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The	characteristic	of	obesity	is	body	fat	accumulation	
in	excess,which	has	a	deteriorating	effect	on	human	
health.	 Almost	 650	 million	 individuals	 are	 obese,	
while	1.9	billion	people	are	overweight.	Obesity	 is	
determined on the basis of Body mass index (BMI). 
The	 BMI	 values	 recommended	 by	 World	 Health	
Organization	 (WHO)	 for	 weight	 classification	 are	
as	follows:i)	BMI<	18.5-	underweight	(ii)	BMI	18.5	
to	 24.9	 -	 Optimal	weight	 (iii)	 BMI	 25.0	 to	 29.9	 –	
overweight	 (iv)	BMI	=>30.0	 -	Obese	 1,2.	However,	
BMI	does	not	consider	the	proportion	of	fat	and	lean	
body	 mass;	 visceral	 fat	 and	 subcutaneous	 adipose	
tissue	may	result	in	overestimating	or	underestimating	
obesity	risk	3.	An	increase	in	visceral	adiposity	raises	
the	risk	of	obesity-related	complications	like	type	2	
diabetes	 mellitus	 (T2DM),	 cardiovascular	 disease,	
neurodegeneration, osteoarthritis, endocrine disorder 
aging	acceleration,	and	certain	cancers	like	prostate	
cancer 4-6.	 Obesity	 also	 has	 a	 negative	 influence	
on	 the	 human	 reproductive	 system.	 The	 different	
mechanisms	 leading	 to	 such	 complications	 include	
chronic	inflammation,	resistance	to	insulin,	oxidative	
stress,	high	insulin	and	leptin	levels	in	blood	7.
Obesity and Infertility
Quality	 and	 expectancy	 of	 life	 are	 negatively	
impacted	by	obesity-related	complications,	including	
deteriorating	 effects	 on	 the	 reproductive	 health	
of	 individuals	 8. Infertility may result from an 

obesity-induced imbalance in the male and female 
reproductive	system	9,10.	Obese	 females	suffer	 from	
irregular	 and	 excessive	 menstruation 11,	 polycystic	
ovary	syndrome	(PCOS)	12, increase in endometrial 
thickness	 13,	uterine	fibroids	and	endometriosis	 14,15, 
pre-eclampsia	 and	 eclampsia	 (complications	 of	
pregnancy)	16 infertility 17 and miscarriage 18. 

Although	obesity-induced	reproductive	complications	
and infertility in males is less discussed than in 
females,	 evidence	 suggests	 that	 male	 obesity	 may	
contribute	equally	to	the	poor	reproductive	outcome	
and	negatively	impactembryo	quality	19.

Male Reproductive Complications in Obesity

Spermatogenesis	 and	 sperm	 quality,that	 include	
sperm	 appearance,	 movement,	 concentration,	
viability	 as	 well	 as	 integrity	 of	 DNA	 of	 sperm,	 is	
negatively	 influenced	 in	 obese	male	 subjects	 9,10,13. 
In	 previous	 studies,	 a	 deterioration	 in	 the	 quality	
of	semen	was	noted	in	individuals	with	BMI	above	
normal range. Sub-fecundity was associated with 
rising BMI 20-22.	 Another	 study	 has	 reported	 that	
couples	with	obese	male	partners	had	a	greater	risk	
of	suffering	from	infertility	than	normal	BMI	couples	
(OR=	1.66,	95%	CI	1.53-1.79,	p<0.0001).	Assisted	
Reproductive	Technology	success	was	also	found	to	
be	less	in	obese	male	subjects	21.
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Molecular Mechanisms Relating Obesity to Male 
Infertility

Obesity	 influences	 the	 male	 reproductive	 system	
by	 employing	 several	 molecular	 mechanisms.	
These	 include	 inflammation,	 oxidative	 stress,	 and	
hypogonadism	 which	 affects	 spermatogenesis	
[Figure1] 23-25. Functions of the testes may be 
hampered	due	to	microenvironmental	inflammation	
and	 dysregulation	 of	 adipocytes	 impacting	 the	
signaling of insulin 9,26,27.

Figure 1: Male obesity and infertility Editorial

Figure 1:	 Illustrates	 the	 different	 mechanisms	
by	 which	 obesity	 influences	 male	 reproductive	
system.	 These	 include	 inflammation,	 oxidative	
stress,	 hypogonadism	 which	 causes	 sperm	 DNA	
fragmentation	 and	 decrease	 in	 spermatogenesis	
resulting	in	male	infertility.			:	Decrease.			:				Increase.	
This	 figure	 has	 been	 developed	 utilizing	 premium	
version	 of	 Biorender	 (https://biorender.com/)	 with	
license	 number	 TH24LTCUL9.	 Image	 Credit:	
Rahnuma Ahmad.

Hormonal Changes in Male Obesity

The	 hypothalamic-pituitary-gonad	 axis	 controls	
testosterone	 production.	 Gonadotropin	 Releasing	
hormone	 causes	 LH	 and	 FSH	 release	 fromanterior	
pituitary	 gland,	 that	 then	 causesthe	 release	 of	
testosterone	 from	 the	 Testes	 (under	 the	 influence	
of	 LH)	 and	 FSH	 produces	 effects	 on	 Sertoli	 cells.	
Together	 the	 effects	 of	 LH	 and	 FSH	 promote	
spermatogenesis	28,29.

In	obese	male	subjects,	however,	a	reduction	in	male	
sex	 hormones	 has	 been	 observed	 in	 comparison	 to	
normal	BMI	subjects	30. A decrease in sex hormone 
binding	globulin	and	total	testosterone	level	in	serum	
have	been	noted,	possibly	due	to	increased	visceral	

fat.	There	has	also	been	noted	a	rise	in	testosterone	
conversion	to	17-	β-estradiol	due	to	the	high	activity	
of	 aromatase	 in	 obese	 subjects 31,32. Aromatase 
activity	 also	 increases	 fat	 accumulation,	 negatively	
impacting	the	male	sex	hormones	29.
Estrogen	 level	 rises	 in	 obesity	 and	 suppresses	
kisspeptin	 neurons,	 which	 lowers	 GnRH	 and	
inhibits	 the	 hypothalamic-pituitary-gonad	 axis,	
thus	 decreasing	 testosterone	 production	 33. Leydig 
and	 Sertoli	 cell	 activities	 are	 also	 suppressed	 by	
estrogen,	 which	 reduces	 testosterone	 levels	 and	
spermatogenesis	[Figure 2] 29.	Testosterone	formation	
is	also	suppressed	due	to	inflammatory	cytokines	and	
adipokines	formed	from	adipose	tissue	9,34.

