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Abstract
Purpose:	To	determine	whether	 the	cycle	 regimens	 that	 are	used	 for	endometrial	
preparation	 are	 associated	with	 the	 birthweight	 (BW)	 after	 assisted	 reproductive	
technology	(ART)	using	frozen-	thawed	embryo	transfer	(FET).
Methods:	The	BW	of	singletons	who	were	born	by	ART	using	FET	was	compared	
retrospectively,	according	to	whether	a	FET	was	conducted	in	a	hormone	replace-
ment	therapy	cycle	(HRT,	n =	403)	or	an	ovulatory	cycle	(OVL,	n	=	117).	The	BW	after	
timed	intercourse	(NAT,	n	=	162)	also	was	investigated.
Results:	There	were	no	significant	differences	in	the	age	of	the	mothers,	percentage	
of	primiparas,	gestational	periods,	Body	Mass	Index,	and	sex	ratio	between	the	HRT	
and	OVL	cycles.	The	average	BW	from	HRT	was	significantly	greater	 than	 that	of	
OVL.	The	BW	from	HRT	was	also	greater,	compared	with	NAT,	while	statistical	sig-
nificance	was	not	achieved	between	OVL	and	NAT.	The	putative	factors	affecting	the	
BW,	such	as	ovarian	stimulation	protocols,	endometrial	thickness,	and	the	stage	and	
quality	of	embryos,	could	not	explain	the	difference	in	the	BW	between	the	HRT	and	
OVL	cycles.
Conclusion:	An	increased	BW	from	ART	using	FET	seems	to	be	ascribable	to	condi-
tions	of	the	endometrium,	but	not	cryopreservation	procedures	per	se,	which	might	
provide	a	mechanistic	framework	for	understanding	heavier	neonates	who	are	born	
by	FET.
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1  | INTRODUC TION

In	 the	 face	 of	 growing	 demand	 for	 assisted	 reproductive	 technol-
ogy	(ART),	the	potential	health	impact	on	babies	who	are	conceived	
through	 ART	 remains	 a	 still	 unresolved	 concern.	 To	 date,	 a	 large	
number	of	previous	works	have	provided	data	to	 indicate	that	the	
average	birthweight	after	ART	using	a	fresh	embryo	transfer	is	lower	
in	comparison	with	that	after	natural	conception.1-4	This	seems	to	be	
unchanged	when	an	analysis	is	restricted	to	singleton	babies.5

The	 first	 successful	 pregnancy	 using	 a	 frozen-	thawed	 embryo	
transfer	 (FET)	was	documented	in	1983.6	The	FET	enables	surplus	
embryos	 to	be	 stored	and	 the	number	of	embryos	per	 transfer	 to	
be	reduced,	which	leads	to	a	 lowering	of	the	risk	of	multiple	preg-
nancies.	Hence,	the	FET	is	now	the	most	common	way	as	an	adjunct	
to	in	vitro	fertilization	(IVF)	or	IVF/intracytoplasmic	sperm	injection.	
Interestingly,	there	is	increasing	evidence	to	suggest	that	frozen	em-
bryo	transfers	lead	to	heavier	babies,	compared	with	fresh	embryo	
transfers.2,7,8

In	the	present	study,	the	aim	was	to	gain	insight	into	a	possible	
mechanism	 of	 a	 link	 between	 ART	 practices	 using	 frozen-	thawed	
embryos	and	a	heavier	birthweight	 relative	 to	 fresh	embryos.	The	
FETs	were	performed	using	different	cycle	regimens;	that	is,	ovula-
tory	cycles	with	or	without	ovulation-	inducing	agents	or	artificially	
prepared	cycles	by	 the	administration	of	estrogen	alone,	 followed	
by	estrogen	in	combination	with	progestin,	which	involves	ovulation	
suppression	 (hormone	 replacement	 therapy	 [HRT]	 cycles).	 In	 this	
connection,	it	is	interesting	to	note	that	the	quantitative	morphology	
of	the	placenta	in	pregnancies	conceived	through	FET	is	apparently	
distinct	between	the	cycle	regimens;	that	is,	ovulatory	cycles	vs	HRT	
cycles.9	In	view	of	the	placenta	playing	crucial	roles	for	fetal	growth,	
it	was	asked	whether	the	birthweight	from	pregnancies	using	a	FET	
is	related	to	the	cycle	regimens	for	embryo	transfer.

2  | MATERIAL S AND METHODS

A	 retrospective	 study	 was	 carried	 out	 on	 523	 women	 from	 26-	
45	years	old	who	conceived	by	ART	and	gave	birth	at	≥37	weeks	of	
gestation.	Every	woman	who	participated	 in	this	study	had	no	ap-
parent	medical	complication	other	than	 infertility.	The	sample	was	
restricted	 to	 singleton	 live	 births.	 The	 ART	 procedures	were	 per-
formed	 in	Women’s	 Clinic	 Oizumigakuen,	 Tokyo,	 Japan,	 between	
September,	2006	and	July,	2016,	during	which	time	the	program’s	
protocols	 for	ART	were	 basically	 similar.	 The	main	 reasons	 for	 in-
fertility	were	unexplained	infertility,	including	a	low	ovarian	reserve	
that	was	mainly	due	to	ovarian	aging,	male	infertility,	female	factor	
infertility,	such	as	endometriosis	and	tubo-	peritoneal	factor.	Donor	
oocytes	were	not	used.	For	comparison,	162	women	who	achieved	a	
singleton	pregnancy	after	timed	intercourse,	with	or	without	fertility	
medication,	during	the	same	period	at	the	clinic,	and	who	gave	birth	
at	≥37	weeks	of	gestation	were	investigated.

