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ABSTRACT
Aims/Introduction: Obesity plays a central role in metabolic syndrome. Obesity
indexes are important in clinical work. In the present study, we sought to determine the
relationships between obesity indexes and metabolic risk factors.
Materials and Methods: We studied 11,568 participants over 35 years. Body mass
index, waist circumference (WC), waist-to-height ratio (WHtR) and waist-to-hip ratio were
measured and calculated. To compare the predictive ability of the obesity indexes in diag-
nosing multiple metabolic risk factors, the areas under receiver operating characteristic
curves were calculated, and cut-off values were determined. A partial correlation coeffi-
cient was used to assess the intercorrelations between the obesity indexes, and to evalu-
ate the correlations between each index and each metabolic risk factor.
Results: The partial correlation coefficient for WHtR and WC was 0.947. In diagnosing
multiple metabolic risk factors, the WHtR areas under receiver operating characteristic
curves was greater than that for the other obesity indexes in both sexes. The cut-off point
for the WHtR was 0.50 in men and 0.52 in women. The cut-off point for WC was 85 cm
in men and 80 cm in women.
Conclusions: WHtR strongly correlates with WC. The WHtR might show the same pre-
dictive ability as the WC in diagnosing multiple metabolic risk factors.

INTRODUCTION
Obesity plays a central role in metabolic syndrome (MetS), is
closely related to many cardiovascular diseases, and has become
an increasing concern for both developed and many developing
countries. The traditional obesity indexes, body mass index
(BMI) and waist circumference (WC), have always been used
to diagnose MetS.
The World Health Organization recommends using BMI to

determine whether an individual is overweight, but the Interna-
tional Diabetes Federation and National Cholesterol Education
Program use WC as a criterion for MetS1–3. However, the BMI
cannot reflect the distribution of fat on one’s body; therefore, it
cannot be used to determine central obesity. WC estimates

visceral fat and central obesity, but it does not account for
height, and it differs between races and sexes4,5. Recent studies
found that, in contrast to BMI and WC, one’s waist-to-height
ratio (WHtR) and waist-to-hip ratio (WHpR) might also be
associated with cardiovascular diseases6–8. However, studies in
different countries have yielded different conclusions on
whether these four obesity indexes can be used to diagnose
MetS, and how they are associated with MetS risk factors9–11.
We carried out a cross-sectional study in a rural area of

northern China with a large sample size. We attempted to
determine how these four obesity indexes correlated with each
other, and how they were associated with metabolic risk factors.
We also attempted to evaluate the best cut-off values for obesity
indexes in diagnosing multiple metabolic risk factors for this
population.Received 12 June 2015; revised 25 October 2015; accepted 6 November 2015
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METHODS
Participants
Liaoning Province is located in northeast China. From January
2012 to August 2013, a representative sample of participants at
aged ≥35 years was used to characterize the prevalence, inci-
dence and natural history of cardiovascular risk factors in rural
areas of Liaoning Province. We used a multistage, stratified,
random-cluster sampling scheme.
Participants who were pregnant, or with malignant tumors

or mental disorders were excluded from the study. All perma-
nent residents from each village aged ≥35 years were invited to
participate in the study (14,016 participants). Of the partici-
pants, 11,956 participants agreed to and completed the study,
which yielded an 85.3% response rate. The study was approved
by the ethics committee of China Medical University (She-
nyang, China).
All procedures were consistent with ethical standards. Writ-

ten consent was obtained from all participants after they were
informed of the objectives, benefits and medical items, as well
as a confidentiality agreement regarding their personal informa-
tion. For the present study, we only used data from participants
whose relevant study data were complete and credible, which
provided a final sample size of 11,568 (5,353 men and 6,215
women).

Data collection
The weights and heights were measured to the nearest 0.1 kg
and 0.1 cm, respectively, with the participants wearing
lightweight clothing and without shoes. The WCs were mea-
sured at the umbilicus using non-elastic tape (to the nearest
0.1 cm) at the end of normal expiration and with the
participants standing. The hip circumferences were measured
at the maximal gluteal protrusion. The BMIs were calculated
as the participant’s weight in kilograms divided by the
square root of the height in meters. The WHtRs and
WHpRs were determined as the participant’s WC in centime-
ters divided by the height and hip circumference in centime-
ters, respectively.
Based on the American Heart Association protocol, blood

