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fresh ET, as well as higher birth weights compared to natural 
conceived children. Conclusions: Singletons born after FET 
have a higher risk of high birth weight and being LGA com-
pared to singletons after fresh ET and compared to natural 
conceived singletons. We assume that the freezing process 
might be the underlying cause. © 2017 The Author(s) 

Published by S. Karger AG, Basel

Introduction

For children born after assisted reproductive technol-
ogies (ARTs) in general, their health has been a concern 
since the first successful treatments. Several studies have 
shown a higher occurrence of low birth weight (LBW, 
<2,500 g), very LBW (<1,500 g) and preterm birth in chil-
dren conceived through ART [1–8]. Other studies have 
concluded that children conceived through ART do not 
have increased risks of adverse perinatal outcome [9–12]. 
However, a recent systematic review of 45 cohort studies 
showed that neonates born after ART compared to those 
who were naturally conceived have a higher risk of birth 
defects [3]. Not clear is whether this higher risk of adverse 
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Abstract
Background/Aim: To compare the pregnancy outcome of 
singletons conceived after transfer of cryopreserved and 
thawed embryos (frozen embryo transfer [FET]) to singletons 
conceived after fresh embryo transfer (fresh ET) and natural 
conceived singletons. Methods: Using a retrospective data 
analysis on a study population consisting of 1,261 singletons 
born after FET and 2,519 singletons born after fresh ET be-
tween 2006 and 2015. The control group consisted of single-
tons born after natural conception. Main outcome measures 
consisted of birth weight (in grams), gestational age, pre-
term birth (<37 weeks of gestation), being large for gesta-
tional age (LGA, above 90th weight percentile adjusted for 
gestational age) and Apgar scores. Results: Babies born after 
FET had an increased risk of high birth weight (adjusted OR 
[AOR]) 2.92; 1.503–3.482) and being LGA (AOR fresh ET vs. 
FET 1.47; 1.210–1.787) compared to singletons born after 
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outcomes is resulting from the ART procedure itself, the 
underlying sub- or infertility or other causes [13]. Also 
the long-term health of children born after ART is a mat-
ter of concern since studies suggest that these children 
might be at increased risk for metabolic and cardiac dis-
eases [14–17].

Since the birth of the first baby born after frozen em-
bryo transfer (FET) in 1984 [18], this technique has be-
come increasingly important worldwide. In 2004, up to 
30% of the children born after ART were from cryopre-
served embryos [19]. These numbers are increasing 
worldwide not only because of satisfactory pregnancy 
and live birth rates after cryopreservation [20, 21] but also 
because elective single embryo transfer (eSET) is now in 
favour over double embryo transfer (DET) since preg-
nancy rates and outcomes seem comparable with DET. 
Also, the occurrence of less multiple pregnancies after 
eSET compared to DET contributes to the preference for 
eSET [22]. This trend leaves more embryos available for 
freezing per cycle to be thawed in later cycles.

The knowledge concerning the differences in obstetri-
cal and neonatal outcome between cryopreserved and 
fresh embryos is increasing. Literature suggests that the 
health of neonates born after FET is similar or even more 
favorable compared to the health of children born after 
fresh embryo transfer (fresh ET) [23, 24]. Recent studies 
showed that neonates born after FET have decreased risks 
of preterm birth, LBW and being small for gestational age 
(SGA, below 10th percentile) compared to fresh ET [23–
28]. An increased risk of high birth weight and being large 
for gestational age (LGA, above 90th percentile) was re-
ported as well [23–29]. A higher risk of congenital mal-
formations for infants born after cryopreservation com-
pared to fresh ET is also described [30, 31]. When com-
paring children born after FET with natural conception, 
an increased risk for preterm birth, LBW, very LBW and 
need for caesarean sections was found [6]. These findings 
imply the need for more research into the underlying 
cause, especially since the intention to start a freeze-all 
policy, where all embryos are first cryopreserved and em-
bryo transfer is performed in another menstrual cycle, is 
upcoming [32].

