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SYNOPSIS	

Infertility	affects	approximately	one	in	eight	couples	worldwide.	Intra	cytoplasmic	sperm	

injection	 (ICSI)	 is	 an	 assisted	 reproduction	 procedure	 in	which	 a	 single	 sperm	 cell	 is	

injected	directly	into	the	cytoplasm	of	an	egg	and	is	first	line	treatment	for	many	infertile	

couples.	The	live	birth	rate	per	ICSI	cycle	remains	low,	with	over	half	a	million	couples	

remaining	childless.	Chromosomal	polymorphisms	are	up	to	five	times	more	common	in	

couples	 with	 infertility	 compared	 to	 the	 general	 population.	 Although	 chromosomal	

polymorphisms	 are	 considered	 normal	 variations,	 some	 studies	 suggest	 they	 may	 be	

associated	with	adverse	fertility	outcomes.	

	

To	synthesise	the	existing	evidence,	I	carried	out	a	systematic	review	and	meta-analysis	

of	 ten	 observational	 studies.	 I	 found	 that	 there	was	 a	 slightly	 higher	miscarriage	 rate	

observed	in	female	carriers	of	chromosomal	polymorphic	variations	compared	to	male	

carriers.	 However,	 the	 review	 did	 not	 find	 any	 adverse	 effects	 on	 rates	 of	 pregnancy,	

clinical	pregnancy,	on-going	pregnancy	at	 study	end,	pre-term	birth	and	 live	birth.	My	

main	 study	 analysed	 the	 chromosomal	 polymorphic	 variations	 of	 942	 ICSI	 and	 frozen	

embryo	transfer	(FET)	cycles	in	Sri	Lanka.	Further,	an	analysis	of	types	of	chromosomal	

polymorphic	variations	based	on	gender,	number	of	polymorphisms	and	their	variants	

appear	 to	 have	 no	 adverse	 effect	 on	 reproductive	 outcomes	 compared	 to	 the	 couples	

without	 chromosomal	 polymorphism.	 Hence,	 my	 work	 concluded	 that	 chromosomal	

polymorphisms	are	unlikely	to	be	associated	with	adverse	reproductive	outcomes.	

	

Apart	 from	 chromosomal	 polymorphic	 variations	 with	 routine	 karyotyping,	 I	 found	

structural	chromosomal	abnormalities	that	were	important	to	diagnose	before	the	ICSI	
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procedure.	Hence,	 routine	karyotyping	before	 the	 ICSI	procedure	may	still	have	a	 role	

outside	the	research	context.		
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Infertility	is	a	critical	component	of	reproductive	health	and	a	global	public	health	issue	

prioritised	by	the	World	Health	Organisation	(WHO)	(Mascarenhas	et	al.,	2012).	Infertility	

affects	 48.5	million	 couples	worldwide	 and	 causes	 significant	psychological	 and	 social	

distress	(Mascarenhas	et	al.,	2012;	Agarwal	et	al.,	2015;	Martinez	et	al.,	2012),	especially	

in	 developing	 countries	 where	 this	 social	 distress	 can	 lead	 to	 discrimination	 and	

ostracism	(Rouchou,	2013).	

	

According	 to	 the	 International	 Committee	 for	 Monitoring	 Assisted	 Reproductive	

Technology	(ICMART)	and	WHO,	infertility	is	the	inability	to	conceive	after	12	months	of	

regular	 unprotected	 sexual	 intercourse	 (Datta	 et	 al.,	2016).	 The	National	 Institute	 for	

Health	and	Clinical	Excellence	(NICE)	concurs	with	the	time-period	and	endorses	that	the	

clinical	investigations	for	infertility	should	commence	when	a	woman	of	reproductive	age	

has	not	conceived	after	one	year	of	unprotected	intercourse	(Datta	et	al.,	2016).		

	

Assisted	 reproductive	 techniques	 (ART)	 such	 as	 in-vitro	 fertilisation	 (IVF)	 and	 intra	

cytoplasmic	 sperm	 injection	 (ICSI)	 are	 used	 as	 treatment	 options	 for	 couples	 with	

infertility	(Sunderam	et	al.,	2017)	(Figure	1	and	2).	

	

There	 are	multiple	 causes	 of	 infertility	 for	males	 and	 females	 such	 as,	 age,	 endocrine	

disorders,	 infections,	genetic	abnormalities	and	environmental	factors	(Mascarenhas	et	

al.,	2012;	Unuane	et	al.,	2011).	 In	 terms	of	 genetic	 abnormalities	 that	 cause	 infertility,	

most	 are	 due	 to	 chromosomal	 structural	 aberrations,	 aneuploidies	 and	 single	 gene	

disorders	(Zorrilla	and	Yatsenko,	2013).	Recently,	chromosomal	polymorphism	has	also	

been	associated	with	infertility	(Cheng	et	al.,	2017).	However,	the	effects	of	polymorphic	
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Chromosomal	Polymorphic	Variations	

Chromosomal	 polymorphic	 variations	 are	 variants	 in	 heterochromatic	 regions	 of	 the	

chromosome	 (Wyandt	 and	 Tonk,	 2011).	 Heterochromatic	 regions	 are	 the	 non-coding	

regions	of	tandem	repeats	of	deoxyribonucleic	acid	(DNA)	(Guo	et	al.,	2012).	Variations	in	

these	regions	of	heterochromatin	were	considered	normal	as	no	significant	phenotypic	

effects	were	observed,	hence	were	 termed	polymorphisms	 (Cheng	et	al.,	2017).	 In	 the	

general	population,	these	heritable	variants	include	heterochromatic	segments,	satellites,	

satellite	stalks,	and	certain	inversions	(Hong	et	al.,	2011).		

	

The	heterochromatic	regions	of	the	chromosome	are	non-coding	regions,	which	have	a	

functional	 impact	 although	 they	were	 considered	 as	 “gene	 deserted”	 areas	 previously	

(Guo	et	al.,	2012).	Functions	of	heterochromatin	in	polymorphic	regions	may	suppress	or	

silence	 gene	 expression,	which	 could	 affect	 spermatogenesis	 and	 gametogenesis.	 This	

impact	can	play	an	important	role	in	both	male	and	female	infertility	(Xu	et	al.,	2016;	Sipek	

Jr	et	al.,	2014).		

	

Polymorphic	variations	are	individually	stable	and	mostly	follow	a	Mendelian	inheritance	

pattern	 from	 one	 generation	 to	 the	 other	 (Pokale,	 2015).	 Occurrences	 of	 de	 novo	

polymorphic	 variations	 are	 rare	 and	 when	 they	 occur	 are	 due	 to	 unequal	 crossover	

between	 heterochromatic	 regions	 of	 homologous	 chromosomes	 in	 meiosis	 (Pokale,	

2015).		The	de	novo	variants	that	are	larger	in	size	can	be	associated	with	different	clinical	

conditions,	 such	 as	 infertility,	 recurrent	 miscarriages	 and	 even	 psychiatric	 disorders	

(Pokale,	2015).	
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The	 euchromatin	 and	 the	 heterochromatin	 regions	 of	 the	 chromosomes	 are	 visible	

through	differential	banding	techniques	in	karyotyping	(Wyandt	and	Tonk,	2011).	One	of	

the	 most	 commonly	 used	 banding	 technique	 is	 G-banding,	 where	 the	 euchromatin	

appears	in	lighter-coloured	bands	and	the	heterochromatin	regions	will	appear	in	darker	

coloured	bands	on	the	karyotype	report	(Wyandt	and	Tonk,	2011)	(Figure	3	and	4).	

	

	

													
	

	

	
	

	

	
	

Figure	3:	Karyotype	of	a	normal	female	(Lanka	Hospitals	Corporation	PLC,	2018.	Used	

with	permission)	

	

	

	
	

	
	

	
	
	

	

Figure	4:	Karyotype	of	a	normal	male	(Lanka	Hospitals	Corporation	PLC,	2018.	Used	

with	permission)	
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Metacentric	and	sub-metacentric	are	the	non-acrocentric	chromosomes,	in	which	on	1,	9	

and	16,	the	polymorphic	variations	are	usually	visible	on	the	long	arm	of	the	chromosome	

(Xu	et	al.,	2016).	Here	the	polymorphic	variations	(1qh+,	9qh+,	16qh+)	are	visible	as	an	

increase	 of	 the	 length	 in	 the	 heterochromatin	 region	 of	 the	 long	 arm	 of	 these	

chromosomes	(Liang	et	al.,	2014)	(Figure	5).	

	

	

Figure	5:	non-acrocentric	chromosomal	polymorphic	variants	(Lanka	Hospitals	

Corporation	PLC,	2018.	Used	with	permission)	

	

On	 acrocentric	 chromosomes	 13,	 14,	 15	 21	 and	 22,	 polymorphic	 variations	 occur	

frequently	 on	 satellite	 stalks	 (pstk+)	 and	 satellites	 (ps+)	 on	 the	 short	 arms	 (Xu	 et	 al.,	

2016).	Variations	in	the	length	of	stalks	on	the	short	arm	of	the	chromosomes	are	depicted	

as	 13pstk+,	 14pstk+,	 15pstk+,	 21pstk+	 and	 22pstk+	 (Liang	 et	 al.,	 2014).	 The	

polymorphism	on	 the	distal	 arm	of	 the	Y	 chromosome	 (Yqh+/-)	 is	 also	an	acrocentric	

chromosome	(Erwinsyah	et	al.,	2017;	Wang	et	al.,	2017)	(Figure	6).		

	

a)	1qh+ b)	9qh+ c)	16qh+
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is	 reinserted	 in	 reversed	 orientation	 (Kirkpatrick,	 2010).	 	 There	 are	 two	 types	 of	

inversions;	pericentric,	which	includes	the	centromere,	and	paracentric	where	the	broken	

segment	does	not	include	the	centromere	(Kirkpatrick,	2010).		

	

	

	

	

	

	

Relationship	 between	 Chromosomal	 Polymorphic	 Variations	 and	

Infertility	

It	is	estimated	that	the	incidence	of	polymorphic	variations	in	the	infertile	population	is	

higher	(approximately	10	 	15%)	than	the	general	population	(2-5%),	which	indicates	a	

possible	 association	 relationship	 between	 the	 polymorphism	 and	 infertility	 (Xu	 et	 al.,	

2016).	Certain	genes	associated	with	infertility	are	present	in	heterochromatin	regions,	

which	 might	 undergo	 transcriptional	 activation	 in	 response	 to	 environmental	 stress	

(Madon	et	 al.,	2005).	Additionally,	 heterochromatin	 also	has	 vital	 cellular	 functions	 in	

reproduction	and	polymorphic	variations	may	have	a	deleterious	effect	on	fertility	(De	la	

Fuente-Cortes	et	al,	2009).		

	

Although	published	data	in	respect	to	occurrence	of	polymorphic	variations	in	developing	

South	Asian	countries	are	lacking,	it	is	interesting	to	notice	the	influence	of	polymorphic	

variations	in	Chinese	population.	Presence	of	polymorphic	variations	has	different	effects	

Figure	8:	Pericentric	inversions	on	chromosome	9	

(Lanka	Hospitals	Corporation	PLC,	2018.	Used	with	

permission)	
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on	males	 and	 females	 (Xu	 et	 al.,	 2016).	 A	 study	 of	 Chinese	 population	 indicated	 that	

polymorphic	variations	in	females	could	be	a	contributing	factor	in	causing	lower	embryo	

cleavage	 rates	 (Liang	 et	 al.,	 2014).	 Another	 retrospective	 study	 showed	 a	 strong	

association	 between	 polymorphism	 and	 adverse	 pregnancy	 outcomes	 of	 females	with	

unexplained	 infertility	 (Cheng	 et	 al.,	 2017).	 According	 to	 this	 study,	 presence	 of	

polymorphic	 variations	 could	 be	 a	 contributing	 factor	 for	 unexplained	 infertility	 in	

females	(Cheng	et	al.,	2017).		

	

Among	infertile	couples,	the	occurrence	of	polymorphic	variations	was	higher	in	males	

(Liang	et	al.,	2014).	 	Presence	of	polymorphism	affects	spermatogenesis	adversely	and	

could	 affect	 the	 outcome	 of	 ICSI	 (Guo	 et	 al.,	 2012).	 The	 incidence	 of	 polymorphic	

variations	was	 higher	 in	 infertile	males	 than	 in	 infertile	 females,	 which	 suggests	 that	

polymorphic	variations	in	the	Y	chromosome	can	have	an	adverse	effect	in	male	infertility	

by	affecting	spermatogenesis	and	sperm	quality	(Xu	et	al.,	2016).	Additionally,	a	higher	

incidence	of	polymorphic	variations	is	observed	in	patients	with	severe	oligozoospermia	

and	azoospermia	compared	to	those	without	it.	(Guo	et	al.,	2012).	

	

The	centromere	plays	a	vital	role	in	cell	division;	hence	the	heterochromatin	located	at	

the	centromere	 is	equally	 important	 in	cell	division	(Gerton	and	Hawley,	2005).	When	

there	is	a	variation	in	this	region	it	leads	to	abnormal	meiotic	cell	division	such	as	flaws	

in	 centromere	 function,	 kinetochore	 assembly	 and	 difficulty	 in	 pairing	 of	 homologous	

chromosomes	(Gerton	and	Hawley,	2005).	This	leads	to	disruption	of	cell	division,	which	

would	damage	the	development	of	functional	spermatozoa	(Gerton	and	Hawley,	2005).	
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A	recent	study	showed	that	 the	 fertilisation,	embryo	cleavage	and	on-going	pregnancy	

rates	were	 low	when	polymorphic	 variations	were	 present	 in	males.	 Additionally,	 the	

quality	 of	Day	 3	 embryos	 also	was	 poor	 (Xu	 et	 al.,	2016).	 Another	 study	 showed	 that	

spermatozoa	 with	 polymorphic	 variations	 may	 result	 in	 abnormal	 embryonic	

development	 and	 low	 implantation	 rates	 after	 IVF/ICSI	 treatment	 (Guo	 et	 al.,	 2012).	

Furthermore,	 increased	 rates	 of	 recurrent	 miscarriage	 and	 other	 adverse	 obstetric	

outcomes	 have	 been	 associated	 with	 the	 occurrence	 of	 chromosomal	 polymorphism	

(Minocherhomji	 et	 al.,	 2009).	 In	 addition	 to	 the	 effect	 of	 polymorphic	 variations	 in	

infertility,	a	study	represents	Turkish	population	suggested	that	polymorphic	variations	

(9qh+)	could	be	responsible	for	recurrent	miscarriage	(Ahmet	Okay	et	al.,	2010).	A	study	

done	in	India	revealed	a	high	incidence	of	polymorphic	variations	in	chromosome	1	and	

9	in	patients	with	recurrent	miscarriages	(Pokale,	2015).	Another	study	also	suggested	

that	 polymorphic	 variations	 could	 play	 a	 critical	 role	 in	 recurrent	 miscarriage	 (De	 la	

Fuente-Cortes	et	al.,	2009).		Another	study	focused	on	the	Chinese	population	showed	a	

significant	effect	on	the	rate	of	miscarriages	when	both	partners	of	the	couple	are	carriers	

of	chromosomal	polymorphism	(Xiaobin	et	al.,	2012).	

	

Rationale	for	this	PhD		

Published	data	with	respect	to	chromosomal	polymorphism	in	developing	countries	are	

limited.	Lanka	Hospitals	Fertility	Centre	is	one	of	the	largest	fertility	centres	in	Sri	Lanka	

and	performs	more	than	four	hundred	ICSI	cycles	per	year.	I	pioneered	in	establishing	the	

fertility	 centre	 and	 the	 state-of-the-art	 IVF	 laboratory	 in	Lanka	Hospitals.	 I	 performed	

routine	karyotyping	in	couples	presenting	with	infertility	and	a	considerable	incidence	of	

chromosomal	polymorphism	exists	among	our	patients.	I	applied	ICSI	for	all	the	patients	
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who	have	been	 investigated	 in	 routine	karyotyping.	A	meta-analysis	 to	 investigate	 the	

association	 of	 chromosomal	 polymorphism	 in	 IVF	 or	 ICSI	 suggests	 that	 ICSI	 has	 a	

statistically	significant	fertilisation	rate	compared	to	standard	IVF	procedure	(Ou	et	al.,	

2019).	The	effect	of	polymorphism	on	the	outcome	of	ICSI	in	infertile	patients	in	Sri	Lanka	

is	ambiguous,	as	there	is	a	lack	of	studies	done	in	regards	to	chromosomal	polymorphism	

in	Sri	Lankan	population.	This	thesis	aims	to	answer	whether	the	clinical	application	of	

parental	karyotyping	for	the	patients	undergoing	ICSI	treatment	is	beneficial.		Therefore,	

a	 comprehensive	 analysis	 of	 chromosomal	 polymorphism	 will	 enable	 us	 to	 provide	

patients	with	better	counselling	on	the	successful	pregnancy	rate	and	evaluate	whether	

polymorphism	 could	 explain	 recurrent	miscarriages.	 Thus,	 it	will	 allow	 the	 patient	 to	

make	better	and	informed	decisions.	It	will	be	a	bridge	between	genetics	and	reproductive	

outcomes.	Lastly,	this	work	would	also	help	us	incorporate	the	latest	evidence	regarding	

chromosomal	polymorphism	in	our	reproductive	medicine	practice.	

	

Objectives	

	
1. Review	the	evidence	and	examine	the	association	of	chromosomal	polymorphisms	

and	reproductive	outcomes	in	in	different	geographical	populations.	

	
2. 	Identify	and	analyse	comprehensively	the	effect	of	chromosomal	polymorphisms	

in	female,	male	and	couples	on	reproductive	outcomes	of	ICSI	 in	the	Sri	Lankan	

population.	

	



	 12	

3. Identify	 and	 analyse	 comprehensively	 the	 effect	 of	 non-acrocentric,	 acrocentric	

and	 their	 combination	 of	 chromosomal	 polymorphic	 variants	 on	 reproductive	

outcomes	of	ICSI	in	Sri	Lankan	population.	

4. Identify	and	analyse	the	effect	of	chromosomal	polymorphism	in	female,	male	and	

couples	on	fertilisation	and	cleavage	of	ICSI	in	the	Sri	Lankan	Population.	
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CHAPTER	2:	

CHROMOSOMAL	POLYMORPHISM	IN	ASSISTED	REPRODUCTION:	A	

SYSTEMATIC	REVIEW	AND	META-ANALYSIS	
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Abstract	

Research	question:	This	systematic	review	and	meta-analysis	investigated	the	effects	of	

chromosomal	polymorphisms	in	reproductive	outcomes	following	IVF	or	ICSI.		

	

Design:	 I	 searched	 for	 literature	 in	 CENTRAL,	 CINAHL,	 EMBASE,	 and	MEDLINE	 from	

inception	 to	March	2020	with	no	 language	 restrictions.	 I	 have	 analysed	 ten	published	

cohort	 studies.	 Studies	 included	 females,	 males	 and	 couples	 undergoing	 assisted	

reproductive	treatments	with	presence	or	absence	of	chromosomal	polymorphisms	and	

reporting	on	their	reproductive	outcomes.		

	

Results:	Ten	studies	matched	the	inclusion	criteria	and	their	quality	was	assessed	using	

the	 Newcastle-Ottawa	 Quality	 Assessment	 Scale.	 Meta-Analysis	 of	 five	 cohort	 studies	

(9,659	participants)	indicate	that	female	carriers	with	chromosomal	polymorphisms	have	

a	higher	miscarriage	rate	when	compared	to	non-carriers	(risk	ratio	(RR)	1.54	(95%	CI	

1.19	 to	1.98).	No	significant	association	was	 found	 for	males	 (RR	0.96,	95%	CI	0.64	 to	

1.43)	and	couples	(RR	1.93,	95%	CI	0.32	to	11.83)	with	chromosomal	polymorphisms.		

	

Conclusion:	 Chromosomal	 polymorphisms	 were	 not	 associated	 with	 a	 higher	 rate	 of	

biochemical,	 clinical,	ongoing	pregnancy	at	 study	end,	and	preterm	and	 live	birth.	The	

effect	of	chromosomal	polymorphisms	on	miscarriage	appears	to	be	gender-dependent	

given	the	higher	miscarriage	rate	observed	amongst	female	carriers	with	chromosomal	

polymorphisms	compared	to	non-carriers.	
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Introduction		

Infertility	is	considered	a	critical	component	of	reproductive	health	and	a	global	public	

health	priority	by	the	World	Health	Organisation	(WHO)	(Mascarenhas	et	al.,	2012).	It	is	

estimated	that	48.5	million	couples	were	affected	in	2010	(Agarwal	et	al.,	2015;	Martinez	

et	al.,	2012).	Assisted	reproductive	techniques	(ARTs),	such	as	IVF	and	ICSI	are	offered	as	

treatment	solutions	in	couples	with	fertility	issues	(Sunderam	et	al.,	2017).	More	than	1	

million	IVF	or	ICSI	treatment	cycles	are	carried	out	worldwide	every	year	and	this	number	

is	 steadily	 increasing	 (European	 Society	 of	 Human	 Reproduction	 and	 Embryology	

[ESHRE],	2012;	Mascarenhas	et	al.,	2012).	Despite	several	improvements	in	ARTs,	the	live	

birth	rate	for	each	cycle	remains	low	at	about	26%	(Human	Fertilisation	and	Embryology	

Authority	[HFEA],	2019).	This	means	that	more	than	50%	of	couples	are	left	childless	even	

after	multiple	treatment	cycles	(HFEA,	2019).		

	

Chromosomal	 polymorphisms	 are	 variants	 in	 the	 heterochromatic	 regions	 of	 the	

chromosome	 (Wyandt	 &	 Tonk,	 2011).	 Heterochromatic	 regions	 are	 the	 non-coding	

regions	of	tandem	repeats	of	condensed	DNA	(Guo	et	al.,	2012).	Variations	within	these	

regions	 were	 thought	 to	 have	 no	 phenotypic	 effects	 and	 hence	 were	 characterised	

polymorphisms	 (Cheng	 et	 al.,	 2017;	 Serapinas	 et	 al.,	 2021).	 These	 inherited	 ‘normal’	

variants	 include	 heterochromatic	 segments,	 satellites	 and	 satellite	 stalks,	 and	 certain	

inversions	 (Hong	 et	 al.,	 2011;	 Karaca	 et	 al.,	 2020).	 Further,	 heterochromatin	 of	

centromeric	 and	 pericentromeric	 which	 derived	 transcripts,	 nurture	 and	 widen	 the	

heterochromatin	 regions	 and	 its	 complexity	 invokes	 whether	 dynamics	 of	

heterochromatin	 includes	 inter-chromosomal	 interaction	 (Karaca	 et	 al.,	 2020).	 These	

DNA	 sequences	 are	 involved	 in	 gene	 suppression	 by	 silencing	 transcription	 of	
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euchromatin,	which	may	 lead	 to	 adverse	 phenotypic	 expressions	 (Madon	 et	 al.,	 2005;	

Sipek	Jr	et	al.,	2014).	

	

The	prevalence	of	chromosomal	polymorphisms	in	the	infertile	population	is	up	to	three	

times	 higher	 than	 in	 the	 general	 population	 (Xu	 et	 al.,	 2016).	 Results	 from	 advanced	

molecular	techniques,	suggest	that	certain	genes	that	are	associated	with	infertility	are	

present	 in	 heterochromatin	 regions	 and	 may	 undergo	 transcriptional	 activation	 in	

response	 to	 environmental	 stress	 (Madon	 et	 al.,	 2005).	 Recent	 clinical	 studies	 also	

support	this	association	(Xu	et	al.,	2016;	Liang	et	al.,	2014;	Cheng	et	al.,	2017).	The	aim	of	

this	review	is	to	synthesise	the	existing	evidence	and	investigate	whether	the	presence	of	

chromosomal	polymorphisms	adversely	affects	reproductive	outcomes	with	IVF	or	ICSI.	

