
Vishnubhotla Venkata Ravi Kanth, Mitnala Sasikala, Padaki Nagaraja Rao, Urmila Steffie Avanthi, 
Kalashikam Rajender Rao, Duvvuru Nageshwar Reddy

Vishnubhotla Venkata Ravi Kanth, Mitnala Sasikala, Ur-
mila Steffie Avanthi, Asian Healthcare Foundation, Hyderabad 
500082, India
Padaki Nagaraja Rao, Duvvuru Nageshwar Reddy, Asian 
Institute of Gastroenterology, Hyderabad 500082, India
Kalashikam Rajender Rao, Division of Endocrinology and 
Metabolism, National Institute of Nutrition, Tarnaka, Hyderabad 
500082, India
Author contributions: Ravi Kanth VV, Sasikala M and Rao PN 
designed the research; Rao PN and Nageshwar Reddy D recruited 
patients; Ravi Kanth VV and Steffie Avanthi U performed the 
research; Rao RK contributed reagents/analytic tools; Ravi Kanth 
VV analyzed the data; Ravi Kanth VV and Sasikala M wrote the 
paper.
Correspondence to: Padaki Nagaraja Rao, Chief of Hepatol-
ogy and Nutrition, Asian Institute of Gastroenterology, 6-3-661, 
Somajiguda, Hyderabad 500082, India. npadaki@yahoo.com
Telephone: +91-40-23378888  Fax: +91-40-23324255
Received: January 9, 2014        Revised: March 1, 2014
Accepted: May 16, 2014
Published online: June 27, 2014

Abstract
AIM: To investigate genetic susceptibility in Indian 
subjects with non-alcoholic fatty liver disease (NAFLD) 
by performing a pooled genetic study.

METHODS: Study subjects (n  = 306) were recruited 
and categorized into NAFLD and control groups based 
on ultrasound findings of fatty infiltration. Of the 306 
individuals, 156 individuals had fatty infiltration and 
thus comprised the NAFLD group. One hundred and 
fifty (n  = 150) individuals were normal, without fatty 
infiltration of the liver, comprising the control group. 
Blood samples, demographic and anthropometric data 
from the individuals were collected after obtaining in-
formed consent. Anthropometric data, blood glucose, 
lipids and liver function tests were estimated using 
standard methods. Genome wide association stud-

ies done to date on NAFLD were identified, 19 single 
nucleotide polymorphisms (SNPs) were selected from 
these studies that were reported to be significantly as-
sociated with NAFLD and genotyping was performed on 
the Sequenom platform. Student’s t  test for continuous 
variables and χ 2 test was applied to variant carriers 
from both groups. Required corrections were applied as 
multiple testing was done.

RESULTS The mean age of the control group was 
39.78 ± 10.83 and the NAFLD group was 36.63 ± 
8.20 years. The waist circumference of males and fe-
males in the control and NAFLD groups were 80.13 ± 
10.35; 81.77 ± 13.65 and 94.09 ± 10.53; 92.53 ± 8.27 
cms respectively. The mean triglyceride and alanine 
transaminase (ALT) levels in the control and NAFLD 
groups were 135.18 ± 7.77 mg/dL; 25.39 ± 14.73 
IU/L and 184.40 ± 84.31 mg/dL; 110.20 ± 67.05 IU/L 
respectively. When χ 2 test was applied to the number 
of individuals carrying the variant risk alleles between 
the control and NAFLD group, a significant associa-
tion was seen between rs738409 of the patatin-like 
phospholipase domain containing 3 (PNPLA3) gene (P  
= 0.001), rs2073080 of the PARVB  gene (P  = 0.02), 
rs2143571 of SAMM50 gene (P  = 0.05) and rs6487679 
of the pregnancy zone protein (PZP) gene (P  = 0.01) 
with the disease. Variant single nucleotide polymor-
phisms (SNPs) in NCAN  and PNPLA3  gene were as-
sociated with higher levels of ALT, whereas variant 
SNPs in APOC3, PNPLA3, EFCAB4B and COL13A1 were 
associated with high triglyceride levels. Apart from 
the above associations, rs2073080, rs343062 and 
rs6591182 were significantly associated with high BMI; 
rs2854117 and rs738409 with high triglyceride levels; 
and rs2073080, rs2143571, rs2228603, rs6487679 and 
rs738409 with high ALT levels.

