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INTRODUCTION
Estrogen is the important hormonal regulator of female reproductive functions that plays a significant role in the regu-
lation of skeletal homeostasis, lipid and carbohydrate metabolism, electrolyte balance, skin physiology, cardiovascular 
system, and the central nervous system (1). Genetic and environmental factors have an effect on post-menopausal and 
hormone-related diseases (2). Lane and colleagues identified the genetic background of menstrual cycle and showed the 
role of the RANKL/RANK/OPG pathway in timing of the menstrual cycle (3). Genetic, demographic, and reproductive 
characteristics, lifestyle, and body weight are associated with the timing of menopause (4). Recent studies have focused 
on the relationship between body mass index (BMI) and the timing of age at menopause, but the results are still incon-
sistent. For example, Hardy and colleagues noted that an earlier age at menopause is associated with underweight (5). 
On the other hand, Dratva and colleagues concluded that a higher BMI is associated with earlier menopause (6) but in 
contrast to this, other researchers noted that there is no association between BMI and menopause timing (7).
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BACKGROUND/AIMS
Post-menopausal and hormone-related diseases are the biggest problems for women on which genetic and environmental factors have 
an effect.

MATERIALS and METHODS
In this study, the methylation status of ESRRA (Estrogen Related Receptor Alpha) and PTH (Parathyroid Hormone) promoters was 
analyzed in 30 pre-menopausal and 35 post-menopausal women by using MS-HRM (Methylation Sensitive-High Resolution Melting). 
The height (cm) and weight (kg) of each participant were measured. The statistical analyses were performed and their associations 
with patient characteristics were evaluated by Pearson’s chi-squared test, two-tailed Fisher's exact test, and Mann–Whitney U test 
(p<0.05).

RESULTS
The PTH gene was methylated in four post-menopausal cases (11.4%) and unmethylated in 31 cases (88.6%). The ESRRA gene was 
methylated in six post-menopausal cases (17.1%) and unmethylated in 29 cases (82.9%). There were no significant differences between 
post-menopause and PTH methylation (p>0.005); however, a statistically significant association was detected between post-menopause 
and unmethylation of ESRRA (p=0.040). Also, no significant differences were detected between body mass index (BMI) and methylation 
parameters.

CONCLUSION
Estrogen plays a significant role in the regulation of skeletal homeostasis, lipid and carbohydrate metabolism, and the central nervous 
system. Researchers showed the relationship among ESRRA, BMI, and fat percentage in animal models. However, we did not find any 
statistically significant relationship between ESRRA methylation and BMI in post-menopausal women. To the best of our knowledge, this 
is the first study that investigates the relationship between the methylation of PTH and ESRRA genes, and BMI in post-menopausal cases. 
Future epigenetic studies will help to clarify potential effects of gene methylation in post-menopause.
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BMI has been widely used as a screening tool for obesity, but 
it only represents a proxy measure of body fat mass, because 
it does not take into account differences in genetic or epigen-
etic factors. BMI was compared between pre-menopausal 
and post-menopausal women in cross-sectional studies and 
significant differences were detected between pre-meno-
pausal and post-menopausal women. Previous studies 
used different parameters like age, energy intake, sex hor-
mone-binding globulin levels, and genetic polymorphisms to 
be able to show the interaction between obesity or increased 
BMI and menopause.

Until now, all of the studies have tried to show the interaction 
between genetic polymorphisms and obesity, menopause, or 
age of menopause (8). Few studies have been published which 
show obesity-related variation in DNA methylation, which were 
related with global methylation or candidate gene approaches 
(9).

To better understand the interaction of menopause and BMI, we 
compared associations between BMI and methylation of ESR-
RA (Estrogen Related Receptor Alpha) and PTH (Parathyroid 
Hormone) in pre- and post-menopausal cases.