In this study, our aim was to investigate whether there 
is an increased risk for being LGA in babies born after 
cryopreservation in our IVF center and to find factors, 
which are possible underlying causes. Children born after 
natural conception, without fertility treatment, were used 
as a control population. Birth weight, gestational age, 
weight percentile adjusted for gestational age and Apgar 
scores are our main outcome measures.

Materials and Methods

Data Collection
Data were collected from the “Electronic Patient Dossier” of the 

IVF center (study population) and the department of obstetrics 
and gynecology (control group) of the VU University Medical 
Center Amsterdam (VUmc). Children born between 2006 and 
2015 were included. In order to ensure anonymity of both mother 
and child, the database was depersonalized; therefore, our study 
did not involve human subjects. We received confirmation from 
the Medical Ethics Review Committee of the VUmc that the Med-
ical Research Involving Human Subjects Act (WMO) does not ap-
ply to this study and that an official Institutional Review Board 
approval is not required.

Patient Population
This study included singleton babies born through IVF/ICSI 

after at least 24 weeks of gestation (Dutch treatment limit for early 
preterm births [33]) in the IVF center. Babies born after single em-
bryo transfer as well as DET were included. Excluded were all van-
ishing twins [34], defined as a singleton birth where a twin preg-
nancy was recorded at 7 weeks of gestational age (double heartrate 
at ultrasound). Gestational surrogates and donor oocyte pregnan-
cies were excluded as well. As a reference group, we included ba-
bies born in the VUmc after natural conception (no fertility treat-
ment).

Outcome Measurements
For the maternal background characteristics, the following 

variables were included: age at the time of birth, parity, cause of 
infertility and number of embryos transferred (SET or DET). The 
perinatal outcome measurements used were birth weight (in 
grams), LBW (<2,500 g), high birth weight (>4,500 g), SGA (below 
10th weight percentile adjusted for gestational age), LGA (above 
90th weight percentile adjusted for gestational age), gestational age 
(days), preterm birth (delivery before 37 weeks of gestation), early 
preterm birth (delivery before 32 weeks of gestation), Apgar scores 
(below or above score 7 at 5 min after birth) and perinatal mortal-
ity (deaths occurring before, during or within the first week after 
birth).

ART Procedures
Preservation, embryo transfer and stimulation procedures in 

the laboratory were unaltered during the years of inclusion. A 
switch in culture medium in January 2009 (from human tubal 
fluid, HTF, to Sage®) was shown to have no effect on perina-
tal outcome [35]. The stimulation, laboratory, embryo transfer 
and cryopreservation protocols were as described previously 
[36].

During the last week of receiving an oral contraceptive, women 
underwent controlled ovarian hyperstimulation with a long GnRH 
agonist protocol. Oocyte retrieval was performed 36 h after admin-
istration of human chorionic gonadotrophin (hCG) when there 
was at least one follicle ≥18 mm and 3 or more follicles ≥16 mm. 
On the day of oocytes retrieval, IVF or ICSI procedures were per-
formed following routine insemination procedures. Fertilization 
was checked 16–18 h after insemination. The embryos were incu-
bated under atmospheric O2 concentration, 5% CO2 and at 37 ° C. 
In fresh cycles, embryo selection and transfer were performed 
5 days after hCG administration (3 days after oocytes retrieval). 
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For frozen-thawed embryos, selection and transfer took place at 
20–24 h after thawing.

Cryopreservation of embryos left over after fresh transfer was 
performed 6 days after hCG administration (4th day after oocyte 
retrieval) by a standard slow freezing protocol. After 10 min at 
room temperature, the embryos were cooled at a starting rate of 
–2 ° C per minute to –6 ° C, at –6 ° C manual seeding was performed, 
after which freezing continued at a rate of –0.3 ° C per minute to 
–40 ° C and last at –20 ° C per minute to –196.0 ° C to be stored in 
liquid nitrogen. For this a dimethyl sulphoxide (DMSO) solution 
was used for cryoprotection. Only embryos with less than 20% 
fragmentation and a minimum of 8 cells were selected for freezing. 
In a series of decreasing DMSO media solutions the embryos were 
thawed. The average time that the embryos remained frozen was 
0.9 ± 1.1 years. After thawing, the embryos were assessed and cul-
tured for 20–24 h. The embryos were assessed once again before 
embryo transfer and selection for transfer occurred if either the 
embryo was in cleavage stage or a blastocoelic cavity was present. 
Thawed embryos were transferred predominantly in a natural cy-
cle. Embryo transfer was performed 6 days after the hCG injection.

