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Abstract: Metabolic syndrome (MS) is widespread in the human population, and its incidence 

is continuously increasing, generating serious health problems. The purpose of this study was to 

find the relationship between the parameters of MS and the melanocortin type 4 receptor (MC4R) 

gene polymorphism in postmenopausal women. The study involved 344 healthy Polish women, 

who had their last menstrual cycle 1 year ago or earlier. The study included blood analysis, survey, 

and body measurements. The mean age was 58.5±6.6 years. An increased body mass index was 

observed in 65.7% and abdominal obesity in 80.3% of the study population. MS was diagnosed 

in 40.7% of all participants, including 39.3% of women with the T/T genotype and 44.7% of 

those with the C/X genotype (χ2 test; P.0.05). A logistic regression model showed that the 

probability of MS was higher in patients with the C/X genotype (odds ratio =1.25) (χ2 test; 

P.0.05). The study concluded that MS is a very common condition among postmenopausal 

women. The C/X genotype of the MC4R gene seems to predispose postmenopausal women to 

developing some MS symptoms.

Keywords: melanocortin type 4 receptor (MC4R), postmenopausal women, metabolic 

syndrome

Introduction
Metabolic syndrome (MS) is widespread in the human population, and its incidence is 

continuously increasing, generating serious health problems.1 A better understanding 

of genetic determinants of MS in postmenopausal women may be an interesting con-

tribution to the knowledge of this problem, adding an important biological component 

to etiological environmental factors. The aim of this study was to find the relationship 

between the parameters of MS and the melanocortin type 4 receptor (MC4R) gene 

polymorphism in postmenopausal women. An attempt was made to answer the follow-

ing research questions: What distinguishes a group of postmenopausal women in terms 

of characteristics typical of MS? What is the relationship between MC4R rs17782313 

polymorphism and MS results in the group of women analyzed in this study?

literature review
MS is a common condition, substantially contributing to the quality of life and the risk 

of untimely death. It is determined by the interaction between numerous environmental 

factors associated with lifestyle. Its etiology can be also related to the presence of 

MC4R polymorphism, which predisposes to this condition.
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MS is a clinical condition characterized by the coexis-

tence of risk factors for developing diabetes and cardiovas-

cular diseases, such as carbohydrate and lipid metabolism 

disorders, central obesity, and raised blood pressure.2

In 2001, “The Third Report of the National Cholesterol 

Education Program Expert Panel on Detection, Evaluation, 

and Treatment of High Blood Cholesterol in Adults Treat-

ment Panel III (NCEP-ATP III)” was published. Five ele-

ments of MS were established, namely abdominal obesity, 

hypertriglyceridemia, a decreased high-density lipoprotein 

cholesterol (HDL-C) level, hyperglycemia, and raised blood 

pressure, with three of these components necessary for 

MS to be diagnosed.3 In 2005, the International Diabetes 

Federation (IDF) proposed a new MS definition, based on 

the NCEP-ATP III criteria, but emphasizing that abdominal 

obesity classified by waist circumference is required for an 

MS diagnosis.4 Finally in 2009, several scientific societies, 

including the IDF, decided that there should be no obligatory 

criteria, still indicating the usefulness of waist measurements 

in screening for MS.

