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INTRODUCTION

Nonalcoholic fatty liver 
disease (NAFLD) is the most 
common cause of chronic liver 
disease worldwide, affecting up 
to 25% of the global population 
and this prevalence is particularly 
high in obese adults (80%–90%), 
patients with type 2 diabetes 
(70-80%), and up to 90% in 
patients with hyperlipidemia [1]. 
NAFLD comprises a spectrum 
of liver diseases ranging from 
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ABSTRACT

Background & Aims: Nonalcoholic fatty liver disease (NAFLD) is closely associated with obesity and insulin 
resistance, and therefore predisposes to type 2 diabetes and cardiovascular diseases. Lipid deposition in the liver 
seems to be critical in the pathogenesis of NAFLD. A common genetic variant, the patatin-like phospholipase 
domain-containing protein 3 (PNPLA3) has been associated with NAFLD. The aim of the present study was 
to evaluate the association between PNPLA3, key gene of lipid metabolism and the metabolic traits in obesity 
NAFLD patients with and without prediabetes.
Methods: A total of 208 obese NAFLD patients without (n=125) and with prediabetes (n=83) were included. 
The genotyping of PNPLA3 I148M variant (rs738409) was performed by restriction analysis. 
Results: Regarding rs738409 (I148M) polymorphism, CG genotype was positively correlated with prediabetes, 
insulin resistance, dyslipidemia and metabolic syndrome compared to the wild CC genotype. The carriers of 
the PNPLA3 I148M variant have 9.6-fold higher risk of glucose disturbances compared to wild genotype (OR 
9.649, 95%CI 2.100-44.328, р=0.004). The carriers of the PNPLA3 I148M variant also have a 3 times higher 
risk for the presence of metabolic syndrome (OR 2.939, 95% CI: 1.590-5.434, p=0.001) and a 2.1-fold higher 
risk for the presence of insulin resistance (OR 2.127, 95% CI: 1.078-4.194, p=0.029). 
Conclusions: PNPLA3 I148M is associated with increased risk of prediabetes, metabolic syndrome and insulin 
resistance in obese patients with NAFLD. 
 
Key words: PNPLA3 – prediabetes – nonalcoholic fatty liver disease – obesity – metabolic syndrome.

Abbreviations: ALT: alanine aminotransferase; AST: aspartate aminotransferase; BIA: Body Impedance; ELF: 
enhanced liver fibrosis; FIB-4: fibrosis stage 4 score; GGT: gamma glutamyl transferase; HCC: hepatocellular 
carcinoma; HDL: high-density lipoproteins; IR: insulin resistance; LDL: low-density lipoproteins; MetS: 
metabolic syndrome; NAFLD: nonalcoholic fatty liver disease; NASH: steatohepatitis; NFS: NAFLD fibrosis 
score; OGTT: oral glucose tolerance test; PNPLA3: patatin-like phospholipase domain-containing protein 
3; SNP: single nucleotide polymorphism; TG: triglycerides; VAI: visceral adiposity index; VLDL: very low-
density lipoprotein; WHR: waist-to-hip ratio; WSR: waist-to-stature ratio.

