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Abstract
Anthropometric measurements are simple and useful methods for predicting metabolic syndrome (MetS) because obesity is a
predominant feature of MetS. Although carotid intima-medial thickness (IMT) is generally used to evaluate subclinical atherosclerosis,
the relationship between the optimal cut-off anthropometric values for predicting MetS and carotid IMT has not been analyzed in a
Korean population.
Anthropometric measurements including waist circumference (WC), waist hip ratio (WHR), waist height ratio (WHtR), body mass

index (BMI), and carotid IMT were assessed in 2560 Korean subjects without previous history of cardiovascular disease,
cerebrovascular disease, neurological abnormalities, or malignancy who participated in baseline health examinations in a self-referral
setting in the Seoul area between April 2010 and November 2012. MetS was defined using the National Cholesterol Education
Program–Adult Treatment Panel III criteria.
In both men and women, the levels of all anthropometric indices were significantly higher in subjects with MetS than in those

without MetS. According to the receiver operating characteristic curve, the values of 80.8cm for WC, 0.87 for WHR, 0.52 for WHtR,
and 24.6kg/m2 for BMI were the optimal cut-offs for predictingMetS in women. The values of 89.3cm forWC, 0.90 forWHR, 0.52 for
WHtR, and 25.1kg/m2 for BMI were the optimal cut-offs for predicting MetS in men. After adjusting for confounding factors, the WC
optimal cut-off values for predicting MetS were independently associated with carotid IMT in both women and men (women: b=
0.016, P= .008; men: b=0.033, P= .009). The optimal BMI cut-off value was independently associated with carotid IMT in men only
(b=0.027, P= .032).
Among anthropometric indices including WC, WHR, WHtR, and BMI, the WC optimal cut-off values for MetS were independently

associated with an increased carotid IMT in both women and men in a Korean population.

Abbreviations: BMI = body mass index, CVD = cardiovascular disease, IMT = intima-medial thickness, MetS = metabolic
syndrome, WC = waist circumference, WHR = waist hip ratio, WHtR = waist height ratio.
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1. Introduction

Metabolic syndrome (MetS) represents a cluster of several
cardiovascular risk factors.[1] It is certain that MetS is
significantly associated with the development of atherosclerotic
cardiovascular disease (CVD).[2–4] The prevalence of MetS is
rapidly increasing worldwide[5,6]; it affects approximately 31%
of adults in Korea.[7] Obesity is considered to have a pivotal role
in the development of MetS.[8,9] In clinical practice, several
anthropometric indices, including waist circumference (WC),
waist hip ratio (WHR), waist height ratio (WHtR), and body
mass index (BMI), are used to evaluate obesity. The simple
measurements of anthropometric indices are a useful tool for
predicting the condition of MetS because obesity is a predomi-
nant characteristic of MetS. However, there has been consider-
able debate over which measurement is the most efficient in
predicting metabolic risk factors,[10–13] which could imply that
different cut-off values for individual anthropometric index
(segmented by sex and ethnicity) are needed to diagnose obesity
with metabolic disorders. Especially, although WC is a major
component to define MetS, it is important to identify the optimal
cut-off ofWC for themetabolically unhealthy obesity considering
its close relationship with other metabolic disorders. In clinical
practice, few data exist on the association between the optimal
cut-off values of anthropometric indices for predicting MetS and
subclinical atherosclerosis. In recent years, the assessment of
subclinical atherosclerosis is generally performed using ultra-
sound to measure the intima-medial thickness (IMT) of the
carotid artery. Therefore, the present study evaluated: optimal
cut-offs of WC for the metabolically unhealthy obesity and those
of other anthropometric indices for predicting MetS and the
association between these values and carotid IMT after adjusting
for confounding factors in a Korean population.

