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a b s t r a c t

Aims: To investigate the role of gene variants and derived haplotypes of the STAT3 transcription factor in
nonalcoholic fatty liver disease (NAFLD) and their relation with the clinical disease severity. Patients and
methods: 108 patients with NAFLD and different stages of clinical disease severity, and a group of 55
healthy individuals were included in a Hospital-based study. We selected 3 tagSNPs showing a minor
allele frequency >10% (rs2293152 C/G, rs6503695 C/T, and rs9891119 A/C) encompassing 68.55 kb in
chromosome 17, representing 24 polymorphic sites (r2 > 0.8). Results: In univariate analysis, there were
significant differences in the allele frequency of the rs6503695 and rs9891119 between the healthy indi-
viduals and NAFLD patients (empiric P = 0.021 and 0.020, respectively). The test results for the multi-
marker analysis showed that haplotypes TA and CC of tagSNPs rs6503695, rs9891119 were significantly
associated with NAFLD (empiric P = 0.035 and 0.015, respectively). When we tested the hypothesis of a
relation between the gene variants and the clinical and histological spectrum of NAFLD by multinomial
analysis, a significant association was observed with rs9891119 (P = 0.02). Conclusions: Our study sug-
gests a potential role of the STAT3 polymorphisms and their haplotypes in susceptibility to NAFLD and
disease severity.

� 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Nonalcoholic fatty liver disease (NAFLD) is a common abnor-
mality observed in patients with metabolic syndrome [1] and re-
fers to a wide spectrum of liver diseases ranging from fatty liver
alone to nonalcoholic steatohepatitis (NASH) with evidence of liver
cell injury, a mixed inflammatory lobular infiltrate, and variable
fibrosis [2].

It was previously shown that most patients with NASH are also
insulin resistant [3]. Recent data indicate that NAFLD should be
considered the hepatic manifestation of the metabolic syndrome
[4]. In fact, there is a nearly-universal association between both
clinical entities as insulin resistance is a major contributor in the
pathogenesis and disease progression of NAFLD [5].

Signal Transducer and Activator of Transcription 3 (STAT3)—ini-
tially described as an acute-phase protein and also as an

ubiquitous transcription factor indispensable during early embryo-
genesis—contributes to various metabolic processes and, possibly,
to the pathogenesis of certain diseases such as the metabolic
syndrome.

For instance, it was reported that mice lacking STAT3 specifically
in the liver have insulin resistance and glucose intolerance when
fed a high-fat diet, showing that hepatic STAT3 signaling is essen-
tial for normal glucose homeostasis [6]. Interestingly, restoration
of hepatic STAT3 expression in these mice by using an adenovi-
rus-mediated gene transfer, corrected the metabolic abnormalities
and the alterations in the hepatic expression of gluconeogenic
genes [6].

Moreover, it was shown that STAT3 plays an important role in
the induction of liver acute-phase genes in response to bacterial
lipopolysaccharide [7], suggesting that STAT3 is a key regulator of
the anti-inflammatory signaling pathway.

Finally, previous studies have suggested that STAT3 plays a crit-
ical role in the regulation of mammalian body weight and energy
homeostasis [8].

Consequently, in view of the evidence mentioned above, we
hypothesized that STAT3 gene variants and their predicted haplo-
types of linkage disequilibrium (LD) blocks may contribute to the
susceptibility of NAFLD. Additionally, we tested the hypothesis of
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a relation between gene variants and clinical and biochemical dis-
ease severity. Here, then, we performed a candidate gene case-con-
trol association study.

2. Patients and methods

Between October 2005 and June 1, 2007 we performed a cross
sectional study on NAFLD in a county Hospital of the city of Buenos
Aires. The study involved 108 consecutive unrelated patients (30
males and 78 females) with features of NAFLD, including ultraso-
nographic examinations (US) suggestive of fatty infiltration [9]
performed by the same operator.