Figure 2: Illustrates decrease in sex hormone 
binding	 globulin	 (SHBG)due	 to	 insulin	 resistance	
caused	by	pro	inflammatory	cytokines	released	from	
adipocytes,	 the	 level	 of	 which	 is	 also	 augmented	
leptin	 from	 adipocytes.	 Decrease	 in	 SHBG	 causes	
increase	in	estrogen	level.	Aromatase	from	adipocyte	
cause	 a	 testosterone	 conversion	 to	 17-	 β-estradiol.	
Estrogen	level	rises	and	suppresses	kisspeptin	neuron	
and	decreases	GnRH	and	inhibits	the	hypothalamic-
pituitary-gonad	 axis.	 Thus,	 there	 is	 decrease	 in	
testosterone	 production.	 Leydig	 and	 Sertoli	 cell	
activities	 are	 also	 suppressed	 by	 estrogen	 which	
thus	lowers	testosterone	level	and	spermatogenesis.	
Notes:	 	 Decrease.:	 	 Increase.SHBG:	 Sex	Hormone	
Binding	 Globulin,	 GnRh:	 Gonadotropin	 Releasing	
Hormone,	FSH:	Follicle	Stimulating	Hormone,	and	
LH:	 Luteinizing	 Hormone.	 This	 figure	 has	 been	
developed	 utilizing	 premium	 version	 of	 Biorender	
(https://biorender.com/)	 with	 license	 number	
RP24M0H4M8.	Image	Credit:	Rahnuma	Ahmad
Sperms Parameters in Obesity
In	 obese	 men,	 spermatogenesis	 may	 be	 impaired	

  

  

Figure 2: Male obesity and infertility
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due	 to	 altered	 hormone	 levels	 5. Accumulating 
adipose	 tissue	above	 the	pubis	area	and	around	 the	
pampiniform	 plexus	 may	 cause	 a	 rise	 in	 scrotal	
temperature.	Such	 changes	may	 eventually	 cause	 a	
fall in motility,concentration and integrity of DNA of 
sperm	with	DNA	fragmentation	35	.

A	 lower	 count	 of	 sperm	was	 noted	men	with	BMI	
above	 25	 kg/m2 31. In 2013 a meta-analysis noted 
that	 oligospermia	 and	 azoospermia	 were	 more	
prevalent	 among	 obese	 men	 36.	 Specific	 abnormal	
sperm	 parameters	 like	 asthenozoospermia	 and	
teratozoospermia	 have	 been	 reported	 in	 men	 who	
were	obese	and	overweight	37.
Obesity, Oxidative Stress, and Sperm Parameters 
TNF-α	and	Interleukin	6	are	examples	of	inflammatory	
cytokines	 that	 are	 releasedin	 high	 quantities	 in	
obese	 subjects,	 leading	 to	 chronic	 inflammation	 38. 
However,	 Reactive	 Oxygen	 Species	 (ROS)	 within	
physiological	 limits	produce	beneficial	 effect	onthe	
male	 reproductive	 system,	 helping	 incapacitation	
and acrosomal reaction. In high concentrations, 
these	lead	to	DNA,	protein,	and	lipid	damage.	ROS	
also	 may	 cause	 double	 bond	 oxidation	 of	 sperm	
membrane	lipid,	consisting	of	polyunsaturated	fatty	
acids,	thus	resulting	in	low	membrane	fluidity	39-41.
A	 study	 on	 the	 parameters	 of	 sperm	 has	 reported	
some	early	markers	of	apoptosis	in	obese	men,	like	
reduced	 sperm	 mitochondrial	 membrane	 potential,	
fragmentation	of	sperm	DNA	and	phosphatidylserine	
release 37.	 Oxidative	 imbalance	 occurs	 when	
mitochondria	 are	 dysfunctional	 as	 oxidative	 agents	
are	 produced	 by	 mitochondria.	 Thisnegatively	
impacting	 sperm	 function	 42,43. Another study also 
observed	ROS	formation	in	high	concentrations	and	
reduced	mitochondrial	membrane	potential	in	obese	
men with infertility 44. An association was found 
in	 a	 survey	 between	 abnormal	 sperm	 chromatin	
compactness	 and	 decreased	 sperm	 mitochondrial	
membrane	 potential	 indicating	 that	 mitochondrial	
damage	 may	 lead	 to	 alteration	 in	 sperm	 DNA	 45. 
Sperm	 DNA	 fragmentation	 was	 noted	 in	 obese	
subjects	in	another	study	31.
Adipokines in Obesity and Male Infertility
Adipocytes	 form	a	 kind	of	 adipokine	 called	 leptin,	
which	is	related	positively	to	body	fat	percentage	and	
adipocyte	size	9.	Leptin	causes	appetite	suppression	
and	 decreasesfood	 intake	 by	 neuropeptide	 Y	
encoding	 gene	 repression,	 proopiomelanocortin	
encoding	 gene,	 and	 amphetamine-regulated	

