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Waist height ratio: A universal screening tool for
prediction of metabolic syndrome in urban and
rural population of Haryana
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Aims: To compare waist circumference (WC), body mass index (BMI), waist hip ratio (WHR), and waist-to-height ratio (WHtR) and define
an appropriate cut-off, which is most closely predictive of the non-adipose components of the IDF metabolic syndrome (MetS) definition.
Methods and Results: A total of 3,042 adults (1,693 in rural area and 1,349 in urban area) were screened for the presence of MetS
according to the IDF definition. Among 3,042 adults selected as subjects, 1,518 were male and 1,524 were female. The receiver
operating curve (ROC) analysis was done to determine the optimal cut-off value and the best discriminatory value of each of these
anthropometric parameters to predict two or more non-obese components of metabolic syndrome. The area under ROC (AURC) for
WC was superior to that for other anthropometric variables. The optimal cut-off value of WC in urban and rural males was >89 cm,
which is higher than that in urban and rural females at 83 cm and 79 cm, respectively; the optimal cut-off for WHtR was >0.51 in
rural females, 0.52 in rural males, and 0.53 in both urban males and females. Both parameters were found to be better than BMI and
WHR. ROC and AURC values for WC were better than those for WHtR in men and women in both urban and rural areas (P = 0.0054);
however, when the entire study cohort was analyzed together, irrespective of gender and place of residence, then at a value of 0.52,
WHTtR scored over WC as a predictor of metabolic syndrome (P = 0.001). Conclusion: Although the predictive value of different
gender-specific WC values is clearly superior to other anthropometric measures for predicting two or more non-adipose components
of MetS, a single value of WHtR irrespective of gender and the area of residence can be used as a universal screening tool for the
identification of individuals at high risk of development of metabolic complications.
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INTRODUCTION

The metabolic syndrome (MetS) is a clustering of metabolic
and cardiovascular risk factors that have been widely
discussed for at least 20 years. Although some have
questioned the clinical utility of metabolic syndrome,
there are many reasons to believe that this entity is useful.
Identification of metabolic syndrome is a simple measute
of finding people with a clustering of risk factors that
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put them at increased risk of diabetes and cardiovascular
disease (CVD). Furthermore, such individuals need more
intensive lifestyle interventions at an early stage to delay the
disease progression to a still higher-risk category. Also, the
identification of metabolic syndrome will attract attention
to various other related conditions such as fatty liver,
polycystic ovary syndrome, and obstructive sleep apnea.
Since the first official definition of the metabolic syndrome
put forward by a working group of the World Health
Organization (WHO)" in 1998, a number of different
definitions have been proposed. The latest definition
given by International Diabetes Federation (IDF)® takes
into account the evidence that abdominal obesity is an
important component of the metabolic syndrome and
proposes gender- and race-specific cut-offs for waist
circumference (WC). Although the need for different WC
is attributed to ethnic variation, it was observed that even
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within the same population, people with identical WC but
different heights have different risks for metabolic syndrome.
Several studies from Asia indicate that waist-to-height
ratio (WHtR) is more strongly associated with CVD risk
factors than other anthropometric measures such as WC,
body mass index (BMI), and waist hip ratio (WHR).P¥ The
aim of our study was to perform a comparative validation
of WC, BMI, WHR, and WHtR for defining the metabolic
syndrome in Indian population living in the urban and rural
areas of Rohtak district, Haryana, India. We used the IDF
definition of metabolic syndrome, excluding the measure
of obesity, to determine which obesity measure among WC,
BMI, WHR, and WHtR, and what appropriate cut-off value
are most closely predictive of the non-adipose components
of the IDF’s definition of metabolic syndrome.