Secondary causes of steatosis, including alcohol abuse (P30 g
alcohol daily for men and P20 g for women), total parenteral
nutrition, hepatitis B and hepatitis C virus infection, and the use
of drugs known to precipitate steatosis were always excluded. By
using standard clinical and laboratory evaluation as well as liver
biopsy features when applicable, autoimmune liver disease, meta-
bolic liver disease, Wilson’s disease, and a-1-antitrypsin deficiency
were likewise ruled out in all patients.

For the evaluation of the clinical and biochemical disease sever-
ity, NAFLD cases were classified as follows: fatty liver with persis-
tently normal liver function test during 12 months of follow-up
(FL-NLFT), fatty liver with persistently abnormal liver function test
(FL-ALFT), and NASH proven through biopsy as described below.
Patients were defined to have abnormal liver function test in the
presence of at least one of the following biochemical criteria: (1)
elevated serum alanine (ALT) and/or aspartate aminotransferase
(AST), defined as >41 U/L, (2) gamma-glutamyl-transferase (GGT)
>50 U/L, and (3) alkaline phosphatase (AP) >250 U/L.

Additionally, 55 healthy individuals (18 males and 37 females)
with the same demographic background and who underwent an
annual health examination during the same study period were in-
cluded in the study as an additional control group. All healthy con-
trols were subjected to US. None of them evidenced fatty change,
biochemical abnormalities or features indicative of metabolic
syndrome.

2.1. Physical, anthropometric and biochemical evaluation

Health examinations included anthropometric measurements, a
questionnaire on health-related behaviors, and biochemical
determinations.

Body mass index (BMI) was calculated as weight/height2 (kg/
m2) and was used as the index for relative weight. Additionally,
waist and hip circumference were also assessed. Blood was drawn
from fasting subjects who had lain in a supine resting position for
at least 30 min. Serum insulin, total cholesterol, HDL and LDL-cho-
lesterol, triglycerides, plasma glucose and liver function tests were
measured by standard clinical laboratory techniques. Homeostasis
Model Assessment (HOMA) was used to evaluate an insulin resis-
tance index and was calculated as fasting serum insulin (lU/
ml) � fasting plasma glucose (mmol/l)/22.5. Elevated blood pres-
sure was defined as systolic arterial blood pressure (SABP) P
130 mm Hg and/or DABP P 85 mm Hg or receipt of anti-hyperten-
sive medications.

All the investigations performed in this study were conducted in
accordance with the guidelines of The Declaration of Helsinki. Writ-
ten consent from individuals was obtained in accordance with the
procedures approved by the Ethical Committee of our institution.

2.2. Liver biopsies and histopathological evaluation

A percutaneous liver biopsy (LB) was performed in 68 patients
that showed US fatty changes plus persistently abnormal liver

function tests (in at least three different determinations in a fol-
low-up 12 month period). LB was performed with ultrasound guid-
ance and modified 1.4 mm diameter Menghini needles (Hepafix,
Braun, Germany) on an outpatient basis. Liver biopsy specimens
were routinely fixed in 40 g/L formaldehyde (pH 7.4) embedded
in paraffin and stained with hematoxylin and eosin, Masson tri-
chrome and silver impregnation for reticular fibers. The same liver
pathologist, who was blinded to patient details, read all biopsies.
The diagnosis of NASH was confirmed by liver histology, and grad-
ing necroinflammatory activity or staging fibrosis was scored
according to the system developed by Brunt et al. [10]. NASH
was defined as steatosis plus any stage of fibrosis or as steatosis
plus lobular inflammation plus ballooning degeneration [2].

2.3. Genotype and haplotype analysis

The genetic analyses were done on genomic DNA extracted
from white blood cells by a standard method as previously de-
scribed [11].

To assess the contribution of STAT3 gene variants to NAFLD, we
selected tag SNPs by using an aggressive tagging approach to con-
struct single-marker and multi-marker tests (test based on combi-
nations of tags) to capture alleles of interest [12] and the phase II
genotyping data from the HapMap project for Caucasians from
the CEU dataset with a minor allele frequency (MAF) P0.10 and
a minimum r2 of 0.8.