Statistics
Analysis of the data was performed using Statistical Package for 

the Social Sciences (SPSS) version 23.0 for Windows. Both chi-
square tests (categorical variables) and Student t tests (continuous 
variables) were performed for statistical analysis of the crude data. 
When comparing the FET group with the fresh ET group we ad-
justed for confounding factors (parity, maternal age, gender of the 
child, number of embryos transferred and gestational age) by using 
logistic (categorical outcomes) regression and linear (continuous 
outcomes) regression analyses. ORs and adjusted ORs (AORs) 
were calculated. We used a one-to-one propensity score matching 
to analyze the difference in birth weight comparing children born 
after transfer of cryopreserved embryos with the reference group 
and comparing children born after transfer of fresh embryos with 
the reference group. The set of covariates we used consisted of ma-
ternal age, gender of the child, parity, gestational age and maternal 
diabetes mellitus (both preexistent and gestational). Missing val-
ues are addressed in Table 1 and were excluded from calculations. 
In all statistical analyses, a p value of <0.05 was considered statisti-
cally significant (2-sided).

Table 1. Maternal background characteristics and perinatal outcome characteristics

FET
(n = 1,261)

Fresh ET
(n = 2,519)

p values Missing 
values, n (%)

Maternal background characteristics
Maternal age at time of birth, mean ± SD 35.5±4.0 34.5±4.3 <0.001 0 (0.0)
Parity*, n (%)

Multiparae
Primiparae

573 (45.6)
683 (54.4)

707 (28.7)
1,757 (71.3) <0.001 60 (1.6)

Number of embryos transferred*, n (%)
SET
DET

1,069 (84.8)
191 (15.2)

1,956 (81.7)
439 (18.3) 0.017 125 (3.3)

Day of embryo transfer**, n (%)
Day 5 
Day 6

0
1,261 (100)

2,519 (100)
0 0 (0.0)

Cause of infertility, n (%)
Male
Endocrine 
Tubal
Endometriosis
Other
Multiple causes

553 (43.8)
38 (3.0)

158 (12.5)
85 (6.7)

318 (25.2)
112 (8.9) 

987 (39.1)
122 (4.8)
223 (8.8)
160 (6.3)
773 (30.6)
261 (10.3) 0 (0.0)

Perinatal outcome characteristics
Gender*, n (%)

Male
Female

637 (50.5)
624 (49.5)

1,277 (50.7)
1,242 (49.3) 0.918 0 (0.0)

Gestational age, days, mean ± SD 276.1±13.2 274.7±14.8 0.004 0 (0.0)
Preterm delivery, weeks, n (%)

24–37
24–32

83 (6.6)
12 (0.9)

188 (7.4)
44 (1.7)

0.349
0.063 0 (0.0)

Perinatal mortality*/*** 7 (0.6) 20 (0.8) 0.540 39 (1.0)

FET, frozen embryo transfer; fresh ET, fresh embryo transfer. * Except unknown values. ** All fresh transfers were performed on 
day 5 after hCG administration (day 3 after oocyte retrieval), cryopreserved embryos were transferred on day 6 after hCG administra-
tion. *** Before, during or after birth, after at least 24 weeks of gestation. Bold values represent significant results (p < 0.05).
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Results

