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Abstract
Introduction and objective. The biochemical and anthropometric consequences of metabolic disorders exert an enormous 
effect on the functioning of people worldwide. The aim of this study is to assess relationships between biochemical and 
anthropometric parameters associated with metabolic syndrome, and the presence of the PPAR-γ rs1801282, the FTO 
rs9939609, and the MC4R rs17782313 polymorphisms in women aged 45–60.�  
Materials and method. The study included 425 women, aged 45–59 years, from the general population of the West 
Pomeranian Province in north-west Poland. The research procedure involved a structured interview, anthropometric and 
blood pressure measurements, biochemical analysis of serum, and genetic analysis.�  
Results. The carriers of the A/A genotype of the FTO polymorphism had higher LDL levels than their counterparts with the 
T/T genotype (p = 0.01). The carriers of the T/T genotype of the MC4R polymorphism had lower non-HDL levels than those 
with the C/C and C/T genotypes (p = 0.019). Weight was related to the C/C and the C/G + G/G genotypes of the PPAR-γ gene 
polymorphism (p = 0.046). The model of inheritance for the MC4R polymorphism had a significant effect on TG (p = 0.039) 
and non-HDL (p = 0.05) levels.�  
Conclusions. The genotypes analyzed in the study had only a slight direct effect on the biochemical and anthropometric 
abnormalities typical of metabolic disorders. Nonetheless, the risk alleles (A allele of the FTO rs9939609 and the C allele of 
the MC4R rs17782313) were found to be related to lipid metabolism disorders in 45–60-year-old women.
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INTRODUCTION

Metabolic disorders – manifested as dyslipidaemia, 
carbohydrate metabolism disorders, an increased risk of 
cardiovascular disease, hypertension, and overweight are 
closely related to each other, and their incidence is growing 
significantly worldwide [1]. Aside from the undeniable 
influence of lifestyle, and such its components as physical 
activity, smoking, and the quality and quantity of food 
intake, the development of metabolic disorders may also be 
determined by genetic factors. Therefore, this study attempts 
to assess relationships between metabolic abnormalities and 
the polymorphisms in three genes: PPAR-γ, FTO and MC4R, 
the polymorphic forms of which are suspected of affecting 
the occurrence of predisposition to disorders associated with 
the metabolic syndrome and its components.

Single-nucleotide polymorphisms (SNPs) help in explaining 
the nature of differences between individuals in the human 
population [2]. The peroxisome proliferator–activated receptor 
gamma (PPAR-γ) gene is one of the factors that can be regarded 
as essential for understanding individual susceptibility to 
metabolic disorders. In 1997, an alanine for proline substitution 
at codon 12 in the PPAR-γ2 gene – resulting in the Pro12Ala 

(rs1801282) polymorphism – was detected [3]. This substitution 
can cause a conformational change within the protein, thus 
affecting its activity [4]. PPAR-γ is a cell nuclear receptor. Its 
expression is observed almost exclusively in adipose tissue, 
and is mainly responsible for lipid metabolism, adipocyte 
differentiation, and sensitivity to insulin [5]. Polymorphic 
forms of the PPAR-γ gene are supposed to play a key role in 
the development of weight disorders [6], and energy balance 
regulation [5]. They are also regarded as potentially promoting 
disorders of carbohydrate and lipid metabolism [7].

Another possible contributor to metabolic disorders 
(especially obesity, type 2 diabetes, and insulin resistance) 
is the fat mass and obesity-associated (FTO) gene located 
on the 16q12.2 chromosome [8, 9]. Frayling et al. noticed 
that a relatively large amount of the FTO protein – 
ubiquitously expressed in various tissues – can be found in 
the hypothalamus and pancreatic islets [10], and it is therefore 
believed to affect energy balance, the central nervous system 
[8], and adipose tissue at a peripheral level [11]. In 2007, FTO 
was described in genome-wide association studies (GWAS) 
as an obesity-related gene in the Caucasian race [10].

One more genetic factor that substantially contributes to 
obesity – thus predisposing to carbohydrate metabolism 
disorders and type 2 diabetes – is the melanocortin-4 receptor 
(MC4R) rs17782313 polymorphism [12]. It is considered to 
play an important part in the regulation of food intake, and 
maintenance of long-term energy homeostasis [13].
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OBJECTIVES

The aim of this study was to analyze relationships between 
the PPAR-γ rs1801282, the FTO rs9939609, and the 
MC4R rs17782313 polymorphisms and biochemical and 
anthropometric parameters, as well as health functioning 
associated with the occurrence of metabolic disorders in 
45–60-year-old women.

