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Objectives. To compare the predictive ability of six anthropometric indices for identification of metabolic syndrome (MetS) and to
determine their optimal cut-off points among Chinese adults. Methods. A total of 59,029 participants were enrolled. Body mass
index (BMI), waist circumference (WC), waist-to-height ratio (WHtR), a body shape index (ABSI), body roundness index
(BRI), and conicity index (CI) were measured. Receiver-operating characteristic curves analyses were performed to determine
the discriminatory power of these indices for the identification of cardiometabolic risks and diagnosis of MetS. The differences
in the area under the curve (AUC) values among the indices were evaluated. The Youden index was used to determine the
optimal cut-off points. Results. WHIR and BRI exhibited the highest AUC values for identifying MetS and most cardiometabolic
risk factors in both sexes, whereas ABSI showed the lowest AUC value. The general optimal cut-off points in women were
23.03 kg/m2 for BMI, 77.25 cm for WC, 0.490 for WHtR, and 3.179 for BRI; those in men were 24.64 kg/m2 for BMI, 87.25cm
for WC, 0.510 for WHItR, and 3.547 for BRI. The AUC values and cut-off points of the indices were also analyzed in each age
and BMI category. Conclusions. In Chinese adults, WHtR and BRI showed a superior predictive power for MetS in both sexes,

which can be used as simple and effective screening tools for cardiometabolic risks and MetS in clinical practice.

1. Introduction

Metabolic syndrome (MetS) is a complex of interrelated
metabolic risk factors [1]. According to the National Health
and Nutrition Examination Survey (NHANES), more than
a third of adults are affected by MetS [2]. Patients with
MetS are at a two-fold risk of developing cardiovascular
disease (CVD) over the next 5 to 10 years as compared to
individuals without the syndrome [1]. Three major risk
factors (i.e., high blood pressure, dyslipidemia, and high
blood glucose level) explain roughly 50% of cardiovascular
outcomes recorded [3].

A growing body of evidence supports that visceral fat
plays a role in the development of MetS [4]. The effects
of obesity on blood pressure and cholesterol level can
account for ~45% of the increased risk of CVD [5].
Hence, it is reasonable that central obesity is defined as a
predictor of MetS, and clinical physicians can play a vital
role in preventing MetS by identification and management
of central obesity.

Use of simple anthropometric indices of body composi-
tion, such as body mass index (BMI), waist circumference
(WCQC), and waist-to-height ratio (WHtR), has been consid-
ered as a practical and valuable approach to the assessment
of adiposity for a long time; however, some studies found that
these indices provided limited information on fat distribu-
tion. BMI is commonly considered as a valid measure of
obesity but may yield a false diagnosis of body fatness [6],
especially in young healthy adults [7]. WC is a major clinical
parameter used for the indirect evaluation of visceral fat.
Nevertheless, it is unclear whether to what extent the range
of WC depends on body size [8]. Therefore, more appropri-
ate anthropometric indices that will also take body shape into
account and may serve as better indicators of central obesity
should be designed.

In 2012, Krakauer and Krakauer proposed a body shape
index (ABSI), which was found to be superior to BMI and
WC as a measure of metabolic changes and disease risks in
the general USA population [9]. A positive association
between ABSI and disease risk and mortality hazard was
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found in some studies [10, 11]. However, other studies
obtained opposite results [12, 13]. The body roundness
index (BRI), a new index proposed by Thomas et al., is con-
sidered a predictor of body fat and visceral adipose tissue
volume [14]. Some studies have established the potential of
BRI in identifying diabetes and cardiovascular health status
[13]; however, limited studies have compared BRI with other
anthropometric indices in terms of their ability in predicting
cardiometabolic risks. The conicity index (CI), a parameter
used to assess body fat distribution [15], has been reported
as the most effective indicator of 10-year cardiovascular
events [16]. However, a comprehensive consensus has not
been reached regarding the best indices for identifying
cardiometabolic risks.

Thus, the present study was designed to determine and
compare the discriminative performance of the six anthropo-
metric indices as instruments of screening that would best
estimate cardiometabolic risks and MetS in Chinese adults.
Meanwhile, Chinese populations had the most deleterious
abdominal visceral fat distribution and accumulation other
than Europeans at a given BMI or WC [17]. Therefore, the
present study sought to determine the sex- and age-specific
optimal cut-off points for these indices, which could be used
as screening tools for cardiometabolic risks in Chinese adults.

2. Material and Methods

2.1. Study Population. From January 2013 to December 2014,
this study consecutively recruited 68,509 participants who
underwent routine check-ups at Sir Run Run Shaw Hospital
affiliated with Zhejiang University. Participants were eligible
if they were aged 18-80 years. All the participants were of
Han ethnicity and originated in southeast China. Each
participant completed a questionnaire, which included items
on medical history and medications under the guidance of
physicians, and underwent a physical examination. The
exclusion criteria were as follows: (1) pregnancy; (2) medical
history of CVDs (e.g., coronary artery disease and myo-
cardial infarction), cerebrovascular diseases, heart failure,
arrhythmia, cancer, edema, viral hepatitis, liver cirrhosis,
liver and renal impairments, and thyroid dysfunction;
(3) treatment with lipid-lowering drugs, corticosteroids, or
hormone therapy in the previous 6 months; (4) participation
in a weight-loss program or loss of >5% of their body weight
in the previous 1 year; and (5) consumption of more than 14
ethanol units per week in men and 10 ethanol units in
women. Blood sampling, anthropometric measurements,
and liver ultrasonography were performed in the morning,
after overnight fasting. Finally, 59,029 subjects (22,931
women and 36,098 men) were included in the study.

The study was approved by the Ethics Committee of
Sir Run Run Shaw Hospital, Zhejiang University. All par-
ticipants provided written informed consent before partic-
ipating in this study.