Characteristics
In total, 1,261 singletons born after cryopreserved 

IVF/ICSI and 2,519 singletons born after fresh IVF/
ICSI were compared. Figure 1 shows a flowchart of the 
study population. Overall, we excluded 72 births before 
24 weeks of gestation, 33 vanishing twins, 20 gestation-
al surrogates and 30 pregnancies in which a donor oo-
cyte was fertilized. In Table 1, the maternal background 
characteristics and child characteristics are shown com-
paring FET and fresh ET (unadjusted data). Maternal 
age was higher in the FET group compared to that in 
the fresh ET group. This difference was statistically sig-
nificant (p < 0.001). The distribution of parity was sig-
nificantly different, with percentages of primiparae in 
the frozen-thawed group as 54.4% compared to 71.3% 
in the fresh ET group. In the FET group, 85.8% were 
single embryo transfers against 81.7% in the fresh ET 
group (p = 0.017). No significant difference was found 
in the distribution of gender. Gestational age (in days) 
in the FET group was higher (276.1 ± 13.2) than in the 
fresh ET group (274.7 ± 14.8; p = 0.004). Both preterm 
delivery (<37 weeks of gestation) and early preterm de-
livery (<32 weeks of gestation) did not differ signifi-
cantly between fresh ET and transfer of cryopreserved 
embryos. Also, no significant difference in mortality 
was found.

FET Compared to Fresh ET
Results after performing both linear regression analy-

ses for continuous variables and logistic regression analy-
ses for dichotomous variables between the frozen and the 
fresh ET group are shown in Table 2. Both analyses were 
performed with and without adjusting for maternal age, 
parity, gender of the child and number of embryos trans-
ferred. Gestational age differed significantly between the 
FET group and the fresh ET group before adjusting 
for confounders (FET 276.1 ± 13.2, fresh ET 274.7 ± 14.8, 
p = 0.004); after adjusting for confounders this still dif-
fered significantly by 1.2 days (p = 0.018). The cryopre-
served group did not differ significantly from the fresh ET 
group as regards preterm birth before 37 weeks of gesta-
tion. When comparing birth weight as a continuous vari-
able, the FET group showed a statistically higher mean 
birth weight compared to the fresh ET group (3,512 ± 589 
g for the FET group, 3,368 ± 616 g for the fresh ET group, 
p value <0.001). After adjusting for confounders, this dif-
ference was still significant (p < 0.001). A significant dif-
ference can also be seen in LBW (<2,500 g) where the FET 
group has a lower risk compared to the fresh ET group 
(AOR 0.62; 0.389–0.975; p = 0.039) and in high birth 
weight (>4,500 g) where the frozen-thawed group had a 
higher risk than the fresh ET group (AOR 2.06; 1.320–
3.221; p = 0.001). The FET group showed a lower risk for 
a percentile score below 10 (AOR 0.60; 0.450–0.811; p = 
0.001) and a higher risk for a percentile score above 90 

Fig. 1. Flowchart of the study population.
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<24 weeks GA: 51 (1.9%)
Vanishing twins: 19 (0.7%)
Gestational surrogate: 10 (0.4%)
Donor oocyte: 17 (0.6%)

<24 weeks GA: 21 (1.6%)
Vanishing twins: 14 (1.1%)
Gestational surrogate: 10 (0.8%)
Donor oocyte: 13 (1.0%)

Total
n = 2,519

Fresh ET
n = 2,616

Frozen ET
n = 1,319

Singletons IVF/ICSI
n = 3,935

Total
n = 1,261
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(AOR 1.48; 1.204–1.807; p ≤ 0.001) compared to fresh ET 
as well. These results are visualized in online supplemental 
Figure 1 (see www.karger.com/doi/10.1159/000468935), 
where a rightward shift can be seen for the FET group. No 
significant difference in risk of low Apgar score at 5 min 
(<7) was seen between the frozen-thawed and the fresh ET 
group.