	

Materials	and	Methods		

This	systematic	review	was	designed	to	explore	the	association	between	the	presence	of	

chromosomal	 polymorphisms	 and	 infertility	 amongst	 females,	 males,	 and	 couples	

undergoing	assisted	reproductive	treatments.	However,	this	study	was	not	pre-registered	

and	 it	 is	 important	 to	 pre-register	 the	 systematic	 review	 a	 priori	 to	 improve	 the	

transparency	and	the	reliability	of	the	study.	The	included	polymorphic	variations	were	

heterochromatic	segments	(qh+/qh-)	on	the	 long	arm	of	 the	chromosome	1,	9,	16	and	

distal	 region	 of	 the	 Y	 chromosome	 (Yqh+/Yqh-),	 satellites	 (ps+/pss),	 satellite	 stalks	

(pstk+)	on	the	short	arm	of	the	acrocentric	chromosomes	13,14,15,21,22	and	peri-centric	

inversion	 of	 the	 chromosome	 9,	 16	 [Inv(9),	 Inv(16)].	 I	 compare	 the	 reproductive	

outcomes	 following	 IVF	 or	 ICSI	 between	 carriers	 and	 non-carriers	 of	 chromosomal	

polymorphisms.		
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Inclusion	and	Exclusion	Criteria		

Studies	reporting	results	on	reproductive	outcomes	of	couples	undergoing	karyotyping	

analysis	and	assisted	reproductive	techniques	(IVF	or	ICSI)	were	considered	eligible	for	

inclusion	 in	 this	review.	Studies	 involving	participants	who	underwent	 treatment	with	

donor	oocytes	or	donor	semen,	or	had	known	numerical	and/or	structural	chromosomal	

abnormalities	 were	 excluded.	 Additionally,	 studies	 exclusively	 focusing	 on	 male	

infertility,	 occurrence	 of	 chromosomal	 polymorphism	 in	 patients	 opting	 for	 IVF/ICSI	

treatment,	 polymorphism	 as	 a	 form	 of	 epigenetic	 alterations	 in	 infertility,	 or	 studies	

focusing	on	embryo	development	and	not	on	reproductive	outcomes	were	also	excluded	

from	the	review.	

	

Literature	Search		

Literature	searches	were	carried	out	by	an	information	specialist	on	CENTRAL,	Cochrane	

Library,	CINAHL,	EMBASE,	and	MEDLINE	with	no	language	restrictions	(from	inception	

to	March	2020).	The	search	strategy	used	the	following	keywords	and/or	medical	subject	

headings	 (MeSH)	 terms:	 infertility,	 assisted	 reproduction,	 in-vitro	 fertilisation,	

intracytoplasmic	sperm	injection,	chromosome,	cytogenetic,	karyotyping,	polymorphism,	

polymorphic	 variants	 or	 variation,	 chromosome	 aberration	 or	 differentiation,	

chromosome	anomaly	or	abnormality.	

	

Study	Selection	and	Data	Synthesis		

Two	 reviewers	 (M.R.	 and	H.K.)	 screened	 all	 records	 for	 inclusion	 independently.	 Each	

study	title	and	abstract	were	either	included	or	excluded,	and	any	disagreements	were	
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resolved	 through	discussion	with	a	 third	 reviewer	 (I.D.G.).	The	 full	manuscripts	of	 the	

titles	and	abstracts	pertaining	to	the	inclusion	criteria	of	this	review	were	obtained.	In	

case	of	duplication	of	articles,	 the	most	up	 to	date	and	complete	version	was	selected.	

Those	studies	that	did	not	explicitly	report	any	reproductive	outcomes	amongst	carriers	

and	non-carriers	of	chromosomal	polymorphisms	were	excluded.	Two	reviewers	(M.R.	

and	H.K.)	extracted	outcome	data	in	duplicate	from	the	included	studies.	

	

Study	Quality	Assessment	

Two	 reviewers	 (M.R.	 and	 H.K.)	 assessed	 the	 quality	 of	 the	 included	 studies	 using	 the	

Newcastle-Ottawa	 Quality	 Assessment	 Scales	 for	 observational	 studies	 independently	

(Wells	et	al.,	2019).	This	scoring	scale	ranges	from	zero	to	nine.	One	star	is	awarded	for	

each	of	the	following	categories;	case-cohort	representative,	ascertainment	of	exposure,	

outcome	 negative	 at	 commencement	 of	 study,	 outcome	 assessment,	 duration	 and	

adequacy	of	follow-up,	whereas	two	stars	can	be	awarded	for	comparability	by	design	or	

analysis.	Following	the	assumption	that	all	items	have	equal	weighting,	an	arbitrary	score	

was	assigned	to	each	study,	in	order	to	give	a	quantitative	appraisal	of	its	overall	quality.	

Assessment	 for	publication	bias	 could	not	be	performed	due	 to	 the	 limited	number	of	

available	studies.	

	

Statistical	Analysis		

Biochemical	 pregnancies,	 miscarriages,	 clinical	 pregnancies,	 ongoing	 pregnancies	 at	

study	end,	pre-term	births	and	live	birth	rates	were	extracted	from	each	of	the	included	

studies	according	to	the	presence	or	absence	of	chromosomal	polymorphisms	in	females,	

males	or	couples	undergoing	IVF	or	ICSI	treatment.	The	log	of	the	ratio	and	its	standard	
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error	 was	 computed	 for	 each	 of	 the	 studies	 included	 in	 the	 analysis.	 Pairwise	 meta-

analysis	with	inverse	variance	weighting	was	performed	in	order	to	calculate	the	random-

effects	summary	estimates.	The	square	root	of	this	number	is	the	standard	deviation	(SD)	

of	the	underlying	effects	across	all	analysed	studies.	The	estimated	Confidence	intervals	

(CIs)	were	centered	on	the	natural	logarithm	of	the	pooled	effect	estimate,	and	the	limits	

exponentiated	 to	 obtain	 an	 interval	 on	 the	 ratio	 scale.	 	 Forest	 plots,	 showing	 both	

individual	study	proportions	with	their	respective	CIs	and	the	overall	Der	Simmonian	&	

Laird	pooled	effect	estimate	according	to	presence	of	chromosomal	polymorphisms,	were	

computed	for	each	of	the	pre-specified	outcomes	of	interest.	Heterogeneity	of	the	effect	

estimates	was	assessed	graphically	using	forest	plots	and	was	analysed	statistically	with	

the	Chi-square	 test.	All	 statistical	 analyses	were	performed	using	Review	Manager	5.3	

(Cochrane	Community,	London,	UK).	

	

Results		

The	 literature	 search	 identified	 2,787	 study	 records,	 of	 which	 only	 47	 met	 the	 pre-

specified	inclusion	criteria.	Amongst	these,	I	excluded	18	records	that	assessed	ineligible	

research	questions,	14	that	were	only	available	as	oral	communications,	three	that	were	

case-reports,	 one	 study	 that	 reported	 on	 multinucleation	 of	 embryos	 rather	 than	

reproductive	outcomes	and	one	study	that	reported	on	IVF	failure	thus	not	reporting	on	

any	reproductive	outcomes.		Ten	observational	studies	were	included	in	the	systematic	

review	and	the	meta-analysis	(Figure	9).	
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less.	All	protocols	performed	chromosome	karyotyping	prior	to	IVF	or	ICSI,	using	Giemsa-

Trypsin-Giemsa	 (GTG)	banding	with	peripheral	blood.	None	of	 the	 studies	used	donor	

oocytes	or	sperms.	Seven	studies	followed	controlled	ovarian	stimulation	protocol	(long	

protocol),	while	two	studies	followed	both	long	and	short	protocols.	There	was	one	study	

in	 which	 the	 stimulation	 protocol	 was	 not	 described.	 No	 conflicts	 of	 interest	 were	

identified	and	all	ten	studies	scored	high	using	the	Newcastle-Ottawa	Quality	Assessment;	

nine	studies	obtained	a	score	of	8	and	one	obtained	a	score	of	7	(Table	2).	

	

Biochemical	Pregnancies		

Six	 studies	 reported	 results	 by	 the	 presence	 of	 chromosomal	 polymorphisms	 for	

biochemical	pregnancies	following	IVF	or	ICSI	(Table	1).	Three	studies	reported	results	

for	females	and	males	individually;	two	focused	exclusively	on	males,	and	one	involved	

couple.	Pairwise	meta-analysis	of	the	three	studies	involving	females	only	(766	females)	

suggests	 that	 the	 presence	 of	 chromosomal	 polymorphisms	 makes	 no	 difference	 to	

biochemical	pregnancy	rates	(RR	1.01,	95%	CI	0.92	to	1.10,	 I2=6%,	P=0.35,	Figure	10).	

Pairwise	meta-analysis	of	 the	 five	studies	 involving	males	only	 (1,517	males)	suggests	

that	 the	 presence	 of	 chromosomal	 polymorphisms	 makes	 little	 or	 no	 difference	 to	

biochemical	pregnancy	rates	(RR	0.93,	95%	CI	0.84	to	1.04,	I2=	59%,	P=0.05,	Figure	10).	

Only	one	study	involved	couples	(1,108	couples),	which	also	suggests	that	the	presence	

of	chromosomal	polymorphisms	makes	no	difference	to	biochemical	pregnancy	rates	(RR	

1.06,	95%	CI	0.86	to	1.29,	Figure	10).			
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Miscarriages		

Eight	 studies	 reported	 results	 by	 the	 presence	 of	 chromosomal	 polymorphisms	 for	

miscarriages	following	IVF	or	ICSI	(Table	1).	Miscarriage	rate	refers	to	both	early	and	late	

pregnancy	losses	in	the	studies.	Early	miscarriage	defines	as	a	pregnancy	loss	before	12	

weeks	 of	 gestational	 age	 and	 late	miscarriage	 by	 the	 20th	week	 of	 the	 gestation.	 Four	

studies	reported	results	for	females	and	males	individually;	one	focused	exclusively	on	

females;	one	focused	on	exclusively	on	males,	and	two	involved	couples.	Pairwise	meta-

analysis	 of	 the	 five	 studies	 involving	 females	 only	 (9,659	 females)	 suggests	 that	 the	

presence	of	 chromosomal	polymorphisms	 is	associated	with	a	higher	miscarriage	 rate	

compared	 to	 females	 without	 polymorphisms	 (RR	 1.54,	 95%	 CI	 1.19	 to	 1.98,	 I2=0%,	

P=0.73,	Figure	11).	Pairwise	meta-analysis	of	the	five	studies	involving	males	only	(2,896	

males)	 suggests	 that	 the	 presence	 of	 chromosomal	 polymorphisms	makes	 little	 or	 no	

difference	to	the	miscarriage	rates	(RR	0.96,	95%	CI	0.64	to	1.43,	I2=	31%,	P=0.22,	Figure	

11).	Two	studies	involved	couples	(2,044	couples),	which	also	suggests	that	the	presence	

of	chromosomal	polymorphisms	makes	no	difference	to	miscarriage	rates	(RR	1.93,	95%	

CI	0.32	to	11.83,	I2	79%,	P=0.03,	Figure	11).			
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Discussion		

Ten	observational	studies	were	included	in	the	review	and	the	meta-analysis.	I	found	a	

higher	miscarriage	rate	when	females	are	carriers	of	chromosomal	polymorphisms,	but	

males	and	couples	with	polymorphism	showed	no	significant	risk	in	miscarriage.		There	

is	 little	 or	 no	 evidence	 that	 chromosomal	 polymorphisms	 in	 individuals	 (males	 or	

females)	 or	 couples	 that	 they	 adversely	 affect	 the	 chance	 of	 a	 pregnancy,	 clinical	

pregnancy,	on-going	pregnancy	at	study	end,	pre-term	births	and	live	births	following	IVF	

or	ICSI.	However,	only	a	few	studies	were	available	for	analysis	resulting	in	a	high	degree	

of	statistical	uncertainty	for	most	of	the	findings	in	this	review.		

	

I	used	a	comprehensive	search	strategy	to	identify	all	relevant	observational	studies,	with	

no	language	restrictions.	I	assessed	the	overall	quality	of	the	included	studies	using	the	

Newcastle-Ottawa	Quality	Assessment	Scale.	The	fact	that	all	ten	included	studies	scored	

high	during	this	quality	assessment	suggesting	most	studies	were	at	a	 low	risk	of	bias.	

Most	of	the	studies	included	populations	of	a	similar	age	and	ovarian	reserve,	but	there	

was	heterogeneity	in	the	ovarian	stimulation	protocols	used.	Despite	this,	I	encountered	

a	low	level	of	statistical	heterogeneity	in	most	analyses.			

	

Caution	is	required	when	interpreting	the	findings	as	only	a	few	studies	were	included	in	

the	meta-analysis	and	most	of	the	estimates	in	this	review	have	wide	confidence	intervals.	

Hence,	 there	 is	 still	 substantial	 uncertainty	 about	 how	 the	 presence	 of	 chromosomal	

polymorphisms	affects	reproductive	outcomes	after	IVF	or	ICSI.	Additionally,	in	several	

analyses	of	this	review	there	was	evidence	of	substantial	heterogeneity.	I	expect	this	to	be	
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a	 result	 of	 difference	 in	 the	 populations	 included	 and	 the	 assisted	 reproductive	

treatments	used.	However,	 in	most	cases,	 I	observed	 low	level	of	heterogeneity,	which	

could	be	attributed	to	low	power	to	detect	substantial	heterogeneity	in	view	of	the	small	

number	of	included	studies.	

	

There	 is	 further	uncertainty	about	which	carrier	 is	more	 important	with	some	studies	

focusing	on	males,	other	studies	on	females	and	a	few	studies	on	couples.	Recent	studies	

suggest	 that	 recurrent	 pregnancy	 losses	 associated	 with	 acrocentric	 chromosomal	

polymorphism	 in	 Chinese	 women	 (Feng	 et	 al.,	 2021),	 while	 another	 study	 suggest	 Y	

chromosome	 in	Chinese	men	also	associated	with	recurrent	miscarriages	(Wang	et	al.,	

2017).	 Further,	 inversion	 in	 men	 and	 women	 if	 Chinese	 ethnicity	 adversely	 increase	

miscarriage	 rate	 (Li	et	 al.,	 2020).	 The	 findings	 of	my	 systematic	 review	 are	 not	 easily	

generalisable	as	most	studies	involved	participants	of	Chinese	origin	and	extrapolation	to	

other	populations	may	not	be	appropriate.	

	

Overall,	this	systematic	review	found	only	a	few	studies	contributing	data	to	each	analysis	

resulting	 in	 unstable	 estimates.	 Whilst	 there	 may	 be	 an	 association	 between	 female	

carriers	with	chromosomal	polymorphism	and	miscarriage	rate,	this	is	due	to	one	study	

with	higher	weight	that	does	not	report	live	births.	Hence	overall	female	polymorphism	

has	no	effect	on	 live	births.	 Further	 research	 is	 required	 to	 confirm	 the	association	of	

female	carrier	with	chromosomal	polymorphisms	and	miscarriage,	and	strengthen	 the	

certainty	 of	 the	 evidence	 for	 the	 other	 reproductive	 outcomes.	 For	 improving	 the	

generalisability	of	the	evidence,	more	studies	are	required	involving	different	ethnicities.	

Studies	would	need	to	examine	polymorphism	in	both	males	and	females	to	 identify	 if	
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there	 is	an	association	with	adverse	 reproductive	outcomes	 following	 IVF	or	 ICSI,	 and	

explore	if	there	is	a	biological	gradient	when	both	males	and	females	are	affected.	I	am	

addressing	this	research	gap	in	Chapter	3.	Furthermore,	most	of	the	studies	examine	the	

effect	 of	 different	 chromosomal	 polymorphisms	 pooled	 together;	 studies	 focusing	 on	

specific	 types	of	 chromosomal	polymorphisms	may	unearth	new	knowledge	about	 the	

potential	clinical	effects	of	each	individual	polymorphism.	I	am	addressing	this	need	in	

Chapter	4.	
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CHAPTER	3:	

CHROMOSOMAL	POLYMORPHISMS	IN	OUTCOME	OF	ASSISTED	

REPRODUCTION:	AN	ANALYSIS	OF	942	CYCLES	
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Abstract		

Research	Question:	 In	 this	 study,	 I	 investigate	 the	association	between	chromosomal	

polymorphisms	and	reproductive	outcomes	in	couples	undergoing	ICSI	treatment.	

	

Design:	 I	 analysed	 942	 ICSI	 and	 frozen	 embryo	 transfer	 cycles	 in	 697	 women	 who	

underwent	karyotyping	analysis	using	Giemsa	Trypsin	Leishman	banding	(GTL-banding)	

prior	to	ICSI	treatment	in	the	Fertility	Centre	of	Lanka	Hospitals,	Sri	Lanka	between	2016	

and	 2018.	 The	 primary	 outcomes	were	 pregnancy,	miscarriage,	 and	 live	 birth	 rates.	 I	

compared	outcomes	according	to	the	presence	or	absence	of	chromosomal	polymorphism	

amongst	females,	males	and	couples.			

	

Results:	 There	 were	 294	 pregnancies	 (31.2%)	 recorded	 in	 the	 study,	 130	 suffered	 a	

miscarriage	(13.8%),	13	were	ectopic	pregnancies	(1.3%),	and	151	resulted	in	a	live	birth	

(16.0%).	The	evidence	did	not	confidently	identify	a	difference	in	pregnancy,	miscarriage	

or	live	birth	rates	between	couples	with	no	chromosomal	polymorphisms	compared	to	

couples	where	the	female,	male	or	both	were	carriers	of	a	chromosomal	polymorphism.	

This	was	the	case	 in	univariable	and	multivariable	(adjusted	for	age,	body	mass	 index,	

ovarian	reserve	and	treatment	type)	analyses.	

	

Conclusion:	The	evidence	did	not	 identify	a	clear	association	between	the	presence	of	

chromosomal	 polymorphism	 in	 females,	males	 or	 couples	 and	 reproductive	 outcomes	

compared	 to	 couples	without	 chromosomal	 polymorphism.	Wide	 confidence	 intervals	

precluded	the	identification	of	clinically	meaningful	associations.			
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Introduction	

Infertility	 is	 common,	 affecting	one	 in	 eight	 couples	 (12%)	worldwide	 (ESHRE,	2020).	

Assisted	reproductive	Technology,	 including	 in	vitro	fertilisation	and	intra	cytoplasmic	

sperm	injection,	is	the	mainstay	treatment	for	couples	with	infertility.	More	than	1	million	

ART	cycles	are	performed	worldwide	every	year	and	this	number	is	steadily	increasing	

(ESHRE,	2012;	Mascarenhas	et	al.,	2012).	The	use	of	ICSI	has	become	particularly	popular	

in	recent	years,	with	double	the	number	of	cycles	globally	compared	to	conventional	IVF	

(ESHRE,	2018).	However,	the	live	birth	rate	per	cycle	relatively	low	(~30%)	and	over	half	

of	infertile	couples	remain	childless	(HFEA,	2016).	

	

Chromosomal	polymorphisms	are	normal	variations	 that	occur	 in	2-5%	of	 the	general	

population.	These	variations	are	seen	in	the	genetically	inactive	heterochromatic	regions	

of	chromosomes	(Wyandt	et	al.,	2017)	and	have	no	clear	impact	on	phenotype	(Brothman	

et	 al.,	 2006).	 Chromosomal	 polymorphisms	 in	many	 species	 result	 in	 reduced	 fertility	

(Kerkpatrick	et	 al.,	 2010).	 In	 humans,	 they	 are	 also	up	 to	 five	 times	more	 common	 in	

couples	with	infertility	compared	to	the	general	population	(Xu	et	al.,	2016).	The	presence	

of	 polymorphism	 affects	 spermatogenesis	 adversely	 and	 could	 be	 detrimental	 to	 the	

outcome	of	ICSI	(Nakamura	et	al.,	2001;	Yakin	et	al.,	2005).	In	addition,	increased	rates	of	

recurrent	miscarriages	and	other	adverse	obstetric	outcomes	have	been	associated	with	

chromosomal	 polymorphism	 (Ahmet	 Okay	 et	 al.,	 2010;	 Minocherhomji	 et	 al.,	 2009;	

Pokale,	2015).	

	

My	systematic	review	in	Chapter	2,	found	that	chromosomal	polymorphism	in	assisted	

reproduction	 is	 associated	 with	 higher	 rates	 of	 miscarriage.	 The	 findings	 were	 only	
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present	 in	 female	 carriers	 of	 chromosomal	 polymorphism	 compared	 to	male	 carriers	

(Ralapanawe	 et	 al.,	 2022a).	 The	 review	 did	 not	 find	 evidence	 that	 chromosomal	

polymorphisms	have	any	adverse	effects	on	rates	of	pregnancy,	clinical	pregnancy,	on-

going	pregnancy	at	study	end,	pre-term	birth	and	live	birth	after	IVF	or	ICSI,	irrespectively	

of	whether	 the	 carrier	was	 the	 female	 partner,	 the	male,	 or	 both.	 Further	 research	 is	

necessary	 to	 confirm	 the	 association	 between	 polymorphic	 variations	 in	 females	 and	

miscarriage,	 and	 to	 strengthen	 the	 certainty	 of	 the	 evidence	 for	 other	 reproductive	

outcomes.	If	miscarriage	rates	are	indeed	higher;	it	is	reasonable	to	hypothesise	that	there	

could	 be	 a	 knock-on	 effect	 on	 other	 pregnancy	 outcomes.	 This	 study	 explores	 the	

association	between	chromosomal	polymorphisms	and	reproductive	outcomes	in	couples	

undergoing	ICSI	treatment.		

	

Materials	and	methods		

Study	Design		

This	was	a	prospective	cohort	study	of	couples	undergoing	a	cycle	of	ICSI	treatment	and	

karyotyping	analysis	prior	to	IVF	at	Fertility	Centre	of	Lanka	Hospitals	Corporation	Plc,	

Sri	Lanka,	 from	January	2016	to	December	2018.	 	Pregnancy	outcomes	were	collected	

until	November	2019.		

	

I	 excluded	couples	undergoing	 treatment	with	donor	gametes,	numerical	or	 structural	

abnormalities	 in	 karyotyping	 or	 absence	 of	 karyotyping	 reports,	 poor	 follicular	

development,	abnormal	cleavage	or	blastocyst	 formation,	 freeze-all	 cycles	and	records	

where	pregnancy	outcomes	had	not	been	documented.	
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Karyotype	Analysis		

Karyotyping	was	 performed	 on	 peripheral	 blood	 leukocytes.	 The	 standard	 laboratory	

protocol	using	Giemsa	Trypsin	Leishman	-	banding	(GTL-banding)	was	followed	for	all	

samples.	Twenty	metaphases	were	counted	and	analysed.	Four	to	five	karyotypes	were	

analysed	at	a	banding	resolution	of	550x.	The	karyotyping	results	were	reviewed	by	two	

analysts	independently.	The	karyotyping	grouped	based	on	the	international	system	for	

human	cytogenetics	nomenclature	(ISCN)	(Shaffer	et	al,	2013).	

	

Ovarian	Stimulation,	ICSI	and	Embryo	Culture		

All	 female	 participants	 were	 stimulated	 with	 a	 long	 protocol	 using	 gonadotrophin-	

releasing	 hormone	 (GnRH)	 agonist	 0.1mg	 (Decapeptyl,	 Ferring	 GmbH,	 Wittland,	

Germany)	 combined	 with	 recombinant	 FSH	 150IU-450IU	 (Gonal	 F,	 Merck	 Serono,	

Modugno	(BA),	Italy)	or	short	protocol	with	GnRH	antagonist	0.25mg	(Cetrotide,	Baxter	

Oncology	GmbH,	Halle,	Germany)	combined	with	recombinant	FSH	150IU 450IU.	After	

the	 evaluation	 of	 estradiol	 level	 (1,000pg/ml	 to	 5,000pg/ml)	 on	 the	 tenth	 day,	 hCG	

250mcg	(Ovidrel,	Merck,	Serono	S.p.A.,	Modugno	(BA),	 Italy)	was	administered.	Oocyte	

recovery	was	performed	35	hours	after	the	hCG	injection.	Following	oocyte	insemination	

with	ICSI,	embryos	were	cultured	(Vitrolife	Sweden	AB,	V.Frolunda,	Sweden)	up	to	three	

days.	All	embryos	with	more	than	six	cells	were	selected.	Two	embryos	were	transferred	

per	 fresh	 cycle	 and	 the	 remaining	 embryos	 were	 vitrified.	 In	 women	 where	 a	 fresh	

transfer	was	not	possible,	I	performed	cryopreservation	of	all	embryos	and	carried	out	

frozen	embryo	transfer	at	a	later	date.	Endometrial	preparation	proceeded	with	estradiol	

valerate	 (Progynova	 2mg,	 Delpharm	 Lille	 sas,	 Lys-Lez-Lannoy,	 France)	 followed	 by	 a	

transvaginal	 scan	 on	 the	 13th	 day	 of	 the	 estradiol	 tablets	 to	 evaluate	 the	 endometrial	
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thickness	(More	than	7mm).	Luteal	phase	supported	by	Progesterone	gel	(Crinone	8%,	

Fleet	laboratories	Ltd,	Hertfordshire,	UK).	

