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ABSTRACT

Introduction: Metabolic syndrome (MetS) is regarded as a set of abnormalities, increasing the risk of serious
functioning disorders. It can develop as a result of genetic predisposition.

Aim: The aim of this study was to establish associations between MetS-related abnormalities and the PPAR-y
rs1801282, FTO rs9939609, and MC4R rs17782313 polymorphisms.

Material and methods: The study involved 425 women aged 45-60 years. The participants were surveyed and
subjected to anthropometric, biochemical and genetic analysis.

Results: In the recessive inheritance model for the FTO polymorphism, a statistically significant relationship was
demonstrated between the A/A genotype and glycemia. The results obtained in the codominant and
overdominant models for the PPAR-y polymorphism showed a tendency to statistical significance (the C/G
genotype inclined to hypertriglyceridemia), and were statistically significant in the codominant, dominant, and
recessive models (the C/C genotype predisposed to increased blood pressure).

Conclusions: 1. MetS-related abnormalities can be genetically determined, however only some of these
relationships can be demonstrated due to the categorical division of symptoms according to the IDF criteria
from 2009. 2. The A/A genotype of the FTO rs9939609 polymorphism increases the risk of hyperglycemia, and
the C/C genotype of the PPAR-y rs1801282 variant entails elevated blood pressure in 45-60-year-old women.

INTRODUCTION

Metabolic syndrome (MetS) is a complex of interrelated
abnormalities, increasing the risk of diabetes and
cardiovascular disease. Its pathogenesis, pondered
mainly in the context of behavioral and environmental
influences, has not yet been fully explicated.

There is some divergence in medical circles as for
terminology, definition, and diagnostic criteria for
identification of MetS patients. Some clinicians take
into account the possibility that MetS should not be
treated as a separate syndrome but rather as a mixture of
unrelated phenotypes. However, as a set of symptoms
that occur together definitely more often than separate-
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ly, MetS seems to meet the requirements of the
definition. Not including such factors as age, the low-
density lipoprotein (LDL) cholesterol level, and
smoking — which unquestionably contribute to the risk
of cardiovascular disease — the current MetS definition
cannot be regarded as the index of absolute risk [1].
Nevertheless, studies show that people who meet MetS
criteria are at a five-fold higher risk of developing type
2 diabetes, a two-and-half-fold higher risk of death for
acute coronary syndrome, a twice higher risk of stroke,
and their total mortality rate is one-and-half-fold higher
than in the general population [2, 3].

Apart from environmental factors and lifestyle —
whose contribution to MetS is indisputable — some
responsibility can also be attributed to genetic
determinants, though their role has not so far been fully
elucidated. This assumption is supported by screening
results, showing that MetS is inherited in 10-30% of
cases [4]. The risk for MetS is mainly associated with
point mutations (deletion, insertion, or substitution to a
single nucleotide) [5]. It is believed that genetic
predisposition to MetS can be related to polymorphic
forms of genes, playing an important part in the
expression of MetS components [6]. Hence our decision
to analyze relationships between particular components
of MetS and selected gene polymorphisms, namely
peroxisome proliferator-activated receptor gamma
(PPAR-y), fat mass and obesity-associated (F70), and
melanocortin-4 receptor (MC4R).

As suggested by research outcomes, PPAR-y rs1801282
is essential for lipid metabolism, adipogenesis, and
maintenance of glucose homeostasis in serum. It also
has effects on the level of insulin resistance, as well as
on inflammation and cancer processes [7, 8]. PPAR-y
may potentially play a role in the development of
hypertension through its involvement in the regulation
of vascular tension [9]. What is more, activation of
PPAR-y by rosiglitazone increases glucose uptake in
muscle cells and adipocytes, and consequently reduces
the level of glycemia in plasma. This is an effect of
higher expression and translocation of the glucose
transporter 1 (GLUT1) and the glucose transporter 4
(GLUT4) [10]. Lower triglycerides (TG) and higher
HDL levels can also enhance the effect of the PPAR-y
agonists on the development of MetS, atherosclerosis
and cardiovascular complications [11].

The FTO 159939609 polymorphism, located in people
in chromosome region 16q12.2, is responsible for
encoding nucleic acid demethylase, which is crucial for
energy balance control in the body [12]. Scientists
believe that polymorphic FTO variants can influence
the process of maintaining energy homeostasis, and the

control of energy expenditure [13]. Previous genetic
studies led to contradictory results. Some of them
demonstrated that the F7O polymorphisms are related
to body mass index (BMI) and obesity, and strongly
contribute to MetS-related abnormalities [12, 14, 15].
Other reports suggest that such relationships do not
exist [16, 17]. It seems highly probable that the FTO is
a race-specific gene. The study conducted by Lear et al.
revealed that the A allele, regarded as the risk allele for
the development of MetS-related abnormalities, was
most common among Europeans (39%) and South
Asians (31%), and present only in 17% of Aboriginals
and 17% of Chinese [18].

MC4R 1517782313 is a G-protein-coupled receptor. It
has effects on the central nervous system, regulation of
dietary habits, control of the TG synthesis, energetic
balance in the body, as well as accumulation of lipids
and their mobilization in white adipose tissue (WAT)
[19, 20]. Located in chromosome region 18q22,
polymorphic variants of the MC4R gene contribute to
body weight disorders [21].

The aim of this study was to analyze association
between MetS-related abnormalities and the PPAR-y
rs1801282, the FTO 159939609, and the MC4R
rs17782313 gene polymorphisms.

RESULTS

Analysis of the distribution of MetS-related
abnormalities, according to the modified IDF criteria
from 2009, demonstrated that only 27.06% of the study
sample (425 women aged 45-60 years) had normal
waist size. Fasting glycemia within normal ranges was
observed in 75.53%, normal TG metabolism in 78.12%,
and normal HDL levels were found in 74.06%. 46.82%
of the participants had systolic blood pressure (sRR) <
130 mmHg, and 70.12% had diastolic blood pressure
(dRR) < 85mmHg.