Comparing FET and Fresh ET with  
Natural Conception
To compare FET with natural conception and fresh 

ET with natural conception, we performed a one-to-one 
propensity score matching. For this, we only included 
children born at the VU University Medical Center, 
which gave a total of 157 children born after transfer of 
cryopreserved embryos and 423 children born after 

fresh ET matched with respectively 157 embryos and 
423 embryos from the reference group (natural concep-
tion). These results are displayed in Table 3. When com-
paring gestational age between the FET group and the 
reference group, no significant difference was found. 
This comparison was also not significant when compar-
ing fresh ET with the reference group. The frozen-
thawed group showed a significant higher mean birth 
weight of 192 g compared to the reference group (3,443 ± 
727 g for the FET group, 3,251 ± 797 g for the reference 
group, p = 0.003). The fresh ET group did not show a 
significant difference in the mean birth weight com-
pared to the reference group when performing a pro-
pensity score matching (3,220 ± 719 g for the fresh ET 
group, 3,263 ± 774 g for the natural conception group, 
p = 0.402).

Table 2. FET compared to fresh ET

SET + DET Differences, FET vs. fresh ET

unadjusted adjusted

FET 
(n = 1,261)

fresh ET
(n = 2,519)

difference p value difference p value

Gestational age, days 276.1±13.2 274.7±14.8 1.4 0.004 1.2 0.018A

Birth weight, g* 3,512±589.2 3,368±616.9 144.0 <0.001 85.1 <0.001A, B

Risks FET vs. fresh ET

OR (95% CI) p value adjusted OR (95% CI) p value

Preterm birth <37 weeks 1.14 (0.876–1.495) 0.324 1.08 (0.820–1.431)A 0.572A

Low birth weight <2,500 g* 0.64 (0.459–0.885) 0.007 0.62 (0.389–0.975)A, B 0.039A, B

High birth weight >4,500 g* 2.29 (1.503–3.482) <0.001 2.06 (1.320–3.221)A, B 0.001A, B

Percentiles*
<10th 
>90th 

0.61 (0.458–0.809)
1.47 (1.210–1.787)

0.002
<0.001

0.60 (0.450–0.811)A

1.48 (1.204–1.807)A
0.001A

<0.001A

Low Apgar score at 5 min (<7)* 1.089 (0.635–1.867) 0.758 1.29 (0.730–2.279)A 0.380A

SET FET vs. Fresh ET

unadjusted adjusted

FET 
(n = 1,069)

fresh ET
(n = 1,956)

difference p value difference p value

Birth weight, g*** 3,514±594.9 3,373±598.7 141.0 <0.001 84.9 <0.001B, C

OR (95% CI) p value Adjusted OR (95% CI) p value

Low birth weight <2,500 g*** 0.67 (0.466–0.958) 0.028 0.69 (0.424–1.122)B, C 0.134B, C

High birth weight >4,500 g*** 2.80 (1.731–4.542) <0.001 2.47 (1.485–4.112)B, C <0.001B, C

FET, frozen embryo transfer; fresh ET, fresh embryo transfer. * Except unknown values (birth weight: 0.4%, percentiles: 6.1%, Apgar score: 36.1%). ** Before, 
during or after birth, after at least 24 weeks of gestation. *** Except unknown values (5.9%). A Adjusted for: maternal age, parity, gender of the child and number 
of embryos transferred. B Adjusted for gestational age. C Adjusted for: maternal age, parity and gender of the child. Bold values represent significant results (p < 
0.05).
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Additional Analysis
Because the use of single embryo transfer is increasing 

compared to the use of DET, we performed an additional 
analysis to compare the transfer of cryopreserved embry-
os with fresh ET including only the single embryo trans-
fers (Table  2). We found a significant difference (p < 
0.001) in birth weight between FET and fresh ET. The risk 
of LBW (<2,500 g) in the fresh ET group was significant-
ly higher compared to the FET group (p = 0.028). Af-
ter adjustment, this difference did not remain significant 
(p = 0.134). The risk of a birth weight above 4,500 g was 
significantly higher (p < 0.001) in the frozen-thawed 
group compared to that of the fresh group (AOR 2.47; 
1.485–4.112).