transcript	 induction.	It	also	has	a	significant	role	 in	
reproduction	 at	 the	 central	 and	peripheral	 levels	 46. 
Leptin	 impacts	 the	 hypothalamic-pituitary-ovarian	
axis	by	acting	on	kisspeptin,	the	receptors	of	which	
are	found	in	GnRH	neurons,	thus	stimulating	GnRH	
and	promoting	FSH	and	LH	secretion	47,48. Production 
of	leptin	in	excess	in	obesity	causes	development	of	
leptin	signal	resistance	in	the	hypothalamic-pituitary	
axis,	 likely	 an	 outcome	 of	 regulators	 of	 negative	
feedback	mechanism	such	as	suppressor	of	cytokine	
signaling,	 tyrosine	 phosphatase1B	 overstimulation.	
In animal study, animals with obesity such 
regulators	have	been	found	in	high	concentration	in	
hypothalamus	49,50	.	Leptin	resistance	and	reduction	in	
kisspeptin	expression	in	the	third	ventricular	rostral	
periventricular	region	and	arcuate	nucleus	have	been	
observed	in	a	study	on	animals	on	a	high-fat	diet 51. 
A	 decrease	 in	 kisspeptin	 leads	 to	 GnRH	 neurons	
inhibition	which	eventuallyleads	to	falls	in	FSH,LH,	
and	testosterone	production	9,52.
Association	 between	 the	 reduction	 insperm	
concentration, increased DNA fragmentation of 
sperm,	and	increased	serum	leptin	level	was	reported	
in	subjects	with	high	BMI	compared	to	those	having	
BMI within normal rangeby a case-control study 53. 
DNA	fragmentation	of	sperm	in	an	environment	of	
high	serum	leptin	may	be	due	to	an	increase	in	ROS	
and	activation	of	 the	PI3K	pathway	 in	 testes	when	
leptin	binds	to	receptors	on	testes	which	disruptsthe	
conversion	of	histone	to	protamine	and	give	rise	 to	
oxidative	stress.	DNA	of	sperm	is	impacted	by	free	
radicals leading to DNA fragmentation as well as 
apoptosis	46.	High	serum	leptin	alters	the	function	of	
mitochondria	and	negatively	affects	sperm	due	to	a	
rise	 in	 oxidative	 stress	 54.	Testosterone	 secretion	 is	
suppressed	in	rat	Leydig	cells	exposed	to	high	leptin	
levels	in	certain	animal	studies	55.56.	Leptin	negatively	
impacts	 Leydig	 cells	 cytochrome	 P450	 family	 11	
subfamilies A member 1 and steroidogenic acute 
regulatory	 protein	 and	 up-regulation	 of	 the	AMPK	
pathway.	 Downregulation	 of	 STAT	 transcriptional	
activity	 and	 cAMP-dependent	 steroidogenic	
gene	may	 occur	 due	 to	 high	 leptin	 levels	 and	 thus	
decreases	 testosterone	 production	 9,57.	 Leptin	 also	
lowers acetate formation from glucose, inhibitingthe 
nutrition of Sertoli cells 9.	 Such	 changes	 impact	
spermatogenesis	negatively	51. 
Other	adipokines	like	resistin	and	chemerin	promote	
inflammation.	 Insulin	 resistance	 is	 promoted	 by	
resistin,	 and	 a	 positive	 association	 has	 been	 noted	
between	 resistin	 and	 inflammatory	 markers	 58,59. 
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Resistin	 level	 in	 seminal	 fluid	 was	 negatively	
associated	 withsperm	 motility	 and	 vitality	 in	 a	
study.	 Seminal	 fluid	 inflammatory	 markers	 like	
Interleukin-6	 and	 elastase	 have	 been	 positively	
associated	with	a	raised	level	of	seminal	resistin	60. 
Significantly	high	chemerin	levels	have	been	found	
in	 subjects	with	BMI	 above	 normal	 in	 comparison	
to those withBMI in normal range 61,62. Chemerin 
has	been	shown	to	suppress	the	production	of	sperm,	
testosterone	synthesis,	and	sperm	motility	48,63.
Obesity and Epigenetic Modification
Studies	have	 found	 that	 children	 fathered	by	obese	
male	 parents	 are	 at	 greater	 risk	 of	 developing	
obesity 9,64.	Spermatogenesis	requires	methylation	of	
DNA which is altered in obesity, as studies suggest 65,66. 
In	obese	men,	some	epigenetic	modifications	include	
necdin	 (NDN),	 small	 nuclear	 ribonucleoprotein	
polypeptide	 N	 (SNRPN)	 and	 epsilon	 sarcoglycan	
(SGCE)/paternally	 expressed	 gene	 10	 (PEG10)	
which	 affect	 the	 development	 of	 the	 fetus	 67. DNA 
methylation changes also cause DNA fragmentation 
of	sperm	and	decreased	pregnancy	rate	68,69.
Assisted Reproductive Technology (ART) Outcome 
in Obese Male
A decrease in the success rate following 
Intracytoplasmic	sperm	injection	(ICSI)	and	Invitro	
Fertilization	 (IVF)	 has	 been	 linked	 to	 obesity	 in	
male 70.	 A	 study	 reported	 male	 obesity	 negatively	
impacted	embryo	quality	and	IVF	outcome	71.	Sperm	
damage	due	to	male	obesity	was	linked	in	a	study	to	
higher	miscarriage	 rates	and	 lower	pregnancy	 rates	
in ICSI and IVFcycles 72.	The	pregnancy	rate	in	290	
IVF	and	ICSI	cycles	assessment	showed	pregnancy	
rate	following	IVF	was	negatively	impacted	in	men	
with	a	BMI	above	25.0kg/m2 73.
Obesity, Infertility and Lifestyle
An unhealthy eating habit and a sedentary lifestyle 

contributes	 to	 obesity	 significantly	 and	 when	
there	 is	 a	 rise	 in	 10%	of	 sedentary	 time,	 the	waist	
circumference increase by 3.1cm 65,74. Regular 
exercise	helps	combat	obesity	as	it	promotes	general	
well-beingand	improvement	of	insulin	sensitivity	75. 
High	fat	diet	has	been	noted	to	deteriorate	sperm	cells’	
physical	and	molecular	structure	68,	76.	Sperm	quality	
and	DNA	integrity	has	been	seen	 to	 improve	when	
the	individual’s	diet	is	rich	in	legumes,	fruits,	fish	and	
vegetables	77.	Therefore	for	fertility	improvement	in	
individuals	with	high	BMI,	evaluating	and	modifying	
lifestyle	 and	 habits	 with	 the	 help	 of	 healthcare	
professionals	is	of	great	importance	78.

Obesity	 is	 a	 rising	 epidemic	 affecting	 more	 and	
more	 of	 the	 global	 population,	 who	 become	
prone	 to	 developing	 complications	 related	 to	
obesity 75,79.  Obesity results in insulin resistance and 
complications	like	T2DM.	Such	complications	create	
an	environment	of	chronic	inflammation	and	release	
of	 inflammatory	 cytokines 80,81. Growth factors, 
hormones,	adipokine,	and	cytokines	 link	obesity	 to	
dysfunctions	 of	 several	 body	 systems	 includingthe	
reproductive	system	82. Male infertility resulting from 
obesity	 involves	 various	 molecular	 pathways	 and	
creates	 a	 hormonal	 imbalance	 that	 hampers	 sperm	
production.	To	 better	manage	 and	 prevent	 obesity-
related	reproductive	complications	and	obesity	itself,	
it	is	imperative	to	learn	extensively	about	the	various	
mechanisms	 linking	 fertility	 and	 obesity.	 Each	
linking	pathway	can	be	targeted	and	used	to	develop	
therapeutics	 which	 improve	 reproductive	 health	 in	
obese	 subjects.	 Creating	 awareness	 regarding	 the	
negative	effect	of	obesity	on	human	health	among	the	
general	population	is	also	necessary.
Conflict of Interest 
Authors	posses	no	conflict	of	interest.	
Funding 
This	paper	does	not	obtain	any	financial	support.



11

Bangladesh Journal of Medical Science Vol. 22 No. 01 January’23

Reference
1. World	 Health	 Organization.	 Health	 topics/Obesity	 and	

Overweight.	 WHO	 Press,	 World	 Health	 Organization,	
20	 Avenue	 Appia,	 1211	 Geneva	 27,	 Switzerland.2021.	
Available	at:	https://www.who.int/news-room/fact-sheets/
detail/obesity-and-overweight.	 [Accessed:	 October	 17,	
2022]

2. McPherson NO, Lane M. Male obesity and subfertility, 
is	 it	 really	 about	 increased	 adiposity?	 Asian J Androl. 
2015;17(3):450-8.	doi:	10.4103/1008-682X.148076.	