We analyzed different models of inheritance (co-
dominant, dominant, recessive, and overdominant) for
the PPAR-y, FTO and MC4R genotypes with regard to
five MetS symptoms. No statistically significant
relationships were noticed between particular inheri-
tance models and waist size (Table 1).

Similar analysis of serum fasting glucose level and
related pharmacotherapy revealed a statistically
significant relationship between this symptom and the
recessive inheritance model for the F7O polymorphism.
In this model, the A/A genotype carriers were at higher
risk of fasting hyperglycemia than those with the T/T-
A/T genotypes (Table 2).
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Table 1. Odds ratios (OR) calculated assuming different models of inheritance of PPARy rs1801282, FTO rs9939609 and MC4R
rs17782313 SNPs with regard to waist size (S;" = <80cm; S,* = 280cm).

Genotype S S/ OR P Genotyp S S/ OR p Genotype S S+ OR P
PPARy ! ! e FTO ! ! MC4R ! !
Co-dominant
214 79 110 34 201 73
ce (68,6%)  (71,2%) 1,00 T/T-AT (35%)  (30,6%) 1,00 T (64%)  (65,8%) 1,00
G 80 26 0,88 (0,53- AT 143 55 1,24 (0,76- T 107 34 0,87 (0,55-
(25,6%)  (23,4%) 1,47) 0,88 (45,5%)  (49,5%) 2,04) 0,68 (34,1%)  (30,6%) 1,40) 0,54
18 6 0,90 (0,35- 61 22 1,17 (0,63- 6 0 1,84 (0,50-
G/G (5.8%)  (5,4%) 2,36) AA (19,4%)  (19,8%) 2,17) c/e (1,9%) 43,6%) 6,69)
Dominant
214 79 110 34 201 73
CC (68.6%)  (71.2%) 1,00 061 | T (5%)  (30,6%) L0040 | TT (64%)  (65,8%) 100 74
§ 98 32 0,88 (0,55- A/T- 204 77 1,22 (0,77- 113 38 0,93 (0,59-
¢/G-G/G (31,4%)  (28,8%) 1,42) A/A (65%)  (69,4%) 1,94) CT-C/C (36%)  (34,2%) 1,46)
Recessive
294 105 253 89 308 107
C/C-C/G 942%)  (94.6%) 1,00 T/T-A/T (80.6%)  (80.2%) 1,00 T/T-C/T 98.1%)  (96.4%) 1,00
18 6 0,93 (0,36- 0,89 61 22 1,03 (0,60- 0,93 6 o 1,92 (0,53- 033
G/G (5.8%)  (5.4%) 2,41) AJA (19,4%)  (19,8%) 1,77) c/C (1,9%) 4 3,6%) 6,93)
Overdominant
232 85 171 56 207 77
C/C-G/G (T44%)  (76.6%) 1,00 T/T-A/A (54.5%)  (50.5%) 1,00 T/T-C/C (65.9%)  (69.4%) 1,00
/G 80 26 0,89 (0,53- 0,64 AT 143 55 1,17 (0,76- 0,47 T 107 34 0,85 (0,54- 0,51
(25,6%)  (23,4%) 1,47) (45,5%)  (49,5%) 1,81) (34,1%)  (30,6%) 1,36)

The best models for particular genes were as follows: for PPAR-y - the dominant model; for FTO — the dominant model; for MC4R — the
recessive model

Table 2. Odds ratios (OR) calculated assuming different models of inheritance of PPARy rs1801282, FTO rs9939609 and MC4R
rs17782313 SNPs with regard to fasting glycemia (S, =<100 mg/dl; S," = > 100 mg/dI or related pharmacotherapy).

Genotype S St OR P Genotype S S, OR P Genotype B + OR p
PPARy 2 2 FTO 2 d MC4R S2 S2
Co-dominant
203 90 106 38 . 81
CC o (652%) 1,00 TTAT % e 1,00 T 193 (65.9%)  (g1400) 1,00
70 36 1,16 (0,72- 0,65 138 60 121(0,75- 0,075 . 48 123 (0,80- 0,65
GG oatwy  (273%) 1,86) AT G71%)  (45,5%) 1,96) cT B GBLTA) (36 404 1,90)
18 6 0,75 (0,29- 49 34 1,94 (1,09- , oo 1,02(026-
G/G 62%)  (4,5%) 1,96) AA (167%)  (25.8%) 3.43) ce TQ2A%) - 3(23%) 4,05)
Dominant
203 90 106 38 . 81
ce (69.8%)  (68.2%) 1,00 o4 | 1T (G62%)  (28.8%) 1,00 013 | T 193(65.9%) (41 494) 1,00 0,37
) 88 0 1,08 (0,69- _ 187 94 1,40 (0,90- . 51 1,22 (0,79-
CG-GIG 3000 (31,8%) 1,68) AN (638%)  (11.2%) 2,19) Crcic 106G 54 60 1,86)
Recessive
273 126 244 08 . 129
CICCO o3 kon  (05.%) 1,00 040 | TTAT 3500 qamv 1,00 <ops | TTCT 2860076%) g1 100 o4
18 6 0,72 (0,28- 49 34 1,73 (1,05- 0,95 (0,24-
G/G 62%)  (4,5%) 1,86) ATA A67%)  (258%) 2,84) ce TQ2A%)  3(2,3%) 3,73)
Overdominant
201 9% 155 7 84
CCGG  E aave 1,00 0as | TTNA oo sa 1,00 075 | TTCC 200(683%) (e L0 3s
70 36 1,18 (0,74- 138 60 0,94 (0,62- 48 1,23 (0,80-
GG atwy  (273%) 1,89) AT G71%)  (45,5%) 1,41) cT BGLT%)  (36.49%) 1,89)

The best models for particular genes were as follows: for PPAR-y - the overdominant model; for FTO — the recessive model; for MC4R —the
overdominant model

WWWw.aging-us.com

74

AGING



Elevated serum TG levels were not significantly
associated with particular inheritance models. There
were, however, relationships showing a tendency to
statistical significance in the codominant model for the
PPAR-y polymorphism, in which the C/G genotype
carriers were more likely to develop hypertriglyce-
ridemia than those with the C/C and G/G genotypes. We
also noticed that in the overdominant model for the same
gene polymorphism, the C/G genotype predisposed to
TG metabolism disorders more than the C/C-G/G geno-
types (Table 3).

