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Abstract
Objective: Waist-to-height ratio (WHtR) has been reported to be more strongly
associated with cardiometabolic risk factors among non-obese individuals than
BMI and waist circumference (WC). A body shape index (ABSI) and body
roundness index (BRI) have been proposed recently to assess obesity-related
disorders or mortalities. Our aim was to compare the ability of ABSI and BRI with
that of WHtR to identify cardiometabolic risk factors in Chinese adults with normal
BMI and WC.
Design: Receiver-operating characteristic curves and areas under the curve (AUC)
were employed to evaluate the ability of the indices (WHtR, BRI, ABSI) to identify
metabolic risk factors and to determine the indices’ optimal cut-off values. The
value of each index that resulted in maximization of the Youden index (sensitivity
+ speciﬁcity – 1) was deﬁned as optimal. Differences in the AUC values between
the indices were also evaluated.
Setting: Individuals attending a voluntary health check-up in Beijing, China,
July–December 2015, were recruited to the study.
Subjects: Non-obese adults (n 1596).
Results: Among both genders, ABSI exhibited the lowest AUC value for identifying
each risk factor among the three indices; the AUC value of BRI for identifying each
risk factor was very close to that of WHtR, and no signiﬁcant differences were
observed between the AUC values of the two new indices.
Conclusions: When evaluating cardiometabolic risk factors among non-obese
adults, WHtR was a simple and effective index in the assessment of cardiometabolic risk factors, BRI could be used as an alternative body index to WHtR,
while ABSI could not.

Obesity, an independent risk factor for CVD, is closely
associated with elevated risk of diabetes, insulin resistance
and other metabolic disorders(1,2). The WHO deﬁnes
obesity as an excessive accumulation of fat to an extent
that may impair health(3). Assessment of overweight and
obesity includes examination of the distribution of body
mass components and risk factors for diseases such as
type 2 diabetes, dyslipidaemia, impaired glucose tolerance
and CVD. Consequently, it is a major health concern to
identify obesity in order to estimate the risk of associated
disorders. However, obese people may vary in their body
fat distribution and disease risk. The accumulation of
visceral fat, as opposed to subcutaneous fat, increases
*Corresponding author: Email lpjjia@126.com

Keywords
Body roundness index
A body shape index
Cardiometabolic risk factor
Waist-to-height ratio
Non-obese

