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Background: The prevalence of obesity is increasing rapidly in India and so are its associated comorbidities. Non-alcoholic fatty liver 
disease (NAFLD), the hepatic manifestation of metabolic syndrome, is commonly associated with obesity. However, limited data 
are available on its prevalence and clinical indicators among morbidly obese Indian women. The aim of our study was to find the 

prevalence of NAFLD in morbidly obese Indian women and study the clinically measurable obesity indicators that would best predict NAFLD. 
Methods: This was a cross-sectional study, conducted in the Department of Endocrinology, Diabetes and Metabolism, Christian Medical 
College, Vellore. Women were enrolled who were diagnosed to have NAFLD on sonography. Anthropometric variables, such as body mass 
index, waist circumference, hip circumference, waist–hip ratio and waist–height ratio were measured and compared between the two 
groups. SPSS Statistics 21.0 software was used for analysing the data. Results: One hundred and six consecutive, morbidly obese women 
were recruited in this study. Nearly three-quarters (73.6%) of the 106 morbidly obese participants were found to have NAFLD. We found waist 
circumference, body mass index and waist–height ratio to be most useful in distinguishing between patients with and without NAFLD, and 
found waist–height ratio was the best screening tool for diagnosing NAFLD. Conclusion: NAFLD is present in a large proportion of morbidly 
obese women. Waist–height ratio could be used a surrogate screening tool to detect NAFLD in resource-constrained settings.
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The prevalence of obesity is rapidly increasing across the world. In India, about 12.6% women and 

9.3% men are obese, amounting to more than a 100 million population.1 Obesity, which was earlier 

considered to be a growing problem only in metropolitan cities, is now noted to be just as prevalent 

in smaller semi-urban towns.2 It is not an imminently fatal disease in itself, but is associated with a 

wide range of serious non-communicable disorders, such as metabolic syndrome, hypertension, 

atherosclerosis, heart disease, diabetes, dyslipidaemia and sleep disorders. Non-alcoholic fatty 

liver disease (NAFLD), the hepatic manifestation of the metabolic syndrome, is most commonly 

associated with obesity.3 Among Indians, obesity is more commonly seen in women compared to 

men and is increasing in prevalence in children and adolescents, due to a sedentary lifestyle and 

unhealthy eating, along with which a genetic component has also been hypothesised.4–7

The development of these metabolic derangements is not only related to excess energy intake, but 

more importantly, to an altered lipid metabolism. Ectopic fat accumulation (in non-adipose tissue 

like the skeletal muscle, the pancreas, the liver and intra-abdominally) appears to be a key feature 

in distinguishing those who develop metabolic derangements from those who will not.8 In this way, 

fat accumulation in the liver due to non-alcoholic causes (NAFLD) is a robust, independent marker 

of metabolic dysfunction, which occurs due to increased fatty acid transfer away from, rather than 

into, the adipose tissue, and has therefore been considered the major problem in the progression 

from health to disease.8 One theory explaining this is the ‘lipid overflow hypothesis’, proposed by 

Roger Unger in 2003,9 according to whom, the metabolic alterations associated with obesity result 

from leptin resistance and a failure in the capacity for appropriate adipose tissue expansion with 

consequent storage of surplus lipids in non-adipose tissues, resulting in lipotoxicity. 

People of Asian origin tend to have a higher proportion of body fat than whites, and more of it 

is distributed within the abdominal cavity as visceral adipose tissue.10 The distinctive features of 

obesity in Asian Indians include greater body fat percentage and truncal, intra-abdominal and 

subcutaneous adipose tissue compared to whites, and are more insulin resistant than whites, 

probably due to the increased visceral fat, and are therefore more prone to obesity and the 

complications of the same.4,10,11 Moreover, Asian Indians are more prone to insulin resistance and 
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have increased waist circumference and body fat (particularly visceral 

fat), features that are described as the Asian Indian phenotype.12,13 Asians 

have higher weight-related disease risks at lower body mass indexes 

(BMIs), the possible explanation for which, is body fat distribution. When 

compared to white Europeans with a similar BMI, Asians have a 3–5% 

higher total body fat.14 The cause of this racial and ethnic disparity is most 

likely multifactorial and includes contributions from genetic, behavioural 

and socioeconomic factors. 

