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ABSTRACT

CONTEXT

Non-alcoholic fatty liver disease (NAFLD) is the most common liver disease, since its prevalence is estimated to be 20-30% in
general population of Western countries. Incidence of NAFLD in Indian population is on rise and its exact prevalence is not known. It
was thought to be a benign condition, but is now increasingly recognized as a major cause of liver-related morbidity and mortality.
Studies have proven that NAFLD may progress to cirrhosis, liver failure and hepatocellular carcinoma, in addition it has been shown
that NAFLD is strongly associated to the features of Metabolic Syndrome (MetS).

AIMS AND OBJECTIVES

To evaluate the association of sonographically diagnosed nonalcoholic fatty liver with metabolic syndrome and to estimate
prevalence of nonalcoholic fatty liver in our population coming for general health check-up.

METHOD

We recruited 556 subjects, who visited for annual general health checkup at our institute. Based on exclusion criteria 148 subjects
were excluded from the study and data from the remaining 408 subjects were included in the final statistical analysis. Characteristic
ultrasound features such as increased hepatic echogenicity with attenuation of ultrasound beam and poor visibility of diaphragm
and intrahepatic vessel borders were used to diagnose hepatic steatosis.

RESULT

Out of total 408 subjects who met with our inclusion criterias, 144 were diagnosed as having NAFLD (35.2%) on sonography
examination. Mean age of subjects in NAFLD group was 49.54 years; 79% of subjects in NAFLD group in our study had BMI >25, out
of which 28.47% were morbidly obese. Tobacco use and lack of physical activity was observed to be more prevalent in NAFLD group.
Out of total 144 subjects with NAFLD 43.75% were having metabolic syndrome. This association was statistically extremely
significant (P value <0.0001). Components of metabolic syndrome increased waist circumference, hypertension, impaired blood
glucose level, low HDL cholesterol and high triglyceride level were more frequently observed in NAFLD group.

CONCLUSION

Issue whether or not NAFLD should be included as one of the components of the MetS is still in existence; however, it can be
concluded that NAFLD is an important independent risk factor for prediction of MetS. The observations of our study might be helpful

to support the clinical guideline and early intervention strategy for the NAFLD patients before being diagnosed as MetS.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is the most common
liver disease, since its prevalence is estimated to be 20-30% in
general population of Western countries.(!) Incidence of
NAFLD in Indian population is on rise and its exact prevalence
is not known in our part of world.
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The raising incidence of NAFLD in India may be attributed
to recent lifestyle changes and growing prevalence of obesity.
NAFLD occurs as a histological spectrum of disease and
includes the subtypes of simple steatosis and Non-Alcoholic
Steatohepatitis (NASH). It was thought to be a benign
condition, but is now increasingly recognized as a major cause
of liver-related morbidity and mortality.

Studies have proven that NAFLD may progress to
cirrhosis, liver failure and hepatocellular carcinoma.(?) in
addition it has been shown that NAFLD is strongly associated
to the features of metabolic syndrome.3-7)

Metabolic syndrome (MetS) has been defined by various
national and international organizations. As per joint interim
statement of international diabetes federation task force on
epidemiology and prevention; National Heart, Lung and Blood
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Institute; American Heart Association; World Health

Federation; International Atherosclerosis Society; and

International Association for the Study of Obesity.(®) Presence

of any three of the following cardiovascular risk factors is

essential for metabolic syndrome:

1. Increased waist circumference males >90cm and females
>80cm.

2. Increased serum triglycerides >150mg/dL (1.7mmol/L).

3. Decreased serum HDL (Males <40mh/dl (1mmol/L) and
females <50mg/dL (1.3mmol/L).

4. Increased blood pressure (Systolic blood pressure
>130mmHg and/or diastolic blood pressure >85mmHg or
taking antihypertensive treatment).

