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Abstract 

Background:  The reported outcomes of the metabolic syndrome (MetS), containing atherosclerotic cardiovascular 
disease and diabetes, vary according to the definitions used. This study was designed to compare the performance 
of the Adult Treatment Panel III/American Heart Association/National Heart, Lung, and Blood Institute (ATP III/AHA/
NHLBI) and International Diabetes Federation (IDF) criteria for the risks of atherosclerosis and diabetes.

Methods:  We sifted subjects from a self-paid Health examination program from 1999 to 2015 in this cross-sectional 
population-based study. On the basis of the ATP III/AHA/NHLBI and IDF criteria, the MetS diagnosis and scores were 
concluded. A brachial-ankle pulse wave velocity (baPWV) more than or equal to 1400 cm/s indicated more severe 
arterial stiffness, and a high fasting glucose level more than or equal to 6.99 mmol/L or postprandial glucose level 
more than or equal to 11.10 mmol/L indicated diabetic-level hyperglycemia. Comparisons of the areas under receiver 
operating characteristic curves (AUC–ROC) for both MetS scores to correlate with a higher baPWV and diabetic-level 
hyperglycemia were evaluated.

Results:  In the 26,735 enrolled subjects with an average age of 55 (± 12) years, 6633 and 7388 (24.8% vs. 27.6%, 
p < 0.001) were classified as having MetS on the basis of the ATP III/AHA/NHLBI and IDF criteria, respectively. The AUC–
ROC for the ATP III/AHA/NHLBI-MetS score were higher than those for the IDF-MetS score (0.685 vs. 0.595 to correlate 
with a higher baPWV, p < 0.001; 0.791 vs. 0.665 to correlate with diabetic-level hyperglycemia, p < 0.001).

Conclusions:  To the best of our knowledge, this is the first study to demonstrate that through a holistic approach, 
the performance of the ATP III/AHA/NHLBI-MetS score for the risks of atherosclerosis and diabetes was superior to the 
IDF-MetS score for Asians.
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Background
Throughout the world, the prevalence of the metabolic 
syndrome (MetS) is rising [1, 2]. MetS is set as a group 
of several characteristics including a broadened waist 
circumference (WC) caused by hypernutrition, a sed-
entary lifestyle, and sequential abdominal fat accumula-
tion [1, 2]. Dr. Reaven first described the term “syndrome 

X” in 1988 with simultaneously grouped risk factors [3]. 
Syndrome X, later termed MetS, is recognized as a mul-
tiplex risk factor for type 2 diabetes and atherosclerotic 
cardiovascular disease (ASCVD) due to high correla-
tions with insulin resistance. MetS is currently described 
as the grouping of abdominal obesity, insulin resistance, 
elevated blood pressure (BP), and obesity-related dys-
lipidemia, while also highly correlated with other clini-
cal disorders such as nonalcoholic fatty liver disease, a 
prothrombotic or proinflammatory state, and reproduc-
tive problems [4–6]. Previous studies have revealed that 
MetS is correlated with unfavorable clinical outcomes, 
including a fivefold increased risk of new diagnosed type 

Open Access

Diabetology &
Metabolic Syndrome

*Correspondence:  taipei.chu@gmail.com 
3 Department of Cardiology, Chang Gung Memorial Hospital, College 
of Medicine, Chang Gung University, 199 Tun‑Hwa North Road, Taipei 105, 
Taiwan
Full list of author information is available at the end of the article

http://orcid.org/0000-0003-0361-6348
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13098-018-0358-x&domain=pdf


Page 2 of 9Tsai et al. Diabetol Metab Syndr  (2018) 10:56 

2 diabetes, and an approximate twofold increased risk of 
ASCVD [5].