CONCLUSION: Pooled genetic analysis revealed an 
association of SNPs in PNPLA3, PARVB, SAMM50 and 
PZP  genes with NAFLD. SNPs in NCAN and PNPLA3  
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gene were associated with higher levels of ALT, 
whereas variant SNPs in APOC3, PNPLA3, EFCAB4B and 
COL13A1 were associated with high triglyceride levels.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Non-alcoholic fatty liver disease (NAFLD) de-
scribes a range of conditions caused by build-up of fat 
within liver cells in the absence of alcohol consump-
tion. Although obesity, diabetes, age, hypertension and 
hypertriglyceridemia contribute to the disease, genet-
ics also has an important role to play. Furthermore, in 
26%-35% of patients, genetic component is believed 
to contribute to NAFLD. By identifying significant single 
nucleotide polymorphisms from genome wide associa-
tion studies reported from different ethnic populations 
for NAFLD and performing a pooled genetic association 
study, this study has identified important genetic risks 
that could help in identifying individuals with suscepti-
bility at an early stage, thus aiding in better manage-
ment of the disease.
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a global ep-
idemic, the incidence of  which is reported to be as high 
as 25%-30% in different populations[1]. Differences in 
prevalence, clinical profile, histological severity and out-
come of  NAFLD in different ethnic groups suggest a ge-
netic contribution; and NAFLD in 26%-35% of  patients 
is believed to be contributed by genetic component[2,3]. In 
recent years, genetic heritability has been a major focus 
of  research, although changing dietary habits and modi-
fying life style have been demonstrated to benefit patients 
with hepatic steatosis[4]. Genome wide association stud-
ies (GWAS) from different ethnic populations revealed a 
strong association of  PNPLA3 variant[3,5], apart from few 
other variants[6-8], and an independent study identified 
APOC3 variants associated with higher triglyceride levels 
and risk of  NAFLD in migrant Indians[9].

A recent GWAS[6] of  hepatic steatosis revealed loci 
in or near the neurocan (NCAN), glucokinase regulatory 
protein, lysophospholipase-like protein 1 and protein 
phosphatase 1, regulatory subunit 3B (PPP1R3B) genes 
that have associations with glycemic traits, serum lipid 

levels, hepatic steatosis, hepatic inflammation/fibrosis, or 
a combination of  these. Specific genotypic information 
in the form of  single nucleotide polymorphisms (SNPs) 
which confer susceptibility for an individual have to be 
identified so that early preventive measures can be initi-
ated, especially in children and adolescents. Patatin-like 
phospholipase domain containing 3 (PNPLA3) missense 
variant was studied and compared with MR spectroscopy 
for predicting NAFLD[4]. However, since it is now known 
that multiple SNPs are associated with the disease, iden-
tifying other susceptibility SNPs apart from PNPLA3 
would enhance the predictive capability.

The prevalence of  NAFLD in the Indian population 
is estimated to be around 25%-30%[10-16]. In addition, 
the prevalence of  hepatic steatosis in non-obese (lean 
NAFLD) was shown to range between 11%-31.7% ac-
cording to a recent study[17]. Increase in the incidence 
of  obesity, metabolic syndrome and the presence of  
lean non-alcoholic steatohepatitis (NASH) in the Indian 
population warrants genetic susceptibility studies in In-
dian NAFLD subjects. In this preliminary pilot study, we 
selected SNPs (Table 1) from already reported GWAS 
across different populations and genotyped the same in 
Indian subjects.

MATERIALS AND METHODS
A total of  450 individuals with fatty infiltration were 
recruited for the study during 2011-2012 (1 year) from 
hepatology clinics of  the hospital. As shown (Figure 1), 
156 individuals were found to be eligible for the pooled 
genetic analysis. Statistical power analysis was not used 
to compute the sample size as this is a pilot study. Al-
though liver biopsy is considered to be the gold standard 
for identifying NAFLD and NASH, lack of  indication 
for asymptomatic individuals, the costs involved, risk of  
complications and ethical concerns limit its use in these 
types of  studies. Therefore, subjects were recruited based 
on ultrasound findings of  hepatic steatosis as per earlier 
reports[18,19]. Healthy subjects (n = 150) from the institute 
who volunteered to be part of  the study were recruited 
as controls based on the sole criteria of  the absence of  
fatty liver on ultrasonography and normal alanine trans-
aminase (ALT) levels. Written informed consent was 
obtained from each individual. The study protocol con-
formed to the ethical guidelines of  the 1975 Declaration 
of  Helsinki and was approved by the Institutional Review 
Committee. Demographic and anthropometric details 
[height, weight, magnetic resonance imaging (BMI) and 
waist circumference] were collected in a structured pro 
forma. Whole blood (5 mL) was collected in pre coated 
EDTA containers from the study group and stored at 
-20 ℃ until further analysis. Biochemical investigations 
like ALT, viral markers and lipid profiles were estimated 
as per standard methods. 