The incidence of MS in the population of Polish adults 

depends on sex – it noticeably rises with age; however, 

the increase is more apparent in women. In the 40–59 age 

bracket, MS affects 25.3% of women and 22.6% of men, 

and among 60 year olds it is diagnosed in nearly half of the 

female population and about one-third of the male popula-

tion. Studies indicate major differences in the occurrence 

of MS in various regions of Poland. This syndrome is least 

common among female and male residents of southeastern 

Poland (16%–17%), and most prevalent in the western part 

of this country, affecting 33% of men in Wielkopolskie 

Province and 28% of men in Opolskie Province, as well as 

26% of women in Opolskie Province and 25% of women in 

the Westpomeranian Province.5

According to the World Health Organization definition of 

1996, menopause is the last menstrual bleeding in a woman’s 

life, resulting from the complete loss of ovarian follicles.6 

In Poland, the average age for menopause is 43–55 years, 

and in the world 50.8 years.7

An increased risk of metabolic disorders in the perimeno-

pausal period is also associated with hormonal changes. Nev-

ertheless, most studies on the relationship between MS and 

postmenopausal androgen–estrogen imbalance provide incon-

sistent results, not explaining all metabolic disorders.8,9

Therefore, it is important to assess the contribution of 

genetic factors to the development of MS in postmenopausal 

women. Though it has not yet been fully elucidated, genetic 

background seems to play an important role in the predisposition 

to MS. Genes that may contribute to the development of this 

condition include MC4R. MS patients have also higher levels 

of markers of inflammation, such as C-reactive protein and 

tumor necrosis factor α. Inflammation aside, a certain role in 

MS genesis is also attributed to oxidative stress.10

MC4R is involved in regulating body mass through the 

control of food intake and energy expenditure.11 It was dem-

onstrated in animal models that activation of MC4R lowers 

food intake and boosts energy expenditure, thus reducing 

the amount of adipose tissue.11,12 Obesity associated with 

an MC4R defect is the most common form of monogenic 

obesity. According to estimates, polymorphisms in this 

gene are responsible for 2.4%–4% of significant obesity. 

Studies conducted in Great Britain suggest that a defect in 

this gene is the most frequent autosomal dominant disease.13 

There are also some variants in the MC4R gene, which 

may have preventive effects on obesity.13,14 The receptor 

gene for melanocortin is located on the 18th chromosome. 

Several variants in the MC4R gene have been identified, and 

rs17782313 polymorphism (T.C) is one of those frequently 

described.15–19 However, the role of the tested polymorphism 

in MS development remains unclear. Relatively few studies 

on these issues – only occasionally concerning postmeno-

pausal women – have reported contradictory results.

The present research addresses the gap in the extant 

literature, particularly through the analysis of a specific 

study sample including women in the postmenopausal stage. 

What is more, it raises a crucial issue of MS etiology result-

ing from genetic predisposition, namely the presence of the 

MC4R polymorphism.

Material and methods
This study involved 344 healthy women, who had their last 

menstruation 1 year ago or earlier, from the area of the West-

pomeranian Province in northwestern Poland. The criteria for 

inclusion in the study were nonuse of menopausal hormone 

therapy, lack of gynecological disorders (women had normal 

cytology and mammography/breast ultrasound results) and 

neoplastic diseases, and no psychiatric problems. The exclu-

sion criteria were history of thyroid diseases, neoplastic 

diseases, cholestatic liver disease, chronic kidney disease, 

and chronic use of glycocorticosteroids. For the recruitment 

of patients, information about the program was disseminated 

in the local environment (local press, posters about the study 

were put up on noticeboards in public places, such as offices, 

shops, workplaces, outpatient clinics). Participants were non-

randomly selected by the snowball method. All the participants 

provided written informed consent to be a part of this study.
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The study was conducted in accordance with the Dec-

laration of Helsinki, and the protocol was approved by 

the Bioethical Commission of the Pomeranian Medical 

University in Szczecin (permit number KB-0012/104/11).

The study was conducted using the following methods.

laboratory analysis 
Blood for analysis was taken on an empty stomach in accor-

dance with binding procedures, using the BD Vacutainer 

system (Becton Dickinson, Poland). For each patient, stan-

dard enzymatic methods were employed to determine the 

levels of glycemia on an empty stomach, total cholesterol, 

low-density lipoprotein cholesterol (LDL-C) and HDL-C, 

and triglycerides. Insulin levels were determined by the 

ELISA method using a commercial kit (DRG MedTek, 

Warszawa, Poland), and the levels of apolipoprotein B 

was determined by the immunoturbidimetric method 

using reagents of Dade Behring (Marburg, Germany). 

The analyses were performed in a certified laboratory 

(ISO 9001:2008 certified). The laboratory norms assumed 

in the study were as follows: glucose 74–99 mg/dL,  

total cholesterol ,180 mg/dL, HDL .50 mg/dL,  

LDL ,130 mg/dL, triglycerides (TG) ,150 mg/dL, apoli-

poprotein B 60–117 mg/dL (the level assumed in the study 

was ,100), and insulin 2.6–24.9 µIU/mL.

