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Objective: To study whether the growth trajectory between first, second and third
trimester, birth and five years of age differs between children born following fresh
(fresh ET), frozen (FET) embryo transfer and children naturally conceived (NC).
Design: Historical cohort study of children. The analysis compared cross sectional and
longitudinal differences in measurement between individuals stratified by method of
conception.

Setting: North East Scotland

Patients: Participants were born between 1997-2012 by NC (n=65,683), fresh ET
(n=576) and FET (n=179). Data were available for method of conception, fetal,
maternal and neonatal characteristics and measurements at five years.

Intervention(s): None

Main Outcome Measure(s): Size at first, second and third trimester, birth and five
years.

Result(s): In the longitudinal model, first trimester CRL was significantly longer after
fresh ET compared to NC (mean difference 0.30 z score [95% confidence interval 0.13,
0.47] p =0.0006). Second trimester head size was larger after fresh ET (mean
difference 0.37 [0.21, 0.54] p<0.001) and after FET (mean difference 0.29 [0.04, 0.53]
p=0.022) compared to NC. Birth weight was lower after fresh ET conception compared
to FET (mean difference 0.25 [0.09, 0.44 p=0.007]). At five years of age, children
conceived by fresh ET and FET were no heavier than peers conceived by NC.
Conclusion(s): Individuals conceived by IVF have significantly different antenatal
growth trajectories during the first and second trimester compared to NC and
differences persist at birth for weight and head size. The relevance of these different
growth trajectories remains uncertain and larger prospective studies are required.
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ABSTRACT

Objective: To study whether the growth trajectory between first, second and third trimester, birth
and five years of age differs between children born following fresh (fresh ET), frozen (FET) embryo
transfer and children naturally conceived (NC).

Design: Historical cohort study of children. The analysis compared cross sectional and longitudinal
differences in measurement between individuals stratified by method of conception.

Setting: North East Scotland

Patients: Participants were born between 1997-2012 by NC (n=65,683), fresh ET (n=576) and FET
(n=179). Data were available for method of conception, fetal, maternal and neonatal characteristics
and measurements at five years.

Intervention (s): None

Main Outcome Measure(s): Size at first, second and third trimester, birth and five years.

Result(s): In the longitudinal model, first trimester CRL was significantly longer after fresh ET
compared to NC (mean difference 0.30 z score [95% confidence interval 0.13, 0.47] p =0.0006).
Second trimester head size was larger after fresh ET (mean difference 0.37 [0.21, 0.54] p<0.001) and
after FET (mean difference 0.29 [0.04, 0.53] p=0.022) compared to NC. Birth weight was lower after
fresh ET conception compared to FET (mean difference 0.25 [0.09, 0.44 p=0.007]). At five years of
age, children conceived by fresh ET and FET were no heavier than peers conceived by NC.
Conclusion(s): Individuals conceived by IVF have significantly different antenatal growth trajectories
during the first and second trimester compared to NC and differences persist at birth for weight and
head size. The relevance of these different growth trajectories remains uncertain and larger
prospective studies are required.

Keywords: in vitro fertilisation / embryo transfer / growth trajectory /fetal
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INTRODUCTION

Infertility affects one in seven couples (1) and treatment with IVF with or without ICIS has resulted in
the birth of over 8 million babies worldwide. Whilst the benefits of IVF/ICSI to parents who cannot
conceive without intervention are clear, there is the potential that offspring conceived by IVF/ICSI may
be at increased risk for adverse health outcomes.

Conception following IVF/ICSI has been linked with an increased risk for major congenital anomalies,
perinatal mortality, premature delivery, low birth weight and small for gestational age (SGA) (2-5).
Risk for adverse perinatal outcomes (including reduced birth weight, premature delivery and SGA)
were lowest after natural conception, highest after fresh embryo transfer (fresh ET) and intermediate
after frozen thawed embryo transfer (FET) (5, 6).