MATERIALS AND METHOD

Women were recruited who represented the general 
population of the West Pomeranian Province in north-
west Poland). The size of the study sample was established 
on the basis of statistical data concerning the size of the 
population of 45–59-year old women in the West Pomeranian 
Province in 2015 [14]. The confidence level was set at 95%, the 
maximum error at 5%, and estimated fraction size at 0.5. The 
group was extended by 10% to make up for a possible drop-
out. The total number of women qualified for the study was 
425. The inclusion criteria were: female gender, age between 
45–60 years, deliberate written consent for taking part in the 
research, and residence in the West Pomeranian Province. 
The criteria for temporary exclusion from the study were: 
a current active inflammatory state  of the body (verified 
by the C-reactive protein [CRP] measurement), as well as 
oncological and psychiatric disorders.

The results were obtained as part of a larger investigation 
to analyze the influence of a wide array of biological, 
social, and psychological factors on women’s functioning 
in the peri- and postmenopausal periods. The authors of 
this study recommend reading their papers on studies of 
same study sample, aimed at establishing the association 
between different MetS-related abnormalities and gene 
polymorphisms [15], and to assess relationships between 
MetS and the presence of the FTO rs9939609, the MC4R 
rs17782313, and the PPAR-γ rs1801282 polymorphisms in 
45–60-year-old women [16].

The presented study was conducted in accordance with the 
Declaration of Helsinki, and the protocol approved by the 
Bioethical Commission of Pomeranian Medical University 
in Szczecin, Permission Nos. KB-0012/181/13 and KB-
0012/104/11.

Each patient received written information about the 
purpose and course of the study, as well as the possibility to 
resign at any stage of the research procedure without sating 
reasons.

The research procedure was divided into four stages, 
namely: a structured interview, anthropometric and blood 
pressure measurements, biochemical analysis of serum, and 
genetic analysis.

The purpose of the structured interview was to obtain data 
from each patient concerning her health status. The women 
provided information about menstruating (yes/no), smoking 
(yes/no), alcohol consumption (yes: more than 140 g of 100% 
alcohol per week / no: abstinence, or less than 140 g of 100% 
alcohol per week), diagnosed coronary thrombosis (yes/no), 
type 2 diabetes (yes/no), and hyperlipidaemia (yes/no). During 
the interview, the patients received all information necessary 
to fully understand the questions and give truthful answers.

The next stage of the study involved anthropometric and 
blood pressure measurements. Each patient was weighed and 

measured on an empty stomach, after urination, wearing 
light clothes and without shoes. The measurements were 
performed using an electronic scale with a measuring rod. 
Both waist circumference (WC) and hip circumference (HC) 
were measured in a standing position: WC – between the 
lower rib margin and the upper margin of the iliac crest, at 
the end of a gentle exhalation; and HC – at the level of the 
maximum protrusion of the gluteus muscles. WC ≤ 80 cm 
was assumed as normal. Based on the data obtained, the 
body mass index (BMI) and waist – hip ratio (WHR) were 
calculated. BMI within the range 18.5–24.9  kg/m2 was 
regarded as normal, BMI within the range 25.0–29.9 kg/m2 

denoted overweight, and BMI ≥ 30 kg/m2 – obesity. A WHR 
was calculated through dividing WC by HC; values < 0.8 
were assumed to indicate a gynoid type of adipose tissue 
distribution, and values ≥ 0.8 suggested an android type 
of distribution. Systolic (sBP) and diastolic (dBP) blood 
pressure was assessed in a sitting position using a manual 
manometer. The  cuff of the manometer was selected for 
the  arm circumference and wrapped snugly around the 
patient’s right upper arm at the heart level. The patients were 
allowed at least a five-minute rest before the measurement.