MATERIALS AND METHODS

This is an investigator initiated cross-sectional study.
Informed consent was obtained after explaining the details
of the procedure to all subjects. In rural population, two
rural blocks out of total were selected randomly. Of these
two rural blocks, 85 anganwadi centers (AWC) were selected
by the random selection method. From the population
survey register of AWC, male and female patients were
randomly selected and called at the AWC on a specified date
and time after an overnight fast. In urban areas, two out of
total six urban health centers were selected randomly, and
from the survey registers of these two health centers, male
and female patients were selected randomly. A day before
the study, all subjects were advised to observe overnight
fasting (at least 8 hours) and called at the nearest health
center/AWC in the morning,. Initial evaluation included
detailed history and clinical examination of the subjects
to exclude any systemic diseases. Anthropometric indices
including height (without shoes and socks), weight, WC,
and hip circumference were recorded for the subjects.
Height was measured to the nearest 0.1 cm using a portable
stadiometer and weight measured to the nearest 0.1 kg
using calibrated platform scales. Waist circumference was
measured to the nearest 0.1 cm at the midpoint between the
subcostal margin and the margin of the supracristal plane
according to the IDF diagnostic criteria. Hip circumference
was measured to the nearest 0.1 cm around the thighs, at
the height of the greater trochanter, with the patients in
the standing position. Blood pressure was recorded after
patients were made to sit and rest for at least half an hour.
Blood pressure was recorded thrice at 5-minute intervals in
a sitting position in the non-dominant arm, with the value
to the nearest 2 mm Hg, using a standard adult mercury
sphygmomanometer. The mean of the three readings was
taken as blood pressure. Patients suffering from chronic

renal, pancreatic or other severe illness, pregnant women,
and women who delivered 2 months or less preceding the
study, patients on lipid lowering agents, steroids, nicotinic
acid, or other medications likely to cause dysglycemia, were
excluded from the study.

In the morning after an overnight fasting period, blood
samples were obtained from the antecubital vein and
transfused into vacuum tubes containing EDTA. All
patients were allowed to sit and rest for at least half an
hour before the blood samples were taken. Plasma glucose,
total cholesterol, triglycerides, and HDIL-cholesterol were
measured.

Criteria for metabolic syndrome

According to the IDF definition for the Indian population,”
for an individual to be defined as having the metabolic
syndrome, he/she must be diagnosed as having central
obesity defined as waist circumference 290 c¢cm in males
or 280 cm in females plus any two of the following
four factors: (1) triglycerides 2150 mg/dl or specific
treatment for this lipid abnormality; (2) HDL-cholesterol
<40 mg/dl in males or <50 mg/dl in females or specific
treatment for this lipid abnormality; (3) SBP 2130 mmHg,
or DBP 285 mmHg or treatment for previously diagnosed
hypertension; (4) fasting plasma glucose =100 mg/dl or
previously diagnosed type 2 diabetes.

All analyses were done separately for men and women and
according to their place of residence. Continuous data were
expressed as mean = SD. The optimal cut-off points for
BMI, WC, WHR, and WHtR were obtained by selecting
a point on the ROC curve, which represented the largest
sum of sensitivity and specificity. The area under the ROC
curve (AURC) was used as a measure of discrimination
of a predictor. The level of statistical significance was set
at 0.05. The Youden Index is a frequently used summary
measure of the ROC curve. It measures the effectiveness
of a diagnostic marker and enables the selection of an
optimal threshold value (cut-off point) for the marker. The
statistical program for social sciences, version 17.0 (SPSS
Inc., Chicago 1L), was used for all statistical analyses.

REsuLTs

In the present study, 3,042 individuals were screened for
the prevalence of metabolic syndrome and their baseline
characteristics, as shown in Table 1. Out of the 3,042
individuals selected, 1,693 were from rural areas (male, 814;
and female, 879) and 1,349 from urban areas (male, 704; and
female, 645). In our study participants, the prevalence of
metabolic syndrome according to the IDF criteria was 23.8%
and 42.6% in urban men and women, respectively, while it

Indian Journal of Endocrinology and Metabolism / May-Jun 2014 / Vol 18 | Issue 3



Rajput, et al.: Waist height ratio: A universal screening tool for prediction of metabolic syndrome