	

Embryo	Transfer		

Two	cleavage	stage	fresh	embryos	were	transferred	per	cycle,	and	the	remaining	embryos	

were	vitrified.	Subsequent	frozen	embryo	transfer	cycles	involved	warming	and	transfer	

at	cleavage	stage	(6	to	8	cells)	or	further	culture	of	embryos	for	two	days	until	blastocyst	

formation.		

	

Outcomes	and	Follow-up	

Pregnancy	was	confirmed	two	weeks	after	embryo	transfer	(Serum	b	HCG	>10mIU/ml).	

The	 primary	 outcomes	 included	 pregnancy	 rate	 (gestational	 age	 4	 to	 6	 weeks),	

miscarriage	rate	(gestational	age	less	than	12	weeks)	and	livebirth	rate	(gestational	age	

over	32	weeks).	Outcome	data	were	analysed	with	female,	male	and	couple	according	to	

the	presence	or	absence	of	chromosomal	polymorphism.	There	were	no	missing	data	for	

demographic	 characteristics	 including	 age,	 body	mass	 index	 (BMI),	 follicle-stimulating	

hormone	(FSH),	Luteinising	hormone	(LH),	 thyroxine-stimulating	hormone	(TSH),	 free	

thyroxine	(T4)	and	Prolactin.	The	pregnancy	rate	refers	to	positive	pregnancies	for	the	

cycles	with	embryo	transfers.	Miscarriage	refers	to	pregnancy	losses	calculated	from	the	

total	number	of	treatment	cycles.	Live	birth	rate	refers	to	total	number	of	live	babies	from	

the	total	number	of	fresh	and	frozen	embryo	transfers.	
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Statistical	Analysis		

Baseline	characteristics	and	outcome	data	were	described	with	proportions	 for	binary	

data,	 or	 means	 with	 standard	 deviations	 or	 median	 and	 inter-quartile	 range	 for	

continuous	 variables,	 as	 appropriate.	 The	 rates	 of	 the	 reproductive	 outcomes	 were	

plotted	 graphically	 using	 proportions	 and	 95%	 confidence	 intervals.	 A	 complete	 case	

analysis	 was	 adopted.	 Logistic	 regression	 models	 were	 fitted	 to	 estimate	 crude	 and	

adjusted	odds	ratio	for	confounding	variables	including	age,	FSH,	luteinising	hormone	LH,	

body	mass	index	BMI	and	type	of	treatment	(fresh	vs	frozen).	The	confounding	variables	

were	 chosen	 for	 clinical	 reasons	 as	 they	were	 considered	 to	 determine	 the	 induction	

protocols	and	hormone	doses.	Thus,	I	did	not	adjust	for	previous	miscarriages	or	previous	

failed	 IVF	 cycles	 as	 there	were	 few	participants	with	 those	outcomes	 in	 the	 study.	All	

statistical	analyses	were	done	using	STATA	version	16.	

		

Ethical	Consideration		

The	ethics	committee	of	Lanka	Hospitals	Corporation	PLC	granted	permission	for	the	use	

of	 patient	 record	 data	 database	 following	 the	 review	 of	 the	 study	 protocol	 (Refer	 to	

Appendix	3).	

	

Results	

There	were	1,879	ICSI	and	frozen	embryo	transfer	cycles	performed	at	the	Fertility	Centre	

during	 the	 study	 period.	 In	 total,	 937	 ICSI	 and	 frozen	 embryo	 transfer	 cycles	 were	

excluded	from	the	analysis	due	to	use	of	donor	gametes,	absence	of	karyotyping	reports,	

numerical	 and	 structural	 abnormalities	 in	 karyotyping,	 poor	 follicular	 development,	

abnormal	 cleavage	 and	 blastocyst	 formation,	 embryo	 vitrified	 without	 transfers	 and	
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records	without	pregnancy	outcomes.	Figure	16	shows	the	data	selection	process.	There	

were	 149	 participants	 who	 underwent	 long	 (n	 =	 114)	 or	 short	 (n	 =	 35)	 protocol	

stimulation	and,	did	not	proceed	with	fresh	embryo	transfer	due	to	hyperstimulation	or	

any	other	factors,	but	went	on	to	have	frozen	embryo	transfer	at	a	later	date.	In	total,	942	

treatment	 cycles	 (548	 ICSI	 cycles	 and	 394	 frozen	 embryo	 transfer	 cycles)	 from	 697	

couples	were	included	in	the	study.	

	

From	 the	 excluded	 cycles	 with	 abnormal	 cleavage	 and	 blastocyst	 formation	 embryos	

(n=58),	only	four	females	were	carriers	of	polymorphism	(6.9%);	only	four	males	were	

carriers	 of	 polymorphism	 (6.9%);	 in	 8	 both	 the	 female	 and	 male	 were	 carriers	 of	

polymorphism	(13.8%);	in	23	neither	partner	carried	a	polymorphism	(39.6%)	and	in	19	

participants	 karyotyping	 was	 not	 performed	 (32.8%).	 Therefore,	 the	 comparison	

between	 the	 participants	who	 had	 a	 normal	 cleavage	 and	 abnormal	 cleavage	was	 not	

feasible	(Supplementary	Table	1).	
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Figure	 17:	 Confidence	 intervals	 of	 crude	 and	 adjusted	 odds	 ratios	 of	 pregnancy,	

miscarriage	and	live	birth	of	female,	male,	and	couples	with	chromosomal	polymorphism	
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Discussion	

In	this	prospective	cohort	study,	the	total	study	population	is	Sri	Lankan	ethnic	origin.	I	

found	no	evidence	of	a	difference	in	pregnancy,	miscarriage	or	live	birth	rates	between	

couples	without	polymorphisms	and	those	where	one	or	both	partners	were	carriers	of	a	

chromosomal	polymorphisms.	This	was	observed	in	the	unadjusted	univariate	analysis	

and	multivariate	analysis	adjusted	for	age,	BMI,	ovarian	reserve	markers	and	treatment	

type.	 Although,	 some	 of	 the	 point	 estimates	 suggest	 a	 clinically	 important	 impact,	 the	

confidence	intervals	were	wide	and	cross	the	line	of	no	effect.		

	

In	 this	 study,	 all	 participant	 stimulation	protocols	were	 strictly	monitored	 and	 all	 IVF	

procedures	 including	 ICSI	conducted	by	myself	as	 the	sole	clinical	embryologist	 in	 the	

Lanka	 Hospitals	 fertility	 centre	 thus	 minimising	 the	 variations	 in	 the	 outcome.	 Some	

participants	did	not	proceed	with	fresh	embryo	transfer	due	to	hyperstimulation	or	other	

factors	and	underwent	 frozen	embryo	transfer	 instead.	A	small	proportion	of	outcome	

data	on	pregnancy,	miscarriage,	and	live	birth	were	missing	or	not	reported	and	were	not	

included	in	the	study.	This	study	is	large,	but	I	cannot	rule	out	a	type	II	error.	The	attrition	

or	 loss	 to	 follow-up	 rate	 were	 low,	 and	 I	 was	 able	 to	 adjust	 the	 result	 for	 potential	

confounders.		

	

My	 findings	are	consistent	with	the	background	 literature	summarised	 in	my	previous	

systematic	 review	 of	 observational	 studies	 (Ralapanawe	 et	 al.,	 2022a).	 The	 review	

suggested	 that	 there	 was	 a	 paucity	 of	 evidence	 of	 whether	 polymorphic	 variation	 in	

individuals	 (males	or	 females)	or	 couples	adversely	affects	 the	chance	of	a	pregnancy,	

miscarriage	 and	 live	 births	 following	 ICSI,	 except	 for	miscarriages	 in	 the	 presence	 of	
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chromosomal	polymorphism	in	females.	However,	nine	studies	in	the	systematic	review	

involved	participants	of	Chinese	origin	 and	extrapolation	 to	other	 cohorts	may	not	be	

appropriate.	

	

The	 existing	 literature	 is	 conflicting,	 with	 some	 authors	 reporting	 that	 chromosomal	

polymorphisms	are	associated	with	adverse	reproductive	outcomes	(Cheng	et	al.,	2017;	

Xiaobin	et	al.,	2017)	while	others	have	identified	no	association	(Hong	et	al.,	2011;	Liang	

et	al.,	2014;	Song	et	al.,	2017).		It	is	possible	that	my	study	may	have	been	underpowered	

to	detect	any	differences.	Further,	a	small	adverse	effect	may	exist	for	some	populations,	

but	 not	 others.	 There	 is	 a	 need	 for	 additional	 prospective	 studies	 evaluating	 the	

association	 between	 chromosomal	 polymorphisms	 and	 reproductive	 outcomes	 in	

patients	of	multiple	ethnicities.		

	

Finally,	future	research	should	investigate	whether	there	is	an	adverse	effect	from	specific	

high-risk	chromosomal	polymorphisms	on	reproductive	outcomes.	There	is	evidence	that	

specific	 types	 of	 polymorphisms	 including	 called	 non-acrocentric	 and	 Yqh	 in	 male,	

polymorphisms	may	exhibit	a	particularly	strong	association	with	reproductive	outcomes	

(Sipek	 Jr	et	 al.,	 2014;	Xu	et	 al.,	 2016;	Yakin	et	 al.,	 2005).	 It	 remains	unclear,	 however,	

whether	these	high-risk	polymorphisms	are	associated	with	adverse	outcomes	following	

ART.	
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CHAPTER	4:	

THE	EFFECT	OF	TYPES	OR	NUMBER	OF	CHROMOSOMAL	

POLYMORPHIC	VARIANTS	(NON-ACROCENTRIC	AND	ACROCENTRIC)	

ON	REPRODUCTIVE	OUTCOMES	AFTER	ICSI:	AN	ANALYSIS	OF	929	

CYCLES	

	
 

	

	

	

	

	



	 53	

Abstract		

Research	Question:	My	 systematic	 review	of	 chromosomal	polymorphism	 in	assisted	

reproduction	found	an	association	with	higher	rates	of	miscarriages.	My	primary	study	of	

942	 ICSI	 cycles	and	 found	 that	 the	pregnancy,	miscarriage	and	 live	birth	 rates	did	not	

confidently	differ	between	couples	with	no	polymorphisms	compared	to	couples	where	

the	female	and/or	the	male	were	carriers	of	a	chromosomal	polymorphism.	In	this	study,	

I	will	be	examining	the	effect	of	specific	types	or	number	of	chromosomal	polymorphic	

variants	on	reproductive	outcomes	of	couples	undergoing	ICSI	treatment.	

	

Design:	In	this	prospective	cohort	study,	I	analysed	data	from	929	ICSI	and	frozen	embryo	

replacement	 cycles	 of	 692	 females	who	 underwent	 karyotyping	 analysis	 GTL	 banding	

prior	 to	 the	 ICSI	 procedure.	 The	 outcomes	 of	 interest	 were	 the	 pregnancy	 rate,	

miscarriage	rate	and	live	birth	rate	per	cycle.	

	

Results:	 There	 were	 281	 pregnancies	 (30.2%)	 recorded	 in	 the	 study,	 130	 suffered	 a	

miscarriage	(13.8%)	and	151	resulted	up	in	a	live	birth	(16.0%)	after	further,	excluding	

ectopic	pregnancies.	I	did	not	identify	a	difference	in	the	rates	of	pregnancy,	miscarriage	

or	live	birth	between	participants	with	the	types	or	number	of	chromosomal	polymorphic	

variants	(non-acrocentric	and	acrocentric)	and	those	without	chromosomal	polymorphic	

variants.	Similar	to	Chapter	3,	multivariate	regression	(adjusted	for	age,	BMI,	FSH,	LH	and	

treatment	type)	verify	my	univariate	analyses.	

	

Conclusion:	 There	 was	 no	 difference	 in	 pregnancy,	 miscarriage,	 or	 live	 birth	 rates	

between	participants	with	any	types	or	number	of	chromosomal	polymorphic	variation	
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(female	 with	 non-acrocentric,	 acrocentric	 and	 their	 combinations,	 male	 with	 non-

acrocentric,	acrocentric	and	their	combination,	Yqh	in	male,	couples	with	non-acrocentric	

and	acrocentric	polymorphic	variations)	and	those	with	no	chromosomal	polymorphic	

variations.	However,	confidence	intervals	were	wide.	
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Introduction	

Infertility	is	considered	a	critical	component	of	reproductive	health	and	a	global	public	

health	 priority	 (Mascarenhas	 et	 al.,	 2012).	 In-vitro	 fertilisation	 and	 intracytoplasmic	

sperm	 injection	 are	 offered	 as	 treatment	 solutions	 in	 couples	 with	 fertility	 issues	

(Sunderam	et	al.,	2017).	More	than	one	million	IVF	and	ICSI	treatment	cycles	are	carried	

out	 worldwide	 every	 year	 (ESHRE	 2012;	 Mascarenhas	 et	 al.,	 2012).	 Despite	 several	

improvements	in	these	techniques,	the	live	birth	rate	for	each	cycle	remains	low	at	about	

26%	(HFEA,	2019).		

	

Chromosomal	polymorphic	variations	occur	 in	2-5%	of	the	general	population	and	are	

considered	variations	of	normal	(Xu	et	al.,	2016).	The	incidence	of	polymorphic	variations	

in	the	infertile	population	is	higher	(approximately	10	 	15%)	comparing	to	the	general	

population,	suggesting	an	association	with	infertility	(Luo	et	al.,	2020;	Rawal	et	al.,	2020;	

Xu	et	al.,	2016).	Chromosomal	polymorphic	variations	are	variants	in	the	heterochromatic	

regions	of	the	chromosome	(Wyandt	and	Tonk,	2011).	Heterochromatic	regions	are	the	

non-coding	regions	of	tandem	repeats	of	DNA	and	variations	in	these	regions	do	not	result	

in	different	phenotypes	(Cheng	et	al.,	2017,	Guo	et	al.,	2012).	

	

The	genes	necessary	 for	 fertility	and	viability	reside	 in	heterochromatin	(Madon	et	al.,	

2005).	Heterochromatin	contains	in	the	long	arm	of	the	non-acrocentric	chromosomes,	

and	in	the	short	arm	and	satellites	of	the	acrocentric	chromosomes	(Gosden	et	al.,	1981).	

The	 evidence	 suggest	 that	 heterochromatin	 is	 not	 inert	 and	 it	 is	 essential	 for	 cell	 and	

organisms’	viability.	Heterochromatin	plays	a	role	in	spindle	attachment,	movements	of	

chromosome,	 meiotic	 paring	 and	 cohesion	 of	 sister	 chromatid	 (Karpen	 and	 Endows,	
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1998).	The	functions	of	heterochromatin	in	polymorphic	regions	may	suppress	or	silence	

gene	expression,	which	could	affect	gametogenesis.	This	impact	of	polymorphic	variations	

in	chromosomes	can	play	an	important	role	in	both	male	and	female	infertility	(Xu	et	al.,	

2016;	Sipek	Jr	et	al.,	2014).		

	

These	chromosomal	polymorphic	variations	are	divided	 into	non-acrocentric,	 in	which	

includes	metacentric	and	sub-metacentric	chromosomes,	and	acrocentric	chromosomes.	

In	the	metacentric	chromosomes,	the	centromere	lies	in	the	middle	of	the	chromosome.	

Meanwhile,	 in	 the	 sub-metacentric	 chromosomes,	 the	 centrosome	 is	deviated	 towards	

one	end	of	the	chromosome	dividing	the	two	arms	into	unequal	lengths	(Erwinsyah	et	al.,	

2017).	 According	 to	 the	 international	 system	 for	 human	 cytogenetics	 nomenclature	

(ISCN)	standing	committee	recommendations,	autosomes	1	to	3	are	the	large	metacentric	

chromosomes,	 4	 and	 5	 are	 the	 large	 sub-metacentric	 chromosomes,	 6	 to	 12	 are	 the	

medium	 sizes	 metacentric	 and	 sub-metacentric	 chromosomes,	 and	 16	 to	 20	 are	 the	

relatively	 short	 metacentric	 and	 sub-metacentric	 chromosomes.	 In	 non-acrocentric	

chromosomes,	 polymorphic	 variations	 (heterochromatic	 segments)	 are	 visible	 on	 the	

long	arm	of	the	chromosome	1,	9	and	16	(Shaffer	et	al.,	2013;	Xu	et	al.,	2016).	Pericentric	

inversions	 on	 chromosome	 9	 [inv	 (9)]	 are	 also	 considered	 to	 be	 non-acrocentric	

polymorphic	variations	(Cheng	et	al.,	2017).	In	contrast,	in	the	acrocentric	chromosome’s	

centromere	lies	near	the	end	of	the	chromosome	that	one	arm	is	short	and	the	other	arm	

is	 long	 (Erwinsyah	 et	 al.,	 2017).	 According	 to	 the	 ISCN	 standing	 committee	

recommendations,	 medium	 sized	 acrocentric	 chromosomes	 with	 satellites	 are	 in	

chromosome	 13,	 14	 and	 15,	 short	 acrocentric	 chromosomes	 with	 satellites	 are	 in	

chromosome	 21,	 22	 and	 Y	 chromosome	 without	 a	 satellite	 though	 heterochromatic	
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segment	in	the	long	arm.	Satellite	stalks	and	satellites	are	the	acrocentric	polymorphic	

variations	frequently	occur	on	the	short	arms	of	the	chromosome	13,	14,	15,	21	and	22	

(Shaffer	et	al.,	2013;	Xu	et	al.,	2016).		

	

There	is	evidence	suggesting	that	specific	types	of	chromosomal	polymorphic	variations	

or	the	presence	of	multiple	chromosomal	polymorphic	variations	influence	reproductive	

outcomes	 of	 couples	 undergoing	 ART	 treatments	 (Li	 et	 al.,	 2020;	 Xu	 et	 al.,	 2016).	 A	

systematic	 review	 found	 that	 in	 women	 with	 any	 type	 or	 number	 of	 chromosomal	

polymorphic	variations	undergoing	ART	 treatment,	 the	 risk	of	miscarriage	was	higher	

(relative	risk	[RR]	1.54,	95%	confidence	interval	[CI]	1.19	to	1.98)	than	in	women	with	no	

polymorphic	variations	undergoing	ART	treatment	(Ralapanawe	et	al.,	2022a).	However,	

studies	suggest	that	specific	types	of	chromosomal	polymorphic	variations	such	as	non-

acrocentric	polymorphic	variations	could	adversely	affect	reproductive	outcomes	more	

than	other	 chromosomal	polymorphic	variations	 (Sipek	 Jr	et	al.,	 2014;	Xu	et	al.,	 2016;	

Yakin	 et	 al.,	 2005).	 The	 literature	 is	 not	 consistent,	 and	 another	 study	 suggests	 that	

perhaps	inversions	[Inv	(9)]	or	acrocentric	polymorphic	variations	might	lead	to	lower	

cleavage	rate	and	increased	miscarriage	risk	(Li	et	al.,	2020).		

	

The	current	study	aims	to	explore	the	effects	of	specific	types	or	the	presence	of	multiple	

chromosomal	polymorphic	variations	in	female	partners,	male	partners	and	couples	on	

the	reproductive	outcomes	of	patients	undergoing	ICSI	treatment.	
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Materials	and	Methods		

Study	Design		

The	cohort	study	been	described	in	Chapter	3.	The	difference	is	that	I	excluded	couples	

who	had	an	ectopic	pregnancy	 for	a	more	accurate	understanding	of	 the	 reproductive	

outcomes	 and	 has	 association	 of	 chromosomal	 polymorphic	 variations,	 especially	 in	

miscarriages	and	live	births.	The	primary	outcomes	are	the	same	as	Chapter	3	and	include	

the	pregnancy	rate	per	embryo	transfer	(gestational	age	4	to	6	weeks);	miscarriage	per	

embryo	 transfer	 (gestational	 age	 less	 than	 12	weeks);	 and	 live	 birth	 rate	 per	 embryo	

transfer	(gestational	age	over	32	weeks).		I	compared	outcomes	according	to	the	existence	

of	 different	 chromosomal	 polymorphic	 variations	 including	 non-acrocentric	 and	

acrocentric,	 a	 combination	 of	 polymorphic	 variations	 and	 the	 presence	 of	 number	 of	

chromosomal	polymorphic	variations	 in	 female	or	male	partners	and	couples	on	 their	

reproductive	outcomes.	

	

Statistical	Analysis		
	
Baseline	 characteristics	 and	 outcome	 data	 are	 described	 using	 means	 with	 standard	

deviations	for	symmetrically	distributed	continues	data,	means	with	interquartile	range	

for	skewed	data,	and	proportions	for	binary	data.	I	had	no	missing	confounding	variables	

or	outcome	data.	Logistic	regression	models	were	fitted	to	estimate	crude	and	adjusted	

odds	 ratio	 to	 examine	 the	 association	 of	 specific	 types	 and	 numbers	 of	 chromosomal	

polymorphisms	 and	 reproductive	 outcomes	 adjusting	 for	 confounding	 variables	

including	 age,	 BMI,	 serum	 FSH	 level,	 serum	 LH	 level,	 and	 type	 of	 treatment	 (fresh	 vs	

frozen).		
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Results	
	

Data	Selection	

During	the	study	period	of	January	2016	to	December	2018,	there	were	1,879	fresh	and	

frozen	embryo	transfer	cycles	performed	at	the	Fertility	Centre.	Overall,	950	fresh	and	

frozen	 embryo	 transfer	 cycles	 were	 excluded	 from	 the	 analysis	 due	 to	 ectopic	

pregnancies,	chromosomal	aberrations	in	karyotyping,	absence	of	karyotyping	reports,	

use	of	donor	gametes,	sub-standard	follicle	development,	atypical	cleavage	of	embryos	

and	 blastocysts,	 embryo	 cryopreservation	 without	 transfer	 and	 absence	 of	 recorded	

pregnancy	outcomes	(Figure	I8).	There	were	149	patients	who	did	not	proceed	with	fresh	

embryo	 transfer	 due	 to	 hyperstimulation	 or	 any	 other	 factors,	 but	 went	 on	 to	 have	

subsequent	frozen	embryo	transfer	cycles	whose	outcomes	were	included	in	the	study.	A	

total	of	929	treatment	cycles	(fresh	cycles	540	and	frozen	embryo	transfer	cycles	389)	

from	692	couples	were	included	in	the	study.	