As the next step, venous blood samples were taken from each 
patient on an empty stomach (minimum 8 hours from the last 
meal), using the Vacutainer system. The blood was collected 
in accordance with the relevant rules and procedures. The 
following biochemical parameters were determined in serum: 
insulin (normal range: 2.6–24.9uIU/mL), total cholesterol 
(TCh) (normal range: 115–190 mg/dl), high density lipoprotein 
(HDL) (normal level > 50 mg/dl), low-density lipoprotein 
(LDL) (normal level < 115 mg/dl), triglycerides (TG) (normal 
level < 150 mg/dl), and glucose (normal range: 60–99 mg/dl). 
Additionally calculated, on the basis of the results, were 
non-HDL = TCh – HDL (normal level < 145  mg/dl), and 
the homeostasis model of assessment of insulin resistance 
(HOMA-IR) index = serum glucose level (mg/dl) x insulin 
level (μIU/ml) divided by 405 (normal level ≤ 2.5).

The patients were categorized as having metabolic syndrome 
(MetS) if they had at least three out of five abnormalities: 
≥ 100 mg/dl or treatment for hyperglycaemia, triglycerides 
≥ 150 mg/dl or related pharmacotherapy, HDL cholesterol 
< 50  mg/dl or related pharmacotherapy, and elevated BP 
systolic and/or diastolic blood pressure (sBP ≥ 130 and/or 
dBP ≥ 85 mmHg) or related pharmacotherapy [17].

In the remaining part of the biological material, 
genotyping was performed of the PPAR-γ rs1801282 (C>G), 
FTO rs9939609 (T>A), and MC4R rs17782313 (T>C) 
polymorphisms. Genomic DNA was isolated from whole 
blood in accordance with standard salting procedures [18]. 
All genotyping was based on the real-time fluorescence 
resonance energy transfer  (FRET) performed using the 
Light Cycler System 1.0 (Roche Diagnostic, Poland). The 
following were applied for the polymorphism in the gene: 
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 MgCl according to the manufacturer’s 
instructions for 35 cycles of denaturation (95 °C for 10min), 
annealing 60 °C for 10 seconds) and extension (72 °C for 15 
seconds). 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 melting curves for each sample.
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The polymorphisms were determined on the basis of 
analysis of the melting  curves. In the PPAR-γ 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 melting curves 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 was performed using the R package 
(R Foundation for Statistical Computing, Vienna, Austria). 
Continuous variables were described by minimum and 
maximum values, the mean ± standard deviation, the 
median, as well as lower and upper quartiles. The number 
(N) and per cent values were presented in the description 
of categorical variables. The chi-square test was used to 
analyze the distribution of genotypes/alleles. To determine 
associations between the genotypes and the biochemical 
and anthropometric indices, analysis of variance (ANOVA) 
was conducted. Logistic regression analysis was used to 
estimate odds ratios (OR) for the relationships between the 
genes PPAR-γ rs1801282, the FTO rs9939609, and the MC4R 
rs17782313 polymorphisms and the biochemical,las well as 
anthropometric parameters. A 95% confidence interval was 
assumed. Statistical significance was set at 0.05.

RESULTS

The mean age of the participants was 54.3 ± 4.2 years. 16.47% of 
them were still menstruating, 20.23% smoked cigarettes, and 
15.29% admitted to alcohol consumption. The women suffered 
from the following chronic diseases: 38.35% had a diagnosis 
of MetS, 14.35% had elevated serum cholesterol levels, 13.17% 
had type 2 diabetes, and 4.23% had coronary thrombosis. 
Weight disorders also constituted a serious problem: 38.12% 
of the women were overweight, and 29.65% were obese. Results 
of biochemical analysis that were noteworthy were the mean 
levels of TCh (218.4 ± 43.2 mg/dL), LDL (132.6 ± 39.4 mg/Dl) 
and non-HDL (155.6 ± 43.8 mg/dL), which were too high, even 
when measured for the whole study sample. The mean results 
of some anthropometric measurements also deviated from 
normal values: BMI – 27.9 ± 5.2 kg/m2, WC – 87.7 ± 10.7 cm, 
and WHR indicated an android body type (Tab. 1).

Table 2 shows the distribution of genotypes and alleles 
of the PPAR-γ rs1801282, FTO rs9939609, and MC4R 
rs17782313 polymorphisms. Only the distribution of the 
alleles of the FTO rs9939609 polymorphism diverged from 
the Hardy-Weinberg distribution (p > 0.05). In other cases, 
no divergence was observed (Tab. 2).