For each patient, insulin resistance (IR) (homeostatic 

model assessment [HOMA-IR]) index was calculated accord-

ing to the formula: serum glucose level (mg/dL) × insulin 

level (µIU/mL) divided by 405; it was assumed in the study 

that women had IR if HOMA-IR index $2.5.

The next stage of the study was based on genetic analysis, 

in which DNA was isolated from whole blood by a salting-

out method according to Miller.20

genotyping of the MC4R gene 
rs17782313 (T.C) 
Genomic DNA was isolated from whole blood according to 

standard procedures. All genotyping was performed with the 

fluorescence resonance energy transfer method real time using 

the Light Cycler System 1.0 (Roche Diagnostic, Poland). For 

polymorphism in the MC4R gene, the following conditions 

were applied: polymerase chain reaction was performed with 

50 ng DNA in a total volume of 20 mL containing 2 mL reac-

tion mix, 0.5 mM of each primer, 0.2 mM of each hybridiza-

tion probe, and 2 mM MgCl
2
 according to the manufacturer’s 

instructions for 35 cycles of denaturation (95°C for 10 min), 

annealing (60°C for 10 s), and extension (72°C for 15 s). After 

amplification, a melting curve was generated by holding the 

reaction at 40°C for 20 s and then heating slowly to 85°C. 

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.

survey
The study involved a survey of women based on a question-

naire of the authors’ own design, concerning sociodemo-

graphic data (age, education level, place of living, marital 

status, and employment status). 

Measurement
Height and weight as well as waist measurement were taken 

in a standing position. The waist was measured between 

the lower rib margin and the upper margin of the iliac 

crest at the end of a gentle exhalation. It was assumed that 

values $80 cm reflected the central distribution of adipose 

tissue – I0 obesity, and values $88 cm – II0 obesity. The body 

mass index (BMI, kg/m2) was calculated for each patient. 

Normal weight was assumed at 18.5–24.9 kg/m2, overweight 

at 25–29.9 kg/m2, I0 obesity at 30–34.9 kg/m2, II0 obesity at 

35–39.9 kg/m2, and III0 obesity $40 kg/m2.

statistical analysis
Statistical analysis was performed using Statistica 7.1 PL 

software package (StatSoft, OK, USA). Quantitative vari-

ables were characterized by minimum and maximum val-

ues, arithmetic mean, upper and lower quartiles, median, 

and standard deviation. The distribution of the quantitative 

variables was assessed by means of the Shapiro–Wilk test. 

Student’s t-test for independent variables and its nonpara-

metric equivalent, the Mann–Whitney U test, were used to 

determine the significance of the difference between two 

groups. Based on the logistic regression model, the odds ratio 

(OR) with a 95% confidence interval (CI) was calculated. 

The relationship between qualitative variables was assessed 

using the chi-square (χ2) test of independence. The level of 

significance (α) was assumed to be 0.05.

Results
The mean age of the participants were 58.5±6.6 years, 

the youngest woman was 46 years old and the oldest was 

65 years. The majority of the participants (53.9%) had 

secondary education, lived in a city with the population 

of .100,000 (64.2%), were married (74.8%), and were 

employed (67.2%). There was no relationship between the 

sociodemographic data and the incidence of metabolic dis-

orders (χ2 test; P.0.05).
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MS was diagnosed on the basis of the IDF criteria of 2005 

in 40.7% of the whole group analyzed.

An increased BMI ($25 kg/m2) was observed in 65.7% 

of the participants – overweight in 40.7% and obesity in 

25%. The mean BMI was 27±4.4 kg/m2. Abdominal obesity 

diagnosed on the basis of waist circumference cutoffs was 

found in 80.3% of all women, 34% of whom had I0 obesity 

and 46.3% II0 obesity. In accordance with the definition 

proposed by the IDF in 2005, each woman with MS had 

abdominal obesity.

The incidence of particular MS elements was analyzed. 

An increased glucose level on an empty stomach was 

observed in 20.7% of the women, an abnormal HDL-C level 

was noticed in 30.2%, a TG level $150 mg/dL was found 

in 26.8%, a cholesterol level .180 mg/dL was observed in 

86.6%, an LDL level .130 mg/dL in 60.4%, and apolipo-

protein B $100 mg/dL in 48.9%.

