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The Best Criteria to Diagnose Metabolic Syndrome in
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The metabolic syndrome (MS) is commonly found in clinical practice. There are many criteria to
diagnose MS. The authors did a cross-sectional study to study the difference among the WHO criteria, the
National Cholesterol Educational Program (NCEP) Adult Treatment Panel (ATP III), and the International
Diabetes Foundation (IDF) in hypertensive patients. Between July and September 2005, 100 patients (62
women) treated at the hypertension clinic, Srinagarind Hospital were included. The WHO, NCEP ATP III and
IDF criteria gave the diagnosis of MS in 37, 33, 60 cases, respectively. The IDF criteria had the significantly
highest yield among those three criteria (p < 0.0001). Body mass index (BMI) was the only significant
correlated with the diagnosis of MS by the IDF criteria (p-value = 0.04). It also had moderately positive
correlated with waist circumference, WC (p < 0.0001, Pearson Correlation 0.58). At the cut point of BMI 23
kg/m2, we suggested the appropriate WC cut-point for Thai hypertensive men and women was 82.5 cm (32.5")
and 79.5 cm (31.3"), respectively.
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The metabolic syndrome (MS) is a cluster of
metabolic risk factors including central obesity, hyper-
tension, impaired glucose tolerance, diabetes mellitus
and dyslipidemia(1,3,8-10). It has a high prevalence around
the world. Around 47 million adults in the United States
met the criteria for diagnosis of MS(1,2). The previous
studies found that the prevalence of MS increased
with age and it affected at least one out of every five
overweight people(3). One study in the United States
reported that the prevalence of MS dramatically
increased from 6.7% to 43.5% in people between of the
age 20-29 years old and 60-69 years old. Furthermore,
its prevalence was up to 42% in people over 70 years
old(4). In Asian countries, the prevalence of  MS varied
depending on ethnic groups and the criteria for
diagnosis. For instance, the prevalence of MS in the

Philippines(5), Japanese males(6) and Chinese(7) was
28.0%, 25.3% and 13.2%, respectively. The report from
Thailand also showed the prevalence of MS was 35.1%
and 17.5% in men and women aged 50 and over(8).
The dominant affected gender also varied. Some
studies found that females were diagnosed with MS
almost double than males while some had the opposite
result(2,9).

The clinical criteria for metabolic syndrome
are slightly different among WHO criteria, the National
Cholesterol Educational Program (NCEP) Adult
Treatment Panel (ATP III), and the criteria by the
International Diabetes Foundation (IDF). The waist
circumference (WC) and body mass index (BMI) are
the two main issues. Therefore, the authors aimed to
study the difference between those three criteria to
diagnose metabolic syndrome in hypertensive patients.
In addition, the authors also studied the correlation
between WC and BMI.
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Material and Method
The hypertension clinic, Srinagarind Hospital,

Khon Kaen University was established in April 2003.
The authors did a cross-sectional study to compare
the prevalence of MS in hypertensive treated patients
at the authors’ clinic based on the definition of the
IDF criteria during July to September 2005. In addition,
the MS was also defined by WHO and NCEP ATP III
criteria in each patient. The authors studied the demo-
graphic and laboratory characteristics among subjects
including BMI, WC, types and side effects of anti-
hypertensive drug, complication of long-standing
hypertension and associated medical conditions by
chart review. The WHO criteria(10) are the identification
of insulin resistance (type 2 DM or impaired fasting
plasma glucose or impaired glucose tolerance) plus
any two of the following: elevated blood pressure
(> 140/90 mmHg or drug therapy), plasma triglyceride
> 150 mg/dL, HDL < 35 mg/dL (men) or < 40 mg/dL
(women), BMI > 30 kg/m2 and/or waist/hip ratio > 0.9
(men) or > 0.85 (women), urinary albumin > 20 mg/min;
Alb/Cr > 30 mg/g. The NCEP ATP III(11) defines MS by
the presence of three or more of the following risk
determinants: central obesity (waist circumference > 102
cm or > 40 inches (men), > 88 cm or > 35 inches (women);
elevated triglycerides (> 150 mg/dl); low HDL choles-
terol (< 40 mg/dl in men, < 50 mg/dl in women); hyper-
tension (> 130/> 85 mmHg); impaired fasting glucose

