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Abstract. Background. It is generally believed that environmental and genetic factors interact with the formation
of nonalcoholic fatty liver disease (NAFLD) phenotype and determine its progression. Both NAFLD and type 2 dia-
betes (T2D) are heterogeneous diseases with common pathogenic pathways. Adiponectin is an adipokine, which
increases the sensitivity of hepatocytes and muscle to insulin, modulates energy homeostasis, glucose/lipid metabo-
lism, and inflammatory response. A number of significant adiponectin gene polymorphisms are known in this area.
The purpose of the study was to evaluate the possible association between two adiponectin gene (ADIPOQ) vari-
ants, +276 G/T (rs1501299) and —11391 G/A (rs17300539), and susceptibility to NAFLD in T2D patients of Ukrainian
population. Materials and methods. Case-control study included a total of 155 persons with T2D (males/females:
77/78, age 54.55 + 0.73 years, T2D duration 6.66 + 0.49 years, body mass index 32.20 + 0.43 kg/m?, waist/hip cir-
cumference 0.98 + 0.01 m, HbA,.7.26 + 0.11 %) for biochemical characteristics (lipid profile, non-esterified fatty acids
(NEFA), insulin, total adiponectin, etc.), including 90 T2D patients with NAFLD, 245 — with rs1501299 genotyping,
155 — with rs 17300539 genotyping, and 51 sex and age-matched control subjects. The +276 G/T and —11391 G/A
were determined by polymerase chain reaction — restriction fragment length polymorphism method with endonucle-
ases Mva1269I (Bsml) and Mspl (Hpall). Insulin resistance (IR) was assessed using homeostasis model assessment
(HOMA) algorithm and as adipose IR (Adipo-IR, NEFA%insulin). Unpaired Student's t test, y? test and Spearman’s
rank order were used. To predict the probabilities of genetic risk in NAFLD, the odds ratio (OR) and 95% confidence
interval (Cl) were calculated. Results. T2D patients were characterized by overweight and obesity, which were more
significant in the presence of NAFLD (p < 0.01). It was accompanied by an increase in HOMA-IR (p < 0.05) and
triglycerides (p < 0.001) levels. We found that Adipo-IR was higher in patients with T2D as compared to the controls
(p < 0.001), and this index was significantly increased in T2D patients with NAFLD in contrast to obesity-matched
persons without NAFLD (190.18 + 22.15 vs 133.32 + 13.58 mmol/L-pmol/L, p < 0.02), with negative correlation be-
tween Adipo-IR and adiponectin level in T2D patients with NAFLD only (r, = —0.350, p = 0.021). Stratification of non-
NAFLD patients by +276G/T genotype suggests the prevalence of GT- and TT-genotypes. Thus, the rs1501299
G-allele increased the risk of NAFLD in comparison with T-allele (OR = 4.44, 95% Cl = 2.89-6.81, p < 0.05). We also
found a significant difference in the frequency of —11391G/A between T2D and control groups, but not between the
patients with and without NAFLD. We observed that the haplotype of GT/GG had been more common in T2D with
NAFLD, and twice less often detected in patients without hepatic disease (33 and 16.49 %, respectively, p < 0.05).
Conclusions. We can recommend Adipo-IR index as a predictive marker for the NAFLD development and the indica-
tor for therapy success in T2D patients. We established new genetic markers (rs1501299 G-allele, rs 17300539 and

rs1501299 GG/GG and GT/GG haplotypes, respectively) for the risk of NAFLD development in T2D patients.
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Introduction

Nonalcoholic fatty liver discase (NAFLD) is close-
ly related with visceral obesity and insulin resistance
(IR) [1], which are early and powerful determinants of
type 2 diabetes mellitus (T2D). Although NAFLD is not
one of the defining criteria for metabolic (IR) syndrome,
it is a common hepatic manifestation [2]. On the other
hand, L. Amedeo et al. (2015) are thought, that the con-
ventional paradigm of NAFLD representing the “hepatic
manifestation of the metabolic syndrome” is outdated [1].
However, NAFLD is usually associated with obesity or
IR and thus can be regarded as sign of the metabolic syn-
drome. It should be looked for in patients with obesity,
diabetes or lipid disturbances [3]. Dyslipidemia, IR, in-
creased production of proinflammatory cytokines, low
adiponectin, high PAI-1 levels, hypertension, and hyper-
glycemia are main factors that lead to NAFLD, further ag-
gravate the course of NAFLD, and accelerate the progress
of atherosclerosis and the development of cardiovascular
disease (CVD) [4]. The high prevalence of T2D, about
2 % of the world’s population [5], the specificity of clini-
cal manifestations and the life quality of these patients
make the research of this disease and its complications
especially urgent. On the other hand, obesity, hypergly-
cemia, T2D and hypertriglyceridemia are known as risk
factors for the NAFLD development [6—8]. It is generally
believed that environmental and genetic factors interact
to produce NAFLD phenotype and determine its pro-
gression [9]. Both NAFLD and T2D are heterogeneous
diseases. Common pathways involved in the pathogenesis
of NAFLD and T2D include IR, atherogenic dyslipide-
mia, subclinical inflammation, oxidative stress, CVD,
chronic kidney disease, and obesity [10].

Recent studies have pointed role of adipose tissue as
an active endocrine organ that can secrete a number of
specific adipokines (including chemokines, cytokines
and hormones) which can affect energy balance and en-
docrine mechanisms responsible for regulating appetite,
lipid metabolism, blood pressure, insulin sensitivity, and
systemic inflammation. An important role in this system
plays adiponectin [5]. Adiponectin is an adipose tissue-
specific plasma protein produced in growing adipocytes,
prevents the formation of IR syndrome, increases the
sensitivity of hepatocytes and muscle to insulin, possesses
a protective effect on the vascular wall, modulates insulin
sensitivity, energy homeostasis, glucose and lipid metabo-
lism, and anti-inflammatory responses in the vascular sys-
tem [11, 12]. However, as soon as fat tissue increases in
volume, adiponectin concentration is reduced [13], and
the low level of this hormone is combined with the further
development of obesity-related disturbances [14].