Currently, there are many different MetS definitions, as 
the MetS is a combination of different unfavorable condi-
tions with the joint pathophysiology of abdominal obesity 
and insulin resistance, and not just one single disease [5]. 
Moreover, the prevalence and outcome data of the MetS 
depend on these criteria used and vary [7, 8]. Hence, it 
is necessary to find a champion criterion for MetS evalu-
ation. Even though some different MetS criteria were 
modulated to the one in 2009 [9], the National Choles-
terol Education Program-Adult Treatment Panel III (ATP 
III), adjusted ATP III by the American Heart Association 
and the National Heart, Lung, and Blood Institute (ATP 
III/AHA/NHLBI) [10] and the International Diabetes 
Federation (IDF) [11] are still the most commonly used 
criteria throughout the world [12].

Atherosclerosis-related arterial stiffness is examined 
by pulse wave velocity (PWV), which is highly associated 
with ASCVD and has been well-studied as a powerful 
risk factor for coronary artery disease [13] and all-cause 
death [14] in general populations. Moreover, the PWV is 
also a strong risk factor for death, beyond systolic blood 
pressure (SBP), among patients with glucose intolerance 
or diabetes [15]. However, the associations between the 
different MetS criteria and clinical outcomes have not yet 
been elucidated. The purpose of this current study was to 
objectively compare the performance of ATP III/AHA/
NHLBI- and IDF-MetS scores for the risks of atheroscle-
rosis and diabetes through a holistic approach in a gen-
eral population.

Methods
Data source and study population
Database from 1999 to 2015 from a Health Examination 
Program at one’s own expense at the Health Care Center 
of Taoyuan Chang Gung Memorial Hospital was gath-
ered in the cross-sectional population-based study. In our 
recent report, the database and the selection criteria have 
been described previously to test the weight of different 
WC cut-off values of the MetS diagnosis for the risks of 
atherosclerosis and diabetes in a Chinese population [16]. 
Briefly, every subject was demanded to be asymptomatic 
for infection and to complete a uniform protocol, con-
taining well-designed questionnaires revealing their fam-
ily and personal lifestyle patterns and medical histories, 
as well as measurements of body weight, height, BP, WC, 
and brachial-ankle PWV/ankle-brachial index (baPWV/
ABI), applied to estimate the severity of arterial stiff-
ness. The inclusion guide was obtainable information of 
fasting plasma glucose, and 171,839 subjects in all were 
sifted. The exclusion guides were less than 20 years old, 
an ABI value less than 0.9, or any missing information 

of the other 4 MetS components, post-prandial plasma 
glucose or baPWV (Fig.  1). The included subjects were 
diagnosed as the MetS or not on the basis of the ATP III/
AHA/NHLBI and IDF criteria.

All subjects were required to give their written 
informed consent. The Ethics Committee of the Institu-
tional Review Board of Chang Gung Memorial Hospital 
(Approval Number: 102-4175B) approved the study, and 
we did on basis of the ethical principles of the Declara-
tion of Helsinki.

Outcome definitions
A baPWV more than or equal to 1400 cm/s was set as a 
higher level indicating more serious arterial stiffness [17]. 
A high fasting plasma glucose level more than or equal to 
6.99 mmol/L or postprandial plasma glucose level more 
than or equal to 11.10 mmol/L was set as diabetic-level 
hyperglycemia indicating an increased risk of diabetes 
[18].

MetS diagnosis and scores
On the basis of the 2005 ATP III/AHA/NHLBI [10] and 
2005 IDF [11] criteria, the MetS diagnosis and scores 
were concluded. The former contains: (1) raised WC 
(≥ 102 cm for men or ≥ 88 cm for women); (2) elevated 

