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INTRODUCTION
NAFLD is a chronic liver disease that may lead to liver cirrhosis and 
hepatic cellular carcinoma. It is the abnormal accumulation of lipids 
primarily in the form of triglycerides in individuals who do not 
consume significant amount of alcohol (< 20g of ethanol/day).

The disease can be associated with other co-morbidities and affects 50 
1 8to 87% of diabetics , 44 to 57% of obese people .

Definition
Non-alcoholic Fatty Liver Disease (NAFLD): Indicates the presence 
of fatty infiltration of the liver, defined as fat exceeding 5%–10% of 
liver weight and frequently taken as fat in >5%–10% macrosteatotic 
hepatocytes in biopsy specimens.

The obesity epidemic and increasing prevalence of the metabolic 
syndrome is predicted to be paralleled by an increasing prevalence of 

36NAFLD in the future.

Steatosis in NASH is typically macro vesicular and inflammation of 
steatohepatitis is predominantly lobular, whereas intense portal 
inflammation with interface activity is more potent in other causes e.g. 

2chronic viral, autoimmune or drug induced hepatitis.  In some patients 
of burnt out cirrhosis, features of steatosis and necroinflammatory 

24activity may be absent.

Diagnosis
The diagnosis of NAFLD requires that (a) there is hepatic steatosis by 
imaging or histology, (b) there is no significant alcohol consumption, 
(c) there are no competing etiologies for hepatic steatosis, and (d) there 
are no co-existing causes for chronic liver disease.

Non-contrast enhanced CT is the most accurate CT technique to detect 
31and characterize hepatic steatosis.  Magnetic resonance imaging 

provides an accurate and rapid assessment of hepatic steatosis to a 
lower limit of 3%. MRS provides a sensitive, quantitative, non-

32invasive method to measure HTGC ( hepatic triglyceride content).  An 
MR equivalent of transient elastography (TE) has recently 
demonstrated excellent diagnostic accuracy with sensitivity and 
specificity of 98% and 99% respectively for detecting all grades of 

33fibrosis.  Transient elastography (Fibroscan) is a non- invasive 
method of assessing liver fibrosis which can be performed at the 
bedside or in the outpatient clinic,it employs ultrasound-based 
technology to measure liver stiffness and had shown good results in 

34patients with NAFLD.

Management
As patients with NAFLD without steatohepatitis have excellent 
prognosis from a liver standpoint, treatments aimed at improving liver 

6disease should be limited to those with NASH.

Participants with NAFLD have higher calf circumference than in those 

without NAFLD (36.1 vs. 34.2 cm) which was statistically significant. 
The NAFLD risk elevated progressively from the lowest to the highest 
quartiles of calf circumference with the odds ratio of 1.84, 3.01, and 
5.59, respectively after control for sex and age. Calf circumference 
was positively correlated with ALT, AST, GGT, diastolic blood 
pressure, systolic blood pressure, and total cholesterol, triglycerides, 
and inversely correlated with HDL-cholesterol in both simple and 
multiple adjusted linear regression analyses. There were positive 
associations of calf circumference with Homeostatic model 
assessment and insulin resistance (HOMA-IR) and fasting insulin 
levels in the all study population, after adjustment for potential risk 
factor. The multivariate- adjusted geometric mean of HOMA-IR was 
0.83 higher and fasting insulin was 2.65 μU/ ml higher for the subjects 
in the highest quartile compared with subjects in the lowest.(10)

In a univariate correlation analyses, all anthropometric measures 
evaluated the arm circumference (AC), thigh circumference (TC), and 
calf circumference (CC), Waist circumference (WC), Hip 
circumference (HC,) found to be positively correlated with lean body 
mass in men and women.

20A study done by Boemeke L et al.,  in the year 2014-15, with an 
objective to evaluate the association between Neck Circumference 
(NC) and metabolic alterations in patients with non- alcoholic fatty 
liver disease on 82 patients, at Brazil, it was found that patients with 
altered NC had increased body mass index, abdominal circumference, 
insulin and HOMA-IR (Homeostasis Model Assessment of Insulin 
Resistance) when compared to those with adequate NC.