The inheritance models had no statistically significant
impact on the serum HDL level. The relationship that
was closest to the significance limit was that between
the overdominant model for the F70O polymorphism and
the HDL level — the A/T genotype was associated with
having HDL on a sufficiently high level. By contrast,
the T/T-A/A genotypes were more often accompanied
by the HDL level <50 mg/dl (Table 4).

Analysis of elevated blood pressure demonstrated
statistically significant relationships in the codominant,
dominant, and recessive models for the PPAR-y
polymorphism. In the codominant model, the C/C geno-
type inclined to increased blood pressure more than the
C/G and G/G genotypes. In the dominant model, the

C/C genotype predisposed to elevated blood pressure
more than the C/G-G/G genotypes. In the recessive
model, we observed a statistically significant
relationship between the G/G genotype and a lower risk
of increased blood pressure (Table 5).

DISCUSSION

The PPAR-y expression is noticeable in both endothelial
and vascular smooth muscle cells, which has effects on
its potential role in the regulation of vascular tension
and blood pressure [9]. Essential information
concerning the role of the PPAR-y mutation in the
regulation of blood pressure has been provided by both
human and animal studies.

Ostgren et al. maintain that the PPAR-y C/G mutation
entails lower diastolic blood pressure in people. This
relationship is probably independent of the influence
that this mutation exerts on the functioning of the body
[22]. Results of numerous studies show that the PPAR-y
agonists (including thiazolidinediones) contribute to the
lowering of blood pressure in animal models, which
was also confirmed in patients with diabetes. It was
established that hypotensive effect is at least partially
independent of insulin-sensitizing activity [23, 24].

Table 3. Odds ratios (OR) calculated assuming different models of inheritance of PPARy rs1801282, FTO rs9939609 and MC4R
rs17782313 SNPs with regard to the serum TG level (S3=<150 mg/dl; S;* = = 150 mg/dl or related pharmacotherapy).

Genotype S. S OR P Genotyp S: S OR p Genotype S S OR p
PPARy 3 3 e FTO 3 3 MC4R 3 3
Co-dominant
221 7 113 31 206 68
ce (70,6%)  (65,5%) 1,00 TT-AT (35,9%)  (28,2%) 1,00 T (65,4%)  (61,8%) 1,00
c/G 71 35 ((1)’3; 0,06 AT 143 55 ((1),;(5) 0,33 T 101 40 1,20 (0,76- 0,67
22,7%)  (31,8%) N (45,4%)  (50,0%) o (32,1%)  (36,4%) 1,90)
2,46) 2,32)
0,44 1,48
21 . ’ 59 24 ’ . . 0,76 (0,16-
G/G 6.7%) 3(2,7%) ({),51 13)- A/A (187%)  (218%) (;),7850)— c/C 8(2,5%) 2 (1,8%) 3.65)
Dominant
221 7 113 31 206 68
ce (70,6%)  (65,5%) 1,00 0,32 T (35,9%)  (28,2%) 1,00 0,14 T (65,4%)  (61,8%) 1,00 0,50
1,27 1,43
92 38 ’ A/T- 202 79 ’ 109 42 1,17 (0,74-
C/G-G/G 29.4%)  (34,5%) (0.80- A/A (64,1%)  (71,8%) (0.89- crr-cie (34,6%)  (38,2%) 1,83)
2,01) 2,29)
Recessive
292 107 256 86 307 108
c/e-c/G 93.3%)  (97.3%) 1,00 0,09 TT-AT (81,3%)  (78,2%) 1,00 0,49 TT-Crt (97,5%)  (98,2%) 1,00 0,66
0,39 1,21
21 . o 59 24 o . . 0,71 (0,15-
G/G 6.7%) 3(2,7%) (;),31 31) A/A (187%)  (218%) (20,561) c/C 8(2,5%) 2(1,8%) 3.40)
Overdominant
242 75 T/T- 172 55 214 70
CCGG 7730 (682%) %0 006 | am Ga6%)  500%) P00 041 | TTCC 6709 (63.6%) L0041
1,59 1,20
71 35 ’ 143 55 ’ 101 40 1,21 (0,77-
cG 22,7%)  (31,8%) (0.98- AT (45,4%)  (50,0%) (0,78 o (32,1%)  (36,4%) 1,91)
2,57) 1,86)

The best models for particular genes were as follows: for PPAR-y - the overdominant model; for FTO — the dominant model; for MC4R — the
overdominant model
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Table 4. Odds ratios (OR) calculated assuming different models of inheritance of PPARy rs1801282, FTO rs9939609 and MC4R
rs17782313 SNPs with regard to the serum HDL level (S, =>50 mg/dl; S," = < 50 mg/dl or related pharmacotherapy)

