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Background and aims: With the rising prevalence of obesity and metabolic syndrome, nonalcoholic fatty liver
disease (NAFLD) has become the most common liver disorder in both developed and developing nations. Several
studies on NAFLD have described waist circumference, a surrogate marker of visceral fat accumulation and waist
height ratio as a better screening tool for NAFLD and metabolic syndrome than body mass index (BMI). We
conducted this study to assess simple abdominal obesity indices as a predictor of NAFLD and determine the
appropriate cut-off levels with reference to NAFLD. Methods: 1000 subjects with NAFLD detected ultrasono-
graphically and 360 controls attending a Gastroenterology Clinic at Cuttack, Odisha were included in the study
and subjected to detailed anthropometric measurements. The abdominal anthropometric cut offs were deter-
mined using ROC analysis. Statistical analysis was performed by using SPSS software version 16. Results: All
receiver operating curve (ROC) curves of waist circumference, waist-height ratio and BMI were significantly
above the diagonal line. There were no significant differences in the area under the curve values among these
abdominal obesity indices in each gender. The appropriate cut-off point of waist circumference in screening for
NAFLD was 89 cm for men and 84 cm for women and the optimal cut-off point of waist-height ratio was 0.53 for
men and 0.57 for women and the cut-off point of waist to hip ratio was 0.94 for men and 0.87 for women with very
good sensitivity and specificity. Conclusions: The simple anthropometric parameters, such as BMI, waist circum-
ference, waist-hip ratio and waist-height ratio are useful for predicting NAFLD in Indian adults. The anthro-
pometry cut offs would be very useful in setting target points of life style modification and weight reduction.
Besides, our study also clearly demonstrated that a simple assessment of BMI is as efficacious as other
anthropometry parameters in predicting NAFLD. ( J CLIN EXP HEPATOL 2017;7:310–315)
on-alcoholic steatohepatitis (NASH) was first a benign static disease, but can progress to steatohepatitis,
Ncoined by Ludwig et al. at Mayo clinic in
1980.1 Ever since the inception of the term, there

has been a lot of research in the field of fatty liver in the
past two decades. nonalcoholic fatty liver disease (NAFLD)
is slowly becoming a universal phenomenon. The preva-
lence of NAFLD is a staggering 25% in India,2 in contrast to
the popular belief that it is disease of the West. The
alarming rise in the prevalence can be attributed to adop-
tion of sedentary lifestyle, dietary transition and the obe-
sity epidemic.3 NAFLD is a cause for concern, since it is not
s: Anthropometry, BMI, Nonalcoholic fatty liver disease, Waist
rence, Waist-height ratio
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fibrosis, cirrhosis and rarely hepatocellular carcinoma.4,5

Central obesity rather than overall obesity has a strong
pathogenetic link to NAFLD. The abdominal fat is con-
sidered the important determinant of metabolic risk, since
the pro-inflammatory adipokines secreted by visceral fat
are related to increased blood pressure, dyslipidemia and
insulin resistance.6,7 In obese patients, high levels of pro-
inflammatory adipokines (leptins) and reduced levels of
anti-inflammatory adipokines (adiponectin) are associated
with metabolic disorders, such as, insulin resistance, car-
diovascular disease, dyslipidemia and fatty liver.8,9 Waist
circumference, waist-to height ratio and waist-to-hip ratio
are the surrogate markers of abdominal obesity. Several
studies have shown that metabolic syndrome can be pre-
dicted using these anthropometric indices.10 Since NAFLD
is believed to be the hepatic manifestation of metabolic
syndrome, it is possible that NAFLD patients may be
identified at the outpatient department using these simple
anthropometric obesity markers. The other aspect to con-
sider is that despite so much research on fatty liver, very
limited therapeutic options are available. Weight loss and
| No. 4 | 310–315 © 2017 INASL.
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lifestyle modification still assume the cornerstone of man-
agement.11 Thus if the appropriate cut offs of anthropo-
metric obesity markers to predict the presence of fatty liver
can be determined in Asian Indians, therapeutic goals for
obesity reduction can be set too. The metabolic and anthro-
pometric profile of Indians is quite different from the
Western population.12,13 Many studies have determined
the cut offs of abdominal obesity indices for metabolic
syndrome, however there is limited research on the anthro-
pometric profile of NAFLD patients in the Indian context.
AIMS AND OBJECTIVES OF THE STUDY