The	women	who	conceived	by	ART	underwent	a	FET	 in	either	
a	 HRT	 cycle	 (406	 cases)	 or	 an	 ovulatory	 cycle	 (117	 cases).	 As	 no	

apparent	 differences	 in	 the	 implantation	 rate	 and	 pregnancy	 out-
come	were	 found	between	 the	HRT	and	OVL	cycles,10	 the	choice	
between	HRT	and	OVL	was	left	to	the	request	of	the	women	after	
being	given	sufficient	 information	of	 the	methods	 for	endometrial	
preparation.	When	using	HRT,	it	is	easier	to	plan	the	day	of	embryo	
transfer;	thus,	a	considerable	proportion	of	women	preferred	HRT.	
In	 addition,	 women	 with	 anovulation,	 irregular	 cycles,	 and	 older	
women	were	recommended	to	choose	HRT.

The	 stage	of	 the	 embryos	 that	were	 transferred	was	 either	 at	
the	cleavage	stage	or	blastocyst	stage.	The	HRT	cases	included	38	
cleavage-	stage	embryo	transfers	and	368	blastocyst	transfers,	while	
the	OVL	cases	consisted	of	30	cleavage-	stage	embryo	transfers	and	
87	 blastocyst	 transfers.	 For	 egg	 collection,	 the	 following	 ovarian	
stimulation	 protocols	 were	 used:	 clomiphene	 citrate,	 clomiphene	
citrate	+	gonadotropin,	gonadotropin	+	gonadotropin-	releasing	hor-
mone	(GnRH)	agonist,	or	gonadotropin	+	GnRH	antagonist.	In	a	small	
number	of	cases,	the	eggs	were	collected	in	the	natural	cycle.

For	artificially	controlled	endometrial	preparation,	estrogen	and	
progestin	 were	 administered	 consecutively.	 Specifically,	 estrogen	
administration	was	started	from	day	2	in	the	menstrual	cycle	onward	
every	day.	It	was	given	until	the	endometrium	reached	a	thickness	of	
8	mm,	as	measured	by	a	 transvaginal	ultrasound,	 followed	by	pro-
gestin	being	 combined	 to	 initiate	 the	 secretory	 changes.	Estrogen	
was	 administered	 as	 oral	 tablets	 of	 estradiol	 valerate	 or	 estradiol	
transdermal	plasters	in	increasing	doses	so	as	to	suppress	dominant	
follicle	development,	which	was	confirmed	on	ultrasonic	examina-
tion.	Both	estrogen	 (estradiol	 transdermal	plasters)	and	progestins	
were	 administered	 as	 luteal	 phase	 support.	 The	 serum	concentra-
tions	 of	 progesterone	 on	 the	 day	 of	 embryo	 transfer	 in	 the	 OVL	
cases	exceeded	well	above	the	physiological	concentrations	that	are	
found	in	the	luteal	phase,	while	those	in	the	HRT	cases	were	compa-
rable	to	those	corresponding	to	the	same	period	of	the	natural	cycle,	
as	was	confirmed	by	measuring	the	hormone.	From	the	day	of	em-
bryo	transfer,	chlormadinone	acetate	was	added	to	vaginal	proges-
terone.	Chlormadinone	acetate	was	 replaced	with	dydrogesterone	
after	confirming	a	positive	pregnancy	test.	Luteal	phase	support	was	
sustained	until	9	weeks’	 gestation	ended.	 In	 the	OVL	cases,	drugs	
to	promote	the	development	of	the	ovarian	follicles,	such	as	clomi-
phene	citrate,	gonadotropin	etc.	were	not	given,	except	human	cho-
rionic	 gonadotropin	 (hCG)	 administration	 to	 trigger	ovulation.	The	
luteal	phase	was	 supported	by	vaginal	progesterone	 from	 the	day	
of	the	hCG	injection	with	dydrogesterone	being	co-	administered	on	
the	day	of	the	FET	onward.	If	a	pregnancy	test	was	positive,	luteal	
phase	support	continued	until	the	9	weeks’	gestation	was	over.

The	maximal	endometrial	thickness	was	defined	as	the	thickness	
of	the	endometrium	on	the	last	day	of	estrogen-	alone	administration	
in	the	HRT	cases	and	on	the	day	of	hCG	injection	in	the	OVL	cases.	
The	endometrial	thickness	was	measured	in	the	mid-	sagital	plane	by	
a	transvaginal	ultrasound.

The	frozen-	thawed	embryos	that	were	used	in	the	present	study	
were	either	early-	stage	embryos	or	blastocysts.	The	blastocysts	that	
were	 transferred	were	 graded	based	on	Gardner’s	 classification.11 
The	 cleavage-	stage	 embryos	were	 classified	 based	 on	 the	 criteria	
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introduced	 by	Veeck12.	 A	 single	 embryo	 transfer	was	 used	 as	 the	
basic	 procedure.	 However,	 multiple	 embryos	 were	 transferred	 in	
limited	particular	cases.	When	multiple	embryos	were	transferred,	
a	top-	quality	embryo	was	regarded	as	the	embryo	grade	of	the	case.

The	data	were	analyzed	by	using	EZR	software	(a	modified	ver-
sion	 of	 R	 commander).	 P <	.05	 was	 considered	 to	 be	 statistically	
significant.	The	study	was	approved	by	the	institutional	ethics	com-
mittee	managed	in	Lenia	Medical	Corporation.	All	the	patients	gave	
informed	consent	to	participate	in	this	study.