3. Okorodudu	 DO,	 Jumean	 MF,	 Montori	 VM,	 Romero-
Corral	 A,	 Somers	 VK,	 Erwin	 PJ,	 Lopez-Jimenez	 F.	
Diagnostic	 performance	 of	 body	mass	 index	 to	 identify	
obesity	as	defined	by	body	adiposity:	a	systematic	review	
and meta-analysis. Int J Obes (Lond). 2010;34(5):791-9.	
doi:	10.1038/ijo.2010.5.	

4.	 Jastreboff	AM,	Kotz	CM,	Kahan	S,	Kelly	AS,	Heymsfield	
SB.	 Obesity	 as	 a	 Disease:	 The	 Obesity	 Society	 2018	
Position Statement. Obesity (Silver Spring).	2019;27(1):7-
9.	doi:	10.1002/oby.22378.	

5.	 Barbagallo F, Condorelli RA, Mongioì LM, Cannarella R, 
Cimino L, Magagnini MC, Crafa A, La Vignera S, Calogero 
AE.	Molecular	Mechanisms	Underlying	the	Relationship	
between Obesity and Male Infertility. Metabolites. 
2021;11(12):840.	doi:	10.3390/metabo11120840.	

6.	 Glenn	 T,	 Harris	 AL,	 Lindheim	 SR.	 Impact	 of	 obesity	
on	male	 and	 female	 reproductive	 outcomes.	Curr Opin 
Obstet Gynecol.	 2019;31(4):201-206.	 doi:	 10.1097/
GCO.0000000000000549.	

7. Leisegang	K,	Henkel	R,	Agarwal	A.	Obesity	and	metabolic	
syndrome	associated	with	systemic	inflammation	and	the	
impact	 on	 the	 male	 reproductive	 system.	Am J Reprod 
Immunol.	2019;82(5):	e13178.	doi:	10.1111/aji.13178.	

8.	 Knight	 M,	 Kurinczuk	 JJ,	 Spark	 P,	 Brocklehurst	
P;	 UK	 Obstetric	 Surveillance	 System.	 Extreme	
obesity	 in	 pregnancy	 in	 the	 United	 Kingdom.	 Obstet 
Gynecol. 2010;115(5):989-997.	 doi:	 10.1097/
AOG.0b013e3181da8f09.

9.	 Campbell	JM,	Lane	M,	Owens	JA,	Bakos	HW.	Paternal	
obesity	 negatively	 affects	 male	 fertility	 and	 assisted	
reproduction	 outcomes:	 a	 systematic	 review	 and	 meta-
analysis. Reprod Biomed Online.	 2015;31(5):593-604.	
doi:	10.1016/j.rbmo.2015.07.012.

10. Eisenberg	ML,	Kim	S,	Chen	Z,	Sundaram	R,	Schisterman	
EF,	Buck	Louis	GM.	The	relationship	between	male	BMI	
and	 waist	 circumference	 on	 semen	 quality:	 data	 from	
the	 LIFE	 study.	Hum Reprod. 2014;29(2):193-200.	 doi:	
10.1093/humrep/det428.	

11. Dumesic	DA,	Padmanabhan	V,	Chazenbalk	GD,	Abbott	
DH.	Polycystic	ovary	syndrome	as	a	plausible	evolutionary	
outcome	of	metabolic	adaptation.	Reprod Biol Endocrinol. 
2022;20(1):12.	doi:	10.1186/s12958-021-00878-y.	

12. Lashen	 H,	 Fear	 K,	 Sturdee	 DW.	 Obesity	 is	 associated	
with	 increased	 risk	 of	 first	 trimester	 and	 recurrent	
miscarriage:	 matched	 case-control	 study.	 Hum Reprod. 

2004;19(7):1644-6.	doi:	10.1093/humrep/deh277.	
13. Le	W,	Su	SH,	Shi	LH,	Zhang	JF,	Wu	DL.	Effect	of	male	

body mass index on clinical outcomes following assisted 
reproductive	 technology:	 a	 meta-analysis.	 Andrologia. 
2016;48(4):406-24.	doi:	10.1111/and.12461.	

14.	 Zhu	L,	Zhou	B,	Zhu	X,	Cheng	F,	Pan	Y,	Zhou	Y,	Wu	Y,	
Xu	Q.	Association	Between	Body	Mass	Index	and	Female	
Infertility	in	the	United	States:	Data	from	National	Health	
and	Nutrition	Examination	Survey	2013-2018.	Int J Gen 
Med. 2022; 15:1821-1831.	doi:	10.2147/IJGM.S349874.

15.	 Metwally	 M,	 Saravelos	 SH,	 Ledger	WL,	 Li	 TC.	 Body	
mass	 index	 and	 risk	 of	 miscarriage	 in	 women	 with	
recurrent miscarriage. Fertil Steril. 2010;94(1):290-5.	doi:	
10.1016/j.fertnstert.2009.03.021.	

16.	 Sun	K,	Xie	Y,	Zhao	N,	Li	Z.	A	case-control	study	of	the	
relationship	 between	 visceral	 fat	 and	 development	 of	
uterine	fibroids.	Exp Ther Med.	2019;18(1):404-410.	doi:	
10.3892/etm.2019.7575.

17. Dağ	 ZÖ,	 Dilbaz	 B.	 Impact	 of	 obesity	 on	 infertility	 in	
women. J Turk Ger Gynecol Assoc.	 2015;16(2):111-7.	
doi:	10.5152/jtgga.2015.15232.

18.	 Rachoń	 D,	 Teede	 H.	 Ovarian	 function	 and	 obesity-
-interrelationship,	 impact	 on	 women’s	 reproductive	
lifespan	 and	 treatment	 options.	 Mol Cell Endocrinol. 
2010;316(2):172-9.	doi:	10.1016/j.mce.2009.09.026.	

19.	 Spradley	 FT.	 Metabolic	 abnormalities	 and	 obesity’s	
impact	 on	 the	 risk	 for	 developing	 preeclampsia.	 Am J 
Physiol Regul Integr Comp Physiol. 2017;312(1):	 R5-
R12.	doi:	10.1152/ajpregu.00440.2016.	