Genotyping was performed by a high-throughput genotyping
method involving PCR amplification of genomic DNA with two
tailed allele-specific primers that introduce priming sites for uni-
versal energy-transfer-labeled primers as previously described
[13].

To ensure genotyping quality, we included DNA samples as
internal controls, hidden samples of known genotype, and negative
controls (water). Genotypes with a signal below a negative control
were not scored. The analysis error was estimated by replicating
eight times a blinded sample (always belonging to the same indi-
vidual) across the templates of the project. On 216 genotypes for
the ‘‘blinded sample”, we had only 1 not-matched genotype
(0.46% error); then, the observed error rate is estimated to be less
than 0.5%. Overall genotype completion rate was 85.18% and
87.27% for rs2293152 and 96.29% and 96.36% for rs6503695 in
cases and controls, respectively, and 100% in both cases and con-
trols for rs9891119.

To explore a possible stratification in the population we used a
collection of 13 SNPs at different loci (located in chromosome 4, 15,
17, 13, 1, and 3) and then analyzed the data with the Structure pro-
gram Version 2 [14]. We found no evidence of stratification in our
sample, because cases and controls showed similar Q values and
were assigned with a similar distance to clusters by the program
Structure with no further improvement in the fitting model by
adding up to four clusters (the ln of likelihood was maximum for
K = 1).

A a-priori power estimation for the utilized sample was per-
formed for single-point allelic effects, odds ratio of 1.5, at a nomi-
nal significance level of 0.05 for HapMap-predicted MAF of 0.457
(rs2293152) to 0.26 (rs6503695 and rs9891119) of a potential sus-
ceptibility marker and a 30% prevalence of the disease. This analy-
sis gave us an estimated power of 70% under the additive model for
both markers, and 84% for the multiplicative model for rs2293152
and 79% for rs6503695 and rs9891119.

The PLINK software was used for assessing the association be-
tween SNPs and the affection status and quantitative traits as well
as for testing Hardy–Weinberg equilibrium and LD measures [15].
SNP haplotype analysis was performed by Haploview software
[16]. This tool was also used to obtain haplotype frequencies. Con-
trol for multiple testing was done by permutation testing (100,000
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permutations) of individual traits to obtain an empirical P-value.
Differences in genotype frequencies between cases and controls
were analyzed as described using PLINK software. Multi-marker
haplotype test was performed by Haploview.

2.4. Statistical analysis

Phenotypic quantitative data were expressed as means ± SE. For
univariate analysis and to avoid any assumption about variable
distribution and homoscedasticity, differences between groups
were assessed by the non-parametric Mann–Whitney Test. For
testing the association between markers and disease severity, we
used a regression analysis for a multinomial distribution (Logit as
the Link function) with disease severity as the dependent (re-
sponse) variable coding controls, FL-NLFT, FL-ANFT and NASH sub-
jects as 0, 1, 2, and 3, respectively; HOMA and BMI as continuous
predictor variables and genotypes as a grouping variable. We used
the CSS/Statistica program package, StatSoft V 6.0 (Tulsa, USA) to
perform these analyses.

3. Results

Clinical features, anthropometric variables and laboratory find-
ings at diagnosis available in patients and healthy individuals are
shown in Table 1. NAFLD patients were older and showed most
of the risk factors of the metabolic syndrome: elevated BMI,
waist-hip ratio, fasting insulin, and HOMA index.

In the patients’ group, 40 out of 108 were classified as having
FL-NLFT, 23 as FL-ANFT, and 45 as NASH proven through biopsy.
Patients in the FL-NLFT showed persistently normal ALT, AST, AP,
and GGT.