The analysis of genetic and biochemical parameters 
demonstrated statistically significant relationships between 
serum LDL levels and the presence of particular genotype 
combinations of the FTO gene polymorphism (p = 0.01). 
Patients with the A/A genotype had significantly higher 
LDL levels than their counterparts with the T/T genotype. 
The same was observed for TCh (p = 0.059) and TG (p = 0.067).

The carriers of the T/T genotype of the MC4R gene 
polymorphism had significantly lower non-HDL levels than 
those with the C/C and C/T genotypes (p = 0.019). A similar 
relationship was observed for TG (p = 0.05). Analysis of other 
biochemical and anthropometric variables, as well as blood 
pressure, did not reveal any significant associations with the 

genotypes of the above-mentioned polymorphism or the 
genotypes of the PPAR-γ polymorphism (Tab. 3).

Table 1. Characteristics of the study sample with regard to biochemical 
and anthropometric parameters, as well as health functioning (N = 425)

Continuous variables xmin xmax x ± SD Me (Q1 – Q3)

Insulin [uIU/ml]* 2.20 40.20 11.14 ± 6.65 9.35 (7.09 – 12.72)

Glucose [mg/dl] 63.0 348.0 95.0 ± 30.2 88.0 (80.0 – 99.0)

HOMA-IR* 0.40 32.39 2.84 ± 2.85 2.09 (1.47 – 3.08)

TCh [mg/dl] 94.0 359.0 218.4 ± 43.2 216 (191.0 – 242.0)

LDL [mg/dl]* 38.2 283.0 132.6 ± 39.4 134.0 (107.0 – 159.0)

HDL [mg/dl]* 22.0 143.0 63.0 ± 17.0 61.0 (50.0 – 73.0)

TG [mg/dl] 28.0 445.0 117.7 ± 64.4 100.0 (73.0 – 141.0)

non-HDL [mg/dl] 52.0 311.0 155.6 ± 43.8 153.0 (125.0 – 184.0)

Body weight [kg]* 43.8 123.4 73.5 ± 13.4 71.4 (64.0 – 82.0)

BMI [kg/m2] 17.7 53.7 27.9 ± 5.2 27.0 (24.2 – 30.9)

HC [cm] 68.0 149.0 102.6 ± 8.5 101.4 (96.6 – 106.8)

WC [cm] 62.9 126.0 87.7 ± 10.7 86.0 (80.0 – 94.3)

WHR [j] 0.65 1.13 0.85 ± 0.1 0.84 (0.81 – 0.90)

sBP [mmHg] 90.0 180.0 127.3 ± 15.8 130.0 (120.0 – 140.0)

dBP [mmHg] 50.0 120.0 78.8 ± 10.3 80.0 (70.0 – 85.0)

Categorical variables N %

Menstruating 70 16.47%

Smoking 86 20.23%

Drinking alcohol 65 15.29%

With coronary thrombosis 18 4.23%

With type 2 diabetes 56 13.17%

With hyperlipidemia 61 14.35%

With MetS 163 38.35%

Overweight 162 38.12%

Obesity 126 29.65%

*deviating data cases were removed
Xmin– Xmax – minimum–maximum; x ± SD – mean ± standard deviation; Me – median; Q1 – Q3 – 
lower quartiles – upper quartile; N – number of cases

Table 2. Distribution of the genotypes and alleles of the PPARγ rs1801282, 
the FTO rs9939609, and the MC4R rs17782313 polymorphisms in the 
study sample (N = 425)

SNP Genotype/allele N=425/850 (%) p-value

PPARγ rs1801282 C/C 294 (69.18%)

p = 0.320C/G 107 (25.18%)

G/G 24 (5.66%)

C 695 (81.76%)
p = 0.461

G 155 (18.24%)

FTO rs9939609 A/A 83 (19.53%)

p = 0.056A/T 198 (46.59%)

T/T 144 (33.88%)

A 364 (42.82%)
p < 0.05

T 486 (57.18%)

MC4R rs17782313 C/C 10 (2.35%)

p = 0.363C/T 141 (33.18%)

T/T 274 (64.47%)

C 161 (18.94%)
p = 0.909

T 689 (81.06%)