2.2. Anthropometric Indices of Body Composition. Height and
weight were measured in light clothing without shoes, using a
digital scale. WC was measured using a tape measure placed
halfway between the lower border of the ribs and the iliac
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crest in a horizontal plane at the end of normal expiration.
BMI, WHtR, ABSI, BRI, and CI were calculated by the
following formulas [9, 14, 16]:

BMI = welgh'; )
height
WHIR = —WC
~ height’
WC
ABSI = >
(BMI?? x height!?2) (1)

(WC/2m)?
BRI=364.2-3655%x /1 - ——————,
(0.5 x height)?

wC

©0.109 x +/weight/height

CI

2.3. Clinical and Biochemical Tests. Blood pressure was
measured using a standard sphygmomanometer (OMRON
705IT). Two blood pressure recordings were obtained from
the right arm of the participants while seated after 10
minutes. The average of the two recordings was used for
the statistical analysis. The mean arterial pressure (MAP)
was calculated using the following formula: MAP = [systolic
blood pressure (SBP) + 2 x diastolic blood pressure (DBP)]/3.

The levels of fasting blood glucose (FBG), serum cre-
atinine (SCr), uric acid (UA), liver enzymes, and lipid
panel (including total cholesterol, low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), and triglycerides (TG)) were assessed via stan-
dard laboratory procedures using the ARCHITECT ¢c16000
chemistry analyzer.

2.4. Definition of Cardiometabolic Risk Factors. High blood
pressure was defined as an SBP of >140 mmHg or a DBP of
>90 mmHg. Hypertension was diagnosed if the participants
were taking antihypertensive medications or if they had high
blood pressure. Dysglycemia included impaired fasting glu-
cose (IFG) and diabetes. IFG was defined as an FBG level of
5.6-7.0 mmol/L, without any history of diabetes or use of
antidiabetic medications; diabetes was diagnosed with the
presence of a history of diabetes, use of insulin or other anti-
diabetic medications, or an FBG level of >7.0 mmol/L. The
participants with one or more of the following results were
considered dyslipidemic: high TG level (>1.69 mmol/L), low
HDL-C level (<1.03 mmol/L for men and <1.30 mmol/L for
women), and high LDL-C level (>3.37 mmol/L). Hyperurice-
mia was diagnosed with the presence of a serum UA level
of >476 mmol/L in men and >393 mmol/L in women.

2.5. Diagnosis of Nonalcoholic Fatty Liver Disease (NAFLD).
Liver ultrasonography was performed using the iU22 ultra-
sound system (Philips Healthcare) with a convex broad-
band probe (C5-1). The procedure was conducted by an
experienced sonographer, who was blinded to the clinical
information of the participants.
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NAFLD was diagnosed when all of the following
conditions were met: (1) hyperechoic texture or bright liver
on ultrasound imaging in comparison with the kidney, vas-
cular blurring of the hepatic vein trunk, and deep attenuation
in the right hepatic lobe; (2) no significant alcohol con-
sumption; (3) no competing etiologies for hepatic steatosis;
and (4) no coexisting causes for chronic liver disease [18].

2.6. Definition of MetS and Framingham Point Score. MetS
was diagnosed in accordance with the definition of the
International Diabetes Federation (IDF) criteria in 2009
and Chinese-specific abdominal obesity standard [1]. The
participants were categorized as having MetS when they
met three or more of the following components: (1) increased
WC (=90 cm in men; >80 cm in women), (2) increased TG
level (>1.7 mmol/L) or drug treatment for such, (3) reduced
HDL-C level (<1.03mmol/L for men; <1.30 mmol/L for
women) or drug treatment for such, (4) increased blood pres-
sure (SBP of >130 mmHg and/or DBP of >85mmHg) or
antihypertensive drug treatment, and (5) increased FBG level
(=5.56 mmol/L) or drug treatment for such. Given that the
objective of this study was to establish the optimal measure-
ments for the evaluation of MetS, the requirement of WC for
this definition was omitted.

The probability of coronary heart disease (CHD) in
10 years was estimated using the Framingham point
score, which was calculated from the NCEP-ATP III algo-
rithm [19].

2.7. Statistical Analysis. Statistical analysis was performed
using the SPSS V.21.0 (IBM). Data were presented as means
and standard deviations for continuous variables and as
frequencies and percentages for categorical variables. The
descriptive characteristics of the study subjects according to
sex-specific blood pressure and blood glucose level were
determined using the independent samples t-test, ANOVA,
nonparametric test (continuous variables), or X2 test (cate-
gorical variables). Pearson and partial correlation analyses
were applied to calculate the intra- and interobserver
variability coefficients. Z-scores for theses anthropometric
indices were used in the correlation analyses. Stepwise logis-
tic regression analyses were used to assess the association of
the anthropometric indices with each cardiometabolic risk
factor, MetS, and Framingham point score. As the presence
of diabetes and antidiabetic treatment can influence the
subjects’ body weight and body composition, the correlation
analyses between the anthropometric indices and metabolic
components were conducted in the subjects with and without
diabetes. The blood pressure, blood glucose level, and cor-
responding treatment can also affect the subjects’ metabolic
components; thus, the demographic and clinical character-
istics were analyzed in four separate groups: (1) nonhyper-
tensive and nondiabetic, (2) hypertensive, (3) diabetic, and
(4) hypertensive and diabetic groups.

Receiver-operating characteristic (ROC) curves and areas
under the curve (AUCs) were employed to evaluate the
predictive ability of the six anthropometric indices for the
identification of cardiometabolic risks and MetS. The opti-
mal cut-off points of the anthropometric indices were also

determined according to the values of the indices that
maximized the Youden index (sensitivity + specificity — 1).
The significance of the difference between two AUC values
was assessed using the Hanley and McNeil approach [20].
Differences were considered to be statistically significant at
a p value of < 0.05.

3. Results

Table 1 shows the demographic and clinical characteristics of
the 59,029 subjects (22,931 women and 36,098 men) accord-
ing to the blood pressure and glucose level. 17.2% of the
subjects were diagnosed with hypertension; 5.4%, diabetes;
13.3%, IFG; and 28.3% (15.9% women and 36.2% men),
MetS. The men had a significantly higher prevalence of
hypertension, diabetes, IFG, NAFLD, and MetS; higher
BMI, WC, WHItR, ABSI, BRI, CI, FBG, TG, LDL-C, UA,
SCr, SBP, and DBP; and lower HDL-C than women. In both
sex categories, the subjects with diabetes exhibited signifi-
cantly higher ABSI, CI, and TG and lower HDL-C than the
subjects with hypertension and those without diabetes or
hypertension. The subjects with hypertension had signifi-
cantly higher UA and SCr levels and Framingham point
score than the subjects with diabetes and those without
hypertension or diabetes.

