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Abstract:
Background:	 Obesity	 is	 a	 multifactorial	 disorder	 that	 is	 an	 important	 predisposing	 factor	
for	a	number	of	disorders.	Genetic	and	epigenetic	variations	play	 important	 roles	during	 the	
development	of	obesity.	Method:	DNA	methylation	is	the	most	studied	as	one	of	the	epigenetic	
modifications	and	is	directly	related	to	gene	expression.	Here,	the	methylation	status	of	FSHR, 
PTH and ESRRA	 genes	 were	 investigated	 in	 obese	 patients	 to	 discover	 novel	 associations	
between	DNA	methylation	and	obesity	phenotype.	A	total	of	69	patients	with	obesity	and	76	
patients	 without	 obesity	 were	 enrolled	 in	 this	 study.	 DNA	methylation	 in	FSHR, PTH and 
ESRRA genes was analyzed. Result:	There	is	a	statistically	significant	association	between	the	
methylation status of ESRRA	and	fasting	glucose	(P=0.04)	and	BMI	and	methylation	of	the	PTH 
gene	(P=0.036)	in	obese	subjects.	In	non-obese	subjects,	a	statistically	significant	association	
was	detected	between	adiponectin,	resistin	levels	and	FSHR methylation status. It is concluded 
that the methylation status of FSHR, PTH and ESRRA	genes	play	an	important	role	in	obesity	
phenotype,	adiponectin	and	resistin	 levels.	These	genes	had	previously	been	associated	with	
obesity-related	 variables,	 but	 their	methylation	 status	was	 not	 highlighted.	Conclusion:	Our	
study	 will	 shed	 light	 on	 resolving	 the	 epigenetic	 contributions	 toward	 the	 development	 of	
obesity.	Studies	in	the	field	of	epigenetics	will	help	discover	predisposition	markers	for	obesity.	
Based	on	the	literature	this	was	the	first	study	that	shows	the	interactions	between	FSHR, PTH 
and ESRRA methylation and obesity.
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Introduction:
Obesity is a multi-factorial disorder that 
environmental,	 genetic	 and	 epigenetic	 factors	 play	
key	 roles	during	 the	disease	development1. Obesity 
is	 a	 significant	 risk	 factor	 for	 metabolic,	 type	 II	
diabetes,	 and	 cardiovascular	 diseases.	 The	 genetic	
variations	 among	 individuals	 causes	 phenotypic	
differences	in	a	population2,3. Additionally, ethnicity 

and	 ethnic-specific	 genetic	 variables	 influence	 how	
human body weight is regulated4.	Genetic	variations	
play	a	crucial	role	for	percentage	of	body	fat,	waist	
circumference,	 eating	 behavior,	 degree	 of	 physical	
activity,	energy	expenditure,	regulating	metabolism,	
and hunger in obesity5.
Recently,	obesity	and	their	 interaction	with	vitamin	
D,	type	2	diabetes	and	cardiovascular	disease	(CVD)	
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has	 been	 demonstrated.	 Potential	 biomarkers	 for	
obesity	have	been	identified	by	genome-wide	linkage	
studies and genome-wide association studies6. Most 
recently,	studies	are	being	concentrated	on	evaluation	
of	 SNPs	 (Single	 Nucleotide	 Polymorphisms)	 to	
assess	the	level	of	effect	the	genetic	variations	have	
in	 obesity	 development.	 The	 pathophysiology	 of	
body	fat	accumulation	can	be	determined	by	looking	
at	 genetic	 and	 epigenetic	 changes	 in	 the	 hormones	
that control hunger and satiety, body glucose 
levels,	basal	metabolic	rate,	fat	cell	distribution	and	
disposition,	progenitor	cell	differentiation	regulators,	
and	adipocyte	cell	lineage-determining	factors6.
Several	 studies	 have	 found	 interaction	 between	
epigenetic	 modifications	 and	 the	 onset	 of	 obesity	
and	environmental	factors	and	their	interaction	with	
obesity7.
Parathyroid	 hormone	 (PTH),	 one	 of	 the	 hormones	
that	controls	calcium,	is	released	in	response	to	low	
serum calcium	levels.	Studies	showed	the	interaction	
between	PTH	level,	BMI	8and	human	human	adipose	
tissue metabolism9. Obesity has also been associated 
with	higher	parathyroid	hormone	(PTH)	levels10 and 
PTH	might	promote	weight	gain11,12. 