2. Methods

This is a cross-sectional investigation analyzing baseline data
collected for a cohort study. We used data derived from 2560
subjects who participated in baseline health examinations in a
self-referral setting in the Seoul area between April 2010 and
November 2012. Subjects with a clinical history of CVD,
cerebrovascular disease, neurological abnormalities, or malig-
nancy were excluded, in accordance with the protocol of the
present study. The study protocol was approved by our
institution’s ethics committee, and informed consent for the
procedure was obtained from each individual.
All blood samples were obtained and analyzed after the

subjects had fasted for at least 8 hours. The subjects wore light
clothing and no shoes while their height, weight, and WC were
measured. To ensure an accurate height measurement, subjects
were asked to stand on a firm, level surface at a right angle to the
vertical board of the measurement device. WC was measured at
the midpoint between the lower border of the rib cage and the
iliac crest. Hip circumference was measured around the widest
portion of the buttocks. WHR was calculated as WC (cm)/hip
circumference, while WHtR was calculated as WC (cm)/height
(cm). BMI was calculated as weight (kg)/height (m2). MetS was
defined as the presence of 3 or more of the following factors:
abdominal obesity based on WC≥90cm in males or ≥80cm in
females; increased triglycerides ≥150mg/dL; decreased high-
density lipoprotein (HDL), defined as HDL cholesterol <40mg/
dL in males or <50mg/dL in females; impaired fasting glucose,
defined as fasting glucose ≥100mg/dL, or established diabetes;
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and increased blood pressure including ≥130mmHg systolic or
≥85mmHg diastolic pressure, or on antihypertensive treatment,
based on the National Cholesterol Education Program–Adult
Treatment Panel III definition.[1] Diabetes was established using
one of the following indicators: fasting glucose ≥126mg/dL, a
referral diagnosis of diabetes, or an antidiabetic treatment.
Carotid IMT was measured using high-resolution B-mode

ultrasonography (Acuson X300, Siemens Medical Solutions,
Inc., Mountain View, California), with a transducer frequency of
13 to 15MHz. Computer-assisted acquisition, processing, B-
mode image storage, and the calculation of IMT were performed
using the Syngo Arterial Health Package (Siemens). Automatic
measurements of both common carotid arteries were made at the
far wall of the 1cm segment distal to the carotid bulbs. The mean
value of both carotid IMT was used for analysis in the present
study.
3. Statistical analysis

Values are expressed as mean±SD for continuous variables and
as numbers and percentages, n (%), for categorical variables.
Continuous variables were compared using Student t test, and
categorical variables were compared using the x2 test or Fisher
exact test, as appropriate. We carried out a receiver operating
characteristic curve analysis using a Youden index to determine
the optimal cut-off point of the individual anthropometric index,
including WC, WHR, WHtR, and BMI, for predicting MetS in
both men and women. Univariate and multivariate linear
regression analyses were performed to evaluate the significance
of the individual optimal cut-off of anthropometric indices for
MetS in predicting subclinical atherosclerosis using carotid IMT.
Multivariate models were adjusted for confounding factors,
including age, smoking, diabetes, low-density lipoprotein (LDL),
and other MetS components. SPSS version 18 (SPSS Inc.,
Chicago, IL) was used for all statistical analyses. Values of P< .05
were considered statistically significant.
4. Results

The baseline characteristics of the 2560 participants (60±8
years, 33% men) are shown in Table 1. This study included 952
(37%) subjects with MetS and 1608 (63%) subjects without
MetS. The mean values of all anthropometric indices and carotid
IMTwere significantly higher in women and men withMets than
in those without MetS (P< .001, respectively).
Table 2 and Figure 1 represent the gender specific area under

the receiver operating characteristic curve and the optimal cut-off
value of individual anthropometric indexes for predicting MetS.
WC and WHtR yielded the highest AUC in women (WC: 0.78,
95% CI 0.76–0.80; WHtR: 0.78, 95% CI 0.75–0.80), and WC
yielded the highest AUC in men (WC: 0.82, 95% CI 0.79–0.85).
The values of 80.8cm in WC, 0.87 in WHR, 0.52 in WHtR, and
24.6kg/m2 in BMI were optimal for predicting MetS in women.
The values of 89.3cm in WC, 0.90 in WHR, 0.52 in WHtR, and
25.1kg/m2 in BMI were optimal for predicting MetS in men.
A univariate regression analysis for identifying the significance

of optimal anthropometric cut-off values for MetS in predicting
subclinical atherosclerosis revealed that the optimal cut-off
values of WC (women: b=0.058, P< .001; men: b=0.053, P<
.001), WHR (women: b=0.041, P< .001; men: b=0.043,
P= .001), WHtR (women: b=0.062, P< .001; men: b=
0.053, P< .001), and BMI (women: b=0.027, P= .001; men:



Table 2

Area under ROC curve of different anthropometric indices in predicting MetS.

