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SUMMARY
OBJECTIVE: This study aims to evaluate the role of anthropometric clinical indicators of visceral adiposity as predictors of NAFLD, 

identifying the cutoff points based on gender.

METHODS: This was a cross-sectional study conducted in patients with or without NAFLD. Waist circumference (WC), body mass index 

(BMI), waist-to-height ratio (WHtR), Conicity Index (C Index), and lipid accumulation product (LAP) were evaluated.

RESULTS: A total of 107 individuals were evaluated, of which 46.7% were diagnosed with NAFLD. Individuals with NAFLD presented higher 

values of WC, BMI, C Index, LAP, and WHtR when compared with those without NAFLD (p<0.05). For the total sample, the indicators 

WC, BMI, WHtR, LAP, and C Index had an area under the receiver operator characteristic curve (AUC) above 0.87, with no difference 

in the prediction of NAFLD in both sexes. WHtR (AUC=0.934) was the indicator of visceral adiposity with the best discriminatory power 

for NAFLD, followed by LAP (0.919), WC (0.912), C Index (0.907), and BMI (0.877). 

CONCLUSIONS: The anthropometric clinical indicators of visceral adiposity showed high performance, especially the WHtR indicator, 

as NAFLD predictors.
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a clinicopatho-
logical condition characterized by histopathological changes, 
involving abnormal accumulation of lipid in the cytoplasm 
of hepatocytes, especially triglycerides, in individuals with no 
history of excessive ethanol consumption1. 

The occurrence of NAFLD is strongly related to obesity, 
insulin resistance (IR), and other components of the metabolic 
syndrome (MS)2. Studies indicate that abdominal obesity, espe-
cially the accumulation of visceral fat, is closely related to the 
severity of the disease and hepatic steatosis3-6.

Currently, anthropometric clinical indicators such as waist-
to-height ratio (WHtR), lipid accumulation product (LAP), 
and Conicity Index (C Index) are described in the literature as 
more sensitive and specific to discriminate visceral fat, when 
compared to classical parameters such as waist circumference 
(WC) and body mass index (BMI)7. 

However, few studies have evaluated the predictive capacity 
as well as the cutoff points of these new indicators in NAFLD8-

11. The objective of this study is to evaluate the role of anthro-
pometric clinical indicators of visceral adiposity in the predic-
tion of NAFLD, identifying the cutoff points based on gender.
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METHODS

Study design and population
A cross-sectional study conducted at an outpatient clinic spe-
cialized in NAFLD, Nonalcoholic Steatohepatitis (NASH) 
Outpatient Clinic at the Universitary Hospital – Bahia Federal 
University, Brazil, between April 2015 and August 2017. 
Inclusion criteria were individuals of both sexes, aged >18 
years and <60 years, and the presence or absence of NAFLD 
confirmed by abdominal ultrasonography (US), 

Patients with a previous diagnosis of steatosis who followed 
up at the clinic were taken as study group and voluntary indi-
viduals without steatosis as comparison group.

In both the groups, individuals with ingestion above 140 
g ethanol/week, diagnosis of hypothyroidism, other chronic 
liver diseases (e.g., hepatitis A, B, and C; autoimmune dis-
eases; Wilson’s disease; and hemochromatosis); pregnant or 
lactating women; those with hepatomegaly or splenomegaly, 
ascites, abdominal tumors, and recent abdominal surgeries; or 
any physical limitation that compromised the anthropometric 
evaluation were not included in the study.

Hepatic ultrasonography
Abdominal US was performed by a single evaluator to mea-
sure intrahepatic fat. 

Laboratory evaluation
No biochemical tests were performed, but we evaluated serum 
triglyceride (TG) values from test results within 3 months of 
the patient’s assessment date.

Anthropometric clinical indicators
The anthropometric measures were calculated in dupli-
cate by a well-trained and standardized team. Body weight 
(kg), height (cm), and WC (cm) were measured12,13. These 
variables measurements were carried out according to the 
techniques proposed by Lohman et al.12 and the World 
Health Organization13.

The WHtR was calculated as WC (cm) divided by height 
(cm), and the BMI was calculated by weight (kg) divided by 
height (m2).

The C Index was given using the equation proposed 
by Valdez14: 

C Index=WC/0.109×√ (weight/height)
The LAP was obtained using formula proposed by Kahn15:
For males,
LAP=(WC [cm]−65)×(triglyceride concentration [mmol/L])
For females,
LAP=(WC [cm]−58)×(triglyceride concentration [mmol/L])

Statistical analysis
Data were expressed as absolute and relative frequency for the 
categorical variables and as median and interquartile range for 
non-normally distributed variables. For comparison of contin-
uous variables between the two groups, the Mann-Whitney test 
and Pearson’s chi-square test were used.