Genotype B N OR p Genotype _ N OR p Genotype _ N OR p
PPARy 84 84 FTO 84 84 MC4R S4 84
Co-dominant
67 226 . 115 ) .
c/c 657%)  (104%) 1,00 T/T-A/T 29 (28,2%) 35.7%) 1,00 o1s | TT 66 (64,1%) 208 (64,6%) 1,00
0,65 0,94
28 78 0,83 (0,50- 4 o 142 0,64 (0,38- N o 0,96 (0,60- »
C/G Q74%)  (243%) 1,38) AT 56 (54,4%) (44,1%) 1.07) C/T 35 (34%) 106 (32,9%) 1,54)
7 17 0,72 (0,29- o o 0,91 (0,47- o o 1,27 (0,26-
G/G (6.9%) (5.3%) 1.81) A/A 18 (17,5%) 65 (20,2%) 177) C/C 2 (1,9%) 8(2,5%) 6,13)
Dominant
C/C 67 226 1,00 T/T 29 (28,2% 15 1,00 T/T 66 (64,1% 208 (64,6% 1,00
(65.7%)  (70,4%) ; 037 (28.2%)  (35.7%) ; 0,15 (64,1%) (64.6%) ; 0,92
35 95 0,80 (0,50- o 207 0,71 (0,43- o o 0,98 (0,62-
C/G-G/G (G43%)  (29.6%) 1,29) A/T-A/A 74 (71,8%) (64.3%) 1,15) C/T-C/C 37 (35,9%) 114 (35,4%) 1,55)
Recessive
95 304 257 101
93.1%)  (94.7% = 0.56 7 79.8% ; 0,54 98,1% 7 ° 075
C/C-C/G ©3.1%)  (947%) 1,00 T/T-A/T 85 (82,5%) (79.8%) 1,00 T/T-C/T (98,1%) 314 (97,5%) 1,00
7 17 0,76 (0,31- 1,19 (0,67- 1,29 (0,27-
G/G (6.9%) (5.3%) 1,89 A/A 18 (17,5%) 65 (20,2%) 2.13) C/C 2 (1,9%) 8(2,5%) 6,16)
Overdominant
C/C-G/G 74 243 1,00 T/T-A/A 47 (45,6%) 180 1,00 T/T-C/C 68 (66%) 216 (67,1%) 1,00
(72,5%)  (75,7%) ’ 0,53 ’ (55,9%) ’ 0,07 ’ ’ 0,84
28 78 0,85 (0,51- o 142 0,66 (0,42- o o 0,95 (0,60-
C/G Q74%)  (243%) 1,40) AT 56 (54,4%) (44,1%) 1,03) C/T 35 (34%) 106 (32,9%) 1,52)

The best models for particular genes were as follows: for PPAR-y - the dominant model; for FTO — the overdominant model; for MC4R — the
recessive model

Table 5. Odds ratios (OR) calculated assuming different models of inheritance of PPARy rs1801282, FTO rs9939609 and MC4R
rs17782313 SNPs with regard to blood pressure (S5 = systolic blood presure <130mmHg and/or diastolic blood pressure
<85mmHg; Ss* = systolic blood presure 2130 mmHg or diastolic blood pressure 285 mmHg or related pharmacotherapy)

Genotype _ N OR p Genotyp B N OR P Genotyp _ N OR p
PPARy Ss Ss ¢ FTO Ss Ss ¢ MC4R Ss Ss
Co-dominant
98 195 56 , 103 171
cic @ (2% 1,00 TTAT (20 88G28%) 1,00 /T 656 (©38% 1,00
o074 <0,05 0,84 0,89
83 63 ; 71 oo 114(073- 50 W 1,10(0,72-
cG Q77%)  (23,5%) (10’1467)' AT @spoy  V2TETA%) T g or Glow O134%) 1,67)
0,36
G/G 1409%)  103,7%)  (0.15- A/A 1 3(1)0 53 (19,8%) 1’112 (0,64- c/e 425% 602 %% §0’25'
0,84) (19,1%) ,97) 3,28)
Dominant
98 195 56 , 103 171
cic @2 (128 L0 _g0s /T (G0 $8G28%) 100 gss | TT 6.0 (635%) 1,00 01
0,64
57 73 : 101 L L13(075 54 97 1,08 (0,72-
CG-GG 3680 (272%) (g’;‘é‘ AT-NA - (6430 180(67.2%) ) 7o) CTCC  aa)  (36.2%) 1,64)
Recessive
141 258 127 , 153 262
CICCO ol oo L0 g | TTAT gy 215(802%) L0 gy | TTOT % ore 1,00 0.84
0,39
G/G 1409%)  103,7%)  (0.17- A/A 30 53(19.8%) 04063 /e 4025%) 602%) 088024
0.0, (19,1%) 1,72) 3,15)
Overdominant
12 205 86 , 107 177
S L0 o34 | TT-NA 00 141(526%) L0 o6 | TTOC (B e 1,00 0.66
0,80
83 63 ; 71 o 1,09(0,73- 50 oo 1,10(0,72-
cG Q77%)  (23.5%) (10’2561)' AT @spoy  V2TETA%) T 6 or Glow 134%) 1,68)

The best models for particular genes were as follows: for PPAR-y - the recessive model; for FTO — the dominant model; for MC4R — the
dominant and overdominant model
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Nonetheless, a decrease in blood pressure was
considerably more apparent in animal models than in
people [25]. In the study presented here, we noticed a
tendency close to the results obtained by Ostgren et al.
[22]. Both in the codominant and in the dominant
model, the C/C genotype carriers were more inclined to
have increased blood pressure than those with the C/G
and G/G genotypes. In the recessive model, there was a
relationship between the G/G genotype and a lower risk
of elevated blood pressure in the group of perimeno-
pausal women.

Review of research findings concerning the PPAR-y
influence on the incidence of particular components of
MetS shows that some authors regard the presence of
the G variant as a protective factor against obesity [26].
Other reports, however, do not support this theory,
showing that carriers of the C/G genotype are pre-
disposed to increased BMI scores and obesity [27].
Swarbrick et al., on the other hand, did not find any
connection between the C/G genotype and obesity,
hypertension, or diabetes. Nevertheless, they made an
interesting observation suggesting that abnormalities in
the functioning of lipid metabolism were considerably
more common among obese carriers of the G allele
[28].

This result was partially confirmed in our study. We
observed in the codominant model that the PPAR-y C/G
genotype predisposed to hypertriglyceridemia slightly
more than the C/C and G/G genotypes, which was also
true in the overdominant model.

Over the recent decades, great interest in the impact of
the FTO 1$9939609 polymorphism on the occurrence of
body weight related abnormalities [12, 14, 15, 16, 17],
as well as lipid and carbohydrate metabolism [29] has
been observed. The Kazakh cohort study demonstrated
that polymorphisms in the FTO gene strongly predis-
posed to MetS. The carriers of the A allele were more
likely to develop MetS-related abnormalities than their
counterparts with the T allele [29]. These findings
correspond with the results obtained by Freathy et al.
[30].

