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Abstract 

Background Studies show conflicting results on neonatal outcomes following embryo biopsy for PGT, primarily due 
to small sample sizes and/or heterogeneity in the timing of embryo biopsy (day 3; EBD3 or day 5/6; EBD5) and type 
of embryo transfer. Even fewer data exist on the impact on children’s health beyond the neonatal period. This study 
aimed to explore outcomes in children born after EBD3 or EBD5 followed by fresh (FRESH) or frozen-thawed embryo 
transfer (FET).

Methods This single-centre cohort study compared birth data of 630 children after EBD3, of 222 EBD5 and of 1532 
after non-biopsied embryo transfers performed between 2014 and 2018. Follow-up data on growth were available 
for 426, 131 and 662 children, respectively.

Results Embryo biopsy, either at EBD3 or EBD5 in FET and FRESH cycles did not negatively affect anthropometry 
at birth, infancy or childhood compared to outcomes in non-biopsied FET and FRESH cycles.

While there was no adverse effect of the timing of embryo biopsy (EBD3 versus EBD5), children born after EBD3 fol-
lowed by FET had larger sizes at birth, but not thereafter, than children born after EBD3 followed by FRESH.

Reassuringly, weight and height gain, proportions of major congenital malformations, developmental problems, hos-
pital admissions and surgical interventions were similar between comparison groups.

Conclusion Our study indicated that neither EBD3 nor EBD5 followed by FRESH or FET had a negative impact 
on anthropometry and on health outcomes up to 2 years of age.
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Introduction
Preimplantation Genetic Testing (PGT) has been instru-
mental in preventing the transmission of genetic diseases 
within families. The PGT procedure is characterized 
by the biopsy of one or more cells from the developing 
embryo, followed by genetic testing to allow the transfer 
of non-at-risk embryos into the uterus.

PGT has evolved over the years: the practice of blasto-
mere biopsy performed on cleavage-stage embryos (day 
3) followed by either a fresh or a frozen-thawed embryo 
Transfer (FET) has shifted to trophectoderm biopsy on 
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blastocysts (day 5/6) followed by vitrification of the blas-
tocysts [1].

As embryo biopsy is invasive, safety concerns for the 
health of the offspring exist. One can hypothesize that 
the removal of embryonic cells has a detrimental effect 
on the development of the fetus and may affect the 
pregnancy course and, eventually, the pre- and postna-
tal growth of the offspring. It is well-known that, in the 
general population, birth size and inappropriate infant 
growth are associated with adverse health conditions 
later in life, including obesity and cardiovascular morbid-
ity [2]. Therefore, it is necessary to investigate if babies 
born from biopsied embryos depict different or altered 
growth outcomes.

A few studies have evaluated the health of children 
born after PGT so far. Due to the relatively small sam-
ple sizes, the mix of types of biopsy (at cleavage-stage or 
blastocyst-stage) and the type of embryo transfer (fro-
zen or fresh) in the available studies, strong conclusions 
regarding the impact on the offspring are lacking [3]. Fur-
thermore, the available studies on blastocyst-stage biopsy 
are unfortunately mostly restricted to birth outcomes 
[4–8], resulting in a knowledge gap on growth and health 
beyond infancy. Also, the underlying reproductive back-
ground (infertility status) of the couples requesting PGT 
is rarely taken into account [6], despite its known impact 
on the health of the offspring [9].

Our group previously described outcomes at 2 years 
of age but in a modest group of children born after PGT 
using cleavage-stage biopsy [10]. The current study 
is more comprehensive and includes blastocyst-stage 
embryo biopsy; hence the results will reflect the recent 
changes in PGT practice with a shift towards trophecto-
derm biopsies.

This single-centre study aimed to investigate the impact 
of embryo biopsy on the health and growth of children 
up to 2 years of age, taking into account several parental 
and treatment factors.

Materials and methods
Study groups
All singleton deliveries following cleavage- and blasto-
cyst-stage embryo biopsy followed by fresh or frozen-
thawed embryo transfers between January 2014 and 
December 2018 were considered. This resulted in three 
embryo biopsy groups: cleavage-stage biopsy followed by 
vitrification on day 5 and frozen-thawed embryo trans-
fer (embryo biopsy day 3, EBD3 FET), blastocyst-stage 
biopsy followed by vitrification on day 5 and frozen-
thawed embryo transfer (embryo biopsy day 5/6, EBD5 
FET) and cleavage-stage biopsy followed by fresh embryo 
transfer at day 5 (EBD3 FRESH).

The non-biopsy/control study population consisted 
of two groups of singleton deliveries after transferring a 
non-biopsied frozen-thawed (non-biopsy FET) and fresh 
blastocyst (non-biopsy FRESH) during the same study 
period.

Data are limited to single embryo transfer cycles. In 
both groups, embryos were obtained after ICSI, either 
with ejaculated or non-ejaculated, fresh or frozen sperm. 
Pregnancies after frozen embryo manipulation (FrEM), 
in vitro maturation of oocytes (IVM), oocyte vitrification 
and after oocyte/embryo donation were excluded.

Vitrification was the cryopreservation method used 
in all frozen-thawed embryo transfer cycles (biopsy and 
non-biopsy).

PGT procedures
Patient counselling and genetic testing methods for 
PGT-M have been described previously [1]. Testing for 
monogenic diseases was either indirect, relying on haplo-
typing of genetic markers (STR/SNP) across the locus of 
interest and flanking regions, or direct, coupling patho-
genic variant detection to genetic marker analysis. Chro-
mosomal testing for PGT-SR/A has been performed by 
FISH or by WGA (Sureplex, Illumina) followed by either 
24Sure array-CGH (Illumina) or by library preparation 
(KAPA HyperPlus, Roche), sequencing (Illumina) and an 
in-house-developed interpretation pipeline. Briefly, laser 
energy is used to open the zona pellucida on day 4 and 
then allow the embryo to grow to blastocyst. During the 
study period, the laser was used to remove cells (‘pull-
ing method’). In the majority (84%) of the biopsies per-
formed in cleavage-stage embryos, one cell was removed. 
Details on hormonal stimulation, oocyte collections, 
ICSI, embryo biopsy and transfer can be found in De 
Rycke et al. [11].

Follow‑up program
All children conceived in our centre and living in Bel-
gium are eligible for follow-up. Depending on the mode 
of conception, all or random samples are approached for 
follow-up until young adulthood. In this case, all children 
born after embryo biopsy (study group) and living in Bel-
gium are approached for follow-up. For the comparison 
group, a random group of children born after ICSI, either 
after fresh or frozen-thawed embryo transfer, and liv-
ing in Belgium is approached. This strategy has been in 
place since 2004 due to the high numbers of ICSI chil-
dren conceived in our centre. In practice, a computer 
program randomly selects 1 out of 3 families with chil-
dren conceived after ICSI. Only these families are invited 
to our centre for an examination of their child in infancy 
and childhood. Pregnancy, delivery and birth data are 
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provided by gynecologists and/or pediatricians or par-
ents and are double-checked during the visit.

For all children (born after embryo biopsy or without 
embryo biopsy) in our follow-up program, a morpho-
logical assessment focusing on biometry and congenital 
malformations at 3–6 months, is performed by certified 
pediatricians and information on the course of infancy 
is added. The child’s second visit, which takes place at 
the age of around 2 years, focuses on growth but also 
includes information regarding psychomotor develop-
ment, postnatal illnesses, hospital admissions, surgical 
interventions and medication intake.