Definitions
Individuals with BMI less than 18.5 kg/m2 were defined 
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as underweight; 18.5-22.9 kg/m2 were defined as normal 
and BMI more than 23 kg/m2 were defined as obese. 
Lean NAFLD was defined as hepatic steatosis in individ-
uals with normal BMI (< 22.9 kg/m2) according to Asian 
standards[20]; likewise hypertriglyceridemia (greater than 
150 mg/dL), low levels of  high density lipoprotein (HDL 
less than 40 mg/dL in males and 50 mg/dL in females), 
hypertension (greater than 130/85 systolic and diastolic 
blood pressure level in mmHg or on anti hypertensive 
drugs) and high fasting glucose levels (greater than 100 
mg/dL of  fasting blood sugar levels) were considered as 
cut offs. The cut off  for waist circumference was > 90 
cm and > 80 cm in males and females respectively, as per 
Asian standards[21]. A cut off  of  30 IU/L was considered 

for ALT[22].

Genotyping
DNA was isolated from blood using standard protocols. 
The concentration and integrity of  DNA was measured 
with NanoDrop 1000 spectrophotometer (Thermo 
Scientific, USA) and agarose gel electrophoresis respec-
tively. The DNA with 260/280 ratios between 1.8-2.0 
and agarose gel image showing a high molecular weight 
intact DNA band were included for further genotyping 
analysis. The samples were genotyped for the 19 SNPs 
on the Sequenom platform (Sequenom®, San Diego, CA, 
United States) using the manufacturer’s protocol. Primers 
for one SNP (rs2854116) could not be designed because 
of  proximal SNPs present very near to the target SNP 
and so was not included in the study. The raw data files 
generated by Sequenom MassARRAY were analyzed for 
the intensity peaks of  calibrant to ascertain the quality of  
the data. An overall call rate of  > 95% was maintained. 
Five percent of  the samples were duplicated across the 
plate, their genotypes compared and they had 100% con-
cordance. Negative controls (master mix without DNA) 
were also included.

Correlation of  demographic and anthropometric 
phenotypes, like BMI, waist circumference, liver enzymes 
(ALT) and triglyceride levels, to the genotype was done to 
identify significant risk factors.

Statistical analysis
The data collected was edited for consistency and com-
pleteness and entered into MS-Excel for further analysis. 
Patient characteristics were compared using Student’s t test 
for continuous variables and proportion test for categori-
cal variables. χ 2 test was used on the number of  variant 
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Table 1  List of single nucleotide polymorphisms included in the study

SNP No rsID Risk allele Associated gene Associated with Ref.

1 rs738409 G PNPLA3 Hepatic steatosis [6]
2 rs4240624 A PPP1R3B Hepatic steatosis [6]
3 rs2228603 T NCAN Hepatic steatosis [6]
4 rs780094 A GCKR Hepatic steatosis [6]
5 rs12137855 C LYPLAL1 Hepatic steatosis [6]
6 rs2645424 C FDFT1 NAFLD activity score [8]
7 rs343062 T - Degree of fibrosis [8]
8 rs1227756 G COL13A1 Lobular inflammation [8]
9 rs6591182 G - Lobular inflammation [8]
10 rs887304 A EFCAB4B Lobular inflammation [8]
11 rs2499604 A Intronic ZP4-TRNAP23P Serum levels of alanine aminotransferase [8]
12 rs6487679 C PZP Serum levels of alanine aminotransferase [8]
13 rs1421201 C - Serum levels of alanine aminotransferase [8]
14 rs2710833 T - Serum levels of alanine aminotransferase [8]
15 rs2854116 A APOC3 Hypertriglyceridemia in Asians [9]
16 rs2854117 G APOC3 Hypertriglyceridemia in Asians [9]
17 rs2143571 A SAMM50 NAFLD [7]
18 rs2073080 T PARVB NAFLD [7]
19 rs1390096 A HS3ST1-HSP90AB2P NAFLD [7]
20 rs11206226 A YIPF1 NAFLD [7]

PNPLA3: Patatin-like phospholipase domain containing 3; NCAN: Neurocan; GCKR: Glucokinase regulatory protein; LYPLAL1: Lysophospholipase-like 
protein 1; PPP1R3B: Protein phosphatase 1, regulatory subunit 3B; PZP: Pregnancy zone protein.