5. Increased blood sugar level (Fasting blood sugar
>100mg/dL (5.6mmol/L) or taking anti-diabetic
treatment).

In general, NAFLD in the absence of NASH is an indolent
disease with a benign course. However, as noted end-stage
liver disease may occur as a consequence of NASH. The
seriousness of this condition is demonstrated by the fact that
approximately 50% of patients develop fibrosis, 15% develop
cirrhosis and 3% may advance to liver failure requiring
transplantation.(®) The natural history of NAFLD is poorly
understood and it is not known why some patients progress to
cirrhosis while others do not. However, obesity and insulin
resistance have been shown to be associated with more
histological advanced disease. Long term outcome of NAFLD
remains unclear and it may be a predictor of MetS, diabetes
mellitus and ultimately the cardiovascular disease. A long-
term followup is needed to conclude that morbidity and
mortality among NAFLD patients is directed by cardiovascular
risks or by liver related risks.

The aim of this observational study is to evaluate the
association of sonographically diagnosed non-alcoholic fatty
liver with metabolic syndrome and to estimate prevalence of
non-alcoholic fatty liver in our population coming for general
health check-up.

MATERIAL AND METHODS

Study Population

We recruited 556 subjects, who visited for annual general
health checkup between January 2013 and June 2015 at our
institute. Most of the subjects were executives in banks, post
offices, other government organizations and companies.
Morbidly obese patients attending general health check-up in
our institute during the study period were also included. All
the subjects who were alcoholic, having positive serologic
marker for hepatitis B and C or other causes of chronic liver
disease such as Wilson’s disease, autoimmune hepatitis, etc.
were excluded from the study. Based on these exclusion
criteria, 148 subjects were excluded from the study. Data from
the remaining 408 subjects were included in the final
statistical analysis. It was a retrospective study in general
health checkup subjects and written informed consent was not
obtained from the subjects. No ethical issues were there in the
study.

STUDY DESIGN

The health check-up programs were performed after an
overnight fasting of at least 12 hours and all participants
underwent a routine anthropometric, clinical and laboratory
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tests. The anthropometric measurements involved height,
weight, blood pressure. Body Mass Index (BMI) was calculated
and was used as an estimate of obesity. Blood pressure was
measured in a sitting position. Blood samples were collected
for biochemical analysis and values of cholesterol,
triglycerides, LDL, HDL and fasting blood glucose were
recorded. History of smoking, alcohol intake and physical
activity was recorded from each subject.

All subjects were subjected to abdominal sonography,
which is a part of general health check-up scheme in our
region, ultrasound examination of abdomen was done on
Philips iU22 ultrasound system using multi-frequency 1-4MHz
convex transducer. B-Mode examination of each subject was
done in supine and left lateral position to evaluate liver.
Characteristic ultrasound features such as increased hepatic
echogenicity as compared to renal cortical echogenicity with
attenuation of ultrasound beam and poor visibility of
diaphragm and intrahepatic vessel borders were used to
diagnose hepatic steatosis (Fig. 1).

Fig. 1: USG image showing increased hepatic
echogenicity with attenuation of ultrasound beam and
poor visibility of diaphragm and intrahepatic vessel
borders consistent with diagnosis of fatty liver

STATISTICAL EVALUATION

Metabolic syndrome was defined as per joint interim
statement. Continuous variables are represented as Mean +/-
S.D. Categorical variables are presented as numbers with
percentage. The statistically significant difference in
continuous variables between subjects with and without
NAFLD was calculated by unpaired t-test. Whereas statistically
significant difference in categorically variables was evaluated
by Chi square test. P value <0.05 was considered statistically
significant.

RESULTS

Out of total 408 subjects who met with our inclusion criterias,
144 were diagnosed as having NAFLD (35.2%) on sonography
examination. Mean age of subjects in NAFLD group was 49.54
(+/-6.6) years, whereas in non-NAFLD group (n=264) mean
age was 41.14 (+/-9.65) years.

Majority of subjects (73.6%) in NAFLD group were male,
no significant sex discrimination was observed in non-NAFLD
group. Following recommendation of WHO Asia-Pacific
guideline, 28.47% of patients in NAFLD group were
categorized as morbidly obese [BMI >40], 29.1% obese [having
BMI 30 to 40] and 31% overweight [BMI-25 to 30]. In non-
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NAFLD group, 10.23% subjects were categorized as morbidly
obese, 15.9% as obese, 28.4% as overweight and majority
45.45% as normal [BMI<25]. Mean waist circumference in
NAFLD group was 1059cms (+/-15.42), whereas in non-
NAFLD group mean waist circumference was 93.27cms (+/-
19.18).