The	 anterior	 pituitary	 gland	 produces	 follicle	
stimulating	 hormone	 (FSH),	 which	 affects	 bone	
remodeling	 through	 its	 receptor	 (FSHR)13,14  and 
animal studies demonstrated the interaction 
between	FSH	 and	 decreased	 level	 body	 fat	mass15. 
FSH	 plays	 a	 key	 role	 during	 in	 human	 growth,	
development,	 pubertal	 maturation,	 reproduction16, 
lipogenesis,	 inflammation15,17,	 insulin	 sensitivity15 
and thermogenesis18.	 The	 pleotropic	 role	 of	 FSH 
makes	as	an	important	factor	for	metabolic	disorders.

The	 gene	 encoding	 ERRa	 (ESRRA) is located 
on	 chromosome	 11q13,	 and	 this	 chromosomal	
region	related	with	body	mass	index	(BMI)	and	fat	
percentage19.	 This	 gene	 produces	 a	 protein	 that	 is	
essential	 as	 a	 transcription	 cofactor	 in	 controlling	
the	expression	of	 the	majority	of	genes	involved	in	
cellular	energy	production20, mitochondrial function, 
biogenesis,	 and	 lipid	 catabolism21,22,23. Studies 
showed	 a	 connection	 between	 ESRRA-null	 mice	
and a reduction in fat mass and resistance to obesity-
causing high-fat diets24.	Several	studies	highlighted	a	
direct	interaction	between	ESRRA	and	adipogenesis	
and	 lipogenesis	 in	 vivo25,26.	 Estrogen-related	
receptor	alpha	(ESRRA)	was	another	receptor	which	
mutations of ESRRA	plays	a	key	role	development	of	

eating disorders27.

Our	study’s	goal	was	to	examine	DNA	methylation	
in FSHR, PTH and ESRRA genes which encodes 
hormones	 and	 receptors	 in	 obesity	 and	 to	 make	 a	
epigenetic	explanation	in	patients	with	obesity.

Materials and Methods

Patients

The	 study	 included	 69	 patients	 with	 obesity	 and	
another	76	patients	without	obesity	were	enrolled	as	
a	control	group.	One	patient	without	obesity	did	not	
complete	the	study.	Each	patient	was	assessed	prior	
to	inclusion	for	the	presence	of	malignancy,	diabetes	
mellitus,	hypertension,	dyslipidemias,	liver	cirrhosis,	
thyroid,	 cardiovascular,	or	 any	active	 inflammatory	
condition.	In	this	study,	professional	athletes	were	not	
included.	All	 subjects	 completed	 written	 informed	
consent	 forms	 and	 provided	 information	 about	
their	medical	 histories.	The	Near	East	University’s	
Research	Ethics	Committee	gave	its	approval	to	the	
study	protocol,	which	was	carried	out	in	conformity	
with	 the	 Helsinki	 Declaration	 (Project	 No:	 SAG-
2018-1-013).

Biochemical analyses

BMI	was	 calculated	 by	 dividing	 body	weight	 (kg)	
by	 the	square	of	height	 (m2).	BMI	≥30	kg/	m2 was 
accepted	as	an	an	indicator	of	obesity.	In	addition	to	
this,	waist	to	hip	circumference	values	as	≥	0.85	in	
women	and	≥0.9	in	man	was	considered	to	be	included	
with	the	patients	with	obesity	cohort	as	it	is	a	strong	
indicator	of	abdominal	obesity.	Blood	samples	were	
collected	after	an	overnight	fast.	Circulating	levels	of	
serum	glucose,	triglycerides	(TG),	total	cholesterol,	
high-density	 lipoprotein	 cholesterol	 (HDL-C),	 and	
low-density	lipoprotein	cholesterol	(LDL-C),	insulin	
concentrations	were	measured.	Homeostasis	model	
assessment	 of	 insulin	 resistance	 (HOMA-IR)	 was	
calculated	 according	 to	 the	 previously	 described	
formula28.