Individuals with fatty 
infiltration detected on 
the ultrasound, n  = 450

Individuals who were 
excluded based on alcohol 
intake, viral, autoimmune and 
Wilson’s workup, n  = 198

Individuals found 
suitable as per inclusion 
criteria, n  = 252

Individuals excluded from the 
study due to consent issues 
and drug intake, n = 96

Individuals included in 
the study, n = 156

Figure 1  Flowchart showing sample recruitment.
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studied was statistically not significant.

Association between clinical characteristics, SNPs and 
risk of NAFLD
When an analysis was done between the control and 
NAFLD group, a significant difference in clinical charac-
teristics was noted in BMI (P = 0.001), waist circumfer-
ence of  males (P = 0.0001) and females (P = 0.01), high 
triglyceride levels (P = 0.0001) and ALT (P = 0.0001) 
levels in the NAFLD group.

In the single allelic analysis, tests for associations be-
tween NAFLD and the SNPs revealed that variants in 
PARVB, SAMM50, NCAN, intronic SNP (rs2499604), 
APOC3, pregnancy zone protein (PZP) and PNPLA3 
genes were associated with NAFLD; however, after cor-
rection for multiple testing was applied, only variants in 
PARVB, SAMM50, PZP and PNPLA3 were significant 
(Table 3).

Significant SNPs associated with clinical traits
To identify SNPs which may be associated with clinical 
traits like triglyceride and ALT levels but not necessarily 
to the disease, the individuals in the study group were 
divided into two groups, namely individuals with normal 
and those with high levels of  the mentioned clinical traits 
irrespective of  the disease status. Such an effort identified 
significant SNPs which are likely to be associated with 
clinical traits. SNPs in NCAN (P = 0.04) and PNPLA3 (P 
= 0.001) were significantly associated with high ALT lev-
els and SNPs in APOC3 (P = 0.01), PNPLA3 (P = 0.05), 
EFCAB4B (P = 0.04) and COL13A1 (P = 0.02) genes 
were significantly associated with high triglyceride levels.

Odds of developing NAFLD
Among the various characteristics like age, BMI and the 
SNPs that were studied, rs2073080 in PARVB, rs343062 
(intronic) and rs6591182 (intronic) were significantly 
associated with higher odds of  obese individuals with 
NAFLD. Likewise, SNPs in various genes studied were 
associated with clinical parameters like ALT and triglycer-
ide levels (Table 4). 

Haplotype analysis
Since PNPLA3, SAMM50 and PARVB are found on the 
same locus on chromosome 22, haplotype analysis was 
done for the 3 SNPs and it was noted that heterozygous 
or homozygous variants in these genes were overrepre-
sented in the NAFLD group compared to the control 
group (8 in controls against 63 in the NAFLD group) 
(Table 5). 

Multivariate logistic regression analysis
Multiple logistic regression analysis was applied to the 
data to estimate the risk of  an individual for NAFLD. 
The dependent variables were the NAFLD group and 
controls. The variables that were significant in the univar-
iate analysis, namely age (less than 40 years), BMI, waist 
circumference, triglyceride levels, HDL, hypertension, 

carriers in the control and NAFLD groups for identifying 
SNPs associated with NAFLD. To correct for multiple 
comparison testing, the Benjamini and Hochberg false 
discovery rate correction[23] was applied to “P values”. 
All SNPs were divided into risk and non-risk groups 
and 2X2 contingency tables were prepared to estimate 
odds ratio for all variables like age, gender, BMI, ALT 
levels etc. Multiple logistic regression was used to identify 
independent predictor variables for NAFLD. The data 
was analyzed using Statistical Package for Social Sciences 
(SPSS Version 17). In this study, a P value ≤ 0.05 was 
considered statistically significant. Haplotype analysis was 
carried out using software[24]. An excel sheet was prepared 
as per instructions with “0” representing wild type allele 
and “1” representing heterozygous or mutant variants.