Table 2 shows the partial correlation between the anthro-
pometric indices and the metabolic components as well as
the Framingham point score in the subjects with and without
diabetes who were not on antihypertensive or antidiabetic
medications. After controlling for age, BMI showed a rela-
tively higher linear correlation with the Framingham point
score than the other indices in the subjects with and without
diabetes; ABSI showed the weakest correlation.

The results of the logistic regression analyses are shown
in Table 3. The odds ratios and 95% confidence intervals
were analyzed using 1-standard deviation alteration of the
anthropometric indices for the purpose of a more clinically
and population-related interpretation. After adjusting for
age, WHIR exhibited the highest odds ratios for most
cardiometabolic risk factors (diabetes/IFG, high TG, low
HDL-C, and hyperuricemia in women and high TG, low
HDL-C, and high LDL-C in men) and MetS in both sexes;
conversely, ABSI showed the lowest odds ratio.

The AUC values for predicting cardiometabolic risks by
each index are shown in Table 4. In both sex categories,
WHItR and BRI exhibited the highest AUC values for dis-
criminating most cardiometabolic risk factors (hypertension,
diabetes/IFG, high TG, and high LDL-C); BMI showed the
highest AUC value for predicting low HDL-C and NAFLD
in women and low HDL-C, hyperuricemia, and NAFLD in
men. In both sex categories, ABSI exhibited the lowest
AUC value for identifying each cardiometabolic risk.

The AUC values for identifying MetS by these indices
according to age group are shown in Table 5. Generally,
WHItR and BRI exhibited the highest AUC values in both
sex categories. In women, BMI showed the highest AUC
value in the young population, while WHtR and BRI showed
the highest AUC values in both the middle-aged and elderly
populations. In men, WHtR and BRI showed the highest
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TaBLE 1: General demographic and clinical characteristics of the study population according to blood pressure and glucose level in the female

and male groups.