Fig. 1  Identification of the study groups. ABI ankle/brachial index, 
baPWV brachial-ankle pulse wave velocity, DBP diastolic blood 
pressure, HDL-C high-density lipoprotein cholesterol, MetS metabolic 
syndrome, SBP systolic blood pressure, WC waist circumference
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BP (≥ 130/85  mmHg); (3) raised fasting plasma glucose 
level (≥ 5.55 mmol/L); (4) decreased plasma high-density 
lipoprotein cholesterol level (HDL-C) (< 1.0 mmol/L for 
men or < 1.3 mmol/L for women); and (5) raised plasma 
triglyceride level (≥ 1.7  mmol/L). Any 3 of the above 5 
components established the ATP III/AHA/NHLBI-MetS 
diagnosis. All components in the IDF definition were the 
same as in the ATP III/AHA/NHLBI except for the WC 
cutoff value (≥ 90  cm for men or ≥ 80  cm for women, 
considering abdominal obesity as its core component). 
Abdominal obesity plus any 2 of the other 4 components 
established the IDF-MetS diagnosis. Each component 
contributed one point to the ATP III/AHA/NHLBI- and 
IDF-MetS scores for each subject. For the IDF-MetS 
score, all subjects who did not meet the WC cutoff value 
were given a score of 0.

Anthropometric and laboratory measurements
Brachial BP measured by an appropriately sized cuff 
was recorded in duplicate, and values were reported as a 
mean of two recordings. WC was measured at the mid-
point between the iliac crest and lowest rib when a sub-
ject was in a standing position with feet 15 cm apart. All 
subjects underwent laboratory measurements, and after 
fasting overnight for 12  h, venous serum samples were 
gathered to test in the early morning. The biochemical 
measurements contained tests of fasting plasma glucose, 
HDL-C, and triglyceride at the only laboratory of our 
hospital. We supplied the uniform food and drink for 
every subject, and tested their post-prandial plasma glu-
cose after 2 h.

Measurements of baPWV
An automated machine (Colin VP-1000, Omron, Japan) 
were applied to achieve measurements of baPWV. Details 
were recorded in our previous report [19]. Briefly, all 
subjects were demanded not to consume any stimulant 
something, including cigarette, coffee or alcoholic drinks 
overnight. The special examination room was kept at a 
control atmospheric temperature. The technicians oper-
ating at our single center were well-disciplined and famil-
iar with their work. Both baPWVs were computed as the 
distance/duration between both ankles and the right arm, 
and their average was represented as the last reported 
baPWV [16, 19, 20].

Statistical analysis
We applied SPSS version 22.0 for Windows 7 (SPSS Inc., 
Chicago, USA) to analyze most data which were pre-
sented as the average (± SD) or frequency in last. A p 
value less than 0.05 was applied to determine statistical 
significance. We applied the Kolmogorov–Smirnov test 
to assess all variables for normal distribution. Moreover, 

the comparisons were performed using one-way analysis 
of variance for continuous variables and using 2-sample 
proportions test for the prevalence of the both MetS. We 
plotted receiver operator characteristic (ROC) curves for 
the ATP III/AHA/NHLBI- and IDF-MetS scores to corre-
late with a higher baPWV and diabetic-level hyperglyce-
mia. Next we compared the areas under the ROC curves 
(AUC–ROC) for the performance by applying R software 
version 3.3.2 (R Foundation, Austria). The optimal cutoff 
points of both MetS scores were obtained by comput-
ing the equation: sensitivity − (1 − specificity), when the 
maximum values were reached, called the Youden index 
[21].

Results
Baseline characteristics of study subjects
In all, 26,735 adult subjects were concluded from 2006 
to 2015 with an average age of 55 (± 12) years (range 
20–101  years), WC of 87 (± 12) cm, SBP of 135 (± 20) 
mmHg, DBP of 81 (± 12) mmHg, fasting glucose level of 
5.55 (± 1.55) mmol/L, post-prandial glucose level of 6.44 
(± 3.00) mmol/L, HDL-C level of 1.32 (± 0.36) mmol/L, 
triglyceride level of 1.57 (± 1.13) mmol/L, and baPWV 
of 1506 (± 336) cm/s. Among them, 10,514 (39.3%) were 
female and 2738 (10.2%) suffered from diabetic-level 
hyperglycemia.