21In a study done by Saad M A N et al ., in the year 2011-13, at Brazil., 
with an objective to investigate the correlation of NC, other 
anthropometric measures, and body composition analysis with insulin 
resistance in individuals aged over 60 years attending a primary care 
center on 411 subjects, it was found that BMI, fasting blood glucose, 
fasting insulin, and HOMA-IR were not significantly different 
between the male and female groups. NC was positively correlated 
with WC, BMI and Waist Hip Ratio in men and women, respectively.

27In a study done by Wang W et al , with an objective to evaluate 
whether neck circumference could be used as a valid and effective 
method for identifying obesity and insulin resistance in Chinese adults, 
on 3307 adults, it was found that NC correlated positively with BMI 
and WC in both sexes.

31In a study done by Hu Y et al ., at China with an objective to analyze 
the correlation between neck circumference and non-alcoholic fatty 
liver disease and compare thepredictive value of NC for NAFLD with 
that of other simple anthropometric measures, it was found that NC in 
women with NAFLD increased by 1 cm and fasting insulin (FINS) and 
homeostasis model assessment-insulin resistance (HOMA-IR) 
increased by 1.87 mIU/L and 1.43, respectively. Compared with other 
anthropometric measures, neck circumference-height ratio (NHtR) 

Non-Alcohol Fatty Liver Disease is strongly linked to insulin resistance. Calf circumference is a substitute for lower body 
adiposity and an inexpensive credible screening measure for the identification of subjects with aberrant adipose 

distribution. Recent studies have shown that lower body subcutaneous fat also plays a pivotal role in accumulation of free fatty acids indicating it is 
a risk factor in the pathogenesis of various metabolic disorders. Several studies have established that calf circumference may be a risk factor for 
metabolic disorders independent of waist hip ratio and Body mass index. One of the goals in this study is to look into the fact whether an 
infrequently used anthropometric parameter like calf circumference which represents both lean mass and peripheral fat has any correlation with 
Non-Alcohol Fatty Liver Disease.
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had a significant impact both on the incidence of NAFLD.

34In a study done by Stabe C et al ., with an objective to investigate the 
relationship of the neck circumference with the metabolic syndrome 
and insulin resistance in a large Brazilian population-based sample, 
within a wide range of adiposity and glucose tolerance, on 1053 

41,42Brazilian adults , it was found that T2DM diagnosis was present in 
306 individuals, of whom 34% were men. NC correlated with WC and 
BMI in both men and women.

By reviewing some of the previously conducted studies, we get a 
glimpse of the relation between insulin resistance, calf circumference 
and NAFLD.

Aim and Objectives
Aim:
To analyse the correlation between Insulin Resistance and calf 
circumference in patients with Non Alcohol Fatty Liver Disease.
Objectives:
Primary Objectives:-
To assess whether calf circumference; representing lean mass & 
peripheral fat, is correlate with NAFLD.
Secondary Objectives:-
Ÿ To establish that calf circumference may be a risk factor for Insulin 

Resistance independent of waist circumference and BMI.
Ÿ To analyse whether Insulin Resistance is associated with NAFLD

Subjects
Ÿ All NAFLD patients attached to Kasturba Medical College, 

Mangalore who satisfy the inclusion/exclusion criteria were 
included in the study. The patients were included only after 
obtaining written informed consent.

Ÿ A questionnaire including the age, sex, history of chronic diseases 
and current use of medications were be recorded. Smoking habit, 
information of alcohol consumption and physical activity will be 
defined.

Ÿ Anthropometric information were collected by standardized 
protocol. Calf circumference will be collected on the lower right 
leg at the point of maximal circumference.

Ÿ Patient details such as height, weight, BMI, Waist-to-Hip ratio will 
be collected and all subjects will be defined as normal weight, 
overweight or obese.

Investigations and Clinical Assays to be Carried Out
Ÿ General Physical Examination and Systemic Examination
Ÿ FBS, Fasting Insulin
Ÿ AST, ALT , Fasting Lipid Profile
Ÿ Ultrasound abdomen
Ÿ HBsAgB, Anti HCV, ANA
Ÿ Serum Cerruloplasmin, Serum Ferritin
Ÿ Homeostasis Model Assessment of Insulin Resistance (HOMA-

IR)

MATERIALS AND METHODS
Ÿ Cross sectional studyStudy Design : 
Ÿ  August 2017 - August 2019Period of Study :
Ÿ  Patients attending department of general Study Population :

medicine in Govt. Wenlock Hospital, KMC and allied hospitals, 
Mangalore

Ÿ  150Sample Size:
Ÿ  Convenient sampling with 95% confidence Sampling Method:

9level and 7% absolute precision , the sample size comes to be 148 
for convenience made 150.