Regarding congenital malformations, identical guide-
lines, definitions and classifications have been used for all 
children conceived in our centre since the introduction of 
our follow-up program for children born after ART [12]. 
A widely accepted definition of major anomalies, consist-
ing of anomalies that generally cause functional impair-
ment or require surgical correction is used.

Ethical approval
All parents gave informed consent for participation in the 
follow-up program. The study was approved by the Ethics 
Committee of the UZ Brussel (B.U.N. 1432022000045).

Study outcomes
Primary outcomes were anthropometric measures of 
weight, height and head circumference at birth, infancy 
(3-6 months) and childhood (2 years). Waist circumfer-
ence and mid-upper arm circumference were additionally 
measured at childhood. The anthropometric measure-
ments are expressed as standard deviation scores (SDS) 
to correct for gestational age and sex according to Bel-
gian growth references [13]. Anthropometric outcomes 
at birth for gestational age <37 weeks were calculated 
using WHO growth charts [14]. Growth was expressed as 
gain (delta ∆) in weight and height: infancy weight gain 
was calculated as weight SDS at infancy minus birth-
weight SDS, and early childhood weight gain was calcu-
lated as weight SDS in early childhood minus weight SDS 
in infancy.

Neonatal outcomes explored were small-for-gesta-
tional age (SGA,<-1.28 SDS), large-for-gestational age 
(LGA, >+1.28 SDS), low birthweight (LBW; birthweight 
<2500g), preterm birth (gestation <37 weeks), macroso-
mia (birthweight >4000g), perinatal death and major con-
genital malformations.

Statistical analysis
Descriptive statistics are presented as means ± standard 
deviation (SD) for continuous variables and as frequen-
cies (percentages) for categorical variables. Statistical sig-
nificance was set at the 5% level (P-value < 0.05).

Differences between the groups in anthropometric 
outcomes at birth, infancy and childhood were mod-
elled using multiple linear regression. We modelled the 
relationship between the mode of conception (embryo 
biopsy or not) and each neonatal outcomes using logistic 
regression. Covariates for the final model were selected 
based on factors known from the literature to affect 
body size and/or were statistically different among the 
study groups. For reasons of uniformity, the same covari-
ates were used in all models: treatment characteristics 
(number of oocytes at retrieval (<4, 4-18, >18)), maternal 
characteristics (nulliparity, age (<34, 34-40, >40 years), 
body mass index (<25, 25-30, >30), smoking, alcohol, 
gestational diabetes, pregnancy-induced hypertensive 
disorder).

The impact of embryo biopsy was assessed in frozen 
and fresh transfer cycles separately: blastocyst-stage 
embryo biopsy and cleavage-stage embryo biopsy fol-
lowed by frozen-thawed embryo transfers were com-
pared with outcomes after the transfer of non-biopsied 
vitrified blastocysts. Outcomes after cleavage-stage 
embryo biopsy followed by fresh embryo transfer were 
compared with outcomes after transfer of fresh non-
biopsied blastocysts. As secondary and tertiary out-
comes, we explored, within the PGT cycles, if the timing 
of biopsy (at day 3 or day 5/6) and if the vitrification pro-
cess after embryo biopsy impacted children’s outcomes.

A subgroup analysis (biopsy versus non-biopsy groups) 
was performed in children born to parents with an infer-
tility background. Three categories were distinguished: 
PGT for a genetic reason but no infertility in the couple, 
PGT for a non-genetic reason but infertility background 
(PGT-A in case of advanced maternal age, recurrent IVF 
failure or repeated miscarriages) or PGT for a genetic 
reason and infertility problem in the couple (due to a 
translocation in father and/or mother, congenital bilat-
eral absence of the vas deferens, deletion on Y chromo-
some, fragile-X syndrome).

Statistical analyses were performed in Stata (version 17; 
Stata Corporation, College Station, TX, USA). 95% confi-
dence intervals (95% CI) for the estimates are presented.

A power calculation (80% power, alpha of 0.05) demon-
strated that the current sample was appropriate to detect 
a mean birthweight difference of 122g, 100g, and 104g for 
the comparisons of EBD5 FET vs non-Biopsy FET, EBD3 
FET vs non-Biopsy FET, and EBD3 FRESH vs non-Biopsy 
FRESH, respectively.

Results
Study population and characteristics
All embryo transfers in the ‘embryo biopsy day 5/6 
group’ (EBD5) were frozen-thawed (EBD5 FET) embryo 
transfers: 250 singleton deliveries resulting in 3 (1.2%) 
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stillborn and 247 liveborn children (Figure 1). Birth data 
were available for 222 (88.8%) children and 182 were eli-
gible for follow-up. Of these, 51 (38.9%) were not reached 
or refused to participate. Information on 131 children 
was available either at infancy and/or childhood. Follow-
up data at the first visit were available for 126 (69.2%) 
children.

In the ‘embryo biopsy day 3 group’ (EBD3), either fro-
zen-thawed (EBD3 FET) or fresh embryos (EBD3 FRESH) 
were transferred. In frozen-thawed embryo transfer 
cycles, 347 singleton deliveries resulted in 2 (0.6%) still-
born and 345 liveborn children. Birth data were available 
for 322 (92.7%) children and 272 were eligible for follow-
up. Of these, 67 (24.6%) were not reached or refused 
participation. Information on 205 children was available 
either at infancy and/or childhood. Follow-up data at the 
first visit were available for 193 (71.0%) children. In fresh 

embryo transfer cycles, 330 singleton deliveries resulted 
in 2 (0.6%) stillborn and 328 liveborn children. Birth data 
were available for 308 (93.3%) children and 274 were eli-
gible for follow-up. Of these, 53 (19.3%) were not reached 
or refused. Information on 221 children was available at 
infancy and/or childhood. Follow-up data at the first visit 
were available for 215 (78.5%) children.

In the non-biopsy FET group, 814 singleton deliveries 
resulted in 6 (0.7%) stillborn and 808 liveborn children. 
Of the 751 (92.2%) children with birth data recorded, 
697 were eligible for follow-up. A random selection for 
follow-up resulted in data from 362 children either at 
infancy and/or childhood. Follow-up data at the first visit 
were available for 345 (49.5%) children.

In the non-biopsy FRESH group, 831 singleton deliv-
eries resulted in 9 (1.1%) stillborn and 822 liveborn chil-
dren. Birth data were collected for 781 (93.9%) children 

Fig. 1 Flowchart showing participants in the embryo biopsy (EB) and non-biopsy groups. EBD5 (Embryo Biopsy Day 5), EBD3 (Embryo Biopsy Day 
3), FRESH  (fresh embryo transfer),  FET (frozen-thawed embryo transfer). *included in non-participation analysis
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of which 731 were eligible for follow-up. A random 
selection for follow-up resulted in data from 300 chil-
dren at infancy and/or childhood. Follow-up data at the 
first visit were available for 282 (38.5%) children.

Treatment and maternal characteristics of the biopsy 
and non-biopsy groups are presented in Table 1.

A comparison of birth parameters, treatment and 
parental characteristics of the non-participants and 
participants is provided in Supplementary Table S1. 