Sikhayeva et al. reported on the relationship between
type 2 diabetes and the FTO 1s9939609 polymorphism
in their cohort study of the Kazakh population. The
authors observed that in the group with type 2 diabetes,
the A allele was substantially more common than the T
allele [29]. Muller et al., on the other hand, did not find
any association between this gene and the parameters of
the carbohydrate and lipid metabolism [31]. We
established that in the recessive inheritance model, the
FTO A/A genotype involved a higher risk of fasting
hyperglycemia than the T/T-A/T genotypes.

The study of the multiethnic population comprised of
Aboriginal, Chinese, European and South Asian
participants living in Canada demonstrated that the
presence of the A allele of the FTO gene entailed
greater amount of fat mass and larger volume of
subcutaneous adipose tissue [18]. Similar conclusions
were drawn by the authors of the Slovak study, who
established that the A/A genotype carriers had waist
size higher by approximately 7.1 cm than the T/T
genotype carriers [32]. This relationship was also
observed (though only among white American women)
by Song et al., who investigated postmenopausal
women from various ethnic groups [33]. In our study,
the relationships between particular inheritance models
and waist size classified according to the IDF modified
diagnostic MetS criteria from 2009 were not confirmed.
Available findings concerning the FTO impact on lipid
metabolism are not unambiguous. Sikhayeva et al.
found no confirmation for the relationship between the
FTO polymorphism and the TG level, but reported on
its association with the LDL level. The A/A genotype
entailed significantly higher LDL levels compared to
the A/T and T/T genotypes [29]. In our study, the A/T
genotype in the overdominant model helped maintain an
adequate HDL level, while the T/T-A/A genotypes were
more often accompanied by HDL levels <50 mg/dl, but
this relationship was not statistically significant.

Yang et al. claim that the MC4R polymorphisms affect
the serum TG level and total cholesterol level in
Chinese women at the mean age of 64.5 years. In their
study, the C/C genotype carriers had significantly lower
HDL levels than their counterparts with the T/T and
T/C genotypes. The women with the T/T genotype had
considerably lower TG levels than those with the C/C
genotype. Still, the influence of particular MC4R
polymorphisms on blood pressure was not demons-
trated. In Yang’s study, a stable relationship between
the C/C genotype and higher serum TG levels was
obvious, even after exclusion of disturbing factors, such
as age, BMI, and smoking [34]. The research conducted
among the Japanese revealed that the minor C allele of
the MC4R 1517782313 polymorphism had significant
positive effects on the TG level, but was not related to
obesity or BMI [35]. The study based on meta-analysis
of the European population, on the other hand, provided
evidence for the association between the MC4R poly-
morphisms and the risk of obesity [36]. The Genetic
Investigation of ANthropometric Traits (GIANT)
demonstrated that BMI scores were influenced by the C
allele [37]. This result was not confirmed in the study of
American Indians [38]. The above described
relationships were not substantiated by our findings. We
found no evidence for the contribution of particular
genotypes to the development of MetS-related
abnormalities.
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Summing up, due to an increasing risk of serious
functioning disorders and world growing incidence rate,
MetS — perceived as a set of abnormalities —
constitutes a serious public health problem. Apart from
the lifestyle and environmental factors, MetS can
develop as a result of genetic predisposition, which can
be related to the polymorphic forms of genes that play
an important part in the expression of MetS
components, namely: PPAR-y, FTO and MC4R. Our
study provided evidence for the relationships between
the A/A genotype of the FTO r$9939609 polymorphism
and hyperglycemia, and between the C/C genotype of
the PPAR-y rs1801282 polymorphism and higher blood
pressure.

Limitations

The study sample was recruited through the distribution
of information about the possibility of taking part in the
study in the local environment, by means of recruitment
was performed based on advertisement in local papers
and information posters in public places. Despite our
efforts, there is a risk that the study sample was not
representative, which could affect the results.

CONCLUSIONS

1. MetS-related abnormalities can be genetically
determined, however the categorical division of
symptoms according to the IDF criteria from 2009,

allows for demonstrating only some of these
relationships.
2. The A/A genotype of the FTO 159939609

polymorphism increases the risk of hyperglycemia
among women aged 45-60 years, and the C/C genotype
of er blood pressure in this group.

METHODS

The study sample consisted of 425 women. The criteria
for inclusion in the study were: female sex, age between
45-60 years, the lack of current cancerous, psychiatric,
or inflammatory diseases, and deliberate written consent
to take part in the study. Those who failed to meet these
criteria were excluded.

Recruitment was performed based on advertisement in
local papers and information posters in public places.
All participants came from the Westpomeranian
Province (Poland). The majority of them (66.12%) lived
in a city with the population of over 100,000, 11.29%
lived in rural area, 6.12% lived in a city with the
population of up to 10,000, and 16.47% lived in a city
with the population of up to 100,000. 74.35% of the
participants were professionally active, the rest of them
were unemployed. 71.29% were married, 11.06% lived

in cohabitation, and 17.65% were single. The majority
of the women had second-level (44.94%) and had third-
level education (39.53%). 2.59% had primary
education, and 12.94% had vocational education. The
mean age was 54.3 + 4.2 years.

All subjects gave their informed consent for inclusion
in the study. The study was conducted in accordance
with the Declaration of Helsinki, and the protocol was
approved by the Bioethical Commission of the [covered
for blind review] (permission numbers KB-0012/181/13
and KB-0012/104/11).

Description of the research procedure

The research procedure was divided into three stages.
The first of them involved taking a history about basic
sociodemographic data (age, place of residence, profess-
sional activity, education, marital status), and information
concerning  pharmacotherapy  for  hyperglycemia,
hypertriglyceridemia, the HDL level, and blood pressure.
The patients were also asked about their current
cancerous, psychiatric, and inflammatory diseases.