3.1. STAT3 gene variants

The STAT3 gene contains 24 exons and spans over 75.17 kb in
chromosome 17q21 at location 37.718.69–37.794.039. To diminish
the burden of genotyping the complete number of variants of the

STAT3 (The HapMap B35 full set database includes 28 polymorphic
sites with MAF > 0.05) we selected 3 tagSNPs showing a MAF > 10%
(rs2293152 C/G, rs6503695 C/T, and rs9891119 A/C) encompassing
68.55 kb of the gene. The 3 tagSNPs represent 24 polymorphic sites
with an r2 > 0.8 considering the HapMap project data. Table 2 illus-
trates the tagSNPs description. Test results from the Tagger algo-
rithm showed the above mentioned single-marker tags and 3
multi-marker tags (haplotypes composed of 2 or 3 markers
that capture additional variants) capturing all SNPs of MAF P 5%
(Table 3). The haplotype TA of the multi-marker composed of
tagSNPs rs6503695–rs9891119 captures two additional single-
markers with an r2 > 0.8. Additionally, the haplotype CC of the
multi-marker composed of the same tagSNPs captures 12 addi-
tional variants, five of them in high LD showing an r2 > 0.8. Finally,
the haplotype TC captures two additional variants with high LD.
However, this haplotype was found at a very low frequency.

The distribution of the genotypes was in Hardy–Weinberg equi-
librium (data not shown).

In univariate analysis, after multiple comparison correction by
permutation tests, there were significant differences in the allele
frequency of the rs6503695 and rs9891119 between the control
group and NAFLD patients (empiric P value = 0.021 and 0.020,
respectively).

Association studies of single-tagSNPs of the STAT3 with NAFLD
using extended Mantel–Haenszel test for trend and genotype
counts according to disease status are shown in Table 4.

Test results for the multi-marker analysis showed that the hap-
lotype TA of tagSNPs rs6503695 and rs9891119 (capturing
rs744166 and rs12949918 with an r2 P 0.8) and haplotype CC of
tagSNPs rs6503695 and rs9891119 (a tag for rs8069645,
rs6503696, rs6503697, rs4103200, and rs9912773 with an
r2 P 0.8) were significantly associated with NAFLD (Table 5), and
the association remained after multiple testing correction by per-
mutation test.

When we tested the hypothesis of a relation between the gene
variants and the clinical and histological spectrum of NAFLD (dis-
ease severity by using the variable coding of disease’ grade ranging
from healthy subjects to nonalcoholic steatohepatitis patients as
follows: controls, FL-NLFT, FL-ANFT, and NASH subjects as 0, 1, 2,
and 3), a significant association was observed with the
rs9891119 A allele (nominal P = 0.02, Spearman Rank Test). Using
a multinomial with Logit function test, this association (v2:
15.02, p = 0.02) persisted after adjusting for HOMA (v2: 22.36,
p = 0.000055) and BMI (v2: 53.88, p = 1 � 10�11) as independent
continuous predictor variables. Then, we observed significantly
higher scores of disease severity in individuals carrying the AA
genotype (1.73 ± 0.16) in comparison with AC genotype
(1.10 ± 0.21) and CC genotype (1.14 ± 0.36), p < 0.04. A more robust
difference was observed in the dominant model of inheritance: AA

Table 1
Clinical and biochemical characteristics of the studied individuals

Variables Healthy
individuals

NAFLD
patients

Nominal
P value

Number of subjects 55 108
Age, years 46.2 ± 1.3 56.0 ± 1.12 0.00001
BMI (kg/m2) 25.65 ± 0.68 36.09 ± 3.33 0.00001
Waist-hip ratio 0.84 ± 0.01 0.91 ± 0.01 0.00001
SABP (mm Hg) 120.77 ± 1.8 124.71 ± 1.58 NS
DABP 8(mm Hg) 75.81 ± 1.36 78.93 ± 1.04 NS
Fasting plasma glucose (mmol/

L)
4.75 ± 0.08 5.88 ± 0.23 0.00004

Fasting plasma insulin
(pmol/L)