MATERIALS and METHODS
For this study, 35 post-menopausal and 30 pre-menopausal 
women were recruited. Written informed consent was obtained 
from all of the subjects. The study was performed in accordance 
with the Declaration of Helsinki and approved by the Research 
Ethics Committee of the Near East University (YDU/2016/42-
353). The inclusion criterion for the study was: all post-meno-
pausal ladies (menopause for >1 year) and exclusion criteria 
were: women with un-natural menopause, women who took 
medications such as anxiolytics, anti-depressants, and exog-
enous hormones, women who have serious disease or mental 
retardation, smoking, alcohol usage, and women who have a 
weight loss therapy, food allergies, heart disease history, insu-
lin-dependent diabetes, type 2 diabetes, kidney disease or liver 
disease.

Genomic DNA was extracted from blood samples according to 
the Qiagane AllPrep DNA/RNA/Protein isolation kit and its 
quantity was measured using a NanoDrop ND-1000 Spectro-
photometer (Thermo Fisher Scientific).

Anthropometry
The anthropometric data included body weight, height, and BMI 
(weight/height2). Body weight was measured to the nearest 0.1 
kg with subjects in a bathing suit following an overnight fast and 

without shoes, using a calibrated scale. Waist circumference 
was measured at the midpoint between the lowest rib and the 
top of the iliac crest using a non-elastic tape. This measurement 
was performed by a single evaluator.

Determination of PTH and ESRRA Methylation Status
An EpiTect Bisulfite kit (Qiagen, Manchester, UK) was used for 
the bisulfite modification reaction and 1.3 μg DNA was used 
for the bisulfite treatment reaction according to the manufac-
turers’ protocol. After conversion, converted DNA was eluted 
to a final concentration of 30 ng/μl.  For methylated and un-
methylated control, a DNA EpiTect Control DNA Set (Qiagen, 
Manchester, UK, Cat No./ID: 59568) was used. Methylation 
of PTH and ESRRA promoters was analyzed in Rotor Gene Q 
(Qiagen, Manchester, UK) for MS-HRM and primers were de-
signed according to the EpiTect® HRM™ PCR Handbook (Qia-
gen, Manchester, UK). The comparable amounts of template 
genomic DNA for all samples which results in cycle threshold 
(CT) values below 30 and differing by no more than 3 CT val-
ues have been used.

Statistical Analysis
The statistical analyses were performed and their associa-
tions with patient characteristics were evaluated by Pear-
son’s chi-squared test, Fisher’s exact test, or Mann–Whitney 
U test, where appropriate. Calculations were performed us-
ing Statistical Package for the Social Sciences 16.0 software 
(SPSS Inc.; Chicago, IL, USA), with a statistical significance of 
p<0.05.

RESULTS
Methylation data were only available in whole blood. The mean 
age of 30 pre-menopausal patients was 33.5 years (mean ± 
standard deviation, 33.5±6.9) and that of the post-menopausal 
patients was 56.7 (mean±standard deviation, 56.7±4.9).

PTH Methylation and BMI Interaction
In the study group, the PTH promoter was methylated in four 
(11.4%) post-menopausal women and unmethylated in 31 (86.6%) 
of the pre-menopausal women (Table 1).

In the control group, 8 (26.7%) of the samples were methylat-
ed and 22 (73.3%) of the samples were unmethylated (Table 1). 
There is no statistically significant association between meno-
pause and methylation of the PTH promoter (p>0.05) (Figure 1). 
Also, no significant associations between BMI and methylation 
parameters were detected (p>0.05).
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TABLE 1. BMI and methylation status of ESSRA and PTH in post and pre-menopausal cases 

	 BMI (χ-  ±SD)	 p+	 Pre-menopause n (%)	 Post-menopause n (%)	 p*

PTH-methylated	 25.8±2.5	 >0.05	 8 (26.7%)	 4 (11.4%)	 >0.05

PTH-unmethylated	 25.1±3.5		  22 (73.3%)	 31 (86.6%)	