pressure was measured three times in 2-min intervals after at
least 5 min of rest using a standardized automatic electronic
sphygmomanometer (HEM-907; Omron, Dalian, China), which
was validated using the British Hypertension Society protocol.
The participants were advised to avoid caffeinated beverages
and exercise for at least 30 min before the measurement. Dur-
ing the measurement, the participants were seated with their
arms supported at heart level. The mean of three blood pres-
sure measurements was calculated and used.
Fasting blood samples were collected in the morning after at

least 12 h of fasting. Blood samples were obtained from an
antecubital vein, and added to vacutainer tubes containing
ethylenediaminetetraacetic acid. Fasting plasma glucose (FPG),
high-density lipoprotein cholesterol, triglyceride and other rou-
tine blood indexes were enzymatically analyzed using an auto-

analyzer. All laboratory equipment was calibrated, and blinded
duplicate samples were used for these analyses.
The participants’ medical history and lifestyle, including

smoking habits and drinking habits, were collected through a
face-to-face interview using a standard questionnaire.

Definition
To evaluate the four obesity indexes with metabolic risk factors,
we roughly adopted the revised criteria from the Adult Treat-
ment Panel report. Participants with two or more of the follow-
ing items were considered to have multiple metabolic risk
factors in the present study: (i) triglyceride levels ≥150 mg/dL
(1.7 mmol/L); (ii) high-density lipoprotein cholesterol levels
<40 mg/dL (<1.04 mmol/L) in men or <50 mg/dL
(<1.30 mmol/L) in women; (iii) systolic blood pressure
≥130 mmHg or diastolic blood pressure ≥85 mmHg, or taking
antihypertensive medications; and (iv) FPG ≥100 mg/dL
(5.6 mmol/L) or taking diabetes medications.

Statistical analysis
We calculated descriptive statistics for all variables. The contin-
uous variables were reported as the mean values and standard
deviations between the study groups using Student’s t-test. The
significant differences in prevalence between the normal and
multiple risk factors groups for both sexes were tested using a
v2-test. We generated receiver operator characteristic curves,
and identified optimal cut-off values with the maximum You-
den index (sensitivity plus specificity-1) for obesity indexes to
diagnose multiple metabolic risk factors. The areas under recei-
ver operator characteristic curve (AUC) were calculated to
compare the effectiveness of the different indexes. Pearson’s
partial correlation coefficients were calculated to reflect the rela-
tionships between four obesity indexes, and to characterize how
these indexes correlated with metabolic risk factors adjusted for
age, sex, smoking habits and drinking habits. A two-sided anal-
ysis with SPSS version 17.0 (SPSS, Chicago, IL, USA) was used
for the data, and a P-value <0.05 was considered significant.

RESULTS
Table 1 shows the baseline characteristics of participants with
or without multiple metabolic risk factors according to sex. The
participants comprised 5,353 men and 6,215 women. The indi-
vidual metabolic risk factors were significantly different between
the multiple metabolic risk factors and normal groups for both
sexes. Except for height in men, the anthropometry indexes,
including bodyweight, WC, BMI, WHtR and WHpR, were also
significantly different between the two groups for both men
and women. In the multiple risk factors group, hypertension
accounted for 91.54 and 83.46% in men and women, respec-
tively. A high FPG accounted for 78.48 and 68.23% in men
and women, respectively. The difference in drinking habits was
not significant between the normal and multiple risk factors
groups for both sexes. The differences in smoking habits were
significant for men.
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The partial correlation coefficients for the obesity indexes are
shown in Table 2. All correlations reached statistical signifi-
cance at P < 0.001. The greatest correlation was observed
between WHtR and WC, with a coefficient of 0.947.
To compare the predictive ability of the obesity indexes to

diagnose multiple metabolic risk factors, the AUC were calcu-
lated, and the cut-off values were determined. As Figure 1
shows, receiver operator characteristic curves were generated
according to sex for WC, BMI, WHtR and WHpR to identify
multiple metabolic risk factors. The WHtR AUC was similar to
the WC AUC. However, WHtR produced the greatest AUC
for both sexes, with 0.689 (range 0.675–0.703) for men and
0.696 (range 0.683–0.709) for women. The optimal WHtR cut-
off value for diagnosing multiple metabolic risk factors in men

was 0.5, with a 65.3 sensitivity and 63.7 specificity. The cut-off
value was 0.52 for women, with a 61.8 sensitivity and 68.2
specificity. The optimal WC cut-off value for diagnosing multi-
ple metabolic risk factors in men was 84.38 cm, with a 58.5
sensitivity and 69.8 specificity; the cut-off value was 80.02 cm
for women, with a 65.5 sensitivity and 63.8 specificity
(Table 3).
Table 4 shows the correlation coefficients for the obesity

indexes with each metabolic risk factor. All correlations reached
statistical significance (P < 0.001), but the coefficients were
small. The WC, WHtR and BMI similarly correlated with the
individual risk factors. The WHpR weakly correlated with the
risk factors, except for diastolic blood pressure (r = 0.108).
Among the metabolic risk factors, the coefficients for FPG with
each index were less than 0.10.