(> 110 mg/dl)(12). Patients were defined as MS by IDF(12)

if they had the presence of central obesity and plus at
least two of the rest as defined in the NCEP III criteria.
The WC > 90 cm in men or > 80 cm in women indicated
central obesity for Thai patients. The WC was mea-
sured by a tape in a horizontal plane, midway between
the inferior margin of the ribs and the superior border
of the iliac crest(12-14). To make a fair comparison among
the three criteria, the authors used the same criteria
for HDL-cholesterol (< 40 mg/dl in men, < 50 mg/dl
in women) and defined obesity if BMI > 25 kg/m2.
T-test and Chi-square were used to describe baseline
characteristics. McNemar test was used to identify the
difference among the three criteria to diagnose MS. In
addition, Pearson correlation identified the correlation
between WC and BMI. The authors identified the
appropriate WC by using BMI 23 kg/m2. Logistic re-
gression was used to find out the risk factor for meta-
bolic syndrome. The significant statistic was demon-
strated if p-value was less than 0.05. Data analyses
were performed by NCSS and R statistic program.

Results
There were 100 cases (62 women and 38 men)

enrolled in the present study. The average duration
after being diagnosed with hypertension was 4.4 years.
The mean age + SD; mean BMI (kg/m2) + SD; and mean
WC (cm) + SD in men and women were 57.4 + 10.6,

Table 1. Baseline characteristics and associated diseases between hypertensive patients who had and not had metabolic
syndrome by IDF criteria

Variables Not metabolic syndrome Metabolic syndrome p-value
             (n = 40)           (n = 60)

Baseline characteristics
Male (n)           17        21   0.449
Age           58.05, 11.00        58.88, 9.60   0.690
Duration hypertension (yr)             3.64, 3.49          5.05, 5.36   0.145
Body weight (kg)           64.06, 11.63        68.88, 12.13   0.051
Height (meters)             1.59, 0.08          1.57, 0.06   0.996
BMI (kg/m2)           25.17, 3.77        27.71, 4.01   0.002
Waist circumference (cm)           91.98, 8.84        95.62, 7.67   0.031

Associated diseases
Diabetes mellitus (n)             3        26   0.0001
IFG (n)             1        15   0.002
High TG (n)             1        23 <0.0001
High LDL-C (n)             1          7   0.200
Low HDL-C (n)             0          6   0.102
Gout (n)             2          2   0.916

Note: data presented in mean, SD was number of cases, IFG; impaired fasting glucose, TG; triglyceride, LDL-C; low density
lipoprotein-cholesterol, HDL-C; high density lipoprotein-cholesterol
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59.0 + 17.7; 27.2 + 0.6, 26.3 + 0.9; 94.8 + 0.8, 92.9 + 5.6,
respectively. The average BMI and WC of both sexes
were higher than the criteria for obesity (BMI > 25 kg/m2)
and metabolic syndrome (WC > 90 cm in men and > 80
cm in women) for South Asians. The baseline charac-
teristics and associated diseases between hyperten-
sive patients who had and with not have metabolic
syndrome by IDF criteria were presented in Table 1.

Most of the patients (92%) had well-controlled
blood pressure by one or two medications (blood
pressure less than 140/90 mmHg and less than 130/80
mmHg if diabetics). The most common used anti-
hypertensive drug was ACEI (38%). Side effects of anti-
hypertensive agents were found in 18 patients, the two
most common were ACEI induced cough (10%) and
diuretic induced hypokalemia (5%). The complications
of hypertension were found in 34 patients; left ventri-
cular hypertrophy (20%), chronic kidney disease (6%),
microalbuminuria (3%), ischemic heart disease (3%),
stroke (1%), atrial fibrillation (1%), peripheral vascular
disease (1%), carotid bruit (1%) and non-alcoholic
steatohepatitis (1%).