ESRRA-methylated	 24.8±2.9	 >0.05	 12 (40%)	 6 (17.1%)	 0.040

ESRRA-unmethylated	 25.5±3.5		  18 (60%)	 29 (82.9%)	

* Chi-squared test
+ Mann–Whitney U test
BMI: body mass index; SD: standard deviation; PTH: Parathyroid Hormone; ESRRA: Estrogen Related Receptor Alpha 



ESRRA Methylation and BMI Interaction
The ESSRA gene was detected to be methylated in six (17.1%) 
post-menopausal cases and unmethylated in 29 (82.9%) 
post-menopausal cases. In the control group, the ESRRA gene 
was methylated in 12 (40%) cases and unmethylated in 18 (60%) 
cases (Figure 2). There were statistically significant association 
between post-menopause and the methylation status of ESRRA 
(p=0.040). Also, no significant associations between BMI and 
methylation parameters were detected (p>0.05) (Table 1).

DISCUSSION
The level of estrogen decreased during the menopause and this 
causes different physiological and hormonal problems in wom-
en. The epigenetic control of the estrogen receptors (ER) regu-
lates the expression of ER target genes and estrogen-regulated 
processes (10). The relationship between ESRRA and BMI or fat 
percentage was studied by several researchers (11). Mueller and 
colleagues showed the obese phenotype in the Esrra knockout 
mouse (12) and concluded that ESRRA plays an important role in 
energy metabolism (12).

The first BMI-related epigenetic study was carried out by Boyne 
and colleagues and they did not find significant associations 
between adiposity and Alu methylation (13). They also tried to 
show the association between endogenous sex hormone ex-
posure and LINE-1 and Alu methylation in post-menopausal 

women, and they showed the significant association between 
LINE-1 methylation estradiol and estrone usage (13). They con-
cluded that the usage of estrogen was associated with repeti-
tive element DNA methylation in post-menopausal women (14). 
Jintaridith and colleagues showed association between Alu hy-
pomethylation and advanced age and lower bone mass density 
in post-menopausal cases (15).

Various genetic and epigenetic studies have been carried out 
in post-menopausal cases. Epigenetic regulation of post-meno-
pausal status is an interesting field and researchers have tried 
to show interactions between DNA methylation and BMI, and 
osteoporosis and age of menopause. Researchers showed the 
relationship among ESRRA, body mass index (BMI), and fat per-
centage in animal models.

In this study, we analyzed PTH and ESRRA methylation in 
post-menopausal cases and tried to find out their interac-
tion with BMI. There were no significant association between 
post-menopause and PTH methylation (p>0.005), but a statisti-
cally significant association was detected between post-meno-
pause and ESRRA methylation status (p=0.040). Also, no signif-
icant differences were detected between BMI and methylation 
parameters.

To the best of our knowledge, this is the first study investigating 
the relationship between methylation of PTH and ESRRA genes 
and BMI in post-menopause. Future epigenetic studies will help 
to clarify potential effects of gene methylation in post-meno-
pause.

In conclusion, the present study demonstrates that ESRRA un-
methylation is associated with post-menopause but there is no 
association between PTH and post-menopausal cases. There 
is no association detected between methylation of ESRRA and 
PTH and BMI. This study is the first epigenetic study that inves-
tigates the ESRRA and PTH methylation in post-menopausal 
cases.

Although the limited number of sample size in our study and 
lack of epigenetic studies in this field prove our results crucial, 
our results showed magnitude of the epigenetic profile of Turk-
ish Cypriot post-menopausal women.  
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FIGURE 1. Methylated PTH patient.PTH unmethylated control is 
shown in red, and methylated control is shown in blue. Patient num-
ber 25 was methylated

FIGURE 2. Unmethylated ESRRA patient. ESRRA unmethylated control is shown in red, and methylated control is shown in green. Patient number 
49 was unmethylated
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