the risk of metabolic diseases and CVD(4). Therefore, it is
currently accepted that the distribution of body fat,
rather than the total amount of adipose tissue, is a crucial
determinant of metabolic abnormalities(5). MRI and
computed tomography have been recognized as the gold
standard for measuring the volume of visceral fat, but
these two methods are not suitable for large-scale
epidemiological studies due to their inconvenience and
high cost(6). Therefore, body fat is frequently estimated
or reﬂected by a series of anthropometric indices in
most studies.
Among different anthropometric measures, BMI is one
of the most commonly used indices. While BMI is a widely
© The Authors 2016
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accepted and an early applicable measure of obesity, its
use has limitations. BMI depends only on height and
weight, and does not distinguish between adipose tissue
and muscle mass(7). As one study reported, at the same
BMI value, MRI-measured body fat content varied from
7·8 to 38·3 % in men and from 29·9 to 44·2 % in women(8).
As well, at the same BMI value, individuals from different
ethnic groups may exhibit very different body fat
distributions. Several studies have reported that people
from Asia have greater total body and abdominal fat
distribution or a greater incidence of CVD and more
metabolic risk factors than people from Europe for the
same BMI or waist circumference (WC) value(9,10). WC,
an essential diagnostic component of the metabolic
syndrome and a typical anthropometric parameter
reﬂecting central obesity, is strongly related to CVD and
a number of studies have demonstrated that WC predicts
mortality risk better than BMI(11–15). However, a recent
systematic review demonstrated that waist-to-height ratio
(WHtR) is a signiﬁcantly more favourable screening tool
for adult metabolic risk factors than are BMI and WC(16),
and reported that compared with BMI, WC improved the
discrimination of adverse cardiovascular risk outcomes by
3 % and WHtR improved discrimination by 4–5 %. As well,
WHtR is able to evaluate cardiovascular risk factors and to
effectively predict the incidence of metabolic syndrome in
non-obese people(17–20). However, the problem is that
none of these indices alone is able to distinguish
subcutaneous fat from the visceral fat which is more
strongly associated with metabolic abnormalities. Some
studies still suggest that these indices provide limited
information on fat distribution(21–23).
Recently, a body shape index (ABSI), a new body index
proposed by Krakauer and Krakauer(24), has been
reported to be signiﬁcantly associated with abdominal
adipose tissue and to be more associated with premature
death than either WC or BMI. In some cohort studies, ABSI
showed a positive association with disease risk and
mortality hazard(25,26). However, some studies reported
that ABSI seemed to be a weaker index for identifying
hypertension, diabetes, CVD risk and metabolic syndrome
than BMI(27–29). Therefore, this controversy remains to be
further studied. As far as we know, the efﬁcacy of ABSI for
identifying cardiometabolic risk factors in non-obese
Chinese has not been speciﬁcally studied.
Body roundness index (BRI), another new index
proposed by Thomas et al. and based on WC and height, is
a predictor that could improve predictions of body fat
percentage and visceral adiposity tissue compared with the
traditional metrics of BMI, WC or hip circumference(30).
Several recent studies have shown that BRI could be used
as an adipose indicator for determining the presence of
eccentric left ventricular hypertrophy, hyperuricaemia, CVD
and diabetes(27,31–33). However, to date, little evidence has
compared BRI with WHtR in the assessment of cardiometabolic risk factors in non-obese Chinese adults.
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Therefore, it is necessary to assess whether the new
indices better identify cardiometabolic risk factors than
the traditional ones. The objective of the present study
was to compare the ability of ABSI and BRI with that of
WHtR to identify cardiometabolic risk factors in Chinese
adults with normal BMI and WC.
Methods
Participants
From July to December 2015, a total of 1596 non-obese
people aged 20–60 years (with normal BMI (in the range
of 18·5 to 23·9 kg/m2) and WC (male < 90 cm, female
< 80 cm)) who voluntarily visited the Medical Examination
Center of Peking Union Medical College Hospital, China
Academic Medical Science and Peking Union Medical
College (Beijing, China) for a health check-up were
recruited for the present study. The mean age of the study
participants was 44·4 (SD 8·1) years. All participants were
of Han ethnicity and dwelled in the communities of
Beijing, China. The exclusion criteria were as follows:
(i) evidence of liver or renal insufﬁciency or malignancy;
(ii) a medication history of corticosteroids or hormone
therapy in the previous 6 months; (iii) those on a weightloss programme or who had lost ≥5 % of their body weight
in the previous 12 months; (iv) current hyperthyroidism
or hypothyroidism or oedema; (v) skeletal deformities
or amputations or dependence on wheelchairs or other
ambulatory assistive devices; (vi) men whose alcohol
consumption more than 14 ethanol units (1 ethanol
unit = 14 g ethanol) per week and women whose alcohol
consumption was more than 10 ethanol units per week;
and (vii) women who were pregnant.
The study was approved by the Ethics Committee of
Peking Union Medical College Hospital, China Academic
Medical Science and Peking Union Medical College.
All participants provided written informed consent before
participating in the study.
Procedure
Trained physicians administered a standard questionnaire
to collect information on age, smoking status (yes/no),
alcohol consumption, weight status, medical history and
medication use. Routine physical examinations were
then performed for all participants. Two blood pressure
(BP) recordings (rounded to the nearest 2 mmHg) were
obtained from the right arm of the participants while
seated after 30 min of rest. The ﬁnal measurement was
the average of these two recordings.
Anthropometric measurements
Participants were requested to wear light clothing
and take off their shoes for the measurement of their
anthropometric characteristics, which was performed
by well-trained examiners. Height was measured
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(rounded to the nearest 0·1 cm) using a portable
stadiometer. Body weight was measured (rounded to the
nearest 0·1 kg) using a calibrated scale with the participant
in an upright position. BMI was calculated by dividing
weight by the square of height (kg/m2). WC was measured
(rounded to the nearest 0·1 cm) at the end of normal
expiration at the midpoint between the lower border of the
rib cage and the iliac crest. WHtR was calculated by dividing
waist circumference by height. ABSI and BRI were
calculated using the corresponding formula as follows(24,31):
ABSI =
and