Adiponectin shows protective properties in alcoholic
and nonalcoholic fatty liver disease [15]. In liver, adipo-
nectin attenuates IR by increasing of insulin sensitivi-
ty [16]. At present time, however, the molecular mecha-
nisms underlying the development and the progression of
NAFLD are poorly understood. To clarify the nature of
the link between the gene and metabolic state of the or-
ganism, ADIPOQ SNPs are investigated, among others
[17]. Adiponectin is encoded by ARMI1 (ADIPOQ,
ACDC) gene, located on the long arm of chromosome

3 locus at 3q27 [18, 19], which covers 16 kb and con-
tains three exons and two introns. The results of genome
wide study of the locus 3q27 identified its relationship
with susceptibility to diabetes [20, 21]: it is associated
with T2D and metabolic syndrome in Japanese [21],
USA [22], French (Caucasoids) [19] and Italian [23]
populations. We have previously identified association
of adiponectin gene (ADIPOQ) SNP +276 G/T and
paraoxonase-1 gene (PON-1) SNP Q192R with the risk
of T2D development in Ukrainian population [24, 25].

The purpose of the present study was to evalu-
ate the possible association between two adiponectin
gene variants, +276 G/T (rs1501299) and —11391 G/A
(rs17300539), and susceptibility to NAFLD in type 2 di-
abetic subjects of Ukrainian population.

Materials and methods

Case-control study included a total of 155 patients
with a diagnosis of T2D (M/F: 77/78, age 54.55 = 0.73,
T2D duration 6.66 * 0.49 yrs, body mass index
(BMI) 32.20 £+ 0.43 kg/m?, waist-to-hip ratio (WHR)
0.98 £ 0.01, HbA  7.26 £ 0.11 %) including 90 T2Ds
with NAFLD and 51 sex and age-match control sub-
jects (C) for biochemical characteristics, 245 T2Ds and
103 C for rs1501299 genotyping, 155 T2Ds and 51 C for
rs17300539 genotyping. The data were collected through
a standard questionnaire. All patients were interviewed
regarding a full medical history that included age, sex,
occupation, duration of diabetes, mode and duration of
treatment, presence of any associated illness, surgical
history, personal history of smoking/alcohol/drug abuse,
dietary habit and family history of diabetes. Controls
were individuals with no clinically significant abnormal
physical findings. None of the controls had any personal
history of diabetes at the time of blood donation, which
was ascertained with a questionnaire completed by each
healthy volunteer. All cases and controls signed an in-
formed consent for clinical, biochemical and genetic
studies and the protocols were approved by the institu-
tional review board of SI “V. Danilevsky Institute of En-
docrine Pathology Problems of NAMS of Ukraine”.

Cases and controls from study were all Caucasoids
and residents of Kharkiv region (Ukraine). The cases
were clinically and biochemically confirmed as T2D.
The diagnosis NAFLD was verified in accordance with
the recommendations of the American Gastroenterolo-
gical Association (AGA) and the American Association
for the Study of liver disease based on the clinical course
of the disease, lipid and carbohydrate metabolism, ac-
tivity of alaninaminotransferase (ALT), aspartatami-
notransferase (AST), ratio ALT/AST and sonographic
examination [26]. Nutritional status was assessed by
measuring weight, height and abdominal circumference
using well established techniques.

In all the ADIPOQ SNP +276 G/T (rs1501299) and
ADIPOQ SNP —11391 G/A (rs17300539) were deter-
mined by polymerase chain reaction (PCR) — restriction
fragment length polymorphism method (RFLP) with en-
donucleases Mva 12691 (Bsml) and Mspl (Hpall). Pri-
mers for ADIPOQ SNP +276G/T were as follows: Forward
(ADIPOQ276F GGCCTCTTTCATCACAGACC)
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and Reverse (ADIPOQ276R AGATGCAGCAAAGC-
CAAAGT). Primers for ADIPOQ SNP —11391G/A were
as follows: Forward GTTGGTGCTGGCATCCTAAG
and Reverse GCCTGGAGAACTGGAAGCTG. Each
reaction was verified on 2 % agarose gel. As molecular
weight marker was used DNA pUC19, hydrolyzed by en-
donuclease Mspl [27].

Serum lipid metabolism parameters (triglycerides
(TG), non-esterified fatty acids (NEFA), total and li-
poprotein profile cholesterol) and ALT/AST were mea-
sured spectrophotometrically. There were estimated
plasma total adiponectin (Biovendor, Chezh Republic)
and insulin (DRG, Germany) by ELISA. IR was assessed
using homeostasis model assessment (HOMA-IR) algo-
rithm [28] and as adipose IR (Adipo-IR, NEFA xinsu-
lin) [29]. Unpaired Student’s t test, y>-test and Spear-
man’s rank order were used. Data are expressed as
mean * SEM. To predict the probabilities of genetic risk
in NAFLD the odds ratio (OR) and 95% confidence in-
terval (CI) were calculated [30].