Table 1 Treatment and maternal characteristics of the biopsy and non-biopsy groups

EBD5 Embryo Biopsy Day 5, EBD3 Embryo Biopsy Day 3, FRESH fresh embryo transfer, FET frozen-thawed embryo transfer

EBD5 FET
N= 222

EBD3 FET
N=322

EBD3 FRESH
N=308

Non‑biopsy FET
N=751

Non‑biopsy FRESH
N=781

Treatment characteristics
 Number oocytes at retrieval (n, %)

  <4 7 (3.2) 3 (0.9) 10 (3.2) 3 (0.4) 20 (2.6)

  4-18 162 (73.0) 191 (59.3) 254 (82.5) 469 (62.5) 679 (86.9)

  >18 53 (23.9) 128 (39.8) 44 (14.3) 279 (37.2) 82 (10.5)

 Supernumerary embryo(s) for vitrification

  Yes 182 (59) 654 (84)

  No 126 (41) 127 (16)

 Type of sperm (n, %)

  Ejaculated sperm 217 (97.7) 316 (98.1) 301 (97.7) 709 (94.4) 726 (93.0)

  Non-ejaculated sperm 5 (2.3) 6 (1.9) 7 (2.3) 42 (5.6) 55 (7.0)

 Origin of sperm (n, %)

  Partner sperm 220 (99.1) 314 (97.5) 303 (98.4) 644 (85.8) 674 (86.3)

  Donor sperm 2 (0.9) 8 (2.5) 5 (1.6) 107 (14.2) 107 (13.7)

 Indication for embryo biopsy (n, %)

  Genetic with infertility 53 (23.9) 18 (5.6) 35 (11.4)

  Genetic without infertility 133 (59.9) 302 (93.8) 267 (86.7)

  Non-genetic with infertility 36 (16.2) 2 (0.6) 6 (1.9)

 Indication for ICSI (n, %)

  Male factor 286 (38.1) 299 (38.3)

  Female factor 160 (21.3) 142 (18.2)

  Combined male + female factor 79 (10.5) 63 (8.1)

  Idiopathic 226 (30.1) 277 (35.4)

 Cycle protocol (n, %)

  Hormonal replacement therapy 109 (49.1) 158 (49.0) 0 279 (37.1) 0

    (Modified) Natural cycle 106 (47.6) 154 (47.9) 0 458 (61.0) 5 (0.6)

  Stimulated cycle 7 (3.1) 10 (3.1) 308 (100) 14 (1.9) 776 (99.4)

 Cycle strategy (n, %)

  Freeze-all 222 (100) 228 (70.8) 396 (52.7)

  Previous embryo transfer 0 (0) 94 (29.2 355 (47.3)

Maternal characteristics
 Maternal age at delivery, years (mean, SD) 34.2 (4.7) 31.7 (3.6) 31.8 (3.5) 32.9 (3.9) 31.8 (3.9)

 Maternal BMI, kg/m2 (mean, SD) 23.5 (3.6) 23.9 (4.4) 24.3 (4.4) 23.5 (4.5) 23.8 (4.3)

 Pregnancy-induced hypertensive disorder (n, %) 15 (6.8) 27 (8.4) 19 (6.2) 69 (9.2) 50 (6.4)

 Gestational diabetes (n, %) 18 (8.1) 14 (4.3) 22 (7.1) 63 (8.4) 62 (7.9)

N=197 N=274 N=252 N=698 N=674

Nulliparous (n, %) 126 (63.9) 160 (58.4) 160 (63.5) 222 (31.9) 156 (23.1)

N=198 N=298 N=280 N=613 N=631

Maternal smoking (n, %) 1 (0.5) 6 (2.0) 7 (2.5) 21 (3.4) 27 (4.2)

N=202 N=299 N=281 N=660 N=679

Maternal alcohol consumption (n, %) 9 (4.4) 20 (6.7) 20 (7.1) 44 (6.6) 52 (7.6)



Page 6 of 12Belva et al. Reproductive Biology and Endocrinology           (2023) 21:87 

Overall, participants and non-participants were compa-
rable except for non-participating children in the EBD3 
FET group who had a slightly higher birthweight SDS 
and mothers of non-participants in the non-biopsy FET 
group who were a few months older.

Neonatal outcomes
In frozen-thawed embryo transfer cycles, the rates of 
premature birth, SGA, LGA, LBW and macrosomia were 
comparable between the biopsy (either at the blasto-
cyst or cleavage stage) and non-biopsy group (Table  2), 
even after adjustment for confounders. Furthermore, a 
comparable proportion of children in the biopsy groups 
were admitted to the neonatal care unit (NCU) when 
compared to the non-biopsy groups: 8.7% in EBD5 FET 
and 9.6% in EBD3 FET versus 9.7% in Non-Biopsy FET; 
P=0.78 and P=0.99 respectively. Further, comparable 
rates of children were admitted to the NCU for >1 week 
(EBD5 FET 4.9%, P=0.62; EBD3 FET 5.3%, P=0.67; Non-
Biopsy FET 6.2%).

In fresh embryo transfer cycles, the rates of premature 
birth, SGA, LBW and LGA did not differ between the 
biopsy and non-biopsy group (Table 2), but macrosomia 
was more often found after embryo biopsy (AOR 2.31; 
1.35-3.97). A comparable proportion of children were 
admitted to the NCU (11.9% in EBD3 FRESH versus 9.9% 
in Non-Biopsy FRESH; P=0.36). A similar proportion of 

children was admitted to the NCU for >1 week (EBD3 
FRESH 6.2%, Non-Biopsy FRESH 6.2%; P=1.0).

The rate of major congenital malformations in live-
borns following embryo biopsy was comparable to that in 
children born after the transfer of non-biopsied embryos 
for all comparisons (Table 2). Total major malformation 
rate, including malformations in stillborns and elective 
terminations, did not differ between the groups (EBD5 
FET: 3.1%, EBD3 FET: 4.3%, EBD3 FRESH: 5.7%, Non-
Biopsy FET: 4.8%, Non-Biopsy FRESH 4.0%; all P>0.05).

The timing of embryo biopsy (day 3 or day 5/6) did 
not affect neonatal outcomes (Supplementary Table S2). 
Likewise, vitrification after embryo biopsy did not impact 
the neonatal outcomes prematurity, LBW, LGA or mac-
rosomia, except for an association with a lower SGA rate 
(AOR 0.34; 0.12-0.94) (Supplementary Table S2).

Anthropometry at birth, infancy and childhood
In frozen-thawed embryo transfer cycles, birthweight, 
length and head circumference SDS did not differ 
between the biopsy (either blastocyst or cleavage stage) 
and non-biopsy groups. Adjustment for treatment and 
maternal confounders did not change the result (all P 
>0.05; Table  3). Weight, height and head circumference 
SDS in infancy and childhood were also comparable 
between the biopsy and non-biopsy groups. Likewise, 
weight and height gain from birth to infancy and infancy 

Table 2 The impact of embryo biopsy on neonatal outcome in liveborn children

Values are expressed as number and percentage unless otherwise mentioned

EBD5 Embryo Biopsy Day 5, EBD3 Embryo Biopsy Day 3, FRESH fresh embryo transfer, FET frozen-thawed embryo transfer
a adjusted for neonatal (child’s sex), treatment (number of oocytes at pick-up), maternal characteristics (nulliparity, age, BMI, smoking, alcohol, pregnancy-induced 
hypertensive disorder, gestational diabetes)

*P<0.05

EBD5 FET
N=222

EBD3 FET
N=322

EBD3 FRESH
N=308

Non‑biopsy 
FET
N=751

Non‑biopsy 
FRESH
N=781

EBD5 FET vs 
Non‑Biopsy 
FET

EBD3 FET vs 
Non‑Biopsy 
FET

EBD3 FRESH 
vs Non‑Biopsy 
FRESH

Adjusteda OR 
(95%CI)