	

From	 the	 excluded	 cycles	 with	 atypical	 cleavage	 and	 blastocyst	 formation	 embryos	

(n=58),	 in	 two	 cases	 either	 the	 female	 or	 male	 were	 carriers	 of	 non-acrocentric	

polymorphism	 only	 (3.4%);	 in	 four	 cases	 either	 the	 female	 or	 male	 were	 carriers	 of	

acrocentric	 polymorphism	 only	 (6.9%);	 in	 six	 cases	 either	 the	 female	 or	 male	 were	

carriers	with	combination	of	non-acrocentric	and	acrocentric	polymorphism	(10.3%);	in	

two	cases	only	males	were	carriers	of	Yqh	+/-	(3.4%);	in	two	cases	both	the	female	and	

male	 were	 carriers	 of	 non-acrocentric,	 acrocentric	 or	 combination	 of	 polymorphism	

(3.4%);	 in	23	neither	partner	 carried	 a	polymorphism	 (39.6%)	and	 in	19	participants	

karyotyping	 was	 not	 performed	 (32.8%).	 Therefore,	 the	 comparison	 between	 the	
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Chromosomal	Polymorphic	variants	in	male	partners	only	(n=198)	

Non-acrocentric	Polymorphic	variants	
qh+/qh-	 46XX	 2	 1qh+	 2	

	 46XX	 1	 1qh-	 1	

	 46XX	 17	 9qh+	 17	

Inv(9)	 46XX	 4	 Inv(9)	(p12q13)	 4	

Acrocentric	Polymorphic	variants	
One	acrocentric	polymorphic	variant	

pstk+,	ps+,	cenh+	 46XX	 12	 13pstk+	 12	

	 46XX	 13	 14pstk+	 13	

	 46XX	 26	 15pstk+	 26	

	 46XX	 29	 21pstk+	 29	

	 46XX	 19	 22pstk+	 19	

	 46XX	 2	 ps+	 2	

	 46XX	 4	 13ps+	 4	

	 46XX	 2	 14ps+	 2	

	 46XX	 1	 15ps+	 1	

	 46XX	 3	 21ps+	 3	

	 46XX	 6	 22ps+	 6	

	 46XX	 1	 15cenh+	 1	

Two	acrocentric	polymorphic	variants	

pstk+,	ps+	 46XX	 2	 13pstk+,	14pstk+	 2	

	 46XX	 1	 13pstk+,	21pstk+	 1	

	 46XX	 3	 13pstk+,	22pstk+	 3	

	 46XX	 4	 14pstk+,	21pstk+	 4	

	 46XX	 2	 15pstk+,	21pstk+	 2	

	 46XX	 1	 15ps+,	22pstk+	 1	

	 46XX	 1	 14pstk+,21ps+	 1	

	 46XX	 3	 21pstk+,	22pstk+	 3	

	 46XX	 1	 22pstk+,	pstk+	 1	

Three	acrocentric	polymorphic	variants	

pstk+,	ps+	 46XX	 1	 13pstk+,	14pstk+,	21pstk+	 1	

	 46XX	 1	 13pstk+,	15pstk+,	21pstk+	 1	

	 46XX	 1	 14pstk+,	14pstk+,	22pstk+	 1	

Combination	of	non-acrocentric	and	acrocentric	polymorphic	variants	

qh+/-,	pstk+	 46XX	 1	 9qh+,	15pstk+	 1	

	 46XX	 1	 9qh+,	21pstk+	 1	

	 46XX	 2	 9qh-,	14pstk+	 2	

	 46XX	 2	 9qh-,	21pstk+	 2	

Male	Yqh	
Male	Yqh	only	
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Yqh+/-	 46XX	 13	 Yqh+	 13	

	 46XX	 5	 Yqh-	 5	

Male	Yqh	and	one	acrocentric	polymorphic	variant	

Yqh+/-,	pstk+	 46XX	 1	 Yqh+,	15pstk+	 1	

	 46XX	 2	 Yqh-,	14pstk+	 2	

	 46XX	 2	 Yqh-,	21pstk+	 2	

	 46XX	 2	 Yqh-,	22pstk+	 2	

Male	Yqh	and	two	acrocentric	polymorphic	variants	

Yqh+/-,	pstk+	 46XX	 3	 Yqh+,	13pstk+,	15pstk+	 3	

	 46XX	 1	 Yqh-,	13pstk+,	15pstk+	 1	

Couples	with	chromosomal	polymorphic	variants	(n=143)	

Non-acrocentric	polymorphic	variant	in	female	and	acrocentric	polymorphic	variants	in	male	

qh+/-,	pstk+,	ps+	 1qh+	 1	 13pstk+	 1	

	 9qh+	 2	 13pstk+	 2	

	 9qh+	 1	 14pstk+	 1	

	 9qh+	 2	 15pstk+	 2	

	 9qh+	 1	 22pstk+	 1	

	 9qh-	 2	 22pstk+	 2	

	 9qh+	 2	 13pstk+,	14pstk+	 2	

	 9qh+	 2	 21ps+	 2	

	 16qh+	 1	 14pstk+,	21pstk+	 1	

Non-acrocentric	polymorphic	variants	in	both	female	and	male	

qh+/-	 9qh+	 1	 9qh+	 1	

Non-acrocentric	polymorphic	variants	in	male	and	acrocentric	polymorphic	variants	in	female	

qh+/-,	inv	(9),	pstk+,	ps+	 14pstk+	 1	 9qh-	 1	

	 21pstk+	 1	 16qh+	 1	

	 14pstk+,	15pstk+	 1	 9qh+	 1	

	 13pstk+,	15pstk+,	22pstk+	 2	 9qh+	 2	

Combination	of	non-acrocentric	and	acrocentric	polymorphic	variants	in	female	and	male	

qh+/-,	inv(9),	pstk+,	ps+	 13pstk+	 2	 9qh-,	21pstk+	 2	

	 14pstk+	 1	 9qh-,	13pstk+,	21pstk+	 1	

	 15pstk+	 1	 9(inv),	13pstk+	 1	

	 21pstk+	 3	 9qh+,	13pstk+	 3	

	 22pstk+	 2	 9qh+,	13pstk+	 2	

	 22pstk+	 1	 9qh-,	14pstk+	 1	

	 22pstk+	 1	 9qh+,	21pstk+	 1	

	 14pstk+,	15pstk+	 1	 9qh+,	13pstk+	 1	

	 13pstk+,	15pstk+	 1	 9qh-,	13pstk+,	14ps+	 1	

	 15pstk+,	ps+	 1	 9qh+,	13pstk+,	22pstk+	 1	

	 9qh-,	14pstk+	 2	 9qh+,	13pstk+,	21pstk+	 2	

	 9qh+,	15pstk+	 1	 14pstk+	 1	
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	 9qh+,	22pstk+	 1	 9qh+	 1	

One	acrocentric	polymorphic	variant	in	female	and	male	

pstk+,	ps+	 13pstk+	 1	 13pstk+	 1	

	 13pstk+	 1	 14pstk+	 1	

	 13pstk+	 2	 15pstk+	 2	

	 13pstk+	 4	 21pstk+	 4	

	 13pstk+	 2	 22pstk+	 2	

	 14pstk+	 1	 13pstk+	 1	

	 14pstk+	 1	 14pstk+	 1	

	 14pstk+	 3	 15pstk+	 3	

	 14pstk+	 1	 21pstk+	 1	

	 15pstk+	 1	 14pstk+	 1	

	 15pstk+	 1	 22pstk+	 1	

	 21pstk+	 1	 14pstk+	 1	

	 21pstk+	 1	 15pstk+	 1	

	 21pstk+	 3	 21pstk+	 3	

	 21pstk+	 1	 22pstk+	 1	

	 22pstk+	 2	 13pstk+	 2	

	 22pstk+	 3	 15pstk+	 3	

	 21pstk+	 1	 13ps+	 1	

	 22pstk+	 1	 13ps+	 1	

	 14ps+	 2	 14pstk+	 2	

	 14ps+	 2	 15pstk+	 2	

	 14ps+	 1	 14ps+	 1	

One	acrocentric	polymorphic	variant	in	female	and	two	acrocentric	polymorphic	variants	in	male	

pstk+,	ps+	 13pstk+	 1	 13pstk+,	21pstk+	 1	

	 13pstk+	 2	 14pstk+,	21pstk+	 2	

	 13pstk+	 1	 21pstk+,	22pstk+	 1	

	 14pstk+	 3	 13pstk+,	22pstk+	 3	

	 14pstk+	 2	 14pstk+,	22pstk+	 2	

	 14pstk+	 1	 13pstk+,	22ps+,	pstk+	 1	

	 15pstk+	 1	 15pstk+,	21pstk+	 1	

	 15pstk+	 2	 14pstk+,	22pstk+	 2	

	 15pstk+	 2	 22pstk+,	ps+	 2	

	 21pstk+	 2	 13pstk+,	15pstk+	 2	

	 21pstk+	 1	 14pstk+,	15pstk+	 1	

	 21pstk+	 1	 22pstk+,	ps+	 1	

	 22pstk+	 1	 14pstk+,	15pstk+	 1	

	 22pstk+	 2	 15pstk+,	21pstk+	 2	

Two	acrocentric	polymorphic	variants	in	female	and	one	acrocentric	polymorphic	variant	in	male	

pstk+,	ps+	 13pstk+,	15pstk+	 1	 22pstk+	 1	

	 13pstk+,	21pstk+	 1	 14pstk+	 1	
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	 13pstk+,	21pstk+	 2	 21pstk+	 2	

	 13pstk+,	22pstk+	 1	 14pstk+	 1	

	 13pstk+,	22pstk+	 2	 21pstk+	 2	

	 13pstk+,	15pstk+	 1	 22ps+	 1	

	 14pstk+,	15pstk+	 1	 22pstk+	 1	

	 14pstk+,	21pstk+	 1	 13pstk+	 1	

	 14pstk+,	21pstk+	 3	 15pstk+	 3	

	 14pstk+,	21pstk+	 2	 21pstk+	 2	

	 15pstk+,	22pstk+	 4	 14pstk+	 4	

Two	acrocentric	polymorphic	variants	in	female	and	in	male	

pstk+	 14pstk+,	21pstk+	 1	 15pstk+,	22pstk+	 1	

	 14pstk+,	21pstk+	 1	 14pstk+,	22pstk+	 1	

	 15pstk+,	21pstk+	 1	 14pstk+,	21pstk+	 1	

	 21pstk+,	22pstk+	 1	 13pstk+,	14pstk+	 1	

Three	acrocentric	polymorphic	variants	in	female	and	one/two	acrocentric	polymorphic	variants	in	male	

pstk+,	ps+	 14pstk+,	ps+,	22pstk+	 1	 22pstk+,	ps+	 1	

	 14pstk+,	15pstk+,	21pstk+	 1	 14ps+,	pstk+	 1	

	 14pstk+,	15pstk+,	22pstk+	 1	 15pstk+	 1	

	 14pstk+,	15pstk+,	22pstk+	 1	 13pstk+,	21pstk+	 1	

Non-acrocentric	polymorphic	variant	in	female	and	Male	Yqh	

qh+/-,	Yqh+/-	 9qh-	 1	 Yqh-	 1	

Acrocentric	polymorphic	variant	in	female	and	Male	Yqh	

pstk+,	ps+,	Yqh+/-	 13pstk+	 1	 Yqh+	 1	

	 14pstk+	 1	 Yqh-	 1	

	 15pstk+	 2	 Yqh+	 2	

	 21pstk+	 2	 Yqh+	 2	

	 21pstk+	 2	 Yqh-	 2	

	 14ps+	 2	 Yqh-	 2	

	 22ps+	 2	 Yqh+	 2	

Combination	of	non-acrocentric	and	acrocentric	polymorphic	variants	in	female,	male	and	male	Yqh	

pstk+,	Yqh+/-	 14pstk+	 1	 Yqh-,	13pstk+	 1	

	 15pstk+	 1	 Yqh-,	22pstk+	 1	

	 15pstk+	 1	 Yqh+,	22pstk+	 1	

	 22pstk+	 2	 Yqh+,	21pstk+	 2	

	 9qh+,	22pstk+	 1	 Yqh-,	14pstk+	 1	

	 15pstk+,	21pstk+		 1	 Yqh-	 1	
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[0/10];	Yqh	in	male	17.2%	[5/29];	couples	with	non-acrocentric	and	acrocentric		17.5%	

[25/143];	 couples	 without	 polymorphism	 16.4%	 [72/439]).	 The	 total	 number	 of	

participants	 with	 chromosomal	 polymorphic	 variants	 was	 490	 (52.7%),	 while	 the	

remaining	439	(47.3%)	did	not	exhibit	any	of	the	polymorphic	variants.	Table	9	shows	

details	of	pregnancy,	miscarriage	and	livebirth	rates	according	to	the	presence	or	absence	

of	chromosomal	polymorphism.	

	

There	were	281	pregnancies	(overall	pregnancy	rate	30.2%;	ICSI	pregnancy	rate	23.1%,	

[125/540];	 frozen	embryo	transfer	40.1%	[156/389])	recorded	in	929	cycles	 in	which	

130	suffered	a	miscarriage	(overall	miscarriage	rate	13.9%;	ICSI	miscarriage	rate	11.5%	

[62/540];	frozen	embryo	transfer	17.5%	[68/389])	and	151	had	a	live	birth	(overall	live	

birth	 rate	 16.2%;	 ICSI	 live	 birth	 rate	 11.7%	 [63/540];	 frozen	 embryo	 transfer	 22.6%	

[88/389]),	 while	 the	 remaining	 439	 (47.3%)	 did	 not	 exhibit	 any	 of	 the	 polymorphic	

variants.		

	

Crudes	 and	 Adjusted	 Odds	 Ratios	 According	 to	 the	 Types	 of	 Chromosomal	

Polymorphic	Variations	

	
The	crude	odds	ratio	analysis	for	pregnancy,	miscarriage	and	live	birth	rates	according	to	

the	presence	of	non-acrocentric	and	acrocentric	chromosomal	polymorphic	variations	is	

presented	 in	 Table	 10.	 The	 results	 show	 no	 evidence	 of	 an	 association	 between	 non-

acrocentric	 and	 acrocentric	 chromosomal	 polymorphic	 variations	 and	 the	 rates	 of	

pregnancy,	miscarriage,	or	 live	birth.	However,	confidence	 intervals	 tended	to	be	wide	
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Discussion	

I	analysed	data	from	929	ICSI	fresh	and	frozen	embryo	transfer	cycles	in	692	women	who	

underwent	 karyotyping	 analysis	 prior	 to	 the	 ICSI	 procedure.	 I	 found	no	 evidence	 of	 a	

difference	 in	pregnancy,	miscarriage,	or	 live	birth	rates	between	participants	with	any	

type	 or	 number	 of	 chromosomal	 polymorphic	 variation	 (female	with	 non-acrocentric,	

acrocentric	 and	 their	 combinations,	 male	 with	 non-acrocentric,	 acrocentric	 and	 their	

combination,	Yqh	 in	males,	 couples	with	non-acrocentric	 and	acrocentric	polymorphic	

variations)	 and	 those	 with	 no	 chromosomal	 polymorphic	 variations.	 However,	 the	

confidence	 intervals	 were	 often	 wide	 and	 allow	 for	 a	 substantial	 possibility	 of	 an	

association	of	clinically	important	size.	

	

My	 study	 is	 unique	 in	 that	 I	 found	 no	 evidence	 of	 an	 association	 in	 the	 Sri	 Lankan	

population,	and	any	effect	on	reproductive	outcomes	is	likely	to	be	minimal.	I	followed	up	

all	recruited	participants	up	to	live	birth	or	and	adjusted	results	for	a	number	of	potential	

confounders.	 However,	 there	 was	 a	 low	 prevalence	 of	 chromosomal	 polymorphic	

variations	 in	 this	 study,	 which	may	 have	 led	 to	 insufficient	 power	 to	 detect	 clinically	

meaningful	effects.		

	

There	is	evidence	suggesting	that	ICSI	may	lead	to	a	better	chance	of	a	clinical	pregnancy	

compared	to	conventional	IVF.	A	recent	study	that	concludes	ICSI	has	a	better	chance	of	a	

clinical	 pregnancy	 compared	 to	 IVF	 in	 the	 presence	 of	 acrocentric	 chromosomal	

polymorphisms	 (Li	 et	 al.,	 2020).	 The	 Intra	 cytoplasmic	 sperm	 injection	 has	 increased	

compared	 to	 standard	 IVF,	 with	 double	 the	 number	 of	 cycles	 globally.	 ICSI	 has	 an	



	 75	

advantage	of	selecting	the	progressive,	morphologically	normal	spermatozoa	and	higher	

fertilisation	rates	than	standard	IVF	procedures	(Gleicher	et	al.,	2019).	However,	it	is	not	

clear	 how	 ICSI	 could	 lead	 to	 better	 chance	 of	 a	 clinical	 pregnancy	 compared	 to	

conventional	 IVF	 in	 the	presence	of	acrocentric	 chromosomal	polymorphism	(Li	et	al.,	

2020).	Future	research	could	investigate	whether	there	is	an	advantage	in	ICSI	treatment	

compared	to	standard	in	vitro	fertilisation	in	the	presence	of	chromosomal	polymorphic	

variations.	

	

There	were	many	previous	studies	of	the	Chinese	population	demonstrating	an	adverse	

effect	between	chromosomal	polymorphisms	and	reproductive	outcomes.		The	evidence	

suggests	 higher	 rate	 of	 pregnancy	 losses	 in	 the	Chinese	population	 in	 the	presence	 of	

acrocentric	chromosomal	polymorphic	variants.	(Feng	et	al.,	2021).	I	found	no	association	

in	the	Sri	Lankan	population	and	any	association	with	reproductive	outcomes	likely	to	be	

inconclusive.	 Finding	 of	my	 systematic	 review	 in	 Chapter	 2,	 only	 present	 that	 female	

carriers	 of	 chromosomal	 polymorphism	 in	 assisted	 reproduction	 are	 associated	 with	

higher	 rates	 of	miscarriage	 compared	 to	male	 carriers.	 Further	 research	 in	my	 study	

investigates	whether	there	is	an	adverse	effect	in	different	non-acrocentric,	acrocentric	

and	combination	of	chromosomal	polymorphic	variants,	in	which	their	types,	numbers,	

gender	 of	 individuals	 and	 the	 couples	 on	 reproductive	 outcomes	 undergoing	 ICSI	

treatment	in	Chapter	5.	
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CHAPTER	5:	

A	DIFFERENT	EXPLORATION	OF	THE	VARIOUS	TYPES	OF	

POLYMORPHIC	VARIANTS	ON	REPRODUCTIVE	OUTCOMES	AFTER	ICSI	
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Abstract		

Research	Question:	My	primary	study	and	the	secondary	study	did	not	differ	between	

couples	with	no	chromosomal	polymorphisms	in	their	reproductive	outcomes.	Therefore,	

the	aim	of	this	study	is	to	carry	out	an	exploration	of	the	data	to	explore	for	any	other	

polymorphisms	 that	 could	 impact	 adversely	 reproductive	 outcomes.	 This	 exploratory	

analysis	 focused	 on	 the	 types,	 numbers,	 and	 gender	 of	 individuals	with	 chromosomal	

polymorphisms.	

	

Design:	All	the	participants	in	this	analysis	are	from	the	cohort	described	in	Chapter	4.	I	

analysed	 ICSI	 (929)	 and	 frozen	 embryo	 replacement	 cycles	 (692)	 of	 women	 who	

underwent	 karyotyping	 analysis	 prior	 to	 the	 ICSI	 procedure.	 The	 study	 examined	

comprehensively	the	types,	numbers,	gender	of	individuals	and	the	couples	of	the	non-

acrocentric	or	acrocentric	polymorphic	variants	or	couples	without	polymorphic	variants	

on	reproductive	outcomes	of	pregnancy	rate,	miscarriage	rate	and	live	birth	rate.	

	

Results:	 There	was	 no	 evidence	 that	 pregnancy,	miscarriage	 or	 live	 birth	 rates	 differ	

between	 the	 types,	 numbers,	 gender	 of	 individuals	 and	 the	 couples	 of	 the	 different	

variants	 of	 chromosomal	 polymorphism	 compared	 to	 couples	 without	 chromosomal	

polymorphism.	The	total	of	281	pregnancies	(30.2%)	recorded	in	the	study.	Out	of	which	

130	suffered	a	miscarriage	(13.8%)	and	151	resulted	in	a	live	birth	(16.0%).		

	

Conclusion:	 The	 various	 types,	 numbers,	 gender	 of	 individuals	 and	 the	 couples	 of	

chromosomal	 polymorphic	 variants	 are	 not	 associated	 with	 reproductive	 outcomes	
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undergoing	ICSI	treatments	compared	to	the	couples	without	chromosomal	polymorphic	

variants.	The	results	were	consistent	with	the	findings	of	Chapters	3	and	4.		
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Introduction	

My	systematic	review	of	chromosomal	polymorphism	in	assisted	reproduction	found	an	

association	 with	 higher	 rates	 of	 miscarriage	 in	 female	 carriers	 of	 chromosomal	

polymorphism	 compared	 to	 male	 carriers.	 The	 review	 did	 not	 find	 evidence	 that	

chromosomal	 polymorphisms	 have	 any	 adverse	 effects	 on	 rates	 of	 pregnancy,	 clinical	

pregnancy,	on-going	pregnancy	at	study	end,	pre-term	birth	and	live	birth	after	IVF	or	

ICSI,	 irrespective	 of	whether	 the	 carrier	was	 the	 female	 partner,	 the	male,	 or	 both.	 In	

addition,	 the	 systematic	 review	 called	 for	 further	 research	 to	 confirm	 the	 association	

between	 polymorphic	 variations	 in	 females	 and	 miscarriage,	 and	 to	 strengthen	 the	

certainty	of	the	evidence	for	other	reproductive	outcomes.	I	conducted	such	a	study	but	

found	no	evidence	of	a	difference	in	pregnancy,	miscarriage,	or	live	birth	rates	between	

participants	with	 any	 type	 or	 number	 of	 chromosomal	 polymorphic	 variation	 (female	

with	 non-acrocentric,	 acrocentric	 and	 their	 combinations,	 male	 with	 non-acrocentric,	

acrocentric	 and	 their	 combination,	 Yqh	 in	 males,	 couples	 with	 non-acrocentric	 and	

acrocentric	 polymorphic	 variations)	 and	 those	 with	 no	 chromosomal	 polymorphic	

variations.		

	

Chromosomal	polymorphisms	are	described	more	frequently	in	couples	with	infertility	

and	recurrent	miscarriage,	but	perhaps	this	link	is	specific	to	only	some	polymorphisms.		

The	overall	chromosomal	abnormalities	including	chromosomal	polymorphic	variations	

within	 the	patients	with	 infertility	vary	 from	1.05%	to	17%	(Pylyp	et	al.,	2015).	Their	

clinical	significance	of	heterochromatic	regions	of	 the	chromosomes	has	a	possible	co-

relation	 among	 the	 polymorphism	 and	 reproductive	 outcomes	 (Xu	 et	 al.,	 2016).	 The	

importance	 of	 the	 effect	 of	 chromosomal	 polymorphism	 in	 the	 reproductive	 outcome	
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must	be	examined	in	depth	to	explore	the	adverse	effect	of	specific	polymorphic	variant.		

In	 this	 study,	 I	 aim	 to	 comprehensively	 explore	 the	 dataset	 to	 explore	 the	 effects	 of	

different	 variants	 of	 chromosomal	 polymorphism,	which	 includes	 the	 non-acrocentric	

and	acrocentric	and	combination	of	polymorphic	variants,	their	types,	numbers,	gender	

of	individuals	and	the	couples	on	reproductive	outcomes	undergoing	ICSI	treatment.	

		

Materials	and	Methods		

Study	Design		

This	study	is	based	on	the	cohort	of	women	described	in	Chapter	4	and	the	same	duration	

at	the	fertility	centre	of	Lanka	hospitals.	

	

Statistical	Analysis		

The	 statistical	 analysis	 is	 similar	 to	 described	 in	 Chapter	 4.	 Confounding	 variables	

including	 age,	 BMI,	 serum	 FSH	 level,	 serum	 LH	 level	 and	 type	 of	 treatment	 (fresh	 vs	

frozen)	 remains	 same.	 Logistic	 regression	 models	 were	 fitted	 to	 estimate	 crude	 and	

adjusted	 odds	 ratio	 to	 examine	 the	 association	 of	 chromosomal	 polymorphisms	 and	

reproductive	outcomes.	

	

Results	

The	total	number	of	ICSI	and	frozen	embryo	transfer	cycles	performed	were	1,879,	at	the	

Fertility	Centre	during	the	study	period.		Although	950	ICSI	and	frozen	embryo	transfer	

cycles	 excluded	 from	 the	 analysis	 due	 to	 ectopic	 pregnancies,	 numerical	 or	 structural	

abnormalities	in	karyotyping,	absence	of	karyotyping	reports,	use	of	donor	gametes,	poor	
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follicular	 development,	 abnormal	 cleavage	 and	 blastocyst	 formation,	 embryo	 vitrified	

without	 transfers	and	records	without	pregnancy	outcomes.	Figure	18	shows	 the	data	

selection	 process.	 There	were	 114	 participants	who	 underwent	 long	 protocol	 and	 35	

participants	underwent	short	protocol	stimulation	did	not	proceed	with	the	fresh	embryo	

transfer.	This	was	due	to	hyperstimulation	or	any	other	factors,	though	proceeded	with	

the	 frozen	 embryo	 transfer	 cycles	 were	 included	 in	 the	 study	 (n=149).	 In	 total,	 929	

treatment	cycles	which	consist	of	540	ICSI	cycles	and	389	frozen	embryo	transfer	cycles	

from	of	692	couples	were	included	in	the	study.	