There were 60 of 100 cases diagnosed by
the IDF criteria. The factors that contribute to the diag-
nosis of MS were body weight, BMI, WC, Diabetes
mellitus, IFG and hypertriglyceridemia. However,
BMI was the only significant factor correlated with the
diagnosis of MS (p-value = 0.04) by multivariate logis-
tic regression. Additionally, BMI had a moderately
positive correlated with WC (p-value < 0.0001, Pearson
Correlation 0.58). The Pearson correlation was 0.64
and 0.55 in males and females, respectively (both p <
0.0001). The scatter plot (Fig. 1) between BMI (kg/m2)
and WC (cm) was shown separately by gender. At the
cut point of BMI 23 kg/m2, the WC was approximately
82.5 and 79.5 cm or 32.5 and 31.3 inches in men and
women respectively.

The WHO, NCEP ATP III and IDF criteria gave
the diagnosis of MS in 37, 33, 60 cases, respectively.
The WHO and NCEP ATP III criteria was not different
from each other (p = 0.34) but they were both signifi-
cantly different from the IDF criteria (both p < 0.0001).

Discussion
The metabolic syndrome was characterized

by a group of metabolic risk factors in each person,
including central obesity; upon definition of ethnic
criteria, a high blood pressure (more than 130/85 mm
Hg), a high plasma triglyceride level more than 150 mg/
dl, a fasting blood glucose level greater than 100 mg/dl,
and a plasma high density lipoprotein level (HDL) less

than 40 mg/dl in men or under 50 mg/dl in women(12,13).
It has a high prevalence and influence on the cardio-
vascular morbidity and mortality(1,2,8-11,15-17) such as
coronary heart disease, stroke, peripheral vascular
disease and diabetes(8-11). Recent studies in the US
showed that MS evidently increased the risk for
atherosclerosis about 1.5-3 fold and raised the risk
for type 2 diabetes by 3-5 fold(1). The definite patho-
physiology of this syndrome remains unknown. Most
researchers believe that the etiology of MS is due to a
combination of genetic influence and sedentary
lifestyle. Individual’s types of diet and level of physical
activities play a role in causing insulin resistance that
is believed to be a cause of abnormal metabolic profiles
and certain conditions such as type 2 diabetes mellitus
and cardiovascular diseases(8-10).

The present data represented primary hyper-
tensive patients that were recently diagnosed (mean
duration of hypertension 4 years) and had less serious
complications such as stroke or coronary artery disease.
Therefore, most patients controlled their blood pressure
by one or two medications. The prevalence of meta-
bolic syndrome by WHO, NCEP ATP III and IDF criteria
was 37, 33, 60 percent, respectively. The IDF criteria
showed significant higher prevalence because of the
lower WC cut point. Even though body weight, BMI
and WC were all significantly different between
non-MS and MS group, BMI was the only positive

Fig. 1 Scatter plot between body mass index, BMI (kg/m2)
on y-axis and waist circumference, WC (cm) on x-
axis by gender, each circle represented each female
patient and each box represented each male patient.
The vertical line without arrow and with arrow indi-
cated female and male WC cut-point at BMI 23 kg/
m2, respectively
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associated factor to the diagnosis of MS by the IDF
criteria in logistic regression model. That means BMI
is still a useful parameter to diagnose MS. Excessive
fat in the abdomen was an independent risk factor of
developing of type 2 diabetes mellitus, dyslipidemia,
hypertension, and cardiovascular diseases(18-23). Either
Magnetic resonance imaging (MRI) or computed tomo-
graphy (CT) are now the most accurate tools for
visceral fat measurement. However, these methods are
expensive and impractical in general practice. Never-
theless, recent studies also showed that the simple
anthropometric indexes of central obesity such as waist
circumference (WC), body mass index (BMI), abdomi-
nal saggital diameter and waist-to-hip ratio(24-27) can be
used to estimate the abdominal fat. In addition, the
present study showed good correlation between WC
and BMI especially in men. Therefore, either WC or
BMI can be used in clinical practice for newly diagnosed
hypertensive patients. To identify the appropriate WC
for Thai hypertensive patients, the authors used the
scatter plot between BMI and WC by gender. The BMI
of 23 kg/m2 was used because it was the cut-point
for overweight in Asians and it will also increase
awareness of MS(8). The scatter plot showed that the
WC values for overweight person was 82.5 and 79.5 cm
or 32.5 and 31.3 inches in men and women, respec-
tively. The WC value in women was very close to the
IDF criteria; however, the appropriate WC cut-point
for men should be lower to 82.5 cm for recently diag-
nosed hypertensive Thai patients.