At the next stage, anthropometric measurements were
taken. Waist was measured in a standing position
between the lower rib margin and the upper margin of
the iliac crest at the end of a gentle exhalation. Blood
pressure was gauged in a sitting position using a manual
manometer. The cuff of the manometer was wrapped
snugly around the patient's right upper arm at the heart
level. The cuff was selected for the arm circumference.

Next, 6 ml ulnar venous blood samples were taken from
each patient using the Vacutainer system. The blood
was collected by qualified nurses in accordance with the
relevant rules and procedures concerning collecting,
storing, and transporting biological material. The levels
of fasting glycemia, TG, and HDL were determined.

From the rest of the blood, DNA was isolated for
genetic analysis of three gene polymorphisms: PPAR-y
rs1801283, FTO rs9939609, and MC4R rs17782313.

In accordance with the IDF diagnostics criteria from
2009, the results were categorized as positive (S") if
they deviated from the normal ranges thus reflecting the
presence of abnormalities, and negative (S) if they were
within normal ranges (Table 6).

Genotyping of the PPAR-y rs1801282 (C>G), the
FTO rs9939609 (T>A), and the MC4R rs17782313
(T>C) gene polymorphisms

Genomic DNA was isolated from whole blood in
keeping with standard procedures. All genotyping was
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Table 6. The IDF modified diagnostic criteria for MetS from 2009, divided into negative (S°) and

positive symptoms (S°).

Symptom | MetS criterion Negative symptom S’ Positive symptom S*
code
Sy Waist size <80 cm >80 cm
S, Fasting <100 mg/dl (5.6 mmol/l) | > 100 mg/dl (5.6 mmol/l) or related
glycemia pharmacotherapy
S; TG level <150 mg/dl (1.7 mmol/l) | > 150 mg/dl (1.7 mmol/l) or related
pharmacotherapy
Sy HDL cholesterol | > 50 mg/dl (1.3 mmol/l) | <50 mg/dl (1.3 mmol/l) or related
level pharmacotherapy
Ss Blood pressure | Systolic blood pressure < | Systolic blood pressure >130 and/or diastolic blood
130 and diastolic blood pressure > 85 mmHg or related pharmacotherapy
pressure < 85 mmHg

based on the real-time fluorescence resonance energy
transfer performed using the Light Cycler System 1.0
(Roche Diagnostic, Poland). The gene polymorphisms
were determined under the following conditions:
polymerase chain reaction (PCR) was performed with
50 ng DNA in a total volume of 20 ml containing 2 ml
reaction mix, 0.5 mM of each primer, 0.2 mM of each
hybridization probe and 2 mM MgCl2 for 35 cycles of
denaturation (95°C for 10min), annealing (60°C for 10
seconds), and extension (72°C for 15 seconds) as
suggested by manufacturer. After amplification, a
melting curve was generated by holding the reaction at
40°C for 20 seconds, and then heating slowly to 85°C.
The fluorescence signal was plotted against temperature
to give a melting curve for each sample.

The polymorphisms were determined based on the
analysis of the meltingcurves. In the PPAR-y
rs1801282 (C>G) polymorphism, peaks were obtained
at 53.14°C for the G allele and at 62.12°C for the C
allele. In the FTO rs9939609 (T>A) polymorphism,
peaks were obtained at 58.02°C for the A allele and at
63.08°C for the T allele. The fluorescence signal was
plotted against temperature to give a melting curve for
each sample. Peaks were obtained at 49.5°C for the T
allele and at 58.23°C for the C allele.

Statistical analysis

Statistical analysis was performed using STATISTICA
10.0 PL (StatSoft, Cracow, Poland,) and R environment.
Statistical significance was set at a p value below 0.05.
All tests were two-tailed. Nominal and ordinal data
were expressed as percentages, whilst interval data were
expressed as a mean value =+ standard deviation.
Nominal data were compared with X2 or Fisher exact
test. In order to assess the relationship between MetS
and genotypes four inheritance model were tested with
Bayesian Information Criterion used to choose the best

model (the smallest one). Odds ratio with confidence
interval was used to show the influence of variables on
MetS occurrence.

CONFLICTS OF INTEREST
Authors declare no conflicts of interest.
FUNDING

Financial resources for the project and funds for
covering the costs to publication come exclusively from
the Pomeranian Medical University of Szczecin.

REFERENCES

1. Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman
JI, Donato KA, Fruchart JC, James WP, Loria CM, Smith
SC Jr, and International Diabetes Federation Task
Force on Epidemiology and Prevention, and Hational
Heart, Lung, and Blood Institute, and American Heart
Association, and World Heart Federation, and Inter-
national Atherosclerosis Society, and International
Association for the Study of Obesity. Harmonizing the
metabolic syndrome: a joint interim statement of the
International Diabetes Federation Task Force on
Epidemiology and Prevention; National Heart, Lung,
and Blood Institute; American Heart Association;
World Heart Federation; International Atherosclerosis
Society; and International Association for the Study of
Obesity. Circulation. 2009; 120:1640-45.
https://doi.org/10.1161/CIRCULATIONAHA.109.1926
44

2. Kaur J. A comprehensive review on metabolic
syndrome. Cardiol Res Pract. 2014; 2014:943162.
https://doi.org/10.1155/2014/943162

3. Kalinowski P, Mianowana M. Metabolic Syndrome
part Il: Epidemiology of metabolic syndrome in

WWWw.aging-us.com

79

AGING



10.

11.

12.

13.

Poland and in the World. J Educ. Health and Sport.
2016; 6:466—-80.