20. Gallagher	 CS,	 Mäkinen	 N,	 Harris	 HR,	 Rahmioglu	 N,	
Uimari	O,	Cook	JP,	Shigesi	N,	Ferreira	T,	Velez-Edwards	
DR,	Edwards	TL,	Mortlock	S,	Ruhioglu	Z,	Day	F,	Becker	
CM,	 Karhunen	V,	Martikainen	 H,	 Järvelin	MR,	 Cantor	
RM,	 Ridker	 PM,	 Terry	 KL,	 Buring	 JE,	 Gordon	 SD,	
Medland	SE,	Montgomery	GW,	Nyholt	DR,	Hinds	DA,	
Tung	JY;	23andMe	Research	Team,	Perry	JRB,	Lind	PA,	
Painter JN, Martin NG, Morris AP, Chasman DI, Missmer 
SA,	Zondervan	KT,	Morton	CC.	Genome-wide	association	
and	 epidemiological	 analyses	 reveal	 common	 genetic	
origins between uterine leiomyomata and endometriosis. 
Nat Commun.	 2019;10(1):4857.	 doi:	 10.1038/s41467-
019-12536-4.	

21. Yi	 KW,	 Shin	 JH,	 Park	 MS,	 Kim	 T,	 Kim	 SH,	 Hur	
JY.	 Association	 of	 body	 mass	 index	 with	 severity	 of	
endometriosis in Korean women. Int J Gynaecol Obstet. 
2009;105(1):39-42.	doi:	10.1016/j.ijgo.2008.11.001.	

22. Wei	 S,	 Schmidt	 MD,	 Dwyer	 T,	 Norman	 RJ,	 Venn	AJ.	
Obesity	 and	 menstrual	 irregularity:	 associations	 with	
SHBG,	testosterone,	and	insulin.	Obesity (Silver Spring). 
2009;17(5):1070-6.	doi:	10.1038/oby.2008.641.	

23. Hajshafiha	 M,	 Ghareaghaji	 R,	 Salemi	 S,	 Sadegh-Asadi	
N,	 Sadeghi-Bazargani	 H.	 Association	 of	 body	 mass	
index	with	 some	 fertility	markers	 among	male	 partners	
of	infertile	couples.	Int J Gen Med. 2013; 6:447-51.	doi:	
10.2147/IJGM.S41341.

https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight


12

Bangladesh Journal of Medical Science Vol. 22 No. 01 January’23

24.	 Rao	PM,	Kelly	DM,	Jones	TH.	Testosterone	and	insulin	
resistance	in	the	metabolic	syndrome	and	T2DM	in	men.	
Nat Rev Endocrinol. 2013;9(8):479-93.	 doi:	 10.1038/
nrendo.2013.122. 

25.	 Goncharov	 NP,	 Katsya	 GV,	 Chagina	 NA,	 Gooren	 LJ.	
Testosterone	 and	 obesity	 in	 men	 under	 the	 age	 of	 40	
years. Andrologia.	2009;41(2):76-83.	doi:	10.1111/j.1439-
0272.2008.00863.x.	

26.	 Bellastella	G,	Menafra	D,	Puliani	G,	Colao	A,	Savastano	
S;	Obesity	Programs	of	nutrition,	Education,	Research	and	
Assessment	 (OPERA)	 Group.	 How	 much	 does	 obesity	
affect	 the	male	reproductive	function?	Int J Obes Suppl. 
2019;9(1):50-64.	doi:	10.1038/s41367-019-0008-2.	

27. Davidson	LM,	Millar	K,	Jones	C,	Fatum	M,	Coward	K.	
Deleterious	 effects	 of	 obesity	 upon	 the	 hormonal	 and	
molecular	 mechanisms	 controlling	 spermatogenesis	 and	
male fertility. Hum Fertil (Camb).	 2015;18(3):184-93.	
doi:	10.3109/14647273.2015.1070438.	

28.	 Alves	 MG,	 Martins	 AD,	 Rato	 L,	 Moreira	 PI,	 Socorro	
S,	 Oliveira	 PF.	 Molecular	 mechanisms	 beyond	 glucose	
transport	 in	 diabetes-related	 male	 infertility.	 Biochim 
Biophys Acta. 2013;1832(5):626-35.	 doi:	 10.1016/j.
bbadis.2013.01.011.

29.	 Agbaje	 IM,	 Rogers	 DA,	 McVicar	 CM,	 McClure	 N,	
Atkinson	AB,	Mallidis	 C,	 Lewis	 SE.	 Insulin	 dependent	
diabetes	 mellitus:	 implications	 for	 male	 reproductive	
function. Hum Reprod. 2007;22(7):1871-7.	doi:	10.1093/
humrep/dem077.	

30. Contreras	PH,	Serrano	FG,	Salgado	AM,	Vigil	P.	Insulin	
Sensitivity	and	Testicular	Function	 in	a	Cohort	of	Adult	
Males	 Suspected	 of	Being	 Insulin-Resistant.	Front Med 
(Lausanne).	2018; 5:190.	doi:	10.3389/fmed.2018.00190.	

31. Barbosa-Desongles	A,	Hernández	C,	Simó	R,	Selva	DM.	
Testosterone	induces	cell	proliferation	and	cell	cycle	gene	
overexpression	 in	 human	 visceral	 preadipocytes.	 Am J 
Physiol Cell Physiol. 2013;305(3):C355-9.	doi:	10.1152/
ajpcell.00019.2013.	

32. La	Vignera	S,	Cannarella	R,	Galvano	F,	Grillo	A,	Aversa	
A, Cimino L, Magagnini CM, Mongioì LM, Condorelli 
RA,	Calogero	AE.	The	ketogenic	diet	corrects	metabolic	
hypogonadism	and	preserves	pancreatic	ß-cell	function	in	
overweight/obese	men:	 a	 single-arm	uncontrolled	 study.	
Endocrine. 2021;72(2):392-399.	 doi:	 10.1007/s12020-
020-02518-8.	

33. La	 Vignera	 S,	 Condorelli	 RA,	 Vicari	 E,	 Calogero	AE.	
Negative	 effect	 of	 increased	 body	 weight	 on	 sperm	
conventional	and	nonconventional	flow	cytometric	sperm	
parameters.	 J Androl. 2012;33(1):53-8.	 doi:	 10.2164/
jandrol.110.012120.

34.	 Sermondade N, Faure C, Fezeu L, Shayeb AG, Bonde JP, 
Jensen	TK,	Van	Wely	M,	Cao	 J,	Martini	AC,	 Eskandar	
M,	Chavarro	JE,	Koloszar	S,	Twigt	JM,	Ramlau-Hansen	
CH,	Borges	E	Jr,	Lotti	F,	Steegers-Theunissen	RP,	Zorn	
B,	 Polotsky	 AJ,	 La	 Vignera	 S,	 Eskenazi	 B,	 Tremellen	
K,	 Magnusdottir	 EV,	 Fejes	 I,	 Hercberg	 S,	 Lévy	 R,	
Czernichow	S.	BMI	in	relation	to	sperm	count:	an	updated	

systematic	 review	 and	 collaborative	 meta-analysis.	
Hum Reprod Update. 2013;19(3):221-31.	 doi:	 10.1093/
humupd/dms050.	