Epigenetic analyses

Blood	 samples	 were	 collected	 from	 patients	 with	
obesity	and	normal	control.	DNA	was	extracted	from	
all	subjects	using	Qiagan	AllPrep	DNA/RNA/Protein	
isolation	kit	(Qiagen,	Manchester,	UK)	according	to	
manufacturer’s	 protocol	 and	 NanoDrop	 ND-1000	
Spec-trophotometer	 (Thermo	 Fisher	 Scientific,	
Waltham,	 MA	 USA)	 was	 used	 to	 measured	 its	
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quantity.	Sodium	bisulfite	 treatment	was	performed	
by	using	a	Epitect	Bisulfite	Modification	kit	(Qiagen,	
Manchester,	 UK).	 The	 sequences	 of	 primers	 were	
designed	 according	 to	 the	 EpiTect®	 HRM™	 PCR	
Handbook	(Qiagen,	Manchester,	UK)).	ESRRA, PTH 
and FSHR	 promotor	 methylation	 were	 analyzed	
according	 to	 EpiTect®	 HRM™	 PCR	 Handbook	
protocol	(Rotor	Gene	Q,	Qiagen).	

Statistical analysis

GraphPad	 Prism	 7	 software	 was	 used	 for	 data	
analysis.	 Data	 in	 tables	 are	 presented	 as	 mean	 ±	
standard	deviation	(SD)	for	continuous	variables	and	
absolute	 (percentage)	 values	 for	 discrete	 variables.	
p<0.05	 was	 considered	 to	 indicate	 a	 statistically	
significant	difference.

Results:

Patients	with	obesity	had	a	mean	age	of	43.17	9.62	
years	and	a	BMI	of	34.92	5.83	kg/m2.	The	average	
age	and	BMI	of	the	control	group	were	42.92	13.14	
years	 and	 23.78	 2.5	 kg/m2,	 respectively.	 Table	 1	
displays	 the	 anthropometric	 and	metabolic	 features	
of	the	patients.

DNA promoter methylation status of ESRRA, 
PTH, FSHR in obese and non-obese subjects

Methylation status of ESRRA, PTH, FSHR in obese 
and	non-obese	subjects	has	been	shown	in	Table	2.		

ESRRA gene	 methylated	 in	 10	 out	 of	 69	 patients	
with	 obesity	 (14.49%)	 and	 14	 out	 of	 the	 75	 non-
obese	subjects	 (18.67%).	There	was	no	statistically	
significant	difference	between	methylation	status	and	
obesity	identified	(p	>	0.001).	

FSHR gene	 methylated	 in	 18	 out	 of	 the	 69	 obese	
subjects	 (26.09%)	 and	 35	 out	 of	 the	 75	 non-obese	
subjects	 (46.67%).	There	was	 significant	difference	
between	methylation	 status	 and	non-obese	 subjects	
(P	<0.001)	(Table	2).	

PTH gene	 methylated	 in	 40	 out	 of	 the	 69	 obese	
subjects	 (57.97%)	 and	 22	 out	 of	 the75	 non-obese	
subjects	 (29.33%).	There	was	 significant	difference	
between	methylation	 status	 and	 obesity	 (P	 <0.001)	
(Table	2).

Relationship between anthropometric and 
metabolic characteristics and of ESRRA, PTH, 
FSHR methylation status

The	association	between	the	levels	of	ESRRA, PTH, 

FSHR,	 insulin	 concentration,	 HOMA-IR,	 leptin,	
adiponectin,	 and	 resistin,	 as	 well	 as	 the	 waist	 and	
hip	 circumferences,	 body	 mass	 index	 (BMI),	 age,	
and	levels	of	serum	glucose,	triglycerides	(TG),	total	
cholesterol,	HDL-C,	and	LDL-C,	was	examined.