DISCUSSION
The present study compares the associations of four obesity
indexes with metabolic risk factors. We confirm the strong
associations between WHtR and WC, as well as WHtR and
metabolic risk factors. We also estimated the optimal cut-off
values for the four indexes to diagnose multiple metabolic risk
factors.
The present study found that, among the four indexes,

WHtR strongly correlated with WC (r = 0.947). Both NCEP

Table 1 | Baseline characteristics of study participants

Men (n = 5,353) Women (n = 6,215)

Normal Multiple risk factors P-value Normal Multiple risk factors P-value

n (%) 2,361 (44.1%) 2,992 (55.9%) 2,617 (43.0%) 3,598 (57.0%)
Age (years) 53.2 – 10.9 55.3 – 10.7 <0.001 50.2 – 9.8 55.7 – 10.1 <0.001
Height (cm) 166.34 – 6.31 166.48 – 6.38 0.416 156.02 – 6.04 155.32 – 6.08 <0.001
Bodyweight (kg) 65.38 – 9.83 71.12 – 11.40 <0.001 57.78 – 9.46 62.01 – 10.21 <0.001
WC (cm) 80.35 – 8.79 86.48 – 9.63 <0.001 77.75 – 8.85 83.82 – 9.55 <0.001
BMI (kg/m2) 23.61 – 3.24 25.61 – 3.51 <0.001 23.71 – 3.51 25.70 – 3.73 <0.001
WHtR 0.48 – 0.05 0.52 – 0.06 <0.001 0.50 – 0.06 0.54 – 0.06 <0.001
WHpR 0.69 – 0.08 0.73 – 0.09 <0.001 0.61 – 0.08 0.64 – 0.07 <0.001
TG (mmol/L) 1.07 – 0.63 2.12 – 2.03 <0.001 1.03 – 0.43 2.04 – 1.58 <0.001
HDL (mmol/L) 1.52 – 0.42 1.32 – 0.40 <0.001 1.56 – 0.32 1.30 – 0.32 <0.001
SBP (mmHg) 135.10 – 21.50 150.39 – 21.12 <0.001 129.87 – 21.08 147.64 – 23.28 <0.001
DBP (mmHg) 79.23 – 10.82 87.33 – 11.31 <0.001 76.35 – 10.39 83.65 – 11.31 <0.001
FPG (mmol/L) 5.34 – 0.82 6.44 – 1.98 <0.001 5.23 – 0.63 6.33 – 1.90 <0.001

Prevalence (%)
High TG 5.34 50.10 <0.001 3.29 51.06 <0.001
Low HDL 4.32 27.41 <0.001 16.77 60.62 <0.001
Hypertension 47.69 91.54 <0.001 37.87 83.46 <0.001
High FPG 15.46 78.48 <0.001 11.31 68.23 <0.001
Smoking 61.03 53.91 <0.001 16.43 16.65 0.82
Drinking 44.77 45.96 0.669 3.06 2.86 0.655

BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HDL-C, high-to-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride; WC, waist circumference; WHtR, waist-to-height ratio; WHpR,
waist-to-hip ratio.

Table 2 | Relationship between obesity indices adjusted by age, sex,
smoking habits and drinking habits

BMI (kg/m2) WC (cm) WHtR WHpR

BMI (kg/m2) 1 0.800 0.826 0.724
WC (cm) 1 0.947 0.637
WHtR 1 0.506
WHpR 1

P < 0 .001. BMI, body mass index; WC, waist circumference; WHtR,
waist-to-height ratio; WHpR, waist-to-hip ratio.
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and FDA regard WC as an important index for diagnosing
MetS; thus, WHtR can be a new obesity index for diagnosing
MetS.
In fact, many previous studies have found a close relation-

ship between WHtR and metabolic risk factors. A meta-analysis
carried out by Aswell confirmed that WHtR is better at screen-
ing metabolic risk factors than WC and BMI8. A study in
Spain showed a close relationship between WHtR and cardio-
vascular risk factors in elderly individuals with a high cardio-
vascular risk2. In the present study, the WHtR correlated best