RESULTS
The clinical characteristics, such as age, waist circumfer-
ence, BMI, triglyceride and ALT levels, of  the groups are 
presented in Table 2. Categorization of  the study popula-
tion yielded two groups based on ultrasonographic detec-
tion of  hepatic steatosis in the liver, namely the NAFLD 
(n = 156) and control group (n = 150). The inclusion of  
individuals in the control group was based on the absence 
of  hepatic steatosis and retrospectively it was seen that 
few of  the individuals in the control group were obese 
(BMI > 23 kg/m2). So the group was divided based on 
BMI and a comparison of  both clinical characteristics 
and the genotype was made (data not shown) between 
the normal and obese controls. Such an analysis did not 
show any significant differences between the normal and 
obese control group with respect to the genotype. How-
ever, the waist circumference in males (P = 0.0001) and 
females (P = 0.02) and the triglyceride levels (P = 0.0057) 
were high in the obese controls, apart from BMI (P = 
0.0001), and the difference in all the other characteristics 

Table 2  Demographic and clinical characteristics of the study 
group

Parameter Controls Patients P  value

(n  = 150) (n  = 156)
Mean ± SD     39.78 ± 10.83 36.63 ± 8.20   0.004
Age, yr 18-63 19-62
Range
Males 110 (73.33%) 138 (88.46%) -
Females   40 (26.66%)   18 (11.53%) -
Waist circumference
   Males     80.13 ± 10.35   94.09 ± 10.53     0.0001
   Females     81.77 ± 13.65 92.53 ± 8.27 0.01
   BMI (kg/m2)   24.04 ± 7.77      27 ± 5.86   0.001
   Triglycerides (mg/dL) 135.18 ± 7.77 184.40 ± 84.31     0.0001
   HDL (mg/dL)   41.86 ± 9.70   39.56 ± 13.02     0.2923
   ALT (IU/L)     25.39 ± 14.73 110.20 ± 67.05     0.0001
   AST (IU/L)   25.99 ± 8.46   69.14 ± 37.77     0.0001
   Hypertensives 4 (2.6%)   18 (11.53%) -
   Diabetics   19 (12.66%) 27 (17.3%) -

BMI: Body mass index; HDL: High density lipoprotein; ALT: Alanine 
transaminase; AST: Aspartate amino transferase.
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diabetes and SNPs, were included for the multivariate 
analysis (Table 6). 

DISCUSSION
The main objective of  this study was to identify suscep-
tibility SNPs for NAFLD in Indian subjects utilizing 
pooled genetic SNP data from various GWAS performed 
in different populations to date. Variants in SAMM50, 
PARVB, PZP and PNPLA3 genes were significantly as-
sociated with NAFLD, thus suggesting involvement of  
multiple loci in Indian NAFLD. 

A significant association of  PNPLA3 (rs738409) (P = 
0.001) with NAFLD was observed in Indian subjects and 
is consistent with the genetic association of  PNPLA3 in 
other populations, like Caucasians, European descent, 
Hispanics and Japanese[6-8]. Furthermore, this SNP was 
also significantly associated with higher ALT (P = 0.001) 

and triglyceride levels (P = 0.05), suggesting that individ-
uals with the variant may be at higher risk for NAFLD. 
In addition to this SNP, PZP rs6487679 located on the 
12th chromosome, demonstrated to have a role in clear-
ance of  transforming growth factor-beta from human 
plasma and hepatic fibrogenesis[25], was also significantly 
associated with NAFLD in Indian subjects. This finding 
corroborates with similar earlier findings in non-Hispanic 
Caucasians[8].

rs2073080 of  the beta-parvin (PARVB) located on 
chromosome 22 that codes for a protein beta-parvin in 
humans[26] was significantly associated with the disease (P 
= 0.018) in the present study. Not much is known about 
the polymorphism, but in general the protein is believed 
to play a role in cytoskeleton organization and cell adhe-
sion apart from having a role in tumor suppression (En-
trez Gene: PARVB). The association of  rs2143571 of  
the SAMM50 sharing the same locus on chromosome 22 