Based on the World Health Organization (WHO) guidelines for BMI, a 

diagnosis of overweight and obese was made, with cut-offs of ≥23 kg/m2  

and ≥25 kg/m2, respectively, as per the Consensus Guidelines for Asian 

Indians.15 In addition to BMI, there are various other anthropometric indices 

that can be clinically measured, and may be more accurate markers of 

obesity-related comorbidities. Some of these are waist circumference, 

hip circumference, waist–hip ratio and waist–height ratio.16 However, the 

utility of these indicators in the morbidly obese is unknown.

NAFLD refers to the presence of hepatic steatosis with or without 

fibrosis, when no other causes for secondary hepatic fat accumulation 

are present.3 Clinically, it ranges from simple steatosis, hepatitis, fibrosis, 

cirrhosis, and rarely hepatocellular carcinoma. The prevalence of NAFLD 

in Western countries has been found to be 20–30% in the general 

population, and about 80–90% among obese adults.17 In India, it is said 

to be around 9–32% in the general population, with a higher incidence 

rate amongst people with obesity and people with diabetes.6 The highest 

prevalence of NAFLD has been reported from South America and the 

Middle East, whereas the lowest rate was reported from Africa.18

Obesity (excessive BMI and visceral obesity) is the most common and 

well documented risk factor for NAFLD.19 Indeed, the entire spectrum 

of obesity, ranging from overweight to obese and severely obese, is 

associated with NAFLD. There are limited data on the prevalence of 

NAFLD from India and on the clinical predictors of NAFLD among patients 

who are morbidly obese. Therefore, we have correlated some of these  

non-conventional obesity indices with the Edmonton Obesity Staging 

System (EOSS; a five-stage system of obesity that provides a score 

from 0–4 after considering the metabolic, physical, and psychological 

parameters), to find the best clinical predictor of NAFLD in morbidly 

obese subjects, as BMI alone has not been seen to be a satisfactory 

indicator.20–22 Also, it may not be feasible to do ultrasound scans for all 

patients who are morbidly obese due to a lack of facilities and patient 

financial constraints; therefore, finding good clinical indices would be 

practically relevant.

The aim of this study was to determine the prevalence of NAFLD and 

the best clinical correlate of NAFLD including the most appropriate  

cut-off limit, using non-conventional obesity indices, in women who are 

morbidly obese. This may serve to be a better predictor than BMI alone, 

for use in clinical practice.

Patients and methods
This study was a cross-sectional study conducted in the Department of 

Endocrinology, Christian Medical College, Vellore, between 1 November 

2017 and 30 October 2018. Approval was granted by the Institutional 

Research Board – minute number 10146 (22.06.2016).

Among Indians, complications of obesity can occur at a lower BMI than 

that of non-Indians.12,23 Patients with a BMI >32.5 kg/m2 and comorbidities 

are often eligible for bariatric surgery; therefore, women with a BMI of 

≥32.5 kg/m2 (morbidly obese) who visited the bariatric clinic and had an 

abdominal ultrasound for a non-hepatic indication, were consecutively 

included in the study.24 Exclusion criteria included patients who had a 

significant alcohol consumption (current or recent alcohol consumption 

of >20 g/day in women) and patients with other causes of chronic liver 

disease (such as hepatitis or family history of congenital liver disease). 