Bellia A, Giardina E, Lauro D, Tesauro M, Di Fede G,
Cusumano G, Federici M, Rini GB, Novelli G, Lauro R,
Sbraccia P. “The Linosa Study”: epidemiological and
heritability data of the metabolic syndrome in a
Caucasian genetic isolate. Nutr Metab Cardiovasc Dis.
2009; 19:455-61.
https://doi.org/10.1016/j.numecd.2008.11.002

Henneman P, Aulchenko YS, Frants RR, van Dijk KW,
Oostra BA, van Duijn CM. Prevalence and heritability
of the metabolic syndrome and its individual
components in a Dutch isolate: the Erasmus Rucphen
Family study. J Med Genet. 2008; 45:572-77.
https://doi.org/10.1136/jmg.2008.058388

Stein CM, Song Y, Elston RC, Jun G, Tiwari HK, lyengar
SK. Structural equation model-based genome scan for
the metabolic syndrome. BMC Genet. 2003 (Suppl 1);
4:599. https://doi.org/10.1186/1471-2156-4-51-S99

Tontonoz P, Spiegelman BM. Fat and beyond: the
diverse biology of PPARgamma. Annu Rev Biochem.
2008; 77:289-312.
https://doi.org/10.1146/annurev.biochem.77.061307
.091829

Rosen ED, Spiegelman BM. PPARgamma: a nuclear
regulator of metabolism, differentiation, and cell
growth. J Biol Chem. 2001; 276:37731-34.
https://doi.org/10.1074/jbc.R100034200

Duan SZ, Usher MG, Mortensen RM. Peroxisome
proliferator-activated receptor-gamma-mediated
effects in the vasculature. Circ Res. 2008; 102:283—
94. https://doi.org/10.1161/CIRCRESAHA.107.164384

Standaert ML, Kanoh Y, Sajan MP, Bandyopadhyay G,
Farese RV. Cbl, IRS-1, and IRS-2 mediate effects of
rosiglitazone on PI3K, PKC-A, and glucose transport in
3T3/L1 adipocytes. Endocrinology. 2002; 143:1705-
16. https://doi.org/10.1210/endo.143.5.8812

Monsalve FA, Pyarasani RD, Delgado-Lopez F, Moore-
Carrasco R. Peroxisome proliferator-activated
receptor targets for the treatment of metabolic
diseases. Mediators Inflamm. 2013; 2013:549627.
https://doi.org/10.1155/2013/549627

Dina C, Meyre D, Gallina S, Durand E, Kérner A,
Jacobson P, Carlsson LM, Kiess W, Vatin V, Lecoeur C,
Delplanque J, Vaillant E, Pattou F, et al. Variation in
FTO contributes to childhood obesity and severe
adult obesity. Nat Genet. 2007; 39:724-26.
https://doi.org/10.1038/ng2048

Kawajiri T, Osaki Y, Kishimoto T. Association of gene
polymorphism of the fat mass and obesity associated
gene with metabolic syndrome: a retrospective

14.

15.

16.

17.

18.

19.

20.

21.

cohort study in Japanese workers. Yonago Acta Med.
2012; 55:29-40.

Frayling TM, Timpson NJ, Weedon MN, Zeggini E,
Freathy RM, Lindgren CM, Perry JR, Elliott KS, Lango
H, Rayner NW, Shields B, Harries LW, Barrett JC, et al.
A common variant in the FTO gene is associated with
body mass index and predisposes to childhood and
adult obesity. Science. 2007; 316:889-94.

https://doi.org/10.1126/science.1141634

Gonzalez-Sanchez JL, Zabena C, Martinez-Larrad MT,
Martinez-Calatrava MJ, Pérez-Barba M, Serrano-Rios
M. Variant rs9939609 in the FTO gene is associated
with obesity in an adult population from Spain. Clin
Endocrinol (Oxf). 2009; 70:390-93.
https://doi.org/10.1111/j.1365-2265.2008.03335.x

Ohashi J, Naka I, Kimura R, Natsuhara K, Yamauchi T,
Furusawa T, Nakazawa M, Ataka Y, Patarapotikul J,
Nuchnoi P, Tokunaga K, Ishida T, Inaoka T, et al. FTO
polymorphisms in oceanic populations. J Hum Genet.
2007; 52:1031-35. https://doi.org/10.1007/s10038-
007-0198-2

Li H, Wu Y, Loos RJ, Hu FB, Liu Y, Wang J, Yu Z, Lin X.
Variants in the fat mass- and obesity-associated (FTO)
gene are not associated with obesity in a Chinese Han
population. Diabetes. 2008; 57:264—68.
https://doi.org/10.2337/db07-1130

Lear SA, Deng WQ, Paré G, Sulistyoningrum DC, Loos
RJ, Devlin A. Associations of the FTO rs9939609
variant with discrete body fat depots and dietary
intake in a multi-ethnic cohort. Genet Res. 2011;
93:419-26.
https://doi.org/10.1017/5001667231100036X

Cole SA, Butte NF, Voruganti VS, Cai G, Haack K, Kent
JW Jr, Blangero J, Comuzzie AG, McPherson JD, Gibbs
RA. Evidence that multiple genetic variants of MC4R
play a functional role in the regulation of energy
expenditure and appetite in Hispanic children. Am J
Clin Nutr. 2010; 91:191-99.
https://doi.org/10.3945/ajcn.2009.28514

Kooijman S, Boon MR, Parlevliet ET, Geerling JJ, van
de Pol V, Romijn JA, Havekes LM, Meurs I, Rensen PC.
Inhibition of the central melanocortin system
decreases brown adipose tissue activity. J Lipid Res.
2014; 55:2022-32.
https://doi.org/10.1194/jIr.M045989

Muller YL, Thearle MS, Piaggi P, Hanson RL, Hoffman
D, Gene B, Mahkee D, Huang K, Kobes S, Votruba S,
Knowler WC, Bogardus C, Baier L. Common genetic
variation in and near the melanocortin 4 receptor
gene (MCA4R) is associated with body mass index in
American Indian adults and children. Hum Genet.
2014; 133:1431-41.

WWWw.aging-us.com

AGING



22.

23.

24.

25.

26.

27.

28.

29.