The number of individual components of both MetS 
definitions included: (1) 4158 (15.6%) for WC according 
to the ATP III/AHA/NHLBI-MetS and 12,602 (47.1%) 
according to the IDF-MetS; (2) 15,713 (58.8%) for BP; (3) 
8223 (30.8%) for fasting glucose; (4) 8408 (31.4%) for tri-
glyceride; and (5) 7751 (29.0%) for HDL-C. In all 26,735 
subjects, 6633 (24.8%, 95% CI 24.3–25.3) with an average 
age of 57 (± 12) years and 2695 (41%) female were classi-
fied as having the ATP III/AHA/NHLBI-MetS compared 
to 7388 (27.6%, 95% CI 27.1–28.2) with an average age of 
57 (± 12) years and 3107 (42%) female as having the IDF-
MetS (24.8% vs. 27.6%, p < 0.001).

Both MetS scores and atherosclerosis‑related arterial 
stiffness
After adjusting for sex and age, a stepwise raise in the 
baPWV corresponded to the ATP III/AHA/NHLBI-MetS 
score (p for trend < 0.001) (Fig.  2a). In addition, except 
for a score of 0 indicating no abdominal obesity, a step-
wise raise in baPWV also corresponded to the IDF-MetS 
score after adjusting for sex and age (p for trend < 0.001) 
(Fig. 2b).

Both MetS scores and diabetes risk
After adjusting for sex and age, a stepwise raise in 
the prevalence of diabetic-level hyperglycemia corre-
sponded to the ATP III/AHA/NHLBI-MetS score (p for 
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trend < 0.001) (Fig. 2c). In addition, except for a score of 
0 indicating no abdominal obesity, a stepwise raise in 
the prevalence of diabetic-level hyperglycemia also cor-
responded to the IDF-MetS score after adjusting for sex 
and age (p for trend < 0.001) (Fig. 2d).

Performance of both MetS scores
The AUC-ROC for the performance of the ATP III/AHA/
NHLBI-MetS score to correlate with a higher baPWV 
was 0.685 compared to 0.595 for the IDF-MetS score 
(Fig. 3a). The AUC of the former was significantly higher 
than that of the latter (p < 0.001) (Table 1). There was no 
effect of gender because of the gender-specific WC cutoff 
values in both MetS criteria.

The AUC-ROC for the performance of the ATP III/
AHA/NHLBI-MetS score to correlate with diabetic-
level hyperglycemia was 0.791 compared to 0.665 for 
the IDF-MetS score (Fig.  3b). The AUC of the former 

was significantly higher than that of the latter (p < 0.001) 
(Table  1). There was no effect of gender because of the 
gender-specific WC cutoff values in both MetS criteria.

Optimal cutoff points of both MetS scores
The optimal cutoff point of the ATP III/AHA/NHLBI-
MetS score to correlate with a higher baPWV was more 
than or equal to two, with a better sensitivity from 32.7 to 
62.2% (Table 2). Likewise, that of the IDF-MetS score was 
more than or equal to two, with a better sensitivity from 
35.0 to 49.2%.

The optimal cutoff point of the ATP III/AHA/NHLBI-
MetS score to correlate with diabetic-level hyperglycemia 
was more than or equal to two, with a better sensitivity 
from 62.6 to 89.4% (Table 2). Differently from the form, 
the optimal cutoff point of the IDF-MetS score was more 
than or equal to three, which was equivalent to the cur-
rent definitions with a sensitivity of 57.3%.