SNP – single-nucleotide polymorphism; N – number of cases; p – significance level
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The last analysis was based on logistic regression with the 
aim of establishing whether the models of inheritance (over-
dominant and recessive) were related to blood pressure, or 
biochemical and anthropometric indicators of metabolic 
disorders. A statistically significant relationship was 
demonstrated between weight and the presence of the C/C and 
the C/G + G/G genotypes of the PPAR-γ gene polymorphism 
(p = 0.046). The carriers of the C/G+G/G genotypes were 
at considerably higher risk of increased body weight than 
those with the C/C genotype (OR = 1.017). There were also 
significant differences in total cholesterol (p = 0.019) and non-

HDL (p = 0.026) levels between the carriers of the A/A + T/A 
genotypes of the FTO gene polymorphism and those with 
the T/T genotype. In both cases, the A/A + T/A genotypes 
predisposed to elevated cholesterol levels more than other 
genotypes (TCh: OR = 0.994; non-HDL: OR = 0.995). The 
model of inheritance for the MC4R polymorphism had a 
significant impact on TG (p = 0.039) and non-HDL (p = 0.05) 
levels. The C/C + C/T genotypes predisposed to elevated TG 
and non-HDL levels more than the T/T genotype (Tab. 4).

Table 3. Analysis of relationships between biochemical and anthropometric parameters and the genotypes of PPARγ rs1801282, FTO rs9939609, 
and MC4R rs17782313 polymorphisms

Continuous 
variables

PPARγ FTO MC4R

C/C C/G G/G p A/A A/T T/T p C/C C/T T/T p

Insulin [uIU/ml]* 11.4±6.9 10.9±6.4 9.8±3.8 0.489 11.5±6.9 11.2±6.5 10.9±6.7 0.833 14±11.5 11±6 11.1±6.8 0.375

Glucose [mg/dl] 96.2 ±33.8 93.1±20.9 90.6±11.9 0.5 94.1±20.5 93.5±25.4 97.4±39.4 0.479 100.9±24.3 92.4±26.6 96.1±32 0.399

HOMA-IR* 3±3.2 2.6±2 2.2±1 0.323 2.8±2.4 2.7±2 3±3.9 0.568 3.6±3.5 2.7±2.5 2.9±3 0.593

TCh [mg/dl] 218.1±42.7 219.2±44.8 222.2±45 0.895 221±49.4 222.4±40 211.5±43.2 0.059 204.9±45.8 224.6±48.4 215.8±40 0.089

LDL [mg/dl]* 140.7±65.1 140.5±59.1 132.7±68.1 0.857 157.1±64.1 131.1±61.1 144.4±66,1 0.01 137.6±61.5 148.5±62.6 136.7±64.8 0.249

HDL [mg/dl]* 63.5±17.1 60.4±17 67±12.9 0.127 61±16.2 63.8±18.4 63±15.2 0.453 70.4±30.9 61.8±15.6 63.3±16.9 0.263

TG [mg/dl] 118.8±65.3 118.6±64.3 105.5±53.3 0.624 131.6±70.3 116.7±58.5 111.1±67.7 0.067 101.4±49.1 128.2±76.2 112.9±57.4 0.05

non-HDL [mg/dl] 154.8±42.6 158.9±46.7 155.2±45.1 0.716 160±51.8 158.6±41.1 149±42 0.078 134.5±45.6 163.2±49.1 152.5±40.3 0.019

Body weight [kg]* 74.4±13.5 71.3±13.5 72.7±10.1 0.12 74.8±12.9 73.3±14.3 73±12.3 0.612 71.7±16.8 73±12.2 73.8±13.9 0.75

BMI [kg/m2] 28.3±5.2 27.3±5.3 27±4.5 0.18 28.3±5 27.9±5.5 27.8±4.9 0.743 28±9.8 27.6±4.6 28.1±5.3 0.643

HC [cm] 103±8.5 101.6±8.7 102.1±7.7 0.366 103±8.9 103±9.1 101.8±7.3 0.373 100.9±9.2 102.7±9.3 102.6±8.1 0.824

WC [cm] 88.2±10.8 86.5±10.6 87.3±9 0.362 88.8±9.6 87.8±11.5 87.1±10 0.509 86.9±13.8 87.3±10.2 88±10.8 0.819