WC
2=3

BMI

height1=2

vﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
!
u
u
ðWC=2πÞ2
t
:
BRI = 36423655 ´ 1
ð05 ´ heightÞ2

Biochemical measurements
Blood samples were collected from the peripheral vein
of all participants in the morning after a fasting period of
10–12 h. After collection, the samples were immediately
centrifuged at 4°C. The plasma was assayed for the lipid
proﬁle (including total cholesterol, TAG, LDL cholesterol
and HDL cholesterol (HDL-C)), fasting blood glucose
(FBG) and high-sensitivity C-reactive protein (hs-CRP)
using an automated analyser (Olympus AU5800, Japan).
Deﬁnition of cardiometabolic risk factors
In present study, the cardiometabolic risk factors included
high BP, dyslipidaemia and dysglycaemia. Both prehypertension and hypertension were considered as high
BP; pre-hypertension was deﬁned as systolic blood pressure (SBP) of 120–139 mmHg or diastolic blood pressure
(DBP) of 80–89 mmHg(34); and hypertension was deﬁned
as SBP ≥ 140 mmHg or DBP ≥ 90 mmHg or currently
receiving antihypertensive medication. Dysglycaemia
included pre-diabetes and diabetes. The deﬁnition of
pre-diabetes was FBG greater than 5·6 mmol/l and less
than 7·0 mmol/l, and no history of diabetes or use of
antidiabetes medication; and diabetes was deﬁned as
FBG ≥ 7·0 mmol/l or a history of type 2 diabetes previously(35,36). Dyslipidaemia included high TAG
(≥1·71 mmol/l) and low HDL-C (≤1·03 mmol/l for men or
≤1·30 mmol/l for women)(37).
Statistical analyses
Statistical analyses were performed using the statistical
software package SPSS version 16.0. Data are expressed as
mean and standard deviation for continuous variables and
as frequency and percentage for categorical variables. The
independent-samples t test was used to compare basic
characteristics between males and females. The data of
males and females were then analysed separately.

Partial correlations were applied to assess the correlations
between the body indices and metabolic variables
including SBP, DBP, TAG, HDL-C and FBG with controlling for age and hs-CRP. Participants were divided into
four groups according to the number of metabolic risk
factors (0, 1, 2, ≥3) and univariate analysis was then
applied to compare the mean value of body indices in the
four groups among both genders with controlling for
smoking and drinking status, age and hs-CRP. Receiveroperating characteristic (ROC) curves and areas under the
curve (AUC) were employed to evaluate the ability of the
three body indices to identify the risk factors and to
determine the optimal cut-off values of anthropometric
indices; the values of the indices that maximized the
Youden index (sensitivity + speciﬁcity – 1) were deﬁned
as optimal. A comparison of the diagnostic abilities
between WHtR and the two new body indices was
performed using the AUC, and the signiﬁcance of the
difference between two AUC values was assessed by
the method described by Hanley and McNeil(38).