There	 is	 a	 statistically	 significant	 association	
detected between methylation status of ESRRA and 
fasting	glucose	in	obese	subjects	(P=0.04).	The	level	
of	 fasting	 glucose	 was	 significantly	 higher	 in	 the	
ESRRA	unmethylated	obese	subjects	(P=0.04)	(Table	
3).	 There	 was	 a	 significant	 association	 between	
ESRRA	methylation	 and	HDL	 (P=0.04)	 cholesterol	
and	triglyceride	levels	(P=0.02)	in	non-obese	subjects	
(Table	3).

In	 non-obese	 subjects,	 statistically	 significant	
association	 detected	 between	 adiponectin,	 resistin	
levels	 and	 FSHR	 methylation	 status	 (Table	 4).	
Adiponectin	level	was	higher	in	FSHR	unmethylated	
subjects	 and	 resistin	 level	 was	 higher	 in	 FSHR	
methylated	subjects.

In	our	study	group,	there	was	a	statistically	significant	
association detected between BMI and methylation 
of PTH	gene	in	obese	subjects	(P=0.036).	The	level	
of	BMI	was	higher	in	PTH	methylated	obese	subjects	
(36.16±6.67)(Table	5).	

Discussion:

The	 pathophysiology	 of	 obesity	 involves	 both	
hereditary	 and	 epigenetic	 factors.	 	Various	 number	
of studies demonstrated the interaction between 
obesity	 and	 epigenetic	 alterations.	 Methylation	
status	plays	an	integral	role	in	multifactorial	diseases	
as	environmental	 factors	affect	 the	gene	expression	
patterns.	 In	 the	 case	 of	 obesity,	 the	 methylation	
status	 of	 involved	 genes	 are	 affected	 by	 gene-diet	
interactions29.	 Epigenetic	 changes	 in	 the	 following	
genes	have	been	linked	to	obesity:	CLOCK, BMAL1, 
PER2, UBASH3A, TRIM3, LEP, ADIPOQ, PGC1, 
IGF-2, IRS-1, LY86, MEST, PEG3, NNAT, PLAGL1, 
MEG3, NPY, IL6, TNF, TFAM, GLUT4, RANKL, 
and c-FOS28,30,31,32,33.	 Here,	 we	 have	 showed	 that	
FSHR	gene	tends	to	be	unmethylated	in	patients	with	
obesity whereas PTH gene tends to be methylated. 
On the other hand, ESRRA gene methylation was not 
found	 to	 have	 an	 association	with	 obesity.	 Studies	
demonstrated that the abnormal calcium metabolism 
was also related with weight gain29. Vishnu and 
colleagues demonstrated interaction between obesity 
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and	 higher	 levels	 of	 serum	 parathyroid	 hormone34.  
They	 found	 that	 the	 increase	 level	 of	 serum	 PTH	
level	 was	 related	 with	 the	 increased	 grade	 of	 the	
obesity grade34.		Kamycheva	and	colleagues	analyzed	
calcium	and	PTH	levels	and	their	interaction	between	
BMI	 and	 gender.	 They	 conclude	 that	 the	 highest	
level	of	 serum	PTH	was	 a	biomarker	of	obesity	 in	
both gender8.	 Kamycheva	 and	 colleagues	 noted	
that	 the	 age	was	 an	 important	 determinant	 of	 PTH	
level8.	 Thus,	 an	 association	 between	 high	 serum	
PTH	 and	 obesity	 was	 demonstrated	 previously.	
The	 results	 presented	here	 are	not	 in	 line	with	 this	
previous	evidence	as	PTH gene has been found to be 
significantly	methylated	 in	patients	with	obesity.	 In	
addition	to	this,	it	is	found	that	patients	with	obesity	
who	have	methylated	PTH	have	higher	BMI.	There	
might	be	number	of	reasons	behind	the	discrepancy	
between	 our	 results	 and	 previous	 evidence.	 In	 our	
opinion	 one	 of	 the	 most	 influential	 reason	 might	
be	 the	 difference	 between	 the	 populations	 that	 the	
cohorts	were	a	part	of.	 In	different	populations,	 the	
frequency	 of	 SNPs	 can	 vary	 greatly	 and	 since	 a	
significant	number	of	genes	can	contribute	to	obesity,	
variation	 among	 other	 genes	 may	 have	 influenced	
our results. It should also be noted that life style 
factors	were	not	accounted	 in	our	study.	Therefore,	
the	difference	in	culture	and	way	of	life	might	have	
altered	the	methylation	patterns	in	PTH gene.  