3  | RESULTS

The	 maternal	 characteristics	 and	 perinatal	 outcomes	 by	 different	
cycle	regimens	are	shown	in	Table	1.	The	average	birthweight	in	the	
HRT	 cases	 was	 3133.0	±	374.6	g,	 which	 was	 significantly	 heavier	
than	that	in	the	OVL	cases	(2996.9	±	304.9	g;	P	<	.01).	The	average	
birthweight	 in	the	HRT	cases	was	significantly	heavier	than	that	 in	
the	NAT	cases	 (3040.9	±	354.8	g;	P	<	.05).	 In	contrast,	 the	average	
birthweight	in	the	OVL	cases	tended	to	be	smaller	than	that	in	the	
NAT	cases,	but	a	statistical	significance	was	not	reached.	No	signifi-
cant	difference	in	the	maternal	age	at	delivery	was	noted	between	
the	HRT	cases	and	the	OVL	cases.	The	duration	of	gestation	is	one	

of	 the	 determinants	 of	 the	 birthweight.	 The	 average	 gestational	
periods	of	 the	HRT	cases	 and	 the	OVL	cases	were	 comparable	 ie,	
(276.0	±	8.8	days	and	274.8	±	7.3	days,	respectively).	It	is	known	that	
the	birthweight	with	primiparous	women	 is	 lighter,	 compared	with	
that	of	multiparous	women.	The	percentage	of	primiparous	women	
was	71.4%	for	the	HRT	cases	and	73.5%	for	the	OVL	cases;	no	signifi-
cant	difference	was	observed.	Parity	bias,	therefore,	was	unable	to	
explain	the	observed	difference	between	the	two	groups.	The	mater-
nal	Body	Mass	Index	(BMI)	is	known	to	have	an	association	with	the	
birthweight.	In	the	present	study,	the	mean	maternal	BMI	value	was	
20.8	for	the	HRT	cases	and	20.4	for	the	OVL	cases,	there	being	no	
significant	difference.	Maternal	complications	might	affect	the	birth-
weight.	The	incidence	rate	of	gestational	diabetes	mellitus	was	2.8%	
for	the	HRT	cases	and	3.2%	for	the	OVL	cases;	no	difference	was	ob-
served.	In	contrast,	the	incidence	rate	of	pregnancy-	induced	hyper-
tension	was	13.0%	for	the	HRT	cases,	which	was	significantly	higher	
compared	with	the	OVL	cases	(6.5%).	However,	even	if	analyzed	by	
excluding	the	cases	with	these	complications,	a	significant	difference	
in	the	birthweight	between	the	two	groups	was	still	noted.

The	body	weight	of	 the	neonates	who	were	born	through	FET	
in	the	HRT	cases	vs	the	OVL	cases	was	investigated	by	the	length	
of	gestation	(Figure	1).	First	of	all,	 it	was	confirmed	that	there	was	
no	 difference	 in	 the	 distribution	 of	 the	 number	 of	 births	 for	 the	

Variable

Cryopreserved ET

Natural pregnancyHRT cycle Ovulatory cycle

Number	of	patients 406 117 162

Birthweight	(g) 3133.0	±	374.6a,c 2996.9	±	304.9b 3040.9	±	354.8d

Age	at	delivery 36.2	±	3.4a 35.6	±	3.4c 34.2	±	3.7b,d

Gestational	age	(days) 276.0	±	8.8 274.8	±	7.3 275.9	±	7.9

Number	of	primiparous	
women	(%)

290	(71.4) 86	(73.5) 119	(73.5)

Maternal	BMI 20.8	±	2.8 20.4	±	2.2 20.4	±	2.3

BMI,	body	mass	index;	ET,	embryo	transfer;	HRT,	hormone	replacement	therapy.
Values	are	expressed	as	the	mean	±	standard	deviation.
a	vs	b,	P	<	.01;	c	vs	d,	P < .05.

TABLE  1 Maternal	and	perinatal	
characteristics	according	to	the	treatment	
modality	for	infertility

F IGURE  1 Comparison	of	the	mean	
birthweight	of	neonates	who	were	born	
by	assisted	reproductive	technology	(ART)	
using	frozen-	thawed	embryo	transfer	
(FET)	in	hormone	replacement	therapy	
(HRT)	cycles	or	ovulatory	(OVL)	cycles	and	
neonates	without	ART.	The	birthweight	
is	shown	for	each	gestational	week.	a	vs	
b,	P	<	.01;	c	vs	d,	P	<	.05.	NTR,	natural	
pregnancy
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respective	number	of	gestational	weeks	between	 the	 two	groups.	
Besides,	the	distribution	of	the	number	of	births	between	the	two	
groups	was	not	significantly	different,	as	compared	with	the	distri-
bution	of	 the	cases	conceived	by	 timed	 intercourse.	Next,	 the	av-
erage	birthweight	 in	 the	HRT	 cases	 vs	 that	 in	 the	OVL	 cases	was	
investigated	 at	 each	 gestational	 period,	 ranging	 from	37	weeks	 to	
≥40	weeks.	The	neonates	in	the	HRT	cases	seemed	to	be	heavier	at	
respective	gestational	weeks,	 compared	with	 the	OVL	cases,	with	
a	significant	difference	being	observed	at	≥40	weeks	(P	<	.01).	The	
weight	of	the	neonates	who	were	born	following	timed	intercourse	
was	further	examined.	The	neonates	in	the	HRT	cases	were	heavier	
at	any	gestational	period	relative	to	the	NAT	cases,	with	a	statisti-
cally	significant	difference	noted	at	38	weeks’	gestation	(P	<	.05).	No	
discernible	difference	 in	 the	birthweight	was	seen	 for	each	gesta-
tional	week	between	the	OVL	cases	and	the	NAT	cases.

The	endometrial	thickness	has	been	shown	to	be	an	ART-	related	
factor	 that	 influences	newborns’	weight.13	Therefore,	 the	maximal	
endometrial	 thickness	 was	 compared	 between	 the	 HRT	 cases	 vs	
the	 OVL	 cases.	 The	 average	 maximal	 endometrial	 thickness	 was	
10.5	±	2.1	mm	in	the	HRT	cases	and	10.6	±	2.3	mm	in	the	OVL	cases,	
with	no	difference	according	to	the	cycle	regimen.	Table	2	provides	
a	comparison	of	the	birthweight	 in	each	protocol	for	ovarian	stim-
ulation	between	the	HRT	cases	vs	the	OVL	cases.	The	birthweight	
for	a	particular	protocol	was	never	significantly	heavier	than	that	for	
other	protocols	within	the	HRT	group	or	the	OVL	group.	But,	when	
compared	with	the	birthweight	between	the	groups,	the	birthweight	
of	 the	HRT	group	 tended	 to	be	heavier	 in	all	protocols,	 compared	
with	those	of	the	OVL	group,	a	significant	difference	being	observed	
for	the	GnRH	antagonist	protocol	(P	<.	01).