In a number of studies, authors have shown an association between conception after frozen thawed
embryo transfer and large for gestational age (LGA) and macrosomia compared to fresh embryo
transfer and natural conception (7). What has not been explored is whether conception after IVF/ICSI
is associated with differences in anthropometric measurements at various stages before birth and for
the offspring beyond the perinatal period, and in particular with childhood weight. In a study by Miles
et al. (8), children born following IVF/ICSI treatment were taller (but not heavier) and a study by
Sutcliffe et al. (9) reported reduced risk for being overweight by 5 years of age after IVF/ICSI
conception when compared to NC. Haan et al. (10) did not find a significant difference for height,
weight and BMI at school entry (age 4-6 years of age) in a cohort of children born following fresh ET,
FET and naturally conceived. Hence there is uncertainty about the relationship between IVF/ICSI and
childhood anthropometric measurements.

The objectives of this study were to link routinely collected data to create a virtual birth cohort and
then determine whether the growth trajectory in pregnancies after IVF/ICSI is different to peers
conceived after natural conception (NC) in the first, second and third trimesters, birth and five years

of age. In addition, we also explored the differences in growth trajectory between fresh ET and FET.
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MATERIALS AND METHODS

Study Design and Participants

This was a retrospective cohort study linking data from three separate databases: the Aberdeen
Fertility Centre Database (AFC), the Aberdeen Maternity and Neonatal Databank (AMND) and the
Study of Trends in Obesity in North East Scotland (STONES). The study was approved by the North of
Scotland Research Ethics Committee (reference 15-NS-0045) and the AMND Steering Committee

(reference SB/AMND15).

Aberdeen Fertility Centre Database

Aberdeen Fertility Centre is the only centre providing either private or public fertility treatment in the
North and East of Scotland including the Grampian and Highland regions, and the Shetland and Orkney
islands (11) and data on all patients receiving fertility treatment in Aberdeen and who delivered at
Aberdeen Maternity Hospital (AMH) are included. The data extracted for this study included: the type
of embryo transfer (fresh or frozen) and stage of transfer (cleavage or blastocyst).

Aberdeen Maternity and Neonatal Databank

The AMND contains routinely collected data on all pregnancies occurring at AMH (12). AMH is the only
maternity hospital in the city of Aberdeen, and also provides tertiary maternity care to the entire
region of North East Scotland including the Grampian region and the Orkney and Shetland islands. For
this study the following maternal characteristics were extracted from the database: age, parity, BMI,
height, smoking status and socioeconomic status using Carstairs index (13) (an index of deprivation
used in Scotland which takes into account car ownership, occupational social class, overcrowding in
households, male unemployment and postcode sectors). The first trimester measurement was crown
rump length which is typically measured in our centre at 11 weeks gestation. Second trimester
measurements are taken at approximately 20 weeks gestation in Aberdeen and include, biparietal
diameter (BPD), femur length (FL) and abdominal circumference (AC). Third trimester measurements

are taken for obstetric reasons, e.g. low lying placenta, small for dates fetus, and include BPD, FL and



©CO~NOOOTA~AWNPE

AC. Estimated fetal weight (EFW) in the second and third trimesters was calculated using the method
of Hadlock (14). Z scores for all fetal measurements were derived using a previously described
methodology (15). The data collected from birth records included gestation at birth,
singleton/multiple gestation pregnancy, birth weight, birth length and occipito frontal circumference
(OFC). Multiple gestation pregnancies were excluded from the analysis.

STONES

The STONES database contains routinely collected data on the height and weight of children on school
entry at an average of 5.5 years. Data were available in approximately 70% of all children at school
entry. For this study height, weight and BMI were extracted from the STONES database and z scores
were derived using the 1990 standard (16). The International Obesity Task Force (IOTF) criteria were
used to define the following weight categories: underweight, healthy weight, overweight, obese (17).
Any values out with five z scores of the mean were excluded as presumed spurious results.

Data Linkage:

The method of conception of births occurring between 1997 and 2012 were linked to height and
weight measurements at age 5 collected between 2002 and 2017 using the Community health Index
(CHI) number. The CHI is a uniqgue number given to each individual in Scotland. The AFCD has CHI
number for women, STONES has CHI number for children and AMND has both the CHI nhumber of
mothers and offspring. The files were linked using CHI numbers in the National Safe Haven (18), this
is a virtual private network where researcher can access linked and anonymised data but cannot print
off results or export files.

Ethical Approval

Ethical approval was granted by the National Health Services (NHS) Grampian Research and
Development Department (NHSG R & D) (15/NS/0045), and the study was approved by the relevant
Caldicott guardians.