Abdominal ultrasound was used as the reference for diagnosing NAFLD 

among the study population. All ultrasound scans used in this study to 

diagnose NAFLD were done in the radiology department in the same 

hospital, thus minimising any possible variability in reports. Obesity 

indicators were measured using the standard WHO STEPwise approach 

to Surveillance (STEPS) protocols.25

Waist circumference was measured at the approximate midpoint 

between the lower margin of the last palpable rib and the top of the iliac 

crest, along the mid axillary line, at the end of a gentle exhalation. Hip 

circumference was measured at the level of the widest circumference 

over the buttocks. Both of these parameters were measured in standing 

subjects, with arms by their side, using a static tape, with the tape parallel 

to the ground, being loose enough to allow the observer to place one 

finger between the tape and the subject’s body. Height was measured 

with a wall-mounted stadiometer to the nearest 0.1 cm. Weight was 

measured in kilograms (to the nearest 100 g) using an electronic scale. All 

readings were taken with the subject having no extra layers of clothing or 

full pockets, after removing their shoes and without other heavy objects 

on them, such as any heavy jewellery and/or watches. Measurements 

were recorded by an observer who was seated in front of the patient; 

the same trained observer who had been working in the clinic since its 

inception was assigned to measure the anthropometric indices for all 

patients, to minimise interobserver bias.

For every patient, based on their clinical features, psychiatric 

assessment and laboratory information obtained, we also calculated an 

EOSS score to correlate with the presence or absence of NAFLD. After 

collecting clinical and anthropometric data, participants were divided 

into two groups based on whether they had NAFLD or not (based on 

abdominal ultrasound). Following this, their data were compared and 

results were obtained.

SPSS Statistics 21.0 software was used for analysing the data. For all 

variables with a normal distribution, the mean and standard deviation 

(SD) was obtained. Area under the curve (AUC) and (receiver operating 

characteristic) ROC curves were used to identify the variables to be used 

as screening tools. Continuous variables were presented as mean ± 

SD or median with range, depending on the distribution of the variable. 

Categorical variables were expressed as frequencies or percentages. 

Sensitivity, specificity and ROC curves for each anthropometric variable 

of interest in prediction of NAFLD, were estimated. The Strengthening the 

Reporting of Observational studies in Epidemiology (STROBE) reporting 

guidelines were used to draft the manuscript.26

Results
A total of 106 women were included in this study. Mean (± SD) age of 

the participants was 40.2 ± 11 years, and the mean BMI (± SD) was 

41.58 ± 5.8 kg/m2. The majority of the patients were from Tamil Nadu 

(59.4%) and West Bengal (12.3%). The prevalence of NAFLD was found 

to be 73.6% (95% confidence interval [CI] 65.2–82.0). After comparing 

the various non-conventional anthropometric indices between those 

with and without NAFLD, there were significant differences in their BMI 

and waist–height ratio (p-values <0.05); whereas weight, height, waist 

circumference, hip circumference and waist–hip ratio were not found to 

be individually useful as clinical predictors of NAFLD, as seen in Table 1.
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Comparing comorbidities, such as diabetes, hypertension, osteoarthritis, 

obstructive sleep apnoea, polycystic ovary syndrome, gastroesophageal 

reflux disease and hernias, there was no statistically significant 

difference seen in their prevalence between those with NAFLD and 

without. Additionally, presence of these comorbidities could not predict 

a higher possibility of NAFLD among an obese population; although 

comorbidities were more prevalent among the group with NAFLD. Of 

the patients included, 72/106 (67.9%) had hyperglycaemia (diabetes  

mellitus/impaired glucose tolerance), 49/106 (46.2%) had hypertension, 

28/106 (26.4%) had osteoarthritis, 50/106 (47.2%) had dyslipidaemia, 

28/106 (26.4%) had suspected obstructive sleep apnoea, 18/106 (17.0%) 

had polycystic ovary syndrome and 14/106 (13.2%) had gastroesophageal 

reflux. Participants were also scored based on the EOSS, and it was seen 

that 88% of those with NAFLD, had an EOSS score ≥2, compared with 

71% of those without NAFLD, having a mean difference of 17% which was 

significantly different (p=0.039).