There	 exist	 conflicting	 data	 as	 to	 whether	 or	 not	 the	 embryo	
stage	 to	 be	 transferred	 (ie,	 the	 cleavage	 stage	 vs	 the	 blastocyst	
stage)	impacts	on	the	birthweight.14,15	In	this	study,	the	birthweight	
of	neonates	who	were	born	from	a	cleavage-	stage	embryo	transfer	

vs	a	blastocyst	transfer	was	compared	(Table	3).	There	was	no	signif-
icant	difference	in	the	birthweight	between	the	neonates	who	were	
born	from	cleavage-	stage	embryos	vs	blastocysts	in	the	HRT	cases	
and	the	OVL	cases.	Focusing	on	the	blastocyst	transfers,	the	average	
birthweight	of	the	HRT	cases	was	significantly	heavier	than	that	of	
the	OVL	cases	(P	<	.01).	Furthermore,	the	average	birthweight	from	
the	blastocyst	transfers	in	the	HRT	cases	was	significantly	heavier,	
compared	with	that	from	the	cleavage-	stage	embryo	transfer	in	the	
OVL	 cases	 (P	<	.01).	When	 looking	 at	 the	 cleavage-	stage	 embryo	
transfers,	 the	 average	 birthweight	 of	 the	HRT	 cases	was	 heavier,	
compared	with	that	of	the	OVL	cases,	but	it	did	not	reach	a	signifi-
cant	difference.

Although	a	better	embryo	quality	is	known	to	be	correlated	with	
an	increase	in	implantation	and	live	birth	rates,11,16	it	is	still	an	open	
question	whether	the	grade	of	blastocyst	development	at	transfer	is	
related	to	the	birthweight	or	not.	Blastocysts	were	graded	according	
to	the	criteria	of	Gardner	(Table	4).	The	inner	cell	mass	(ICM)	grade	A	

TABLE  2 Mean	birthweight	in	each	ovarian	stimulation	protocol

Category Cycle N (%) Birthweight

Natural HRT 9	(1.7) 3201.3	±	478.6

OVL 1	(0.2) 2902.0

Clomiphene	citrate HRT 10	(1.7) 3056.3	±	394.5

OVL 6	(1.2) 3022.3	±	544.5

Clomiphene	citrate	+	
gonadotropin

HRT 102	(19.5) 3160.9	±	350.9

OVL 15	(2.9) 3012.5	±	228.3

GnRH	agonist HRT 111	(21.2) 3060.5	±	350.8

OVL 39	(7.5) 3022.9	±	268.4

GnRH	antagonist HRT 172	(32.9) 3167.6	±	393.5a

OVL 56	(10.7) 2973.7	±	323.6b

GnRH,	 gonadotropin-	releasing	 hormone;	 HRT,	 hormone	 replacement	
therapy;	OVL,	ovulatory.
Values	are	expressed	as	the	mean	±	standard	deviation.
a	vs	b,	P < .01.
Two	cases	in	the	HRT	group	who	were	undergoing	other	ovarian	stimu-
lation	protocols	are	deleted	from	the	table.

TABLE  3 Comparison	of	birthweights	between	the	cleavage-	
stage	embryos	and	blastocysts	in	different	cycle	regimens

Stage Cycle N (%) Birthweight

Cleavage HRT 38	(9.4) 3082.4	±	287.7

OVL 30	(25.6) 2959.3	±	411.4

Blastocyst HRT 368	(90.6) 3138.3	±	382.4a

OVL 87	(74.4) 3009.9	±	260.1b

HRT,	Hormone	replacement	therapy;	OVL,	ovulatory.
Values	are	expressed	as	the	mean	±	standard	deviation.
a	vs	b,	P < .01.

TABLE  4 Comparison	of	mean	birthweight	by	embryo	grade	in	
pregnancies	after	frozen-	thawed	blastocyst	transfer

Variable Cycle N (%) Birthweight

ICM	Grade

A HRT 140	(38.0) 3088.7	±	387.8a

Non-	A 228	(62.0) 3168.7	±	376.6b

A OVL 23	(26.4) 2937.5	±	253.3

Non-	A 64	(73.6) 3036.0	±	259.5

A Total 163	(35.8) 3067.4	±	374.9a

Non-	A 292	(64.2) 3139.6	±	358.1b

TE	Grade

A HRT 148	(40.2) 3156.4	±	415.6

Non-	A 220	(59.8) 3126.1	±	358.8

A OVL 22	(25.3) 3041.5	±	216.1

Non-	A 65	(74.7) 2999.2	±	274.1

A Total 170	(37.4) 3141.5	±	396.9

Non-	A 285	(62.6) 3097.1	±	345.0

HRT,	Hormone	replacement	therapy;	ICM,	inner	cell	mass;	OVL,	ovula-
tory;	TE,	trophectoderm.
Values	are	expressed	as	the	mean	±	standard	deviation.
a vs b; P < .05.
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accounted	for	38.0%	in	the	HRT	cases	and	26.4%	in	the	OVL	cases,	
with	the	rest	being	non-	A	(B	or	C).	The	ratio	of	A	was	significantly	
higher	in	the	HRT	cases	(P	<.	05).	As	for	trophectoderm	(TE)	grading,	
the	 ratio	of	A	was	30.4%	 in	 the	HRT	cases	and	19.5%	 in	 the	OVL	
cases,	 there	 being	 a	 significant	 difference	 (P	<	.05).	Unexpectedly,	
the	 transfer	 of	 blastocysts	with	 ICM	 grade	 non-	A	was	 associated	
with	a	heavier	birthweight,	compared	with	those	with	ICM	grade	A	
(P	<	.05).	 In	contrast,	the	TE	grade	(ie,	A	or	non-	A)	was	not	related	
to	 the	 birthweight	 in	 both	 groups.	 Regarding	 the	 cleavage-	stage	
embryos,	 the	 percentage	 of	 grade	 1	was	 31.6%	 in	 the	HRT	 cases	
and	26.7%	 in	 the	OVL	cases,	 the	difference	 lacking	 statistical	 sig-
nificance.	No	appreciable	difference	was	 found	 in	 the	birthweight	
between	the	grade	1	embryos	and	the	embryos	other	than	grade	1	
in	each	group.	Thus,	as	far	as	frozen	embryo	transfers	are	concerned,	
the	grading	of	cleavage-	stage	embryos	seems	to	have	no	correlation	
with	the	birthweight.