simple steatosis (hepatic triglyceride content > 5%), through 
steatohepatitis (fat plus inflammation and hepatocellular 
ballooning degeneration; NASH), to fibrosis, cirrhosis and 
hepatocellular carcinoma (HCC), in the absence of excessive 
alcohol consumption (a threshold of < 20g/d for women 
and < 30g/d for men) [2]. NAFLD is closely associated with 
features of the metabolic syndrome (MetS), but common 
genetic causes also exist [3, 4]. The role of genetic variation 
in NAFLD, specifically single nucleotide polymorphisms 
(SNPs), has been the focus of extensive research in the last 
decade. The nonsynonymous rs738409 CG variant in patatin-
like phospholipase domain containing protein 3 (PNPLA3) 
is considered the major genetic determinant of NAFLD [5]. 
SNPs rs738409 C>G in the PNPLA3 gene encodes for the 
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isoleucine to methionine substitution at position 148 (I148M), 
and is involved in hepatocellular lipid droplets remodeling 
and very low-density lipoprotein (VLDL) secretion, as a 
major determinant of inter individual and ethnicity-related 
differences in hepatic fat content [6]. In humans, PNPLA3, 
also known as adiponutrin, has the highest expression in 
the hepatic stellate cells, retina, and hepatocytes [6]. The 
mechanism underlying the progression of liver disease is still 
an area of active research but it has been shown that PNPLA3 
has a triglyceride and retinyl palmitate esterase activity [7]. 
The isoleucine to methionine substitution leads to a loss of 
function of the enzymes activities, leading to impairment of 
the lipid catabolism, lipid droplets remodeling, and VLDL 
secretions in hepatocytes [8, 9].  It is very important to note 
that the promoter activity of PNPLA3 is upregulated by glucose 
concentrations in a dose dependent manner [10]. In a meta-
analysis carriers of the I148M variant had 73% more liver fat, 
a 3.2-fold higher risk of necro-inflammation, and a 3.2-fold 
greater risk of developing fibrosis than the non-carriers [11]. 
More recent research has also shown that this gene variant 
increases the risk of cirrhosis 1.9-fold and the risk of HCC by 
a factor of 1.8  [12, 13]. In the era of global obesity and MetS 
prevalence, both the genetic and metabolic causes of NAFLD 
may exist in the same individual, and there are also many 
with the so-called “double trouble NAFLD“ [14, 15]. Lipid 
deposition in the liver seems to be critical in the pathogenesis 
of NAFLD, so its regulatory processes need to be further 
elucidated [16, 17]. Furthermore, these potential regulatory 
mechanisms are complicated by the interaction of genetic and 
metabolic factors.   

The aim of the present study was to evaluate the association 
between PNPLA3 I148M variant and various metabolic traits 
in obese NAFLD patients with and without prediabetes in the 
Bulgarian population.

METHODS

The protocol of the study was in accordance with the 
declaration of Helsinki [18] and was approved by the Ethics 
Committee of the Medical University Sofia (Protocol № 
4557/01.12.2017). All participating subjects signed a written 
informed consent.

Study population 
A total of 208 patients with NAFLD (32 mаle, 176 female; 

mean age 50.22±10.86 years, from 31 to 73 years old), 
recruited in a Clinic of Endocrinology and Metabolic Diseases, 
Alexandrovska University Hospital, Sofia, participated in the 
study. Inclusion criteria were: ultrasound based diagnosis of 
NAFLD [19] with enhanced liver fibrosis (ELF) score < 9.8 
[20]; fibrosis stage 4 score (FIB-4) <1.30 [21]; NAFLD fibrosis 
score (NFS) < 0.675 [22]; obesity (BMI ≥ 30 kg/m2 ); impaired 
glucose tolerance (oral glucose tolerance test (OGTT) venous 
plasma glucose on 120 min between 7.8 and 11.0 mmol/l) and/
or impaired fasting glucose (between 6.1 and 6.9 mmol/l ) [23] 
; age above 18 years. Study participants were not included if any 
of the following criteria were present: secondary cause of hepatic 
steatosis and absolute alcohol consumption > 20 g daily for 
women and > 30 g daily for men (2), diabetes mellitus, proven 

neoplasia, chronic kidney disease (eGFR calculated by CKD-
EPI formula <60 ml/min/1.73m2); Heart Failure NYHA class 
III and IV; Cushing‘s syndrome; acromegaly; hypothyroidism. 
All subjects were divided into two groups: a group without 
prediabetes (included 125 obese NAFLD patients) and a group 
with prediabetes (83 obese NAFLD patients with impaired 
fasting glucose and/or impaired glucose tolerance).