35.	 Mannucci	A,	Argento	FR,	Fini	E,	Coccia	ME,	Taddei	N,	
Becatti	 M,	 Fiorillo	 C.	 The	 Impact	 of	 Oxidative	 Stress	
in Male Infertility. Front Mol Biosci. 2022;8:799294. 
doi:	10.3389/fmolb.2021.799294.	

36.	 Aitken	RJ.	Reactive	oxygen	species	as	mediators	of	sperm	
capacitation	and	pathological	damage.	Mol Reprod Dev. 
2017;84(10):1039-1052.	doi:	10.1002/mrd.22871.	

37. Mahfouz RZ, du Plessis SS, Aziz N, Sharma R, Sabanegh 
E,	Agarwal	A.	Sperm	viability,	apoptosis,	and	intracellular	
reactive	 oxygen	 species	 levels	 in	 human	 spermatozoa	
before	and	after	induction	of	oxidative	stress.	Fertil Steril. 
2010;93(3):814-21.	doi:	10.1016/j.fertnstert.2008.10.068.

38.	 Ferigolo PC, Ribeiro de Andrade MB, Camargo M, 
Carvalho	 VM,	 Cardozo	 KHM,	 Bertolla	 RP,	 Fraietta	
R.	 Sperm	 functional	 aspects	 and	 enriched	 proteomic	
pathways	 of	 seminal	 plasma	 of	 adult	men	with	 obesity.	
Andrology.	2019;7(3):341-349.	doi:	10.1111/andr.12606.

39.	 Korbecki	J,	Bajdak-Rusinek	K.	The	effect	of	palmitic	acid	
on	 inflammatory	 response	 in	macrophages:	 an	overview	
of molecular mechanisms. Inflamm Res.	2019;68(11):915-
932.	doi:	10.1007/s00011-019-01273-5.	

40.	 Burhans	 MS,	 Hagman	 DK,	 Kuzma	 JN,	 Schmidt	 KA,	
Kratz	M.	 Contribution	 of	Adipose	 Tissue	 Inflammation	
to	the	Development	of	Type	2	Diabetes	Mellitus.	Compr 
Physiol.	2018;9(1):1-58.	doi:	10.1002/cphy.c170040.	

41.	 Suganami	T,	Nishida	J,	Ogawa	Y.	A	paracrine	loop	between	
adipocytes	 and	 macrophages	 aggravates	 inflammatory	
changes:	role	of	free	fatty	acids	and	tumor	necrosis	factor-
alpha.	Arterioscler Thromb Vasc Biol.	2005;25(10):2062-
8.	doi:	10.1161/01.ATV.0000183883.72263.13.

42.	 Tremellen	 K.	 Oxidative	 stress	 and	 male	 infertility--a	
clinical	perspective.	Hum Reprod Update.	2008;14(3):243-
58.	doi:	10.1093/humupd/dmn004.	

43.	 Aslam B, Basit M, Nisar MA, Khurshid M, Rasool 
MH.	 Proteomics:	 Technologies	 and	 Their	Applications.	
J Chromatogr Sci. 2017;55(2):182-196.	 doi:	 10.1093/
chromsci/bmw167.	

44.	 Cannarella R, Crafa A, Barbagallo F, Mongioì LM, 
Condorelli	 RA,	Aversa	A,	 Calogero	AE,	 La	Vignera	 S.	
Seminal	 Plasma	 Proteomic	 Biomarkers	 of	 Oxidative	
Stress. Int J Mol Sci. 2020;21(23):9113.	 doi:	 10.3390/
ijms21239113.

45.	 Intasqui	 P,	 Antoniassi	 MP,	 Camargo	 M,	 Nichi	 M,	
Carvalho	 VM,	 Cardozo	 KH,	 Zylbersztejn	 DS,	 Bertolla	
RP.	 Differences	 in	 the	 seminal	 plasma	 proteome	 are	
associated	with	oxidative	stress	levels	in	men	with	normal	
semen	 parameters.	 Fertil Steril.	 2015;104(2):292-301.	
doi:	10.1016/j.fertnstert.2015.04.037.	

46.	 Abbasihormozi	 S,	 Shahverdi	 A,	 Kouhkan	 A,	 Cheraghi	
J,	 Akhlaghi	 AA,	 Kheimeh	 A.	 Relationship	 of	 leptin	
administration	 with	 production	 of	 reactive	 oxygen	
species,	 sperm	 DNA	 fragmentation,	 sperm	 parameters	



13

Bangladesh Journal of Medical Science Vol. 22 No. 01 January’23

and	hormone	profile	in	the	adult	rat.	Arch Gynecol Obstet. 
2013;287(6):1241-9.	doi:	10.1007/s00404-012-2675-x.	

47.	 Chang	B,	Song	C,	Gao	H,	Ma	T,	Li	T,	Ma	Q,	Yao	T,	Wang	M,	
Li	J,	Yi	X,	Tang	D,	Cao	S.	Leptin	and	inflammatory	factors	
play	 a	 synergistic	 role	 in	 the	 regulation	 of	 reproduction	
in	male	mice	 through	hypothalamic	kisspeptin-mediated	
energy balance. Reprod Biol Endocrinol. 2021;19(1):12.	
doi:	10.1186/s12958-021-00698-0.

48.	 Estienne	 A,	 Bongrani	 A,	 Reverchon	 M,	 Ramé	 C,	
Ducluzeau	PH,	Froment	P,	Dupont	J.	Involvement	of	Novel	
Adipokines,	 Chemerin,	 Visfatin,	 Resistin	 and	 Apelin	
in	 Reproductive	 Functions	 in	 Normal	 and	 Pathological	
Conditions	in	Humans	and	Animal	Models.	Int J Mol Sci. 
2019;20(18):4431.	doi:	10.3390/ijms20184431.	

49.	 Moschos	 S,	 Chan	 JL,	 Mantzoros	 CS.	 Leptin	 and	
reproduction:	 a	 review.	Fertil Steril. 2002;77(3):433-44.	
doi:	10.1016/s0015-0282(01)03010-2.

50.	 Almabhouh	 F,	Abdul	Aziz	 NAA,	 Durairajanayagam	 D,	
Singh	HJ.	Could	leptin	be	responsible	for	the	reproductive	
dysfunction	in	obese	men?	Reprod Biol. 2020;20(1):106-
110.	doi:	10.1016/j.repbio.2020.01.003.	

51.	 Elfassy	 Y,	 Bastard	 JP,	 McAvoy	 C,	 Fellahi	 S,	 Dupont	
J,	 Levy	 R.	 Adipokines	 in	 Semen:	 Physiopathology	
and	 Effects	 on	 Spermatozoas.	 Int J Endocrinol.	 2018; 
2018:3906490.	doi:	10.1155/2018/3906490.	