Table 3  Comparison of variant carriers between patients and controls

SNP- Allele frequency controls (n  = 150) Allele frequency patients (n  = 156) χ 2 P  value Corrected P  value1 OR 95%CI

gene name Major Minor Major Minor lower-upper
rs1227756 0.49 0.51 0.44 0.56 0.02 0.88 0.93 1.04 0.54-2.03
COL13A1
rs12137855 0.77 0.23 0.73 0.27 0.41 0.51 0.62 1.20 0.68-2.12
LYPLAL1
rs1390096 0.68 0.32 0.66 0.34   0.007 0.93 0.93 0.97 0.55-1.70
HS3ST1-HSP
rs1421201 0.88 0.12 0.85 0.15 1.60 0.20 0.36 1.55 0.78-3.10
intronic
rs2073080 0.81 0.19 0.69 0.31 8.42   0.003 0.02 2.36 1.31-4.22
PARVB
rs2143571 0.80 0.20 0.69 0.31 6.25 0.01 0.05 2.07 1.16-3.69
SAMM50
rs2228603 0.97 0.03 0.92 0.08 4.09 0.04 0.12 3.29 1.10-9.84
NCAN
rs2499604 0.53 0.47 0.60 0.40 3.76 0.05 0.13 1.92 0.98-3.75
intronic
rs2645424 0.5 0.50 0.56 0.44 1.21 0.27 0.40 0.69 0.36-1.32
FDFT1
rs2710833 0.60 0.40 0.66 0.34 3.09 0.07 0.17 0.56 0.30-1.07
intronic
rs2854117 0.58 0.42 0.55 0.45 4.24 0.03 0.12 1.83 1.02-3.28
APOC3
rs343062 0.55 0.45 0.52 0.48 1.96 0.16 0.32 1.53 0.84-2.80
intronic
rs4240624 0.94 0.06 0.91 0.09 1.21 0.27 0.40 1.56 0.69-3.52
PPP1R3B
rs6487679 0.89 0.11 0.75 0.25 9.65   0.001 0.01 2.81 1.44-5.48
PZP
rs6591182 0.63 0.37 0.59 0.41 0.99 0.31 0.44 1.39 0.72-2.67
intronic
rs738409 0.92 0.08 0.60 0.40  46.37     0.0001   0.001  12.66   5.45-29.38
PNPLA3
rs780094 0.76 0.24 0.74 0.26 0.48 0.48 0.62 1.22 0.69-2.15
GCKR
rs887304 0.82 0.18 0.83 0.17 0.19 0.65 0.73 0.87 0.47-1.59
EFCAB4B
rs11206226 1.00 0.00 1.00 0.00 - - - -
YIPF1

1Benjamini and Hochberg false discovery rate correction was applied to the “P value”. PNPLA3: Patatin-like phospholipase domain containing 3; NCAN: 
Neurocan; GCKR: Glucokinase regulatory protein; LYPLAL1: Lysophospholipase-like protein 1; PPP1R3B: Protein phosphatase 1, regulatory subunit 3B; 
PZP: Pregnancy zone protein.
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as PNPLA3 and PARVB encoding sorting and assembly 
machinery component 50 homolog was also significantly 
associated with NAFLD in the Indian subjects[27]. This 
protein has a function in the assembly of  beta-barrel 

proteins into the outer mitochondrial membrane. A re-
cent genome wide scan[7,28] also identified similar SNPs in 
PNPLA3, SAMM50 and PARVB in the Japanese popula-
tion which was significantly associated with NAFLD. Our 
results corroborate with this study, indicating that these 3 
variants are commonly seen in an Asian population.

Apart from the promoter polymorphism of  the 
APOC3 gene and variant in PNPLA3 gene, EFCAB4B 
and COL13A1 polymorphisms were identified as sig-
nificantly associated with higher triglyceride levels. Poly-
morphisms in NCAN and PNPLA3 were associated 
with higher ALT levels. Although previous studies[6,7] re-
ported an association of  the above mentioned SNPs with 
NAFLD, their associations with triglycerides and ALT 
levels have been identified for the first time in Indian 
subjects.

When lean and obese controls were compared for 
significant differences in clinical characteristics and geno-
type, BMI between the groups was significantly different, 
with a higher BMI in the obese group as expected. The 
triglyceride levels were also significantly higher in the 
obese control group without hepatic steatosis compared 
to the lean controls; however, there were no significant 
differences in the genotype with respect to the 19 SNPs 
studied. Based on this, these individuals were found to be 
suitable to be included in the control group for further 
analyses.