Results

Comparing with control subjects T2D pa-
tients were characterized by overweight and obe-
sity, which were more pronounced at the presence
of NAFLD (p < 0.01). It was accompanied by more
pronounced increase in HOMA-IR (p < 0.05), TG
(p < 0.001), and LDL (p < 0.1) levels. The adipo-
nectin level in women with T2D and NAFLD was
5.92 + 0.66 mg/ml (10.3—14.5 mg/ml in controls), and in men
itwas 4.71 = 0.54 mg/ml (7.0—10.5 mg/ml in controls);
non-NAFLD women with T2D had 4.32 &+ 0.50 mg/ml,
and male — 4.09 £+ 0.51 mg/ml. In both groups, adipo-
nectin levels were significantly lower (p < 0.001) than in
control individuals (15.23 + 0.63 mg/ml).

We found, that Adipo-IR was higher in T2D
(164.32 + 13.23 mmol/L-pmol/L) as compared to con-
trols (62.35 £ 9.36 mmol/L-pmol/L, p < 0.001), and this
index was significantly increased in T2D patients with

NAFLD as compared to non-NAFLD diabetic subjects
(190.18 + 22.15 vs 133.32 £ 13.58 mmol/L-pmol/L,
p < 0.02). Interestingly, there was a correlation be-
tween Adipo-IR and adiponectin level in T2D patients
with NAFLD only (r,= —0.350, p = 0.021; r,= 0.051,
p = 0.762 in non-NAFLD diabetics).

The genotype and allele frequencies of ADIPOQ SNP
+276G/T and —11391G/A are shown in Table 1. For
SNP +276G/T 155 patients with T2D without NAFLD
and 90 T2D patients with NAFLD were genotyped.
Stratification of non-NAFLD patients by +276G/T
genotype suggests the prevalence of heterozygotes GT
and homozygotes TT compared with GG homozy-
gotes. Thus, the rs1501299 G-allele increased the risk of
NAFLD in comparison with T-allele (OR = 4.44, 95%
CI=2.89—-6.81, p <0.05).

The frequencies of alleles among healthy persons
for polymorphic variants ADIPOQ +276G/T were
p; = 0.45, p, = 0.55. The frequencies of alleles for
polymorphic variants ADIPOQ +276G/T among T2D
patients without NAFLD were p, = 0.42, p, = 0.58;
among the patients with T2D complicated NAFLD were
p; = 0.41, p, = 0.59. No statistically significant diffe-
rences in allele frequencies between studied groups were
found (p > 0.05).

We also found that there was a significant difference
in frequency of ADIPOQ SNP -11391G/A between T2D
patients and control subjects, but not between the pa-
tients with and without NAFLD.

The ADIPOQ SNP —11391G/A in controls fol-
lowed Hardy-Weinberg equilibrium (HWE) (%2 = 0.078,
p = 0.962) but in case of +276G/T, it was out of HWE
(x> = 17.114, p < 0.001). The most prevalent geno-
type for the +276G/T SNP was GT in both the non-
NAFLD T2D patients (45.2 %) and T2D individuals
with NAFLD (41.1 %). The most prevalent genotype
ofthe —11391G/A SNP was GG in both the T2D patients
with NAFLD (75.6 %) and without NAFLD (74.5 %).
As shown in Table 1, genotype frequencies of +276G/T

Table 1. Distribution of genotypes for polymorphic variants +276G/T and —11391G/A
of adiponectin gene in type 2 diabetes patients with or without NAFLD

The actual and the theoretically expected distribution of genotypes in patients
Control subjects Patients with NAFLD Patients without NAFLD
n % n % n % n % n % n %
TT 17 (173 | 31 | 30.1 | 18 20.0 15 [ 16.7 | 55 | 355 | 52 | 335
sz;lgg/Qr GT 79 | 755 | 51 495 | 37 41.1 44 | 488 | 70 | 452 | 76 | 49.1
GG 7.3 21 | 204 | 35 38.9 32 | 35| 30 (194 | 27 | 174
x2=17.114, ¢ =3.84, x?=0.964, y  =3.84, x?=0.362, 1, = 3.84,
p < 0.001 p<0.618 p < 0.05
ADIPO9 | GG 43 |843| 42 |824| 102 | 756|100 | 741 | 38 |745| 39 | 76
GA 7 13.7 8 15.7 29 215 | 32 | 237 | 13 | 255 | 11 | 215
AA 1 2.0 1 2.0 4 2.9 3 2.2 0 0.0 1 2.0
x?=0.078, y, = 3.84, x?=0.310, y , = 3.84, x?=1.180, x ., = 3.84,
p < 0.962 p < 0.856 p < 0.554
Notes: SNP — single-nucleotide polymorphism, n — number of patients, p — value of significance.
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were significantly higher in the NAFLD group than in
the non-NAFLD (32 = 10.61, p < 0.005). The genotype
frequencies also were significantly different between
NAFLD group and control subjects (p < 0.01). We evalu-
ated also the frequencies of ADIPOQ —11391G/A alleles
in Kharkiv population and the possibility of their further
use as a prognostic marker for the risk of T2D complica-
ted by NAFLD. Frequencies of ADIPOQ —11391G/A al-
leles for healthy individuals were: p, = 0.911, p, = 0.088.
The frequencies of ADIPOQ —11391G/A alleles for total
T2Ds were p; = 0.758, p, = 0.134. No significant dif-
ferences in allele frequencies between studied groups
were found (p > 0.05). The distribution of genotypes in
the case and control groups corresponds to the HWE.
Frequencies of ADIPOQ —11391G/A alleles for T2Ds
with NAFLD were p, = 0.863, p, = 0,137. No statisti-
cally significant differences of the allele frequencies be-
tween the control group and T2Ds with NAFLD were
found (p > 0.05). Also, there were any significant diffe-
rences of allele frequencies between T2Ds with or without
NAFLD (p, = 0.873, p, = 0.127). Thus, the initial data
shown that homo- or heterozygous carriers of allele A
(AA + GA) have increased risk of T2D (OR = 1.45, 95%
CI10.60—4.57), and the absence of this allele (GG-geno-
type) reduces the risk (OR = 0.69, 95% CI 0.29—1.22) as
compared to the average for the whole population.