52.	 Thomas	S,	Kratzsch	D,	Schaab	M,	Scholz	M,	Grunewald	S,	
Thiery	J,	Paasch	U,	Kratzsch	J.	Seminal	plasma	adipokine	
levels	 are	 correlated	 with	 functional	 characteristics	 of	
spermatozoa.	Fertil Steril. 2013;99(5):1256-1263.e3.	doi:	
10.1016/j.fertnstert.2012.12.022.	

53.	 Tsatsanis	C,	Dermitzaki	E,	Avgoustinaki	P,	Malliaraki	N,	
Mytaras	V,	Margioris	AN.	The	impact	of	adipose	tissue-
derived	 factors	 on	 the	 hypothalamic-pituitary-gonadal	
(HPG)	axis.	Hormones(Athens).	2015;14(4):549-62.	doi:	
10.14310/horm.2002.1649.	

54.	 Wang	WD,	Xing	L,	Teng	JR,	Li	S,	Mi	NA.	Effects	of	basal	
insulin	 application	 on	 serum	 visfatin	 and	 adiponectin	
levels	in	type	2	diabetes.	Exp Ther Med.	2015;9(6):2219-
2224.	doi:	10.3892/etm.2015.2428.	

55.	 Muhammed	AA,	 Eid	 RMHM,	Mohammed	WS,	Abdel-
Fadeil	MR.	An	 association	 between	 a	 drop	 in	 hormone	
and	total	testosterone	in	obese	men:	a	case-control	study.	
BMC Endocr Disord. 2022;22(1):192.	 doi:	 10.1186/
s12902-022-01102-7.	

56.	 Giandalia A, Alibrandi A, Giorgianni L, Lo Piano F, 
Consolo	 F,	 Longo	 Elia	 G,	 Asztalos	 B,	 Cucinotta	 D,	
Squadrito	G,	Russo	GT.	Resistin	levels	and	inflammatory	
and	 endothelial	 dysfunction	 markers	 in	 obese	
postmenopausal	 women	 with	 type	 2	 diabetes	 mellitus.	
Diabetol Metab Syndr. 2021;13(1):98.	 doi:	 10.1186/
s13098-021-00715-7.	

57.	 Moretti	E,	Collodel	G,	Mazzi	L,	Campagna	M,	Iacoponi	
F,	Figura	N.	Resistin,	interleukin-6,	tumor	necrosis	factor-
alpha,	 and	 human	 semen	 parameters	 in	 the	 presence	
of	 leukocytospermia,	 smoking	 habit,	 and	 varicocele.	

Fertil Steril.	 2014;102(2):354-60.	 doi:	 10.1016/j.
fertnstert.2014.04.017.	

58.	 Wen	X,	Zhang	B,	Wu	B,	Xiao	H,	Li	Z,	Li	R,	Xu	X,	Li	
T.	 Signaling	 pathways	 in	 obesity:	 mechanisms	 and	
therapeutic	 interventions.	Signal Transduct Target Ther. 
2022;7(1):298.	doi:	10.1038/s41392-022-01149-x.	

59.	 Huang	 Q,	 Ma	 C,	 Chen	 L,	 Luo	 D,	 Chen	 R,	 Liang	 F.	
Mechanistic Insights into the Interaction Between 
Transcription	 Factors	 and	 Epigenetic	Modifications	 and	
the	 Contribution	 to	 the	 Development	 of	 Obesity.	Front 
Endocrinol (Lausanne).	 2018;9;370.	 doi:	 10.3389/
fendo.2018.00370.	

60.	 Dupont	 C,	 Armant	 DR,	 Brenner	 CA.	 Epigenetics:	
definition,	 mechanisms	 and	 clinical	 perspective.	 Semin 
Reprod Med.	 2009;27(5):351-7.	 doi:	 10.1055/s-0029-
1237423.	

61.	 Cannarella R, Crafa A, Condorelli RA, Mongioì LM, 
La	 Vignera	 S,	 Calogero	 AE.	 Relevance	 of	 sperm	
imprinted	 gene	 methylation	 on	 assisted	 reproductive	
technique	 outcomes	 and	 pregnancy	 loss:	 a	 systematic	
review.	Syst Biol Reprod Med. 2021;67(4):251-259.	doi:	
10.1080/19396368.2021.1909667.	

62.	 Keyhan	S,	Burke	E,	Schrott	R,	Huang	Z,	Grenier	C,	Price	T,	
Raburn	D,	Corcoran	DL,	Soubry	A,	Hoyo	C,	Murphy	SK.	
Male	 obesity	 impacts	DNA	methylation	 reprogramming	
in	sperm.	Clin Epigenetics. 2021;13(1):17.	doi:	10.1186/
s13148-020-00997-0.

63.	 Soubry	A,	Guo	L,	Huang	Z,	Hoyo	C,	Romanus	S,	Price	
T,	 Murphy	 SK.	 Obesity-related	 DNA	 methylation	 at	
imprinted	 genes	 in	 human	 sperm:	 Results	 from	 the	
TIEGER	study.	Clin Epigenetics.	2016;8:51.	doi:	10.1186/
s13148-016-0217-2.

64.	 El	Hajj	N,	Zechner	U,	Schneider	E,	Tresch	A,	Gromoll	
J,	 Hahn	 T,	 Schorsch	 M,	 Haaf	 T.	 Methylation	 status	 of	
imprinted	 genes	 and	 repetitive	 elements	 in	 sperm	DNA	
from infertile males. Sex Dev. 2011;5(2):60-9.	 doi:	
10.1159/000323806.	

65.	 Healy	GN,	Wijndaele	K,	Dunstan	DW,	Shaw	JE,	Salmon	
J,	Zimmet	PZ,	Owen	N.	Objectively	measured	sedentary	
time,	physical	activity,	and	metabolic	risk:	The	Australian	
Diabetes, Obesity and Lifestyle Study (AusDiab). 
Diabetes Care.	 2008;31(2):369-71.	 doi:	 10.2337/dc07-
1795.	

66.	 Emokpae	MA,	Brown	SI.	Effects	 of	 lifestyle	 factors	 on	
fertility:	 practical	 recommendations	 for	 modification.	
Reprod Fertil. 2021;2(1):R13-R26.	 doi:	 10.1530/RAF-
20-0046.	