Anthropometric parameters as weight (kg), height (m), 
body mass index (BMI; kg/m2), waist circumference (WC) and 
hip circumference (cm), and arterial blood pressure (mmHg) 
were measured by standard criteria. Waist-to-hip ratio (WHR) 
and waist-to-stature ratio (WSR) were calculated. Visceral 
adiposity index (VAI) was performed using the following 
formulas: VAI=(WC/(36.85+(1.89xBMI))x(TG/0.81)x(1.52/
HDL) for females VAI=(WC/(39.68+(1.88xBMI))x(TG/1.03)
x(1.31/HDL) for males [24]. Percentage Body Fat (%) was 
measured by means of Body Impedance (BIA) by a TANITA™ 
TBF-215 GS Body Composition Analyzer in fasting state. 
MetS was diagnosed according to the International Diabetes 
Federation criteria [25]. A standard OGTT with measurement 
of glucose and insulin on 0 min (glucose 0, insulin 0), 60 min 
(glucose 60, insulin 60) and 120 min (glucose120, insulin120), 
as well as other laboratory tests were performed in the Central 
Laboratory of the Alexandrovska University Hospital, which is 
referent for Bulgaria. Homeostatic model assessment for insulin 
resistance (HOMA – IR) was calculated, using the following 
formula: HOMA-IR = fasting plasma glucose (mmol/l) x 
fasting serum insulin (µIU/ml) / 22.5. Insulin resistance (IR) 
was defined as a value of HOMA-IR > 2.5. Dyslipidemia was 
classified as a total cholesterol > 5.2 mmol/l, and/or low-
density lipoproteins (LDL) > 2.6 mmol/l and/or high-density 
lipoproteins (HDL) < 1.3 mmol/l for female and <1.0 mmol/l for 
male and/or triglycerides (TG) > 1.7 mmol/l/ and/or ongoing 
treatment. The ELF score was measured using an ADIVA 
Centaur automated system. The ELF score was calculated using 
the published algorithm combining tissue inhibitor of metallo-
proteinases-1 (TIMP-1), amino-terminal propeptide of type III 
procollagen (PIIINP) and hyaluronic acid (HA) values.  ELF, 
NFS and FIB-4 was calculated to exclude advanced fibrosis. 
Abdominal ultrasonography was performed in all patients.

Genotyping
DNA was extracted from the peripheral blood. All subjects 

were genotyped for rs738409 polymorphism, using polymerase 
chain reaction (PCR) and Restriction fragment length 
polymorphism analysis (RFLP) according to Islek et al. [26]. 

Sanger sequencing was performed in some samples as 
confirmatory analysis. PCR was performed with Sigma-aldrih 
Taq Polymerase. 14 µl of master mix was dispensed into each 
PCR tube and then were added the patient’s DNA. 

T h e  P r i m e r s  w e r e :  f o r w a r d  p r i m e r  ( 5 ’ - 
TCAGGAAAATTAAAAGGGTGCT -3’) and reverse primer 
(5’- GACTCAGCGCTAGCAGAGAAA -3’). The PCR cycling 
conditions for the rs738409 variant were as follows: pre 
denaturation at 95°C for 5 min, followed by 35 cycles at 95°C 
for 30 sec, 60°C for 30 s, 72°C for 1 min, and a final extension 
step at 72°C for 5 min. The digestion of the amplified 154 
bp fragment with the restriction endonuclease NlaIII was 
carried out at 37°C overnight. The digested PCR products were 
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resolved on 3% agarose gels stained with ethidium bromide. 
PCR method resulted in a 154 bp product of CC genotype and 
the GG genotype showed two fragments of 81 and 73 bp. In 
heterozygous genotype samples (G/C) showed three fragments 
of 154, 81, and 73 bp. 

Statistical analysis
For statistical analysis the data were processed using the 

statistical package IBM SPSS Statistics 25.0. The variant was 
first tested for Hardy-Weinberg equilibrium (HWE) using a 
χ2 test prior to analysis in two groups. The following statistical 
methods were applied: descriptive analysis, variation analysis, 
graphic analysis, Kolmogorov-Smirnov’s one sample non-
parametric test, and Shapiro Wilk test. χ2 tests and Fischer’s 
exact test - to look for dependency between category variables. 
Correlation analysis was used - for linear dependence 
between quantitative signs and binary logistics regression 
for the evaluation of the impact of researched factors.The 
association between the I148M variant and the presence of 
metabolic abnormalities was evaluated by multivariate logistic 
regression analysis. The level of significance for rejecting the 
null hypothesis was p < 0.05. 

RESULTS

A significant higher levels of VAI, VLDL, TG, blood 
glucose, insulin from OGTT, HOMA-IR, as well as lower levels 
of HDL were found in obese NAFLD patients with prediabetes 
rather than in the group without prediabetes (Tables I and II). 
Statistical analyses were adjusted for age and gender. All studied 
patients were homogeneous by BMI (p=0.341), WC (p=0.115), 
hip circumference (p=0.660) and percent fat mass (p=0.217). 