Tobacco use was observed to be more prevalent in
NAFLD group (45.14%), whereas in non-NAFLD group tobacco
use was in 29.54%. Lack of physical activity was more common
in NAFLD group. A baseline characteristic of study population

Original Article

and prevention; National Heart, Lung and Blood Institute;
American Heart Association; World Health Federation;
International Atherosclerosis Society and International
Association for the Study of Obesity, 63 subjects (43.75%) in
NAFLD group with presence of three or more risk factors were
labelled as of metabolic syndrome. In non-NAFLD group 7.2%
subjects were labelled as of MetS. Components of metabolic
syndrome increased waist circumference, hypertension,
impaired blood glucose level, low HDL cholesterol and high
triglyceride level were more frequently observed in NAFLD

is presented in Table 1.

As per criterias laid down by joint interim statement of
international diabetes federation task force on epidemiology

group (Table 2).

Variable Non-NAFLD NAFLD Total P Value
Sample Size 264 144 408
Age (In years) Mean (+/- SD) 41.14 (+/-9.65) 49.54 (+/- 6.6) 43.74 (+/-9.5) <0.0001
Gender <0.0001
(a) Male 131 (49.62%) 106 (73.61%) 237 (58.09%)
(b) Female 133 (50.37%) 38 (26.39%) 171 (41.91%)
Body Mass Index
(a) Normal 120 (45.45%) 30 (20.83%) 150 (36.76%) <0.0001
(b) Over weight 75 (28.4%) 31 (21.53%) 106 (25.98%) 0.13
(c) Obese 42 (15.9%) 42 (29.17%) 84 (20.59%) 0.002
(d) Morbidly obese 27 (10.23%) 41 (28.47%) 68 (16.67%) <0.0001
Physical active 80 (30.30%) 16 (11.1%) 96 (23.5%) <0.0001
Tobacco use 78 (29.54%) 65 (45.14%) 143 (35.05%) 0.002
Table 1: Baseline Characteristics of Subjects

Data are as means (Standard deviation) for continuous variable and frequency (Percentages) for categorical variables.

Components of MetS N(EE:;‘/;Z)L D (ﬁi\fﬁ) (n'[‘=o4t318) P Value
Waist Circumference in cms. 93.27 105.9 97.1 <0.0001
(Mean +/- SD) (+/-19.18) (+/-15.42) (+/-19.77) )
Hypertension 57 (21.6 %) 69 (47.91%) 126 (30.9%) <0.0001
Impaired Blood Glucose 62 (23.5%) 56 (38.9%) 118 (28.9%) 0.001
Low HDL 48 (18.18%) 52 (36.11%) 100 (24.5%) <0.0001
High Triglyceride 34 (12.88%) 31 (21.5%) 65 (15.9%) 0.02
Table 2: Prevalence of Components of Metabolic Syndrome (MetS)

Data are as means (Standard deviation) for continuous variable and frequency (Percentages) for categorical variables.

DISCUSSION

In this observational study carried out in subjects who turned
up for annual general health checkup in our institute,
prevalence of NAFLD on sonography examination was 35.2%.
Majority of these were males (73.6%), the association being
statistically extremely significant (P value <0.0001). Females
constituted 26.4% of NAFLD group. Most of these females were
postmenopausal. The difference in prevalence of NAFLD in
male and female population has been attributed to protective
effect of estrogen in premenopausal females.(10.11)