Adjusteda OR 
(95%CI)

Adjusteda OR 
(95%CI)

Male sex 108 (48.6) 158 (49.1) 159 (51.6) 373 (49.7) 383 (49.0)

Gestational age 
(weeks) (mean, 
SD)

39.0 (2.2) 39.2 (1.6) 38.9 (1.7) 39.1 (1.8) 38.9 (1.9)

Premature birth 
<37weeks

15 (6.8) 26 (8.1) 23 (7.5) 69 (9.2) 57 (7.3) 1.00 [0.53, 1.88] 1.08 [0.65, 1.80] 1.08 [0.61, 1.91]

SGA <-1.28 SDS 5 (2.3) 7 (2.2) 14 (4.5) 21 (2.8) 33 (4.2) 1.16 [0.40, 3.40] 0.94 [0.36, 2.41] 1.44 [0.69, 3.00]

LGA >+1.28 SDS 8 (4.0) 13 (4.4) 8 (2.7) 29 (4.1) 10 (1.4) 0.91 [0.29, 1.21] 1.19 [0.57, 2.49] 2.17 [0.71, 6.54]

Low birth 
weight <2500g

12 (5.4) 14 (4.3) 21 (6.8) 42 (5.6) 53 (6.8) 1.02 [0.33,3.12] 0.87 [0.44, 1.73] 1.24 [0.70, 2.22]

Macrosomia 
>4000g

29 (13.1) 51 (15.8) 34 (11.0) 82 (10.9) 40 (5.1) 1.01 [0.60, 1.72] 1.42 [0.94, 2.15] 2.31 [1.35, 3.97]*

Major congeni-
tal malforma-
tions

5/204 (2.5) 13/301 (4.3) 13/292 (4.5) 23/687 (3.3) 26/713 (3.6) 0.93 [0.31, 2.80] 1.91 [0.86, 4.23] 1.22 [0.56, 2.65]
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to early childhood were similar between the biopsy and 
non-biopsy groups (Table 3). No differences in waist and 
mid-upper arm circumference were noted between the 
biopsy and non-biopsy groups.

In the fresh embryo transfer cycles, birth parameters 
and anthropometrics at infancy or childhood includ-
ing waist and mid-upper arm circumference, were com-
parable in children born after embryo biopsy at day 3 
and after the transfer of non-biopsied blastocysts. Also, 

weight and height gain were similar between the biopsied 
and non-biopsied groups. Adjustments for confounders 
did not change the result (Table 4).

The timing of embryo biopsy did affect neither anthro-
pometrics at birth, infancy or childhood nor growth pat-
terns until childhood (Supplementary Table S3). On the 
contrary, vitrification after embryo biopsy affected the 
outcomes: children born after embryo biopsy at cleav-
age stage followed by frozen-thawed embryo transfer 

Table 3 The impact of embryo biopsy on anthropometrics from birth up to 2 years in frozen cycles

EBD5 Embryo Biopsy Day 5, EBD3 Embryo Biopsy Day 3, FET frozen-thawed embryo transfer
a adjusted for treatment (number of oocytes at pick-up) and maternal characteristics (nulliparity, age, BMI, smoking, alcohol, pregnancy-induced hypertensive 
disorder, gestational diabetes)

EBD5 FET EBD3 FET Non‑biopsy FET EBD5 FET vs Non‑biopsy FET EBD3 FET vs Non‑biopsy FET

Unadjusted mean 
difference (95% CI)

Adjusteda mean 
difference (95% 
CI)

Unadjusted mean 
difference (95% CI)

Adjusteda mean 
difference (95% 
CI)

At birth N=222 N=322 N=751

 Weight (g) 3418 (583) 3434 (537) 3402 (532) 16 [-65.9,97.8] -51.2 [-136.6, 34.2] 32 [-38.3,101.6] 13.6 [-59.6,86.8]

 Weight SDS 0.17 (1.0) 0.14 (1.1) 0.11 (1.2) 0.06 [-0.09,0.21] -0.05 [-0.20,0.12] 0.04 [-0.099,0.17] 0.03 [-0.12,0.17]

 Length (cm) 50.5 (2.8) 50.5 (2ss.6) 50.3 (2.5) 0.18 [-0.22,0.59] -0.08 [-0.51,0.35] 0.22 [-0.12,0.55] 0.12 [-0.24,0.48]

 Length SDS 0.10 (1.3) 0.12 (1.3) 0.01 (1.2) 0.09 [-0.10,0.28] -0.04 [-0.24,0.17] 0.11 [-0.047,0.28] 0.09 [-0.09,0.26]

 Head circumfer-
ence (cm)

34.6 (2.0) 34.7 (1.9) 34.5 (1.8) 0.12 [-0.20,0.44] -0.09 [-0.43,0.26] 0.21 [-0.072,0.49] 0.11 [-0.19,0.41]

 Head circumfer-
ence SDS

0.02 (1.5) 0.08 (1.3) -0.06 (1.4) 0.08 [-0.17,0.34] -0.10 [-0.37,0.17] 0.15 [-0.070,0.36] 0.07 [-0.16,0.31]

At infancy N=126 N=193 N=345

 Age (years) 0.4 (0.4) 0.5 (0.5) 0.5 (0.2)

 Weight SDS 0.16 (1.2) 0.05 (1.0) 0.16 (1.3) 0.01 [-0.25,0.26] -0.02 [-0.30,0.26] -0.10 [-0.31,0.11] -0.17 [-0.40,0.06]

 Height SDS 0.19 (1.3) 0.09 (1.1) 0.23 (1.4) -0.04 [-0.31,0.24] 0.03 [-0.27,0.33] -0.14 [-0.37,0.084] -0.20 [-0.45,0.05]

 Head circumfer-
ence SDS

0.22 (1.1) 0.24 (0.9) 0.19 (1.1) 0.03 [-0.21,0.26] 0.01 [-0.25,0.26] 0.05 [-0.14,0.23] -0.01 [-0.21,0.19]

At childhood N=57 N=128 N=150

 Age (years) 2.3 (0.5) 2.2 (0.4) 2.2 (0.4)

 Weight SDS -0.05 (0.8) -0.03 (1.1) -0.15 (1.0) 0.10 [-0.20,0.39] 0.18 [-0.16,0.52] 0.12 [-0.12,0.37] 0.03 [-0.25,0.31]

 Height SDS 0.10 (1.1) -0.17 (1.1) -0.17 (1.1) 0.27 [-0.067,0.60] 0.52 [0.15,0.89] -0.002 [-0.26,0.25] -0.05 [-0.33,0.24]

 Head circumfer-
ence SDS

0.34 (1.1) 0.25 (0.9) 0.20 (1.0) 0.14 [-0.20,0.47] 0.11 [-0.27,0.48] 0.04 [-0.19,0.27] 0.02 [-0.25,0.29]

 Waist circumfer-
ence SDS

0.90 (0.8) 0.98 (1.0) 0.61 (1.1) 0.29 [-0.10,0.67] 0.36 [-0.08,0.80] 0.37 [0.07,0.66] 0.35 [0.03,0.69]

 Mid-upper arm 
circumference SDS

0.27 (0.8) 0.46 (1.0) 0.19 (1.0) 0.08 [-0.27,0.10] 0.02 [-0.40,0.44] 0.27 [0.00,0.54] 0.28 [-0.03,0.59]