AUC (95% CI) Optimal cut-offs Sensitivity, % Specificity, %

Women
WC, cm 0.78 (0.76–0.80) 80.8 85 62
WHR 0.73 (0.71–0.76) 0.87 71 65
WHtR 0.78 (0.75–0.80) 0.52 83 59
BMI, kg/m2 0.73 (0.71–0.76) 24.6 69 64

Men
WC, cm 0.82 (0.79–0.85) 89.3 74 82
WHR 0.69 (0.66–0.73) 0.90 72 58
WHtR 0.79 (0.76–0.82) 0.52 82 62
BMI, kg/m2 0.75 (0.71–0.78) 25.1 70 68

AUC= area under the ROC curve, BMI=body mass index, CI= confidence interval, MetS=metabolic syndrome, ROC= receiver operating characteristic, WC=waist circumference, WHR=waist hip ratio,
WHtR=waist height ratio.

Table 1

Baseline characteristics.

Characteristics

Women

P value

Men

P valueNo MetS (n=1112) MetS (n=606) No MetS (n=496) MetS (n=346)

Age, y 59±7 62±7 <.001 61±9 62±8 .022
Smoking, n, % 36 (3) 27 (5) .199 352 (71) 280 (81) .001
Heart rate, bpm 67±9 68±9 .007 66±10 69±11 <.001
SBP, mmHg 118±14 127±15 <.001 124±14 130±15 <.001
DBP, mmHg 71±9 75±10 <.001 76±9 79±10 <.001
Antihypertensive drugs, n, % 296 (27) 407 (67) <.001 166 (34) 225 (65) <.001
Total cholesterol, mg/dL 205±36 202±37 .090 192±34 188±37 .121
Triglyceride, mg/dL 101±41 161±74 <.001 112±56 189±96 <.001
HDL cholesterol, mg/dL 62±14 48±12 <.001 53±13 43±12 <.001
LDL cholesterol, mg/dL 125±32 124±34 .794 117±31 113±33 .031
Creatinine, mg/dL 0.70±0.11 0.71±0.12 .105 0.95±0.21 0.97±0.19 .180
Fasting glucose, mg/dL 94±14 106±22 <.001 101±19 117±27 <.001
Diabetes, n % 58 (5) 149 (25) <.001 68 (14) 136 (39) <.001
Duration of diabetes, mo 140±103 106±76 .032 123±102 114±94 .576
WC cm 79±8 87±7 <.001 85±7 92±6 <.001
WHR 0.85±0.06 0.89±0.05 <.001 0.89±0.04 0.92±0.04 <.001
WHtR 0.51±0.05 0.56±0.04 <.001 0.51±0.04 0.55±0.04 <.001
BMI, kg/m2 23.9±2.7 26.3±2.9 <.001 24.2±2.6 26.5±2.7 <.001
Carotid IMT, mm 0.72±0.16 0.80±0.18 <.001 0.77±0.18 0.84±0.21 <.001

BMI=body mass index, DBP=diastolic blood pressure, HDL=high-density lipoprotein, IMT= intima-medial thickness, LDL= low-density lipoprotein, MetS=metabolic syndrome, SBP= systolic blood pressure,
WC=waist circumference, WHR=waist hip ratio, WHtR=waist height ratio.

Figure 1. ROC curves for anthropometric indices to predict MetS in (A) females and (B) males. MetS=metabolic syndrome, ROC= receiver operating
characteristic.
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Table 3

Relationship of optimal anthropometric cut-offs for predicting MetS to carotid IMT.

Carotid IMT

Univariate analysis Multivariate analysis

b SE P value b SE P value

Women
WC ≥80.8, cm 0.058 0.008 <.001 0.016 0.008 .037
WHR ≥0.87 0.041 0.008 <.001 �0.001 0.008 .881
WHtR ≥0.52 0.062 0.008 <.001 0.014 0.008 .083
BMI ≥24.6, kg/m2 0.027 0.008 .001 �0.004 0.008 .588
Men
WC ≥89.3, cm 0.053 0.013 <.001 0.033 0.013 .009
WHR ≥0.90 0.043 0.014 .001 0.011 0.013 .374
WHtR ≥0.52 0.053 0.013 <.001 0.021 0.013 .106
BMI ≥25.1, kg/m2 0.028 0.013 .034 0.027 0.013 .032