Within the FET group, both cleavage and blastocyst 
stage embryo transfer were performed. Additional analy-
sis to compare both groups showed no significant differ-
ence in birth weight between cleavage-stage embryo 
transfer (3,517 ± 631 g) and blastocyst stage embryo 
transfer (3,503 ± 581 g, p = 0.752).

Discussion

This retrospective study included 3,780 children con-
ceived through ART (IVF/ICSI, fresh and FET) and 
showed that singletons from cryopreservation cycles had 
a significantly higher birth weight compared to singletons 
born after fresh cycles, both before and after adjusting for 
confounding factors. These results correspond to earlier 
published studies, where an increased risk in high birth 
weight was also seen in the frozen-thawed embryo trans-
fer group compared to fresh ET group [23–29]. Results 
also showed that singletons from the FET group have an 
increased risk of high birth weight (>4,500 g) and being 
LGA (>90th percentile) as well as a decreased risk of LBW 
(<2,500 g) and being SGA (below 10th percentile). This 
can be summarized as a negative skewness in birth weights 
of the FET group compared to the fresh ET group as is 

clearly visible in online supplemental Figure 1 and Table 
2. Since we included both SET and DET in our research 
group, we performed an additional analysis where we in-
cluded only SET in the comparison between FET and 
fresh ET, as SET is increasingly more common. In this 
analysis, we found a similar result compared to the origi-
nal analysis, with significant higher birth weight and 
more children above 4,500 g in the FET group compared 
to the fresh ET group. Since we did not find differences 
in birth weight between cleavage-stage and blastocyst-
stage embryo transfer within the FET group, we assume 
that the weight difference we found between fresh ET and 
FET could be contributing to the freezing process.

The difference in gestational age without adjusting for 
confounders was 1.4 days (adjusted 1.2 days) and this 
does not explain the observed difference in birth weight 
(both adjusted and unadjusted). We consider the cryo-
preservation technique a possible cause of the higher 
birth weight, since the embryos grow one day extra in vi-
tro after thawing to compensate for the loss of cells in the 
freezing and thawing processes (embryo transfer takes 
place day 6 days after HCG injection in the cryopreserved 
group and after 5 days in the fresh group). As a result, a 
greater influence of epigenetic factors in culture medium 
may potentially be responsible for the weight differences 
found [13].

A recent review showed a slightly favorable cryosur-
vival and clinical pregnancy rate for vitrification instead 
of slow-freezing as cryopreservation technique for em-
bryos [37]. We solely use slow-freezing in our center, so 
this has no implication on our findings. However, differ-
ent cryopreservation techniques might influence perina-
tal outcome and more research on this topic might be of 
great value, since little is yet known about children born 
after vitrification of embryos versus slow-freezing.

Strengths of this study are both the size of the study as 
well as the timespan of the collected data. We were able 
to use nearly 10 years of patient data, during which time 
there were hardly any changes in the standardized labora-

Table 3. FET and fresh ET compared to natural conception (propensity score matched)

Differences  
(propensity 
score matched)

FET vs. natural conception Fresh ET vs. natural conception

FET 
(n = 157)

natural conception 
(n = 157)

difference p value fresh ET 
(n = 423)

natural conception
(n = 423)

difference p value

Gestational age, days 273.8±17.8 274.9±20.4 1.1 0.629 271.2±19.0 271.3±22.6 0.1 0.908
Birth weight, g* 3,443±727.9 3,251±796.8 192 0.003 3,220±718.7 3,263±774.1 43 0.402

FET, frozen embryo transfer; fresh ET, fresh embryo transfer. * No missing values. Bold values represent significant results (p < 0.05).
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tory protocols, besides a change of culture medium in 
2009, which was shown to have no effect on perinatal out-
come [35]. However, we were not able to adjust for socio-
economic factors and lifestyle components (e.g., use of 
alcohol, drugs and nicotine, maternal body mass index 
[BMI]) due to incomplete data. We acknowledge that 
these factors might be of great importance for the perina-
tal outcome of children born after ART as described in 
other studies [7, 11, 13, 38].