30.

https://doi.org/10.1007/s00439-014-1477-6

Ostgren CJ, Lindblad U, Melander O, Melander A,
Groop L, Rastam L. Peroxisome proliferator-activated
receptor-gammaProl2Ala polymorphism and the
association with blood pressure in type 2 diabetes:
skaraborg hypertension and diabetes project. J
Hypertens. 2003; 21:1657-62.

https://doi.org/10.1097/00004872-200309000-00014

Chetty VT, Sharma AM. Can PPARgamma agonists
have a role in the management of obesity-related
hypertension? Vascul Pharmacol. 2006; 45:46-53.
https://doi.org/10.1016/j.vph.2005.11.010

Berger JP, Akiyama TE, Meinke PT. PPARs: therapeutic
targets for metabolic disease. Trends Pharmacol Sci.
2005; 26:244-51.
https://doi.org/10.1016/j.tips.2005.03.003

Stout RD, Suttles J. Functional plasticity of
macrophages: reversible adaptation to changing
microenvironments. J Leukoc Biol. 2004; 76:509-13.
https://doi.org/10.1189/jlb.0504272

Dytfeld J, Horst-Sikorska W. Znaczenie receptorow
aktywowanych proliferatorami  peroksysomow vy
(PPARy) w fizjologii i patologii cztowieka = Importance
of peroxisome proliferator receptors y (PPARy) in
human physiology  and pathology. Przegl
Kardiodiabetol. 2009; 4:187-91. Polish

Cole SA, Mitchell BD, Hsueh WC, Pineda P, Beamer
BA, Shuldiner AR, Comuzzie AG, Blangero J, Hixson JE.
The Prol2Ala variant of peroxisome proliferator-
activated receptor-gamma2 (PPAR-gamma2) is
associated with measures of obesity in Mexican
Americans. Int J Obes Relat Metab Disord. 2000;
24:522-24. https://doi.org/10.1038/sj.ij0.0801210

Swarbrick MM, Chapman CM, McQuillan BM, Hung J,
Thompson PL, Beilby JP. A Pro12Ala polymorphism in
the human peroxisome proliferator-activated
receptor-gamma 2 is associated with combined
hyperlipidaemia in obesity. Eur J Endocrinol. 2001;
144:277-82. https://doi.org/10.1530/eje.0.1440277

Sikhayeva N, Iskakova A, Saigi-Morgui N, Zholdybaeva
E, Eap CB, Ramanculov E. Association between 28
single nucleotide polymorphisms and type 2 diabetes
mellitus in the Kazakh population: a case-control
study. BMC Med Genet. 2017; 18:76.
https://doi.org/10.1186/s12881-017-0443-2

Freathy RM, Timpson NJ, Lawlor DA, Pouta A, Ben-
Shlomo Y, Ruokonen A, Ebrahim S, Shields B, Zeggini
E, Weedon MN, Lindgren CM, Lango H, Melzer D, et
al. Common variation in the FTO gene alters diabetes-
related metabolic traits to the extent expected given
its effect on BMI. Diabetes. 2008; 57:1419-26.
https://doi.org/10.2337/db07-1466

31.

32.

33.

34.

35.

36.

37.

38.

Miller TD, Hinney A, Scherag A, Nguyen TT, Schreiner
F, Schafer H, Hebebrand J, Roth CL, Reinehr T. ‘Fat
mass and obesity associated’ gene (FTO): no
significant association of variant rs9939609 with
weight loss in a lifestyle intervention and lipid
metabolism markers in German obese children and
adolescents. BMC Med Genet. 2008; 9:85-90.
https://doi.org/10.1186/1471-2350-9-85

Macekova S, Bernasovsky |, Gabrikova D, B6zikova A,
Bernasovska J, Boroniova |, Behulova R, Svickova P,
Petrejcikova E, Sotdk M, Sovi¢ova A, Carnogurska J.
Association of the FTO rs9939609 polymorphism with
obesity in Roma/Gypsy population. Am J Phys
Anthropol. 2012; 147:30-34.
https://doi.org/10.1002/ajpa.21604

Song Y, You NC, Hsu YH, Howard BV, Langer RD,
Manson JE, Nathan L, Niu T, F Tinker L, Liu S. FTO
polymorphisms are associated with obesity but not
diabetes risk in postmenopausal women. Obesity
(Silver Spring). 2008; 16:2472-80.
https://doi.org/10.1038/0by.2008.408

Yang J, Gao Q, Gao X, Tao X, Cai H, Fan Y, Zhang N,
Zhang Y, Li L Li H. Melanocortin-4 receptor
rs17782313 polymorphisms are associated with
serum triglycerides in older Chinese women. Asia Pac
J Clin Nutr. 2016; 25:213-19.

Katsuura-Kamano S, Uemura H, Arisawa K, Yamaguchi
M, Hamajima N, Wakai K, Okada R, Suzuki S, Taguchi
N, Kita Y, Ohnaka K, Kairupan TS, Matsui D, et al. A
polymorphism near MC4R gene (rs17782313) is
associated with serum triglyceride levels in the
general Japanese population: the J-MICC Study.
Endocrine. 2014; 47:81-89.
https://doi.org/10.1007/s12020-014-0306-y

Xi B, Chandak GR, Shen Y, Wang Q, Zhou D.
Association between common polymorphism near
the MC4R gene and obesity risk: a systematic review
and meta-analysis. PLoS One. 2012; 7:e45731.
https://doi.org/10.1371/journal.pone.0045731

Speliotes EK, Willer CJ, Berndt SI, Monda KL,
Thorleifsson G, Jackson AU, Lango Allen H, Lindgren
CM, Luan J, Magi R, Randall JC, Vedantam S, Winkler
TW, et al, and Procardis Consortium. Association
analyses of 249,796 individuals reveal 18 new loci
associated with body mass index. Nat Genet. 2010;
42:937-48. https://doi.org/10.1038/ng.686

Muller YL, Thearle MS, Piaggi P, Hanson RL, Hoffman
D, Gene B, Mahkee D, Huang K, Kobes S, Votruba S,
Knowler WC, Bogardus C, Baier LJ. Common genetic
variation in and near the melanocortin 4 receptor
gene (MCA4R) is associated with body mass index in
American Indian adults and children. Hum Genet.

WWWw.aging-us.com

81

AGING



2014; 133:1431-41. https://doi.org/10.1007/s00439-
014-1477-6

WWwWw.aging-us.com 82 AGING