The aim of this study was to identify whether simple anthro-
pometric indices like body mass index (BMI), waist circum-
ference, waist-to-height ratio and waist-to-hip ratio can
predict the presence of NAFLD in both genders and to
identify which obesity marker is the best. The other objective
was to determine appropriate cut off points of these anthro-
pometric indices which can help in predicting NAFLD.
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METHODS

This was a prospective, single-centre study of cases and
controls attending a Gastroenterology clinic at Cuttack,
Orissa from October 2012 to October 2013. The study was
approved by the Kalinga Gastroenterology Foundation
(KGF) Ethical Committee. Only those subjects who pro-
vided informed consent for the study were included. One
thousand consecutive NAFLD patients and three hundred
sixty controls were analysed in this study.

Patients
These were consecutive NAFLD patients (n = 1000). The
diagnosis of NAFLD was made on the basis of ultrasonog-
raphy and histological confirmation whenever possible.
Subjects were considered as cases if they presented with
fatty liver defined according to the standard criteria
accepted by the American Gastroenterology Association:
An increase in hepatic echogenicity taking renal echoge-
nicity as a reference, the presence of enhancement and lack
of differentiation in periportal intensity and the vascular
wall due to great hyper-echogenicity of the parenchyma.14

Controls
Consecutive patients who had a normal abdominal ultra-
sonography, which was performed for various causes, such
as abdominal pain and dyspepsia, served as controls.

Exclusion Criteria
Patients and controls consuming alcohol > 20 g/day, hav-
ing other known liver diseases (hepatitis viruses A to E,
autoimmune disease and Wilson's disease) and those on
medications known to induce fatty liver or insulin
Journal of Clinical and Experimental Hepatology | December 2017 | Vol. 7 
sensitization, such as estrogens, amiodarone, methotrex-
ate, tamoxifen, glitazones and metformin were excluded.

The anthropometric assessment included measure-
ments of weight, height, and waist circumference (WC)
and hip circumference (HC). BMI was calculated as weight
(kg)/stature (m2). The WC and HC were measured at the
level midway between the lowest rib and the iliac crest and
at the level of the great trochanter, respectively. The waist/
height ratio and waist/hip ratio were calculated. The meas-
urements of fasting glucose, triglycerides, cholesterol and
high-density lipoprotein (HDL) cholesterol and liver func-
tion tests were performed by standard laboratory methods.

Statistical Analysis
Sample size of the study was calculated using results of a
previous study from our centre.3 Taking power of study as
90% and P value = 0.001, we calculated the sample size to
be 109 (81 cases and 27 controls) by using Real statistic
add-in of excel software (2013 version). As we had a large
database of NAFLD subjects (1182 subjects) we utilized the
available data for maximum power of the study.

Normally distributed continuous variables were
expressed as mean � standard deviation (SD). Student's
t-test for unpaired data were used to compare groups when
variables are normally distributed. Chi square test was used
to compare differences in categorical variables. All analyses
were done by using an SPSS software version 16. P value of
less than 0.05 was taken as significant. We calculated
standard indices of validity including sensitivity, specific-
ity, and area under the Receiver Operating Curve (ROC
AUC) for BMI, waist, waist hip ratio and waist height ratio.
From the ROC co-ordinates cut off levels for BMI, waist,
waist hip ratio and waist height ratio were calculated with
maximum sensitivity and specificity.

RESULTS

A total of 1182 NAFLD patients and 409 controls were
screened for the study. 182 of cases and 49 of controls were
excluded as per the exclusion criteria (Figure 1) After
exclusion, 1000 NAFLD patients and 360 controls were
enrolled in the study. In the NAFLD and control groups,
the male-to-female ratio was 3:1 and 2.27:1, respectively
(Table 1). The NAFLD patients were slightly older with the
mean age being 42.67 � 11.27 years, while it was 39.13
� 13.27 years in non-NAFLD patients. Table 1 shows the
anthropometric indices such as BMI, waist circumference,
waist/height ratio and waist hip ratio were dramatically
greater in the NAFLD group as compared to the control
group. Similarly as shown in Table 2, fasting blood glucose
and serum triglycerides levels were significantly higher in
the NAFLD group as compared to the nonNAFLD group.