Growth
 ∆ weight SDS 
birth to infancy

0.21 (1.1) 0.09 (1.1) 0.18 (1.3) 0.03 [-0.23,0.28] 0.12 [-0.16,0.41] -0.09 [-0.30,0.13] -0.04 [-0.27,0.19]

 ∆ height SDS birth 
to infancy

-0.13 (1.0) -0.03 (1.0) -0.22 (1.2) -0.04 [-0.30,0.21] 0.05 [-0.23,0.33] -0.21 [-0.43,0.02] -0.23 [-0.47,0.07]

 ∆ weight SDS 
infancy to early 
childhood

0.18 (1.2) 0.01 (1.2) 0.22 (1.2) 0.08 [-0.28,0.44] 0.15 [-0.26,0.56] 0.19 [-0.08,0.45] 0.13 [-0.18,0.43]

 ∆ height SDS 
infancy to early 
childhood

-0.07 (1.1) -0.23 (0.9) -0.40 (1.5) 0.32 [-0.13,0.78] 0.46 [-0.06,0.97] 0.17 [-0.14,0.48] 0.17 [-0.19,0.52]
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had higher birth size (weight, height, head circumfer-
ence SDS) when compared to children born after embryo 
biopsy at cleavage stage followed by fresh embryo trans-
fer (Supplementary Table S3).

Health outcomes in early childhood
There were no differences in the occurrence of mild and 
severe developmental (motor, language or social) disor-
ders between the different biopsy and non-biopsy groups 
(all P>0.05; Table 5). The number of children with severe 
developmental problems was also comparable among 
groups. The number of children admitted to the hospital 
was comparable between the different groups; the main 
indication was infectious diseases in all groups (data not 
shown). Chronic (>3 weeks) medication use was also 
comparable between the groups and consisted mainly of 
inhaled corticosteroids. Finally, the number of children 
requiring a surgical intervention did not differ between 
the groups, except for the children in the EBD5 FET 

group who required fewer (8.8%) surgical interventions 
compared to their peers born after non-biopsied blasto-
cyst transfer (21.3%; P=0.04).

Subgroup analysis in children whose parents have 
an infertility diagnosis
In a sensitivity analysis comparing outcomes between 
children born after embryo biopsy to parents with an 
infertility background (n=150) and children born after 
the transfer of a non-biopsied embryo (n=1532), no 
differences were found for any of the anthropometri-
cal measurements at birth, infancy or childhood in the 
adjusted analyses (Supplementary Table S4).

Discussion
This single-centre cohort study compared anthropomet-
rics, growth and general health of singletons born after 
embryo biopsy in frozen-thawed or fresh embryo transfer 
cycles with singletons born after transfer of non-biopsied 

Table 4 The impact of embryo biopsy on anthropometrics from birth up to 2 years in fresh cycles

EBD3 Embryo Biopsy Day 3, FRESH fresh embryo transfer,
a adjusted for treatment (number of oocytes at pick-up) and maternal characteristics (nulliparity, age, BMI, smoking, alcohol, pregnancy-induced hypertensive 
disorder, gestational diabetes)

EBD3 FRESH Non‑biopsy FRESH EBD3 FRESH vs Non‑biopsy FRESH

Unadjusted mean 
difference (95% CI)

Adjusteda mean 
difference (95% 
CI)

At birth N=308 N=781

 Weight (g) 3304 (557) 3226 (539) 78 [5.58,149.6] 49 [-29.8,128.3]

 Weight SDS -0.15 (1.1) -0.29 (1.0) 0.14 [0.002,0.28] 0.06 [0.092,0.21]

 Length (cm) 49.8 (2.7) 49.6 (2.6) 0.24 [-0.11,0.60] 0.19 [-0.20,0.58]

 Length SDS -0.21 (1.2) -0.32 (1.5) 0.11 [-0.05,0.28] 0.09 [-0.10,0.27]

 Head circumference (cm) 34.3 (1.7) 34.1 (1.9) 0.20 [-0.09,0.49] 0.15 [-0.18,0.47]

 Head circumference SDS -0.24 (1.2) -0.39 (1.5) 0.14 [-0.08,0.36] 0.09 [-0.15,0.34]

At infancy N=215 N=282

 Age (years) 0.4 (0.4) 0.4 (0.2)

 Weight SDS 0.0 (1.1) -0.03 (1.1) 0.03 [-0.17,0.23] 0.07 [-0.15,0.29]

 Height SDS 0.03 (1.2) -0.07 (1.2) 0.10 [-0.11,0.31] 0.09 [-0.14,0.32]

 Head circumference SDS 0.02 (1.0) 0.02 (1.1) 0.00 [-0.18,0.18] -0.01 [-0.21,0.20]

At early childhood N=140 N=131

 Age (years) 2.1 (0.4) 2.2 (0.4)

 Weight SDS -0.19 (1.2) -0.20 (1.2) 0.01 [-0.27,0.29] 0.09 [-0.23,0.40]

 Height SDS -0.22 (1.2) -0.18 (1.2) -0.03 [-0.31,0.25] -0.02 [-0.34,0.29]

 Head circumference SDS 0.08 (1.0) 0.03 (0.9) 0.06 [-0.17,0.29] 0.05 [-0.21,0.31]

 Waist circumference SDS 0.69 (1.2) 0.61 (1.1) 0.08 [-0.24,0.39] -0.14[-0.22,0.50]

 Mid-upper arm circumference SDS 0.04 (1.0) 0.36 (2.0) -0.31 [-0.74,0.12] -0.18 [-0.66,0.30]

Growth
 ∆ weight SDS birth to infancy 0.22 (1.2) 0.42 (1.1) -0.20 [-0.41,0.01] -0.13 [-0.36,0.10]

 ∆ height SDS birth to infancy -0.16 (0.8) -0.09 (0.8) -0.02 [-0.19,0.16] -0.03 [-0.22,0.17]

 ∆ weight SDS infancy to early childhood 0.25 (1.1) 0.26 (0.9) -0.07 [-0.27,0.13] -0.03 [-0.25,0.19]

 ∆ height SDS infancy to early childhood -0.27 (1.0) -0.07 (0.9) -0.20 [-0.44,0.03] -0.19 [-0.45,0.07]
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embryos while adjusting for several treatment and 
parental characteristics. We found no impact of blasto-
cyst- or cleavage-stage embryo biopsy in frozen-thawed 
and fresh embryo transfer cycles on growth and health 
in children until 2 years of age. Furthermore, the timing 
of the embryo biopsy (day 3 or day 5/6) did not affect 
anthropometrics at any age. However, within the embryo 
biopsy group, vitrification after embryo biopsy resulted 
in larger-sized babies at birth, but not thereafter. In our 
limited subgroup of children born to infertile parents, 
embryo biopsy did not affect anthropometry at any age.