To evaluate the performance of anthropometric clinical 
indicators in the prediction of NAFLD, the receiver operator 
characteristic (ROC) curve was used. The areas under ROC 
curves (AUC) and confidence intervals (95%CI) were used to 
determine the positive predictive value (PPV), negative pre-
dictive value (NPV), and accuracy. The values of specificity, 
sensitivity, and Youden’s Index were used to determine the 
optimal cutoff point.

For statistical analysis, the SPSS version 20.0 software 
program was used. A p-value <0.05 was considered statisti-
cally significant. The power of the test was based on sample 
size calculation method for nonparametric Wilcoxon-Mann-
Whitney test, resulting in a higher power test of 80%, preva-
lence of control group with BMI above normal by 48%, and 
prevalence of case group with BMI above normal by 90% 
(t=0.53; α=0.05).

RESULTS
A total of 107 individuals were evaluated, of which 46.7% were 
diagnosed with NAFLD. There was a predominance of the 
female gender among the individuals with NAFLD (68.0%), 
while in the comparison group, there was a predominance of 
the male gender (54.4%) (p<0.05). There was no difference in 
the median age of the individuals with NAFLD and the com-
parison group (p<0.05). Based on the WC, BMI, C Index, 
LAP, and WHtR scores, it was observed that individuals with 
NAFLD presented higher values than those without the dis-
ease (p<0.05) (Table 1).

It was found that the anthropometric indicators showed AUC 
above 0.87, with no difference in the prediction of NAFLD in 
both sexes (Figure 1).

The WC, WHtR, LAP, and C Index presented higher 
values of the Youden’s Index relative to BMI. When ana-
lyzed by gender, it was observed that only WC, WHtR, 
and LAP showed the highest values of the Youden’s Index 
in both sexes (Table 2).

The PPV was above 0.8 for all indicators of visceral adi-
posity, meaning more than 80% of the patients are diagnosed 
with NAFLD, with BMI of 0.68. The NPV was above 0.9 for 
WC, WHtR, and BMI and above 0.8 for LAP and C Index, 
meaning that more than 80% of the patients are without 
NAFLD (Table 2).
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DISCUSSION
In this study, the anthropometric clinical indicators of visceral 
adiposity such as WC, C Index, WHtR, BMI, and LAP showed 
a high predictive capacity for NAFLD. Few studies have evi-
denced the indicators (WC, WHtR, BMI, and LAP) as more 
specific and sensitive in the prediction of NAFLD8,9,16,17.

Overweight and obesity are closely related to the increase in 
the prevalence of NAFLD, and visceral obesity is considered the 
most important predictor of the occurrence of NAFLD18. Visceral 
adipose tissue has a greater influence on metabolic disorders due 
to the production of adipokines that induce IR, type 2 diabetes 
mellitus, and hypertriglyceridemia19,20, which predispose the occur-
rence of NAFLD. Anthropometric indicators such as BMI and 
WC are widely used in the evaluation of patients with NAFLD, 
and several studies have shown an association of these indicators 
with steatosis and NASH3,6,8. However, it is important to empha-
size on the limited use of BMI in the evaluation of the distribution 
and body composition, not allowing to distinguish between central 
obesity21, and this type of obesity seems to be an important risk 
factor for NAFLD, even in those individuals with normal BMI22.

Despite our optimal cutoff point for WC similar to those 
suggested by the International Diabetes Federation23 for the 
diagnosis of MS, Ju et al.10 identified other cutoff points, show-
ing that there is still controversy over the best anthropometric 
parameter to predict NAFLD.

Table 1. Demographic characteristics and anthropometric 
clinical indicators of visceral adiposity of individuals with 
and without nonalcoholic fatty liver disease.

Variable
NAFLD
(n=50)

Comparison 
group
(n=57)

p

Sex, n (%)

Female 34.0 (68.0) 26.0 (45.6)
0.02*

Male 16.0 (32.0) 31.0 (54.4)

Age (years)† 48.5  
(39.0–55.0)

32.0  
(28.0–36.5)

<0.01‡

WC (cm)† 97.7  
(91.0–107.1)

78.0  
(71.5–85.0)

<0.01‡

BMI (kg/m2)† 30.1  
(27.1–33.8)

24.0  
(22.4–26.2)

<0.01‡

C Index† 1.2 (1.2–1.3) 1.1 (1.0–1.1) <0.01‡

LAP† 61.1  
(40.6–85.7)

14.1  
(9.2–24.2)

<0.01‡

WHtR† 0.6 (0.5–0.6) 0.4 (0.4–0.5) <0.01‡

NAFLD: nonalcoholic fatty liver disease; WC: waist circumference; BMI: 
Body Mass Index; C Index: conicity index; LAP: lipid accumulation product; 
WHtR: waist-to-height ratio. *Pearson’s chi-square test; †Results presented 
in Median and Interquartile range; ‡Mann-Whitney test.