We did also haplotype analysis in order to get more
accurate assessment about the influence of the two
ADIPOQ gene polymorphisms.

Asaresult of a haplotypic analysis of the 2 polymorphic
variants of the ADIPOQ gene in patients with T2D and
NAFLD (table 2), the tendency to increase the frequency
of the haplotype GT/GG was shown in comparison with
the sample of patients without the liver disease, but the
difference was not statistically significant (p > 0.05). It
was found that the haplotype of GT/GG was more com-
mon in patients with T2D complicated by NAFLD and
was twice less often detected in patients without hepatic
disease (33 and 16.49 %, respectively, p < 0.05).

According to the results of our study, there was no
significant difference in adiponecin levels in blood and
frequency distribution of the genotypes of the poly-
morphic loci G276T and G11391A of the adiponectin
gene in patients with T2D with and without NAFLD
(p > 0.05). But in the analysis of haplotypes at these poly-
morphic loci, it was found that the levels of adiponectin
in the group of patients with T2D and NAFLD are nu-
merically or, in some cases statistically, lower than in the
group without NAFLD (table 3).

Patients with NAFLD had significantly lower to-
tal adiponectin levels than controls (5.32 = 0.70 vs
15.23 £ 0.63 mg/ml, p < 0.001). In addition, patients

Table 2. Frequencies of genotypes for polymorphic variants +276G/T and —11391G/A
adiponectin gene in type 2 diabetes patients in the presence and absence NAFLD

Patients with NAFLD i Patients without NAFLD
Genotype ;rggﬂﬁ?féii | |theoretically | Genotype Ffequ;nmes | | theoretically

Gl expected genotypes S expected
GG/GG 0.311 22 21 GG/GG 0.266 12 10
GG/AG 0.084 4 6 GG/AG 0.114 2 4
GG/AA 0.025 2 2 GG/AA 0.000 0 0
GT/GG 0.303 22 20 GT/GG 0.245 6 9
GT/AG 0.082 5 5 GT/AG 0.105 7 4
GT/AA 0.025 0 2 GT/AA 0.000 0 0
TT/GG 0.126 5 8 TT/GG 0.189 8 7
TT/AG 0.034 4 2 TT/AG 0.081 2 3
TT/AA 0.010 2 0 TT/AA 0.000 0 0

1 =7.04,, = 1551, =512, = 15.51,

p>0.05 p > 0.744

Note: p — value of significance.

Table 3. Level of serum total adiponectin in according to haplotypes for polymorphic variants +276G/T
and -11391G/A adiponectin gene in type 2 diabetes patients with or without NAFLD

Sy e Adiponectin, mg/ml 3
Patients with NAFLD Patients without NAFLD

GG/GG 3.90 + 0.59 7.40 +1.66 <0.05
GG/AG 1.38 + 0.03 5.96 + 0.85 < 0.001
GG/AA - 225+1.25 -
GT/GG 4.57 £ 0.94 6.69 + 0.74 > 0.05
GT/AG 6.04 + 1.01 7.27 +0.82 > 0.05
GT/AA - - -
TT/GG 491 +1.55 6.51 + 1.64 > 0.05
TT/AG 3.49 +0.32 6.88 + 3.72 > 0.05
TT/AA 2.73+0.84 - -
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with T2D and NAFLD who carried the GG/GG and
GG/AG haplotypes of polymorphic variants +276G/T
and -11391G/A adiponectin gene had significantly low-
er serum total adiponectin levels than patients without
NAFLD who carried the GG/GG- or GG/AG-geno-
type. Moreover, in patients with T2D without NAFLD,
there was no significant difference in plasma adiponectin
levels between patients with different genotypes (p > 0.05).

It was found also, that SNP +276G/T, but not
SNP —11391G/A, had the effect on adipose resistance
to insulin in T2D patients with or without NAFLD. Re-
garding SNP +276G/T the TT-genotype exhibited nu-
merically higher levels of Adipo-IR-index, which was
statistically increased in TT-carriers with BM1> 30 kg/m?
(239.62 & 36.89 vs 110.54 + 25.97 mmol/L-pmol/L in
T2Dswith BMI <26 kg/m?, p<0.05). Afterthe adiponec-
tine gene haplotype analysis we revealed, that this trend
(T-allele effect) had been demonstrated only in TT/GG-
and GT/GG-carriers with NAFLD (314.56 + 79,59
vs 144.22 + 47.12 mmol/L-pmol/L in non-NAFLD
T2D TT/GG-carriers, p < 0.02; 13548 + 21,88 vs
76.59 + 15.60 mmol/L-pmol/L in non-NAFLD T2D
GT/GG-carriers, p < 0.05) against the background of
similarly enhanced (but less pronounced) Adipo-IR
in all another genotypes and groups (data not shown).

Discussion

At present time, T2D is considered as a multifactori-
al, polygenic disease. The level of family risk incompati-
ble with any of the hypotheses of monogenic inheritance,
without the additional assumption of incomplete pene-
trance of the putative gene, which from a formally gene-
tic point of view coincides with the polygenic hypothesis,
indicates the polygenic nature. A multifactorial model of
inheritance suggests that the manifestation of a disease is
determined by the interaction of multiple environmental
and genetic factors. By genetic factors, it means certain
alleles of a number of polymorphic genes involved in
the development of T2D, which in clinical practice are
called alleles predisposing to the development of T2D.
The study of hereditary predisposition to multifactorial
diseases is extremely important for their diagnosis and
selection of optimal therapy. Thus, of great practical
value is the study of polymorphic markers in candidate
genes, whose products are involved in the pathogenesis
of a multifactorial disease. In this study, we investigated
the possible association between ADIPOQ candidate
gene polymorphisms of and NAFLD in the group of pa-
tients with T2D in Kharkiv population. It was recently
shown that the level of fat in the liver correlated with
such indicators of total fat as BMI and body fat percent.
Furthermore, there is clear correlation between the liver
fat accumulation of and WHR [31]. In addition, large
population studies have proved an association of nonal-
coholic steatohepatitis with increased BMI. It was shown
that 91 % of individuals with a BMI over 30 kg/m? had
signs of steatosis by ultrasound data [32].