In	general,	a	female	newborn	is	lighter	in	weight	than	a	male	new-
born.	 The	male-	to-	female	 ratio	was	 1:22	with	 the	HRT	 cases	 and	
1:34	 with	 the	 OVL	 cases.	 Although	 no	 significant	 difference	 was	
found	between	the	two	groups,	the	ratio	of	boys	tended	to	be	higher	
with	the	OVL	cases,	which	could	rather	discount	the	possibility	that	
the	sex	ratio	bias	could	be	an	explanation	for	the	observed	differ-
ence	between	the	two	groups.

4  | DISCUSSION

Here	 it	 is	demonstrated	that	 the	birthweight	 that	arises	 from	ART	
using	frozen-	thawed	embryos	is	related	to	the	cycle	regimens	of	the	
FET.	More	precisely,	the	babies	who	are	born	from	a	FET	in	HRT	cy-
cles	are	heavier,	compared	with	those	born	from	a	FET	in	ovulatory	
cycles.	Thus	 far,	 several	papers	 stated	 that	babies	who	were	born	
through	frozen-	thawed	embryos	were	heavier,	compared	with	fresh	
embryos.	Frozen-	thawed	embryos	are	transferred	in	either	an	ovula-
tory	cycle	or	a	HRT	cycle.	In	most	of	the	previous	articles	that	exam-
ined	the	birthweight	of	babies	who	were	born	after	a	FET,	the	data,	
however,	were	analyzed	by	combining	the	cases	of	both	the	ovula-
tory	cycle	transfers	and	the	HRT	cycle	transfers	together.	Currently,	
a	FET	is	mostly	conducted	in	a	HRT	cycle,	while	a	fresh	embryo	is	
transferred	 in	an	egg-	collecting	cycle;	 that	 is,	 a	non-	HRT	cycle.	 In	
the	present	study,	though	babies	who	were	born	from	fresh	embryos	
were	not	 looked	at,	 the	data	presented	here	might	help	to	explain	
why	babies	who	are	born	using	frozen-	thawed	embryos	are	heavier	
than	 those	 born	 using	 fresh	 embryos.	 Put	 differently,	 the	 present	
results	raise	a	possibility	that	the	heavier	birthweight	of	babies	who	
are	born	by	the	use	of	frozen-	thawed	embryos,	in	comparison	with	
fresh	embryos,	could	be,	at	least	in	part,	explained	by	the	difference	
in	endometrial	preparation	for	embryo	transfer;	that	is,	a	HRT	cycle	
vs	a	non-	HRT	cycle.

There	is	accumulating	evidence	to	suggest	that	infertile	women,	
if	 they	 get	 pregnant	with	or	without	medical	 assistance,	 including	
ovulation	induction,	ART	using	fresh	embryos,	and	so	on	have	smaller	
babies,	compared	with	non-	infertile	women.5	This	implies	that	ART	

using	a	fresh	embryo	transfer	does	not	seem	to	solve	the	perplex-
ing	 problem	 that	 babies	who	 are	 born	 of	 infertile	women	 tend	 to	
be	smaller.	Interestingly,	the	nationwide	study	in	Japan	showed	that	
babies	who	were	born	through	a	FET	were	heavier,	as	compared	to	
those	who	were	born	through	fresh	embryo	transfers	and	all	the	ba-
bies	who	were	born	in	Japan	during	the	same	period.2	In	this	study,	
all	the	babies	who	were	born	in	Japan	included	babies	born	of	both	
infertile	and	non-	infertile	women,	but	most	babies	were	thought	to	
be	 born	 of	 the	 non-	infertile	women.	 Thus,	 one	might	 expect	 that	
ART	by	using	a	FET	could	be	one	of	the	solutions	to	the	problem	of	
smaller	babies	that	is	inherent	in	pregnancies	after	infertility.

In	the	above-	mentioned	article	from	the	study	in	Japan	that	ex-
amined	the	birthweight	of	babies	who	were	born	after	a	FET,	they,	
however,	did	not	clearly	distinguish	the	birthweight	data	according	
to	different	cycle	protocols;	that	is,	HRT	cycles	or	ovulatory	cycles.2 
Nevertheless,	 regarding	 the	neonates	who	were	born	after	a	FET,	
they	notably	documented	that	the	weight	of	neonates	 in	pregnan-
cies	 after	 treatment	 with	 estrogen	 combined	 with	 progesterone	
for	 luteal	phase	 support	was	heavier,	 compared	with	 that	without	
any	luteal	phase	support	or	those	undergoing	luteal	phase	support	
without	estrogen.	In	this	context,	treatment	with	estrogen	combined	
with	progesterone	and	no	treatment	or	treatment	without	estrogen	
during	 the	 luteal	 phase	 probably	 could	 be	 regarded	 as	 the	 cases	
with	a	HRT	cycle	transfer	and	ovulatory	cycle	transfer,	respectively.	
Viewed	in	this	light,	the	article	from	Japan	seems	to	be	in	line	with	
this	study’s	results.