Results
The basic characteristics of the study population are
shown in Table 1. Compared with females, males exhibited a signiﬁcantly higher age, BMI, WC, WHtR, BRI, ABSI,
SBP, DBP, total cholesterol, TAG, LDL cholesterol, FBG,
hs-CRP and current smoking and smoking rate, but lower
HDL-C; in addition, a signiﬁcantly higher prevalence was
observed for high BP, high TAG and dysglycaemia among
males. The prevalence of low HDL-C was signiﬁcantly
lower in males than in females.
As shown in Table 2, in males, after controlling for age
and hs-CRP, partial correlation analysis showed that both
BRI and WHtR were positively associated with SBP, DBP
and TAG, and were not correlated with FBG. Conversely,
BRI and WHtR were negatively correlated with HDL-C;
ABSI did not correlate with any metabolic variable
(including SBP, DBP, TAG, HDL-C and FBG). In females,
after age and hs-CRP were controlled, both BRI and WHtR
were positively associated with SBP and TAG, and were
not correlated with DBP and FBG. However, they were
negatively correlated with HDL-C. Interestingly, ABSI was
negatively associated with SBP and TAG, but positively
with HDL-C.
As shown in Table 3, in males, the mean value of WHtR
and BRI increased signiﬁcantly (P for trend <0·001) with
the increase in the number of risk factors after controlling
for smoking and drinking status, age and hs-CRP, but ABSI
did not exhibit a progressive increase in parallel with
increased number of risk factors. In females, the mean
values of the three indices increased signiﬁcantly with the
increase in the number of risk factors after controlling for
smoking and drinking status, age and hs-CRP.
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Table 1 Characteristics of the study participants according to gender: non-obese adults (n 1596) attending a voluntary health check-up in
Beijing, China, July–December 2015
Males (n 711)
Variable
Age (years)
BMI (kg/m2)
WC (cm)
WtHR
BRI
ABSI
SBP (mmHg)
DBP (mmHg)
TC (mmol/l)
TAG (mmol/l)
HDL-C (mmol/l)
LDL-C (mmol/l)
FBG (mmol/l)
hs-CRP (mg/l)

Females (n 885)

Mean

SD

Mean

SD

P value

45·5
22·4
81·6
0·47
2·8
0·0779
117
74
5·02
1·67
1·24
3·14
5·3
1·1

7·9
1·3
3·2
0·02
0·4
0·0018
12·1
9·5
0·91
1·12
0·29
0·80
1·2
1·6

43·5
21·6
73·0
0·45
2·5
0·0740
110
67
4·86
1·06
1·46
2·91
5·0
0·8

8·1
1·4
3·1
0·03
0·4
0·0017
12·6
8·3
0·86
0·60
0·31
0·73
0·7
1·3

<0·001
<0·001
<0·001
<0·001
<0·001
<0·001
<0·001
<0·001
<0·001
<0·001
<0·001
<0·001
<0·001
<0·001

Prevalence of high BP (%)
Pre-hypertension (%)
Hypertension (%)
Prevalence of dysglycaemia (%)
Pre-diabetes (%)
Diabetes (%)
Prevalence of high TAG (%)
Prevalence of low HDL-C (%)
Current drinker (%)
Current smoker (%)

%

%

42·3
26·3
16·0
22·4
12·6
9·8
32·8
24·5
43·6
41·2

21·7
14·4
7·3
10·6
7·2
3·4
11·2
32·0
11·2
10·8

<0·001
<0·001
<0·001
<0·001
<0·001
<0·001
<0·001
0·001
<0·001
<0·001

WC, waist circumference; WtHR, waist-to-height ratio; BRI body roundness index; ABSI, a body shape index; SBP, systolic blood pressure; DBP, diastolic blood
pressure; TC, total cholesterol; HDL-C, HDL cholesterol; LDL-C, LDL cholesterol; FBG, fasting blood glucose; hs-CRP, high-sensitivity C-reactive protein; BP,
blood pressure.