The	 incidence	 of	 eating	 disorders	was	 found	 to	 be	
raised by missense mutations in the genes for histone 
deacetylase	4	(HDAC4)	and	estrogen-related	receptor	
alpha	(ESRRA)	35.	Studies	demonstrated	that	ESRRA	
regulates	mitochondrial	activity,	biogenesis,	and	lipid	
catabolism36,37.	Luo	et	al	showed	decreased	level	fat	
mass and resistance to high-fat diet-induced obesity 
were	observed	in	ESRRA-null	mice38.	In	vivo	studies	
demonstrated	 the	 interaction	 between	 ESRRA	 and	
adipogenesis	 and	 lipogenesis39,40. In our study, the 
methylation status of ESRRA gene was found to be 
non-significant	 when	 compared	 between	 patients	
with and without obesity. Metabolic characteristics 
evaluations	 showed	 that	 patients	 with	 obesity	who	
have	unmethylated	ESRRA	gene	have	higher	fasting	
glucose	 levels	 indicating	 that	 ESRRA methylation 
status	 might	 also	 have	 a	 role	 in	 obesity	 related	
diabetes	mellitus	 type	 II	 development.	 Contrary	 to	
this,	patients	without	obesity	have	higher	HDL	levels	
and	lower	TG	levels	when	ESRRA is unmethylated. 

Taken	together,	our	results	indicate	that	ESRRA gene 
expression	contributes	to	obesity	through	disruption	
of	hormonal	balance	rather	than	net	impact	on	total	
weight gain. 

Liu	 et	 al.,	 demonstrated	 that	 the	 blocking	 of	 FSH	
action	 results	 with	 decreased	 level	 body	 fat	 mass	
in mice15.  Cui and colleagues found an interaction 
between abdominal fat mass and FSHR mRNA 
expression	 in	 chickens27.	 They	 reported	 that	 FSH	
affects	 the	 expression	 of	 Dci,	 Lpl,	 RarB,	 Rdh10,	
Dgat2,	and	Acsl3	genes	and	alters	lipid	metabolism27. 
These	studies	demonstrated	 the	 importance	of	FSH	
receptors	 in	 bone	 loss	 and	 obesity.	 In	 our	 study,	
we found FSHR	 was	 significantly	 unmethylated	 in	
patients	with	obesity	and	significantly	methylated	in	
patients	without	 obesity.	The	methylation	 status	 of	
FSHR	was	not	able	to	distinguish	any	anthropometric	
and	 metabolic	 indicators	 in	 patients	 with	 obesity.	
However,	 patients	 without	 obesity	 have	 higher	
adiponectin	if	FSHR	in	unmethylated	and	have	lower	
resistin if it is methylated. Both of these indicators 
and their associations with methylation status are in 
line	with	the	previous	evidence.	

Overall,	we	 showed	 a	 correlation	 between	ESRRA, 
PTH, FSHR	 methylation	 status	 and	 waist,	 hip,	
and	 age	 as	 well	 as	 circulating	 levels	 of	 glucose,	
triglycerides	 (TG),	 total	 cholesterol,	 HDL-C,	 and	
LDL-C.	 We	 also	 showed	 a	 correlation	 between	
insulin	 concentration	 and	 HOMA-IR,	 as	 well	 as	
levels	 of	 leptin,	 adiponectin,	 and	 resistin	 in	 obese	
subjects.	 	 We	 found	 methylation	 status	 of	 FSHR, 
PTH and ESRRA genes were associated with obesity. 
Our	study	demonstrates	the	importance	of	epigenetic	
studies	 to	 be	 able	 to	 find	 out	 obesity	 associated	
biomarkers.	