WHR [j] 0.9±0.1 0.8±0.1 0.9±0.1 0.789 0.9±0.1 0.8±0.1 0.9±0.1 0.527 0.9±0.1 0.8±0.1 0.9±0.1 0.755

sBP [mmHg] 128.2±15.5 125.9±16.8 122.8±14 0.157 129±17.1 127.5±16.2 126±14.3 0.369 127±16.2 127.8±14.5 127.1±16.4 0.908

dBP [mmHg] 79.4±10.2 77.5±10.8 77.1±9.4 0.189 79.2±10.1 79.6±10.3 77.5±10.5 0.164 80±11.5 79.2±9.6 78.5±10.7 0.782

*deviating data cases were removed
Data are presented as mean ± standard deviation; p – significance level for analysis of variance (ANOVA)

Table 4. Model of logistic regression illustrating the relationships between models of inheritance for genotypes of PPARγ rs1801282, FTO rs9939609, 
and MC4R rs17782313 polymorphisms and biochemical and anthropometric parameters.

Continuous variables

PPARγ
C/C vs. C/G + G/G

FTO
T/T vs. A/A + T/A

MC4R
T/T vs. C/C + C/T

OR 95% CI p OR 95% CI p OR 95% CI p

Insulin [uIU/ml]* 1.016 0.984–1.05 0.327 0.992 0.962–1.023 0.617 0.998 0.969–1.029 0.917

Glucose [mg/dl] 1.005 0.997–1.013 0.269 1.004 0.997–1.01 0.236 1.004 0.997–1.011 0.301

HOMA-IR* 1.064 0.972–1.163 0.178 1.035 0.966–1.108 0.331 1.011 0.942–1.087 0.756

TCh [mg/dl] 0.999 0.994–1.004 0.717 0.994 0.989–0.999 0.019 0.996 0.991–1.001 0.09

LDL [mg/dl]* 1.000 0.997–1.004 0.822 1.001 0.998–1.005 0.439 0.997 0.994–1.001 0.111

HDL [mg/dl]* 1.007 0.994–1.02 0.282 1.000 0.988–1.012 0.994 1.003 0.991–1.015 0.601

TG [mg/dl] 1.001 0.997–1.004 0.701 0.997 0.994–1.001 0.135 0.997 0.994–1.000 0.039

non-HDL [mg/dl] 0.998 0.994–1.003 0.464 0.995 0.99–0.999 0.026 0.995 0.991–1.000 0.05

Body weight [kg]* 1.017 1.000–1.033 0.046 0.996 0.981–1.011 0.621 1.005 0.99–1.0210 0.482

BMI [kg/m2] 1.040 0.997–1.084 0.068 0.991 0.953–1.03 0.648 1.018 0.979–1.059 0.36

HC [cm] 1.018 0.993–1.044 0.163 0.983 0.959–1.007 0.161 1.001 0.978–1.025 0.941

WC [cm] 1.014 0.994–1.035 0.165 0.991 0.972–1.01 0.354 1.006 0.987–1.025 0.533

WHR [j] 2.265 0.139–36.932 0.566 1.114 0.074–16.708 0.938 2.213 0.151–32.523 0.562

sBP [mmHg] 1.012 0.998–1.025 0.089 0.992 0.979–1.005 0.224 0.997 0.985–1.010 0.678

dBP [mmHg] 1.019 0.999–1.04 0.069 0.981 0.962–1.001 0.061 0.994 0.975–1.013 0.51

*deviating data cases were removed
OR – odds ratio; CI – confidence interval; p – significance level
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DISCUSSION

The influence of the PPAR-γ rs1801282 polymorphism on 
the parameters indicating metabolic disorders is a dubious 
issue. The first reports demonstrated the G variant to be 
typically found in low-weight people, which suggests that 
it may play a protective role in development of obesity 
[19]. Some authors discern a connection between the C/G 
genotype and a lower BMI in populations of both adults [4] 
and children [20]. According to others, the C/G genotype 
predisposes to a higher BMI, earlier development of obesity 
in women, and a larger hip size [21]. Swarbrick et al., however, 
deny any relationship between the C/G genotype and obesity 
[22]. In the current study, the C/G and G/G genotypes were 
found to be accompanied by higher weight than the C/C 
genotype.