Genotypes did not differ significantly from the expected 
by the Hardy-Weinberg equilibrium in two groups (without 
prediabetes: p= 0.865 and with prediabetes: p=0.687). Among 
all patients the frequencies of PNPLA3 I148M CC, CG and 
GG alleles were 121 (58.17%); 77 (37.01%) and 10 (4.80%), 
respectively. Analysis of the relationship between the PNPLA3 
rs738409 C>G genotype (encoding for I148M) in the groups, 
is shown in Table III. The frequency of the mutant G allele 
was significantly higher in adipose NAFLD patients with 

prediabetes, compared to patients without glucose disturbances 
(p < 0.001; Table III). In the group without prediabetes, the 
normal homozygotes CC were statistically more prevalent. 
There was no significant difference between the GG 
homozygote variant in the two main groups. Furthermore, 
the carriers of the PNPLA3 I148M CG+GG variant had a 
9.6-fold higher risk of glucose disturbances compared to the 
wild genotype CC (OR 9.649, 95%CI: 2.100-44.328, р=0.004). 

The effect of the rs738409 adiponutrin genotype, encoding 
for the I148M protein variant, on MetS in the patients is shown 
in Table IV. In patients with and without MetS, we evaluated 
the PNPLA3/adiponutrin and we looked at the association of 
PNPLA3 I148M genotype with the presence of MetS. In the 
patients with MetS, CG heterozygotes were significantly more 
common, compared to CC homozygotes (p=0.003). There was 
no significant difference between GG homozygotes variant in 
the patients with or without MetS (Table IV).  Binary logistics 

Table I. Comparative analysis between the groups according to age and 
anthropometric parameters

Parameters
Without Prediabetes 

n=125
With Prediabetes 

n=83 p

Mean SD Mean SD

Age (years) 48.29 10.82 53.36 10.25 0.001

BMI (kg/m2) 37.33 6.63 37.74 5.84 0.341

Waist (cm) 110.36 14.02 113.20 12.88 0.115

Hip (cm) 118.70 13.07 117.99 11.91 0.660

WHR 0.93 0.12 0.95 0.14 0.033

WSR 0.67 0.09 0.69 0.08 0.103

VAI 48.29 10.82 53.36 10.25 <0.001

Fat tissue (%) 46.08 4.58 46.73 6.93 0.217

BMI: body mass index; WHR: Waist-to-hip ratio; WSR: waist-to-stature 
ratio; VAI: visceral adiposity tissue.

Table II. Comparative analysis between the groups according to arterial 
pressure and metabolic parameters

Parameters
Without Prediabetes 

n= 125
With Prediabetes 

n=83 Р

Mean SD Mean SD

SBP (mmHg) 132.07 16.22 135.21 15.80 0.149

DBP (mmHg) 81.63 10.02 85.18 10.25 0.021

TC (mmol/l) 5.18 1.02 5.28 0.98 0.329

HDL (mmol/l) 1.30 0.33 1.17 0.27 0.007

LDL (mmol/l) 3.22 0.89 3.17 0.93 0.699

VLDL(mmol/l) 0.65 0.28 0.85 0.31 <0.001

TG (mmol/l) 1.51 0.81 2.10 1.00 <0.001

Glu 0 5.33 0.52 6.90 2.69 <0,001

Glu 60 8.36 2.31 11.10 2.50 <0.001

Glu 120 5.55 1.48 8.63 2.31 <0.001

Insulin 0 15.03 8.67 25.24 29.26 <0.001

Insulin 60 107.03 67.83 136.66 105.68 0.024

Insulin 120 53.40 42.81 123.93 136.34 <0.001

HOMA-IR 3.53 2.20 7.04 8.40 <0.001

SBP: systolic blood preassure; DBP: diastolic blood preassure; HDL: high 
density lipoproteins; LDL: low density lipoproteins; VLDL: very low density 
lipoproteins; TG: triglycerides; Glu0: glucose at the zero minute; Glu60: 
glucose at 60 minutes; Glu120: glucose at 120 minutes; Insulin0: insulin at 
the zero minute; Insulin60: insulin at 60 minutes; Insulin120: insulin at 120 
minutes; HOMA-IR: Homeostatic model assessment of insulin resistance;

Table III. Analysis of the relationship between the PNPLA3 rs738409 
C→G genotype (encoding for I148M) in the groups

Frequency Without 
Prediabetes

With 
Prediabetes

p

PNPLA3 CC n 87 34

<0.001

% 71.9a 39.5b

CG n 30 46

% 24.8a 53.5b

GG n   4 6

% 3.3a 7.0a

* - the equal letters on the horizontal mean a lack of significant difference, 
and the different - the presence of significant difference (p <0.05)
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regression has shown that  PNPLA3 I148M both with the CG 
and GG genotypes were associated with a 3- times higher risk 
of development of MetS, compared to the wild CC genotype 
(OR 2.939, 95%CI: 1.590-5.434, p=0.001). 