Global Nonhypertcensye Only hypertensive ~ Only diabetic Hyperjcensye
=59 029 and nondiabetic 1= 8,822 (14.9) n=1841 (3.1) and diabetic p
= n=47,019 (79.7) =% : =5 : n=1347 (2.3)
Age ( ) F  44.02+10.96 42.25+10.09 54.85+9.48 53.60£9.41 59.90 £9.02 <0.001*
e (years
gy M 45.34+10.98 43.40+10.40 50.90 +10.85 50.48 +£8.92 54.75+10.18 <0.001*
F 22,931 19,799 (86.3 2478 (10.8 351 (1.5 303 (1.3
Sex (%) (86.3) (108) (1.5) (1.3) <0.001°
M 36,098 27,220 (75.4) 6344 (17.6) 1490 (4.1) 1044 (2.9)
Anthropometric indices
BMI (kg/ 2) F 22.64+2.99 22.28+2.79 24.83+3.12 24.72 +3.50 25.76 +3.49 <0.001*
m
& M 24.89+3.12 24.45+3.02 26.20+2.99 25.88 £2.98 27.23+3.24 <0.001*
WC (cm) F 76.28 £ 8.58 75.18 £8.02 82.73 £8.52 83.55+9.38 86.99 +£8.75 <0.001*
cm
M 87.71 £ 8.69 86.37 £ 8.41 91.38 £8.08 91.36 £8.15 95.13+8.73 <0.001*
, F 7608 (33.2) 5545 (28.0) 1589 (64.1) 226 (64.5) 248 (81.8) <0.001%
High WC (n, %) N
M 23,460 (65.0) 16,174 (59.4) 5145 (81.1) 1194 (80.1) 947 (90.7) <0.001
WEHR F 0.48 £0.06 0.47 £0.05 0.53+£0.06 0.53+£0.06 0.56 £ 0.06 <0.001*
M 0.52+0.05 0.51+0.05 0.54+0.05 0.54+0.05 0.56 +0.05 <0.001*
ABSI F 0.0759+0.0047 0.0755+0.0046 0.0778 £0.0048 0.0788 £ 0.0045 0.0800 +£0.0046  <0.001*
M 0.0791 +£0.0039 0.0787 £0.0039 0.0798 £0.0037 0.0804 +0.0037 0.0810+0.0037 <0.001*
BRI F 3.09+1.07 2.94+0.97 3.97+1.14 4.08 +1.26 457 +1.22 <0.001*
M 3.73+1.01 3.56 +0.96 4.19+0.96 4.19+0.99 4.67 £1.10 <0.001*
I F 1.169 + 0.080 1.161+0.077 1.218 £0.079 1.232+0.076 1.260 +£0.074 <0.001*
M 1.238+0.067 1.229 + 0.066 1.260 + 0.061 1.270 + 0.060 1.288 +0.063 <0.001*
Biochemical indices
F 5.02+0.81 490+0.47 5.17+0.57 8.24+2.51 7.68 +2.08 <0.001*
FBG level (mmol/L) a
M 534+1.24 5.05+0.54 5.28 +0.60 8.65+2.69 8.41+2.38 <0.001
F 1.22+0.95 1.14£0.85 1.68+1.14 1.99 £1.99 224+ 1.77 <0.001*
TG level (mmol/L) a
M 1.94+1.62 1.82+1.44 2.12+1.55 2.70+2.78 2.86+3.02 <0.001
F 3886 (16.9 2681 (13.5 893 (36.0 153 (43.6 159 (52.5 <0.001*
High TG level (n, %) (169) (13.5) (36.0) (43.6) (52.5) 2
M 15622 (43.3) 10,807 (39.7) 3296 (52.0) 865 (58.1) 654 (62.6) <0.001
F 1.31+£0.30 1.32+0.30 1.26 +£0.29 1.20+0.28 1.15+0.25 <0.001*
HDL-C level (mmol/L) a
M 1.10+0.26 1.11+£0.25 1.10+£0.26 1.03+£0.24 1.06 £0.27 <0.001
F 12241 (534) 10,247 (51.8) 1513 (61.1) 256 (72.9) 225 (74.3) <0.001%
Low HDL-C level (n, %) a
M 16,501 (45.7) 12,155 (44.7) 2926 (46.1) 852 (57.2) 568 (54.4) <0.001
F 2.88+0.81 2.84+0.79 3.19+0.88 3.18+0.91 3.08+1.01 <0.001*
LDL-C level (mmol/L) A
M 3.06+0.84 3.06+0.83 3.10+0.84 3.01+0.94 2.98 +0.96 <0.001
. . F 281.75+61.66 277.44 + 58.46 308.57 +70.35 291.56 £72.16 332.59+89.91 <0.001*
Uric acid level (ymol/L) .
M 399.45+79.80 397.12+77.52 417.46 +84.23 372.79+80.73 388.64+88.56  <0.001
F 57.63 +£9.06 57.48 £8.73 59.28 +10.64 53.64 +10.05 57.92+12.00 <0.001*
SCr level (umol/L) a
M 79.90+12.08 80.20+11.35 80.78 £13.18 73.39+12.84 76.05+17.57 <0.001
. F 1.073 £2.653 0.986 +£2.750 1.506 + 1.609 1.901 £2.514 2.22+242 <0.001*
TG/HDL-C ratio 2
M 1.990+2.536 1.852 +2.349 2.137 +£2.036 3.104 +£4.746 3.096 +4.177 <0.001
Cardiometabolic risks
F 3918 (17.1) 2571 (13.0) 982 (39.6) 179 (51.0) 186 (61.4) <0.001*
NAFLD (n, %) X
M 16,164 (44.8) 10,812 (39.7) 3608 (56.9) 983 (66.0) 761 (72.9) <0.001
. F 2781 (12.1) — — — — b
Hypertension (n, %) <0.001
M 7388 (20.5) — — — —
Antihypertensive drugs ~ F 1747 (7.6) — 1522 (61.4) - 224 (73.9) <0.001°
(n, %) M 3897 (10.8) — 3220 (50.8) — 675 (64.7) ’
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TasLE 1: Continued.
Global Nonhypert[ensn.fe Only hypertensive ~ Only diabetic Hyperf[ensye
=59 029 and nondiabetic 1= 8,822 (14.9) n=1841 (3.1) and diabetic p
T n=47,019 (79.7) v ’ v ’ n=1,347 (2.3)
SBP ( He) F 117.50+16.50 113.94+13.39 141.40£15.63 126.04 £ 13.94 145.09+17.48  <0.001*
mm
& M 126.51+14.62 122.55+11.85 140.97 £ 14.74 125.97 £12.28 142.55+16.16  <0.001"
F  70.64+10.72 68.96 £ 9.64 82.46£10.94 74.09 £9.93 79.56 £ 10.61 <0.001*
DBP (mmHg) a
M 77.48+10.74 74.99 £9.37 86.96 £ 10.66 77.25+£9.13 85.25+11.05 <0.001
F 654 (2.9 — — — —
Diabetes (1, %) (29) <0.001°
M 2534 (7.0) — — — —
F 2098 (9.1 1570 (7.9 528 (21.3 — —
IFG (1, %) -1 (7.9) (213) <0.001°
M 5761 (16.0) 4000 (14.7) 1761 (27.8) — —
F 355 (1.5 — — 181 (51.6 174 (57.4
Antidiabetic drugs (1, %) (15) (51.6) (57.4) <0.001°
M 1073 (3.0) — — 570 (38.3) 503 (48.2)
L . F 12,988 (56.6) 10,775 (54.4) 1698 (68.5) 269 (76.6) 246 (81.2) <0.001°
Dyslipidemia (r, %) a
M 22,407 (62.1) 16,201 (59.5) 4289 (67.6) 1109 (74.4) 808 (77.4) <0.001
o F 1097 (4.8) 693 (3.5) 303 (12.2) 33 (9.4) 68 (22.4) <0.001°
Hyperuricemia (n, %) a
M 5730 (15.9) 4004 (14.7) 1398 (22.0) 165 (11.1) 163 (15.6) <0.001
MetS (. %) F 3654 (15.9) 1647 (8.3) 1506 (60.8) 215 (61.3) 286 (94.4) <0.001°
etS (n,
’ M 13,069 (36.2) 6660 (24.5) 4392 (69.2) 1009 (67.7) 1008 (96.6)  <0.001°
. . F  4.404+2.804 4.026 £2.650 6.961 +2.480 5.388£2.726 7.259+2.370 <0.001*
Framingham point score a
4.877 £2.470 4.754 +2.493 5.368 +£2.339 4.686 +£2.376 5.405 +2.339 <0.001

F: female; M: male; BMI: body mass index; WC: waist circumference; WHtR: waist-to-height ratio; ABSI: a body shape index; BRI: body roundness index;
CI: conicity index; FBG: fasting blood glucose; TG: triglycerides; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol;
SCr: serum creatinine; NAFLD: nonalcoholic fatty liver disease; SBP: systolic blood pressure; DBP: diastolic blood pressure; IFG: impaired fasting glucose;
MetS: metabolic syndrome. Data for qualitative variables are expressed as n (%) and quantitative variables as mean + standard deviation. *p < 0.001,

comparison between groups according to blood pressure and glucose level. ®p < 0.001, comparison between women and men.

AUC values in the young population, while BMI and WC had
the highest AUC values in the middle-aged and elderly
populations, respectively. It is worth noting that there was
no significant difference among the AUC values of BMI,
WC, WHItR, and BRI in each age group for men. In both
sex categories, ABSI exhibited the lowest AUC value for
identifying MetS in each age group.

According to the ROC curve, the cut-off point of BMI
that maximized the sensitivity and specificity for predicting
the presence of MetS was 23.03kg/m® in women and
24.64kg/m” in men; that of WC was 77.25cm in women
and 87.25cm in men. Alternatively, given that the criteria
of the anthropometric indices were used for the first screen-
ing for MetS, it is justified to set a cut-off point to obtain a
higher sensitivity of at least 80%. With this consideration,
the cut-off point for BMI was 22.27 kg/m® in women and
23.91kg/m” in men, and that of WC was 75.75 cm in women
and 84.75 cm in men.

