high blood
pressure [9]. Our study adopted 10% as low risk, 11∼20%
as medium risk, and >20% as high risk for CVD. Associations
between metabolic syndrome-related risk factors and their
predicted 10-year risk for developing CVD were evaluated by
χ 2 tests and by odds ratios (ORs) and their 95% confidence
intervals (CIs) derived from logistic regression analyses.
All statistical tests were two sided, and values of P <
0.05 were considered statistically significant. The statistical
analyses were performed with Statistical Package for the
Social Sciences v.17.0 (SPSS Chicago, IL).

5. Results
Of the 831 research subjects, 341 were men and 490 were
women; the mean age of the sample (±standard deviation)
was 65.39 ± 10.93 years. A total of 269 subjects were found
to have metabolic syndrome, a prevalence rate of 32.4%.
We found that subjects with metabolic syndrome were
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Table 1: Prevalence rates for metabolic syndrome-related indicators among study participants.
Variable
Waist circumference (cm)
Normal
Abdominal obesitya
Blood pressure (mmHg)
Normal
Hypertensionb
Fasting plasma glucose (mg/dL)
Normal
Hyperglycemiac
Triglycerides (mg/dL)
Normal
Hypertriglyceridemiad
HDL-C (mg/dL)
Normal
Low HDL-Ce
Metabolic syndrome
Not present
Presentf

Number

Percentage

504
327

60.6
39.4

268
563

32.3
67.7

636
195

76.5
23.5

606
225

72.9
27.1

506
325

60.9
39.1

562
269

67.6
32.4

a

Male: 90 cm; female: 80 cm.
or taking antihypertensive medication.
c 110 mg/dL or taking medication for lowering blood glucose.
d 150 mg/dL.
e Male: <40 mg/dL; female <50 mg/dL.
f Definition of metabolic syndrome as per NCEP ATP III, modified for Asian
populations.
b 130/85 mmHg

significantly overrepresented in the medium- and high-risk
groups for 10-year risk of CVD (P < .003).
The prevalence of the metabolic syndrome-related indicators was as follows: abdominal obesity 39.4%; hypertension 67.7%; hyperglycemia 23.5%; hypertriglyceridemia
27.1%; reduced HDL-C 39.1% (Table 1). As expected, significant associations were found between demographic characteristics, lifestyle behaviors, metabolic syndrome-related
indicators, and predicted 10-year risk for CVD (Table 2).
For example, compared to participants with normal blood
pressure, those who had a diagnosis of hypertension were
more likely to be in the higher predicted 10-year risk
groupings (11–20% and 20%). Similar results were found
for metabolic syndrome overall as well as its individual
components, as listed in Table 2.
Multiple logistic regression was used to assess the association between metabolic syndrome-related indicators and 10year risk for CVD (Table 3). Adjustments were made for sex,
age, smoking, alcohol consumption, and betel-nut chewing.
The results revealed that among the medium-risk and highrisk groups, four predicted variables showed statistically
significant relationships with 10-year risk for CVD. These
four variables were WC, blood pressure, TG, and HDL-C.
The remaining syndrome-related indicator variables did
not show significant associations with CVD risk. Specifically,
when we used the low-risk group as the reference group
and adjusted for potential confounding factors, subjects

with abdominal obesity and elevated blood pressure had a
higher 10-year risk for CVD than those who had normal
WC and blood pressure. The adjusted odds ratios were 2.07
(95% CI = 1.04–4.13) and 24.52 (95% CI = 9.10–66.09),
respectively. For subjects with elevated blood pressure, the
odds ratio for the medium-risk group was 3.12 (95% CI =
1.75–5.55) compared to the low-risk group (10%). The risk
of developing a medium-risk CVD was 1.86 times (95% CI
= 1.11–3.13) higher for subjects with hypertriglyceridemia,
compared to subjects with normal TG. Similar results were
observed among the subjects with low HDL-C.