Statistical Analysis
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General linear models were used to compare cross sectional differences in fetal, newborn and
childhood measurements between the three groups (fresh ET, FET and NC) with adjustment for
maternal age, parity, weight, height, smoking status, socioeconomic status and offspring sex.
Multilevel models (MLM) were used to describe longitudinal change in z scores for measurements in
fetuses, new born and at five years of age between the three groups adjusting for the variables
previously described. Only fetal measurements which were different in cross-sectional analyses
were included in the longitudinal model. The MLM first explored whether when all measurements
were considered collectively they differed between the three groups. A time variable was then
added (10=first trimester, 20=second trimester, 30=third trimester, 40=birth and 286=five years) and
an interaction term between time and measurement was created to determine whether differences
in measurements between groups changed over time. Data analysis was completed using IBM SPSS
(Statistical Package for the Social Sciences, SPS Inc., Chicago, IL, USA) version 24 for Windows. A

statistical significance level of 0.05 was used for all comparisons.

RESULTS

Study participants

Data were available in 576 individuals conceived by fresh ET, 179 conceived by FET and 65,683 after
NC. There were 45 blastocyst transfers among the IVF conceptions. Table 1 presents characteristics
of mothers in these three groups. When compared to the fresh ET and FET groups, mothers in the
NC group were significantly younger (p<0.001), more likely to smoke (p<0.001), more likely to come
from the most deprived communities (p<0.001), to be shorter (p=0.003) and to have had a previous
pregnancy (p<0.001), but were comparable in weight body mass index and weight category. There
was no significant difference in characteristics between mothers in the fresh ET and FET groups.
Figure 1 presents details of the numbers of individuals where measurements were available.

Cross sectional comparison of offspring

Fetal measurements in antenatal period
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Summary of results for fetal measurements from cross sectional analyses adjusting for deprivation,
maternal smoking, a maternal identifier (to allow for collinearity of results between siblings),
offspring sex, maternal age, height and gestation in days for the groups fresh ET, FET and NC are
shown in table 2.

First trimester

Crown Rump Length (CRL) was measured at a mean (SD) gestation of 11 (1.3) weeks. Conception

after fresh ET was associated with longer CRL compared to NC (p =0.024), table 2.

Second trimester.

Second trimester measurements were made at a mean (SD) gestation of 20.0 (1.5) weeks.
Conception after IVF/ICSI was associated with a larger BPD when compared to NC, and this
difference was seen when both fresh ET (p <0.001) and FET ( p = 0.018) were individually compared
with NC. There was no significant difference between the fresh ET and FET for BPD z score values.
The FL was larger in conceptions as a result of FET compared to NC ( p=0.019), and there was a
trend which approached significance for a difference in FL between FET and fresh ET (P=0.056), table
2.

Third trimester

Third trimester measurements were taken at a mean (SD) gestational age of 33.6 (3.0) weeks. There
was no difference in any fetal measurements between any groups, table 2.

Birth measurements

Table 2 shows absolute measurements at birth and the relative differences with adjustment for
deprivation, maternal smoking, a maternal identifier, offspring sex, maternal age, height and
gestation at delivery. The different characteristics of mothers in the NC compared to fresh ET and
FET groups meant that the differences between absolute measurements were of a notably different

magnitude compared to adjusted differences. The proportion of babies born with low birth weight
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were similar in all three groups, but a significantly higher proportion of babies were of high birth
weight (> 4 kg) in FET group ( 22% FET vs. 13% fresh ET and 13% NC p =0.003).

The mean z scores for birth weight and OFC differed between groups. Babies born following fresh ET
were lighter at birth compared to both NC (p< 0.001) and FET (p=0.002), and there was no
difference in birth weight z scores between FET and NC, table 2. Differences in OFC between groups
at birth followed a similar pattern to birth weight, and those born after fresh ET had smaller heads
compared to NC (p=0.009) and FET (p=0.019) with there being no difference in OFC between FET and

NC groups, table 2. There were no differences in mean crown heel length.

Measurement at age five years

Table 2 shows results for the measurements at school entry between the groups adjusted for
deprivation, maternal smoking, a maternal identifier, offspring sex, maternal age and age.
Additionally, the analyses included the corresponding maternal anthropometric measurements e.g.
for child height, maternal height was also included. Mean age at assessment was similar in all three
groups at 5.6 years. Children conceived after fresh ET were heavier compared to the NC group (p
0.04), table 2, and there was no difference in the mean weight between children conceived by FET
compared to NC or between fresh ET and FET. There were no differences in height, BMI or weight
category at 5 years in any of the comparisons between the three groups.