The incidence of  lean NAFLD in the present study 
(19.87%) is in agreement with an earlier study from 
North India[17] which had more or less a similar incidence 
(13.2%) and there was no significant difference in the in-
cidence between the two groups (P = 0.08).

When odds were computed based on obese and non-
obese status in the study group, PARVB and two intronic 
SNPs (rs343062 and rs6591182) were significantly as-
sociated with higher odds of  NAFLD in the obese, sug-
gesting that an obese individual with these variants is at a 
higher risk of  hepatic steatosis compared to a non-obese 
individual. This important finding has a clinical implica-
tion in that, if  an individual with the above mentioned 
variants can be identified at an early age, the significant 
modifying risk factors like higher waist circumference 
and triglyceride levels can be managed, thus reducing the 
predisposing risk component because of  the variants in 
SNPs and thereby delaying the onset of  hepatic steatosis.

Haplotype data for the three SNPs on PNPLA3, 
SAMM50 and PARVB suggests that three SNPs might 
be linked as heterozygous or mutant variant carriers were 
overrepresented in the NAFLD group (63 counts) com-
pared to the control group (8 counts) (Table 5).

A recent study[29] from North India reported a higher 
frequency of  CG and GG genotypes of  rs738409 poly-
morphism in the PNPLA3 gene in North Indians and a 
significant association of  the genotype to ALT (P = 0.003) 
and AST levels (P = 0.04). The values of  triglycerides 
were slightly higher in the cases but were not significantly 
different in comparison to controls. This study is in 
agreement with the above study from the North Indian 
center with respect to the PNPLA3 polymorphism and 

Table 4  Significant single nucleotide polymorphisms 
associated with higher odds of body mass index, triglycerides 
and alanine transaminase based on clinical characteristics

Variable SNP-gene OR P value 95%CI

lower-upper
BMI (obese and 
non-obese)

rs2073080-PARVB 1.81 0.0470 1.00-3.25

BMI (obese and 
non-obese)

rs343062-intronic 2.25 0.0100 1.21-4.21

BMI (obese and 
non-obese)

rs6591182-intronic 2.05 0.0340 1.05-4.00

TG (abnormal 
and normal)

rs2854117-APOC3 2.31 0.0040 1.29-4.13

TG (abnormal 
and normal)

rs738409-PNPLA3 1.94 0.0170 1.12-3.37

ALT (abnormal 
and normal)

rs2073080-PARVB 1.92 0.0200 1.10-3.36

ALT (abnormal 
and normal)

rs2143571-SAMM50 1.77 0.0200 1.10-3.36

ALT(abnormal 
and normal)

rs2228603-NCAN 3.23 0.0180 1.22-1.37

ALT (abnormal 
and normal)

rs6487679-PZP 1.92 0.0300 0.05-3.51

ALT (abnormal 
and normal)

rs738409-PNPLA3 5.07 0.0001   0.03-10.92

BMI: Body mass index; TG: Triglycerides; ALT: Alanine transaminase; 
SNP: Single nucleotide polymorphisms.

Table 5  PARVB-SAMM50-PNPLA3 haplotype data

Total counts Haplotype Number in controls Number in patients

138 000 90 48
31 001   6 25
10 010 10   0
4 011   2   2
4 100   2   2
48 110 32 16
71 111   8 63

“Total Counts” column consists of the number of haplotypes generated 
in both controls and patient group combined. In the haplotype column, 
0 stands for wild type allele and 1 for either heterozygous or homozy-
gous variant carrier. The sequence of the genes is PARVB, SAMM50 and 
PNPLA3. The individuals count for the haplotypes for controls and patient 
group is given in the Number in controls and Number in patients column.

Table 6  Results of multiple logistic regression analysis

Variable Regression Standard P  value OR 95%CI

coefficient error Lower Upper
PZP 0.880 0.415   0.034 2.41 1.05   5.44
PNPLA3 2.289 0.480 < 0.0001 9.86 3.85 25.29
Triglyceride
levels

1.502 0.391   0.000 4.48 2.08   9.67

Constant      -0.619

PNPLA3: Patatin-like phospholipase domain containing 3; PZP: Pregnan-
cy zone protein.
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its association with NAFLD and ALT levels. Our study 
also found a significant association of  higher triglyceride 
levels with rs738409 polymorphism. However, the pres-
ent study has looked at an additional 18 polymorphisms, 
which is by far the most comprehensive pooled genetic 
analysis taken up in Indian subjects with NAFLD.