One further question we aimed to answer was how ba-
bies born after cryopreservation compared, not only to 
the fresh ET group, but as well to the naturally conceived 
population (control group). Using propensity score 
matching, the fresh ET group did not differ significantly 
from the reference group in gestational age and mean 
birth weight. In contrary the FET group did show signif-
icant difference in mean birth weight (192 g) when com-
pared to the control group. This indicates that our fresh 
ET group resembles the control group much more than 
the cryopreserved group. We acknowledge that our refer-
ence group is a limitation of this study because of the 
medicalized population; however, for the comparison of 
children born after FET/fresh ET and naturally conceived 
children, we only used children born at the VU Univer-
sity Medical Center. We also used a propensity score 
matching to achieve a lower bias between the study popu-
lation and the control group and therefore obtained a bet-
ter comparison between these groups.

Besides our own control group, we compared our re-
sults to data from other sources. The “Statistics 
 Netherlands” (CBS) data collects information on all chil-
dren born in the Netherlands. Between 2011 and 2013, 
according to their data, the mean birth weight of all live 
born infants was 3,431 g [39]. Compared to our data we 
find that the babies born after fresh ET have a lower mean 
birth weight than the general population, where the chil-
dren born after cryopreservation have a higher mean 
birth weight. Compared to results from a recent study 
where data from the Dutch perinatal birth registration 
was used [11], we see the same trend. This might indicate, 
in contrast to what others have found [40], that fresh ET 
results in a lower birth weight compared to the general 
population and that cryopreservation leads to a higher 
birth weight than the general population.

The question remains what the clinical implications of 
these findings are. Other studies conclude that perinatal 
outcomes of children born after cryopreservation are 
even favorable over children born from fresh cycles based 
on the higher birth weights of children born after FET 
[23, 24]. We found no differences in Apgar scores be-

tween all groups including the reference group. This im-
plies that the babies had a comparable start irrespective of 
the way they were conceived and none of them is favor-
able over the others. Early gestation appears to be of im-
portance for long-term health, as was shown in the Dutch 
Famine study, early gestational exposure to stress ap-
peared to adverse health outcomes later in life (e.g., coro-
nary heart diseases, obesity and increased stress respon-
siveness) [41]. Culturing embryos in vitro might have a 
comparable impact on the long-term health of these chil-
dren. Since cryopreservation contains a longer culturing 
phase compared to fresh ET, monitoring effects of this 
treatment are of great importance in the long term.

It is not clear yet what causes the increased risk of being 
LGA in children born after cryopreservation. The differ-
ence of 144 g in mean birth weight between frozen-thawed 
and fresh ET may be small and therefore clinically non-
relevant. The increased risk of being LGA and high birth 
weight, however, is of clinical importance. It has been 
shown that children that are LGA have an increased risk 
for caesarian section, metabolic disturbances, stillbirth, 
trauma, distress and asphyxia at birth [42–44]. There are 
studies that suggest epigenetic causes for the increased risk 
of being LGA in the FET group based on ART in animals 
[45]. It has been shown that the large offspring syndrome 
in cattle occurs significantly more often after IVF/ART 
procedures [46]. Others have shown that this syndrome is 
genetically similar to the Beckwith-Wiedemann’s syn-
drome in humans, which is indeed epigenetic [47]. In re-
cent research, it was shown that BMI is an independent 
risk factor for being LGA; however, the investigators were 
unable to show a connection between BMI and transfer of 
cryopreserved embryos and therefore conclude that FET 
is also an independent risk factor for being LGA [48]. Oth-
er possible explanations could be the ART procedures it-
self, embryo quality or maternal factors [11, 49, 50]. We 
aim to prolong our study to assess the influence of embryo 
quality, ART procedures and lifestyle factors. Regardless 
of the cause of the weight difference that we found, cryo-
preservation does not seem to lead to a higher risk of ad-
verse perinatal outcome. A freeze-all policy is upcoming 
with the intention to transfer embryos later in a natural 
cycle to avoid adverse perinatal outcome [32, 51], but cau-
tion is recommended since the consequences of our find-
ings are not yet evident.
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