with multiple metabolic risk factors. Different studies have pro-
duced different conclusions on the relationship between obesity
indexes with each metabolic component12,13. In the present
study, the WHtR and WC show a stronger correlation with
each metabolic risk factor than the other indexes. However, we
did not detect an obvious difference between the WHtR and
WC. The different conclusions among different studies might
be as a result of different populations, statistical methods and
MetS definitions. In summary, recent studies, including the pre-
sent study, found that the order of the indexes related to meta-
bolic risk factors is WHtR ≥ WC > BMI > WHpR7,11,14.
Although it reflects the fat distribution on one’s body, in the

present study, WHpR showed the weakest relationship with the
metabolic risk factors, except for diastolic blood pressure. This
observation is roughly consistent with the study by Knowles
et al.6, which also determined that this relationship was weak,
except with respect to elevated blood pressure in men. The WC
likely reflects both subcutaneous fat and visceral fat, and the
hip circumference likely only reflects the subcutaneous fat at
the gluteofemoral position. The WC is divided by the hip cir-
cumference, which might eliminate a certain level of influence
by the subcutaneous adipose. This approach could be the basis
for the weak relationship between the WHpR and metabolic
risk factors.
The cut-off values for WHtR in the present study were 0.50

for men and 0.52 for women, with a higher sensitivity than
WC. These data are consistent with a Taiwanese study that
included 36,642 Taiwanese adults, and that found a WHtR
greater than 0.5 is a simple, but effective, indicator of central-
ized obesity associated with metabolic risk7. Ashwell also sug-
gested that a 0.5 WHtR threshold was appropriate for
identifying metabolic risk regardless of sex and race15. A report
from China showed that the best cut-off values for men and
women are 0.51 and 0.53, respectively16. The aforementioned
evidence further confirms the universal use of WHtR across
different populations and sexes.
The WHtR measurements are convenient in clinical work

because of their simplicity. Due to the close relationship
between WHtR and WC, as well as WHtR and metabolic risk
factors, it might play a central role in diagnosing MetS.
Accounting for height makes up for the lack of WC, and ren-
ders WHtR universal across race and sex. The aforementioned
confirm that WHtR might be a better predictor for MetS than
WC.
The International Diabetes Federation proposed that different

races used different WC criteria to diagnose MetS. Asian popu-
lations still use different optimal cut-off values to diagnose
MetS in different countries. A Korean study reported that the
optimal WC cut-offs were 90 cm for men and 85 cm for
women, which was also recommended by a Chinese adult dys-
lipidemia prevention guide17. However, considering the different
anthropometry between the northern and southern China pop-
ulations, the cut-off values differ even in the same country. A
report on the Beijing population estimated an optimal cut-off
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Figure 1 | Receiver operating characteristic curves of obesity indices to
predict ≥2 metabolic risk factors according to sex. (a) Men. (b) Women.
BMI, body mass index; WC, waist circumference, WHpR, waist-to-hip
ratio; WHtR, waist-to-height ratio.
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value of 87 cm for men and 80 cm for women18. A report
from several northeastern city populations calculated a WC
cut-off value of 91.3 cm for men and 87.1 cm for women16. In
the present study, the optimal cut-off values were 85 cm for
men and 80 cm for women. The population in the present
study is from the northeastern rural area, where labor work is
the major lifestyle and might yield a slimmer rural population
compared with an urban population, which engages in office
work. This phenomenon could be the basis for our lower cut-
off values.
Although obesity correlates highly with diabetes, among the

metabolic risk factors, we found the weakest correlation
between FPG and the obesity indexes. Fahim Abbasi also
reported this finding, with a correlation coefficient between
FPG and obesity indexes under 0.2013.
Although smoking and drinking habits are considered related

to cardiovascular diseases, the only significant difference
between the normal and multiple risk factors groups that we
found was for smoking habits in men. To avoid this influence,
we adjusted for drinking and smoking habits in the present
study.
Our study was limited. As our research was a cross-sectional

study, an interpretation of the observed associations might be
restricted with regard to cause and effect. In addition, although

the anthropometric indexes were measured by trained research-
ers, the measurements carried out in a single visit might have
produced errors.
In conclusion, the four obesity indexes, WC, BMI, WHtR

and WHpR, were related to metabolic risk factors. The WC
and WHtR were strongly associated. The WHtR was most
associated with multiple metabolic risk factors, and the cut-off
values were approximately 0.50 for both sexes. The WC cut-off
value was 85 cm in men and 80 cm in women.
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