There	is	an	article	from	China	that	compared	the	birthweight	of	
pregnancies	 achieved	 through	 frozen-	thawed	 embryos	 that	 were	
transferred	in	natural	cycles	vs	hormonally	stimulated	cycles.17 The 
article	 concluded	 that	 there	was	 no	 difference	 in	 the	 birthweight	
between	 the	 two	 groups.	 However,	 there	 are	 several	 differences	
in	 the	 study	methods	 between	 the	 article	 and	 this	 study.	 For	 ex-
ample,	most	of	the	embryos	were	transferred	as	blastocysts	in	this	
study,	 while	 the	 Chinese	 group	 used	 exclusively	 cleavage-	stage	
embryos.	Furthermore,	 they	analyzed	 the	data	by	combining	 term	
babies	with	 preterm	babies	 and	 stimulated	 the	 endometrium	only	
in	 those	 women	 with	 a	 menstrual	 irregularity.	 Therefore,	 the	 av-
erage	 gestational	 period	 in	 the	 study	 from	China	was	 shorter	 for	
7-	10	days,	 compared	with	 the	 current	 study’s	 data.	When	 consid-
ering	 menstrual	 irregularity,	 polycystic	 ovary	 syndrome	 (PCOS)	 is	
the	most	representative	disorder	manifesting	the	symptom.	Several	
lines	of	evidence	have	 implicated	that	PCOS	often	 is	accompanied	
with	an	endometrial	abnormality.18,19	If	this	is	actually	the	case,	such	
an	endometrium	might	not	acquire	sufficient	receptivity,	even	if	the	
endometrium	is	stimulated	by	exogenous	sex	steroids.	Collectively,	
it	seems	difficult	to	compare	this	study’s	data	with	those	from	the	
Chinese	group	head-	to-	head.

The	 birthweight	 is	 affected	 by	 multiple	 factors,	 such	 as	 ma-
ternal	 age,	 being	 infertile	 before	 conception,	 parity,	 duration	 of	
gestation,	 medical	 complications	 of	 the	 mother,	 the	 baby’s	 sex,	
chromosomal	 abnormalities	 of	 the	 baby	 etc.	 A	 significant	 differ-
ence	 in	 the	 birthweight	 between	 the	 HRT	 group	 and	 the	 ovula-
tory	 group	was	 found.	This	 finding	 seems	 to	be	 solid,	 considering	
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that	the	known	confounding	factors	that	influence	the	birthweight	
were	well	balanced	 in	 the	 two	groups.	 In	contrast,	 the	proportion	
of	 low-	birthweight	neonates	 (<2500	g)	 did	not	differ	between	 the	
two	groups.	Therefore,	it	is	conceivable	that	the	difference	in	birth-
weight	could	not	be	explained	by	the	delay	in	the	development	oc-
curring	in	certain	limited	fetuses,	but	it	is	rather	better	to	interpret	
that	a	slight	developmental	delay	appears	to	occur	in	a	considerable	
proportion	of	fetuses.

Various	 literature	 has	 documented	 the	 methods	 for	 endome-
trium	preparation	 for	 a	 FET.	As	 a	whole,	 no	 significant	 difference	
could	be	found	among	the	different	cycle	regimens	in	terms	of	the	
clinical	pregnancy	rate,	live	birth	rate,	and	so	on.20	At	present,	how-
ever,	 regarding	 the	 birthweight,	 no	 conclusion	 has	 been	 drawn	 to	
indicate	 that	 one	 particular	 regimen	 is	 superior	 to	 another.	 In	 the	
authors’	clinic,	estrogen	was	administered	that	started	on	day	2	 in	
the	menstrual	cycle	as	oral	tablets	of	estradiol	valerate	or	estradiol	
transdermal	plasters	in	increasing	doses	so	as	to	suppress	dominant	
follicle	development,	 followed	by	 the	co-	administration	of	proges-
terone	as	vaginal	suppositories	 in	addition	to	synthetic	progestins.	
At	 present,	 it	 remains	 to	 be	 determined	 concerning	 the	 relation-
ship	between	how	to	manipulate	the	endometrium	and	newborns’	
weight.

So	far,	mixed	reports	have	existed	regarding	the	birthweight	after	
ART	in	relation	to	the	length	of	culture	for	the	transferred	embryos.	
A	previous	article	suggested	that	the	birthweight	was	likely	to	be	de-
creased	with	a	blastocyst	transfer,	compared	with	a	cleavage-	stage	
embryo	transfer.14	According	 to	a	 recent	article,	 this	 finding	could	
be	 true	 for	 a	 frozen	 embryo	 transfer,	 but	 not	 for	 a	 fresh	 embryo	
transfer.21	In	stark	contrast,	the	article	from	the	Japanese	group	de-
scribed	that	a	higher	risk	of	a	low	birthweight	was	associated	with	a	
cleavage-	stage	embryo	transfer,	compared	with	a	blastocyst	trans-
fer,	 in	ART	using	 a	 fresh	 embryo	 transfer,	 but	 this	was	 not	 found	
with	a	FET.2	The	data	presented	here	showed	that	as	far	as	frozen-	
thawed	embryos	were	used,	no	apparent	difference	in	birthweight	
was	noted	between	the	blastocysts	and	cleavage-	stage	embryos.	To	
make	matters	more	complicated,	the	present	results	demonstrated	
that,	limiting	the	discussion	to	a	frozen-	thawed	blastocyst	transfer,	
the	birthweight	of	the	HRT	cycle	group	was	significantly	heavier,	as	
compared	with	that	of	the	ovulatory	cycle	group,	implying	that	the	
birthweight	 through	whichever	 cleavage-	stage	embryo	 transfer	or	
blastocyst	transfer	might	be	further	affected	by	the	endometrial	sta-
tus,	in	addition	to	whether	the	embryos	are	fresh	or	frozen-	thawed.	
At	present,	it	is	difficult	to	explain	the	reason	for	the	inconsistent	re-
sults	from	different	study	groups.	Perhaps,	it	might	be	that	the	stage	
of	the	embryo	could	be	associated	with	the	birthweight	to	such	an	
extent	that	it	might	be	considerably	perturbed	or	readily	canceled	in	
the	context	of	a	variety	of	ART	procedures.