Furthermore, the older population had the larger cut-off
points for most indices (WC, WHtR, ABSI, BRI, and CI) in
both sex categories, except for BMI. In women, the cut-oft
points for WC in the young, middle-aged, and elderly popu-
lations were 74.75cm, 78.75 cm, and 80.25 cm, respectively;
in men, the cut-off points were 85.80cm, 87.25cm, and
88.25 cm, respectively.

The AUC values for identifying MetS by these indices
according to BMI category are shown in Table 6. In women,

ABSI showed the highest AUC value in the underweight
group, whereas WHtR and BRI showed the highest AUC
values in the normal weight, overweight, and obesity groups.
In men, WHtR and BRI showed the highest AUC values in all
BMI categories. Furthermore, a higher cut-off point was
observed in the higher BMI category for each anthropometric
index than that in the lower BMI categories; the normal
BMI category showed the highest AUC value for each
index. In women, the cut-off points for WC in the under-
weight, normal weight, overweight, and obesity groups were
65.25cm, 74.25cm, 83.75cm, and 91.75 cm, respectively; in
men, the cut-off points were 73.75cm, 81.75cm, 89.90 cm,
and 100.25 cm, respectively.

Within each of the four BMI categories, the men and
women were further subdivided into groups with higher
and lower anthropometric indices according to the cut-oft
points. Thereafter, logistic regression analyses to determine
the association of the cardiometabolic risk factors and MetS
with each anthropometric index were conducted in each
BMI category; the odds ratios are shown in Table 7. After
adjusting for age, the subjects in the groups with higher
WC, WHtR, ABSI, BRI, and CI were more likely to present
deteriorated metabolic risks and MetS than the groups with
lower anthropometric indices. Particularly in the normal
weight group, the subjects with higher WC, WHIR, and
BRI were approximately two times more likely to have MetS
than those with lower indices.
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TaBLE 5: AUCs, optimal cut-off points, and sensitivities and specificities of the cut-off points of the anthropometric indices for predicting
MetS in the ROC analyses according to age group.

Index Age group Women Men
AUC 95% CI Cut-off  Sen Spe AUC 95% CI Cut-off  Sen Spe
Global 0.760% 0.753-0.767 23.03 0.704  0.688 0.719% 0.714-0.724 24.64 0.709  0.613
High sensitivity 22.27 0.800  0.580 2391 0.800 0.511
BMI <45 0.761*  0.747-0.775 22.10 0.746  0.650 0.734* 0.727-0.742 24.88 0.690  0.657
45-59 0.699°  0.688-0.711 2352 0.657 0.638  0.700"  0.692-0.709  24.65  0.711  0.581
>60 0.673*  0.650-0.696 2345  0.694 0.568  0.722®  0.706-0.738  24.56  0.686  0.650
Global 0.770%° 0.763-0.777 77.25 0.726  0.677 0.721%° 0.716-0.726 87.25 0.703  0.621
High sensitivity 75.75 0.809  0.589 84.75 0.826  0.478
WC <45 0.740%° 0.726-0.755 74.75 0.704  0.655 0.731* 0.723-0.738 85.80 0.750  0.587
45-59 0.701*  0.689-0.712 7875  0.700 0.587  0.695*  0.687-0.703  87.25  0.737  0.546
>60 0.672*  0.649-0.695  80.25  0.751 0.506  0.723*  0.707-0.740  88.25  0.678  0.645
Global 0.782°>  0.776-0.789 0.490 0.735  0.689  0.727°°¢  0.721-0.732 0.510 0.748  0.584
High sensitivity 0.480 0.800 0.618 0.503 0.800  0.524
WHtR <45 0.751°¢  0.737-0.765 0.477 0.654 0.716  0.736™  0.729-0.744 0.502 0.752  0.601
45-59 0.707*  0.695-0.718  0.498  0.698 0.604  0.698"  0.690-0.706  0.524  0.668  0.625
=60 0.676*  0.653-0.699  0.531  0.669 0.592  0.720°  0.703-0.736  0.529  0.689  0.638
Global 0.648%  0.640-0.657  0.0769  0.565 0.655  0.585"°°  0.579-0.591 0.0790  0.586  0.540
High sensitivity 0.0738  0.800  0.379 0.0767  0.800  0.307
ABSI <45 0.569°°  0.552-0.585  0.0731 0.712 0394 0.570°*  0.561-0.578  0.0765 0.716  0.386
45-59 0.581°°  0.568-0.593  0.0772  0.533 0589  0.559°°°  0.550-0.568  0.0789  0.671  0.426
>60 0.571%°¢  0.547-0.596  0.0781  0.732  0.397  0.582>  0.563-0.600  0.0801  0.672  0.466
Global 0.782°>¢  0.776-0.789 3.179 0.735  0.689  0.727°°¢  0.721-0.732 3.547 0.748  0.584
High sensitivity 2.996 0.800 0.618 3413 0.800  0.524
BRI <45 0.751°¢  0.737-0.765 2931 0.654 0.716  0.736™  0.729-0.744 3.388 0.752  0.602
45-59 0.707*  0.695-0.718 3.329 0.699  0.604 0.698* 0.690-0.706 3.818 0.668  0.625
>60 0.676*  0.653-0.699  3.963  0.669 0.592  0.720°  0.703-0.736  3.929  0.689 0.638
Global 0.716°  0.709-0.724 1.178 0.685 0.635 0.660  0.655-0.666 1.231 0.688  0.548
High sensitivity 1.151 0.800 0.494 1.211 0.800 0.416
CI <45 0.655"  0.639-0.670 1.144 0.669 0565 0.661°°  0.652-0.669 1.214 0.693  0.544
45-59 0.640°  0.628-0.652 1.190 0.634 0571  0.630°°  0.621-0.639 1.248 0.649 0.544
>60 0.623"  0.600-0.647 1234  0.680 0.517  0.654">  0.637-0.672  1.281  0.548  0.687

AUC: area under the curve; MetS: metabolic syndrome; ROC: receiver-operating characteristic; 95% CI: 95% confidence interval; Sen: sensitivity;
Spe: specificity; BMI: body mass index; WC: waist circumference; WHtR: waist-to-height ratio; ABSI: a body shape index; BRI: body roundness index;
CL: conicity index. AUC in the ROC analysis, *p < 0.001. Hanley and McNeil’s approach was used to compare the AUCs of the indices. *p < 0.05,

compared with the AUC of BMI; p <0.05, compared with the AUC of WC. The bold indicates the highest AUC value among the indices.