Figures 1 and 2 depict the receptor operator curves
(ROC) curves of BMI, waist circumference, waist-to-height
ratio and waist-to-hip ratio in males and females
| No. 4 | 310–315 311



Figure 1 Study consort diagram.

Table 1 Baseline Clinical and Anthropometric Parameters of
NAFLD Patients and Controls.

Parameters NAFLD
(n = 1000)

Control
(n = 360)

P value

Age 42.67 � 11.27 39.13 � 13.27 <0.001

Males 750 250 <0.001

BMI 26.92 � 4.12 21.42 � 3.43 <0.001

Waist circumference 95.1 � 8.7 79.1 � 11.4 <0.001

Waist hip ratio 0.97 � 0.09 0.89 � 0.08 <0.001

Waist height ratio 0.59 � 0.06 0.49 � 0.07 <0.001

Figure 2 ROC for male patients.

Table 2 Baseline Glycemic and Lipid Profile of NAFLD
Patients and Controls.

Parameters NAFLD (n = 1000) Control (n = 360) P value

FPG 104.1 � 30.6 91.4 � 10.8 <0.001

TG 193.6 � 97.7 131.9 � 53.1 <0.001

Chol 194.0 � 44.6 180.0 � 72.7 0.533

HDL 43.7 � 12.4 44.9 � 7.8 0.220

LDL 112.7 � 35.0 102.1 � 36.9 0.272

Table 3 Area Under ROC With Sensitivity and Specificity of Cut-of

Anthropometric parameters AUROC C

BMI 0.884 2

Waist circumference 0.874 8

Waist/height ratio 0.870 0

Waist/hip ratio 0.793 0
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respectively, which were used to identify subjects with
NAFLD. All four curves in men and women were signifi-
cantly above the diagonal line (all P-value < 0.001). Table 3
presents the area under curve (AUC) values to predict the
male subjects with NAFLD while Table 4 shows the AUC
values to predict female subjects with NAFLD. The AUC
values in males were 0.89 for BMI, 0.87 for waist circum-
ference, 0.87 for the waist-to-height ratio, and 0.79 for
waist to hip ratio. In women, the AUC values were 0.87
for BMI, 0.88 for waist circumference, 0.88 for the waist-to-
height ratio, 0.73 for waist-to-hip ratio. There were no
significant differences in the AUC values among these
abdominal obesity indices when compared with each other
in both genders, suggesting that waist circumference and
waist-to-height ratio were not inferior to the other more
complicated abdominal obesity indices for detecting
NAFLD.

Table 3 lists the optimal cutoff points, sensitivity and
specificity for the four abdominal obesity indices (BMI,
waist circumference, waist-to-height ratio, waist-to-hip
ratio) in detecting male individuals with NAFLD while
Table 4 shows the optimal cutoff points, sensitivity and
specificity for the abdominal indices in detecting female
fs for Diagnosis of NAFLD by Anthropometry Indices for Males.

utoff values Sensitivity Specificity

3.6 kg/m2 79.7% 79.8%
8.5 cm 77.9% 81.9%

.53 82% 80%

.94 71.2% 73.4%

© 2017 INASL.



Table 4 Area Under ROC With Sensitivity and Specificity of Cut-offs for Diagnosis of NAFLD by Anthropometry Indices for
Females.