	

The	pregnancy,	miscarriage	and	live	birth	rates	analysed	according	to	the	variability	of	

each	 polymorphic	 variant.	 such	 as	 females	 with	 non-acrocentric	 or	 acrocentric	

polymorphic	variants,	males	with	non-acrocentric	or	acrocentric	polymorphic	variants,	

either	female	or	male	with	combination	of	non	-acrocentric	and	acrocentric	polymorphic	

variants,	 males	 with	 Yqh,	 couples	 with	 one	 or	 more	 than	 one	 of	 non-acrocentric	 or	

acrocentric	 chromosomal	polymorphic	 variants	or	 a	 combination	and	 couples	without	

any	of	the	polymorphic	variants	are	in	Table	14.	
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Two	acrocentric	variants	in	female	and	one	acrocentric	
variant	in	male		 19	 9	(47.4)	 5	(26.3)	 4	(21.0)	

Two	acrocentric	variants	in	female	and	in	male		 4	 3	(75.0)	 1	(25.0)	 2	(50.0)	

Three	acrocentric	variants	in	female	and	one/two	
acrocentric	variants	in	male	 4	 3	(75.0)	 1	(25.0)	 2	(50.0)	

Non-acrocentric	variant	in	female	and	Yqh	in	male	 1	 1	(100.0)	 0	(0.00)	 1	(100.00)	

Acrocentric	variant	in	female	and	Yqh	in	male						 12	 3	(25.0)	 1	(8.3)	 2	(16.7)	

Combination	of	non-acrocentric	and	acrocentric	in	
female,	male	and	Yqh	in	male	 7	 4	(57.1)	 3	(42.9)	 1	(14.3)	

Couples	without	polymorphic	variants	 439	 	 	 	

Non-carriers	of	polymorphic	variants	 439	 129	(29.4)	 57	(13.0)	 72	(16.4)	

Total		 929		 281	(30.2)	 130	(14.0)	 151	(16.2)	

 

The	number	of	pregnancies	were	281	(overall	pregnancy	rate	30.2%;	ICSI	pregnancy	rate	

23.1%,	[125/540];	frozen	embryo	transfers	40.1%	[156/389])	recorded	in	929	cycles	in	

the	 study	 of	 which	 130	 were	 miscarriages	 (overall	 miscarriage	 rate	 13.9%;	 ICSI	

miscarriage	 rate	 11.5%	 [62/540];	 frozen	 embryo	 transfers	 17.5%	 [68/389]).	 The	 live	

births	were	151	(overall	live	birth	rate	16.2%;	ICSI	live	birth	rate	11.7%	[63/540];	frozen	

embryo	transfer	22.6%	[88/389]).	The	total	number	of	participants	with	chromosomal	

polymorphic	 variants	was	 490	 (52.7%),	 though	 439	 (47.3%)	 did	 not	 show	 any	 of	 the	

polymorphic	variants.	

	

There	were	149	females	only	participants	with	chromosomal	polymorphic	variants.		The	

pregnancy	 rate	 of	 females	 only	 with	 non-acrocentric	 variants	 29.4%,	 [7/24];	 one	

acrocentric	 variant	 21.9%,	 [21/96];	 two	 acrocentric	 variants	 28%	 [7/25]	 and	 no	

pregnancies	 recorded	 in	 the	 combination	 of	 non-acrocentric	 and	 acrocentric	 variant	

0.00%	[0/4].	The	miscarriage	rate	of	females	only	with	non-acrocentric	variants	16.7%,	

[4/24];	one	acrocentric	variant	11.5%,	[11/96];	two	acrocentric	variants	16%	[4/25]	and	
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no	miscarriages	recorded	in	the	combination	of	non-acrocentric	and	acrocentric	variant	

0.00%	 [0/4].	 The	 live	 birth	 rate	 of	 females	 only	with	 non-acrocentric	 variants	 12.5%,	

[3/24];	one	acrocentric	variant	11.4%,	[10/96];	two	acrocentric	variants	12%	[3/25]	and	

no	 live	 birth	 recorded	 in	 the	 combination	 of	 non-acrocentric	 and	 acrocentric	 variant	

0.00%	[0/4]	presented	in	Table	14.	

	

There	were	198	males	only	participants	with	chromosomal	polymorphic	variants.	 	The	

pregnancy	 rate	 of	 males	 only	 with	 non-acrocentric	 variants	 33.3%,	 [8/24];	 with	 one	

acrocentric	variant	33.9%,	[40/118];	with	two	acrocentric	variants	44.4%,	[8/18];	with	

three	acrocentric	variants	33.3%,	[1/3]	and	with	the	combination	of	non-acrocentric	and	

acrocentric	variant	16.7%,	[1/6];	In	males	with	Yqh	only	33.3%,	[6/18];	Yqh	in	male	and	

one	acrocentric	variant	28.6%,	[2/7}	and	no	pregnancies	recorded	in	Yqh	in	male	and	two	

acrocentric	 variants	 0.00%,	 [0/4].	 The	 miscarriage	 rate	 of	 males	 only	 with	 non-

acrocentric	variants	8.3%,	 [2/24];	with	one	acrocentric	variant	16.1%,	 [19/118];	with	

two	acrocentric	variants	11.1%,	[2/18];	with	three	acrocentric	variants	33.3%,	[1/3]	and	

with	the	combination	of	non-acrocentric	and	acrocentric	variant	16.7%,	[1/6];	In	males	

with	Yqh	only	16.7%,	[3/18];	no	miscarriages	recorded	in	Yqh	in	male	and	one	acrocentric	

variant	00.0%,	[0/7}	and	in	Yqh	in	male	and	two	acrocentric	variants	0.00%	[0/4].	The	

live	 birth	 rate	 of	 males	 only	 with	 non-acrocentric	 variants	 25%,	 [6/24];	 with	 one	

acrocentric	variant	17.8%,	[21/118];	with	two	acrocentric	variants	33.3%,	[6/18];	no	live	

birth	recorded	with	three	acrocentric	variants	0.00%,	[0/3]	and	with	the	combination	of	

non-acrocentric	and	acrocentric	variant	0.00%,	[0/6];	In	males	with	Yqh	in	only	16.7%,	

[3/18];	 Yqh	 in	 male	 and	 one	 acrocentric	 variant	 28.6%,	 [2/7}	 and	 no	 pregnancies	

recorded	in	Yqh	in	male	and	two	acrocentric	variants	0.00%	[0/4]	presented	in	Table	14.	
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There	were	143	couples	with	chromosomal	polymorphic	variants.	 	The	pregnancy	rate	

with	non-acrocentric	variants	in	female	and	acrocentric	variants	in	male	35.7%,	[5/14];	

no	 pregnancies	 recorded	 in	 non-acrocentric	 variants	 in	 female	 and	 male	 [0/1];	 non-

acrocentric	variants	in	male	and	acrocentric	variants	in	female	40%,	[2/5];	combination	

of	non-acrocentric	and	acrocentric	variants	in	female	and	male	27.8%,	[5/18],	With	one	

acrocentric	variant	in	female	and	male	30.6%,	[11/36];	one	acrocentric	variant	in	female	

and	two	acrocentric	variants	in	male	22.7%,	[5/22];	two	acrocentric	variants	in	female	

and	one	acrocentric	variant	in	male	47.4%,	[9/19];	two	acrocentric	variants	in	female	and	

in	 male	 75.0%,	 [3/4];	 three	 acrocentric	 variants	 in	 female	 and	 one/two	 acrocentric	

variants	in	in	male	75.0%,	[3/4].	With	non-acrocentric	variant	in	female	and	Yqh	in	male	

100.0%,	[1/1];	acrocentric	variant	in	female	and	Yqh	in	male	25.0%,	[3/12];	combination	

of	non-acrocentric	and	acrocentric	in	female,	male	and	Yqh	in	male	57.1%,	[4/7].	

	

The	miscarriage	rate	with	non-acrocentric	variants	in	female	and	acrocentric	variants	in	

male	21.4%,	[3/14];	no	pregnancies	recorded	in	non-acrocentric	variants	in	female	and	

male	 [0/1];	 non-acrocentric	 variants	 in	male	 and	 acrocentric	 variants	 in	 female	 20%,	

[1/5];	combination	of	non-acrocentric	and	acrocentric	variants	in	female	and	male	16.7%,	

[3/18.	With	one	acrocentric	variant	in	female	and	male	16.7%,	[6/36];	one	acrocentric	

variant	 in	 female	 and	 two	 acrocentric	 variants	 in	male	 9.1%,	 [2/22];	 two	 acrocentric	

variants	 in	 female	and	one	acrocentric	variant	 in	male	26.3%,	 [5/19];	 two	acrocentric	

variants	 in	 female	 and	 in	male	 25.0%,	 [1/4];	 three	 acrocentric	 variants	 in	 female	 and	

one/two	 acrocentric	 variants	 in	 in	 male	 25.0%,	 [1/4].	 There	 were	 no	 miscarriages	

reported	 with	 non-acrocentric	 variant	 in	 female	 and	 Yqh	 in	 male	 [0/1];	 acrocentric	
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variant	 in	 female	and	Yqh	 in	male	8.3.0%,	 [1/12];	combination	of	non-acrocentric	and	

acrocentric	in	female,	male	and	Yqh	in	male	42.9%,	[3/7].	

	

The	 live	birth	 rate	with	non-acrocentric	variants	 in	 female	and	acrocentric	variants	 in	

male	14.3%,	[2/14];	no	pregnancies	recorded	in	non-acrocentric	variants	in	female	and	

male	 [0/1];	 non-acrocentric	 variants	 in	male	 and	 acrocentric	 variants	 in	 female	 20%,	

[1/5];	combination	of	non-acrocentric	and	acrocentric	variants	in	female	and	male	11.1%,	

[2/18].	With	one	acrocentric	variant	in	female	and	male	14.0%,	[5/36];	one	acrocentric	

variant	 in	 female	and	 two	acrocentric	variants	 in	male	13.6%,	 [3/22];	 two	acrocentric	

variants	 in	 female	and	one	acrocentric	variant	 in	male	21.0%,	 [4/19];	 two	acrocentric	

variants	 in	 female	 and	 in	male	 50.0%,	 [2/4];	 three	 acrocentric	 variants	 in	 female	 and	

one/two	acrocentric	variants	in	in	male	50.0%,	[2/4].	There	was	non-acrocentric	variant	

in	 female	 and	Yqh	male	100.0%,	 [1/1];	 acrocentric	 variant	 in	 female	 and	Yqh	 in	male	

16.7%,	[2/12];	combination	of	non-acrocentric	and	acrocentric	in	female,	male	and	Yqh	

in	male	14.3%,	[1/7]	presented	in	Table	14.	

	

The	 crude	 and	 adjusted	 odds	 ratio	 analysis	 for	 pregnancies	 according	 to	 the	 non-

acrocentric	 and	 acrocentric	 and	 combination	 of	 polymorphic	 variants,	 their	 types,	

numbers,	gender	of	 individuals	and	the	couples	on	reproductive	outcomes	undergoing	

ICSI	 treatment	 is	 presented	 in	 Supplementary	 Table	 3.	 There	 were	 no	 pregnancies	

reported	 in	 the	 females	 with	 a	 combination	 of	 non-acrocentric	 and	 acrocentric	

polymorphic	variants,	males	with	two	acrocentric	variants	and	Yqh	and	couples	with	non-

acrocentric	polymorphic	variants.	
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The	outcome	of	crude	and	adjusted	odds	ratios	in	the	study	of	the	non-acrocentric	and	

acrocentric	 and	 combination	 of	 polymorphic	 variants,	 their	 types,	 numbers,	 gender	 of	

individuals	 and	 the	 couples	 on	 pregnancy	 of	 female,	 male	 and	 couples	 compared	 to	

couples	without	chromosomal	polymorphism	does	not	reach	statistical	significance.		

	

The	 crude	 and	 adjusted	 odds	 ratio	 analysis	 for	 miscarriages	 according	 to	 the	 non-

acrocentric	 and	 acrocentric	 and	 combination	 of	 polymorphic	 variants,	 their	 types,	

numbers,	gender	of	 individuals	and	the	couples	on	reproductive	outcomes	undergoing	

ICSI	 treatment	 is	 presented	 in	 Supplementary	 Table	 4.	 There	 were	 no	 miscarriages	

recorded	in	the	males	with	one	acrocentric	polymorphic	variant	and	Yqh,	couples	with	

non-acrocentric	polymorphic	variant	in	female	and	Yqh	in	male.	

	

The	outcome	of	crude	and	adjusted	odds	ratios	in	the	study	of	the	non-acrocentric	and	

acrocentric	 and	 combination	 of	 polymorphic	 variants,	 their	 types,	 numbers,	 gender	 of	

individuals	 and	 the	 couples	 on	miscarriages	 of	 female,	male	 and	 couples	 compared	 to	

couples	without	chromosomal	polymorphism	does	not	reach	statistical	significance.		

	

The	crude	and	adjusted	odds	ratio	analysis	for	live	births	according	to	the	non-acrocentric	

and	acrocentric	and	combination	of	polymorphic	variants,	their	types,	numbers,	gender	

of	 individuals	and	the	couples	on	reproductive	outcomes	undergoing	 ICSI	 treatment	 is	

presented	in	Supplementary	Table	5.	There	were	no	livebirths	recorded	in	the	males	with	

three	 acrocentric	 polymorphic	 variants.	 The	 single	 couple	 in	 the	 non-acrocentric	

polymorphic	variant	in	female	and	Yqh	in	male	resulted	in	a	live	birth.	
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The	outcome	of	crude	and	adjusted	odds	ratios	in	the	study	of	the	non-acrocentric	and	

acrocentric	 and	 combination	 of	 polymorphic	 variants,	 their	 types,	 numbers,	 gender	 of	

individuals	 and	 the	 couples	 on	 live	 births	 of	 female,	 male	 and	 couples	 compared	 to	

couples	without	chromosomal	polymorphism	does	not	reach	statistical	significance.		

	
	

Discussion	

This	 study	 described	 the	 effects	 of	 different	 variants	 of	 chromosomal	 polymorphism,	

which	 includes	 the	 non-acrocentric	 and	 acrocentric	 and	 combination	 of	 polymorphic	

variants,	 their	 types,	 numbers,	 gender	 of	 individuals	 and	 the	 couples	 on	 reproductive	

outcomes	 undergoing	 ICSI	 treatment.	 I	 did	 not	 find	 any	 evidence	 of	 a	 difference	 in	

pregnancy,	miscarriage	or	live	birth	rates	between	couples	without	polymorphisms	and	

those	where	one	or	both	partners	were	carriers	of	a	chromosomal	polymorphisms.	This	

was	observed	in	the	unadjusted	univariate	analysis	and	multivariate	analysis	adjusted	for	

age,	 BMI,	 ovarian	 reserve	 markers	 and	 treatment	 type.	 Although,	 some	 of	 the	 point	

estimates	suggest	a	clinically	important	impact,	the	confidence	intervals	were	wide	and	

cross	the	line	of	no	effect.		

	

The	 study	 limitations	 include	 a	 low	 prevalence	 of	 non-acrocentric	 and	 acrocentric	

chromosomal	polymorphic	variants.	Therefore,	a	larger	population	would	be	preferable	

for	more	statistical	power.	Although,	there	were	no	statistical	associations	found,	a	type	

II	error	cannot	be	ruled	out.	The	results	from	this	exploratory	study	are	meant	only	to	be	

used	for	hypothesis	generation	in	view	of	the	multiple	analyses	carried	out.		
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The	evidence	so	far	in	this	study	associated	with	couples	or	female	or	male	carriers	with	

chromosomal	 polymorphic	 variants	 appear	 to	 have	 no	 adverse	 effect	 on	 reproductive	

outcomes	 of	 pregnancy,	miscarriage	 and	 live	 births,	 compared	 to	 the	 couples	without	

chromosomal	polymorphism.		There	are	similar	studies	been	published	that	there	were	

no	 adverse	 effect	 of	 chromosomal	 polymorphism	 of	 female	 or	males	with	 pregnancy.	

(Hong	et	al.,	2011;	Liang	et	al.,	2019).	

	

The	reports	suggesting	the	ability	of	embryos	to	self-correct	their	minor	genetical	errors	

during	their	cleavage	must	be	taken	in	to	the	consideration	and	examined.	A	recent	study	

shed	insight	into	human	embryogenesis	and	the	ability	of	self-correction,	suggesting	that	

genetic	 abnormalities	 may	 resolve	 during	 the	 initial	 stages	 of	 cell	 divisions	 up	 to	

implantation	(Orvieto	et	al.,	2020).	It	 is	reasonable	to	postulate	that	through	increased	

cell	 proliferation	 and	 cell	 death,	 mosaic	 embryos	 may	 be	 prone	 to	 self-correction	 in	

comparison	to	both	euploidy	and	aneuploidy	embryos	(Santos	et	al.,	2010;	Mantikou	et	

al.,2012).	 Animal	 studies	 demonstrated	 that	 embryos	 during	 the	 preimplantation	

development	 encapsulate	 to	 overcome	 the	 chromosomal	 instability	 by	 chromosome	

containing	 fragments	 in	 to	 micronuclei	 and	 their	 elimination	 through	 cellular	

fragmentation	 (Daughtry	 et	 al.,	 2019;	 Bolton	 et	 al.,	 2016).	 The	 balance	 between	 cell	

survival	and	apoptosis	is	controlled	by	a	cell	death	program	that	eliminates	damaged	cells	

in	early	embryo	development	(Orvieto	et	al.,	2021).	Therefore,	through	self-correction,	

chromosomal	 polymorphic	 variants	 and	 indeed	 aneuploidy	 may	 lead	 to	 non-inferior	

treatment	outcomes	in	carrier	couples.	
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Similar	to	primary	study	in	Chapter	3,	secondary	study	in	Chapter	4	and	further	analysis	

of	Chapter	5,	 I	 found	no	association	of	chromosomal	polymorphism	with	reproductive	

outcomes	in	the	Sri	Lankan	population.	Further	analysis	of	the	fertilisation	and	cleavage	

of	gametes	with	chromosomal	polymorphic	variations	and	without	polymorphism	may	

shed	light	of	the	embryo	development	during	embryo	culture	after	ICSI	procedure.		
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CHAPTER	6:	

DOES	CHROMOSOMAL	POLYMORPHISM	HAVE	AN	IMPACT	ON	

FERTILISATION	AND	CLEAVAGE	OF	EMBRYOS?	–	AN	ANALYSIS	OF	540	

ICSI	CYCLES	
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Abstract	

	
Research	Question:	Functions	of	heterochromatin	in	polymorphic	regions	may	suppress	

or	 silence	 gene	 expression,	 which	 could	 affect	 spermatogenesis	 and	 oogenesis.	 This	

impact	 can	 play	 an	 important	 role	 in	 both	 male	 and	 female	 infertility.	 Although	 my	

primary	and	secondary	studies	did	not	differ	the	reproductive	outcome,	the	aim	of	this	

study	is	to	analyse	the	impact	of	chromosomal	polymorphism	in	fertilisation	and	cleavage	

of	the	embryos	in	couples	undergoing	ICSI	treatment.	

	

Design:	I	analysed	540	ICSI	cycles	and	excluded	the	frozen	embryo	transfer	cycles	at	the	

fertility	 centre	 of	 the	 Lanka	 hospitals.	 Further,	 excluded	 participants	 were	 similar	 to	

Chapter	4.	All	participants	of	the	ICSI	cycles	underwent	karyotyping	analysis	using	GTL-

banding	prior	to	the	treatment.	 	The	primary	outcomes	were	fertilisation	and	cleavage	

(Day	 3)	 of	 embryos.	 I	 compared	 outcomes	 according	 to	 the	 presence	 or	 absence	 of	

chromosomal	polymorphism	amongst	females,	males	and	couples.	

	

Results:	 There	 were	 540	 ICSI	 cycles	 analysed,	 in	 86	 both	 the	 female	 and	male	 were	

carriers	 of	 polymorphisms	 (15.9%);	 in	 87	 only	 the	 females	 were	 carriers	 of	

polymorphisms	(16.1%);	in	119	only	the	males	were	carriers	of	polymorphisms	(22.0%);	

and	in	248	cycles	neither	partner	carried	a	polymorphism	(45.9%).	I	found	there	were	

low	cleavage	rate	among	female	carriers	(crude	OR	1.50	[95%	CI	1.14	to	1.97];	P=	0.00;	

adjusted	 OR	 1.50	 [95%	 CI	 1.14	 to	 1.97];	 P=	 0.00)	 and	 female	 with	 acrocentric	

chromosomal	polymorphism	 (crude	OR	1.47	 [95%	CI	 1.09	 to	1.98];	P=	0.01;	 although	
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fertilisation	in	female,	male	and	couples,	and	cleavage	in	males	and	couples	does	not	differ	

in	crude	and	adjusted	odds	ratios	in	the	study.	

	

Conclusion:	 The	 evidence	 identifies	 low	 cleavage	 in	 the	 females	 with	 chromosomal	

polymorphism	and	 female	with	acrocentric	chromosomal	polymorphic	variant,	 though	

there	were	no	clear	association	between	the	presence	of	chromosomal	polymorphism	on	

fertilisation	in	female,	male	and	couples,	and	cleavage	in	males	and	couples	compared	to	

couples	without	chromosomal	polymorphism.		
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Introduction	

Chromosomal	polymorphic	variations	and	their	impact	on	fertilisation	and	cleavage	is	not	

yet	clear.	Although	there	are	many	studies	suggesting	chromosomal	polymorphic	variants	

have	 negative	 reproductive	 outcomes,	 predominantly	 reproductive	 failures	 and	

pregnancy	 losses	 (Ahmet	 Okay	 et	 al.,	 2010;	 De	 la	 Fuente-Cortes	 et	 al.,	 2009;	

Minocherhomji	 et	 al.,	 2019;	 Pokale,	 2015).	 Hence,	 chromosomal	 polymorphism	 and	

chromosomal	 composition	 of	 the	 embryonic	 genes	 remain	 very	 much	 speculative	

(Hernandez-Nieto	 et	 al.,	 2021).	 The	 impact	 of	 the	 chromosomal	 polymorphism	 on	

gametes	and	the	reproductive	outcomes	has	not	been	widely	examined	and	elucidated	

(Hernandez-Nieto	et	al.,	2021).	

	

Low	fertilisation	and	cleavage	rate	has	been	often	linked	to	chromosomal	polymorphism.	

Presence	 of	 chromosomal	 polymorphism	 showed	 that	 the	 fertilisation	 and	 embryo	

cleavage	were	low	in	males	(Xu	et	al.,	2016).	Additionally,	the	quality	of	cleavage	(Day	3)	

embryos	was	not	optimal	(Xu	et	al.,	2016).	Males	with	chromosomal	polymorphism	may	

result	in	abnormal	embryonic	development	and	low	implantation	rates	after	IVF	or	ICSI	

treatment	 (Guo	 et	 al.,	 2012).	 A	 study	 of	 a	 Chinese	 population	 indicated	 that	

polymorphisms	 in	 females	 could	 be	 a	 contributing	 factor	 in	 causing	 lower	 embryo	

cleavage	 rates	 (Liang	et	al,	2014).	 Further,	 there	are	 suggestions	 in	 the	 literature	 that	

large	 satellites	 in	 acrocentric	 chromosomes	 may	 develop	 improper	 chromosomal	

segregation,	which	leads	to	pregnancy	losses	(Hanif	et	al.,	2019).		

	

Chromosomal	 polymorphism	 in	 males	 have	 been	 attributed	 to	 low	 fertilisation	 and	

cleavage	 rate	 in	 the	 recent	 systematic	 review.	 The	 review	 of	 a	 Chinese	 population	
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concluded	there	is	a	low	fertilisation	rate	in	male	carriers	of	chromosomal	polymorphism	

compared	to	male	non-carriers	of	chromosomal	polymorphism.	Although	there	was	no	

difference	 in	 the	 female	 carriers	 compared	 to	 female	 non-carriers	 of	 chromosomal	

polymorphism	 (Ou	 et	 al.,	 2019).	 Further,	 males	 with	 chromosomal	 polymorphisms	

associated	 with	 lower	 cleavage	 rate	 compared	 to	 males	 without	 chromosomal	

polymorphisms,	though	females	and	couples	with	chromosomal	polymorphism	does	not	

differ	the	cleavage	rate	compared	to	couples	without	chromosomal	polymorphism	(Ou	et	

al.,	2019).	The	aim	of	this	study	is	to	analyse	the	impact	of	chromosomal	polymorphism	

in	fertilisation	and	cleavage	of	the	embryos	undergoing	ICSI	treatment.	