4. Discussion

To date, limited studies have compared the ability of ABSI,
BRI, and CI in predicting cardiometabolic risks and MetS
among Chinese adults with that of classical anthropometric
indices, and the optimal cut-off points of these indices were
inconclusive. The present study showed that WHtR and
BRI can be more effective than either WC or BMI as a marker
of MetS and most cardiometabolic risk factors (hypertension,
dysglycemia, high TG level, and high LDL-C level) in
Chinese population. In addition, the specific cut-off points
of the anthropometric indices in each age and BMI
category were also determined.

In the present study, patients with a history of CVDs or
cerebrovascular diseases were excluded because they are

usually treated with multiple medications, such as statins
and antidiabetic and antihypertensive medications, which
can alter the four components of MetS and influence its
diagnosis. Furthermore, these medications have an impact
on body weight and body composition, which can cause
misunderstanding of the study results. The interaction of
these medications should be considered as well. Moreover,
these patients are often disabled or experience restricted
mobility, which can also influence their body composition.
Therefore, patients with CVDs or cerebrovascular diseases
were excluded. Patients treated with lipid-lowering agents
were also excluded because these medications can affect body
weight, BMI, and lipid panel [21]. In addition, statins were
mostly used in patients with CVDs or cerebrovascular dis-
eases, who have been excluded from this study. Considering
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TaBLE 6: AUCs, optimal cut-off points, and sensitivities and specificities of the cut-off points of the anthropometric indices for predicting
MetS in the ROC analyses according to BMI category.

BMI category Index A Women Men
ucC 95% CI Cut-off Sen Spe  AUC 95% CI Cut-off Sen  Spe
BMI  0468* 0.360-0.576 1842 0.129 0.934 0.499* 0.373-0.626  18.06 0.455 0.628
WC  0.621* 0518-0.724 6525 0581 0.622 0.498" 0.366-0.629  73.75 0.318 0.827
Underweight WHtR  0.660° 0.557-0.762 0422 0484 0.779 0.562° 0.447-0.677 0387  0.909 0.250
(BMI of <18.50 kg/m*) ABSI  0.676™ 0.580-0.772 0.0775 0.581 0.707 0.548° 0.416-0.680 0.0836 0.273 0.893
BRI  0.660°° 0.557-0.762  2.020 0.484 0.779 0.562° 0.447-0.677 1.484 0.909 0.250
CI 0669 0571-0.766 1.133 0.645 0.641 0.543* 0.414-0.672 1.236 0.273 0.884
BMI  0.674* 0.663-0.686 21.68 0.690 0.578 0.656*° 0.645-0.666 22.43 0.669 0.574
WC 0705 0.694-0.716 7425 0.678 0.629 0.669°° 0.659-0.679 81.75 0.672 0.576
Normal weight WHR 0.729°° 0.718-0.740  0.477 0.631 0.704 0.680°°° 0.670-0.690 0.477 0.717 0.552
(BMI of 18.50-23.99kg/m®)  ABSI  0.656°™ 0.644-0.668 0.0769 0561 0.669 0.613*> 0.602-0.624 0.0792 0.599 0.574
BRI  0.729°¢ 0.718-0.740 2939 0.631 0.704 0.680°°° 0.670-0.690 2.937 0.717 0.552
Cl  0.682% 0.671-0.694 1166 0.644 0.626 0.640°* 0.629-0.651 1217 0.637 0.572
BMI  0.575* 0.560-0.591 2519 0.631 0.491 0.575*° 0.566-0.583 25.89 0.516 0.597
WC 0618 0.603-0.633 83.75 0.582 0.597 0.598" 0.589-0.606 89.90 0.615 0.526
Overweight WHIR 0.629°° 0.614-0.644 0534 0561 0.639 0.607°°° 0.599-0.616 0.529  0.591 0.567
(BMI of 24-27.99 kg/m”?) ABSI  0.609°™ 0.594-0.624 0.0772 0.534 0.638 0.581*° 0.573-0.590 0.0791 0.576 0.544
BRI  0.629% 0.614-0.644 4.020 0561 0.639 0.607°°° 0.599-0.616 3.927 0.592 0.566
Cl 0617 0.601-0.632 1215 0.545 0.636 0.592°>° 0.583-0.600 1250 0.561 0.573
BMI  0.549*° 0.515-0.583 32.15 0.154 0.940 0.558* 0.542-0.575 2927  0.552 0.545
WC  0.608°° 0.574-0.641 91.75 0.650 0.509 0.572° 0.556-0.588 100.25 0.417 0.690
Obesity WHR 0.608"® 0575-0.641 0.590 0.588 0.584 0.577°® 0.560-0.593 0.578 0.594 0.524
(BMI of >28.00 kg/m?) ABSI 0596 0.563-0.630 0.0773 0.565 0.600 0.553* 0.536-0.569 0.0793 0.505 0.578
BRI  0.608"° 0.575-0.641 5194 0588 0.584 0.577°° 0.560-0.593 4.940 0.594 0.524
Cl 0606 0.572-0.639 1250 0.569 0.619 0.565° 0.549-0.581 1272  0.574 0.525

AUC: area under the curve; MetS: metabolic syndrome; ROC: receiver-operating characteristic; BMI: body mass index; 95% CI: 95% confidence interval;
Sen: sensitivity; Spe: specificity; WC: waist circumference; WHIR: waist-to-height ratio; ABSI: a body shape index; BRI: body roundness index; CI
index. AUC in the ROC analysis, *p < 0.001. Hanley and McNeil’s approach was used to compare the AUCs of the indices. *p < 0.05, compared with the
AUC of BMI; “p < 0.05, compared with the AUC of WC. The bold indicates the highest AUC value among the indices.

: conicity

the inclusion and exclusion criteria of this study, the inci-
dence of hypertension, diabetes, dyslipidemia, and MetS
might be underestimated. To minimize the impact of met-
abolic status and medications on the predictive ability of
the anthropometric indices and the relationship between
such indices and MetS, analyses were conducted in the
corresponding subgroups.