DISCUSSION

This is the first study in Bulgarian obese NAFLD patients 
with and without prediabetes, evaluating the association 
between PNPLA3 polymorphism and metabolic traits. 
Abdominal ultrasonography was performed in all patients 
and non-invasive scoring systems (ELF score, the NAFLD 
fibrosis score, and FIB-4 indexes) were used to exclude advance 
fibrosis.  In our study, the frequency of the mutant G allele of 
PNPLA3  was significantly higher in obese NAFLD patients 
with prediabetes, compared to patients without glycemia 
disturdances. Furthermore, the carriers of the PNPLA3 I148M  
variant had a 9.6- fold higher risk of prediabetes compared 
to the wild CC genotype. Palmer at al. [27] showed that the 
PNPLA3 I148M allele was associated with insulin resistance 
and increased type 2 diabetes risk in a large obese cohort, 
despite relatively lower serum triglycerides, for the first time in 
two large studies: the SOS study (n =3,473) and the Go-DARTS 
Study (n=15,448) [27]. The authors concluded that the gene/
obesity interaction where the association is only seen in a fairly 
extreme subgroup, might explain why the PNPLA3 I148M 
allele has not been widely associated with serum triglyceride 
levels, insulin resistance and type 2 diabetes in other studies. In 
our research, all patients were obese and homogeneous by BMI, 
but with a different glucose status (with or without prediabetes).

We demonstrated a relationship between IR and the 
PNPLA3 I148M allele. Significantly higher percentage of CG 
and GG genotype was found in patients with IR, and carriers of 
the PNPLA3 I148M allele were found to have a 2.1-fold higher 
risk of being insulin resistant. 

Insulin resistance is a key factor in NAFLD pathogenesis 
and is deeply involved in the progression of liver disease, but 
the causal relationship between IR and fibrogenesis remains 
unclear. Functional common SNPs of genes included in the 
insulin signaling pathway influence IR and the susceptibility 
to type 2 diabetes [28]. Hepatic IR has a causal role in the 
progression of liver damage in NASH and therefore, the 
amelioration of IR may improve the long-term progression 
of the disease and decrease the risk of type 2 diabetes. 
Broad knowledge of the role of PNPLA3 in the regulation 
of liver metabolic functioning was recently gained by using 
different strategies, including functional in vitro studies and 
experimental animals [29]. Studies in mice  have shown the 

Тable IV. Analysis of the relationship between the PNPLA3 rs738409 
C→G genotype (encoding for I148M) in the patients with and without MetS

Frequency Without 
MetS

With 
MetS

p

PNPLA3 CC n 57 64 0.003

% 73.1a 49.2b

CG n 19 58

% 24.4a 44.6b

GG n 2 8

% 2.6a 6.2a

* - the equal letters on the horizontal mean a lack of significant difference, 
and the different - the presence of significant difference (p <0.05)

Broadly similar data was obtained in respect to IR and 
dyslipidemia. A significantly higher percentage of CG and 
GG genotype was found in subjects with IR (45.6% vs 28.3%, 
p=0.034). Moreover, the carriers of the PNPLA3 I148M allele 
had a 2.1-fold higher risk of being insulin resistant (OR 2.127, 
95% CI 1.078-4.197, p=0.029). In patients with dyslipidemia, 
CG heterozygotes were significantly more prevalent compared 
to CC homozygotes (p=0.021, Tabel V). There was no 
significant difference between the GG homozygotes variant 
and the patients with or without dyslipidemia. Finally, a 
positive correlation of serum concentration of aspartate 
aminotransferase (AST), alanine aminotransferase (ALT) and  
gamma glutamyl transferase (GGT) with rs738409 G allele was 
observed in our study population. The carriers of the PNPLA3 
I148M GG variant had higher mean levels of liver enzymes 
compared to those with the wild allele and heterozygotic 
variant (Fig. 1). GG and CG genotype was associated with 
significantly higher levels of AST compared to CC homozygotes 
(30.27±14.47;  21.95±10.95; 18.35±6.18, p<0.05, respectively). 
With regard to ALT and GGT, statistically significantly higher 
values were observed in the GG carriers in comparison to the 
CC wild type carriers, while in the CG variant, they did not 
differ significantly.