Here	it	was	asked	whether	this	study’s	observation	that	the	dif-
ference	 in	birthweight	between	 the	HRT	group	and	 the	ovulatory	
group	 being	 found	only	with	 a	 blastocyst	 transfer,	 but	 not	with	 a	
cleavage-	stage	embryo	transfer,	has	a	pivotal	meaning	or	an	inciden-
tal	 finding.	When	 focusing	on	 the	cleavage-	stage	embryo	 transfer	
cases,	 the	 ratio	of	 the	average	birthweight	 in	 the	ovulatory	group	

to	that	in	the	HRT	group	was	0.96,	which	was	almost	the	same	with	
the	 blastocyst	 transfer	 cases.	Accordingly,	 a	 possible	 reason	 for	 a	
non-	significant	difference	in	the	birthweight	for	the	cleavage-	stage	
transfer	 between	 the	 two	 different	 cycle	 regimens	 might	 be	 the	
number	of	cleavage-	stage	transfer	cases	being	smaller	 in	compari-
son	with	that	of	the	blastocyst	transfer	cases.	Viewed	this	way,	the	
authors	feel	that	manipulation	of	the	endometrium	could	affect	the	
weight	of	neonates,	regardless	of	the	culturing	period	of	the	embryo.

Although	it	 is	known	that	the	transfer	of	embryos	with	a	good	
quality	leads	to	an	increased	implantation	rate,	it	is	an	open	question	
as	to	how	the	embryo	quality	is	associated	with	the	birthweight.	In	
this	connection,	a	previous	study	that	examined	224	ART	cases	who	
were	undergoing	a	single	fresh	blastocyst	transfer	reported	that	the	
blastocysts	with	a	more	advanced	inner	cell	mass	(ICM)	went	on	to	
become	heavier	babies,	compared	with	those	with	a	less	advanced	
ICM.	 In	contrast,	 the	 trophectoderm	grade	was	not	 related	 to	 the	
birthweight.22	In	this	study,	when	the	ICM	grade	of	the	blastocysts	
was	 divided	 into	 “A”	 and	 “non-	A,”	 the	 percentage	 of	 grade	 non-	A	
was	62.0%	for	 the	HRT	group	and	73.6%	for	 the	ovulatory	group.	
Unexpectedly,	 the	blastocysts	of	non-	A	grade	were	 rather	 associ-
ated	with	a	heavier	birthweight	relative	to	the	A	grade.	That	is,	de-
spite	a	lower	percentage	of	non-	A	for	the	HRT	group,	compared	with	
the	ovulatory	group,	the	birthweight	of	the	HRT	group	was	greater,	
which	 could	 reduce	 the	possibility	 that	 the	 greater	 birthweight	of	
the	HRT	group	would	be,	at	least	in	part,	explained	by	a	biased	ratio	
of	the	ICM	grade	of	the	blastocysts	that	were	transferred.	The	key	
question	is	how	the	grade	of	ICM	is	related	to	the	birthweight.	The	
cited	 study	 found	 a	 relationship	 between	 the	 ICM	 grade	 and	 the	
birthweight	when	a	single	fresh	embryo	was	transferred.22	But,	this	
was	not	the	case	with	frozen-	thawed	blastocysts,	possibly	because	
of	the	low	number	of	cases.	In	this	study,	only	the	cases	with	a	FET	
were	dealt	with	and,	therefore,	the	status	of	the	endometrium	dif-
fered	 between	 the	 two	 studies.	 These	 considerations	 imply	 that	
both	 studies	 should	 not	 be	 taken	 as	 contradicting	 each	 other.	 In	
addition,	the	difference	in	birthweight	between	grade	A	and	non-	A	
that	was	 observed	 in	 the	 present	 study	was	 of	 borderline	 signifi-
cance.	 Accordingly,	 it	 is	 possible	 that	 an	 association	 of	 the	 non-	A	
grade	with	a	heavier	birthweight	might	be	a	random	finding.

The	 placenta	 plays	 a	 variety	 of	 roles	 to	 support	 fetal	 growth	
and	development,	carrying	gas,	nutrition,	waste	materials	across	a	
mother	and	her	fetus,	and	serving	as	an	 immunological	barrier	be-
tween	 them.	 The	 present	 findings	 leave	 open	 the	 possibility	 that	
there	might	be	differences	in	the	functions	of	the	placenta	between	
HRT	 cycle	 transfers	 and	 ovulatory	 cycle	 transfers.	 In	 view	 of	 the	
pleiotropic	functions	of	the	placenta,	it	is	extremely	difficult	to	ex-
plore	this	possibility.	One	way	to	address	the	question	is	histological	
observations	of	 the	placenta.	 In	 this	 regard,	 the	 findings	 from	 the	
laboratory	of	Hamamatsu	University	in	Japan	are	noteworthy.	They	
revealed	that	the	morphology	of	the	placental	basal	plate	in	pregnan-
cies	following	a	FET	that	was	conducted	in	HRT	cycles	differs	when	
compared	with	a	FET	that	was	conducted	in	ovulatory	cycles.9 More 
precisely,	compared	with	a	FET	in	ovulatory	cycles,	the	placenta	that	
was	obtained	from	a	FET	in	HRT	cycles	exhibited	the	thickened	Rohr	
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fibrinoid	layer	that	is	located	between	the	villous	structure	and	the	
extravillous	trophoblast	layer,	concomitant	with	thinning	of	the	de-
cidual	layer.	At	present,	it	is	far	from	clear	how	to	relate	the	morpho-
logical	findings	to	the	differential	birthweight	between	the	different	
cycle	regimens	for	embryo	transfer.	But,	what	the	authors	would	like	
to	emphasize	here	is	that	using	frozen	embryos	was	common	in	both	
HRT	cycle	cases	and	ovulatory	cycle	cases,	implying	that	the	differ-
ences	in	the	tissue	construction	of	the	placenta	might	be	attributed	
to	different	endometrial	preparation	for	transfer.	In	other	words,	the	
endometrial	status	around	the	 implantation	period	could	 influence	
the	formation	of	the	placenta,	the	biological	phenomenon	occurring	
a	long	time	after	the	implantation	period.