The first three associated conditions that
contributed to the diagnosis of MS in the present
study were type 2 DM, IFG and hypertriglyceridemia
(Table 1). These occurred because of high prevalence
of diabetes in the present series. In addition, diabetes
mellitus is strongly associated with insulin resistance,
hypertriglyceridemia and IFG. All of these factors are in
a vicious cycle and play an important role in the patho-
genesis of insulin resistance and metabolic syndrome.
These results supported prior studies that hypergly-
cemia was the most important metabolic risk(28,29) that
leads to cardiovascular complications.

Conclusion
MS has a high prevalence in recently diag-

nosed primary hypertensive patients. The IDF criteria
provided highest diagnostic yield. Both WC and BMI
were the useful parameters to diagnose MS and highly
correlated to each other. The appropriate WC cut-point
for Thai hypertensive men and women was 82.5 cm
(32.5") and 79.5 cm (31.3"), respectively.
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เกณฑ์ท่ีดีท่ีสุดในการวินิจฉัยภาวะเมตะบอลิกในผู้ป่วยโรคความดันโลหิตสูงชาวไทย

ปณิตา  ลิมปะวัฒนะ, กิตติศักด์ิ  สวรรยาวิสุทธ์ิ, พลอยทราย  บุษราคำ, ชิงชิง  ฟูเจริญ, ฉลองชัย  พิษณุวงศ์,
สมจิตร  ชุ่มจันทร์, รัชนี  โชติมงคล, เศกสรรค์  ชัยสุขสันต์

ภาวะเมตะบอลิกเป็นภาวะที ่พบได้บ่อยในเวชปฏิบัติ เกณฑ์การวินิจฉัยมีหลายเกณฑ์ที ่แตกต่างกัน
คณะผู้วิจัยได้ทำการศึกษาแบบตัดขวางในผู้ป่วยโรคความดันโลหิตสูงที่ได้รับการรักษาที่คลินิกโรคความดันโลหิตสูง
โรงพยาบาลศรีนครินทร์ ระหว่างเดือนกรกฎาคม ถึง กันยายน พ.ศ. 2548 โดยใช้เกณฑ์การวินิจฉัยขององค์การ
อนามัยโลก (WHO), National Cholesterol Educational Program (NCEP) Adult Treatment Panel (ATP III) และ
International Diabetes Foundation (IDF) พบว่า จากจำนวนผู้ป่วยจำนวน 100 ราย เกณฑ์ของ WHO, NCEP
ATP III และ IDF ให้การวินิจฉัยผู้ป่วยจำนวน 37, 33 และ 60 รายตามลำดับ โดยเกณฑ์การวินิจฉัยของ IDF ให้การ
วินิจฉัยผู้ป่วยมากที่สุดและแตกต่างจากทั้งสองเกณฑ์ที่เหลือ (p < 0.0001) BMI เป็นปัจจัยเดียวที่สัมพันธ์กับ
การวินิจฉัยภาวะเมตะบอลิกโดยเกณฑ์ของ IDF (p-value = 0.04) และที่ระดับ BMI 23 กิโลกรัมต่อตารางเมตร
มีความสัมพันธ์กับระดับเส้นรอบเอว 82.5 (32.5") และ 79.5 (31.3") เซนติเมตร (น้ิว) ในผู้ป่วยโรคความดันโลหิตสูง
ชายและหญิงตามลำดับ โดยในเพศชายมีค่าต่ำกว่าเกณฑ์ของ IDF