Conclusion:

Numerous	 obesity	 susceptibility	 genes	 and	 their	
significance	 in	 the	 disease’s	 development	 have	
been	 shown	 by	 studies.	There	 is	 a	 limited	 number	
of	epigenetic	studies	was	performed	in	this	field.	In	
this	point	of	view,	our	study	will	shed	light	and	gives	
critical	information	to	further	epigenetic	studies.			

Funding 

This	 study	was	 supported	 by	Near	East	University	
Scientific	 Research	 Project	 Unit—Grant	 Number:	
SAG-2018-1-013.	 We	 would	 like	 to	 thank	 all	 the	
participants	involved	in	this	study.



627

Bangladesh Journal of Medical Science Vol. 22 No. 03 July’23

Consent of Participate

The	 study	 protocol	was	 approved	 by	 the	 Research	
Ethics	Committee	 of	 the	Near	East	University	 and	
performed	 in	 accordance	 with	 the	 Declaration	 of	
Helsinki	 (Project	 No:	 SAG-2018-1-013).	 Written	
informed	consent	form	obtained	from	all	the	subjects.

Compliance with Ethical Standards 

Written	 informed	 consent	 form	 obtained	 from	 all	
the	 subjects.	 The	 study	 protocol	 was	 approved	 by	
the	 Research	 Ethics	 Committee	 of	 the	 Near	 East	
University	 and	 performed	 in	 accordance	 with	 the	
Declaration	 of	Helsinki	 (Project	No:	 SAG-2018-1-
013).

Conflict of Interest

The	authors	declare	that	they	have	no	conflict	of	interest.

Authors’ contributions:

Data	gathering	and	idea	owner	of	this	study:	RK			

Study	design:	RK			

Data	gathering:	EB,RK	

Writing	and	submitting	manuscript:	RK,HC				

Editing	and	approval	of	final	draft:	RK,EB,HC

Data Availability Statement 

The	 genetics	 data	 that	 support	 the	 findings	 of	 this	
study	are	available	on	request	from	the	corresponding	
author, (RK).

Table 1.  The	anthropometric	and	metabolic	characteristics	of	studied	patient	population.

 Parameter 		Non-obese	subjects
										(n=75)

Obese	subjects
(n=69) p

Age 42.92	±	13.14 43.17	±	9.62 0.9

BMI	(kg/m²) 23.78	±	2.5 34.92	±	5.83 <0.0001

Waist	circumference	(cm) 83.69		±	8.8 113.1	±	13.25 <0.0001

Hip	circumference	(cm) 100.3	±	6.95 119.1	±	9.56 <0.0001

Fasting glucose (mg/dL) 89.84	±	7.45 102.1	±	20.28 <0.0001

Total	cholesterol	(mg/dL) 203.1	±	23.15 225.5	±	35.48 <0.0001

LDL-cholesterol (mg/dL) 128.5	±	25.23 141.7	±	31.02 0.0056

HDL-cholesterol	(mg/dL) 57.22	±	9.01 46.77	±	9.79 <0.0001

Triglycerides	(mg/dL) 99.71	±	43.57 166	±	69.62 <0.0001

HOMA-IR 1.98	±	0.67 4.62	±	3.02 <0.0001

Leptin	(ng/ml) 9.21	±	4.98 23.89	±	13.08 <0.0001

Adiponectin	(µg/mL) 20.73	±	9.23 10.43	±	4.85 <0.0001

Resistin (ng/mL) 6.143	±	2.5 8.612	±	2.44 <0.0001

BMI	body	mass	index,	LDL	low-density	lipoprotein,	HDL	high-density	lipoprotein,	HOMA-IR	homeostasis	
model assessment of insulin resistance
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Table 2. Methylation status of the ESRRA, PTH, FSHR genes	in	obese	and	non-obese	subjects