Fig. 2  Associations of the baPWV and the prevalence of diabetic-level hyperglycemia and the (a, c) ATP III/AHA/NHLBI- and (b, d) IDF-MetS 
scores after adjusting for sex and age. All between-scores differences were significant (p < 0.001). baPWV brachial-ankle pulse wave velocity, MetS 
metabolic syndrome
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Discussion
To the best of our knowledge, this is the first study to 
compare, through AUC–ROC, the performance of ATP 
III/AHA/NHLBI- and IDF-MetS scores to assess the 
risks of atherosclerosis-related arterial stiffness and 
diabetes in a general population. In the 26,735 enrolled 
subjects, 6633 (24.8%) were classified as having MetS 

on the basis of the ATP III/AHA/NHLBI criteria, com-
pared to 7388 (27.6%) on the basis of the IDF criteria. 
The stepwise raises in the baPWV and prevalence of 
diabetic-level hyperglycemia corresponded signifi-
cantly to both MetS scores, except for a score of 0 in 
the IDF-MetS, indicating no abdominal obesity. The 
performance of the ATP III/AHA/NHLBI-MetS score 
for a higher baPWV and diabetic-level hyperglycemia 
was superior to the IDF-MetS score. The optimal cut-
off points of the ATP III/AHA/NHLBI-MetS score were 
more than or equal to two, with a batter sensitivity 
from 32.7 to 62.2% to correlate with a higher baPWV 
and from 62.6 to 89.4% to correlate with diabetic-level 
hyperglycemia.

In the enrolled subjects, 24.8 and 27.6% were classi-
fied as having MetS on the basis of the ATP III/AHA/
NHLBI and IDF criteria, respectively. Retrospectively, 
a study from Taiwan in 2002 reported a value of 14.3% 
with the IDF-MetS [22], almost half of this study. Com-
pared with other Asian countries, the prevalence of the 
ATP III/AHA/NHLBI-MetS in this study was even more 
than 13.9% reported in a study from China in 2000–01 
[23] and 16.7% in a study from Hong Kong in 1994–96 
[24], although the unadjusted ATP III criteria of a fasting 
glucose level more than or equal to 6.1 mmol/L was used. 
Accordingly, it was believed that the raising prevalence of 
the MetS, in particular its approximate twofold increase 
in Taiwan, mirrors a broadening WC worldwide as the 
consequence of hypernutrition, a sedentary lifestyle, and 
sequential abdominal fat accumulation [2, 5]. In addition, 
a study conducted in the United States from 1999 to 2002 
reported that the ATP III/AHA/NHLBI and IDF criteria 
identified 34.5 and 39.0% [25], respectively, and the lower 
rate with the ATP III/AHA/NHLBI-MetS score is simi-
lar to our results. The lower WC cutoff value of the IDF-
MetS may have contributed to this result.

We also showed that stepwise raises in both MetS 
scores corresponded to the baPWV and prevalence of 
diabetic-level hyperglycemia, as they were highly cor-
related with the joint pathophysiology of insulin resist-
ance and represent groups of risk predictors of diabetes 
and ASCVD [5]. In our previous study, stepwise raises 
in the MetS-associated risk score, containing a more 
component of high-sensitivity C-reactive protein, also 
corresponded to the baPWV in a population without or 
with chronic kidney disease, and it persisted as a strong 
determinant of baPWV in the presence of chronic kidney 
disease or not [19]. In another of our previous studies, 
stepwise raises in the MetS-associated risk score still cor-
responded to baPWV before and after fifty in both gen-
ders, while it even persisted as a powerful determinant 
of baPWV only after 50 years old [20]. The conclusions 
of the above-mentioned studies are compatible with the 

Fig. 3  Receiver operating characteristic curves for the ATP III/AHA/
NHLBI- and IDF-MetS scores to correlate with a a higher baPWV and 
b diabetic-level hyperglycemia. baPWV brachial-ankle pulse wave 
velocity, MetS metabolic syndrome
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current study with regards to the significance of the MetS 
score.

Since these different MetS definitions were established 
for more than 10 years, differences in sex-specific char-
acteristics and prevalence of the ATP III/AHA/NHLBI- 
and IDF-MetS among the same population have been 
frequently published [8, 25]. However, objective com-
parisons of both MetS definitions to predict clinical 
outcomes are less common. In addition, for the MetS 
patients, the prediction of the risk of outcomes according 
to the definition of MetS is one of most important.