Adipose tissue IR is present in the majority of patients
with NAFLD, whether they are obese or not, and adi-
pose tissue lipolysis provides approximately 60 % of the
fatty acids used for hepatic triglyceride synthesis [33, 34].

Even though hepatic IR has been documented in T2D
patients using homeostasis model assessment of IR
(HOMA-IR) as a measure, there is insufficient data on
adipose IR (Adipo-IR) and its relationship with the dys-
regulation of adipokines in T2D and NAFLD. We first
found, that Adipo-IR index was significantly increased
in T2D patients with NAFLD as compared to obesity-
matched non-NAFLD diabetic subject with pronounced
negative correlation between Adipo-IR and adiponec-
tin level in T2D patients with NAFLD only. We found
also, that the minor allele of SNP +276G/T, but not
SNP —11391G/A, had the substantial effect on adi-
pose resistance to insulin in T2D patients with NAFLD.
Therefore, we can recommend Adipo-IR index as a pre-
dictive marker for the NAFLD development and the in-
dicator for monitoring therapy success in T2D patients.

Hipoadiponectinemia considered as unfavorable
prognostic sign because adiponectin has angioprotective
properties [35]. In NAFLD patients, adiponectin levels
are generally decreased [36]. Decreased plasma adipo-
nectin levels were observed in obese and T2D patients,
as well as in the ob/ob mouse line (mice with congenital
obesity and hyperglycaemia) [37, 38]. In our previous
study hipoadiponectinemia was found in all patients with
T2D without modulating influence of the NAFLD [39].
This trend is confirmed in the current work, in both dia-
betic groups, with or without NAFLD, adiponectin levels
are significantly lower (p < 0.001) than in control sub-
jects. Our results shown, in contrast to previous studies in
the other countries [40, 41], that levels of total adiponec-
tin in circulation were characterized by no gender dif-
ference in T2D patients. Moreover, there was no effect
of NAFLD on adiponectin levels in T2D patients likely
due to the fact that adiponectin is synthesized exclusively
by immature adipocytes and depends largely on insulin,
glycemia and NEFA levels, which were not statistically
different in patients with T2D with or without NAFLD
(p > 0,05). On the other hand, we found that total adipo-
nectin levels in patients with T2D and NAFLD who car-
ried the GG/GG- and GG/AG-haplotypes of ADIPOQ
SNPs +276G/T and —11391G/A were significantly low-
er than in T2D patients without NAFLD who carried the
GG/GG- or GG/AG-genotype.

Low levels of adiponectin can promote the develop-
ment of IR by blocking the phosphorylation of insulin re-
ceptor, increasing the flow of fatty acids in the liver and
slowing their oxidation, thus, improving liver glucose,
TG, and LDL production. So far, there are no compre-
hensive information about genetic determination of fat
accumulation in the whole body and in the liver in hu-
mans. It is believed that gene polymorphism that exists in
patients with NAFLD, associated with a large number of
substances involved in the metabolism of lipids and car-
bohydrates in the liver.

The distribution of genotypes in the control group
for ADIPOQ SNP +276G/T, which at some assump-
tions can be considered as a sample of the population,
the ratio deviates from HWE toward high heterozygo-
sity. The share of heterozygotes +276G/T at 1.53 times
higher (p < 0.001) than the theoretically expected value
at equilibrium [42]. Our data correspond in part to the
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other study which revealed that adiponectin +276 G/T
polymorphism was not significantly different between
NAFLD and controls, but among females, the GG
genotype was reported to be significantly more prevalent
in patients with NAFLD [43].

Genetic variation in ADIPOQ —11391G/A was as-
sociated with plasma levels of adiponectin, obesity and
resistance to insulin, also tested the association between
insulin resistance and —11391G and BMI, suggest that
the impact of the variant adiponectin gene polymorphism
on glucose homeostasis may depend on the body fat [44].
Due to reduced activity and low circulating levels of
adiponectin associated with an increased risk of serious
diseases such as T2D and coronary heart disease, experi-
mental data suggest that minor haplotype (by promoter
polymorphisms) affects the expression of adiponectin
in vivo to such measures that might be unfavorable [45].
SNPs in the promoter and intron 2 regions of ADIPOQ
gene play a functional role in adiponectin regulation [46].

G. Dolley et al. (2008) did not found the influ-
ence of ADIPOQ gene polymorphisms —11391G/A
and —11377C/G on anthropometric indicator asso-
ciations separately, but haplotype was associated with
WHR. If there was a genotype —11391A and 11377C,
WHR was significantly higher compared to other haplo-
types. Also AC/AC-haplotype carriers had higher levels
of adiponectin than the carriers of GG/GG-haplotype
(p <0.0001) [47].

Our data shown that homo- or heterozygous allele A
(AA + GA) increases the risk of T2D (OR = 1.45, 95%
CI 0.60—4.57), and the absence in the genotype the
A-allele reduced the risk (OR =0.69, 95% C10.29—1.22)
compared to the average for the whole population. How-
ever, the odds ratio was not statistically significant, per-
haps due to the limited amount of samples, which did not
allow to achieve the minimum capacity criteria which
justifies further studies with increased samples.