The T/T genotype was found in 66% (227 subjects) 

of the total number of 344 women, 31.6% (109 subjects) 

had the C/T genotype, and 2.4% (8 subjects) had the 

C/C genotype. Considering a small number of those with the 

C/C genotype, further statistical analysis was conducted in 

two subgroups of women. The first comprised women with 

the T/T genotype of MC4R, and the second consisted of those 

with the C/X genotype, where ‘x’ denoted the C or T allele 

(117 subjects). The incidence of MS among patients with 

specific polymorphisms in the MC4R gene was gauged. In the 

subgroup with the T/T genotype, MS diagnosed on the basis 

of the IDF criteria of 2005 was found in 39.3%, and in the 

subgroup with the C/X genotype in 44.7%. The differences, 

however, were not statistically significant (χ2 test; P.0.05).

To assess the relationship between particular polymor-

phisms and the incidence of MS more accurately, a logistic 

regression model was employed. The probability of MS was 

higher in patients with the C/X genotype (OR =1.25), but the 

test value was not statistically significant (OR: 1.25; 95% 

CI: 0.74–2.04; P=0.42). The frequency of particular poly-

morphisms was also determined in women with and without 

an MS diagnosis. In the group of women without MS, 68.5% 

had the T/T genotype, which was insignificantly more than in 

the group with MS – 63.3% (χ2 test; P.0.05). There was also 

no significant difference in the frequency of the C/X genotype 

in the groups analyzed (χ2 test; P.0.05). 

As the next step, the levels of selected metabolic 

parameters were assessed depending on the tested poly-

morphisms in the MC4R gene. There were statistically 

significant differences in average total cholesterol levels 

in serum between the groups. The group with the T/T 

genotype had significantly lower total cholesterol levels 

(218.8±41.4 mg/dL vs 227.1±44.8 mg/dL; Mann–Whitney 

U test; P=0.006). Analysis of the mean LDL-C levels demon-

strated a significant difference between the groups. The mean 

LDL-C level was lower in the group with the T/T genotype 

(133.5±37.7 mg/dL vs 144.9±36.3 mg/dL; Student’s t-test; 

P=0.01). Analysis of the mean serum TG levels demon-

strated that they were significantly lower in the group with 

the T/T genotype (118.7±52.1 mg/dL vs 131.3±72.8 mg/dL; 

Mann–Whitney U test; P=0.008). Analysis of the mean apo-

lipoprotein B levels in serum revealed significant differences 

between the groups: levels of this protein were significantly 

higher in the C/X genotype group (103.7±25.5 mg/dL vs 

97.2±24.1 mg/dL; Student’s t-test; P=0.03).

In the case of other MS parameters (average levels of 

glucose, HDL-C, and HOMA-IR [Mann–Whitney U test], 

and waist size and BMI [Student’s t-test]) (Table 1), no 

statistically significant differences were found between 

the groups.

Discussion
Interactions between genetic and environmental factors 

play an important part in the etiology of MS and obesity.21 

MS diagnosed on the basis of the IDF criteria of 2005 was 

observed in 39.3% of women with the T/T genotype. It was 

slightly more common in the subgroup with the C/X genotype 

(44.7%); however, the difference was not statistically signifi-

cant. The logistic regression model showed that the C allele 

raises the risk of MS (OR: 1.25), but the test value was not 

statistically significant. The average frequency of the C/C 

genotype does not exceed 5%, the C/T genotype is found in 

about 40% and the T/T genotype in ~55% of the population.22 

Literature concerning associations between the tested poly-

morphism and the incidence of MS is very scanty. Even fewer 

are those publications that describe metabolic disorders in 

postmenopausal women. This present study did not provide 

evidence for a significant relationship between BMI and the 

tested polymorphism in women after menopause. Nonethe-

less, Chinese authors have demonstrated a substantial asso-

ciation between the MC4R rs17782313 polymorphism and 

obesity, finding a significant correlation between this poly-

morphism and BMI (P=0.0012).15 Similarly, Belgian authors 

revealed a strong connection between the MC4R rs17782313 

polymorphism and obesity in the general population (OR: 