In this study, we showed that through a holistic 
approach, the performance of the ATP III/AHA/NHLBI-
MetS score for the risks of atherosclerosis-related arte-
rial stiffness and diabetes was superior to the IDF-MetS 
score for Asians. Considerable individual variation has 
been reported in the clinical pattern of metabolic factors 
in patients with insulin resistance or obesity [26]. This 

means that the various expressions of metabolic factors 
originate from the interactions of genetic factors and 
environmental exposure [9].

In a cross-sectional survey, Hwang et  al. reported 
that since the IDF-MetS criteria failed to identify non-
obese subjects with hypertension, diabetes and dyslipi-
demia, the ATP III-MetS definition was better than the 
IDF-MetS definition to detect subjects at a higher risk 
of ASCVD [22]. This is similar to our finding, however 
their study lacked an objective and direct comparison of 
the two MetS definitions. Another previous study used 
the Framingham score calculation and found a higher 
risk of ASCVD with the ATP III/AHA/NHLBI-MetS 
than the IDF-MetS (11.3% vs. 6.1%) [27]. This finding is 
also similar to ours, however the previous study included 
further information such as smoking habit beyond MetS 
itself and lacked a comparison of the risk of diabetes. A 
recent cross-sectional study enrolling a Chinese elderly 

Table 1  Comparisons of  the  areas under  receiver operating characteristic curves for  the  ATP III/AHA/NHLBI- and  IDF-
MetS scores to correlate with a higher baPWV and diabetic-level hyperglycemia

AUC​ area under the ROC curve, baPWV brachial-ankle pulse wave velocity, MetS metabolic syndrome

Outcome Definitions AUC​ Lower Upper p value Comparison
p-value

Higher baPWV ATP III/AHA/NHLBI 0.685 0.679 0.692 < 0.001 < 0.001

IDF 0.595 0.588 0.601 < 0.001

Diabetic-level hypergly‑
cemia

ATP III/AHA/NHLBI 0.791 0.783 0.799 < 0.001 < 0.001

IDF 0.665 0.653 0.678 < 0.001

Table 2  Optimal cut-off points of  the  ATP III/AHA/NHLBI- and  IDF-MetS scores to  correlate with  a  higher baPWV 
and diabetic-level hyperglycemia

baPWV brachial-ankle pulse wave velocity, MetS metabolic syndrome

Higher baPWV ATP III/AHA/NHLBI IDF

Cut-off point Sensitivity 1-specificity Youden index Sensitivity 1-specificity Youden index

≥ 0 1.000 1.000 0.000 1.000 1.000 0.000

≥ 1 0.909 0.659 0.250 0.527 0.399 0.128

≥ 2 0.622 0.349 0.273 0.492 0.301 0.191

≥ 3 0.327 0.145 0.182 0.350 0.181 0.169

≥ 4 0.123 0.043 0.080 0.182 0.077 0.105

≥ 5 0.025 0.004 0.020 0.055 0.017 0.038

Diabetic-level 
hyperglycemia

ATP III/AHA/NHLBI IDF

Cut-off point Sensitivity 1-specificity Youden index Sensitivity 1-specificity Youden index

≥ 0 1.000 1.000 0.000 1.000 1.000 0.000

≥ 1 0.990 0.778 0.212 0.630 0.453 0.177

≥ 2 0.894 0.458 0.436 0.627 0.384 0.243

≥ 3 0.626 0.205 0.421 0.573 0.242 0.330

≥ 4 0.306 0.063 0.243 0.395 0.107 0.288

≥ 5 0.077 0.009 0.069 0.165 0.024 0.142
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population also reported that the updated ATPIII-MetS 
criteria was a better definition than the IDF-MetS criteria 
for screening high-risk subjects of ischemic stroke (OR 
1.64 vs. 1.55) [28].