Thus, verification of SNPs of adiponectin gene and
characteristics of its association with the level of the
hormone in the circulation for patients with T2D com-
plicated by NAFLD allow improved preventive therapy
algorithm.

NAFLD isa complex disease, which may be the results
of multiple loci commonly affected mutations [48, 49].
Previous studies have shown that polymorphisms of adi-
ponectin gene were associated with NAFLD [50]. At the
same time, in our study the combination of GG/GG-
and GT/GG-haplotypes (33 % respectively) in patients
with NAFLD was more frequent. Some combinations
of alleles of different loci (haplotypes) can give a highly
adapted phenotype, a combination of other alleles give
phenotypes poorly adapted. Such deviations from equi-
librium may mean that carriers of some genotypes are
likely to have a selective advantage, possibly GT/AA
have reduced adaptivity, and their absence may be due
to the action of selection or the small number of samples.

Conclusions

Our results demonstrate for the first time, that Adipo-
IR index was significantly increased in Ukrainian T2D
patients with NAFLD as compared to obesity-matched

non-NAFLD diabetic subject with pronounced nega-
tive correlation between Adipo-IR and adiponectin level
in T2D patients with NAFLD only. We grounded the
prospects of using the Adipo-IR index for monitoring of
T2D therapy and associated liver disease development.
Against the background of the research the adiponectin
gene polymorphic variant haplotype association with
NAFLD in T2Ds in the Kharkiv region population it
have been established new markers (rs1501299 G-allele,
rs17300539 and 151501299 GG-/GG- and GT/GG-
haplotypes, respectively) of an increased risk of NAFLD
development in T2D patients. Thus, the contribution
of various factors to the development of the NAFLD is
significantly different depending on the population. Fur-
ther identification of genetic markers for NAFLD risk
in patients with T2D will allow to understand the main
pathological mechanisms of the diseases, and to select
the respectively treatment.
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OAHOHYKAEOTUAHI MOAIMOP}i3MU reHO AAUNOHEKTUHY Y XBOPUX
HO LLYKPOBUI AiaBeT 2-ro Tmny T HEAAKOTOAbHY XXMPOBY XBOPOOY NeuyiHKu

Pesiome. Axmyaavnicme. 3a3Brnyaii BBaXXaoTh, M0 (HaKTOPH
HaBKOJIMIIIHBLOTO CEepPeAOBUIIA Ta TeHETUYHI (DaKkTopu B3ae-
MOJIIOTh 3 YTBOPEHHSIM (PEHOTHUITY HEaJTKOTOJbHOI XUPOBOL
xBopoou nevinku (HAZKXII) ta Bu3HaAyawTh ii mporpecy-
BaHH4. Ak HAXKXITI, Tak i mykposuii niadet 2-ro tumny (LI12)
CTaHOBJIATH COOOI0 TETEPOreHHI 3aXBOPIOBAHHS 3i CITUIbBHUMU
MaTOreHETUYHUMM IIIJIIXaMU. ATUTTIOHEKTUH — 11€ aJUIIOKiH,
1110 MiIBUILYE YYTJIMBICTh IeMaTOLUTIB Ta M’sI3iB 10 iHCYJIiHY,
MOJYJTIOE €HEePTeTMYHMIA TOMeocTa3, TIIFOKO3HUM/MiTimHmi
MeTaboJi3M Ta 3amajbHy BiANoBiAb. Psan 3Hauymumx mosi-

MOp®di3MiB reHa aIMIOHEKTUHY BilIoMi B 1ii€l rany3i. Memoro
JOCTIIXKEeHHs1 OyJia OlliHKa MOXJIMBOI acoliallii MixX JBoMa
BapiaHTaMM reHa amunoHeKTuHy (ADIPOQ) — +276 G/T
(rs1501299) i —11391 G/A (rs17300539) Ta yyTauBicTIO 10O
HAZKXII y xBopux Ha LIJ12 ykpaiHcbkoi nonyssiuii. Mamepi-
aau ma memoodu. J1oCimXeHHsI 32 TUTIOM «BUTAI0K — KOHT-
posb» BKIwouano 155 xsopux Ha L2 (u./x. — 77/78, BiK —
54,55 = 0,73 poky, TpuBaiicTh maiabety — 6,66 £ 0,49 poky,
inmekc macu Tima — 32,20 + 0,43 xr/m?, obcar Tatii/cre-
ron — 0,98 £ 0,01 m, HbA . — 7,26 £ 0,11 %) nns 6ioximiuHoi
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XapaKTepUCTUKU (MiminHuii mnpodinb, HeecTepudiKoBaHi
xupHi kucinoru (HEXKK), iHcymiH, 3araabHUiT aquImOHEKTUH
Ta iH.), y romy umcii 90 xsopux Ha LIJ12 i3 HAXKXII, 245 xBo-
pux Ha LIJI2 mns reHotunyBaHHs 1s1501299, 155 xBopux Ha
A2 nnst renotumnyBaHHs 1517300539 Ta 51 KOHTpOJIbHY 0CO0Y
BignosigHoro Biky (K). Bapiantu +276 G/T ta —11391 G/A
BU3HAYaJM 3a JOMOMOTOIO TOJiMepa3Hoi LIEMHOI peakilil —
JNOBXUHU PECTPUKIINHUX (PparMeHTiB 3 eHIOHyKJIeazaMu
Mva 12691 (Bsml) ta Mspl (Hpall). IHCyniHOPe3UCTEHTHICTD
(IP) ouintoBanu 3a nornomoroio aaroputmy HOMA Ta sk Xu-
poBy IP (amumo-1P, HEXK x incyin). it CTaTUCTUYHOIO
aHaJIi3y BUKOPUCTOBYBAIM HeTlapHUii t-KpuTepiii CThIoNEHTa,
¥?Ta panroBuii kputepiit CriipmaHa. [{71s1 OlliHKYM TeHeTUIHO-
ro pusuky HAXKXII po3paxoByBaiu BiIHOILIEHHS ILIAHCIiB Ta
95% nosipunii intepBan (II). Pesyasmamu. XBopi Ha LIJ12
XapaKTepU3yBaluCsl HAIJIMIIKOBOIO Macolo Tiia abo OXu-
PiHHSIM, 1110 OyJ10 OibIT BUpaxeHuM 3a HasiBHOcTi HAKXITT
(p < 0,01). Le cympoBomKyBajocsl TMiNBUIIEHHIM PiBHS
HOMA-IP (p < 0,05) Ta rpuriiuepunis (p < 0,001). Bigmiue-
Ho, 10 anumno-IP Oyna Buior y xBopux Ha LIJ12 mopiBHsIHO
3 K (p < 0,001) Ta ueit iHAEKC CYTTEBO MiIBUIICHUI Y XBO-
pux Ha /12 i3 HAXKXII nopiBHsHO 3 xBopumu Ha L1J12 6e3
HAXXTI Takoro x crymenst oxxupinas (190,18 & 22,15 npotu