Table 2 Partial correlations between body indices and metabolic components according to gender among non-obese adults (n 1596)
attending a voluntary health check-up in Beijing, China, July–December 2015
WHtR†

Males
SBP (mmHg)
DBP (mmHg)
TAG (mmol/l)
HDL-C (mmol/l)
FBG (mmol/l)
Females
SBP (mmHg)
DBP (mmHg)
TAG (mmol/l)
HDL-C (mmol/l)
FBG (mmol/l)

BRI†

ABSI†

Coefficient

P value

Coefficient

P value

Coefficient

P value

0·111
0·130
0·169
−0·140
0·042

0·003
0·001
<0·001
<0·001
0·268

0·111
0·132
0·172
−0·143
0·044

0·003
<0·001
<0·001
<0·001
0·241

−0·020
−0·003
−0·066
−0·012
0·040

0·587
0·944
0·079
0·747
0·290

0·080
0·050
0·132
−0·162
0·065

0·017
0·141
<0·001
<0·001
0·054

0·082
0·050
0·128
−0·159
0·059

0·015
0·136
<0·001
<0·001
0·081

−0·090
−0·050
−0·084
0·096
−0·045

0·007
0·142
0·013
0·004
0·182

WtHR, waist-to-height ratio; BRI, body roundness index; ABSI, a body shape index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, HDL
cholesterol; FBG, fasting blood glucose.
†Controlling for age and high-sensitivity C-reactive protein.

The AUC values for discriminating high BP, dysglycaemia, high TAG and low HDL-C by WHtR, BRI and ABSI for
males and females are shown in Table 4. In males, with
regard to dysglycaemia, high TAG and low HDL-C, the
AUC value for BRI was slightly higher than that for WHtR
(0·556 v. 0·550; 0·628 v. 0·625; 0·600 v. 0·598, respectively),
but the AUC value for BRI regarding high BP was slightly
lower than that for WHtR (0·587 v. 0·589). In females,

the AUC value for WHtR was slightly larger regarding high
BP, dysglycaemia and high TAG than for BRI (0·619 v.
0·618; 0·619 v. 0·614; 0·639 v. 0·638, respectively); the
AUC value for WHtR was equal to that for BRI in identifying low HDL-C.
According to the ROC curve analysis, ABSI obviously
exhibited the lowest AUC value for identifying each
cardiometabolic risk factor among the three indices and
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Table 3 Mean value of each body index, and its standard deviation, according to the number of cardiometabolic risk factors and gender
among non-obese adults (n 1596) attending a voluntary health check-up in Beijing, China, July–December 2015
Males
WHtR†
Mean
0 risk factors
1 risk factor
2 risk factors
≥3 risk factors
P for trend

Females

BRI†
SD

0·46
0·03
0·47
0·02
0·47
0·02
0·48
0·02
<0·001

Mean

ABSI†
Mean

SD

2·7
0·4
2·8
0·4
2·9
0·4
3·0
0·4
<0·001

WHtR†
SD

0·0778
0·0017
0·0778
0·0016
0·0778
0·0015
0·0781
0·0013
0·722

Mean

BRI†
Mean

SD

0·45
0·03
0·46
0·02
0·46
0·03
0·47
0·02
<0·001

ABSI†
Mean

SD

2·4
0·4
2·5
0·4
2·6
0·5
2·8
0·4
<0·001

SD

0·0739
0·0015
0·0741
0·0015
0·0741
0·0017
0·0746
0·0016
0·018

WHtR, waist-to-height ratio; BRI, body roundness index; ABSI, a body shape index.
†Adjusted for smoking and drinking status, age and high-sensitivity C-reactive protein.