By contrast, in the prospective San Antonio Heart 
Study with 7.4  years of follow-up, the ATP III/AHA/
NHLBI and IDF criteria were both associated with an 
increased but similar ratio of incident CVD and diabetes 
[29]. In the Framingham Offspring Study with 11  years 
of follow-up, the ATP III/AHA/NHLBI and IDF criteria 
both identified a similar increase in the risk of diabetes, 
while the former may have required insulin resistance 
to identify an increased risk of ASCVD [30]. In fact, if 
patients continue to visit an outpatient clinic, longitu-
dinal studies cannot exclude major interference of any 
additional interventions such as medications, weight 
reduction or lifestyle modifications during long-term fol-
low-up so that compared to cross-sectional studies, lon-
gitudinal studies cannot always detect the natural course 
and actual clinical outcomes of MetS. This may explain 
the significant differences in the risk of ASCVD between 
both MetS definitions in cross-sectional studies [22, 27, 
28] but not in longitudinal studies [29, 30].

Interestingly, we also showed that for Asians, the pres-
ence of more than or equal to 2 of 5 components of the 
ATP III/AHA/NHLBI-MetS criteria yielded a better sen-
sitivity than the current criteria. This is a novel finding 
and very important because increasing obesity caused 
by a hypernutrition and a sedentary lifestyle [1, 5] is pre-
dicted to result in an increase in the global prevalence of 
diabetes from 6.4 to 7.7%, affecting 439 million adults by 
2030 [31]. The MetS is an evolving concept that continues 
to be data driven and evidence based. For Chinese popu-
lations, lowering the threshold of the MetS criteria may 
remind us of the importance of earlier lifestyle modifica-
tions and weight reduction to reduce the further burden 
of diabetes and ASCVD. However, there is still a need for 
more evidence.

The study has some limitations. First, some data con-
taining smoking habits, comorbidities, and medications 
were missed. The information of the questionnaires 
including family and personal history of chronic dis-
eases and lifestyle optionally are routinely obtained for 
patients seeking health check. The information may be 
incomplete, and has not been verified. To avoid misun-
derstanding we didn’t include the data in our manuscript. 
However, subjects were mostly asymptomatic and rela-
tively healthy people, who needed to have their health 
status checked in a self-paid Health Care Center, but dif-
ferent from the National Health Insurance Program in 
Taiwan [16, 19, 20]. Hence, we believed that the subjects 
from the Health Care Center are relatively healthy popu-
lations. Moreover, the examinations were done after an 

overnight fast, indicating no consumption of any medi-
cations or food for 12 h. At last, samples may have origi-
nated from a group of certain wealth and lifestyle that do 
not exactly represent the whole population of Taiwan. 
However, due to high accessibility of our Heath Care 
Center service and a large sample size, the research is 
believed to be adequate for general representations.

Second, we were unsure as to the appropriate WC cut-
off value of the ATP III/AHA/NHLBI-MetS in our Chi-
nese population. However, in the published literature, 
the same WC cutoff value has been applied in other 
Asian nations including China [23] and Hong Kong [24]. 
Third, it was hard to make clear for the associations of 
the multiple MetS definitions and their outcomes behind 
our novel conclusions through a holistic approach since 
this was not a prospective and longitudinal randomized 
controlled trial. However, this cross-sectional study may 
identify more objectively the risks of further unfavorable 
MetS outcomes just now, compared to longitudinal trials, 
since we minimized disturbances of any supplementary 
treatments or unexpected changes of physical conditions 
during long-term follow up.

Conclusions
This is the first study to demonstrate that through a 
holistic approach, the performance of the ATP III/AHA/
NHLBI-MetS score for the risks of atherosclerosis-
related arterial stiffness and diabetes was superior to the 
IDF-MetS score for Asians. Our novel findings also sup-
ported that for Asians, the presence of at least two of five 
components of the ATP III/AHA/NHLBI-MetS was bet-
ter than the current criteria, with an improved sensitiv-
ity. Through a holistic approach, further prospective and 
longitudinal randomized controlled studies are required 
to compare the clinical outcomes between the different 
MetS definitions.
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