1.42; 95% CI: 1.14–1.77; P=0.002).23 In an American study 

of .5,700 women, the authors scrutinized how the presence 

of the above mentioned polymorphism was related to the 

type of food consumed, changes in body mass, and the risk 
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of type 2 diabetes. They found that the MC4R rs17782313 

polymorphism was markedly associated with high energy 

expenditure (P=0.028), as well as the total fat and protein 

content in the diet (P=0.008 and 0.003, respectively). When 

assessed with reference to age and body mass, this relation-

ship was significant. There was also a close connection 

between the single nucleotide polymorphism (SNP) in this 

gene and an increased BMI (P=0.002), and it was largely 

independent of the type of food intake. The BMI of the C 

allele carriers was higher by 0.2 kg/m2 on average. It was 

additionally established that the risk of diabetes in carriers of 

the C allele increased by 14% regardless of the BMI.24 This 

study did not provide evidence for the substantial influence 

of the risk allele on waist circumference and the develop-

ment of IR. Comparable results were reported by German 

authors, who claimed that the presence of the C allele entailed 

a considerably higher BMI (P=0.0013), but had no influence 

on waist circumference, glucose tolerance, or insulin sensi-

tivity. They showed that the tested SNP had an impact on 

the total mass of adipose tissue (P=0.022) and subcutaneous 

Table 1 MC4R rs17782313 polymorphism versus Ms results in a group of postmenopausal women

Genotypes

                     Characteristics  
                 of the distribution

X
– ±SD Mean Q1–Q3 Min–max P-value

Waist size (cm) .0.05

Total group (n=344) 88.0±10.7 86 80–95 63–129
T/T (n=227) 87.8±11.3 86 80–95 68–128
C/X (n=117) 88.4±9.4 87.5 81–95 63–129

glucose level (mg/dl) .0.05

Total group (n=344) 89.9±10.9 88 82–97 64–118
T/T (n=227) 90.3±13.8 89 81–98 64–116
C/X (n=118) 89.3±13.0 90 83–97 64–118

Tg (mg/dl) 0.008

Total group (n=344) 124.9±47.5 113 89–151 67–364
T/T (n=227) 118.7±52.1 106 80–150 68–352
C/X (n=118) 131.3±72.8 117 93–154 67–364

hDl-C (mg/dl) .0.05

Total group (n=344) 59.8±15.6 58 49–69 22–110
T/T (n=227) 60.3±15.7 59 49–70 22–100
C/X (n=118) 58.9±15.2 56 48–86 30–110

Total cholesterol (mg/dl) 0.006
Total group (n=344) 222.6±41.2 221 197–248 119–359
T/T (n=227) 218.8±41.4 218 194–245 119–350
C/X (n=118) 227.1±44.8 230 205–258 139–359

lDl-C (mg/dl) 0.01

Total group (n=344) 137.3±37.3 136 110–164 58–283
T/T (n=227) 133.5±37.7 135 106–159 58–283
C/X (n=118) 144.9±36.3 147.5 122.5–169 75–283

Apolipoprotein B (mg/dl) 0.03

Total group (n=344) 99.6±24.3 97 81–114 49–183
T/T (n=227) 97.2±24.1 96.5 81–112 49–183
C/X (n=118) 103.7±25.5 104 84.5–120 59–182

hOMA-Ir .0.05

Total group (n=344) 2.3±1.5 1.8 1.3–2.8 0.5–10.9
T/T (n=227) 2.4±1.7 1.8 1.4–2.5 0.5–5.0
C/X (n=118) 2.2±1.0 1.9 1.5–2.9 0.7–10.9

BMI (kg/m2) .0.05

Total group (n=344) 27.4±4.4 26.7 23.8–29.9 18.0–42.9
T/T (n=227) 27.2±4.6 26.7 23.8–30 18–41.7
C/X (n=118) 27.7±4.0 27.1 23.8–29.7 19.8–42.9