Table 1: Baseline characteristics of study subjects
stratified by gender

Male Female

Sample size 1518 1524
Age (years) 47.8+16.1 45.7+14.8
BMI (kg/m?) 22.0£3.9 23.3+4.7
Waist (cm) 83.4£10.6 82.4+11.9
Waist hip ratio 0.9+0.1 0.89+0.1
Waist height ratio 0.50+£0.1 0.53£0.1
Systolic blood pressure (mmHg) 125.6+18.2 124.6+19.8
Diastolic blood pressure (mmHg) 82.1+10.6 80.6+10.0
Fasting plasma glucose (mg%) 102.4+36.2 100.9+30.4
Triglyceride (mg%) 137.5£65.5 134.8+61.7
Total cholesterol (mg%) 185.6+43.2 189.1+40.8
LDL cholesterol (mg%) 109.1+37.1 113.6+35.3
HDL cholesterol (mg%) 41.4%6.2 43.1%7.1
VLDL cholesterol (mg%) 28.2+14.2 27.3+13.3
High blood pressure (%) 624 (41.1) 580 (38.1)
Hypertriglyceridemia (%) 486 (32.0) 479 (31.4)
Low HDL (%) 618 (40.7) 946 (62.1)
IFG (%) 352 (23.2) 346 (22.7)
Type 2 diabetes mellitus (%) 162 (10.7) 133 (8.7)
Socioeconomic status (%)

Low 634 (41.8) 750 (49.2)

Middle 734 (48.4) 641 (42.1)

High 150 (9.9) 133 (8.7)
Educational status (%)

llliterate 270 (17.8) 771 (50.6)

Primary 406 (26.7) 309 (20.3)

High school 604 (39.8) 336 (22.0)

Graduate and above 238 (15.7) 108 (7.1)
Residence (%)

Rural 814 (53.6) 879 (57.7)

Urban 704 (46.4) 645 (42.3)

BMI: Body mass index

was 14.9% and 36.3% in rural men and women, respectively.
In males, high blood pressure was the most common
abnormality, followed by low HDL and hypertriglyceridemia.
In females, low HDL was the most common abnormality,
followed by hypertension and hypertriglyceridemia. Impaired
fasting glucose and diabetes mellitus were seen in 23.2%
and 10.7% of the men, respectively, while these were seen
in 22.7% and 8.7% of the women, respectively.

The ROC curve analysis was performed to find out optimal
cut-off points for BMI, WC, WHR, and WHtR. The
point on the ROC, which represented the largest sum of
sensitivity and specificity, was chosen to obtain the optimal
cut-off point for each of these four measurements in
predicting metabolic syndrome. Figure 1 shows the ROC
curves of BMI, WC, WHR, and WHtR for predicting the
presence of two or more non-adipose components of
metabolic syndrome as defined for both men and women.
The optimal cut-off value of WC in urban and rural males
was >89 cm, which was higher than that in urban and rural
females, i.e. 83 cm and 79 cm, respectively, while the optimal
cut-off for WHtR was >0.51 in rural females, 0.52 in rural
males, and 0.53 in both urban males and females. Both
parameters were found to be better than BMI and WHR.

WHR cut-off for the prediction of metabolic syndrome
was 0.87 and 0.93, respectively, in rural females and males
and 0.92 and 0.95, respectively, in urban females and males.
The best cut-off value for BMI was >23 kg/m?* in both
urban and rural males as well as urban females, while it was
>21 kg/m?” in rural females. Table 2 shows AURC, optimal
cut-off values, and the associated measure of each cut-off
value. In both men and women, irrespective of their place
of residence, WC was found to be a better predictor of
metabolic syndrome than WHtR [Table 2].

When we compared these anthropometric variables as a
predictor of metabolic syndrome irrespective of the place
of living and gender, WHtR was found to have the best
AURC as a predictor of metabolic syndrome at a cut-off
value of 0.52 [Table 2], and it scored over WC as a predictor
of metabolic syndrome (P = 0.001).