Subjects
ERRA gene FSHR gene PTH gene

Methylation Unmethylation Methylation Unmethylation Methylation Unmethylation

Obese
%

(n/n)
14.49%
(10/69)

85.51%
(59/69)

26.09%
(18/69)

73.91%
(51/69)

57.97%
(40/69)

42.67%
(29/69)

Non-obese
%

(n/n) 18.67%
(14/75)

81.33%
(61/75)

46.67%
(35/75)

53.33%
(40/75)

29.33%
(22/75)

70.67%
	(53/75)

P Value p=0.52 p=0.015* p=0.0004*

Table 3. Methylation status of ESRRA	gene	and	anthropometric	and	metabolic	characteristics	of	obese	and	
non-obese	subjects 

Parameter Non-obese subjects Obese subjects

Methylated
(14)

Unmethylated
(61) p Methylated

(10)
Unmethylated

(59) p

Age 39.64±10.44 43.7±13.65 0.3 42.8±9.2 43.24±9.76 0.89

BMI (kg/m²) 23.56±1.8 23.83±2.6 0.72 33.65±10.62 35.13±5.82 0.46

Waist circumference (cm) 84.43±7.68 83.52±9.08 0.73 114.5±9.9 112.9±13.78 0.72

Hip circumference (cm) 100.7±7.08 100.2±6.98 0.82 117.5±8.82 119.4±9.72 0.57

Fasting glucose (mg/dL) 91.79±6.53 89.39±7.63 0.28 90.4±5.81 104.1±20.47 0.04*

Total cholesterol (mg/dL) 203.1±30.74 203.1±21.35 0.99 238.7±12.21 223.3±37.66 0.2

LDL-cholesterol (mg/dL) 133.4±31.84 127.4±23.63 0.42 153.9±15.37 139.6±32.58 0.18

HDL-cholesterol (mg/dL) 53±9.56 58.25±8.67 0.04* 49.9±15.61 46.24±8.5 0.27

Triglycerides (mg/dL) 122.7±57.67 94.43±38.32 0.02* 164.6±37.7 166.3±73 0.94

HOMA-IR 2.052±0.62 1.964±0.69 0.66 2.82±1.6 4.48±2.89 0.03

Leptin (ng/ml) 9.766±5.19 8.972±4.97 0.59 24.86±10.88 23.72±13.49 0.8

Adiponectin (µg/mL) 17.47±9.6 21.47±9.05 0.14 9.558±3.48 10.58±5 0.54

Resistin (ng/mL) 6.027±1.98 6.039±2.43 0.45 8.367±2.93 8.654±2.38 0.73

Data	are	expressed	as	mean	±	SD.	For	the	comparison	of	subgroups,	analysis	of	variance	followed	by	Mann–
Whitney	U	 test	 was	 performed	BMI	 body	mass	 index,	 LDL	 low-density	 lipoprotein,	 HDL	 high-density	
lipoprotein,	HOMA-IR	homeostasis	model	assessment	of	insulin	resistance
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Table 4. Methylation status of FSHR	gene	and	anthropometric	and	metabolic	characteristics	of	obese	and	
non-obese	subjects 

Parameter Non-obese subjects Obese subjects

Methylated
(35)

Unmethylated
(41) p Methylated

(18)
Unmethylated

(51) p

Age 45.34±11.69 40.85±14.41 0.14 41.94±9.28 43.61±9.79 0.53

BMI (kg/m²) 24.24±2.3 23.38±2.55 0.13 33.81±4.61 35.31±6.19 0.35

Waist circumference (cm) 82.86±9.06 84.43±8.6 0.44 111.3±11 113.7±14 0.51

Hip circumference (cm) 100.2±7.02 100.4±6.61 0.90 117.6±6.94 119.6±10.34 0.45

Fasting glucose (mg/dL) 89.49±5.8 90.15±8.71 0.7 102.2±22.38 102.1±18.81 0.97

Total cholesterol (mg/dL) 202.5±24.26 203.7±22.42 0.82 229.4±32.55 224.2±36.67 0.59