Abbreviations: Ms, metabolic syndrome; sD, standard deviation; min, minimum; max, maximum; BMI, body mass index; hDl-C, high-density lipoprotein cholesterol; 
lDl-C, low-density lipoprotein cholesterol; hOMA, homeostatic model assessment; Ir, insulin resistance; Q, quartile; Tg, triglycerides.
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compartment (P=0.017). Such a relationship was not found in 

the case of visceral adipose tissue. The authors emphasized 

that obesity associated with polymorphism in the MC4R gene 

is metabolically favorable, as it is associated with accumulat-

ing fat mainly in the subcutaneous compartment, which does 

not contribute to IR as much as visceral adipose tissue. Since 

lower sensitivity to insulin is the most important pathophysi-

ological element of MS, the above mentioned findings also 

suggest that this polymorphism has no impact on the develop-

ment of type 2 diabetes.22,25 In the present study, the presence 

of the risk allele did not entail a higher glucose level on an 

empty stomach. Also, authors from Great Britain analyzed 

the connection between the presence of .10 polymorphisms 

(including rs17782313) and obesity. They demonstrated that 

the OR for obesity in carriers of this polymorphism was 1.14 

(95% CI: 1.067–1.23; P,0.001), and the presence of the risk 

allele resulted in an increase in BMI by 0.18 kg/m2, and waist 

circumference by 0.43 cm.26 Chinese authors, on the other 

hand, conducted a meta-analysis, being a sort of summing up 

of the reports described above. They showed that the MC4R 

rs17782313 polymorphism was significantly related with 

a risk of obesity in the general population (OR: 1.18; 95% 

CI: 1.15–1.21; P,0.001).27

The relationship between the rs17782313 polymorphism 

and body mass was also confirmed by Danish authors – the 

MC4R risk allele caused an increase in the BMI by 0.25 kg/m2 

and in waist circumference by 0.67 cm. There were no 

significant associations with the level of glucose on an 

empty stomach, the levels of total cholesterol, triglycerides, 

HDL-C, and HOMA-IR index.28 Although, in this study, 

the tested polymorphism did not contribute to the develop-

ment of abdominal obesity, it was found that women with 

the C/X genotype had higher levels of total cholesterol, TG, 

LDL-C, and apolipoprotein B.

Different results concerning effects of the tested poly-

morphism on MS parameters were reported by Tao et al, 

who did not notice any connection between the rs17782313 

polymorphism and BMI or the risk of obesity in a Chinese 

population. However, similar to this study, they observed a 

significant relationship between the risk allele and increased 

levels of LDL-C (P=0.003) and triglycerides (P=0.001).18 

Correspondingly, Hotta et al did not demonstrate any rela-

tion between the rs17782313 polymorphism and BMI or the 

mass of subcutaneous and visceral adipose tissue.19 Also, 

Cheung et al neither provided evidence for a significant 

influence of the tested SNP on body mass (including the 

mass of visceral adipose) and the risk of obesity, nor for a 

significant connection between rs17782313 and the risk of 

MS. It is true that OR was 1.12, but likewise in this study, 

the test value was not statistically significant.15 Nevertheless, 

recent reports indicate a noteworthy association between 

SNP rs17782313 and MS. The authors demonstrated that the 

presence of C allele was a crucial risk factor for developing 

MS, especially when combined with nicotine addiction; yet, 

they analyzed premenopausal women.29 

Summing up, MS is a group of coexisting risk factors 

for diabetes and cardiovascular diseases that are especially 

common in postmenopausal women. Detection of one MS 

component should induce active search and treatment of other 

elements, which is to prevent atherosclerosis and its compli-

cations. The most common MS element found in the women 

analyzed in this study (aside from obligatory abdominal obe-

sity) was lower HDL-C level. MS is a multifactorial disorder 

determined by numerous environmental and genetic factors, 

hormonal changes, and genetic–environmental interactions 

(being of critical importance). MC4R SNPs may increase the 

risk of MS, but their phenotypic expression is affected by 

environmental factors, such as quantitative and qualitative 

composition of diet and physical activity. Awareness of the 

presence of selected mutations in the predisposing genes may 

improve MS prevention, and better understanding of the com-

plex relations between genetic and environmental influences 

will allow targeted therapeutic interventions. The first-choice 

management in MS is modification of lifestyle supplemented 

with pharmacotherapy in selected clinical situations. 

Conclusion
MS is a very common condition among postmenopausal 

women. The presence of the T allele of MC4R rs17782313 poly-

morphism noticeably reduces the incidence of lipid metabo-

lism disorders in postmenopausal women and seems to protect 

against metabolic disorders in this group of women.
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