45.83 ± 3.36 94.86 ± 7.35 0.00001

HOMA index 1.43 ± 0.12 3.55 ± 0.32 0.00001
Total cholesterol (mmol/L) 6.05 ± 0.14 5.59 ± 0.14 NS
HDL cholesterol (mmol/L) 1.10 ± 0.08 1.21 ± 0.05 NS
LDL-cholesterol (mmol/L) 2.98 ± 0.23 3.16 ± 0.15 NS
Uric acid (lmol/L) 220.07 ± 6.82 243.86 ± 2.63 NS
Triglycerides (mmol/L) 1.74 ± 0.02 2.02 ± 0.01 NS
ALT (U/L) 19.0 ± 2.2 45.0 ± 3.42 0.003
AST (U/L) 19.83 ± 1.77 37.5 ± 2.44 0.001
cGT (U/L) 19.66 ± 2.52 57.12 ± 5.81 0.043
AP (U/L) 232.5 ± 15.9 248.2 ± 12.1 NS

NAFLD, nonalcoholic fatty liver disease; BMI, body mass index; SABP and DABP,
systolic and diastolic arterial blood pressure; HOMA; homeostatic model
assessment; ALT and AST, serum alanine and aspartate aminotransferase; cGT,
gamma-glutamyl-transferase; AP, alkaline phosphatase. Results are expressed as
means ± SE. Nominal P value stands for statistical significance using Mann–Whitney
test. NS, non significant.
All measurements are in SI units.

Table 2
Characteristics of the Tag Single Nucleotide Polymorphisms of the STAT3 gene
genotyped in the study

NCBI SNP
referencea

Location in the
STAT3 gene

Hetero-
zygosity

dsSNP
allele

Minor
allele

MAF

rs2293152 Intron 13 0.49 C/G C 0.38
rs6503695 Intron 2 0.47 C/T C 0.37
rs9891119 Intron 1

(non-coding
region
near the gene
promoter)

0.42 A/C C 0.37

MAF, minor allele frequency (within controls in the study). STAT3, Signal Trans-
ducers and Activator of Transcription 3.

a Single Nucleotide Polymorphisms on NCBI Reference Assembly.
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(1.73 ± 0.16) vs. AC+CC (1.12 ± 0.18), p < 0.02. In addition,
rs9891119 was significantly associated with AST values (a surro-
gate of disease severity), as quantitative trait (b = 10.14,
p = 0.025, linear regression analysis) in the additive model.

Finally, when we analyzed the allele frequencies of tagSNPs in
patients with NASH, no association was observed between either
the necroinflammatory grade or the overall fibrosis score and the
tagSNPs (data not shown).

4. Discussion

We examined the genetic influence of gene variants and their
haplotypes of the LD block of the STAT3 factor on NAFLD and found
that, in the analysis of individual markers, rs6503695 and
rs9891119 were significantly associated with the disease being
the rs6503695-T and rs9891119-A allele carriers 2.3 and 2.5-fold,
respectively, more likely to have NAFLD in comparison with non-
carriers. Moreover, the test of haplotypes based on multi-marker
predictors showed that frequencies of haplotypes TA and CC of
tag SNPs rs6503695 and rs9891119 in NAFLD individuals signifi-
cantly differed from those in healthy subjects showing that the
haplotype TA confers an almost 2-fold increase in the risk of suffer-
ing from NAFLD and haplotype CC confers a 2.5-fold protection
against NAFLD.

Additionally, we evaluated the role of the gene variants in the
clinical disease severity and observed a significant association be-
tween the clinical or histological spectrum of NAFLD and the
rs9891119 tagSNP located near the gene promoter independently
of the effect of the BMI or insulin resistance.

To our knowledge, the potential contribution of STAT3 to the
NAFLD susceptibility and severity has not been described in hu-
mans and our study is the first to provide evidence of association
to the disease. This significant association is hardly explained by
a possible stratification of the sample as we found no evidence of
substructure either in cases or controls using independent multi-
markers and the program Structure [14].