6. Discussion
The purpose of this study was to explore the association
between metabolic syndrome-related indicators and the
predicted 10-year risk for CVD in the middle-aged and
elderly population in Southern Taiwan. We observed that
metabolic syndrome-related indicators were significantly
associated with an elevated risk of CVD in these population
groups. Specifically, individuals with abdominal obesity,
hypertension, hypertriglyceridemia, and reduced HDL-C
levels were more likely to develop CVD in 10 years.
Regarding the distributions of individual components
of metabolic syndrome, the present study revealed that the
prevalence rates of abdominal obesity, hypertension, hyperglycemia, hypertriglyceridemia, and reduced HDL-C were
39.4%, 67.7%, 23.5%, 27.1%, and 39.1%, respectively. A previous population-based study in Taiwan showed that 29.7%
of subjects had hypertension; the same study found that the
prevalence rates of hyperglycemia, hypertriglyceridemia, and
reduced HDL-C are 18.5%, 27.5%, and 23.4%, respectively
[11].
The prevalence of metabolic disorders was higher in
Western populations, with prevalence rates for hypertension,
hyperglycemia, hypertriglyceridemia, and reduced HDL-C
being reported as 79%, 38%, 44%, and 42%, respectively
[12].The variations between studies for prevalence rates
of metabolic syndrome-related indicators may be because
of diﬀerences in age and racial distributions or lifestyle
behaviors.
The prevalence of metabolic syndrome in our study was
32.4%. This figure is higher than that of a previous study in
Taiwan using the same criteria, namely, the NCEP-ATP III
criteria with the Asian modification of waist circumference;
in that study, the prevalence was found to be 24.2% [13].
Again, using the same criteria and a Taiwanese sample,
Lai et al. conducted a cross-sectional study and found the
prevalence of metabolic syndrome to be 44.1% [14]. The
discrepancy in these three prevalence rates for metabolic
syndrome may be because of age characteristics of the
various participants.
Few previous studies had focused directly on 10-year
risk of developing CVD among individuals with metabolic
syndrome. In our study, we found subjects who were male,
older (age 65 and over), smokers, alcohol consumers, and
betel-nut chewers to be over-represented in the medium and
high-risk groups for the 10-year CVD risk. Furthermore,
after adjusting the analysis for sex, age, smoking, alcohol
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Table 2: Demographic characteristics of study participants, metabolic syndrome-related indicators, and predicted 10-year risk for CVD
(n = 831).
10-year risk for CVD

Variable

10%

11–20%

>20%

<.001

Sex
Male

72 (21.1)

161 (47.2)

108 (31.7)

Female

424 (86.5)

56 (11.4)

10 (2.0)

<65

285 (82.1)

49 (14.1)

13 (3.7)

65

211 (43.6)

168 (34.7)

105 (21.7)

Noa

469 (64.7)

167 (23.0)

89 (12.3)

Yes

27 (25.5)

50 (47.2)

29 (27.4)

<.001

Age

<.001

Smoking

<.001

Alcohol consumption
Nob

454 (63.1)

170 (23.6)

96 (13.3)

Yes

42 (37.8)

47 (42.3)

22 (19.8)

Noc

482 (61.3)

194 (24.7)

110 (14.0)

Yes

14 (31.1)

23 (51.1)

8 (17.8)

No

245 (59.0)

118 (28.4)

52 (12.5)

Yesd

251 (60.3)

99 (23.8)

66 (15.9)

<.001

Betel-nut chewing

Regular exercise

.183

Waist circumference (cm)

.652

Normal

295 (58.5)

137 (27.2)

72 (14.3)

Abdominal obesitye

201 (61.5)

80 (24.5)

46 (14.1)
<.001

Blood pressure (mmHg)
Normal

204 (76.1)

57 (21.3)

7 (2.6)

Hypertensionf

292 (51.9)

160 (28.4)

111 (19.7)

Normal

396 (62.3)

156 (24.5)

84 (13.2)

Hyperglycemiag

100 (51.3)

61 (31.3)

34 (17.4)

298 (58.9)

146 (28.9)

62 (12.3)

198 (60.9)

71 (21.8)

56 (17.2)

Fasting plasma glucose (mg/dL)

.023

HDL-C(mg/dL)

.026

Normal
Low high-density lipoprotein

cholesterolh

Triglycerides (mg/dL)

.009

Normal

381 (62.9)

145 (23.9)

80 (13.2)

Hypertriglyceridemiai

115 (51.1)

72 (32.0)

38 (16.9)

Not present

354 (63.0)

143 (25.4)

65 (11.6)

Presentj

142 (52.8)

74 (27.5)

53 (19.7)

Metabolic syndrome

a

P ∗ value

.003

Never smoked or has quit.
b Never drinks or has quit.
c Never chews betel nut, or has quit.
d ≥ at least 3 times/week for at least 30 mins/session.
e Male: 90 cm; female: 80 cm.
f 130/85 mmHg or taking antihypertensive medication.
g 110 mg/dL or taking medication to lower blood glucose.
h Male: <40 mg/dL; female <50 mg/dL.
i 150 mg/dL.
j Metabolic syndrome definition of NCEP ATP III with modification for Asian populations.∗ The Chi-square (two-tailed) test was used to compare the
variables, with a significance level of α = .05.
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Table 3: Multiple logistic regression analysis of the association between metabolic syndrome-related indicators and predicted 10-year risk
for CVD.
Metabolic syndrome-related indicators
WCa
BPb
FPGc
TGd
HDL-Ce