Table 4 Area under the receiver-operating characteristic curve (AUC), and its 95 % confidence interval, for the identification of cardiometabolic risk factors by each body index according to gender among non-obese adults (n 1596) attending a voluntary health check-up in
Beijing, China, July–December 2015
High BP

Males
WHtR
BRI
ABSI
Females
WHtR
BRI
ABSI

Dysglycaemia

AUC

95 % CI

AUC

0·589***
0·587***
0·511

0·547, 0·631
0·545, 0·629
0·468, 0·554

0·619***
0·618***
0·597***

0·575, 0·663
0·574, 0·662
0·552, 0·642

High TAG

Low HDL-C

95 % CI

AUC

95 % CI

AUC

95 % CI

0·550
0·556*
0·525

0·501, 0·599
0·507, 0·605
0·475, 0·574

0·625***
0·628***
0·511

0·583, 0·667
0·587, 0·670
0·467, 0·556

0·598***
0·600***
0·532

0·550, 0·645
0·553, 0·647
0·484, 0·579

0·619***
0·614***
0·558

0·559, 0·680
0·553, 0·676
0·497, 0·620

0·639***
0·638***
0·557

0·584, 0·695
0·582, 0·694
0·494, 0·621

0·590***
0·590***
0·495

0·551, 0·629
0·551, 0·630
0·454, 0·536

BP, blood pressure; HDL-C, HDL cholesterol; WHtR, waist-to-height ratio; BRI, body roundness index; ABSI, a body shape index.
*P < 0·05, ***P < 0·001.

Table 5 Area under the receiver-operating characteristic curve (AUC), and its 95 % confidence interval, for each body index according to the
number of cardiometabolic risk factors and gender among non-obese adults (n 1596) attending a voluntary health check-up in Beijing, China,
July–December 2015
≥1 risk factor

Males
WHtR
BRI
ABSI
Females
WHtR
BRI
ABSI

≥2 risk factors

≥3 risk factors

AUC

95 % CI

AUC

95 % CI

AUC

95 % CI

0·653***
0·656***
0·511

0·607, 0·699
0·610, 0·702
0·463, 0·560

0·606***
0·609***
0·516

0·564, 0·648
0·567, 0·650
0·472, 0·559

0·658***
0·661***
0·557

0·601, 0·714
0·605, 0·718
0·497, 0·616

0·633***
0·633***
0·547*

0·596, 0·669
0·597, 0·670
0·509, 0·585

0·626***
0·623***
0·552*

0·580, 0·673
0·576, 0·670
0·502, 0·603

0·715***
0·711***
0·609*

0·652, 0·778
0·648, 0·773
0·524, 0·694

WHtR, waist-to-height ratio; BRI, body roundness index; ABSI, a body shape index.
*P < 0·05, ***P < 0·001.

could hardly be used to identify any risk factor among
males and females.
Moreover, according to the method described by Hanley and McNeil(38), there was no signiﬁcant difference in
the AUC value between BRI and WHtR for identifying any
of the risk factors in both genders (in males (WHtR v. BRI):
high BP, z = 0·0673, P = 0·946; dysglycaemia, z = 0·170,
P = 0·865; high TAG, z = 0·101, P = 0·920; low HDL-C,
z = 0·589, P = 0·953; and in females (WHtR v. BRI): high

BP, z = 0·0321, P = 0·974; dysglycaemia, z = 0·114,
P = 0·909; high TAG, z = 1·928, P = 0·054; low HDL-C,
z = 1·000, P = 0·500).
The AUC values for discriminating the cardiometabolic
risk factors (≥1, ≥2 or ≥3) by WHtR, BRI and ABSI for
males and females are shown in Table 5. In males,
generally, the AUC value for BRI was slightly higher than
that for WHtR. Conversely, the AUC value for BRI was
slightly lower than that for WHtR in females. The AUC
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Table 6 Sensitivity (Sens) and specificity (Spec) of the cut-off values of the body indices for the identification of cardiometabolic risk factors
according to gender among non-obese adults (n 1596) attending a voluntary health check-up in Beijing, China, July–December 2015
Males
WHtR
Cut-off
High BP
Dysglycaemia
High TAG
Low HDL-C
≥1 risk factor
≥2 risk factors
≥3 risk factors