LDL-cholesterol (mg/dL) 126.8±27.23 129.9±23.59 0.59 142.1±27.5 141.6±32.42 0.95

HDL-cholesterol (mg/dL) 58.34±8.42 56.33±9.50 0.33 47.78±10.71 46.41±9.53 0.61

Triglycerides (mg/dL) 98.06±39.63 101.2±47.2 0.76 175.5±72.75 162.7±68.91 0.5

HOMA-IR 1.871±0.59 2.077±0.73 0.18 4.49±2.63 4.477±2.5 0.98

Leptin (ng/ml) 9.219±5 9.034±5 0.87 24.01±12.33 23.85±13.45 0.96

Adiponectin (µg/mL) 18.51±7.43 22.67±10.26 0.04* 9.393±4.95 10.79±4.81 0.29

Resistin (ng/mL) 6.809±2.82 5.382±1.83 0.012* 8.196±2.02 8.759±2.58 0.4

Data	are	expressed	as	mean	±	SD.	For	the	comparison	of	subgroups,	analysis	of	variance	followed	by	Mann–
Whitney	U	 test	 was	 performed	BMI	 body	mass	 index,	 LDL	 low-density	 lipoprotein,	 HDL	 high-density	
lipoprotein,	HOMA-IR	homeostasis	model	assessment	of	insulin	resistance
Table 5. Methylation status of PTH	gene	and	anthropometric	and	metabolic	characteristics	of	obese	and	non-
obese	subjects 

Parameter Non-obese subjects Obese subjects

Methylated
(22)

Unmethylated
(53) p Methylated

(40)
Unmethylated

(29) p

Age 36.95±10.21 45.43±13.5 0.01* 42±9.15 44.79±10.18 0.23

BMI (kg/m²) 23.14±2.81 24.04±2.33 0.15 36.16±6.67 33.2±3.91 0.036*

Waist circumference (cm) 81.86±9.42 84.45±8.5 0.24 114.9±14.78 110.7±10.56 0.2

Hip circumference (cm) 99.05±7.18 100.9±6.85 0.3 120.4±10.2 117.3±8.45 0.2

Fasting glucose (mg/dL) 90.82±6.75 89.43±7.75 0.46 100.5±17.51 104.3±22.36 0.42

Total cholesterol (mg/dL) 210.6±27.28 200±20.69 0.069 225.2±32.83 226±39.45 0.93

LDL-cholesterol (mg/dL) 132.2±28.86 126.9±23.68 0.41 140.4±26.78 143.5±36.5 0.68

HDL-cholesterol (mg/dL) 58.95±9.61 56.57±8.75 0.29 47.85±9.56 45.28±10.07 0.28

Triglycerides (mg/dL) 93.09±40 99.85±40.73 0.27 156.5±67.74 179.2±71.19 0.18

HOMA-IR 2.068±0.74 1.944±0.65 0.47 4.768±3.17 4.43±2.79 0.62

Leptin (ng/ml) 10.49±6.39 8.551±4.21 0.12 26.19±14.23 20.71±10.75 0.08

Adiponectin (µg/mL) 21.73±12.97 20.31±7.25 0.54 9.637±3.75 11.52±5.95 0.11

Resistin (ng/mL) 6.876±2.92 5.839±2.26 0.10 8.619±2.22 8.603±2.76 0.97

Data	are	expressed	as	mean	±	SD.	For	the	comparison	of	subgroups,	analysis	of	variance	followed	by	Mann–
Whitney	U	 test	 was	 performed	BMI	 body	mass	 index,	 LDL	 low-density	 lipoprotein,	 HDL	 high-density	
lipoprotein,	HOMA-IR	homeostasis	model	assessment	of	insulin	resistance
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