The study was started only after approval from the Institutional Ethics 
Committee (IEC) of Kasturba Medical College, Mangaluru.

Sample Size Calculation: The sample size was calculated using the 
formula:
= 1.96 at 95% Confidence level
= 0.84 at 7% precision,
= Combined SD, d = mean difference

Inclusion Criteria
Ÿ All NAFLD patients aged 18 years or older who consented to this 

study after NAFLD was diagnosed.
Ÿ NAFLD is categorised by excessive hepatic fat accumulation 

associated with insulin resistance and defined by the presence of 

steatosis in more than 5% of hepatocytes according to histological 
analysis or after ruling out secondary diseases such asAlcoholic 
Fatty Liver Disease, Drug Induced Fatty Liver Disease, Hepatitis 
C, Autoimmune Hepatitis, Wilson's Disease, Haemochromatosis, 
Hypothyroidism, Hypopituitarism, Starvation, inborn errors of 

38metabolism.
Exclusion Criteria
1. Subjects with a medical history of known hepatic diseases such as 

Alcoholic Fatty Liver Disease, Drug Induced Fatty Liver Disease, 
Hepatitis C,  Autoimmune Hepatitis,  Wilson's  Disease,  H a e m o -
chromatosis, Hypothyroidism, Hypopituitarism, Starvation, 
inborn errors of metabolism.

2. Subjects with daily alcohol consumption greater than 20 g for 
women & 30 g for men

3. Patients with established diabetic neuropathy.
4. Heavy weight body builders and professional athletes.

RESULTS
Data Analysis
Ÿ Primary endpoint –The primary endpoint is presented as 

proportion of patients with NAFLD who are Insulin Resistant as 
correlated by calf circumference. It will be summarized as a 
percentage with 95% confidence interval.

Ÿ Secondary endpoint – for correlation, chi square test was usedI 

The SPSS Statistical Package (version 17.0; SPSS Inc., Chicago, IL) 
was used for all statistical analyses.

P value <0.05 will be considered as statistically significant

Ÿ The sex-wise distribution among the patients of the study showed 
majority males who were 90 (60%) and females were 60 (40%)

Ÿ There were majority patients who belong to the age group of 31-40 
years , followed by 51-60 and 41-50 years. Least were from the age 
group >71 years. The mean age of patients was found to be 44.2 
with a standard deviation of 12.09 years.

Ÿ The distribution of the patients based on co morbidities show 
majority didn't have any co morbidities. There were 6.7% with 
diabetes and 5.3% with hypertension and 4% with both diabetes 
and hypertension.

Ÿ In our study there were majority patients who had height between 
171-180cm (46%). There were 29.3% with height 150-160cm and 
24.7% with height 161- 170cm.

Ÿ The study had weight majority between 71-80 kg followed by 34% 
between 61- 70kg and least in 81-90 kg .

Ÿ Majority were with BMI more than 25 which is graded as over 
weight according to WHO for Asians and there were 49.3% with 
BMI <24.9.

Ÿ The waist hip ratio of patients showed that all males had waist hip 
ratio less than 1 and females there were 18 (12%) who had ratio 
>0.85.

Ÿ The fasting blood glucose showed 70.7% majority, with blood 
sugar <110 mg/dl. There were 22.6% with blood glucose level 
between 110-125 mg/dl. There were 6.7% with glucose level >126 
mg/dl.

Ÿ The study showed that all the patients belong to HOMA-IR more 
than 2.9.

th
Ÿ The study showed that 53.4% belonged to 3rd and 4  quadrant and 

that 22.6% hadcalf circumference <36 cm.

The association between different factors and calf circumference ( 
divided into quartiles) in our study was done using ANOVA it showed 
association and significant difference in age, sex, height, weight , waist 
hip ratio and serum insulin.