The findings of this study on health outcomes at birth 
after cleavage-stage biopsy are overall in line with pre-
vious reports from our group [15] and others [16, 17]. 
Although not reported previously, we noted that children 
born after the transfer of fresh cleavage-stage biopsied 
embryos were more likely to be macrosomic than peers 
born after transfer of fresh non-biopsied embryos. Given 
this unexpected finding, we investigated if a higher cell 
stage at day 3 prior to embryo biopsy could explain the 
higher macrosomia rate. However, the mean number of 
cells at day 3 was comparable in the biopsied (9.02 ±0.12) 
and non-biopsied (9.05 ±0.07) groups. Furthermore, in 
the current study, we additionally reported on the effect 
of vitrification after cleavage-stage biopsy: children born 
after cleavage-stage biopsy followed by frozen-thawed 
embryo transfer were heavier and larger at birth and less 
likely to be born SGA. While these outcomes at birth 
following vitrification aligned with data from studies 
comparing outcomes in cycles without PGT [18], where 
higher mean birthweights and lower rates of SGA are 
described, it is not yet clear which factors are responsible 
for the observed differences [19]. In this study, we found 

a non-significant higher rate of LGA following vitrifica-
tion and embryo biopsy, even though significantly higher 
rates have been repeatedly reported after frozen-thawed 
transfer of non-biopsied embryos [20, 21]. Reassuringly, 
our study did not find a negative impact of vitrification 
after embryo biopsy on anthropometrics and growth pat-
terns beyond birth.

In parallel to the findings after cleavage-stage biopsy, 
our results showed no harmful effect of blastocyst-stage 
biopsy on anthropometrics at birth, infancy and child-
hood compared to outcomes after transfer of a non-
biopsied blastocyst. This aligns with published data from 
China and the USA, where no adverse effects of blasto-
cyst biopsy were reported on mean birthweight, rates of 
prematurity, LBW, SGA, LGA and macrosomia [4, 5, 7, 
8, 22]. We further found a comparable prematurity rate, 
contrary to Li et  al. (2021) [6] who reported a modest 
increased risk for prematurity in frozen embryo transfer 
cycles with PGT.

Given the shift towards blastocyst-stage biopsy rather 
than cleavage-stage embryo biopsy, it is reassuring that 
the timing of embryo biopsy does not negatively affect 
the health of the offspring. Given that the contempo-
rary practice of PGT worldwide now involves blasto-
cyst biopsy (for example, in our centre, blastocyst-stage 
biopsy was introduced in 2014 and currently accounts for 
nearly 90% of all biopsy cycles) more data regarding long-
term health risks are expected to become available.

Information on congenital malformations after PGT is 
important but scarce and often gathered from question-
naires or interviews [4, 5, 23] or retrospectively retrieved 
from medical records [21] rather than based on dedi-
cated examinations performed by trained clinicians [15, 

Table 5 The impact of embryo biopsy on health outcomes at 2 years

EBD5 Embryo Biopsy Day 5, EBD3 Embryo Biopsy Day 3, FRESH fresh embryo transfer, FET frozen-thawed embryo transfer

*P<0.05 for comparison between EBD5 FET vs Non-Biopsy FET; all other comparisons were not significantly different

EBD5 FET
N=57

EBD3 FET
N=128

EBD3 FRESH
N=140

Non‑biopsy FET
N=150

Non‑biopsy FRESH
N=131

Developmental disorder

 Mild 4 (7.0) 6 (4.7) 5 (3.6) 9 (6) 5 (3.8)

 Severe 1 (1.7) 2 (1.6) 2 (1.4) 4 (2.6) 3 (2.3)

Hospital admission

 At least once 17 (29.8) 31 (24.2) 35 (25.0) 40 (26.6) 31 (23.6)

Chronic medication use

 Yes 6 (10.5) 14 (10.9) 13 (9.3) 17 (11.3) 14 (10.7)

Surgical intervention

 Yes 5 (8.8)* 20 (15.6) 18 (12.8) 32 (21.3) 18 (13.7)

 For congenital malfor-
mation

1 6 5 5 3

 Other reason 4 14 13 27 15
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24]. In this study, the rate of major congenital malfor-
mations in liveborns was similar for all comparisons of 
biopsied and non-biopsied groups. The rate of 2.5% con-
genital malformations in children born after transfer of a 
frozen-thawed biopsied blastocyst is similar to published 
data: 2.1% reported by Makhijani et  al. [8] and 2.6% 
reported by He et  al. [4] even though both rates were 
based on parental reported data. In addition, and unlike 
others, we aimed to provide a comprehensive estimate 
and to account for different approaches among countries 
regarding malformations detected during pregnancy, by 
presenting the total major malformation rate including 
malformations in stillborns and elective terminations. 
Reassuringly, these rates were also not different between 
biopsy and non-biopsy groups.

We additionally conducted a sensitivity analysis taking 
into account parental infertility status. When restricting 
the dataset to children born to parents with an infertil-
ity background, we did not observe any impact of embryo 
biopsy on anthropometrics and growth up to childhood. 
In a subgroup analysis of a large registry-based study of 
14 285 cycles with a stated infertility diagnosis (female 
and/or male), an increased odds of preterm birth was 
observed in PGT cycles compared to non-PGT cycles 
[6]. However, this study did not provide data beyond the 
neonatal period. Studies stratifying according to infertil-
ity status in couples requiring PGT treatment are sparse 
in the literature. As such, our results, though based on 
a small sample size, are still informative but should be 
interpreted cautiously.

When comparing outcomes across studies, several 
methodological factors should be considered. Although 
more recent studies described neonatal outcomes after 
blastocyst-stage biopsy, most do not express birth param-
eters as standard deviation scores, SGA or LGA rates are 
not presented [4, 7, 8] or different definitions are used [5, 
6]. In addition, specific information on treatment vari-
ables, such as cycle protocol [7] and covariates linked to 
maternal conditions during pregnancy, known to affect 
growth, such as gestational diabetes or hypertensive dis-
orders, are often missing [6].

The current findings on health outcomes at 2 years of 
age were favorable and in line with our previous report 
describing children born after cleavage stage biopsy 
[10]. Indeed, all groups had similar hospital admis-
sion and surgical intervention rates and similar chronic 
medication use. Early childhood health outcomes in 
390 children born after embryo biopsy have recently 
been reported [25]. That register-based study included 
all children born after PGT in Sweden between 1996 
and 2019. But it is difficult to make comparisons or 
strong conclusions, since the described study popula-
tion is rather heterogeneous, in terms of inclusion of 

IVF and ICSI cycles, vitrification and slow-freeze pro-
tocols, cleavage- and blastocyst-stage embryo biopsy 
and the number of embryos transferred.

One of the main strengths of this study is the inclu-
sion of large and well-defined cohorts in terms of embryo 
biopsy (day 3 or day 5/6) and type of embryo transfer 
cycle (fresh or frozen) from a single centre and for which 
various treatment and parental characteristics were avail-
able. As such, our data add to the shortcomings in lit-
erature data as extensively described by Alteri et al. [3]. 
Moreover, laboratory practices for embryo biopsy and 
vitrification have been constant during our 5-year study 
period and in more than 85% of all cycles the same cul-
ture medium has been used. Furthermore, our results 
are based on specific clinical examinations performed 
by trained pediatricians, which is particularly important 
when assessing congenital malformations. Birth data 
were collected for over 92% of the children considered 
in this study. Furthermore, follow-up rates at infancy 
were reasonably high: growth data were available for 
nearly three-quarters (534/728) of the children born 
after embryo biopsy. In addition, most of the population 
characteristics of the non-participants were compara-
ble to those of participants, which adds to the general-
izability of the data and makes attrition bias less likely. 
Consequently, we explored longitudinal growth data 
expressed as weight and height gain, which is crucial as 
cross-sectional measurements at different ages might 
hide aberrant growth trajectories linked to adverse health 
outcomes later in life [26].