Although association does not necessarily mean a causal-rela-
tion, in this case a body of evidence supports that this may be
the case, particularly considering the biological plausibility of this
relation. In fact, these results are consistent with several indepen-

Table 3
Test results from the Tagger algorithm that we used to select single and multi-marker
tests to capture all SNPs of MAF P 5% and r2

6 0.8

SNP ID MB
Position

Allele
capture

Freq Tagging test Genotype r2

rs1053023 37719142 T 0.8417 rs6503695,
rs9891119

C,C 0.438

rs1053005 37719436 T 0.8417 rs6503695,
rs9891119

C,C 0.438

rs3744483 37719964 T 0.8417 rs6503695,
rs9891119

C,C 0.438

rs8074524 37723124 C 0.8417 rs6503695,
rs9891119

C,C 0.438

rs3809758 37725506 C 0.8417 rs6503695,
rs9891119

C,C 0.438

rs8078731 37733907 A 0.8583 rs6503695,
rs9891119

C,C 0.37

rs2293152 37735055 C 0.6 rs2293152 C 1
rs2306580 37745206 C 0.8917 rs6503695,

rs9891119
T,C 0.92

rs8069645 37748428 A 0.7583 rs6503695,
rs9891119

C,C 1

rs7217655 37749550 C 0.65 rs9891119 A 0.964
rs3816769 37751799 T 0.65 rs9891119 A 0.964
rs6503695 37753059 T 0.675 rs6503695 T 1
rs6503696 37753330 C2 0.7583 rs6503695,

rs9891119
C,C 1

rs6503697 37755105 A 0.7583 rs6503695,
rs9891119

C,C 1

rs4103200 37760591 G 0.7583 rs6503695,
rs9891119

C,C 1

rs9891119 37761506 A 0.6417 rs9891119 A 1
rs9912773 37764060 C 0.775 rs6503695,

rs9891119
C,C 0.911

rs17593222 37766516 C 0.8917 rs6503695,
rs9891119

T,C 0.92

rs744166 37767727 A 0.5583 rs6503695,
rs9891119

T,A 0.869

rs3785898 37768646 C 0.75 rs6503695,
rs9891119

C,C 0.788

rs957970 37773416 A 0.6417 rs9891119 A 0.86
rs12949918 37779799 T 0.5667 rs6503695,

rs9891119
T,A 0.838

rs1026916 37783361 G 0.6417 rs9891119 A 0.86
rs7211777 37787601 A 0.6417 rs9891119 A 0.86

SNP ID, Single Nucleotide Polymorphisms on NCBI Reference Assembly; MB posi-
tion, Mapped chromosome position (International HapMap Project).

Table 4
Genotype counts according to disease status and association study of single-tagSNP in STAT3 with NAFLD

Single tagSNP Genotype Disease status NAFLD association test

Control group NAFLD OR (95% CI) Cumulative OR (95% CI) P value

GG 18 27
rs2293152 CG 24 35 0.97 (0.44–2.13) 2.05 (1.07–3.93) 0.037

CC 6 30 3.33 (1.18–9.44)
CC 4 6

rs6503695 CT 25 34 2.04 (0.53–7.84) 2.32 (1.20–4.48) 0.011
TT 24 64 4.00 (1.05–15.18)
CC 8 6

rs9891119 AC 21 28 1.77 (0.55–5.79) 2.54 (1.31–4.91) 0.005
AA 26 74 3.79 (1.22–11.83)

Odds ratios (OR) and 95% confidence intervals (95% CI) in relation to the first genotype. Cumulative OR using proportional odds model (Liu–Agresti method) [26] is also
indicated. P value stands for two-sided alternative (cases 6¼ controls) significance from the extended Mantel–Haenszel (MH) test for trend.