Longitudinal analysis

Longitudinal relationships between the following combination of anthropometric measurements
were considered: z scores of CRL in the first trimester and BPD in the second and third trimesters,
birth weight and weight at five years. The differences between FET and NC and fresh ET and NC in
the cross sectional analyses (table 2) were seen in the longitudinal model for antenatal
measurements of CRL and BPD, figure 2 and Supplemental table 1. The reduced weight at birth and
increased weight at five years among those conceived by fresh ET relative to NC was not significant

in the longitudinal model, figure 2 and Supplemental table 1. The associations between method of
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conception and longitudinal measurements were not substantially changed when the data from the
third trimester were excluded from the analysis, supplemental table 1. When measurements were
compared between individuals conceived by fresh ET and FET, the only significant difference was at

birth (fresh ET lighter by a mean 0.25 z scores [95% Cl 0.09, 0.44] p=0.007), supplemental table 2.

DISCUSSION

Principal findings:

This study used routinely collected data to describe antenatal and postnatal growth of individuals
conceived by IVF and after natural conception. It showed that individuals conceived after FET were
larger in the second trimester than those conceived by NC, but this difference was not apparent at
third trimesters, birth and five years. Conception after fresh ET was associated with a more erratic
growth trajectory, initially larger than NC in first and second trimester and trend for being smaller at
birth. The cross sectional analysis suggested a trend which was of borderline significance for
children conceived by fresh ET to be heavier than NC at five years, but the longitudinal model (which
considered previous growth trajectory) found no significant difference in weight between fresh ET
and NC.

Strengths

To best of our knowledge this is the first study to report on antenatal ultrasound measurements,
comparing NC with fresh ET and FET. We were also able to link maternal characteristics (including
method of conception and height and weight) to offspring weight at five years in a relatively large
number of individuals. Hence, we can determine growth trajectories from before and after birth in
a large population and adjust for many confounders.

Limitations

The data are from a single geographical area and our results may not be replicated in other regions.
A second limitation is that relatively small numbers of individuals conceived by IVF (especially by

FET), and this may mean that some of the analyses were underpowered (e.g. the EFW analysis in the
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second trimester). There were missing fetal ultrasound scan data (although birth measurements
were complete for 99.9% of individuals), and in our unit ultrasound measurements are only routinely
measured in the third trimester for obstetric indications meaning that results were available for a
particularly small proportion of individuals meaning that our analysis at this gestation was
underpowered. However the associations seen in the longitudinal analysis for the whole population
did not change substantially when the analysis was repeated after excluding third trimester
measurements. For example, although the magnitude of increased head size and femur length seen
in the fresh ET and FET in the second trimester persisted into the third trimester the difference did
not reach significance. An additional limitation to our study is that differences in methods to
ascertain gestation are different between IVF and NC groups and this may explain the different
outcomes. For IVF, 14 days are added from the day of fertilisation to derive the date of last
menstrual period (LMP) but for NC the interval between LMP and fertilisation is not always 14 days;
we believe that this is unlikely to be a major issue since for NC the interval between LMP and
fertilisation may be less than or greater than 14 days and on a whole population basis likely to be
close to 14 days overall. There were very few IVF conceptions after blastocyst transfer and it is well
known from the literature that there are differences in birthweight in pregnancies as a result of
cleavage and blastocyst transfer. A higher proportion of embryo transfers are now done at
blastocyst stage than the time period in which data for current study were collected. Future
research (ideally in prospective studies) should compare different stages of embryo transfer to
offspring weight. A further limitation is that we did not include paternal anthropometric
measurements in our analysis, and this absence is likely to weaken the associations we describe and
not strengthen them. Finally, we had no data between birth and at school entry, so we don’t know
how the weight trajectory was between these two times intervals (birth and 5 years).