Our study also had some limitations. The number of 
children born after embryo biopsy to parents with an 
infertility diagnosis was limited as most of the PGT cycles 
in our centre were performed in patients with a genetic 
disorder without concomitant documented infertility. 
Therefore, the results from the sensitivity analyses should 
be interpreted cautiously. However, the main limitation 
of our study was the lack of prenatal growth data, which 
could have shed light on the findings of higher birth size 
in the group of children born after cleavage-stage embryo 
biopsy and frozen-thawed embryo transfer cycles com-
pared with fresh embryo transfer cycles. Indeed, accord-
ing to a large Nordic register study, the freeze-warming 
process was associated with excessive fetal growth from 
the third trimester of pregnancy onwards [27].

In conclusion, our study showed no adverse impact of 
embryo biopsy, either at the blastocyst or cleavage stage, 
on child growth and health up to 2 years of age. Although 
these findings were reassuring, longitudinal studies on 
long-term outcomes are recommended, as the implica-
tions of the current shift towards blastocyst biopsy in 
combination with freeze-warming protocols are yet to be 
identified.



Page 11 of 12Belva et al. Reproductive Biology and Endocrinology           (2023) 21:87  

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12958- 023- 01140-3.

Additional file 1: Supplementary Table S1. Non-participation analysis. 
Supplementary Table S2. The impact of the timing of embryo biopsy 
and the vitrification process after embryo biopsy on neonatal outcomes. 
Supplementary Table S3. The impact of the timing of the embryo biopsy 
and the impact of the vitrification process after embryo biopsy on anthro-
pometrics from birth up to 2 years. Supplementary Table S4. Sensitivity 
analysis: including children whose parents have an infertility background

Acknowledgements
We are grateful to all parents and children that participated in the study. We 
thank the administrative collaborators for the logistic support in the organiza-
tion of the consultation. We are thankful to Mr Walter Meul for retrieving the 
data from our database.

Authors’ contributions
All authors contributed to the study’s conception and design. Data collection 
was performed by F.B., A.DV., M.DR. Statistical analysis was performed by F.K. and 
F.B. All co-authors interpreted the data. F.B. drafted the paper and all co-authors 
contributed to the critical discussion and approved the final manuscript.

Funding
FK was funded by EU H2020 Marie Sklodowska-Curie Innovative Training Net-
works (ITN) grant DohART-NET (H2020‐MSCA‐ITN‐2018 − 812660). No other 
funding was sought for this study.

Availability of data and materials
The data underlying this article will be shared on reasonable request to the 
corresponding author.

Declarations

Ethics approval and consent to participate
The study was approved by the Ethics Committee of the UZ Brussel (B.U.N. 
1432022000045).
All parents gave informed consent for participation in the follow-up program. 

Competing interests
The authors declare no competing interests.

Received: 2 August 2023   Accepted: 14 September 2023

References
 1. De Rycke M, Berckmoes V, De Vos A, Van De Voorde S, Verdyck P, Verpoest 

W, Keymolen K. PREIMPLANTATION GENETIC TESTING: clinical experience 
of preimplantation genetic testing. Reproduction. 2020;160:A45–A58. 
https:// doi. org/ 10. 1530/ REP- 20- 0082.

 2. Ong YY, Sadananthan SA, Aris IM, Tint MT, Yuan WL, Huang JY, et al. 
Mismatch between poor fetal growth and rapid postnatal weight gain in 
the first 2 years of life is associated with higher blood pressure and insulin 
resistance without increased adiposity in childhood: the GUSTO cohort 
study. Int J Epidemiol. 2020;49:1591–603.

 3. Alteri A, Cermisoni GC, Pozzoni M, Gaeta G, Cavoretto PI, Viganò P. Obstet-
ric, neonatal, and child health outcomes following embryo biopsy for 
preimplantation genetic testing. Hum Reprod Update. 2023;29:291–306. 
https:// doi. org/ 10. 1093/ humupd/ dmad0 01.

 4. He H, Jing S, Lu CF, Tan YQ, Luo KL, Zhang SP, Gong F, Lu GX, Lin G. 
Neonatal outcomes of live births after blastocyst biopsy in preimplanta-
tion genetic testing cycles: a follow-up of 1,721 children. Fertil Steril. 
2019;112:82–8. https:// doi. org/ 10. 1016/j. fertn stert. 2019. 03. 006.

 5. Hao Y, Long X, Kong F, Chen L, Chi H, Zhu X, Kuo Y, Zhu Y, Jia J, Yan L, Li 
R, Liu P, Wang Y, Qiao J. Maternal and neonatal outcomes following blas-
tocyst biopsy for PGT in single vitrified-warmed embryo transfer cycles. 
Reprod Biomed Online. 2022;44:151–62. https:// doi. org/ 10. 1016/j. rbmo. 
2021. 07. 016.

 6. Li M, Kort J, Baker VL. Embryo biopsy and perinatal outcomes of singleton 
pregnancies: an analysis of 16,246 frozen embryo transfer cycles reported 
in the society for assisted Reproductive Technology Clinical Outcomes 
Reporting System. Am J Obstet Gynecol. 2021;224:500e1. https:// doi. org/ 
10. 1016/j. ajog. 2020. 10. 043.

 7. Sites CK, Bachilova S, Gopal D, Cabral HJ, Coddington CC, Stern JE. 
Embryo biopsy and maternal and neonatal outcomes following 
cryopreserved-thawed single embryo transfer. Am J Obstet Gynecol. 
2021;225:285e1–7. https:// doi. org/ 10. 1016/j. ajog. 2021. 04. 235.

 8. Makhijani R, Bartels CB, Godiwala P, Bartolucci A, DiLuigi A, Nulsen J, Grow 
D, Benadiva C, Engmann L. Impact of trophectoderm biopsy on obstetric 
and perinatal outcomes following frozen-thawed embryo transfer cycles. 
Hum Reprod. 2021;36:340–8. https:// doi. org/ 10. 1093/ humrep/ deaa3 16.

 9. Luke B, Stern JE, Hornstein MD, Kotelchuck M, Diop H, Cabral H, Declercq 
ER. Is the wrong question being asked in infertility research? J Assist 
Reprod Genet. 2016;33:3–8. https:// doi. org/ 10. 1007/ s10815- 015- 0610-3.

 10. Desmyttere S, Bonduelle M, Nekkebroeck J, Roelants M, Liebaers I, De 
Schepper J. Growth and health outcome of 102 2-year-old children con-
ceived after preimplantation genetic diagnosis or screening. Early Hum 
Dev. 2009;85:755–9. https:// doi. org/ 10. 1016/j. earlh umdev. 2009. 10. 003.

 11. De Rycke M, De Vos A, Belva F, Berckmoes V, Bonduelle M, Buysse A, 
Keymolen K, Liebaers I, Nekkebroeck J, Verdyck P, Verpoest W. Preim-
plantation genetic testing with HLA matching: from counseling to birth 
and beyond. J Hum Genet. 2020;65:445–54. https:// doi. org/ 10. 1038/ 
s10038- 020- 0732-z.

 12. Bonduelle M, Desmyttere S, Buysse A, Van Assche E, Schietecatte J, 
Devroey P, et al. Prospective follow-up study of 55 children born after 
subzonal insemination and intracytoplasmic sperm injection. Hum 
Reprod. 1994;9:1765–9.

 13. Roelants M, Hauspie R, Hoppenbrouwers K. References for growth and 
pubertal development from birth to 21 years in Flanders, Belgium. Ann 
Hum Biol. 2009;36:680–94. https:// doi. org/ 10. 3109/ 03014 46090 30490 74.

 14. Vidmar SI, Cole TJ, Pan H. Standardizing anthropometric measures in children 
and adolescents with functions for egen: update. Stata J. 2013;13:366–78.