133,32 £ 13,58 mmonb/a - Moab/a, p < 0,02) 3 oGepHEHOIO
KopeJsiieo Mix anumno-IP ta piBHeM aTUMOHEKTUHY TiJIbKU
y xsopux Ha LIJ12 i3 HAXKXII (r,= —0,350, p = 0,021). Crpa-
tudikariiss xpopux 6e3 HAXKXIT 3a renorunom +276 G/T
cBimuuTh npo nowmrpeHictb GT-1a TT-reHoTumnis. Takum un-
HoM, G-anenb rs1501299 miaBuiye pusuk po3Butky HAZKXII
nopiBHsiHO 3 T-amenem (OR = 4,44, 95% 11 = 2,89—6,81,
p < 0,05). Mu TakoX BUSIBWIN 3HAYYIy Pi3HUINIO B 9acTO-
tax —11391G/A mix xBopumu Ha LI/12 Ta K, ajie He MiX XBO-
pumu 3 HAXKXII Ta 6e3 Hei. Mu crnocTepiraiy, 110 rario-
tun GT/GG yacrinie 3yctpivuaBcst cepea xBopux Ha [1J12 i3
HAZKXII Ta ynBiui MeHIIIe B Talli€eHTIB 6€3 XBOPOOU MEUiHKU
(33 1a 16,49 % sBignosinto, p < 0,05). Bucnoeku. OGrpyHTO-
BaHO TIEPCHEKTUBHICTb BUKOPUCTAHHS iHAeKcy aauro-IP
K TPeAUKTUBHUI Mapkep po3BUTKy HAXKXII Ta iHguka-
TOp ycHinrHocTi Teparii xBopux Ha [IJ12. BusBieHo HOBIT-
Hi redHetnyHi mapkepu (G-anenp rs1501299, GG/GG- Ta
GT/GG-ramwmorunu 3a rs17300539 ta rs1501299 BinnmosinHo)
115t pusuky po3Butky HAXKXII y xBopux Ha LIJ12.

Kilo4uoBi ¢€J10Ba: reH anMIOHEKTUHY, OJHOHYKJIEOTMII-
HUI ToMiMOp(di3M; YacTOTM TeHOTMIIIB; IIYKpOBUil miabeT
2-TO TUITY; HeaJKOTroJbHa XUPOBa XBOPOOa MEeUiHKU; iHCYITi-
HOPE3UCTEHTHICTh
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OAHOHYKAEOTUAHBIE NOAUMOPOU3MbI FEHA AAUMOHEKTUHA Y GOAbHbIX
CAXAPHbIM AUAGETOM 2-TO TUNA U HEAAKOTOAbHOM YXMPOBOM GOAE3HBIO NeYeHn