4.1. BMI. The present study found that BMI was a superior
predictor for low HDL-C levels and NAFLD in both sex,
but not for the other risk factors or MetS. BMI has long been
considered as one of the most commonly used indices;
however, its use has limitations. It does not distinguish
between muscle mass and adipose tissue nor reflect body fat
distribution accurately [22].

Asians have greater total body and abdominal fat distri-
butions and a higher incidence of CVD; they also have more
metabolic risk factors than Europeans with the same BMI or
WC [23]. A meta-analysis of 239 prospective studies reported
that the mortality in CHD had its nadir at 18.5-20.0 kg/m” in
East Asia, which is lower than those in other regions [24]. A
BMI of 24 kg/m* was recommended as the cut-off point for

overweight, with the best sensitivity and specificity for
identification of risk factors [25]. In our study, the cut-off
point for BMI that maximized the sensitivity and specificity
for predicting the presence of MetS was 23.03kg/m” in
women and 24.64 kg/m2 in men; the cut-off point decreased
to 22.27kg/m” in women and 23.91kg/m” in men given a
higher sensitivity of at least 80%, which is lower than the
WHO-defined normal range.

4.2. WC. As one of the essential diagnostic components of
MetS, WC has been used as a surrogate marker for abdomi-
nal obesity [26]; a number of studies have found that WC
predicted mortality risks better than BMI [27, 28]. A recent
WHO report summarized evidence for WC as an indicator
of disease risks, suggesting that it could be used as an alterna-
tive to BMI [29]. The present study showed that WC had a
superior predictive ability for MetS compared with BMI but
an inferior ability compared with WHtR and BRI. The
application of WC has several disadvantages. First, it does
not help in distinguishing between visceral and subcutaneous
fats [30]; consequently, the other indices based on WC, such
as WHItR, ABSI, BRI, and CI, might have this disadvantage.
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Second, WC does not take height into account; thus, its
application may underestimate the relative amount of
visceral fat in short populations and overestimate it in tall
populations. Thus, without the consideration of height, WC
might be misleading when diagnosing central obesity and
consequently cardiometabolic risks.

Notably, the recommended WC threshold for abdominal
obesity in Asian adults is >90cm in men and >80cm in
women according to the IDF [1] and the expert consultation
for the WHO [31]. In China, the cut-off points of =85 cm in
men and >80 cm in women have been suggested [25]. In the
present study, the general optimal cut-off point of WC for
identifying MetS was 77.25cm in women and 87.25cm in
men, and that in terms of a high sensitivity was 75.75 cm in
women and 84.75cm in men. The cut-off points of WC
described in this study is smaller than those proposed by
the WHO and IDF [32], and the decreased WC cut-off points
could be applied in clinical practice to screen for MetS in
Chinese adults.

In addition, the higher cut-off points of WC were
observed in the higher BMI categories in the present study.
The optimal cut-off points in the underweight, normal
weight, overweight, and obesity groups in women were
65.25cm, 74.25cm, 83.75cm, and 91.75cm, respectively;
those in men were 73.75cm, 81.75cm, 89.90cm, and
100.25cm, respectively. Considering these results, lean
individuals seem to have a more rigorous threshold for
WC than heavier individuals. This result is consistent with
those of another study [33], which found that a high WC
phenotype was associated with a more detrimental cardio-
metabolic risk profile and that a substantial variability in
WC remains at any given BMI. Such results also emphasize
the limitations of using BMI or WC in isolation as adipos-
ity indices as they do not individually reflect the heteroge-
neity of abdominal adiposity (and/or muscle mass) and
related cardiometabolic risks. Indeed, their use in isolation
may lead to an underestimation of abdominal obesity-
related risks in a substantial proportion of patients [33].
Hence, BMI should be taken into consideration when using
WC to diagnose central obesity, and the combined applica-
tion of BMI and WC might be a more effective and justified
method when screening for central obesity and MetS at a
given BMIL

4.3. WHtR. In our study, WHtR was shown as a superior
predictor for hypertension, dysglycemia, high TG level, high
LDL-C level, and MetS compared with BMI, WC, ABSI, and
CI in both sexes. This finding is in accord with those of
previous studies, which showed that WH{R can predict MetS
superiorly to BMI and WC [34-36]. The mechanism of the
superiority of WHItR in predicting MetS might be that its
application takes height into consideration, which will better
reflect central obesity. Therefore, WHtR might be a favorable
screening tool for cardiometabolic risks and MetS in Chinese
adults; however, more studies are required to determine the
optimal cut-off point of WHtR.

4.4. BRI. BRI is a newly developed index based on three
separate databases: NHANES III, studies conducted at St.

International Journal of Endocrinology

Luke’s/Roosevelt Hospital New York Nutrition Obesity
Research Center, and studies conducted at Christian
Albrecht’s University in Kiel, Germany. The race groups
included Whites, Hispanics, African Americans, Mexican
Americans, and “others” (Aleuts, Eskimos, American
Indians, Asians, or Pacific Islanders). BRI has been found
as a better predictor of both body fat and visceral adipose tis-
sue volume than BMI and WC [14]; however, limited studies
have compared BRI with the other anthropometric indices in
terms of their ability to predict MetS and CVD risks. Some
studies have found a potential for BRI to identify diabetes
and cardiometabolic risks [13, 37, 38], whereas other studies
have shown that BRI was not superior to the classical indices
in predicting MetS [39, 40]. Our study was the first to deter-
mine the ability of BRI to identify each cardiometabolic risk
factor and MetS according to age, sex, and BMI categories.
In the present study, BRI showed a superior predictive ability
to identify hypertension, dysglycemia, high TG level, high
LDL-C level, and MetS compared with BMI, WC, ABSI,
and CIL.

It is worth noting that WH{R exhibited the highest odds
ratio for MetS, and WHtR and BMI showed the highest odds
ratios for most cardiometabolic risk factors in the logistic
regression analyses. However, WHtR and BRI had the high-
est AUC values for discriminating most cardiometabolic risk
factors and MetS. These discrepancies might be explained by
the different statistical analyses performed. With odds ratios
and 95% confidence intervals, logistic regression analyses
were performed to quantify how strongly the anthropometric
indices were associated with the metabolic risks. ROC curve
analyses were used to assess the accuracy or usefulness of
the predictions for the metabolic risks that maximized the
sensitivity and specificity for predictions. Although BMI
showed the strongest association with some cardiometabolic
risks, its disadvantage might result in the inaccuracy when
predicting cardiometabolic risks.