DiscussioN

Varying degree of prevalence of metabolic syndrome is
reported from various regions of the world and the Indian
subcontinent, but very few data is available regarding the
prevalence of metabolic syndrome separately in the urban
and rural population of Haryana and also regarding which
anthropometric parameter of adiposity is best suited for
urban and rural population. We found a prevalence of
23.8% (168/704),14.9% (122/814), 42.6% (275/645), and
36.3% (319/879) in urban men, rural men, urban women,
and rural women, respectively, using the IDF diagnostic
criteria. Moreover, the prevalence is more common in
urban population than in rural population, which is likely
due to the higher educational status and sedentary lifestyle
of urban population. These results are in accordance with
the other studies.”!

In the present study, we evaluated and compared the
extent to which four different anthropometric variables
of adiposity (BMI, WC, WHR, and WHtR) are able to
predict two or more non-adipose components of metabolic
syndrome using the IDF criteria. It was observed that in
both urban and rural men and women, WC is a better
predictor of metabolic syndrome than the other three
anthropometric variables (BMI, WHR, and WHtR).
However, when the entire population was clubbed together
and analyzed irrespective of their place of residence and
gender, it was found that WHtR scored over WC as a
predictor of metabolic syndrome. The optimal cut-off of
WHIR for this prediction was 0.52, which is in accordance
with several reports from other Asian countries where a
cut-off value of WHtR >0.5 appears to offer a simple and
reliable index of identifying individuals who face increased
future risk of metabolic complications.> ")
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Figure 1: (a) ROC curves of BMI, WC, WHR, and WHIR to predict the presence of two or more non-adipose components of metabolic syndrome in
urban females. (b) ROC curves of BMI, WC, WHR, and WHtR to predict the presence of two or more non-adipose components of metabolic syndrome
in urban males. (c) ROC curves of BMI, WC, WHR, and WHtR to predict the presence of two or more non-adipose components of metabolic syndrome in
rural females. (d) ROC curves of BMI, WC, WHR, and WHtR to predict the presence of two or more non-adipose components of metabolic syndrome
in rural males. (e) ROC curves of BMI, WC, WHR, and WHR to predict the presence of two or more non-adipose components of metabolic syndrome in

the entire study population irrespective of gender and place of living

Traditionally, BMI is a widely popular index of obesity
used. Wang ¢7 a/,'''in their study of Chinese population,
found that BMI and WC are more useful than WHR for
predicting two or more non-adipose components of
metabolic syndrome. However, the majority of Asian
population is obese and at risk of developing metabolic
complications even at BMI cut-off level of <25 kg/m?
which is not in accordance with the WHO BMI cut-off
level used to define obesity. This has prompted experts
across the globe to redefine BMI standards for Asian
population, and which is now set at 23 kg/m?* or above
for Asian population. In the present study, the BMI
cut-off of >23 kg/m? was also predictive of metabolic
syndrome, except in rural females where optimal cut-off
for BMI was >21 kg/m?® Despite this change in BMI
criteria, its use does not always indicate the degree of
obesity. A large number of studies clearly suggest that the
degree of central fat distribution is more clearly related
to metabolic risk than BMI. In the present study, the
comparison of ROC of BMI with that of WC showed

that BMI is inferior to WC in predicting metabolic
syndrome (P = 0.0001).

WC and WHR have been used as measures of central
adiposity and evidences suggest a greater association of
these anthropometric variables with a future metabolic
risk than BMI, which is a measure of general obesity.
Between WC and WHR, several studies have shown that
that WC is a better predictor of metabolic syndrome
because of variations in the level of hip measurements,
differences in cut-off values between men and women
and among different ethnic groups, and the possibility
of embarrassment to both examiner and examinee when
measuring hip circumference.l'"'*""! However, the ability
of WC to be used as a universal predictor of central
adiposity is limited by the use of different methods for the
measurement of WC and different cut-offs used for men
and women and for different ethnic groups. In the present
study, the optimal cut-off value of WC is >89 cm each in
urban and rural males and >83 cm and >79 cm in urban and
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Table 2: Areas under the ROC curve, cut offs, sensitivity, specificity of WC, BMI, WHR and WHtR