To estimate the strength of  the relationship between 
several independent variables and a continuous depen-
dent variable, multiple logistic regression analysis was 
done with significant SNPs and patient characteristics 
like triglyceride levels, BMI from the univariate analysis as 
the independent variables and NAFLD as the dependent 
variable. While high levels of  BMI, triglyceride levels, 
waist circumference both in males and females, ALT 
levels and variant SNPs in PARVB, SAMM50, NCAN, 
intronic SNP rs2499604, PZP and PNPLA3 were signifi-
cantly associated with NAFLD when univariate analysis 
was done, only variants in PZP and PNPLA3 genes and 
high triglyceride levels were significantly associated with 
NAFLD when multivariate analysis was done, suggesting 
that these three are independent risk factors to predict 
hepatic steatosis and that the others probably interact 
with the modifying risk factors like BMI and waist cir-
cumference in the causation of  NAFLD.

In conclusion, an analysis between the control and 
NAFLD groups revealed significant differences in BMI, 
triglyceride levels, waist circumference in both males 
and females and ALT levels with higher levels associated 
with the NAFLD group. Variant SNPs in NCAN and 
PNPLA3 genes were significantly associated with high 
ALT levels, which are the clinical phenotype of  hepatic 
necroinflammation state, and SNPs in APOC3, PNPLA3, 
EFCAB4B and COL13A1 were associated with higher 
triglyceride levels.
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Background
Non-alcoholic fatty liver disease (NAFLD) encompasses a spectrum of condi-
tions associated with lipid deposition in the hepatocytes, ranging from simple 
steatosis (fatty liver) to non-alcoholic steatohepatitis (fatty changes with inflam-
mation and hepatocellular injury or fibrosis), to advanced fibrosis and cirrhosis. 
It is the most common cause of liver disease, with a prevalence of 25%-30% 
in the general population. The presence of metabolic syndrome is the most 
common risk factor for NAFLD and it is now believed that NAFLD is the hepatic 
manifestation of metabolic syndrome. The other important risk factors are obe-
sity, type-2 diabetes, total parenteral nutrition, jejunoileal bypass operation and 
use of certain medications. However, genetics play an important role in NAFLD 
and it is believed that 26%-35% of the patients who develop NAFLD have an 
underlying genetic component. So, it is important to identify the genetic aspects 
of the disease and their environmental interactions for better management of 
the disease.

Innovations and breakthroughs
Studies have identified that variant single nucleotide polymorphisms (SNPs) in 
genes, namely PNPLA3, NCAN, glucokinase regulatory protein, lysophospholi-
pase-like protein 1, FDFT1, COL13A1, SAMM50, PARVB and pregnancy zone 
protein (PZP), were associated with NAFLD. A pooled genetic study was car-
ried out by identifying significant SNPs from genome wide association studies 
and this study identified SNPs which are associated with Indian NAFLD. Apart 
from these associations, variant SNPs which contribute to hypertriglyceridemia, 
and alanine transaminase levels were also identified. By genotyping for these 
SNPs, an individual’s predisposing risk can be identified at an early age and 
lifestyle-based modifications would ensure delayed onset of fatty infiltration.
Applications
Susceptibility loci for Indian NAFLD have been identified for the first time. The 
genotype data can be used in early identification and better management of the 
disease.
Terminology
Genome wide association study is the examination of many common genetic 
variants known as SNPs (single nucleotide polymorphisms) in two sets of 
individuals. One set of individuals with disease and the other set without the 
disease are compared for a large number of SNPs (approximately 9 lakhs) and 
analysis is done to identify those SNPs with a higher frequency in the disease 
group and these SNPs are said to be associated with the disease.
Peer review
This well written and interesting pilot study of genetic susceptibility of NAFLD 
in an Indian population has shown that multiple SNPs and loci are involved in 
the development of NAFLD. Variant SNPs in PZP and PNPLA3 genes were 
found to be independent risk factors for the development of NAFLD. PARVB, 
SAMM50, neurocan and intronic SNP rs2499604 were significant risk factors 
along with other associations. So, genetics play an important role along with 
metabolic factors in the development of NAFLD. These findings may add a new 
level to the existing knowledge about the genetic basis of NAFLD, especially in 
the Indian population, and be valuable for clinical interference.
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