BMI=body mass index, IMT= intima-medial thickness, MetS=metabolic syndrome, SE= standard error, WC=waist circumference, WHR=waist hip ratio, WHtR=waist height ratio.
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b=0.028, P= .034) were significantly associated with carotid
IMT. Themultivariate regression analysis, after adjusting for age,
smoking, diabetes, LDL, and other MetS components including
increased blood pressure, increased triglycerides, decreasedHDL,
and increased fasting glucose, revealed that the optimal cut-off
value of WC (women: b=0.016, P= .037; men: b=0.033,
P= .009) was independently associated with carotid IMT in both
women and men. The optimal cut-off value of BMI was
independently associated with carotid IMT in men only (b=
0.027, P= .032) (Table 3).
5. Discussion

To the best of our knowledge, this is the first study to evaluate:
optimal cut-offs of WC for metabolically unhealthy obesity and
those of other anthropometric indices for predictingMetS and the
association between these values and carotid IMT in a Korean
population. Among those anthropometric indices, that of WC
was independently associated with an increased carotid IMT in
both women and men.
Previously, several studies evaluated which anthropometric

indices were the most efficient in predicting metabolic risk factors
in a diverse ethnic population, but the resultswere inconsistent. Liu
et al[10] reported thatWC,WHtR, and BMI were equally useful in
predicting metabolic risk factors in the Chinese population. The
San Antonio Heart Study[11] reported that BMI and WC had a
similar predictive usefulness for the development of MetS in non-
Hispanic Whites and Mexican Americans. By contrast, the
INTERHEART study reported that WHtR was a better predictor
of metabolic risk factors (apart from hypertension) than other
anthropometric indices, and that BMI alone was a better predictor
of hypertension than other anthropometric indices.[12] These
inconsistent findings might be related to the different character-
istics of obesity according to sex and ethnicity.
Obesity has been considered a major risk factor for the

development of MetS because of its significant relationship with
metabolic risk factors, such as glucose intolerance, dyslipidemia,
and high blood pressure, which may influence adverse clinical
outcomes related to CVD.[14–17] In particular, the International
Diabetes Federation (IDF) suggests that central obesity is
compulsory for the diagnosis of MetS.[18] Lim et al reported that
central obesity and dyslipidemia were major factors in increasing
the prevalence ofMetS in Koreans for the past 10 years.[7] For this
reason, the measurements provided by anthropometric indices
4

maybea simple and effective tool forpredictingMetS.Considering
thatMetS is a useful concept in the prevention of CVD in a healthy
general population,[19] it is important to identify the relationship
between the optimal cut-off anthropometric indices for MetS and
subclinical atherosclerosis. However, data on this issue have been
limited, especially in Asian populations. In the present study, WC
yielded the highest AUC in bothmen andwomen becauseWCwas
one of themajor criteria for the diagnosis ofMetS.However, itwas
interesting that only the optimal cut-off value of WC for
metabolically unhealthy central obesity was associated with
subclinical atherosclerosis assessed using carotid IMT in both
women and men, after adjusting for confounding risk factors.
Thus, the measurement of WC might be effective for predicting
both the status of MetS and subclinical atherosclerosis among
anthropometric indices in a Korean population.
This study has some limitations. First, the present study includes

only a Korean population; in fact, it may be the only attempt to
identify the association between anthropometric cut-off values for
MetS and subclinical atherosclerosis in a Korean population.
Second, the potential for selection bias might be present because of
the self-referral setting in the present study. Third, the impact of
MetS on the progression of subclinical atherosclerosis may differ
across different age groups.[20] In this case, it was not possible to
carry out a sub-analysis of different age groups because none of the
cohort studyparticipantswereveryyoung(SupplementaryTable1,
http://links.lww.com/MD/D294). Thus, it might be difficult to
apply the present results to young people. Lastly, we have not been
able to eliminate the possible effects of underlying medications on
subclinical atherosclerosis because of the observational design of
this study. Further large prospective studies will be required to
address these issues.

6. Conclusion

The measurement of anthropometric indices could be a simple
and effective method of predicting MetS status. Among
anthropometric indices, including WC, WHR, WHtR, and
BMI, the optimal cut-off values of WC for predicting MetS were
independently associated with an increased carotid IMT in both
women and men in a Korean population.
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