AURC P Cut Sensitivity Specificity PPV NPV Youden
(95%Cl) off (95%Cl) (95%Cl) (95%Cl) (95%Cl) index
Rural female (n=879)
WC 0.90(0.88-0.92) <0.0001 >79  1.00(0.99-1.00) 0.76(0.73-0.80) 0.71(0.66-0.75) 1.00(0.99-1.00)  0.76
BMI 0.81(0.78-0.83) <0.0001 >21.40 0.87(0.83-0.91) 0.64(0.60-0.68) 0.58(0.54-0.63) 0.90(0.87-0.93)  0.51
WHR 0.83(0.80-0.85) <0.0001 >0.87 0.87 (0.83-0.90) 0.68 (0.63-0.71) 0.60(0.56-0.65) 0.90(0.87-0.93)  0.55
WHtR 0.89 (0.87-0.91) <0.0001 >0.51 0.92(0.89-0.95) 0.75(0.71-0.79) 0.67 (0.63-0.72) 0.94 (0.92-0.96)  0.67
Urban female (n=645)
WC 0.87(0.84-0.89) <0.0001 >83  0.94(0.91-0.97) 0.72(0.67-0.77) 0.72(0.67-0.76) 0.94 (0.91-0.97)  0.66
BMI 0.79(0.75-0.82) <0.0001 >23.05 0.83(0.78-0.87) 0.60(0.55-0.65) 0.61(0.55-0.66) 0.82(0.77-0.87)  0.43
WHR 0.53(0.50-0.57) 0.0902 >0.92 0.41(0.35-0.47) 0.69(0.64-0.73) 0.49(0.43-0.56) 0.61(0.56-0.66) 0.10
WHtR 0.86 (0.84-0.89) <0.0001 >0.53 0.92(0.88-0.95) 0.73(0.68-0.77) 0.72(0.67-0.76) 0.93(0.89-0.95)  0.65
Rural male (n=814)
wC 0.98(0.96-0.99) <0.0001 >89  1.00(0.94-1.00) 0.95(0.92-0.97) 0.78(0.67-0.87) 1.00 (0.99-1.00)  0.95
BMI 0.92(0.89-0.95) <0.0001 23.73 0.87(0.76-0.94) 0.87(0.83-0.91) 0.55(0.44-0.65) 0.97 (0.95-0.99) 0.74
WHR 0.90(0.87-0.93) <0.0001 0.93 0.85(0.74-0.93) 0.81(0.77-0.85) 0.44(0.35-0.54) 0.97 (0.94-0.99)  0.66
WHtR 0.97 (0.95-0.98) <0.0001 0.52 0.97 (0.89-0.99) 0.90(0.87-0.93) 0.63(0.53-0.73) 0.99 (0.98-0.99)  0.87
Urban male (n=704)
wcC 0.94(0.91-0.96) <0.0001 >89  1.00 (0.96-1.00) 0.87(0.82-0.90) 0.70(0.61-0.78) 1.00 (0.98-1.00)  0.87
BMI 0.88 (0.84-0.91) <0.0001 >23.32 0.92(0.84-0.97) 0.73(0.67-0.78) 0.52(0.43-0.60) 0.97 (0.93-0.99)  0.65
WHR 0.53(0.47-0.58) 0.3808 >0.89 0.64 (0.53-0.74) 0.49(0.42-0.55) 0.28(0.22-0.35) 0.81(0.74-0.87) 0.13
WHtR 0.89(0.85-0.92) <0.0001 >0.53 0.85(0.75-0.92) 0.82(0.77-0.86) 0.59(0.50-0.68) 0.94(0.91-0.97)  0.66
Total population (n=3042)
wcC 0.88(0.87-0.90) <0.0001 >81  0.96(0.94-0.97) 0.65(0.63-0.67) 0.57(0.54-0.60) 0.97 (0.96-0.98)  0.61
BMI 0.83(0.81-0.84) <0.0001 >23.45 0.76(0.73-0.79) 0.75(0.73-0.77) 0.59(0.56-0.62) 0.87 (0.85-0.88)  0.51
WHR 0.68 (0.66-0.70) <0.0001 >0.88 0.70(0.66-0.73) 0.59(0.57-0.62) 0.45(0.42-0.48) 0.80 (0.78-0.83)  0.29
WHtR 0.90 (0.89-0.91) <0.0001 >0.52 0.90(0.87-0.92) 0.79 (0.77-0.81) 0.67 (0.64-0.70) 0.94 (0.93-0.96)  0.69