The	decidua,	 the	maternal	part	of	 the	placenta,	participates	 in	
regulating	trophoblast	 invasion	 into	the	uterine	wall,	 thus	avoiding	
trophoblast	cells	going	too	deep	beyond	the	decidual	layer	into	the	
myometrium,	a	pathological	condition	known	as	“placenta	accreta.”	
In	contrast,	a	shallow	invasion	of	the	trophoblast	cells	results	in	pre-
eclampsia.	In	either	circumstance,	the	decidua	is	underdeveloped	in	
association	with	restricted	fetal	growth.23	One	article	indicated	the	
association	of	 the	 thinned	decidual	 layer	with	 pregnancies	 after	 a	
FET	in	HRT	cycles.9	This	seemed	to	stand	in	contrast	to	the	current	
findings	that	the	birthweight	of	the	HRT	group	was	higher	relative	
to	the	ovulatory	group.	One	tentative	explanation	for	this	inconsis-
tency	might	be	that	the	underdevelopment	of	the	deciduas,	within	
the	extent	of	causing	obstetrical	complications,	such	as	placenta	ac-
creta,	 preeclampsia,	 and	 so	on	might	 rather	 allow	 the	 trophoblast	
cells	 to	 proliferate	 and	 invade	 to	 a	 higher	 degree,	 resulting	 in	 the	
birth	of	heavier	babies.	This	interpretation	requires	future	verifica-
tion	because	so	far	there	is	no	surety	as	to	whether	current	obstet-
rical	knowledge	could	be	applied	to	the	discussion	of	feto-	maternal	
interactions	and	he	pathophysiology	of	the	placenta	in	pregnancies	
that	 are	 achieved	 after	 too	much	 artificial	manipulation,	 including	
controlled	 ovarian	 hyperstimulation,	 freezing	 and	 thawing	 of	 em-
bryos,	and	their	transfer	in	completely	hormonally	controlled	cycles.

A	question	remains	as	to	why	babies	arising	from	a	FET	in	HRT	
cycles	are	born	heavier	in	comparison	with	those	who	are	born	from	
ovulatory	cycles.	As	already	mentioned,	the	babies	who	are	born	of	
infertile	women	in	general	tend	to	be	lighter,	as	compared	with	non-	
infertile	women.	The	endometrial	histology	of	infertile	women,	even	
though	 the	menstrual	 cycle	 is	 seemingly	 ovulatory,	 often	 exhibits	
the	finding	unfavorable	for	implantation,	which	might	be	a	reflection	
of	subtle	ovarian	dysfunction.24	These	findings	led	to	the	following	
hypothesis.	The	endometrial	abnormalities	could	be	causally	related	
to	infertility	on	the	one	hand	and,	if	pregnancy	were	achieved,	could	
have	a	mild	influence	on	the	development	of	the	fetus	on	the	other	
hand.	 If	 this	 actually	 could	 be	 the	 case,	 administering	 sufficient	
amounts	 of	 sex	 steroid	 hormones	 sequentially	 after	menstruation	
to	infertile	women	might	correct	the	endometrial	abnormalities	that	
are	 often	 associated	with	 infertile	women.	However,	 this	 remains	
open	to	criticism	at	the	moment.

Based	on	the	data	presented	herein,	it	is	surmised	that	a	FET	
in	 hormonally	 regulated	 cycles	 could	 mitigate	 the	 negative	 side	
that	is	related	to	ART	using	fresh	embryos.	This	is,	however,	highly	

speculative	at	the	present	time	because	it	still	remains	to	be	seen	
whether	 infants	 born	 by	 a	 FET	 in	 hormonally	 regulated	 cycles	
actually	could	be	associated	with	better	health	outcomes.	 In	ad-
dition,	another	point	of	discussion	should	be	taken	into	consider-
ation	when	it	comes	to	the	dissemination	of	a	FET	in	hormonally	
regulated	 cycles.	 For	 instance,	 it	 is	 of	 note	 that	 this	 technology	
was	suggested	to	be	linked	with	an	increased	amount	of	bleeding	
during	birth.9	Besides,	a	higher	incidence	of	placenta	accreta	and	
pregnancy-	induced	 hypertension	 in	 association	 with	 a	 FET	 was	
pointed	out.25	Actually,	in	most	of	the	ART	cases	using	frozen	em-
bryos,	 the	 embryos	have	been	 transferred	 in	HRT	 cycles.	 These	
considerations	might	 pose	 the	 problem	 of	 obstetric	 risks	 that	 is	
intrinsic	to	the	procedure	of	embryo	transfer	 in	HRT	cycles.	The	
benefit	of	a	FET	in	HRT	cycles	(ie,	a	heavier	newborn	weight)	must	
be	 weighed	 against	 the	 putative	 obstetric	 risks	 that	 are	 associ-
ated	with	 the	procedure.	 To	obtain	 a	 definitive	 conclusion	 as	 to	
whether	a	FET	in	HRT	cycles	could	be	really	good	for	both	moth-
ers	and	children,	large-	scale,	prospective,	randomized	studies	are	
required.

This	 article,	 dealing	with	 the	 clinical	 outcomes	 of	 ART,	 entails	
some	 limitations	 because	of	 the	 inherent	 biases	 that	 are	 common	
to	observational	studies.	Furthermore,	 the	allocation	of	women	to	
the	HRT	or	OVL	group	was	not	 in	 a	 random	 fashion,	with	 certain	
women	being	inevitably	assigned	to	HRT.	Thus,	the	background	of	
both	groups	might	not	be	equivalent,	implying	that	unknown	biases	
might	have	brought	about	the	difference	in	the	birthweight.
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