Anthropometric parameters AUROC Cut-off values Sensitivity Specificity

BMI 0.871 24.4 kg/m2 82% 76.6%

Waist circumference 0.878 84.5 cm 84.8% 80.2%

Waist/height ratio 0.877 0.57 81.6% 80.2%

Waist/hip ratio 0.727 0.89 71.2% 71.2%
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subjects with NAFLD. In men, the optimal cutoff point of
waist circumference in screening for NAFLD was 89 cm,
which had 78% sensitivity and 82% specificity. In women,
the optimal cutoff value of waist circumference was
84.5 cm, with 85% sensitivity and 80% specificity. The
appropriate cutoff values of waist-to-height ratio were
0.53 for men and 0.57 for women, which also had very
high sensitivity and specificity values (82%, 80% and 82%,
80% respectively). The optimal cutoff points of BMI for
detecting NAFLD were 23.6 kg/m2 for males (sensitivity
79.7% and specificity 79.8%) and 24.4 kg/m2 for females
(sensitivity 82% and specificity 76.6%). The optimal cutoff
points of waist-to-hip ratio for the prediction of NAFLD
were 0.94 for men (sensitivity 71%, specificity 73%) and 0.89
for women (sensitivity 71% and specificity 71%). Thus
waist-to-hip ratio has slightly lower sensitivity and speci-
ficity as compared to the other indices.
DISCUSSION

The present study showed a higher proportion of males in
the NAFLD group, which was similar to the earlier studies
from India.3,4 NAFLD patients had a mean age of 42.15
years, which matches the age of the cohort in the NAFLD
series of Madan et al.12 and Duseja et al.13 The metabolic
factors such as fasting blood sugar levels and serum tri-
glyceride levels were significantly higher in the NAFLD
group as compared to the control population. This result
is expected as NAFLD is considered to be the hepatic
manifestation of metabolic syndrome.15

The primary objective of the study was to see if anthro-
pometric markers of central obesity can identify patients
with NAFLD in both genders. The rationale is that visceral
fat is central to the pathogenesis to metabolic syndrome
and NAFLD. Adipose tissue is an endocrine organ and a
potent source of hormones, peptides and adipokines
involved in food intake regulation, glucose and lipid
metabolism and inflammation.6,7 Furthermore, visceral
fat has been identified to be harmful, because it is associ-
ated with abnormal adipokines production and the acti-
vation of several pro-inflammatory signalling pathways.
This low-grade inflammation is characterized by high lev-
els of TNF-a, IL-6, leptin, C reactive protein, resistin, and
low levels of adiponectin. In this way, abdominal obesity is
central to the pathogenesis of metabolic syndrome, insulin
Journal of Clinical and Experimental Hepatology | December 2017 | Vol. 7 
resistance and steatohepatitis and is associated with
increased cardiovascular mortality.16

There are various studies which show that abdominal
obesity indices can predict the presence of metabolic syn-
drome in patients.17 As a result, BMI and waist circumfer-
ence have been incorporated in ATP III criteria for
diagnosis of metabolic syndrome.18 However, studies on
use of anthropometric indices for diagnosing NAFLD are
lacking. In this study, it was seen that simple anthropo-
metric indices such as waist circumference, BMI and waist-
to-height ratio are very useful in identifying patients with
fatty liver in both genders with good sensitivity and speci-
ficity. Yoo et al. from Korea have shown that the simple
anthropometric parameters, such as waist circumference
and waist-to-height ratio, are as useful as CT scan for
predicting NAFLD in Korean adults.19 Zheng et al. in their
study on Chinese adults have shown that anthropometric
indices, especially waist-to-hip ratio, are quite useful in
predicting NAFLD.20

Fatty liver is a health concern that cannot be ignored
due to two reasons. The first is that it is not a stable, benign
disease but indeed a progressive disease which can lead to
steato-hepatitis, fibrosis and even cirrhosis and hepato-
cellular carcinoma.4,5 The second reason for identifying
and treating fatty liver early is that it has significant
association with metabolic syndrome and adverse car-
dio-vascular events.21 Therefore, the identification of
anthropometric predictors of fatty liver is crucial in clinical
practice, since it can be used as an easy and fast method in
identifying the disease and improve early detection and
management.

There was an attempt to identify the best anthropomet-
ric parameter in predicting NAFLD. Waist circumference is
a well-known surrogate marker of abdominal fat accumu-
lation and is associated with cardiometabolic disease
risk.22 Waist circumference, however, has a limitation; in
that, it may underestimate the relative amount of abdomi-
nal fat in short subjects and may overestimate it in tall
subjects.23 Some reports have indicated that the waist-to-
height ratio corresponds better to metabolic risk than
waist circumference does.24 Others studies have identified
waist-to-hip ratio as the better marker of centripetal obe-
sity and a significant risk factor for the development of
metabolic syndrome and increased cardiovascular mortal-
ity.20,25 However, in our study, BMI, waist circumference
| No. 4 | 310–315 313



Table 5 Distribution and Frequency of NAFLD Patients
According to BMI.