	

Materials	and	Methods		

Study	Design		

The	study	population	is	similar	to	participants	of	Chapter	4.	I	excluded	the	frozen	embryo	

transfer	cycles	apart	from	the	other	cycles	in	the	exclusion	criteria	at	the	fertility	centre	

of	the	Lanka	hospitals,	since	fertilisation	and	cleavage	could	be	scored	and	evaluated	in	

the	fresh	cycles	only.	All	participants	of	the	ICSI	cycles	underwent	karyotyping	analysis	

using	GTL-banding	prior	to	the	treatment.		The	primary	outcomes	were	fertilisation	and	

cleavage	(Day	3)	of	embryos.	The	total	of	540	ICSI	cycles	were	analysed	in	the	study.		

	

ICSI	and	Embryo	Culture		
	
Following	oocyte	insemination	with	ICSI,	embryos	were	cultured	(Vitrolife	Sweden	AB,	

V.Frolunda,	Sweden)	up	to	three	days.	All	embryos	were	cultured	in	6%	CO2	and	5%	O2	in	

incubators	 (Heracell,	 Germany).	 Fertilisation	 was	 observed	 18	 to	 20	 hours	 of	 intra	
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cytoplasmic	 sperm	 injection	 (Bhattacharya	 and	Hamilton,	 2021).	 Cleavage	 of	 embryos	

were	evaluated	and	recorded	daily	for	further	3	days.	All	embryos	with	more	than	six	cells	

were	selected.	Two	embryos	were	transferred	per	fresh	cycle	and	the	remaining	embryos	

were	vitrified.	

	

Outcomes	and	Follow-up	
	
The	primary	outcomes	included	fertilisation	rate	and	cleavage	rate.	Outcome	data	were	

analysed	 with	 female,	 male	 and	 couple	 according	 to	 the	 presence	 or	 absence	 of	

chromosomal	 polymorphism.	 There	 were	 no	 missing	 data	 for	 demographic	

characteristics	including	age,	BMI,	FSH,	LH,	TSH,	T4	and	Prolactin.	The	fertilisation	rate	

refers	to	total	number	of	fertilised	oocytes	(2pn)	from	the	total	number	of	mature	oocytes	

(MII).	Cleavage	rate	refers	to	the	total	number	of	embryos	cleaved	up	to	six	cells	or	more	

from	the	total	number	of	fertilised	oocytes.	

	

Statistical	Analysis		
	
The	fertilisation	and	cleavage	rates	were	analysed	on	540	ICSI	cycles.	All	analysed	data	of	

540	ICSI	cycles	were	described	with	proportions	for	binary	data,	or	means	with	standard	

deviations	or	median	and	inter-quartile	range	for	continuous	variables,	as	appropriate.	

Logistic	 regression	models	 were	 fitted	 to	 estimate	 crude	 and	 adjusted	 odds	 ratio	 for	

confounding	variables	including	age,	BMI,	FSH,	LH	hormones.	All	statistical	analyses	were	

done	using	STATA	version	1.	

Results	
	
There	were	1,879	ICSI	and	frozen	embryo	transfer	cycles	performed	at	the	Fertility	Centre	

during	 the	 study	 period.	 In	 total,	 1339	 ICSI	 and	 frozen	 embryo	 transfer	 cycles	 were	
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Overall,	crude	and	adjusted	odds	ratios	of	 	 the	cleavage	outcome	for	male	and	couples	

[Crude	OR	1.12	(95%	CI	0.94	to	1.34),	P=0.18;	Adjusted	OR	1.14	(95%	CI	0.95	to	1.36),	

P=0.13],	male	with	polymorphism	[Crude	OR	0.97	(95%	CI	0.78	to	1.21),	P=0.82;	Adjusted	

OR	0.99	(95%	CI	0.80	to	1.24),	P=0.98],	couples	with	polymorphism	[Crude	OR	1.05	(95%	

CI	0.81	to	1.35),	P=0.69;	Adjusted	OR	1.07	(95%	CI	0.83	to	1.37),	P=0.58]	compared	to	

couples	 without	 chromosomal	 polymorphism	 does	 not	 reach	 statistical	 significance,	

except	females	with	chromosomal	polymorphism.	I	found	there	was	a	low	cleavage	rate	

among	female	with	chromosomal	polymorphism	(crude	OR	1.50	[95%	CI	1.14	to	1.97];	P=	

0.00;	 adjusted	 OR	 1.50	 [95%	 CI	 1.14	 to	 1.97];	P=	 0.00)	 compared	 to	 couples	without	

polymorphism.	

	

Further,	 analysis	 of	 fertilisation	 and	 cleavage	 according	 to	 the	 female	 carriers	 of	 non-

acrocentric	 polymorphism	 only,	 female	 carriers	 of	 acrocentric	 polymorphism	 only,	

female	 carriers	 with	 both	 of	 non-acrocentric	 and	 acrocentric	 chromosomal	

polymorphism,	 male	 carriers	 of	 non-acrocentric	 polymorphism	 only,	 male	 carriers	 of	

acrocentric	 polymorphism	 only,	 male	 carriers	 with	 both	 of	 non-acrocentric	 and	

acrocentric	chromosomal	polymorphism,	males	with	Yqh,	couples	with	non-acrocentric	

or	acrocentric	chromosomal	polymorphism	and	couples	without	any	of	the	chromosomal	

polymorphisms	displayed	in	Table	18.	

	

From	the	analysis	of	540	cycles	of	fertilisation	and	cleavage,	in	11	the	female	were	carriers	

of	 non-acrocentric	 polymorphism	 only	 (2.0%),	 in	 74	 the	 female	 were	 carriers	 of	

acrocentric	polymorphism	only	 (13.7%),	 in	6	 the	 female	were	carriers	with	both	non-

acrocentric	and	acrocentric	polymorphism	(1.1%),	in	17	the	male	were	carriers	of	non-
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male	only	(mean	and	SD	of	fertilisation	9.0±5.3;	cleavage	5.6±4.8);	acrocentric	male	only	

(mean	and	SD	of	fertilisation	9.6±6.1;	cleavage	6.1±4.6);	none	in	the	both	non-acrocentric	

and	acrocentric	male	only;	Yqh	 in	male	(mean	and	SD	of	 fertilisation	8.9±6.3;	cleavage	

5.6±4.7);	 couples	 with	 non-acrocentric	 and	 acrocentric	 (mean	 and	 SD	 of	 fertilisation	

8.9±5.9;	cleavage	5.7±4.2);	couples	without	polymorphism	(mean	and	SD	of	fertilisation	

8.9±5.5;	 cleavage	 5.7±4.0)	 recorded	 in	 540	 cycles	 in	 the	 study.	 The	 total	 number	 of	

participants	 with	 chromosomal	 polymorphic	 variants	 was	 292	 (54.1%),	 while	 248	

(45.9%)	 did	 not	 exhibit	 any	 of	 the	 polymorphic	 variants.	 Table	 18	 shows	 details	 of	

fertilisation	 and	 cleavage	 according	 to	 the	 presence	 or	 absence	 of	 chromosomal	

polymorphism.	

	

The	crude	odds	ratio	analysis	for	fertilisation	and	cleavage	according	to	the	presence	of	

non-acrocentric	and	acrocentric	chromosomal	polymorphisms	is	presented	in	Table	19.	I	

found	 no	 association	 between	 non-acrocentric	 and	 acrocentric	 chromosomal	

polymorphisms	and	outcome	of	fertilisation	and	cleavage	of	embryos.	The	adjusted	odds	

ratio	analysis,	adjusted	for	age,	BMI,	FSH	and	LH	and	type	of	treatment	(fresh	vs	frozen)	

also	found	no	association	between	chromosomal	polymorphisms	and	these	reproductive	

outcomes	(Table	19).	
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1.17	 (95%	CI	 0.77	 to	 1.76),	P=0.44;	Adjusted	OR	1.15	 (95%	CI	 0.76	 to	 1.74),	P=0.48],	

acrocentric	male	only	[Crude	OR	1.15	(95%	CI	0.90	to	1.46),	P=0.25;	Adjusted	OR	1.15	

(95%	CI	0.90	 to	1.46),	P=0.25],	Yqh+/-	 in	male	 [Crude	OR	1.04	 (95%	CI	0.73	 to	1.47),	

P=0.82;	Adjusted	OR	1.02	(95%	CI	0.73	to	1.44),	P=0.87]	and	couples	with	non-acrocentric	

and	 acrocentric	 chromosomal	 polymorphism	 [Crude	 OR	 0.94	 (95%	 CI	 0.73	 to	 1.19),	

P=0.62;	Adjusted	OR	0.92	(95%	CI	0.72	to	1.18),	P=0.53]	compared	to	couples	without	

chromosomal	polymorphism	does	not	reach	statistical	significance.	

	

Overall	outcome	of	crude	and	adjusted	odds	ratios	of		cleavage	of	female,	male	and	couples	

[Crude	OR	1.12	(95%	CI	0.94	to	1.34),	P=0.18;	Adjusted	OR	1.14	(95%	CI	0.95	to	1.36),	

P=0.13],	 non-acrocentric	 female	 only	 [Crude	 OR	 1.40	 (95%	 CI	 0.78	 to	 2.53),	 P=0.25;	

Adjusted	OR	1.34	(95%	CI	0.73	to	2.44),	P=0.34],	both	non-acrocentric	and	acrocentric	

female	only	[Crude	OR	1.54	(95%	CI	0.62	to	3.78),	P=0.34;	Adjusted	OR	1.56	(95%	CI	0.64	

to	3.79),	P=0.31],	non-acrocentric	male	only	[Crude	OR	1.47	(95%	CI	0.79	to	2.74),	P=0.22;	

Adjusted	OR	1.57	(95%	CI	0.85	to	2.89),	P=0.14],	acrocentric	male	only	[Crude	OR	0.91	

(95%	CI	0.71	to	1.17),	P=0.49;	Adjusted	OR	0.92	(95%	CI	0.71	to	1.19),	P=0.54],		Yqh+/-	

in	male	[Crude	OR	0.91	(95%	CI	0.61	to	1.34),	P=0.64;	Adjusted	OR	0.94	(95%	CI	0.62	to	

1.40),	 P=0.76]	 and	 couples	 with	 non-acrocentric	 and	 acrocentric	 chromosomal	

polymorphism	[Crude	OR	1.05	(95%	CI	0.81	to	1.35),	P=0.69;	Adjusted	OR	1.07	(95%	CI	

0.83	to	1.37),	P=0.58]	compared	to	couples	without	chromosomal	polymorphism	does	not	

reach	statistical	significance	except	female	with	acrocentric	chromosomal	polymorphism.	

I	 found	 there	 was	 a	 low	 cleavage	 rate	 among	 female	 with	 acrocentric	 chromosomal	

polymorphism	(crude	OR	1.47	[95%	CI	1.09	to	1.98];	P=	0.01;	adjusted	OR	1.48	[95%	CI	

1.11	to	1.99];	P=	0.00)	compared	to	couples	without	polymorphism.	
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Discussion	
	

In	this	analysis,	I	found	there	was	a	low	cleavage	rate	among	female	with	chromosomal	

polymorphism	compared	to	couples	without	polymorphism.	Further,	I	found	there	was	a	

low	cleavage	rate	among	female	with	acrocentric	chromosomal	polymorphism	compared	

to	couples	without	polymorphism.	There	was	no	evidence	of	a	difference	in	fertilisation	

and	 cleavage	 of	male	 and	 couples,	 and	 among	 non-acrocentric	 female	 only,	 both	 non-

acrocentric	and	acrocentric	female	only,	non-acrocentric	male	only,	acrocentric	male	only,	

Yqh	in	males,	couples	with	non-acrocentric	and	acrocentric	chromosomal	polymorphism	

compared	 to	 couples	without	 chromosomal	polymorphisms.	This	was	observed	 in	 the	

unadjusted	univariate	analysis	and	multivariate	analysis	adjusted	for	age,	BMI,	ovarian	

reserve	markers	 and	 treatment	 type.	 Although,	 some	 of	 the	 point	 estimates	 suggest	 a	

clinically	important	impact,	the	confidence	intervals	were	wide	and	cross	the	line	of	no	

effect.	

	

The	 analysed	 study	 cohort	 underwent	 ICSI	 treatment	 cycles,	 but	 not	 all	 participants	

proceeded	with	fresh	embryo	transfer.	Those	who	did	not	have	a	fresh	embryo	transfer	

due	to	ovarian	hyperstimulation,	not	optimal	endometrial	preparation,	personal	reasons	

or	 any	 other	 nonspecific	 reason	 have	 been	 excluded	 from	 the	 study,	 since	 the	

reproductive	outcome	could	not	be	evaluated.		This	study	population	is	relatively	large,	

but	 I	 cannot	 rule	 out	 a	 type	 II	 error.	 There	were	 no	missing	 data	 or	 the	 follow-up	 of	

fertilisation	 and	 cleavage	 rate,	 and	 I	 was	 able	 to	 analyse	 the	 result	 for	 potential	

confounders.	Although	there	was	a	low	cleavage	rate	among	females	with	chromosomal	

polymorphic	 variations	and	with	 the	multiple	 analysis	of	 chromosomal	polymorphism	
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does	 not	 differ	 the	 reproductive	 outcome.	 Therefore,	 the	 finding	 does	 not	 have	 any	

positive	impact	in	reproductive	outcome	and	should	be	interpreted	with	caution.		

	

The	 findings	 are	 consistent	 with	 the	 background	 literature	 summarised	 in	 the	 single	

centre	cohort	study	of	the	Chinese	population	(Li	et	al.,	2020).		The	study	suggested	that	

there	 was	 a	 low	 2pn	 cleavage	 rate	 in	 the	 females	 with	 9(inv)	 and	 acrocentric	

chromosomal	 polymorphic	 variants	 in	 IVF	 cycles.	 Although,	 same	 as	 the	 background	

literature	summarised	in	my	systematic	review	there	is	no	paucity	of	evidence	of	whether	

polymorphic	variation	in	individuals	(males	or	females)	or	couples	adversely	affects	the	

chance	of	their	clinical	outcome	(Ralapanawe	et	al.,	2022a).	

	

The	outcome	of	fertilisation	and	cleavage	of	female,	male	and	couples	differ	in	different	

studies.	 The	 existing	 literature	 is	 conflicting,	 with	 some	 authors	 reporting	 that	

chromosomal	polymorphisms	are	associated	with	low	cleavage	rate	(Li	et	al.,	2020;	Liang	

et	al.,	2014),	while	others	have	identified	there	was	a	low	fertilisation	and	cleavage	rate	

or	abnormal	embryo	development	in	males	(Xu	et	al.,	2016;	Guo	et	al.,	2012).	Recent	meta-

analysis	suggests	there	was	a	low	fertilisation	and	cleavage	rate	in	males	in	the	Chinese	

population	(Ou	et	al.,	2019).		It	is	possible	that	my	study	may	have	been	underpowered	to	

detect	 an	 any	differences	 in	males.	 Further,	 a	 small	 adverse	 effect	may	 exist	 for	 some	

populations	in	males	or	couples,	but	not	others.		

	

The	sequential	culture	media	mimic	physiological	conditions	for	fertilisation	and	cleavage	

of	embryos.	The	advances	in	sequential	culture	media,	advent	of	vitrification	and	embryo	

culture	techniques	from	cleavage	stage	to	blastocyst	formation	led	to	better	reproductive	
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outcome	 (Burks	 et	 al.,	 2021).	 This	 will	 facilitate	 the	 gene	 expression,	 metabolic	 and	

enzyme	activity,	maintenance	of	the	calcium	levels	and	cytoskeleton	and	cell	proliferation	

of	 the	 cleavage	 stage	 embryos	 (Bhattacharya	 &	 Hamilton,	 2021).	 Further,	 more	

sophisticated	 time	 lapse	 imaging	 helps	 to	 assess	 the	morphology	 and	 the	 cleavage	 of	

embryos	without	removing	the	embryos	for	the	daily	assessment.	Though,	still	there	is	

uncertainty	 that	 whether	 improvement	 of	 culture	 media	 and	 technology	 may	 have	

improved	 fertilisation	 and	 cleavage	 up	 to	 blastocyst	 formation	 leading	 to	 better	

reproductive	outcome.	

	

This	study	identified	low	cleavage	in	the	females	with	chromosomal	polymorphism	and	

female	with	acrocentric	chromosomal	polymorphic	variant,	though	there	were	no	clear	

association	 between	 the	 presence	 of	 chromosomal	 polymorphism	 of	 fertilisation	 in	

female,	male	and	couples,	and	cleavage	in	males	and	couples	compared	to	couples	without	

chromosomal	 polymorphism.	 Potential	 future	 studies	 could	 evaluate	 the	 association	

between	 chromosomal	 polymorphisms	 and	 outcomes	 of	 fertilisation	 and	 cleavage	 in	

patients	of	multiple	ethnicities.	
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CHAPTER	7:	

KARYOTYPING	AND	CHROMOSOMAL	ABERRATIONS	
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Abstract	

Research	Question:	The	genetic	factors	attributed	to	fertility,	apart	from	chromosomal	

polymorphic	 variations	 are	 chromosomal	 aberrations	 (numerical	 and	 structural	

abnormalities).	 The	 chromosomes	 of	 structural	 rearrangements	 interfere	 with	 the	

mechanism	in	meiotic	segregation	of	chromosomal	rearrangements	which	 leads	 to	 the	

risk	of	miscarriages	and	birth	defects.	The	aim	of	this	study	is	to	evaluate	whether	the	

routine	karyotyping	may	still	have	a	role	outside	the	research	context.	

	

Design:		There	were	1,879	fresh	and	frozen	embryo	transfer	cycles	performed	during	the	

study	period	 of	 January	2016	 to	December	2018.	 There	were	13	 couples	 (1.8%)	with	

structural	rearrangements,	which,	I	have	excluded	from	the	cohort	of	the	study.		

	

Results:	During	the	routine	karyotyping	of	couples	in	this	study,	I	discovered	13	couples	

(1.8%)	with	at	least	one	structural	abnormality	or	mosaicism	that	had	clinical	implication.	

Without	 knowledge	 of	 this	 structural	 abnormality	 or	mosaicism,	 these	 couples	would	

have	undergone	standard	IVF	or	ICSI	procedure.		

	

Conclusion:	Detecting	the	chromosomal	aberrations	in	routine	karyotyping	testing	could	

offer	pre-implantation	genetic	testing	with	structural	rearrangement	to	the	couple	during	

the	 genetic	 counselling.	 Pre-implantation	 genetic	 testing	 for	 structural	 chromosomal	

rearrangements	 (PGT-SR)	 and	 selecting	 the	 unaffected	 embryos	 to	 transfer	will	 avoid	

passing	the	chromosomal	abnormality	to	the	offspring.		Hence,	routine	karyotyping	may	

still	have	a	role	outside	the	research	context.	
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Introduction	
	

The	 genetic	 factors	 attributed	 to	 fertility,	 apart	 from	 chromosomal	 polymorphic	

variations	 are	 chromosomal	 aberrations	 (numerical	 and	 structural	 abnormalities)	

(Yahaya	 et	 al.,	 2021).	 The	 frequency	 of	 chromosomal	 aberrations	 in	 the	 general	

population	 estimated	 between	 0.15	 to	 0.2%	 (Verdoni	 et	 al.,	 2021).	 The	 prevalence	 of	

chromosomal	structural	rearrangements	is	0.4%	in	prenatal	samples	and	it	is	25%	higher	

in	the	infertile	population	compared	to	general	population	(Matau-Brull	et	al.,	2019).		The	

common	structural	abnormalities	are	reciprocal	and	Robertsonian	translocations	(Lledo	

et	 al.,	 2010).	The	phenotype	of	 these	 translocations	 is	 usually	normal;	 however,	 these	

carriers	have	relatively	increased	risk	of	producing	unbalanced	gametes	which	could	lead	

to	 infertility	 and	 recurrent	 miscarriages	 (Boynukalin	 et	 al.,	 2021).	 Further,	 abnormal	

chromosomal	 segregation	 during	 the	 gametogenesis	 and	 parental	 balanced	 reciprocal	

translocations	resulted	in	many	of	miscarriages.	Hence,	1%	accounts	for	the	unbalanced	

translocation	in	spontaneous	miscarriages	(Pal	et	al.,	2018).	

	

It	is	important	to	understand	the	meiotic	segregation	in	the	chromosomal	rearrangement	

to	predict	 the	 reproductive	outcome.	 	The	 chromosomes	of	 structural	 rearrangements	

interfere	with	correct	segregation	of	rest	of	the	chromosomes	by	disrupting	chromosomal	

alignment	of	the	spindle	during	miosis-I	(Mateu-brill	et	al.,	2019).	This	phenomenon	is	

well	 known	 as	 interchromosomal	 effect	 (ICE)	 observed	 among	 carriers	 of	 balanced	

translocations	 of	 the	 patients	 with	 trisomy	 21	 (Down’s	 syndrome)	 children	 (Lejeune,	

1963).	 Chromosomes	 involved	 in	 rearrangement	 of	 reciprocal	 translocations	 during	

meiosis-I,	 form	a	quadrivalent.	Centromeres	from	different	chromosomes	separate	and	
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mitigate	 in	 adjacent	 1	 segregation,	 in	 contrary	 homologous	 centromeres	 mitigate	 in	

adjacent-2	segregation.	Complete	or	partial	nondisjunction	of	the	quadrivalent	leads	to	

3.1	 or	 4.0	 segregation	 (Scriven	 et	 al.,	 1998).	 Thus,	 understanding	 the	 mechanism	 in	

meiotic	segregation	of	chromosomal	rearrangements	is	essential	for	the	estimation	of	the	

risk	of	miscarriages	and	birth	defects	(Lledo	et	al.,	2010).	

	

To	overcome	the	negative	reproductive	outcomes	due	to	chromosomal	aberrations,	there	

have	 been	 many	 methods	 introduced.	 Out	 of	 the	 several	 methods,	 one	 of	 the	 main	

methods	is	preimplantation	genetic	testing	with	structural	chromosomal	rearrangements	

(PGT-SR)	 analysis	 (Fiorentino	 et	 al.,	 2011).	 Most	 recent	 analysis	 were	whole	 genome	

amplification	 (WGA),	 microarray	 single-nucleotide	 polymorphisms	 (SNPs),	 array	

comparative	genomic	hybridisation	(aCGH)	and	next	generation	sequencing	(NGS).	

	

Various	Chromosomal	Aberrations		
	

Balanced	or	Unbalanced	Translocations	
	
In	the	gametogenesis,	during	the	segregation	of	chromosomes	the	translocation	can	occur	

either	 balanced	 or	 unbalanced.	 Chromosomal	 aberrations	 such	 as	 reciprocal	

translocations	been	identified	in	karyotyping	reports,	which	is	characterised	by	balanced	

rearrangement	 of	 the	 chromosomes	 without	 any	 loss	 of	 DNA.	 Individuals	 with	

translocations	 are	 phenotypically	 normal	 and	 unless	 the	 translocation	 breakpoints	

disrupt	the	dominant	genetic	components	(Verdoni	et	al.,	2021).		
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Female	X	Chromosome	Mosaicism	
	

One	 of	 the	 common	 abnormalities	 in	 women	 is	 X	 chromosome	 mosaicism	 such	 as	

45X/46XX	 or	 47XXX/46XX,	 which	 identifies	 in	 karyotyping	 reporting.	Women	with	 X	

chromosome	mosaicism	are	at	increased	risk	of	chromosomal	instability	and	aneuploidy	

gametes	(Zachaki	et	al.,	2020).		

	

Male	X	Chromosome	Mosaicism	

	
Male	 X	 chromosome	 mosaicism	 has	 not	 been	 examined	 in	 large	 populations.	 In	

hemizygous	males,	the	X	chromosome	may	have	a	deleterious	effect	in	cellular	function	

(Zhou	et	al.,	2021).	The	most	common	chromosomal	aberration	in	male	infertility	caused	

by	Klinefelter	syndrome	(47,	XXY),	which	also	identifies	in	cytogenetic	reports	(Ozdermir	

et	al.,	2020).	