We plotted ROC curves to find the best anthropometric variable that 

could be used as a screening tool for NAFLD in a cohort of morbidly 

obese women. Waist–height ratio was found to be a somewhat better 

screening tool (AUC 0.714) in women who are morbidly obese (Table 2) 

to identify a subset with NAFLD, with a cut off of 0.700, that would have 

a sensitivity of 73% and specificity of 63.6%.

Discussion 
Nearly three-quarters (73.6%) of the 106 morbidly obese women included 

in this study had NAFLD. Among the various clinical anthropometric 

indices considered, waist circumference, BMI and waist–height ratio 

were noted to be most useful in distinguishing between patients with 

and without NAFLD. But the best clinical predictor that can also be 

used as a screening tool for NALFD, based on the ROC analysis among 

these patients, was concluded to be waist–height ratio. We also found 

no difference in the presence of various other comorbidities between 

women with and without NAFLD. On studying the EOSS scores of all the 

patients included in the study, a larger proportion of the women with 

NAFLD had an EOSS ≥2, compared with those without.

The estimated prevalence of NAFLD in the general population, as seen in 

a study by Clark, ranges from 3–24%, with most estimates in the 6–14% 

range, and it is more common among patients undergoing bariatric 

surgery, ranging from 84–96%.27 In India, the prevalence of NAFLD is 

found to be around 10–32% in the general population, but as expected 

the prevalence in an obese population is much higher.28 In our study, 

the prevalence of NAFLD was found to be 73.6%, with a mean BMI of  

41.58 ± 5.8 kg/m2, using ultrasound scans for diagnosis of NAFLD; 

whereas, in a study among 143 South Indian patients who were 

morbidly obese undergoing bariatric surgery, the mean BMI was  

44.66 ± 9.81 kg/m2, and the prevalence of NAFLD based on histological 

diagnosis by liver biopsy was, as expected, slightly lower than ours, at 

65.7% (n=88).29 

In a study conducted in Bangladesh on 493 patients with sonographic 

evidence of fatty hepatic alteration, 75% of whom were obese, it was seen 

that the presence of diabetes could significantly (p=0.001) differentiate 

non-alcoholic steatohepatitis from simple steatosis, while age, waist 

circumference, triglyceride, insulin resistance index and hypertension 

could not.30 In a study conducted among young adults in South India 

to analyse the relationship between various anthropometric indices 

and metabolic syndrome, waist circumference and skin-fold thickness 

were found to be significantly associated with metabolic abnormalities.31 

Unlike others, in our study, BMI, waist circumference and waist–height 

ratio were noted to be good anthropometric predictors of NAFLD, with no 

relation between comorbidities like diabetes mellitus and hypertension 

and the presence of NAFLD.

A study from Israel on the risk factors and predictive anthropometric 

indices of NAFLD, found that abdominal obesity was independently 

associated with NAFLD (p<0.05 for BMI and waist circumference).32 

A similar study in an Indian population in 60 patients who were obese 

with a BMI ≥30 (36.15 ± 4.20 kg/m2), in whom NAFLD was diagnosed 

by ultrasound scan, showed the prevalence of NAFLD to be 80%, with 

a significant difference between BMI and waist–hip ratio between the 

two groups.33 In a review looking at Western populations, the presence 

Table 1: Comparison of anthropometric indices between those with and without NAFLD

Total 

(n=106)

With NAFLD 

(n=78)