0·47
0·47
0·47
0·47
0·47
0·48

BRI

Sens, spec
0·681,
†
0·747,
0·534,
0·675,
0·717,
0·655,

Females

0·459
0·471
0·624
0·587
0·466
0·617

Cut-off
2·8
2·7
2·8
2·8
2·8
2·8
2·9

ABSI

WHtR

Sens, spec

–

Cut-off

0·545,
0·774,
0·700,
0·626,
0·618,
0·705,
0·690,

†
†
†
†
†
†
†

0·47
0·47
0·47
0·46
0·46
0·46
0·46

0·600
0·350
0·546
0·549
0·662
0·503
0·598

BRI

Sens, spec
0·438,
0·479,
0·475,
0·725,
0·714,
0·762,
0·956,

0·733
0·717
0·718
0·456
0·515
0·434
0·417

Cut-off
2·6
2·7
2·4
2·4
2·4
2·4
2·5

ABSI

Sens, spec

Cut-off

0·542,
0·511,
0·808,
0·718,
0·714,
0·756,
0·867,

0·0742 0·589,
†
†
†
0·0742 0·498,
0·0741 0·549,
0·0740 0·733,

0·645
0·697
0·435
0·468
0·515
0·445
0·511

Sens, spec
0·577

0·594
0·549
0·465

WHtR, waist-to-height ratio; BRI, body roundness index; ABSI, a body shape index; BP, blood pressure; HDL-C, HDL cholesterol.
†Data are not shown due to index’s inability to significantly identify the cardiometabolic risk factor.

value was lower for ABSI than for WHtR or BRI in
both genders.
The corresponding sensitivity and speciﬁcity of the
cut-off values of the indices for the identiﬁcation of
cardiometabolic risk factors are presented in Table 6.
The optimal cut-off of WHtR for detecting at least one
cardiometabolic risk factor was 0·47 in males and
0·46 in females; and that of BRI was 2·8 in males and
2·4 in females.

Discussion
To the best of our knowledge, the present study is the ﬁrst
cross-sectional one speciﬁcally comparing the ability of
ABSI and BRI with that of WHtR to identify cardiometabolic risk factors in Chinese adults with normal BMI and
WC. It is well known that both pre-diabetes and prehypertension contribute to the development of CVD(39,40).
Thus, these conditions, together with diabetes, hypertension and dyslipidaemia (including high TAG and low
HDL-C) were considered as the cardiometabolic risk
factors in the present study.
WHtR, an anthropometric index based on WC
and height, has recently been demonstrated to be
a signiﬁcantly more favourable screening tool for
adult metabolic risk factors than BMI or WC(16). As well,
WHtR was able to effectively predict the presence of
metabolic syndrome in Chinese postmenopausal women
and in non-obese Asians(18–20,41). In a Taiwanese population with normal BMI or WC, those with an elevated
WHtR might have greater levels of various cardiometabolic
risk factors than those with low WHtR(17). However, these
studies did not compare WHtR with either ABSI or BRI.
Recently, ABSI and BRI have been reported to be signiﬁcantly associated with abdominal adipose tissue and to
improve predictions of body fat percentage and visceral
adiposity tissue compared with the traditional metrics
of BMI and WC(24,30). Until now, limited studies have
compared the ability of BRI or ABSI with that of WHtR