	

Deletions,	Duplications	and	Insertions		

	
Micro	deletions,	duplications	and	insertions	which	could	result	in	recurrent	miscarriages	

are	 also	 detected	 by	 preimplantation	 genetic	 testing.	 Identifying	 and	 defining	 the	

sequencing	 parameters	 for	 the	 applications	 in	 next	 generation	 sequencing	 and	 with	

minimal	 resolution	 detects	 the	 deletions,	 duplications	 and	 insertions	 ³	 6Mb	 (Garcia-

Pasqual	et	al.,	2020;	Butler	et	al.,	2019).	
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Materials	and	Methods		
	

There	were	1,879	fresh	and	frozen	embryo	transfer	cycles	performed	during	the	study	

period	 of	 January	 2016	 to	 December	 2018.	 I	 excluded	 ectopic	 pregnancies,	 structural	

chromosomal	 rearrangements,	 absence	 of	 reports	 of	 karyotyping	 analysis,	 opted	 for	

donor	 gametes,	 sub-standard	 follicle	development,	 abnormal	 cleavage	of	 embryos	 and	

blastocysts,	 embryo	 vitrification	 without	 transfer	 and	 records	 without	 pregnancy	

outcomes,	in	which	total	of	950	fresh	and	frozen	embryo	transfer	cycles	were	excluded	

(Figure	I8).	From	the	excluded	cohort	of	structural	rearrangement,	there	were	13	couples	

which	could	have	undergone	an	ICSI	cycle.	They	were	counselled	since	preimplantation	

genetic	testing	were	not	available	during	the	study	period.	

	

Results	
	

Chromosomal	Aberrations	and	Mosaicism	in	the	Main	Study	
	
During	the	routine	karyotyping	of	couples	in	this	study,	I	discovered	13	couples	(1.8%)	

with	at	least	one	structural	abnormality	or	mosaicism	that	had	clinical	implications	(Table	

20).	Without	knowledge	of	this	structural	abnormality	or	mosaicism,	these	couples	would	

have	undergone	standard	IVF	or	ICSI	procedure.		
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low	success	rates	with	pre	implantation	genetic	testing.	Therefore,	they	have	opted	for	

donor	gametes	as	alternative	for	their	own	gametes	IVF	cycles.		

	

Discussion	
	
From	the	 total	number	of	 study	population	of	1,879	 fresh	and	 frozen	embryo	 transfer	

cycles	 there	were	 thirteen	couples	 (1.8%),	 in	which	eight	 females	and	 five	males	with	

structural	 abnormalities	 during	 the	 study	period.	 There	were	 both	 females	 and	males	

with	translocations	and	mosaicisms.	One	female	had	a	balance	translocation.		

	

The	study	sample	was	large	and	the	attrition	was	low.	The	study	limitations	include	a	low	

prevalence	of	structural	aberrations.	Thus,	a	larger	population	needed	for	more	statistical	

power.	However,	I	cannot	rule	out	a	type	II	error.		

	

From	the	942	 treatment	cycles	 (548	 fresh	 ICSI	cycles	and	394	 frozen	embryo	 transfer	

cycles)	697	couples	were	 included	 in	 the	study.	None	of	 them	were	aware	of	having	a	

chromosomal	polymorphic	variation	in	their	karyotyping	report.	Apart	from	that	there	

were	 thirteen	 couples	 with	 a	 structural	 aberration	 with	 a	 normal	 phenotypical	

appearance	planning	to	undergo	an	ICSI	cycle	as	well.	Although	a	larger	population	were	

screened,	 they	 were	 limited	 to	 the	 attendees	 to	 the	 Lanka	 hospitals	 fertility	 centre.	

Therefore,	prevalence	of	the	structural	aberrations	may	differ	from	the	overall	infertile	

population.	Hence,	generalisability	may	be	limited.	

	

The	preimplantation	genetic	testing	was	not	available	during	the	study	period;	therefore,	

I	could	not	offer	such	treatment	for	the	couples	during	the	study	period.	Although	it	 is	
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offered	at	present.	On	the	other	hand,	a	smaller	number	of	participants	were	 found	to	

have	structural	aberrations	compared	to	the	study	population	and	after	the	counselling	

the	couples	opted	for	donor	egg	and	donor	semen	treatment.	

	

The	structural	rearrangements	of	preimplantation	genetic	testing	by	array	comparative	

genomic	 hybridisation	 followed	 by	 next	 generation	 sequencing	 could	 enhance	 the	

evaluation	 of	 the	 chromosomal	 aberrations.	 The	 previous	 studies	 of	 chromosomal	

abnormalities	were	analysed	using	 fluorescence	 in-situ	hybridisation	 (FISH),	 though	 it	

can	identify	only	the	selected	chromosomes	rather	than	all	of	the	chromosomes	(Wilton	

et	al.,	2009).	The	chromosomes	which	are	 involved	 in	 the	rearrangements	may	have	a	

detrimental	effect	on	normal	chromosomes,	which	is	defined	as	interchromosomal	effect,	

though	 could	 not	 be	 identified	 by	 fluorescence	 in-situ	 hybridisation	 (Lejeune,	 1963;	

Boynukalin	et	al.,	2021).	However,	there	are	studies	suggesting	that	array	comparative	

genomic	hybridisation	could	evaluate	interchromosomal	effect	at	cleavage	stage	(Mateu-

Brull	et	al.,	2019).	Further,	few	studies	suggest	interchromosomal	effect	could	evaluate	at	

blastocyst	stage.	The	factors	affect	the	patterns	of	segregation	of	the	euploidy	embryos	

are	the	length	of	the	translocated	and	interstitial	segments,	centromere	position	and	the	

presence	or	absence	of	heterochromatic	regions	(Jalbert	et	al.,	1980;	Boynukalin	et	al.,	

2021).	 Therefore,	 PGT-	 SR	with	 array	 comparative	 genomic	 hybridisation	 followed	by	

next	generation	sequencing	could	evaluate	the	chromosomal	aberrations	in	embryos.	

	

The	 combined	 testing	 of	 pre-implantation	 genetic	 testing	 for	 aneuploidy	 (PGT-A)	 and	

structural	 chromosomal	 rearrangements	 (PGT-SR)	 will	 upgrade	 the	 role	 of	 genetic	

analysis	of	embryos.		Pre-implantation	genetic	testing	(PGT)	is	performed	to	analyse	the	
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DNA	of	the	blastomere	or	trophectoderm	biopsies	of	an	embryo	to	determine	the	genetic	

abnormalities	 (Coonen	 et	 al.,	 2020;	 Viotti,	 2020).	 Pre-implantation	 genetic	 testing	 for	

aneuploidy	is	to	analyse	the	DNA	for	aneuploidy	and	preimplantation	genetic	testing	for	

structural	 chromosomal	 rearrangements	 analyses	 the	 structural	 rearrangement	 of	 the	

DNA	 in	an	embryo,	 in	which	 identifies	chromosomal	aberrations	(Viotti,	2020;	Zegers-

Hochschild	 et	 al.,	 2017).	 Pre-implantation	 genetic	 testing	 for	 structural	 chromosomal	

rearrangements	 gives	 an	 opportunity	 to	 identify	 the	 chromosomally	 unbalanced	

embryos.	 The	 comprehensive	 chromosomal	 screening	 done	 on	 blastomere	 or	

trophectoderm	 biopsies	 by	 using	 array	 array	 comparative	 genomic	 hybridisation	 and	

next	 generation	 sequencing	 (Boynukalin	 et	 al.,	 2021).	 Therefore,	 genetic	 testing	 for	

structural	chromosomal	aberrations	will	lead	to	select	the	euploidy	embryo	for	the	intra	

uterine	transfer,	which	increase	the	pregnancy	rate	and	decrease	the	miscarriage	rate;	

the	end	result	to	achieve	a	normal	pregnancy	and	a	healthy	child	(Coonen	et	al.,	2020).	

	
The	karyotyping	analysis	as	a	standard	method	will	provide	valuable	information	of	the	

parental	cytogenetic	aberrations,	which	will	lead	to	genetic	counselling	process	prior	to	

IVF	 or	 ICSI	 procedure.	 Although,	 it	 is	 very	 stressful	 for	 the	 couples	 to	 consider	 their	

genetic	history,	 financial	difficulties	and	the	physical	 impact	of	reproductive	treatment	

and	 their	 outcome.	 By	 detecting	 the	 chromosomal	 aberrations	 in	 routine	 karyotyping	

testing,	this	could	offer	pre-implantation	genetic	testing	with	structural	rearrangement	to	

the	couple	during	the	genetic	counselling.	Pre-implantation	genetic	testing	for	structural	

chromosomal	rearrangements	testing	and	selecting	the	unaffected	embryos	to	transfer	

will	 avoid	 passing	 the	 chromosomal	 abnormality	 to	 the	 offspring.	 	 Hence,	 routine	

karyotyping	may	still	have	a	role	outside	the	research	context.	
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Interpretation	of	the	Findings		

Summary	of	the	Findings	from	My	Research	

The	 systematic	 review	 analyses	 the	 association	 of	 chromosomal	 polymorphism	 in	 the	

reproductive	outcome	 in	different	geographical	populations.	There	were	observational	

studies	were	included	in	the	review	and	the	meta-analysis.	I	found	a	higher	miscarriage	

rate	 when	 females	 are	 carriers	 of	 chromosomal	 polymorphisms.	 There	 is	 little	 or	 no	

evidence	that	chromosomal	polymorphisms	in	individuals	(males	or	females)	or	couples	

that	 they	 adversely	 affect	 the	 chance	 of	 a	 pregnancy,	 clinical	 pregnancy,	 on-going	

pregnancy	at	study	end,	pre-term	births	and	live	births	following	IVF	or	ICSI.	Although,	

there	 was	 a	 higher	 miscarriage	 rate	 attributed	 to	 females	 with	 chromosomal	

polymorphism,	this	was	due	to	the	higher	weight	of	one	study,	therefore	overall	female	

polymorphism	makes	little	or	no	difference	in	the	live	birth	rate.		

	

The	 primary	 cohort	 study	 explores	 the	 association	 between	 chromosomal	

polymorphisms	and	reproductive	outcomes	in	couples	undergoing	ICSI	treatment	in	the	

population	 of	 Sri	 Lankan	 ethnic	 origin.	 Further,	 stimulation	 protocols	 of	 all	 the	

participants	 were	 strictly	 monitored	 and	 all	 ICSI	 were	 performed	 by	 myself	 as	 sole	

embryologist	in	the	fertility	centre,	which	minimised	the	variation	of	the	outcome	in	the	

study.	I	found,	there	was	no	evidence	of	a	difference	in	pregnancy,	miscarriage	or	live	birth	

rates	between	couples	without	polymorphisms	and	those	where	either	partner	or	both	

partners	were	carriers	of	a	chromosomal	polymorphisms.	Although,	 some	of	 the	point	

estimates	suggest	a	clinically	important	impact,	the	confidence	intervals	were	wide	and	

cross	the	line	of	no	effect.	This	study	is	large,	but	I	cannot	rule	out	a	type	II	error.	
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A	secondary	analysis	of	the	cohort	explores	the	association	between	types	and	number	of	

chromosomal	 polymorphic	 variants	 and	 their	 reproductive	 outcomes	 in	 couples	

undergoing	ICSI	treatment.	This	study	describes	the	relationship	between	the	types	such	

as	female	or	male	carriers	of	non-acrocentric	polymorphism	only,	female	or	male	carriers	

of	acrocentric	polymorphism	only,	either	female	or	male	carriers	with	combination	of	non	

-acrocentric	and	acrocentric	chromosomal	polymorphism,	males	with	Yqh,	couples	with	

one	or	more	than	one	of	non-acrocentric	or	acrocentric	chromosomal	polymorphism	or	a	

combination	and	couples	without	any	of	the	chromosomal	polymorphism.	The	pregnancy	

rates,	miscarriage	rates	and	live	birth	rates	did	not	differ	substantially	between	couples	

with	no	chromosomal	polymorphisms	compared	to	couples	were	the	female	or	the	male	

were	carriers	of	a	specific	chromosomal	polymorphism	or	both	of	them	in	the	unadjusted	

univariate	 analysis	 or	 multivariate	 adjusted	 for	 age,	 body	 mass	 index,	 and	 ovarian	

reserve.	 Further,	 the	 confounding	 variables	 were	 considered	 according	 to	 induction	

protocols	 and	 hormone	 doses	 due	 to	 clinical	 reasons	 and	 did	 not	 adjust	 for	 previous	

miscarriages	or	IVF	failures,	since	there	were	few	participants	with	those	outcomes	in	the	

study.		

	
A	 comprehensive	 exploration	of	 the	dataset	did	not	 reveal	 any	other	high-risk	 groups	

focused	on	the	types,	numbers,	gender	of	individuals	and	the	couples	with	chromosomal	

polymorphic	variants	and	couples	without	polymorphism	on	the	reproductive	outcomes	

of	 ICSI	 treatment.	 In	 the	 study	 of	 different	 exploration	 of	 each	 polymorphic	 variant	

(chapter	 6)	 did	 not	 differ	 the	 outcome	 of	 pregnancy,	 miscarriage	 or	 live	 birth	 rates	

between	 couples	without	polymorphisms	and	 those	where	one	or	both	partners	were	
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carriers	 of	 a	 chromosomal	 polymorphisms,	 which	would	 have	 benefited	 from	 further	

hypothesis	testing	research.		

	

The	secondary	analysis	of	the	cohort	of	ICSI	fresh	treatment	cycles	only	(n=	540)	suggests	

low	 cleavage	 rate	 among	 females	with	 chromosomal	 polymorphism	 and	 females	with	

acrocentric	 chromosomal	 polymorphism	 compared	 to	 couples	without	 polymorphism.	

There	was	no	evidence	of	a	difference	in	fertilisation	and	cleavage	of	male	and	couples,	

and	 among	 non-acrocentric	 female	 only,	 both	 non-acrocentric	 and	 acrocentric	 female	

only,	 non-acrocentric	 male	 only,	 acrocentric	 male	 only,	 male	 Yqh,	 couples	 with	 non-

acrocentric	and	acrocentric	chromosomal	polymorphism	compared	to	couples	without	

chromosomal	polymorphisms.	However,	this	does	not	translate	to	a	clinically	significant	

difference	in	reproductive	outcomes	and	should	be	interpreted	with	caution.	

	

I	was	able	to	screen	karyotyping	of	1,879	ICSI	fresh	and	frozen	embryo	transfer	cycles	

during	the	study	period	and	found	a	prevalence	of	1.8%	with	structural	rearrangements.	

These	couples	would	have	undergone	an	ICSI	cycle	procedure	without	the	knowledge	of	

this	structural	abnormality	or	mosaicism.	Therefore,	during	genetic	counselling	couples	

could	offer	pre-implantation	genetic	testing	with	structural	rearrangement	and	selecting	

the	unaffected	embryos	to	transfer.		
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Explanation	of	Findings	from	My	Research	
	

Different	Ethnicities	Could	Have	Different	Effects	

	
Many	of	the	published	studies	were	retrospective	cohorts	reported	after	a	miscarriage	or	

referred	to	infertility	center	for	investigations	and	were	in	Chinese	origin.	Nine	out	of	ten	

studies	of	my	systematic	review	were	also	Chinese	in	origin.	Although,	the	studies	were	

conducted	 in	 different	 university	 infertility	 clinics	 in	 different	 provinces	 in	 China.	My	

main	research	was	based	in	Sri	Lanka	at	Lanka	Hospitals	Fertility	Centre.		The	aim	was	to	

investigate	the	effect	of	chromosomal	polymorphic	variations	on	reproductive	outcome	

in	 Sri	 Lankan	 population.	 However,	 the	 evidence	 did	 not	 identify	 a	 clear	 association	

between	the	presence	of	chromosomal	polymorphism	in	females,	males	or	couples	and	

reproductive	outcomes	compared	to	couples	without	chromosomal	polymorphism.		

	

Many	 studies	 focused	 on	 miscarriages	 and	 the	 karyotyping	 test	 was	 performed	 after	

recurrent	miscarriages.	Chromosomal	polymorphic	variations	identified,	though	not	been	

compared	with	the	normal	karyotyping	infertile	population.	This	may	mislead	the	effects	

towards	an	adverse	effect	with	chromosomal	polymorphic	variations.	My	study	compares	

the	 effect	 of	 couples	 with	 chromosomal	 polymorphic	 variations	 and	 couples	 without	

chromosomal	 polymorphic	 vitiations	 and	 their	 reproductive	 outcome,	 instead	 of	

miscarriages	 only.	 Therefore,	 there	 may	 not	 have	 any	 significance	 in	 the	 overall	

reproductive	outcome	with	or	without	chromosomal	polymorphism.	
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Insufficient	statistical	power	
	

In	 my	 systematic	 review	 and	 meta-analysis,	 there	 were	 few	 studies	 included	 for	 the	

interpretation	of	the	findings	(n=10)	and	most	of	the	estimates	in	this	review	have	wide	

confidence	intervals.	Overall,	this	systematic	review	found	only	a	few	studies	contributing	

data	 to	 each	 analysis	 resulting	 in	 unstable	 estimates.	 There	 is	 substantial	 uncertainty	

about	how	the	carriers	of	chromosomal	polymorphisms	affects	reproductive	outcomes	

after	ART.	Further,	 I	was	unable	 to	divide	 into	 treatment	groups	 such	as	 intra	uterine	

insemination	(IUI),	IVF	or	ICSI.	The	findings	are	not	easily	generalisable	as	most	studies	

involved	 participants	 of	 Chinese	 origin	 and	 one	 study	 focused	 on	 Turkish	 origin.	

Therefore,	extrapolation	to	other	populations	may	not	be	appropriate.		

	

For	improving	the	generalisability	of	the	evidence,	more	studies	are	required	involving	

different	 ethnicities.	 Studies	would	need	 to	 examine	polymorphism	 in	both	males	 and	

females	 to	 identify	 if	 there	 is	 an	 association	 with	 adverse	 reproductive	 outcomes	

following	IVF	or	ICSI,	and	explore	if	there	is	a	biological	gradient	when	both	males	and	

females	are	affected.	Furthermore,	most	of	the	study	gives	a	cumulative	effect	of	specific	

types	of	chromosomal	polymorphisms.	

	

Despite	this,	including	1879	ICSI	and	frozen	embryo	transfer	cycles	during	the	period	of	

2016	to	2018	and	follow	up	until	November	2019,	I	was	able	to	study	942	ICSI	and	frozen	

embryo	transfer	cycles	(total	number	of	couples	n	=697)	in	my	primary	study.	A	small	

proportion	of	outcome	data	on	pregnancy,	miscarriage,	and	live	birth	were	missing	or	not	

reported	and	were	not	included	in	the	study.	This	study	is	large,	but	I	cannot	rule	out	a	

type	II	error.	The	attrition	or	loss	to	follow-up	rate	were	low,	and	I	was	able	to	adjust	the	
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result	 for	 potential	 confounders.	 There	 is	 uncertainty	 about	 which	 carrier	 is	 more	

important	 with	 some	 studies	 focusing	 on	 males,	 other	 studies	 on	 females	 and	 a	 few	

studies	on	couples.	

	

Other	studies	were	larger	and	for	an	example	Cheng	et	al.,	2017	analysed	19,950	female	

participants	and	two	other	studies	also	Chinese	origin	analysed	1689	(Hong	et	al.,	2011),	

1584	(Xiaobin	et	al.,	2012)	respectively.	Nevertheless,	I	believe	my	study	was	powered	

enough	 to	 detect	 a	 deference	 in	 reproductive	 outcome	 overall	 in	 the	 presence	 of	

chromosomal	polymorphic	variations	vs	without	chromosomal	polymorphic	variations	

as	large	number	contributed	to	this	analysis	though,	the	effect	estimate	was	very	close	to	

no	effect	(Crude	OR	0.99,	95%	CI	(0.70 1.40),	P=0.97:		Adjusted	OR	1.00,	95%	CI	(0.70	-

1.44),	P=0.95).	

	
Secondary	 analyses,	 examining	 the	 types	 and	 number	 of	 either	 non-acrocentric	 or	

acrocentric	 chromosomal	 polymorphic	 variants	 or	 their	 combination	 are	 perhaps	

underpowered.	Therefore,	 a	 larger	 sample	 is	 required	with	more	 statistical	 power	 for	

such	analysis.	There	were	no	considerable	differences	noted	and	were	not	statistically	

significant.	I	had	a	good	follow	up	rate,	and	were	able	to	adjust	the	result	for	potential	

confounders	and	again	no	association	was	found.		

	

Publication	Bias	
	
Publication	bias	is	another	possible	explanation	for	the	positive	findings.	The	evidence	of	

publication	 bias	 goes	 back	 to	 mid-1950’s.	 Sterling	 revealed	 that	 published	 studies	

between	 1955	 to	 1956,	 there	were	 high	 proportions	 of	 statistically	 significant	 results	
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included	in	the	four	psychological	journals	(Dickersin,	1997).	In	these	studies,	about	97%	

hypothesis	testing	reportedly	rejecting	the	null	hypothesis	(Dickersin,	1997).	Justifying	

the	 reporting	 of	 meta-analysis	 towards	 the	 positive	 findings,	 publication	 bias	 could	

distort	the	results	of	the	meta-analysis	(Mathur	&	VanderWeele,	2020).	The	publication	

bias	 can	 be	 found	 in	 many	 stages,	 starting	 from	 author	 submission,	 peer	 review	 to	

editorial	decisions	(Song	et	al.,	2009).	Authors’	decisions	not	to	submit	negative	results	

subjected	 to	 it	 may	 consider	 unimportant,	 fear	 of	 de-bunking	 previous	 theories	 or	

conclusions	 or	 rejection	 by	 the	 prestigious	 journals.	 This	 could	mislead	 the	 statistical	

outcome	of	the	results	(Schroyens	et	al.,	2021).	

	

There	are	methods	which	help	to	identify	publication	bias.	A	possible	publication	bias	can	

be	a	larger	effect	in	a	smaller	study.	Therefore,	funnel	plots	and	Egger’s	linear	regression	

test	should	be	considered	(Doleman,	2020).	There	is	recent	concern	of	using	funnel	plots	

to	identify	the	publication	bias	in	meta-analyses	proportion	outcomes	(Hunter,	2014).	P	

value-based	tests	also	used	to	detect	publication	bias	resulted	in	related	asymmetry	in	

meta-analysis	(Furuya-Kanamori	et	al.,	2020).		

	

The	quality	of	the	included	studies	of	my	systematic	review	and	meta-analysis	assessed	

using	 the	 Newcastle-Ottawa	 Quality	 Assessment	 Scales	 for	 observational	 studies	

independently	 (Wells	et	al.,	2019).	Following	 the	assumption	 that	all	 items	have	equal	

weighting,	an	arbitrary	score	was	assigned	to	each	study,	in	order	to	give	a	quantitative	

appraisal	of	its	overall	quality.	Assessment	for	publication	bias	could	not	be	performed	

due	to	the	limited	number	of	available	studies.	Pairwise	meta-analysis	of	the	five	studies	

involving	females	only	(9,659	females)	suggests	that	females	with	polymorphic	variations	
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have	 comparable	 rates	 of	miscarriages	with	 females	without	 polymorphism	 (RR	 1.54,	

95%	CI	1.19	to	1.98,	I2=0%;	P=0.0009)	(Ralapanawe	et	al.,	2021a).	The	75%	of	the	weight	

of	 the	female	with	miscarriages	 in	the	study	concentrated	to	a	one	study	(Cheng	et	al.,	

2017)	with	carriers	of	chromosomal	polymorphism	(n=426)	and	much	larger	number	of	

non-carriers	of	chromosomal	polymorphism	(n=	6983).	I	postulate	that	miscarriage	rates	

are	higher;	it	is	reasonable	to	hypothesise	that	there	could	be	a	knock-on	effect	on	other	

pregnancy	outcomes.	 If	 the	sensitivity	analysis	has	been	performed	and	this	study	has	

been	excluded	(Cheng	et	al.,	2017),	that	the	pooled	result	may	not	differ	with	or	without	

chromosomal	polymorphism	in	miscarriage	rate	of	the	female	participants.	Therefore,	the	

result	would	have	suggested	that	the	presence	of	chromosomal	polymorphism	in	female	

makes	little	or	no	difference	to	miscarriage	rate.	