Тable V. Analysis of the relationship between the PNPLA3 rs738409 
C→G genotype (encoding for I148M) in the patients with and without 
dyslipidemia

Frequency Without 
dyslipidemia

With 
dyslipidemia

p

PNPLA3 CC n 71 50 0.021

% 65.1a 50.5b

CG n 31 46

% 28.4a 46.5b

GG n 7 3

% 6.4a 3.0a

* - the equal letters on the horizontal mean a lack of significant difference, 
and the different - the presence of significant difference (p <0.05)

Fig. 1. Analysis of the relationship between the PNPLA3 rs738409 
C→G genotype (encoding for I148M) and aspartate aminotransferase 
(AST), alanine aminotransferase (ALT) and  gamma glutamyl 
transferase (GGT).
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potential of treating NAFLD by inhibiting the PNPLA3 148M 
[30]. The results of the present study support such  potential 
option: downregulating the PNPLA3 might improve liver 
disease and the metabolic syndrome.

Some authors observed that obese patients with NAFLD 
and features of the MetS  have “Obese/Metabolic NAFLD” 
irrespective of genetic risk factors. On the other hand, they  
defined “PNPLA3 NAFLD”, in which the increase of liver fat 
in the carriers of the PNPLA3 I148M gene variant was due to 
polyunsaturated triglycerides [14, 15]. In “Obese/Metabolic 
NAFLD” the concentration of saturated triglycerides and 
insulin resistance-inducing ceramides is increased. Petäjä et 
al. [15] claimed that while “Obese/Metabolic NAFLD” was 
associated with NAFLD and features of the MetS and an 
increased risk of type 2 diabetes and cardiovascular disease, 
NAFLD caused by I148M variant in PNPLA3 and the E167K 
variant in TM6SF2 was not accompanied by IR. Thus, the lack 
of IR does not exclude NAFLD and not all patients with NAFLD 
are at an increased risk of type 2 diabetes and cardiovascular 
disease [15].

A recent meta-analysis of 65 studies established that the 
PNPLA3 rs738409 polymorphism was not only significantly 
associated with the susceptibility of NAFLD, but was also 
related to the susceptibility of aggressive disease [31]. The 
association of the I148M variant with hepatic lipid content 
is more pronounced in the presence of other risk factors, 
such as severe obesity, visceral adiposity, increased intake of 
carbohydrates or omega-6 poly-unsaturated fatty acids, and 
other genetic factor [32, 33]. In this study, we established a 
correlation of the PNPLA3 I148M genotype with the presence 
of MetS. In patients with MetS, rs738409 in CG heterozygotes 
were significantly higher compared to CC homozygotes. 
PNPLA3 I148M CG and GG genotypes were associated with 
a 3-times higher risk of development of MetS compared to 
the wild CC genotype. In the patients with dyslipidemia, CG 
heterozygotes were also significantly more frequent compared 
to CC homozygotes. PNPLA3 has not been equally associated 
with lipid levels in all studies. A study of Italian and UK NAFLD 
patients demonstrated that the GG genotype was associated 
with higher LDL, and both the CG and GG genotypes were 
associated with lower HDL cholesterol [34]. 

Cui et al. [35] observed significantly shared gene effects 
between steatosis and MetS components, and these results 
were supported by the fact that 44% of the genes associated 
with NAFLD were shared amongst 14% of the subjects with 
type 2 diabetes, obesity, and hypertension combined [35]. 
Many studies so far strongly suggest the presence of genetic 
commonality between NAFLD and MetS, but they depend not 
just on genetics but also on environmental factors as well as 
the interaction between the two [36].

All these findings suggest that PNPLA3 I148M could have 
pleotropic metabolic effects beyond its role in hepatic triglyceride 
accumulation, and its role in the development of prediabetes and 
metabolic syndrome should be taken in consideration.

This study has several limitations.  Firstly, the relatively 
small number of patients for genetic screening. Secondly, 
our study included more women than men because the 
participation rate was higher among women. Strengths of 
this study are that all subjects had NAFLD with or without 

prediabetes, and did not use any potentially interfering. The 
whole group was homogeneous with respect to BMI and other 
anthropometric parameters.

CONCLUSIONS

Our results showed for the first time that PNPLA3 I148M 
was associated with an increased risk of prediabetes, metabolic 
syndrome and insulin resistance in Bulgarian obese NAFLD 
patients. The rs738409 G variant was associated with higher 
blood glucose, dyslipidemia and higher levels of liver enzymes. 
Further studies with a larger group of NAFLD patients are 
required required to validate these findings.
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