The incidence of NAFLD was seen increasing with
increasing age of the subjects, mean age of subjects in NAFLD
group was 49.54 (+/-6.6), whereas in non-NAFLD group was
41.14 (+/-9.65). This association was statistically extremely
significant with P value <0.0001. Increasing age as it brings
restrictions on physical mobility may contribute to abdominal
obesity and dyslipidemia. In another study NAFLD was
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associated with increased risk of cardiovascular disease,
especially among older patients with elevated C-reactive
protein levels.(!2) A 79% of subjects in NAFLD group in our
study had BMI >25, out of which 28.47% were morbidly obese.
Factors responsible for the development of NAFLD in obese
patients are not clear. Insulin resistance is thought to be a
primary pathophysiologic mechanism in development of fatty
liver. Current understanding of the pathogenesis is as follows:
Insulin resistance and visceral obesity lead to a hepatic influx
of free fatty acids, resulting in increased triglyceride synthesis
and decreased triglyceride export. This leads to hepatic
steatosis.(13) Obesity is becoming an epidemic in Western as
well as Eastern world and so the non-alcoholic fatty liver
disease.(1415) In previous reports, authors have reported
NAFLD prevalence around 57%-74% and 22%-58% of obese
children and adults, respectively.(16) Incidence of obesity and
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non-alcoholic fatty liver disease is on rise in Indians as well,
which is being observed in our study.

Out of total 144 subjects with NAFLD, 63 subjects
(43.75%) were having metabolic syndrome in our study. This
association was statistically extremely significant (P value
<0.0001). This strong association is consistent with other
studies conducted on different sample sizes and different
ethnic groups.(17-19 Metabolic syndrome is having higher
incidence in Asian population.(20) which can be attributed to
relative lack of exercises, central obesity and visceral fat
deposition.(21) Hypertension, one of the cardiovascular risk
factors essential for metabolic syndrome was observed in
47.91% of patients in NAFLD group in our study. In their study
Hsiao et al.(18) demonstrated that presence of hepatic steatosis
was significantly correlated with the prevalence and degree of
hypertension. A study on non-obese and non-diabetic patients
with primary hypertension has shown that hepatic steatosis
prevalence can double as compared with control group.(22)
Association of NAFLD and hypertension in our study was
statistically extremely significant with P value <0.0001.

Increased serum triglycerides and low HDL was
observed in 21.5% and 36.1% of subjects in NAFLD group
respectively. Cotrim et al.(23) reported the presence of
hyperlipidemia in 66.8% of patients with NAFLD in Brazil.
Association of high serum triglyceride with NAFLD in our
study was statistically significant (P value=0.02), whereas low
HDL showed extremely significant association (P value
<0.0001). Marchesini G, et al.(® reported hypertriglyceridemia
and low HDL-cholesterol level in 64% and 30-42% of NAFLD
patients respectively.

Impaired blood glucose was observed in 38.9% of
subjects in NAFLD group in our study. The association was
statistically significant with P value 0.001. In Brazil, the
prevalence of metabolic syndrome and diabetes among
patients with NAFLD was estimated at 41.3% and 22.7%,
respectively.(23) The association of both conditions is related
with more aggressive disease and increasing mortality.(24)

The association between NAFLD and MetS could be
mainly explained by insulin resistance, which was the main
mechanism linking NAFLD and MetS from pathophysiological
perspective.(2526) Many researches demonstrated that insulin
resistance was a pathogenic factor of the metabolic syndrome
and also played a major role in the development and
progression of NAFLD.(27) In NAFLD population, excess fat
accumulation in the hepatic parenchyma or overabundance of
fatty acids was a major contributor to the development of
insulin resistance and subsequent MetS.(28.29)

CONCLUSION
Issue whether or not NAFLD should be included as one of the
components of the MetS is still in existence; however, it can be
concluded that NAFLD is an important independent risk factor
for prediction of MetS. The observations of our study might be
helpful to support the clinical guideline and early intervention
strategy for the NAFLD patients before being diagnosed as
MetS. Therefore, as for the NAFLD detected in the health check-
up programmes could help initiate weight and dietary control,
so as to prevent the development of MetS and even the
cardiovascular diseases.

Some limitations in our study needs to be highlighted.
First, NAFLD in our study was detected on basis of grey scale
sonographic features alone higher imaging modalities, such as
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shear-wave elastography, MRI were not soughted out and
pathological correlation was not done. Secondly, our study
data is based on the subjects reporting for routine health
check-up system in urban population of Indore district, further
longitudinal and cross-sectional studies with large sample
volumes need to be done to confirm the value of NAFLD as a
marker for predicting the risk of metabolic syndrome.
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