10-year risk for CVD∗
Medium-risk
(95% CI)
1.54 (.93–2.55)
3.12 (1.75–5.55)
1.34 (.83–2.15)
1.86 (1.11–3.13)
1.36 (.82–2.25)
OR#

High-risk OR (95% CI)
2.07 (1.04–4.13)
24.52 (9.10–66.09)
1.24 (.66–2.35)
1.48 (.74–2.95)
4.03 (2.03–7.98)

a

WC: waist circumference.
blood pressure.
c FPG: fasting plasma glucose.
d TG: triglyceride.
e HDL-C: high-density lipoprotein cholesterol. ∗ Using the low-risk 10% group as the reference group. # Odds ratios were adjusted for sex, age, smoking,
alcohol consumption, and betel-nut chewing.
b BP:

consumption, and betel-nut chewing, we found that subjects
with abdominal obesity, elevated blood pressure, raised TG,
and reduced HDL-C were nonetheless more likely to develop
CVD within 10 years, compared to subjects without these
disorders. The odds ratios for subjects with these disorders
ranged from 1.86 to 24.52 times more likely to develop CVD.
One previous study demonstrated a relationship between
blood pressure and mortality among men in diﬀerent parts
of the world. It revealed that the overall unadjusted relative
risk of death because of coronary heart disease was 1.17
times (95% CI, 1.14 to 1.20). When systolic blood pressure
increased by 10 mmHg, it was 1.13 times (95% CI, 1.10
to 1.15), and when diastolic blood pressure increased by
5 mmHg, it was 1.28 times for an increase in risk after
adjustment for variability in blood pressure [15]. The
INTERHEART study found that the ORs of myocardial
infarction associated with abdominal obesity were 1.12 for
top versus lowest tertile of waist circumference and 1.62
for middle versus lowest tertile of waist circumference [16].
Another study with Chinese adults indicated that an increase
in waist circumference raised the risk of developing CVDs
[17]. The Framingham Heart Study results showed that level
of HDL-C was significant for determining CVD risk [18].
Furthermore, the Second National Health and Nutrition
Examination Survey in the United States found that subjects
who had even one or two metabolic syndrome components
were at increased risk for mortality from CHD and CVD.
The same study found that patients with metabolic syndrome
combined with diabetes were at the highest risk for CVD
(RR, 6.45; 95% CI, 4.24–9.79) [19]. Similarly, a six-year
followup study indicated that after adjusting for potential
confounding factors, participants with metabolic syndrome
were at a significantly higher risk for CVD and myocardial
infarctions [20].
According to the results from these studies, we realized
that metabolic syndrome-related indicators are associated
with higher risk of CVDs. Certain studies have also shown
that smoking and alcohol consumption increase the risk of
developing a heart disease [21–23]. Our study found that
betel-nut chewing, a special health risk factor in Taiwan,
may also be a factor in 10-year risk of developing CVD.
Similar results were found in a previous study [24–26].

Several reports mentioned that areca nut chewing may contribute to cardiovascular disease (mainly cerebrovascular)
because certain chemicals from alkaloids (mainly arecoline
and arecaidine) may trigger increased appetite and glucose
intolerance [27, 28]. Consequently, these factors may lead to
obesity, diabetes, and subsequent death from cardiovascular
conditions. In addition, the nut-chewing population may be
at increased risk for CVD because of an increased oxidative
stress [29, 30] and reduced γ-aminobutyric acid receptor
activity. Specific arecal alkaloids, such as arecoline, are γaminobutyric acid receptor antagonists [31]. Other less wellcharacterized metabolic eﬀects may also play a role.
Our study selected metabolic syndrome-related indicators and used multiple logistic regression to assess the 10year risk for CVD. Certain prospective epidemiologic studies
have shown that the incidence of coronary events is reduced
by raising HDL-C, which was an independent predictor of
CVD [32, 33].
This study has limitations. First, it was designed as a
cross-sectional study; thus, only the “snapshot” of association between metabolic syndrome-related indicators and 10year risk for CVD could be evaluated. Data took the form of
prevalence rates only. The analysis was purely correlational,
and, therefore, no causal inferences can be made. Second, our
study did not collect suﬃcient information on medication
use and dietary habits from the participants. It is possible
that residual confounding by these factors may also aﬀect the
metabolic syndrome-CVD link.
In conclusion, the present study demonstrated that
abdominal obesity, hypertension, and dyslipidemic components of metabolic syndrome correlated strongly with 10year risk for developing CVD. Therefore, it is mandatory for
medical personnel to screen middle-aged and elderly population with metabolic syndrome for WC, hypertension, hypertriglyceridemia, and reduced HDL-C. Appropriate management of these problems can reduce the risk of CVD.
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