Without NAFLD  

(n=28)

p value 

Age, years 40.2 (11) 40.9 (11) 38.4 (10.8) 0.296 

Height, cm 155.7 (6.7) 155.2 (6.3) 157.1 (7.6) 0.228 

Weight, kg 101.3 (16.8) 102.2 (16.7) 99.0 (17.1) 0.406 

BMI, kg/m2 41.6 (5.8) 42.3 (6.1) 39.7 (4.4) 0.021* 

Waist circumference, cm 117.7 (14.2) 120.0 (14.1) 111.3 (12.7) 0.004*

Hip circumference, cm 126.1 (13.5) 126.8 (13.3) 124.0 (13.8) 0.358 

WH ratio 0.935 (0.1) 0.945 (0.1) 0.906 (0.1) 0.108 

WHt ratio 0.757 (0.1) 0.775 (0.1) 0.709 (0.1) 0.001*

All values are reported as mean (SD). *Indices with statistically significant differences, p<0.05. 
BMI = body mass index; NAFLD = non-alcoholic fatty liver disease; SD = standard deviation; WH = waist–hip; WHt = waist–height.

Table 2: Results of ROC analysis between the various 
anthropometric indices

AUROC p value 95% confidence  

interval

WHt ratio 0.714 0.001 0.598–0.831*

Waist circumference 0.691 0.003 0.572–0.810*

WH ratio 0.632 0.042 0.503–0.760*

BMI 0.616 0.069 0.500–0.733 

Height 0.570 0.276 0.444–0.695 

Hip circumference 0.537 0.571 0.413–0.661 

Weight 0.430 0.271 0.300–0.560 

*Indices with statistically significant differences, p<0.05. 
AUROC = area under the ROC curve; BMI = body mass index; ROC = receiver operating 
characteristic; WH = waist–hip; WHt = waist–height.
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of multiple metabolic disorders was found to be associated with a 

potentially progressive severe liver disease, alongside increasing 

prevalence of obesity, coupled with diabetes, dyslipidaemia, hypertension 

and ultimately metabolic syndrome.34 This puts a very large population at 

risk of forthcoming liver failure in the next few decades.13,33–35

This is the first study undertaken in India which looks at anthropometric 

indices other than BMI as predictors of NAFLD, in a specific cohort of 

women who are morbidly obese. It thus caters to the lack of adequate 

data on clinical predictors of NAFLD among patients who are morbidly 

obese, and the association with various risk factors. In this way, the 

need for unnecessary ultrasound scans in clinical practice in all patients 

who are morbidly obese to rule out NAFLD can be reduced, by only 

doing ultrasound scans in a more focused subgroup of those who are 

morbidly obese after using waist–height ratio as a screening tool and 

taking into consideration the patient’s waist circumference and BMI and  

waist–height ratio. The clinical utility of such anthropometric 

measurements increases drastically in low–middle income countries like 

India, where not all primary healthcare setups have access to ultrasound 

facilities and patient financial constraints are often a big burden. 

One of the limitations of this study is that although the gold standard 

for diagnosing NAFLD is liver biopsy, we could not use this for 

diagnosis, as it was not practically possible. Also, it is possible that the  

intra-abdominal visibility in an ultrasound scan can be diminished in 

patients who are obese due to subcutaneous adipose tissue. Since this 

study has been conducted in a tertiary care centre, there may be a 

reference bias. The cross-sectional, observational design of the study 

and the small sample size are other drawbacks of the study, and a 

prospective, randomised, controlled study in larger number of patients 

in the future is warranted to further highlight the predictors of NAFLD, 

while considering the differences between the radiological methods, 

such as ultrasound, computed tomography scan, magnetic resonance 

imaging, and the histopathological diagnosis of NAFLD. As it was 

conducted among females, its applicability to males may need to be 

further studied. In addition, as this study was done in a hospital setting, 

further studies in the community may be required for application of 

these results to the population at large.

Through this study we learnt that the most relevant anthropometric 

indices to predict NAFLD in a cohort of women who are morbidly obese 

are BMI, waist circumference and waist–height ratio, and BMI alone does 

not provide an accurate predictive parameter. We also identified an  

appropriate cut-off for waist–height ratio that can be used as a screening 

tool among women who are morbidly obese, although more studies may 

be required to apply it to the population at large. 
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