AUC: area under the receiver operator characteristic curve; NAFLD: non-
alcoholic fatty liver disease; WC: waist circumference; WHtR: waist height 
ratio; LAP: lipid accumulation product; C Index: conicity index; BMI: body 
mass index. *p < 0.05.

Figure 1. Receiver operator characteristic analysis with areas 
under the curve of the anthropometric clinical indicators 
in the prediction of nonalcoholic fatty liver disease by sex. 
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Zheng et al.9 found that WHtR presented greater discrimi-
natory power for NAFLD in relation to BMI. However, if both 
WC and WHtR have similar discriminatory power, NAFLD 
was better discriminated by waist-to-hip ratio.

The divergences between the cutoff points of the WHtR 
for the prediction of NAFLD could be related to the age and 
ethnicity of the individuals17. In the Iranian study11, the sample 
composed of individuals over 60 years of age, different from 
our study that did not include the elderly. Thus, it should be 
noted that there are changes in body composition with the 
aging process, which could generate different WHtR cutoffs 
by age group.

LAP was identified to have a good discriminatory capacity 
for NAFLD8,16. The LAP is an indicator that evaluates if the 
concentration of lipids exerts an effect in the evaluation of the 
cardiovascular risks and is considered better than the BMI15.

In the literature, studies conducted with the C Index spe-
cifically in NAFLD have not been found, which makes this 
study the first to evaluate the predictive capacity. C Index has 
been considered as one of the most accurate indicators in the 

discrimination of visceral obesity, in relation to other anthro-
pometric clinical indicators of visceral fat in the adult popula-
tion7, and also as a good predictor of high coronary risk24 and 
cardiovascular risk7,25 factors that are related to the occurrence 
of NAFLD. The C Index incorporates three easy-to-measure 
anthropometric measures, including WC, which is common 
to the other indicators of visceral adiposity.

It should be emphasized that although LAP and C Index 
presented good performance, the clinical use of these indicators 
may be limited, since serum levels of TG and use of specific 
formula are required. Anthropometric indicators (BMI, WC, 
and WHtR) are easy to perform, indicating a positive factor 
for clinical applicability.

The main benefits of this study include the evaluation of 
several anthropometric indicators in the prediction of NAFLD 
in a single sample; the evaluation of the C Index; and a pio-
neering study in the literature in the population with NAFLD. 
However, our study had some limitations. First, the num-
ber of individuals evaluated in this work. Thus, studies with 
larger sample groups would be important to better analyze the 

Table 2. Cutoff points, Youden’s Index, sensitivity, specificity, positive predictive value and negative predictive value, and 
accuracy of anthropometric clinical indicators in the prediction of nonalcoholic fatty liver disease.

Indicator Cutoff Youden’s Index Sensitivity (%) Specificity (%) PPV NPV Accuracy

WC

Sample 86.7 0.74 87 87 0.87 0.94 0.90

Male 90.1 0.86 93 93 0.87 0.93 0.91

Female 82.5 0.81 93 88 0.86 0.95 0.90

WHtR

Sample 0.5 0.82 95 87 0.82 0.95 0.88

Male 0.5 0.80 93 87 0.75 0.96 0.87

Female 0.5 0.84 96 88 0.86 0.95 0.90

LAP

Sample 26.7 0.83 91 82 0.89 0.81 0.84

Male 32.7 0.80 93 87 0.81 0.82 0.82

Female 23.3 0.77 93 84 0.92 0.80 0.86

C Index

Sample 1.2 0.79 89 91 0.88 0.83 0.85

Male 1.1 0.66 86 80 0.81 0.82 0.82

Female 1.1 0.78 90 88 0.90 0.85 0.88

BMI

Sample 26.7 0.56 78 78 0.68 0.94 0.77

Male 27.3 0.63 80 83 0.53 1.00 0.70

Female 25.9 0.67 87 80 0.80 0.90 0.83

PPV: positive predictive value; NPV: negative predictive value; WC: waist circumference; WHtR: waist-to-height ratio; LAP: lipid accumulation product; 
C Index: conicity index; BMI: body mass index.
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prediction and cutoff points of visceral adiposity indicators by 
sex in individuals with NAFLD. Second, the median age of the 
two groups is different. Third, the diagnosis of hepatic steato-
sis was confirmed by US, a method that has significant limita-
tions, since individuals with normal US may still have NAFLD.

CONCLUSIONS
The anthropometric clinical indicators of visceral adiposity 
showed high performance, especially WHtR, as NAFLD pre-
dictor. Based on the results of this study, we can conclude that 
indicators of visceral adiposity, also BMI, play a role to the 
diagnosis of NAFLD and can be used in the clinical evalua-
tion of individuals who are at risk of NAFLD, allowing clinical 
intervention and consequently early nutritional intervention, 
as well as the monitoring of these individuals.
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