67.	 Mutsaerts	MA,	van	Oers	AM,	Groen	H,	Burggraaff	JM,	
Kuchenbecker	WK,	Perquin	DA,	Koks	CA,	van	Golde	R,	
Kaaijk	 EM,	 Schierbeek	 JM,	Oosterhuis	 GJ,	 Broekmans	
FJ,	Bemelmans	WJ,	Lambalk	CB,	Verberg	MF,	 van	der	
Veen	F,	Klijn	NF,	Mercelina	PE,	van	Kasteren	YM,	Nap	
AW,	Brinkhuis	EA,	Vogel	NE,	Mulder	RJ,	Gondrie	ET,	de	
Bruin	JP,	Sikkema	JM,	de	Greef	MH,	ter	Bogt	NC,	Land	
JA,	Mol	BW,	Hoek	A.	Randomized	Trial	 of	 a	Lifestyle	
Program	 in	 Obese	 Infertile	 Women.	 N Engl J Med. 



14

Bangladesh Journal of Medical Science Vol. 22 No. 01 January’23

2016;374(20):1942-53.	doi:	10.1056/NEJMoa1505297.	
68.	 Rato	 L,	 Alves	 MG,	 Cavaco	 JE,	 Oliveira	 PF.	 High-

energy	 diets:	 a	 threat	 for	 male	 fertility?	 Obes Rev. 
2014;15(12):996-1007.	doi:	10.1111/obr.12226.	

69.	 Ibáñez	CA,	Erthal	RP,	Ogo	FM,	Peres	MNC,	Vieira	HR,	
Conejo	C,	Tófolo	LP,	Francisco	FA,	da	Silva	Silveira	S,	
Malta	A,	Pavanello	A,	Martins	IP,	da	Silva	PHO,	Jacinto	
Saavedra	LP,	Gonçalves	GD,	Moreira	VM,	Alves	VS,	da	
Silva	 Franco	 CC,	 Previate	 C,	 Gomes	 RM,	 de	 Oliveira	
Venci	R,	Dias	FRS,	Armitage	JA,	Zambrano	E,	Mathias	
PCF,	 Fernandes	 GSA,	 Palma-Rigo	 K.	A	 High	 Fat	 Diet	
during	Adolescence	 in	 Male	 Rats	 Negatively	 Programs	
Reproductive	and	Metabolic	Function	Which	Is	Partially	
Ameliorated	by	Exercise.	Front Physiol. 2017; 8:807.	doi:	
10.3389/fphys.2017.00807.	

70. Mushtaq	 R,	 Pundir	 J,	Achilli	 C,	 Naji	 O,	 Khalaf	Y,	 El-
Toukhy	 T.	 Effect	 of	 male	 body	 mass	 index	 on	 assisted	
reproduction	 treatment	 outcome:	 an	 updated	 systematic	
review	 and	 meta-analysis.	 Reprod Biomed Online. 
2018;36(4):459-471.	doi:	10.1016/j.rbmo.2018.01.002.	

71. Anifandis	 G,	 Dafopoulos	 K,	 Messini	 CI,	 Polyzos	 N,	
Messinis	IE.	The	BMI	of	men	and	not	sperm	parameters	
impact	on	embryo	quality	and	the	IVF	outcome.	Andrology. 
2013;1(1):85-9.	doi:	10.1111/j.2047-2927.2012.00012.	x.

72. Zhao	 J,	 Zhang	 Q,	 Wang	 Y,	 Li	 Y.	 Whether	 sperm	
deoxyribonucleic	 acid	 fragmentation	 has	 an	 effect	
on	pregnancy	and	miscarriage	after	 in	vitro	fertilization/
intracytoplasmic	sperm	injection:	a	systematic	review	and	
meta-analysis. Fertil Steril.	 2014;102(4):998-1005.e8.	
doi:	10.1016/j.fertnstert.2014.06.033.

73. Keltz	 J,	 Zapantis	A,	 Jindal	 SK,	 Lieman	HJ,	 Santoro	N,	
Polotsky	AJ.	 Overweight	 men:	 clinical	 pregnancy	 after	
ART	is	decreased	in	IVF	but	not	in	ICSI	cycles.	J Assist 
Reprod Genet. 2010;27(9-10):539-44.	 doi:	 10.1007/
s10815-010-9439-y.

74.	 Park	JH,	Moon	JH,	Kim	HJ,	Kong	MH,	Oh	YH.	Sedentary	

Lifestyle:	Overview	 of	Updated	 Evidence	 of	 Potential	
Health	Risks.	Korean J Fam Med. 2020;41(6):365-373.	
doi:	10.4082/kjfm.20.0165.

75.	 Ahmad	R,	Haque	M.	Obesity:	A	Doorway	to	a	Molecular	
Path Leading to Infertility. Cureus. 2022;14(10):e30770.	
doi:	10.7759/cureus.30770.	

76.	 Ferramosca	 A,	 Zara	 V.	 Diet	 and	 Male	 Fertility:	 The	
Impact	 of	 Nutrients	 and	 Antioxidants	 on	 Sperm	
Energetic	Metabolism.	Int J Mol Sci. 2022;23(5):2542.	
doi:	10.3390/ijms23052542.

77. Karayiannis	 D,	 Kontogianni	 MD,	 Mendorou	 C,	 Douka	
L,	Mastrominas	M,	Yiannakouris	N.	Association	between	
adherence	 to	 the	Mediterranean	 diet	 and	 semen	 quality	
parameters	in	male	partners	of	couples	attempting	fertility.	
Hum Reprod. 2017;32(1):215-222.	doi:	10.1093/humrep/
dew288.

78.	 Silvestris	 E,	 Lovero	 D,	 Palmirotta	 R.	 Nutrition	 and	
Female	 Fertility:	 An	 Interdependent	 Correlation.	 Front 
Endocrinol (Lausanne).	 2019;10:346.	 doi:	 10.3389/
fendo.2019.00346.

79.	 Rashid	TJ,	Haque	M.	Overweight	and	Obesity	in	Childhood	
and	 Adolescence	 in	 Bangladesh	 and	 Its	 Consequences	
and Challenges. Bangladesh Journal of Medical Science. 
2022; 21(4),	667–675.	doi:10.3329/bjms.v21i4.60245

80.	 Ahmad R, Chowdhury K, Kumar S, Irfan M, Reddy GS, 
Akter	 F,	 Jahan	D,	Haque	M.	Diabetes	Mellitus:	A	 Path	
to	Amnesia,	 Personality,	 and	Behavior	Change.	Biology 
(Basel). 2022;11(3):382.	doi:	10.3390/biology11030382.	

81.	 Ahmad	 R,	 Haque	 M.	 Oral	 Health	 Messiers:	 Diabetes	
Mellitus	 Relevance.	 Diabetes Metab Syndr Obes. 
2021;14:3001-3015.	doi:	10.2147/DMSO.S318972.	

82.	 Akter	 F,	Ahmad	R,	&	Haque	M	 .	 Endocrine	 Flawed	 In	
COVID-19	Era.	Bangladesh Journal of Medical Science. 
2021; 20(5),	49–64.doi:10.3329/bjms.v20i5.55416