Pesiome. Axmyaavnocms. OGBIYHO TOTATAIOT, YTO (HAKTOPHI
OKpYKalollei cpeibl U reHeTuuecKue (hakTopbl B3aUMOIEUCT-
BYIOT C (hopMUpOBaHUEM (DEHOTHUIIA HEAJTKOTOJIBbHOM XKMPOBOI
oones3nu neueHu (HAXKBIT) u onpenensiiotr ee mporpeccupo-
Banue. Kak HAXKBIT, Tak u caxapHbIii nuadet 2-ro tura (CI12)
MPENCTABIISIOT COOOI TeTeporeHHbIe 3a00IeBaHMSI C OOIIIMMU
MaTOreHEeTUYECKUMU TMYTSIAMU. ATUMOHEKTUH — 3TO aJMIIO-
KWH, TTOBBIIIAIOIINI YyBCTBUTEIbHOCTD T€MAaTOLUTOB U MBIIIIL
K WHCYJIWHY, MOMYJIMPYIOIIUI 3HEPTeTUYECKUN TOMEOCTa3,
TJTIOKO3HBIN /TUTTAAHBIA MeTa0b0IM3M U BOCTIAJIMTEIBHBIN OT-
BeT. B maHHOI1 06J1aCTH M3BECTEH PsIl 3HAYMMBIX ITOJTMMOPGhU3-
MOB I'eHa aauIoHeKkTuHa. Ieabro ucciaenoBaHus Oblia OLEHKa
BO3MOXKHOM accolMalliyi MEXKIY IByMsI BApYaHTaMU T'eHa au-
noHektuHa (ADIPOQ) — +276 G/T (rs1501299) u —11391 G/A
(rs17300539) u uyBcTBUTENbHOCTEIO K HAJKBIT y G0MBHBIX
CJ12 ykpanHckoi nonysiuvu. Mamepuaavt u memoowt. Viccie-
JIOBaHME MO TUITY «CIydyail — KOHTPOJIb» BKJI04Yajao 155 00J1b-
HeIx CJ12 (M./k. — 77/78, Bo3pacT — 54,55 £ 0,73 rona, miu-
TeJIbHOCTD nrabeta — 6,66 £ 0,49 roga, MHIEKC MacChl Tejla —
32,20 £ 0,43 kr/M?, o6beM Taymu/6enep — 0,98 £ 0,01 M,
HbA 7,26 £ 0,11 %) 1 6MOXMMUYECKOI XapaKTepUCTUKU
(IMOUAHBIA TpodWIb, HEdCTEPUPUIIMPOBAHHbBIE KUPHBIE
kucaotrel (HDXKK), mHCcynmMH, o0mMit afUMIOHEKTUH U 1Ip.),
B ToM umcie 90 6oabHbIX CI2 ¢ HAXKBII, 245 6ompHbIX C12
J1s1 reHoTurnupoBaHus rs1501299, 155 6onbHabix CI2 mst re-
HotunupoBaHus 1517300539 1 51 KOHTPOJIBHOE JIULIO COOTBET-
crBytoniero Bozpacra (K). Bapuante +276 G/Tu —11391 G/A
OIpeIe/ISIA C TIOMOIIIBIO TTOJIMMEPa3HOM LIEITHOM peakIuy —
JUTUHBI PECTPUKIIMOHHBIX (DParMEeHTOB C 3SHIOHYKJIea3aMH
Mva 12691 (BsmI) v Mspl (Hpall). UHCYTMHOPE3UCTEHTHOCTD
(UP) ouenuBanu ¢ wucrnojb3oBaHueM aiaroputmMa HOMA
u Kak xupoByto UP (amuno-MP, HOXKK x uncynun). s
CTaTUCTUYECKOTO aHaju3a TPUMEHSIM HEMapHbIi t-Kpu-
tepuit CrblofieHTa, y> WM paHTOBBI Kputepuii CrnmpmaHna.

Hns oueHku reHetudeckoro pucka HAZKBIT paccuuthiBa-
JIM OTHOILIEHUE MIAHCOB WM 95% NOBepUTENIbHBIM MHTEPBA.
Pesyavmamur. bonbHble CII2 xapakTepu30BaJIUCh HU30BITOY-
HOI Maccoii Tela Wih OXUpeHueM, 0ojiee BRIPaKEHHBIM TTPU
HAXBIT (p < 0,01). DT0 COMPOBOXIATOCH TOBBIIIIEHHEM
ypoBHd HOMA-UP (p < 0,05) u tpurnuuepunos (p < 0,001).
BrisiBieHo, uro amuno-MP Oblna Bbime y 0oiabHbIX C2 110
cpaBHeHMIO ¢ K (p < 0,001) 1 3TOT MHAEKC CYIIECTBEHHO 00JIb-
me y 6onpHbIx C/2 ¢ HAXKBII o cpaBHeHUIO ¢ GOJBbHBIMU
CJ12 6e3 HAXKBII ¢ comocTaBUMOil CTETICHBIO OXXUPEHUS
(190,18 £ 22,15 npotus 133,32 + 13,58 MMOJIb/TT * TIMOJIB/1I,
p < 0,02) ¢ orpulatesbHON Koppeasiuuein Mexny aaumno-MP
1 YPOBHEM aIUTIOHEKTHHA TOJbKO y 60bHBIX C/12 ¢ HAXKBIT
(r,=-0,350,p=0,021). Crpatudukanus 601pHbIx 63 HAXKBIT
o reHotuny +276 G/T CBUAETENBCTBYET O MOBBIIIEHHON Ya-
crorte BcTpeyaeMocT GT- u TT-reHotunos. TakuMm o6pazom,
G-amiens 151501299 nosebiinaer puck passutust HAXKBIT mo
cpaBHenuio ¢ T-autenem (OR = 4,44, 95% noBepuTeIbHbII MH-
tepBai = 2,89—6,81, p < 0,05). MblI TakXe BBISIBUIM 3HAYMMOE
pazmuue B yactotax —11391G/A mexiy 6ombHbiMu C2 1 K,
Ho He Mexay 6obHbIMYU ¢ HAZKBIT 1 6e3 Hee. M bl 0OHapyXu-
qu, uro ramotun GT/GG Berpevasics yaie y 60abHbIX CJ12
¢ HAXKDBIT u BaBoe pexe y nanueHToB 6e3 6ose3Hu neuenu (33
u 16,49 % coorserctBeHHO, p < 0,05). Bbieodst. OGocHOBaHA
TIEPCIIEKTUBHOCTD MCITOJIb30BaHUS MHAekca amumno-UP B ka-
yecTBe MpeaukTopHoro mMapkepa pazsutuss HAXKBIT u nuau-
KaTopa ycrnelmrHocTy Tepanuu 0onbHbIX C/12. BbisiBIeHBI HO-
Bble TeHeTnyeckue mapkepsl (G-amnens rs1501299, GG/GG-
u GT/GG-ramiorunsl 1o 1s17300539 u 1s1501299 coorset-
ctBeHHO) s pucka passutus HAXKBIT y Gonbubix CI2.
KiioueBbie C€JIOBA: reH amuIOHEKTMHA; OXHOHYKJICOTHI-
HbI{ MOTUMOP(MU3M; YaCTOThI TEHOTHUIIOB; CaxapHbIil ArabeT
2-TO TWTA; HEAIKOTOJIbHAS XXUPOBasi 00JIe3Hb MEYeHU; NHCY-
JIMTHOPE3NCTEHTHOCTh
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