The study further subjected the variables into post hoc testing( Turkey 
rd thHSD), this showed in age group difference in the 3  and 4  quartiles. 

Ÿ In case of waist hip ratio significance was seen between first and 
third quartile which ascertain the probability of diabetes with 
increasing waist and hip circumference.

Ÿ In case of serum insulin significance was seen in the group of 
people >42 cm calf circumference meaning to imply that in this 
study patients with increased calf circumference showed insulin 
resistance.

Ÿ The study saw correlation of different variables with respect to calf 
circumference, it showed positive correlation with sex, height, 
weight, BMI, waist hip ratio and serum insulin.

There was negative correlation which was significant with age.
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Ÿ The study was able to establish a correlation between calf 
circumference and weight, increasing calf circumference was 
observed as the weight of the patients increased.

Ÿ The study observed that calf circumference decreased with 
extremes of age.

Ÿ All the patients in our study had greater probability for cirrhosis.
Ÿ All the patients in our study had insulin resistance

DISCUSSION
BMI

6
Ÿ In a study done by Vanjiappan S et al ., had 21.6% patients who 

were over weight and 54.3% who were obese. In our study there 
were 51% were over weight, which was much higher that the 
above study.

Ÿ Studies have shown that NAFLD is increased among obese 
patients. similar findings are seen in our study with 51% who had 
BMI >25

The waist hip ratio of patients showed that all males had waist hip ratio 
less than 1 and females there were 18 (12%) who had ratio >0.85.

The fasting blood glucose showed 70.7% majority, with blood sugar 
<110 mg/dl. There were 22.6% with blood glucose level between 110-
125 mg/dl. There were 6.7% with glucose level >126 mg/dl.

7
Ÿ Targher G et al. , patients with type 2 Diabetes Mellitus have 

approximately 80% more intrahepatic fat content than age, sex, 
and body weight-matched non-diabetic controls, and their serum 
liver enzymes are less representative of the severity of intrahepatic 
fat accumulation.

Calf Circumference
27

Ÿ The study by Zhang W. et al . had mean calf circumference in 
males 35.7cm which is similar to the current study.

Ÿ The mean calf circumference in females was 34.6cm which is less 
than our study wehad mean of 41.4cm.

Ÿ The study done by Choe EY et al., at Seoul, South Korea found a 
mean of calf circumference of 34.7± 3.3cm. In our study it was bit 
higher, it was found to be 39.08

Ÿ Erkan G et al., study saw significant difference and association of 
Waist hip ratio, BMI and sex among the NAFLD patients similar to 
the current study.

6
Ÿ The study by Vanjiappan S et al ., saw association of BMI which 

was significant and similar to the current study.

All the patients in our study had greater probability for cirrhosis and all 
had insulin resistance.

Association
The association between different factors and calf circumference ( 
divided into quartiles) in our study was done using ANOVA it showed 
association and significant difference in age, sex, height, weight , waist 
hip ratio and serum insulin.

Post Hoc
The study further subjected the variables into post hoc testing( Turkey 
HSD), this showed in age group difference in the 3rd and 4th quartiles. 
In sex, height and weight difference was significant in all quartiles. In 
the case of waist hip ratio significance was seen between first and third 
quartile. In case of serum insulin significance was seen in the group of 
people >42 cm calf circumference.

9
Ÿ The study by Zhang W. et al. , showed that higher quadrants of calf 

circumference were in males and similar findings were seen in this 
current study.The risk elevated progressed from the lowest to the 
highest quartiles of calf circumference sex and age. Similar 
findings were seen in our study.

9
Ÿ The study by Zhang W. et al ., saw association with HOMA-IR 

score which was not seen in our study.

This study demonstrated a correlation of lean body mass with plasma 
glucose, fat and insulin levels.
Ÿ We studied the correlation of different variables with respect to 

calf circumference. 
Ÿ It showed positive correlation with sex, height, weight, BMI, waist 

hip ratio and serum insulin.
Ÿ There was significant negative correlation with age. As age 

increases calf circumference was observed to decrease.
Ÿ Calf circumference reflects body muscle mass and peripheral 

subcutaneous fat.

The peripheral adiposity in the lower body was found to be associated 
with insulin resistance and glucose metabolism.

Figure 1 : Correlation Between Calf Circumference And Weight.
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