Table 5
Association study of multi-marker tag SNP tests (haplotypes) in STAT3 with NAFLD

Multi-marker tagSNP test Associated haplotype Frequency OR (95% CI) Nominal P value Empirical P value

rs6503695, rs9891119 TA 0.738 1.96 (1.18–3.26) 0.0097 0.035
rs6503695, rs9891119 CC 0.220 0.39 (0.23–0.66) 0.0039 0.015
rs6503695, rs9891119 TC 0.019 0.50 (0.10–2.52) 0.42 0.89

Odds ratios (OR) and 95% confidence intervals (95% CI). Empiric P value stands for statistical significance adjusted for multiple testing by permutation test.
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dent observations in animal models. For instance, previous studies
in STAT3 mutant mice showed that these animals develop insulin
resistance associated with an increased glucose production
[6,17]. Moreover, the disruption of neural STAT3 causes obesity,
diabetes, infertility, and thermal dysregulation [18].

On the other hand, it was shown that IL-6 through STAT3 signal-
ing in the liver contributes to the brain insulin action leading to the
suppression of hepatic glucose production [17,19].

As a final point, STAT3 is able to activate several pathways re-
lated with liver regeneration and acute inflammatory reaction after
hepatocyte necrosis [20]. This particular role of the STAT3 protein is
important considering that the immunologic response occurring in
fatty liver may be a factor that impairs the liver regenerative
capacity.

It is well known that NAFLD—like other complex diseases—is
polygenic and multifactorial, and the disorder develops from the
interplay between genes and the environment. In view of the crit-
ical role that insulin resistance and obesity play in the pathogene-
sis of NAFLD, it is reasonable to speculate that STAT3 variants may
be involved in the molecular pathogenesis of NAFLD.

Although on the basis of clinical data and follow-up studies
NAFLD was initially regarded as a benign disorder, it is currently
known that, in some but not all affected individuals, the disease
may progress to more severe clinical forms. In fact, even after
exposure to the same risk factors (either dietary or lifestyle-related
aspects), it is not clear why some persons develop simple steatosis,
whereas others progress to severe cirrhosis. However, NASH is ob-
served only in a fraction of patients with NAFLD clearly suggesting
a genetic predisposition. We observed that when we divided the
NAFLD patients into categories of cases according to the clinical,
biochemical or histological spectrum, a significant association
was seen between the disease progression and the rs9891119
tagSNP.

To perform liver biopsies on asymptomatic patients without
evidence of abnormality during a long follow-up period in none
of the LFT (ALT, AST, AP, and GGT) is, at least, questionable, partic-
ularly because no intervention besides lifestyle measures should
be recommend. In our study we pre-classified patients for clinical
disease severity evaluation according to a panel of 4 LFT monitored
during a 12-month follow-up period as it was shown that liver
biopsy is invasive, costly, and prone to severe complications that
have been reported to occur in 0.57% [21].

This issue could be a drawback in our study when making con-
clusions about histological disease severity. However, it is note-
worthy that we did not pre-classified patients taking into
account an isolated value of ALT and AST. By the contrary, we strat-
ified and selected for biopsy those patients who showed a combi-
nation of abnormal LFT, which were previously shown to be
strongly associated with disease severity and its complications
[22–24].

In summary, genetic factors contribute to virtually every human
disease by conferring susceptibility or resistance, affecting the
severity or progression of disease, and interacting with environ-
mental factors that modify disease course and expression.

Our study suggests a potential role of STAT3 variants and their
haplotypes in an increased susceptibility to NAFLD and disease
progression in our population.

Understanding how the reported variants can affect the STAT3
function may require additional studies. However, it is worth men-
tioning that even robust genetic findings cannot always be readily
explained at a functional level; however, they are seeds for future
research [25].

We hope our study can serve as a primer because further re-
search is needed to confirm and extend the current findings in lar-
ger populations to reveal the intimate mechanism by which the
STAT3 variants may lead fatty liver disease.
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