	

Biological	Mechanism	that	Could	Explain	a	Lower	Cleavage	but	not	An	

Association	with	Adverse	Reproductive	Outcome		

Ability	of	Self-correction	

	
In	 the	 early	 stages	 of	 embryogenesis	 there	 was	 a	 higher	 incidence	 of	 chromosomal	

abnormalities	reported	in	human	embryos.	Rapid	cell	proliferation,	that	frequently	leads	

to	cell	division	mistakes	that	generate	changes	in	the	chromosomal	content	in	the	nucleus	

(Nagai	et	al.,	2021;	Orvieto	et	al.,	2020).	Non-disjunction	or	premature	separation	of	a	

chromosome	into	sister	chromatids	results	in	aneuploidies.	Errors	in	meiosis	and	mitotic	

errors	after	fertilisation	and	cell	divisions	(post	zygotic)	lead	to	aneuploidy.	Mitotic	errors	

occur	during	the	cleavage	after	fertilisation	in	common	in	the	early	cleavage	stage.	The	

majority	of	human	preimplantation	embryos	show	aneuploidies	as	mosaicism.	Mosaicism	
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remains	fifty	percent	in	cleavage	stage	and	blastocyst	stage	IVF	embryos.	The	percentage	

of	mitotic	errors	increased	up	to	75%	at	the	9	 	16	cell	stages,	though	the	mitotic	errors	

decreased	to	64%	at	the	morula	stage	and	further	decreased	to	56%	by	the	blastocyst	

formation.	This	concludes	percentage	of	mitotic	errors	in	blastocysts	remains	lower	than	

in	cleavage	stage	embryos	(Mantikou	et	al.,	2013).	This	was	observed	at	the	cleavage	stage	

embryos	and	detected	while	re-analysing	the	blastocysts	(Li	et	al.,	2005).	Although,	these	

embryos	 have	 increased	 cell	 proliferation	 and	 cell	 death	 in	 comparison	 to	 euploidy	

embryos,	 which	 is	 suggestive	 of	 self-correction	 abilities	 of	 the	 both	 euploidy	 and	

aneuploidy	embryos.	The	embryo	self-correction	results	increased	aneuploidy	cell	death	

or	slow	cell	divisions	(Santos	et	al.,	2010).	The	balance	between	the	survival	of	cells	and	

apoptotic	signals	controlled	by	a	cell	death	program	that	eliminate	of	damaged	cells	 in	

early	embryo	development	(Orvieto	et	al.,	2021).	This	may	be	observed	by	activation	of	

apoptotic	 pathways,	 which	 aneuploidy	 blastomeres	 leaving	 at	 the	 time	 of	 blastocyst	

formation	(Mantikou	et	al.,	2012).	

	

Animal	models	such	as	Rhesus	embryos	encapsulate	the	chromosome-containing	cellular	

fragments	 into	 micronuclei	 during	 the	 preimplantation	 development	 and	 eliminate	

through	cellular	fragmentation	(Daughtry	et	al.,	2019).	Similarly,	mouse	embryo	studies	

also	show	the	ability	of	self-correction	of	embryos	(Bolton	et	al.,	2016).	Another	study	of	

bovine	embryos	suggests	partial	compaction	which	occurs	in	some	blastomeres	has	an	

ability	 of	 self-correction	 (Nagai	 et	 al.,	 2021).	 A	 recent	 study	 sheds	 insight	 on	 human	

embryogenesis	 and	 the	 capability	 of	 self-correction	 (Orvieto	 et	 al.,	 2020).	 This	 may	

suggest	 that	 genetical	 abnormalities	 may	 self-correct	 during	 the	 cleavage	 stage	 to	

blastomere	formation	and	that	therefore	pregnancy,	miscarriage	or	the	 live	birth	rates	
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with	 carriers	 of	 chromosomal	 polymorphism	may	 not	 differ	 from	 the	 non-carriers	 of	

chromosomal	 polymorphism	 in	 my	 primary	 and	 secondary	 studies	 on	 chromosomal	

polymorphism	and	reproductive	outcomes	(Ralapanawe	et	al.,	2022b;	Ralapanawe	et	al.,	

2022c	in	review).	

	

Sequential	Media	and	Vitrification		

	
Newer	methods	such	as	sequential	culture	media	and	vitrification	can	augment	the	ability	

of	self-correction	which	could	also	explain	why	the	reproductive	outcomes	of	my	research	

were	unaffected	by	chromosomal	polymorphic	variations.		ESHRE	has	reported	birth	of	

1.6million	 children	 from	ART	 treatments	 during	 the	period	of	 1997	 to	2015.	 In	 2015,	

assisted	 reproductive	 techniques	 achieved	 7.3%	 of	 all	 the	 children	 born	 in	 Europe	

(ESHRE,	2020).	Although	a	little	known	about	the	different	induction	protocols,	culture	

methods	and	genetic	biomarkers	resulting	in	improved	reproductive	outcomes	(Monge-

Ochoa	et	al.,	2021).	Apart	from	ICSI,	other	advances	such	as	development	of	sequential	

culture	 media	 and	 embryo	 culture	 techniques	 up	 to	 blastocyst	 formation,	 advent	 of	

vitrification	instead	of	slow	freezing	method,	in	part	allowed	for	the	successful	cleavage	

of	embryos	leading	to	better	clinical	outcome	of	pregnancy	(Burks	et	al.,	2021).	

	

The	sequential	culture	media	mimic	as	close	as	possible	the	physiological	conditions	for	

fertilisation	and	cleavage	of	embryos.	High	tech	incubators	have	the	ability	to	maintain	

370C	temperature	and	a	constant	phase	of	CO2	and	O2	gases	to	retain	physiological	pH	in	

the	 bicarbonate-buffered	 culture	 medium.	 This	 will	 facilitate	 the	 gene	 expression,	

metabolic	and	enzyme	activity,	maintenance	of	the	calcium	levels	and	cytoskeleton	and	
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cell	 proliferation	 of	 the	 cleavage	 stage	 embryos	 (Bhattacharya	 &	 Hamilton,	 2021).	

Further,	more	sophisticated	time	lapse	imaging	helps	to	assess	the	morphology	and	the	

cleavage	 of	 embryos	 without	 removing	 the	 embryos	 for	 the	 daily	 assessment.	

Cryopreservation	of	embryos	by	vitrification	has	become	the	dominant	method	in	many	

IVF	 laboratories	 worldwide.	 It	 has	 yielded	 higher	 success	 rates	 than	 slow	 freezing	

(Bhattacharya	 et	 al.,	 2021).	 	 The	 improved	 protocols	 of	 frozen	 embryo	 transfers	 and	

vitrification	 has	 gain	 higher	 success	 rate	 in	 frozen	 embryo	 replacement	 cycles.	 The	

complex	and	state	of	art	technology	that	has	highly	improved	ART	success	rate	also	may	

attribute	to	achieve	higher	pregnancy	rate,	lower	miscarriage	and	higher	live	birth	rates,	

which	may	have	hindered	the	impact	of	cytogenetic	of	the	chromosomal	polymorphism	

in	embryo	development.	This	may	be	another	reason	that	the	carriers	and	non-carriers	of	

chromosomal	polymorphism	does	not	differ	in	the	reproductive	outcome	in	my	primary	

study	 and	 secondary	 study	 on	 non-acrocentric	 and	 acrocentric	 chromosomal	

polymorphic	variants	in	reproductive	outcomes	(Ralapanawe	et	al.,	2022b;	Ralapanawe	

et	al.,	2022c	in	review).	

	

Luteal	Phase	Support	

	
Similar	rationale	that	improvement	of	the	luteal	support	should	have	helped	for	better	

implantation	 in	self-corrected	embryos	which	 led	 the	reproductive	outcome	to	remain	

unchanged.	Successful	implantation	which	leads	to	a	pregnancy	depend	on	the	complex	

process	involving	interaction	between	embryo	and	endometrial	receptivity	(Craciunas	et	

al.,	2019).	The	studies	with	comprehensive	chromosomal	screening	show,	even	with	a	

transfer	 of	 an	 euploidy	 embryo,	 the	 ongoing	 pregnancy	 rate	 remains	 45%	 in	 infertile	
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population.	Recently,	more	attention	has	focused	on	a	so-called	“implantation	window”	

which	defines	the	period	of	receptivity	for	the	implantation	of	the	embryo	(Casper,	2020;	

Harper,	1992).	One	of	the	main	factors	for	a	successful	pregnancy	is	optimal	endometrial	

thickness	and	improvement	of	embryo	freezing	by	vitrification.		A	recent	study	suggests	

the	live	birth	rate	with	less	than	5mm	endometrial	thickness	was	15.6%,	though	gradually	

increased	 to	 33.1%	 with	 over	 10mm	 endometrial	 thickness.	 The	 miscarriage	 rate	

gradually	 decreased	 to	 26.5%	with	more	 than	 10mm	 endometrial	 thickness	 from	 the	

miscarriage	rate	of	41.7%	with	less	than	5mm	endometrial	thickness	(Gallos	et	al.,	2018).	

Second	factor	is	the	use	of	progesterone	in	the	luteal	phase	to	prepare	the	endometrium.	

The	 uterus	 prepares	 for	 implantation	 during	 the	 luteal	 phase.	 Progesterone	 plays	 the	

main	 role	 in	 luteal	 phase	 with	 the	 secretory	 endometrium,	 providing	 immunological	

tolerance	 favouring	 the	embryo	 implantation.	Exogenously	administered	progestogens	

have	proven	efficacy	in	luteal	support	in	frozen	thawed	embryo	transfer	cycles	(Labarta	

&	Rodriguez,	2020).	The	study	on	the	impact	of	low	progesterone	levels	defines	that	less	

than	8.8ng/ml	level	of	progesterone	had	significantly	lowered	the	ongoing	and	live	birth	

rates	(Labarta	et	al.,	2021).	During	the	period	of	2013	to	2018	in	the	United	Kingdom,	the	

frozen	thawed	embryo	transfer	cycles	has	doubled	the	number	up	to	38%,	where	as	fresh	

embryo	transfers	decreased	to	11%	(HFEA	2020).	There	are	similar	results	reported	from	

Europe,	United	States	and	around	the	world	(ESHRE,	2020;	Centers	for	Disease	Control	

and	 Prevention,	 Society	 for	 Assisted	 Reproductive	 Technology	 [CDC],	 2018).	 A	 recent	

systematic	review	suggests	increased	pregnancy	rate	and	higher	live	birth	rate	with	the	

luteal	support	with	progesterone	level	more	than	10ng/ml	(Melo	et	al.,	2021).		Further,	

when	progesterone	was	administered	vaginally,	a	steady	concentration	was	achieved	in	

24-48	hours	(Paulson	et	al.,	2014).	In	my	primary	and	secondary	study,	all	participants	
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had	 their	 endometrial	 thickness	 measured.	 All	 fresh	 and	 frozen	 embryo	 replacement	

(Hormone	Replacement	Therapy	-	HRT)	was	performed	if	the	endometrial	thickness	was	

over	 7mm	 in	 ultrasound	 scanning.	 	 Progesterone	 (Crinone	 gel	 8%)	was	 administered	

vaginally	 for	all	 ICSI	participants	 from	the	day	after	oocyte	recovery	and	 for	all	 frozen	

embryo	transfer	participants	 from	the	 fourteenth	day	of	estradiol	administered	cycles,	

when	 the	 endometrial	 thickness	more	 than	7mm	 in	ultrasound	 scanning.	 The	 optimal	

luteal	support	also	may	have	attributed	for	a	better	implantation	rate	that	contributed	to	

see	 little	 or	no	difference	 in	 the	 carriers	 of	 chromosomal	polymorphism	and	 the	non-

carriers	of	chromosomal	polymorphism	in	their	reproductive	outcome	(Ralapanawe	et	

al.,	2022b;	Ralapanawe	et	al.,	2022c	in	review).	

IVF	vs	ICSI	
	
	
Intra	 cytoplasmic	 sperm	 injection	 could	 have	 been	 another	 reason	 why	 reproductive	

outcomes	are	better	in	my	research	compared	to	the	background	literature.	All	ten	studies	

of	my	systematic	review	had	undergone	IVF.	Eight	out	of	ten	had	ICSI	procedure	as	well.	

In	two	studies	that	had	IVF	only,	one	study	experienced	low	live	births	in	male	carriers	of	

chromosomal	 polymorphism	 (Ni	 et	 al.,	 2017)	 and	 the	 other	 study	 had	 a	 higher	

miscarriage	 rate	 when	 both	 partners	 were	 carriers	 of	 chromosomal	 polymorphism	

(Xiaobin	 et	 al.,	 2012).	 A	 subgroup	 analysis	 was	 not	 possible	 since	 the	 results	 of	 the	

reproductive	outcomes	were	not	separately	reported	in	these	ten	studies.	Interestingly,	

there	 was	 a	 recent	 study	 that	 concluded	 ICSI	 will	 have	 a	 better	 chance	 of	 a	 clinical	

pregnancy	compared	to	IVF	in	presence	of	acrocentric	chromosomal	polymorphism	(Li	et	

al.,	2020).	Therefore,	ICSI	may	have	improved	fertilisation	and	subsequent	cleavage	which	

leads	to	a	better	reproductive	outcome.	Further,	the	recent	meta-analysis	in	association	
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of	 chromosomal	 polymorphism	 in	 IVF	 or	 ICSI	 suggests	 that	 there	 was	 a	 statistically	

significant	fertilisation	rate	in	ICSI	compared	to	standard	IVF	although,	the	reproductive	

outcome	remain	similar	whether	the	ART	procedure	remain	in	vitro	fertilisation	or	intra	

cytoplasmic	sperm	injection	(Ou	et	al.,	2019).	However,	it	remains	uncertain	whether	ICSI	

had	 improved	 fertilisation	 and	 subsequent	 cleavage,	which	 led	 to	 better	 reproductive	

outcome	in	my	study,	in	which	the	reproductive	outcomes	with	carrier	of	chromosomal	

polymorphism	and	non-carriers	does	not	differ	following	ICSI	treatment	(Ralapanawe	et	

al.,	 2021b).	 Future	 research	 should	 investigate	whether	 there	 is	 an	 advantage	 in	 ICSI	

treatment	compared	to	standard	in	vitro	fertilisation	and	embryo	culture	with	carriers	of	

chromosomal	 polymorphism.	 ICSI	 has	 an	 advantage	 of	 selecting	 the	 progressive,	

morphologically	normal	spermatozoa	and	even	having	the	advantage	of	 fertilisation	 in	

males	 with	 severe	 oligozoospermia	 or	 astenozoospermia	 or	 teratozoospermia,	 which	

produces	better	quality	embryos	and	does	not	have	the	similar	potential	in	standard	IVF.		

	

Implication	in	Clinical	Practice		

Based	on	my	research	chromosomal	polymorphic	variants	of	female	or	male	or	couples	

should	not	be	considered	an	adverse	feature	for	the	success	of	intra	cytoplasmic	sperm	

injection	 procedure.	 Even	 specific	 types	 of	 chromosomal	 polymorphic	 variants	 or	

multiple	 chromosomal	 polymorphic	 variants	 or	 chromosomal	 polymorphism	 in	 both	

female	and	male	have	no	known	adverse	effect	on	reproductive	outcomes	of	pregnancy,	

miscarriage	 and	 live	 births,	 compared	 to	 the	 couples	 without	 chromosomal	

polymorphism.	A	small	difference	in	low	cleavage	rate	among	females	with	chromosomal	

polymorphism	and	females	with	acrocentric	chromosomal	polymorphism	compared	to	

couples	without	polymorphism	are	not	translated	to	adverse	reproductive	outcomes.	This	
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could	be	because	of	little	effect	of	chromosomal	polymorphism	or	better	ICSI	techniques	

or	 the	ability	of	self-correction	of	 the	embryos.	My	research	 found	no	association	with	

carriers	 or	 non-carriers	 of	 chromosomal	 polymorphic	 variations	 in	 the	 Sri	 Lankan	

population	and	any	association	with	reproductive	outcomes	is	likely	to	be	non-influential.		

	
In	my	research	where	I	routinely	karyotyped	a	larger	number	of	couples	with	infertility.	I	

found	 a	prevalence	 of	 1.8%	of	 couples	with	 structural	 rearrangements.	 These	 couples	

would	 benefit	 from	 preimplantation	 genetic	 testing	 as	 they	 would	 reduce	 the	 risk	 of	

chromosomal	imbalances	and	potential	disability	to	the	offspring.	The	cost	of	karyotyping	

test	compared	to	the	total	cost	of	IVF	cycles	borne	by	the	couple	is	2.5%,	which	identifies	

numerical	 and	 structural	 aberrations	 apart	 from	 chromosomal	 polymorphic	 variants	

prior	to	the	IVF	cycle.	Therefore,	it	is	still	noteworthy	to	stipulate	that	karyotyping	test	is	

beneficial,	since	the	cost	of	an	IVF	cycle	is	enormous	and	a	failure	has	a	tremendous	impact	

on	the	couple	both	financially	and	emotionally.	

	

Implication	to	Research		

Further	research	is	needed	to	improve	the	generalisability	and	more	studies	are	required	

involving	 different	 ethnicities.	 Studies	 would	 need	 to	 focus	 on	 chromosomal	

polymorphism	in	both	males	and	females	to	identify	if	there	is	an	association	with	adverse	

reproductive	 outcomes	 following	 assisted	 reproductive	 technologies.	 Currently,	 many	

studies	 have	 examined	 the	 reproductive	 outcome	 with	 carriers	 of	 chromosomal	

polymorphism	and	non-carriers	of	chromosomal	polymorphism	of	the	Chinese	origin	(Ou	

et	al.,	2019;	Ralapanawe	et	al.,	2022a).	Studies	focusing	on	other	ethnicities	will	elaborate	
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better	 clinical	 evidence	 and	 effect	 of	 chromosomal	 polymorphism	 on	 reproductive	

outcomes.	

	

The	evidence	so	far	in	many	studies	associated	with	chromosomal	polymorphic	variants	

of	female	or	male	or	couples	with	chromosomal	polymorphic	variants	appear	to	have	no	

adverse	 effect	 on	 reproductive	 outcomes	 or	 most	 probably	 minimal	 if	 any	 adverse	

reproductive	 outcome	 compared	 to	 the	 couples	without	 chromosomal	 polymorphism.	

Among	the	early	pregnancy	losses,	which	account	10-20%	of	clinical	pregnancies	occur	in	

the	first	trimester,	half	of	the	miscarriages	were	related	to	chromosomal	abnormalities	

(Kamar	 et	 al.,	 2021;	 Practice	 Committee	 of	 the	 American	 Society	 for	 Reproductive	

Medicine,	2012).	There	are	many	genes	that	regulate	reproduction,	though	polymorphism	

is	being	recognised	as	one	of	the	potential	factors	of	influencing	fertility	(Haggarty	et	al.,	

2006;	Altmae	et	al.,	2010).	Therefore,	the	concerns	of	early	pregnancy	losses	related	to	

chromosomal	polymorphism	must	be	investigated	separately.	

	

Further	 studies	 should	 be	 larger	 and	 adequately	 powered	 including	 larger	 number	 of	

participants	with	each	specific	chromosomal	polymorphic	variant.	Since	the	pathogenesis	

of	 infertility,	 the	 role	 of	 genetic	 factors	 is	 becoming	 prominent	 among	 reproductive	

specialists	(Stela	et	al.,	2021).		These	studies	should	analyse	specific	types	such	as	female	

or	 male	 carriers	 of	 non-acrocentric	 polymorphism	 only,	 female	 or	 male	 carriers	 of	

acrocentric	polymorphism	only,	either	female	or	male	carriers	with	combination	of	non	-

acrocentric	and	acrocentric	chromosomal	polymorphism,	males	with	Yqh,	couples	with	

one	or	more	than	one	of	non-acrocentric	or	acrocentric	chromosomal	polymorphism	or	a	

combination	and	couples	without	any	of	the	chromosomal	polymorphism.		
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Conclusion	
	

My	thesis	analysed	the	effects	of	these	chromosomal	polymorphisms	following	ICSI	in	the	

Sri	 Lankan	 population.	 I	 have	 conducted	 a	 systematic	 review	 which	 showed	 higher	

miscarriage	 in	 the	 female	 partners	 with	 chromosomal	 polymorphisms	 undergoing	

assisted	 reproductive	 technology	 (ART).	 Although,	 there	 were	 no	 evidence	 that	

chromosomal	 polymorphisms	 affect	 the	 pregnancy,	 clinical	 pregnancy,	 on-going	

pregnancy	at	study	end,	pre-term	birth	and	live	birth	after	in	vitro	fertilisation	(IVF)	or	

intracytoplasmic	sperm	injection	(ICSI)	treatment.	My	primary	study	and	the	secondary	

studies	found	that	the	pregnancy,	miscarriage	and	live	birth	rates	did	not	differ	between	

carriers	 of	 chromosomal	 polymorphic	 variations	 and	 couples	 with	 no	 chromosomal	

polymorphic	 variations.	 I	 found	 there	 was	 a	 low	 cleavage	 rate	 among	 female	 with	

chromosomal	 polymorphism	 and	 acrocentric	 chromosomal	 polymorphic	 variants	

compared	 to	 couples	without	polymorphism	and	 this	does	not	 translate	 to	a	 clinically	

significant	 difference	 in	 reproductive	 outcomes.	 During	 the	 routine	 karyotyping	 of	

couples	 in	 this	 study,	 I	 discovered	 13	 couples	 (1.8%)	 with	 at	 least	 one	 structural	

abnormality	 that	 had	 clinical	 implications.	 	 Without	 knowledge	 of	 this	 structural	

abnormality,	 these	 couples	 would	 have	 undergone	 standard	 IVF	 or	 ICSI	 procedure.	

Instead,	I	was	able	to	offer	pre-implantation	genetic	diagnosis	out	to	avoid	passing	the	

chromosomal	abnormality	to	the	offspring.	

	

A	 recent	 analysis	 suggests	 that	 genetical	 abnormalities	 may	 self-correct	 during	 the	

cleavage	stage	to	blastomere	formation	and	that	therefore	the	reproductive	outcome	of	

carriers	 of	 chromosomal	 polymorphism	 may	 not	 differ	 from	 the	 non-carriers	 of	

chromosomal	 polymorphism.	 It	 is	 noteworthy	 that	 recent	 studies	 suggest	 that	 ICSI	
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improves	 fertilisation	 and	 subsequent	 cleavage	 which	 leads	 to	 a	 better	 reproductive	

outcome.	The	sequential	culture	media	which	mimic	the	closest	as	possible	physiological	

conditions	will	enhance	further	development	of	the	embryos.	Transferring	an	euploidy	

embryo	on	so-called	“implantation	window”	which	define	the	period	of	receptivity	will	

also	enhances	the	implantation.		Another	main	factor	for	a	successful	pregnancy	is	optimal	

endometrial	thickness.	The	improvement	of	embryo	freezing	by	vitrification	also	brings	

successful	preservation	of	self-corrected	embryos	for	a	later	stage	of	transfer.	

		

In	my	study	that	I	found	no	association	in	the	Sri	Lankan	population,	and	any	association	

with	reproductive	outcomes	is	likely	to	be	non-influential	in	the	reproductive	outcome.	

The	karyotyping	analysis	as	a	standard	method	will	provide	valuable	information	of	the	

parental	cytogenetic	abnormalities	which	will	contribute	to	genetic	counselling	prior	to	

IVF	 or	 ICSI	 procedure.	 Although,	 the	 chromosomal	 polymorphic	 variations	 do	 not	

influence	 the	 reproductive	 outcome	 of	 ICSI,	 routine	 karyotyping	 could	 detect	 other	

abnormalities	 such	as	chromosomal	aberrations.	Therefore,	 it	 facilitates	counselling	of	

the	couples	and	 to	offer	pre-implantation	genetic	 testing	with	structural	 chromosomal	

rearrangements	(PGT-SR)	to	avoid	passing	the	chromosomal	abnormality	to	the	offspring.		

Hence,	routine	karyotyping	may	still	have	a	role	outside	the	research	context.	In	addition,	

additional	 prospective,	 adequately	 powered	 studies,	 conducted	 in	 multiethnic	

populations,	are	required	to	further	investigate	whether	the	detection	of	chromosomal	

polymorphic	variants	prior	to	assisted	conception	may	in	fact	be	a	futile	diagnostic	tool.	
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