Associations between the genotypes of the PPAR-γ 
rs1801282 polymorphism and other biochemical and 
anthropometric indicators of metabolic disorders have 
also not been clearly elucidated. Altshuler et al. came to the 
conclusion that the C/G genotype can fulfill a protective 
function through reducing the risk of type 2 diabetes [23] 
and increasing insulin sensitivity [4]. This was supported 
by a study on Asian Indian Sikhs, which strongly suggested 
a significantly lower risk of type 2 diabetes among carriers 
of the C/G genotype [24]. Swarbrick et al. did not confirm a 
relationship between the mutant allele and type 2 diabetes 
or hypertension. What is interesting, however, is their 
observation that obese carriers of the G allele considerably 
more often suffered from lipid metabolism disorders [22]. 
In the current study, these polymorphism genotypes were 
notdirectly linked to other parameters of metabolic disorders.

Another polymorphism analyzed in this study was the 
FTO rs9939609. Numerous studies indicate an association 
between the A allele and an increased risk of metabolic 
disorders. A study of 177,330 subjects performed by Qibin 
et al, revealed that this allele visibly influenced the BMI of 
all participants, with this effect being stronger for white 
people than for African-Americans and Asians [25]. Whole-
genome association studies conducted on the population of 
Europe provided evidence for modest associations between 
polymorphic variants of the FTO gene and type 2 diabetes 
and obesity. The association between type 2 diabetes and the 
A allele appeared to be largely mediated by BMI [10, 26]. A 
study of 38,759 white Europeans, conducted by Frayling et al., 
revealed an additive association between the rs9939609 and 
BMI. The minor A allele occurs in the European population 
with a relatively high frequency (up to 45%). Those who were 
at especially high risk of body weight disorders and type 
2 diabetes were the carriers of the homozygous A allele, 
constituting 16% of the study sample [10]. In the current study, 
the A allele was observed in 42.82%, and the A/A genotype 
in 19.53% of the participants. Studies on the Han Chinese 
[27] and oceanic populations (Melanesians, Micronesians, 
and Polynesians) [28] suggest that the relationship between 
particular genotypes of the FTO polymorphism and the 
tendency to develop diabetes and weight disorders, can 
vary by ethnic group. The frequency of the A allele in the 
Han Chinese population was considerably lower than in the 
European population. The FTO variants were not found to be 
related to BMI, overweight, obesity, WC, or such biochemical 
parameters as glucose and insulin levels [26]. In the oceanic 
populations, the connection between the A allele and BMI 

was not confirmed [28]. Analysis of the Vietnamese showed 
that type 2 diabetes was related to the presence of the A allele 
as an obesity-independent risk factor [29]. In the current 
study, the A/A genotype had a significant effect on the lipid 
profile, entailing a greater risk of lipid metabolism disorders.

The last tested polymorphism was the MC4R rs17782313. 
The studies conducted to-date imply that the C allele may 
be a risk factor for the development of metabolic disorders. 
Mutombo et al. demonstrated that the carriers of the T/C + C/C 
genotypes of the MC4R rs17782313 polymorphism had a 
visibly higher BMI and higher levels of glycated haemoglobin 
than those with the T/T genotype, even after taking into 
account such variables as age and gender. Proneness to type 2 
diabetes in this group was not linked to a tendency to obesity 
[12]. A study of the Chinese population, on the other hand, 
suggested a relationship between the C/T genotype of the 
MC4R rs17782313 polymorphism and a higher waist-to-hip 
ratio, even after multiple testing correction [30]. According 
to Qi et al., the C allele of this polymorphism contributes to 
a higher demand for energy drawn from food and a higher 
fat intake, thus resulting in a tendency to obesity [31]. It has 
been calculated that the presence of both copies of the C allele 
increases BMI by approximately 0.22 kg/m2 in adults [32]. An 
increase in body weight may be a factor contributing to type 2 
diabetes: the C allele raises the risk of developing this health 
problem by 14%, on average. A negative consequence of 
having the C allele was particularly visible in the population 
of women [31]. This study has demonstrated that higher 
levels of TG and non-HDL are related to the C/T genotype, 
and that the C allele substantially increased the risk of lipid 
metabolism disorders.

CONCLUSIONS

Particular genotypes of the PPAR-γ rs1801282, FTO 
rs9939609, and MC4R rs17782313 polymorphisms have a 
slight direct influence on the expression of biochemical and 
anthropometric abnormalities typical of metabolic disorders 
in 45–60-year-old women.

The risk alleles (A allele of the FTO rs9939609 
polymorphism, and the C allele of the MC4R rs17782313 
polymorphism) are related to lipid metabolism disorders in 
45–60-year-old women.
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