ROC: ROC analyses were performed using MedCalc statistical software version 12.1.3.0. The significance of the differences between AUCs was assessed using the
algorithm developed by DelLong. The point on the ROC which represented the largest sum of sensitivity and specificity was chosen to obtain the optimal cut-off point for
these four measurements in predicting metabolic syndrome. The Youden Index is a frequently used summary measure of the ROC (Receiver Operating Characteristic)
curve. It both, measures the effectiveness of a diagnostic marker and enables the selection of an optimal threshold value (cutoff point) for the marker. BMI: Body mass

index, WC: Waist circumference, WHR: Waist hip ratio, WHtR: Waist-to-height ratio

rural females, respectively, and is cleatly superior to WHR
in the prediction of metabolic syndrome (P = 0.0001).

WHIR is another anthropometric variable that has been
used and found to be a better predictor of metabolic
complications in various studies. This is because the
height of an individual influences the distribution of body
fat, and this factor should be taken into consideration
before adopting any anthropometric variable as a measure
of adiposity. On average, men are taller than women
and have larger waist circumferences. This means that
average WHIR values are closer for men and women than
average WC values because of adjustments for height,
and the same value can be used for both genders to
indicate increased risk." Parikh e a/!" eatlier reported
that WHtR is a better parameter of central obesity and
obviates the need for numerous WC cut-offs; it may
be useful in children where existing parameters are not
useful. They also reported that using the average height
in various countries and their respective WC cut-offs as
defined by the IDF consensus definition, the range of
WHItR varies from 0.51 to 0.58 among males and from
0.47 to 0.54 among females. In the present study, we
also observed that a single value of WHtR at more than
0.52 is a better predictor of metabolic syndrome in both

genders. Moreover, for the first time in the present study,
we compared both urban and rural population and found
that irrespective of the place of living, a single value of
WHItR can be used as a marker to identify individuals
with a high likelihood of contracting central adiposity and
metabolic syndrome. A study conducted on adult females
from Singapore demonstrated that WHtR can act as the
best screening tool for cardiovascular risk.!' In Japanese
men and women, WHtR was found to be a better predictor
of metabolic risk compared to other anthropometric
indices."" Other studies also reported that the WHtR is a
simple and effective screening tool for cardiovascular risk
factors in both men and women."® In contrast, a Dutch
study revealed that height did not significantly influence
the differences in measures of adiposity or intra-abdominal
fat volume in women, or intra-abdominal fat areas in both
genders."” Nakamura ez /™ reported that WHtR did not
confer an improved discriminatory performance compared
to WC. Kato ¢ a/?! concluded that the predictive power
of WC was not inferior to WHtR, and WC is practically
the most convenient measure for predicting metabolic
syndrome because of its simplicity. In the present study,
the ROC and AURC values for WC are better than that
for WHtR in case of men and women in both urban and
rural areas (P = 0.0054), butif one has to use a single value
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for the ease and simplicity of prediction of metabolic
syndrome, irrespective of gender and place of residence,
then at a value of 0.52, WHtR is a good predictor of
metabolic syndrome in comparison to WC where one
has to use different values for different gender and place
of residence. Also, for disease with a high prevalence in
population, such as metabolic syndrome, there is the need
for a test with high specificity to ensure all true negative
cases are picked up and the test will have a high positive
predictive value. The same is true for WHtR, when used
irrespective of gender and place of residence, which has
high specificity as well as Youden’s index.

CONCLUSION

To conclude, although the predictive value of different
gender-specific WC values is clearly superior to other
anthropometric measures for the diagnosis of metabolic
syndrome in both urban and rural population of both
genders, a single value of WHtR >0.52 irrespective of
gender and area of residence can be used as a universal
screening tool for the identification of individuals at high
risk to the development of metabolic complications.
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