4.5. ABSI and CI. ABSI was proposed on the basis of data
from the NHANES, which was designed to sample a
civilian noninstitutionalized USA population using a cluster
approach, including Mexicans, Hispanics, Whites, Blacks,
and other ethnicities [9]. Several studies have found that
ABSI was superior to the BMI and WC as a measure of met-
abolic changes and that it showed a stronger association with
total, cardiovascular, and cancer mortalities in USA, Poland,
and Netherlands populations [41-43]. However, some
Chinese studies demonstrated that ABSI seemed to be a
weaker index for predicting MetS and CVD risks than the
BMI and WC [10, 12, 13, 44]. Similar results were obtained
in a study conducted on a Japanese population [45]. A study
in South Korea proposed a modified ABSI, i.e., z-score of the
log-transformed ABSI, which is a new measure of abdominal
obesity with the ability to predict hypertension and impaired
health-related quality of life, irrespective of the BMI [46]. In
the present study, ABSI exhibited the lowest odds ratio for
cardiometabolic risk factors, MetS, and Framingham point
score and the lowest predictive ability for cardiometabolic
risks and MetS; this finding suggests that the ABSI could
hardly be used to identify cardiometabolic risks or MetS in
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Chinese or Asian adults. Further studies should be conducted
to modify the ABSI for better application in this population.
CI is a parameter that takes into consideration the
abdominal girth, weight, and height; it was found as an
equivalent health indicator to the waist-to-hip ratio (WHR)
in European and USA populations [47]. It was claimed that
CI has several advantages over the WHR: it has a theoretical
range; includes a built-in adjustment of WC for height and
weight, allowing direct comparisons of abdominal adiposity
between individuals or even between populations; and does
not require the hip circumference to assess fat distribution.
It has also been reported as the most effective indicator of
10-year cardiovascular events among obesity indices [16].
However, the Framingham Heart Study found that CI was
not associated with an increase in CHD incidence or mortal-
ity and was an inferior marker compared with BMI for
predicting CHD incidence and mortality [48]. Our study
showed that CI was not a superior predictor for MetS com-
pared with BMI, WC, WHItR, and BRI, which is consistent
with those of other studies conducted on Chinese population
[49, 50]. These discrepancies might be explained by the
varied ethnicity, size, and characteristics of study samples.

4.6. Sex and Age Effects. An obvious difference was observed
in the cut-off points of each index between two sexes,
suggesting that sex-specific references should be used in
clinical practice. Besides, the analyses found a stronger
correlation between WC and BMI in men than in women
(see Supplementary Materials (available here)). This phe-
nomenon could be explained by the difference in the body
composition and fat distribution between men and women.
For any given WC or BMI, men have a larger amount of
visceral adipose tissue, whereas women have a larger amount
of subcutaneous adipose tissue [51].

In addition, the results indicated that the younger popu-
lation had a lower threshold for the central obesity index than
the older population. A meta-analysis also found similar
results, which showed that the hazard rates for overweight
and obesity were higher at younger ages than older ages;
further, the nadir depended on age, with a BMI of 22 kg/m*
for baseline ages 35-49 years, 23kg/m” for baseline ages
50-69 years, and 24kg/m” for baseline ages 70-89 years
[24]. Therefore, physicians should pay attention to the age
of patients when screening for MetS, and the age-specific
threshold could be applied in clinical practice. Besides, the
AUC values of the indices (i.e., BMI, WC, WHtR, BRI, and
CI) tended to decrease with age in the women, suggesting
that the predictive ability of these indices for MetS was
weaker in the older women, which is in line with those of
another study [52]. This trend might be explained by the fact
that the subcutaneous fat, rather than the visceral fat,
accumulates with increasing age in women. Since the anthro-
pometric indices for central obesity cannot distinguish
visceral fat from subcutaneous fat, the discriminative ability
of the indices for MetS may get weaker in older women.

4.7. Limitations. The present study has several limitations.
First, this study was a cross-sectional study, which can-
not establish a cause-effect relationship or provide any
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mechanistic explanation for the results. Second, all partici-
pants in this study were of Chinese ethnicity and residents
of southeast China, who were recruited from a single hospi-
tal. Third, information on the diet and exercise of the subjects
was not obtained in this study; these could be confounding
factors in the relationship between anthropometric indices
and cardiometabolic risks. Finally, the 2h postprandial glu-
cose level has not been tested, which may have led to the
underdiagnosis of some subjects with diabetes.

A high prevalence of NAFLD was observed in the present
study, which may be caused by the unhealthy diet and seden-
tary lifestyle of the population in southeast China. NAFLD
has been recognized as the hepatic manifestation of MetS
and insulin resistance, and it is characterized by a remarkable
decreased insulin effects on both glucose and lipid metabo-
lism [53]. This hepatic insulin resistance leads to the overpro-
duction of glucose and stimulation of insulin secretion [54].
The fatty liver also overproduces triglyceride-rich very low-
density lipoprotein in the fasting state [55, 56] and during
hyperinsulinemia [57], leading to hypertriglyceridemia and
a low HDL cholesterol concentration [58]. It is a remarkable
fact that the association of NAFLD with features of MetS was
independent of BMI; NAFLD patients had a relatively
increased visceral adiposity even in the presence of normal
body weight [53]. In the present study, the high prevalence
of NAFLD may be responsible for the high prevalence of
MetS, and the presence of NAFLD could impact the analyses
of the association between anthropometric indices and MetS.
Further studies are needed to analyze the relationship
between MetS, obesity indices, and NAFLD.

5. Conclusion

In the present study, WHtR and BRI showed superior predic-
tive abilities for MetS in both Chinese men and women. Sex-
and age-specific optimal cut-off points were obtained for
each anthropometric index in the Chinese adults, which
can be easily used in clinical practice. The combined applica-
tion of BMI and the other central obesity indices might be a
more effective and justified method when screening for
central obesity and MetS at a given BML
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