for predicting cardiometabolic risk factors in non-obese
people. Since the characteristics of metabolically healthy
obese individuals and of metabolically obese but
normal-weight individuals have been described(42,43), we
are required to re-evaluate the value of BMI and WC
in detecting cardiometabolic risk among non-obese
individuals(20). Therefore, we conducted the current
study to assess the ability of ABSI and BRI to identify CVD
risk factors and determined whether they are superior to
WHtR among individuals with normal BMI and WC.
The ABSI, a new body index independent of height,
weight and BMI, has been reported to be more predictive
for premature mortality than BMI or WC(24). One
latest population-based study reported that ABSI
showed a stronger association with total, cardiovascular
and cancer mortality than BMI, WC and WHtR(44).
However, Maessen et al. found that ABSI was not
a suitable measurement to identify either CVD or CVD risk
factors(32). In addition, two Chinese studies reported
that compared with BMI and WC, ABSI was not a better
predictor for diabetes(25,27). Similar results were also
reported in one retrospective cohort study conducted in
Japanese adults. In the present study, we found that ABSI
did not correlate with any metabolic variable (including
SBP, DBP, TAG, HDL-C or FBG) in males and was negatively associated with SBP and TAG, but positively with
HDL-C in females; the AUC value for ABSI was obviously
lower than that for WHtR in identifying hypertension,
dysglycaemia and dyslipidaemia among both genders,
suggesting that ABSI could hardly be used to identify any
cardiometabolic risk factor among non-obese Chinese
adults. As suggested by two Chinese studies(25,27), these
discrepant results might be due to ethnic differences or
different characteristics of study samples.
The BRI, based on WC and height, is another new
obesity index proposed by Thomas et al. to assess
obesity(30). Thomas et al. showed that BRI can reﬂect both
visceral adipose tissue and body fat percentage and
can improve predictions of body fat compared with the
traditional indices like BMI and WC. As far as we know,
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only four studies have applied the BRI to identify the
presence of disease. Some studies found that BRI was not
superior to the traditional obesity indices (including BMI
and WC) for determining the presence of diabetes and
CVD as well as CVD risk factors(27,32). However, one study
reported that BRI had a superior predictive ability for
identifying hyperuricaemia than BMI and similar
capabilities to those of WC and WHtR in women(31).
In addition, BRI was found to be a superior measurement
compared with BMI, WC and WHtR for determining the
presence of left ventricular hypertrophy(33). However,
Santos et al. reported that BRI is limited in predicting
percentage of fat mass in athletes, particularly when
compared with commonly and readily available ﬁeld
methods like bio-impedance analysis or skinfold prediction models(45). The results of our present study demonstrated that while BRI was able to identify cardiometabolic
risk factors in non-obese individuals, it did not exhibit
a signiﬁcantly better predictive ability compared with
WHtR. The optimal cut-off of BRI for detecting at least one
cardiometabolic risk factor was 2·8 in males and 2·4 in
females, and that of WHtR for detecting at least one
cardiometabolic risk factor was 0·47 in males and 0·46 in
females. Of interest, the cut-off value of WHtR in males
was closely consistent with one previous Chinese study,
while it was not in females(20).
The present study has several limitations that should be
mentioned. First, ABSI is independent of height, weight and
BMI, and was proposed to predict mortality hazard in a
follow-up study; we employed it to identify cardiometabolic
risk factors in a cross-sectional study among non-obese
people, which may to some extent affect its predictive power.
Second, all participants of the present study were of Chinese
ethnicity, residents of Beijing and were recruited from a single
hospital; therefore, it is unclear whether our results are
applicable to other ethnic groups, which requires further
investigation. Third, our study participants were people who
underwent health check-ups, and some of them might have
had diabetes before the check-ups. These people were more
concerned about their health status and were more willing to
receive a health check-up, which might lead to an increased
number with diabetes being included in the study population.
Therefore, the high prevalence of diabetes in males (9·8 %) of
our study population did not represent the overall prevalence
in non-obese men, which may explain the high prevalence of
diabetes in males in the study. Finally, we could not provide
any mechanistic explanation for our results. As well, we did
not examine 2 h postprandial glucose, which may lead to the
under-diagnosis of some diabetic subjects.

Conclusions
Despite these limitations, our results showed that
WHtR was a simple and effective index in assessment of
cardiometabolic risk factors among non-obese adults.

PJ Liu et al.

When evaluating cardiometabolic risk factors among
non-obese adults, BRI could be used as an alternative
body index to WHtR, while ABSI could not.
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