 15. Desmyttere S, De Rycke M, Staessen C, Liebaers I, De Schrijver F, Verpoest 
W, Haentjens P, Bonduelle M. Neonatal follow-up of 995 consecutively 
born children after embryo biopsy for PGD. Hum Reprod. 2012;27:288–93. 
https:// doi. org/ 10. 1093/ humrep/ der360.

 16. Eldar-Geva T, Srebnik N, Altarescu G, Varshaver I, Brooks B, Levy-Lahad 
E, Bromiker R, Schimmel MS. Neonatal outcome after preimplantation 
genetic diagnosis. Fertil Steril. 2014;102:1016–21. https:// doi. org/ 10. 
1016/j. fertn stert. 2014. 06. 023.

 17. Bay B, Ingerslev HJ, Lemmen JG, Degn B, Rasmussen IA, Kesmodel US. 
Preimplantation genetic diagnosis: a national multicenter obstetric and 
neonatal follow-up study. Fertil Steril. 2016;106:1363–9. .e1.

 18. Maheshwari A, Pandey S, Amalraj Raja E, Shetty A, Hamilton M, Bhat-
tacharya S. Is frozen embryo transfer better for mothers and babies? 
Can cumulative meta-analysis provide a definitive answer? Hum Reprod 
Update. 2018;24:35–58. https:// doi. org/ 10. 1093/ humupd/ dmx031.

 19. Sciorio R, Manna C, Fauque P, Rinaudo P. Can Cryopreservation in assisted 
Reproductive Technology (ART) induce epigenetic changes to gametes 
and embryos? J Clin Med. 2023;12:4444. https:// doi. org/ 10. 3390/ jcm12 
134444.

 20. Luke B, Brown MB, Wantman E, Stern JE, Toner JP, Coddington CC. 
Increased risk of large-for-gestational age birthweight in singleton 
siblings conceived with in vitro fertilization in frozen versus fresh cycles. J 
Assist Reprod Genet. 2017;34:191–200.

 21. Berntsen S, Pinborg A. Large for gestational age and macrosomia in 
singletons born after frozen/thawed embryo transfer (FET) in assisted 
reproductive technology (ART). Birth Defects Res. 2018;110:630–43. 
https:// doi. org/ 10. 1002/ bdr2. 1219.

 22. Zhang WY, von Versen-Höynck F, Kapphahn KI, Fleischmann RR, Zhao Q, 
Baker VL. Maternal and neonatal outcomes associated with trophecto-
derm biopsy. Fertil Steril. 2019;112:283–290e2. https:// doi. org/ 10. 1016/j. 
fertn stert. 2019. 03. 033.

https://doi.org/10.1186/s12958-023-01140-3
https://doi.org/10.1186/s12958-023-01140-3
https://doi.org/10.1530/REP-20-0082
https://doi.org/10.1093/humupd/dmad001
https://doi.org/10.1016/j.fertnstert.2019.03.006
https://doi.org/10.1016/j.rbmo.2021.07.016
https://doi.org/10.1016/j.rbmo.2021.07.016
https://doi.org/10.1016/j.ajog.2020.10.043
https://doi.org/10.1016/j.ajog.2020.10.043
https://doi.org/10.1016/j.ajog.2021.04.235
https://doi.org/10.1093/humrep/deaa316
https://doi.org/10.1007/s10815-015-0610-3
https://doi.org/10.1016/j.earlhumdev.2009.10.003
https://doi.org/10.1038/s10038-020-0732-z
https://doi.org/10.1038/s10038-020-0732-z
https://doi.org/10.3109/03014460903049074
https://doi.org/10.1093/humrep/der360
https://doi.org/10.1016/j.fertnstert.2014.06.023
https://doi.org/10.1016/j.fertnstert.2014.06.023
https://doi.org/10.1093/humupd/dmx031
https://doi.org/10.3390/jcm12134444
https://doi.org/10.3390/jcm12134444
https://doi.org/10.1002/bdr2.1219
https://doi.org/10.1016/j.fertnstert.2019.03.033
https://doi.org/10.1016/j.fertnstert.2019.03.033


Page 12 of 12Belva et al. Reproductive Biology and Endocrinology           (2023) 21:87 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 23. Heijligers M, van Montfoort A, Meijer-Hoogeveen M, Broekmans F, Bou-
man K, Homminga I, Dreesen J, Paulussen A, Engelen J, Coonen E, van der 
Schoot V, van Deursen-Luijten M, Muntjewerff N, Peeters A, van Golde 
R, van der Hoeven M, Arens Y, de Die-Smulders C. Perinatal follow-up of 
children born after preimplantation genetic diagnosis between 1995 and 
2014. J Assist Reprod Genet. 2018;35:1995–2002. https:// doi. org/ 10. 1007/ 
s10815- 018- 1286-2.

 24. Liebaers I, Desmyttere S, Verpoest W, De Rycke M, Staessen C, Sermon K, 
Devroey P, Haentjens P, Bonduelle M. Report on a consecutive series of 
581 children born after blastomere biopsy for preimplantation genetic 
diagnosis. Hum Reprod. 2010;25:275–82. https:// doi. org/ 10. 1093/ hum-
rep/ dep298.

 25. Ginström Ernstad E, Hanson C, Wånggren K, Thurin-Kjellberg A, Hulthe 
Söderberg C, Syk Lundberg E, Petzold M, Wennerholm UB, Bergh C. Pre-
implantation genetic testing and child health: a national register-based 
study. Hum Reprod. 2023;38:739–50. https:// doi. org/ 10. 1093/ humrep/ 
dead0 21.

 26. Kelishadi R, Haghdoost AA, Jamshidi F, Aliramezany M, Moosazadeh M. 
Low birthweight or rapid catch-up growth: which is more associated 
with cardiovascular disease and its risk factors in later life? A systematic 
review and cryptanalysis. Paediatr Int Child Health. 2015;35:110–23. 
https:// doi. org/ 10. 1179/ 20469 05514Y. 00000 00136.

 27. Terho AM, Pelkonen S, Opdahl S, Romundstad LB, Bergh C, Wennerholm 
UB, Henningsen AA, Pinborg A, Gissler M, Tiitinen A. High birth weight 
and large-for-gestational-age in singletons born after frozen compared to 
fresh embryo transfer, by gestational week: a nordic register study from 
the CoNARTaS group. Hum Reprod. 2021;36:1083–92. https:// doi. org/ 10. 
1093/ humrep/ deaa3 04.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1007/s10815-018-1286-2
https://doi.org/10.1007/s10815-018-1286-2
https://doi.org/10.1093/humrep/dep298
https://doi.org/10.1093/humrep/dep298
https://doi.org/10.1093/humrep/dead021
https://doi.org/10.1093/humrep/dead021
https://doi.org/10.1179/2046905514Y.0000000136
https://doi.org/10.1093/humrep/deaa304
https://doi.org/10.1093/humrep/deaa304

	Cleavage-stage or blastocyst-stage embryo biopsy has no impact on growth and health in children up to 2 years of age
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study groups
	PGT procedures
	Follow-up program
	Ethical approval
	Study outcomes
	Statistical analysis

	Results
	Study population and characteristics
	Neonatal outcomes
	Anthropometry at birth, infancy and childhood
	Health outcomes in early childhood
	Subgroup analysis in children whose parents have an infertility diagnosis

	Discussion
	Anchor 22
	Acknowledgements
	References