BMI Total NAFLD patients
(n = 1000)

Percentage

<23 kg/m2 136 13.6%

23–25 kg/m2 195 19.5%

>25 kg/m2 669 66.9%
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and waist-to-height ratio were not inferior to each other
when used for NAFLD screening, with AUROC more than
0.8. Besides, the AUROC of waist-to-hip ratio was less
when compared to other indices in both genders.

The other objective of the study was to determine appro-
priate cut off of the abdominal obesity index which can
reasonably predict the presence of fatty liver in both gen-
ders. Although many studies have identified these cut off in
the context of metabolic syndrome, there are very limited
studies on NAFLD especially from the Asian subcontinent.
The metabolic profile and abdominal obesity profile of
Asians, especially Indians is quite different from the western
population.12,13 Even the cut offs of anthropometric indi-
ces for Asian patients are different from the Western pop-
ulation in the context of metabolic syndrome.26

The cut offs deduced from our study for waist circum-
ference to identify NAFLD were 89 cm in males and 85 cm
in females. These figures are similar to the cut offs of the
Asian Pacific criteria to diagnose metabolic syndrome
(90 cm for males and 80 cm for females) which were deter-
mined for cardiovascular disease, but were much lower
than that mentioned in the ATP III guidelines18 which
have taken a cut off of 102 cm in males and 88 cm in
females. This suggests that the measurements for assess-
ment of central obesity for Asians are quite different from
that for Western population (Figure 3).

The appropriate cut off values of waist-to-height ratio
were 0.53 for men and 0.57 for women which were slightly
more than the values obtained by the study done on
Korean adults.19 Thus ethnicity plays an important role
while determining the appropriate cut off levels for screen-
ing of fatty liver and metabolic syndrome.

Further, our study clearly establishes that a single sim-
ple assessment of BMI, a time tested parameter, which is
calculated routinely in all out patient departments is as
Figure 3 ROC for female patients.
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efficacious as any other anthropometry parameters includ-
ing waist circumference and waist-to-height ratio. The
earlier hype over central obesity to the exclusion of BMI
was probably the result of assessing obesity by wrongly
using western cut off of BMI (25 kg/m2). This BMI cut off
resulted in exclusion of individuals with BMI between 23
and 25 kg/m2 who were inappropriately considered to have
normal weight by western standards. Hence, a simple
lowering of BMI cut off to 23 kg/m2 included all the
individuals (19.5%) in our study into the higher BMI
category (Table 5).

A limitation of the study is the use of ultrasonography
to diagnose liver steatosis. Even if ultrasonography is
reasonably accurate as compared with nuclear magnetic
resonance spectroscopy and liver biopsy, it cannot identify
fatty infiltration of the liver below a threshold of 30%.27

However, although liver biopsy is the gold standard to
diagnose fatty liver, it is neither feasible nor ethically
justified in a condition with low risk of progression and
no definite treatment. Besides, ideally the controls should
have been age and gender matched. We did attempt for an
age and sex matched control population during the enrol-
ment. However, although there was a very small difference
between the groups with regard to age (42.67 � 11.27
versus 39.13 � 13.27) and sex (75% versus 69.4%), the P
values turned out to be significant due to the inordinately
large number of NAFLD subjects.
CONCLUSION

In conclusion, our study demonstrated that simple anthro-
pometric indices such as BMI, waist circumference and
waist-to-height ratio are useful markers for detecting
NAFLD in both genders. The appropriate cut off points
for waist circumference for the screening of NAFLD were
89 cm for men and 85 cm for women in Indians. The cut
off values of waist-to-height ratio were 0.53 for men and
0.57 for women. These anthropometric cut offs will be very
useful in screening for NAFLD and setting target points
for life style modification and weight reduction interven-
tions in these patients, and the general population too.

Further, our study also establishes that a simple assess-
ment of BMI, which is calculated routinely in all out
patient departments is as efficacious as other anthropom-
etry parameters including waist circumference and waist
height ratio.
© 2017 INASL.
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