Comparison with other studies

Our findings are consistent with some other, but not all studies. There is less consistency for

anthropometric measurements in childhood across groups stratified by natural conception and

10
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IVF/ICSI without stratification for fresh ET and FET (8, 9, 19-21). For example a study by Sutcliffe et
al. (9) reported reduced risk for overweight in 227 five year olds conceived by IVF/ICSI, without
stratifying for fresh ET and FET. A study of 69 children conceived by IVF/ICSI found a 0.5 standard
deviation score increased in height at six years compared to those conceived by NC (8).

Several studies have reported on childhood measurements after IVF/ICSI with stratification for fresh
ET and FET (10, 22-24). Green et al. (22) report that conception by fresh ET was associated with
increased height in prepubertal children. Knoester et al. (23) found no difference in mean weight at
5-8 years in children conceived by fresh ET and natural conception and Ainsworth et al. (24) also
found no difference in weight, height and BMI measurements of five year olds between fresh ET and
FET. A limitation of the studies by Green, Knoester and Ainsworth (22-24) is that the number of
individuals conceived by IVF/ICSI was typically less than 100. A data linkage study involving 5200
children conceived by IVF and 20,800 by NC (10) found that babies born from fresh embryo transfer
were lighter at birth and in the first few weeks of life, but this difference was not present at school
age (aged 4-7 years), compared to peers conceived naturally or by FET. In contrast with our study,
the study by Hann et al. (10) did not have data on antenatal growth and in the absence of a unique
identifier, data were linked between mother and child using probabilistic matching. The study by
Hann et al. (10) did not have maternal anthropometric measurements available and this may have
reduced the ability of the analysis to detect differences in offspring anthropometric measurements
in childhood, this limitation did not affect our analysis which is nonetheless consistent with Hann et
al. (10)

The different findings for weight difference at birth and at age five years between fresh ET and NC in
cross sectional and longitudinal models suggests that future analyses should consider earlier
measurements when exploring differences in anthropometric measurements at a given point in
time.

The mechanism where IVF /ICSI methodology may cause abnormal growth is unclear (25), and

epigenetic mechanisms may be important to many possible pathways to increased or reduced

11
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anthropometric measurements. For example, the hyperstimulation of the ovary, constituents of
growth medium used for both fresh ET and FET or the freeze-thaw cycle used in FET may induce
abnormal epigenetic changes. Periconception conditions have been associated with differences in
birthweight in a number of studies, e.g. increased birth weight after implantation at the blastocyst
stage compared to embryo culture (26,27).

Implications for clinical practice

Our results provide reassurance for pregnancies conceived as a result of frozen embryo transfer
since in the cross sectional and longitudinal models we only observed difference in size relative to
NC only in the second trimester. In contrast in the cross sectional and longitudinal models,
individuals conceived by fresh ET had a different growth trajectory to NC which in the cross sectional
model persisted at birth and five years, and as low birth weight and post-natal catch up growth are
independent risk factors for non-communicable diseases over life course, (28), individuals conceived
after fresh ET may be at increased risk for conditions such as hypertension, type Il diabetes and
coronary artery disease.

Implications for future research

As our results are is limited by their historical nature, variable time for ultrasound and small
numbers, a prospective data collection for pregnancies conceived as a result of fresh and frozen
embryo transfer in both antenatal and post-natal period is needed to provide a definite answer. It is
currently unknown what alters fetal and child growth trajectories for children conceived through
IVF/ICSI, hence further observational and mechanistic studies are needed.

CONCLUSION

We have used the population of North East Scotland to explore the relationship between different
IVF methods and associations with offspring weight. Our results support the use of FET over fresh
ET, since the latter was associated with variable growth trajectory up to birth although the clinical
implications of this differences are unknown. Larger prospective studies or follow up data from

existing randomised trials are needed to provide a definitive answer.

12
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FIGURE LEGENDS

Figure 1. Flowchart showing number of study participants for whom measurements were available
at various stages of gestation, at birth and at five years of age.

Figure 2. This compares mean (circle) standardised anthropometric measurements and 95%
confidence intervals (vertical line) in the first (T1), second (T2) and third (T3) trimesters, at birth and
at age five years (5y) between individuals conceived by fresh embryo transfer (fresh ET) or frozen
embryo transfer (FET) relative to those who had natural conception. The fetal measurements were
crown rump length (CRL) and biparietal diameter (BPD). The mean and 95% Cl are from a
longitudinal model. The measurements included in the longitudinal model were chosen from cross
sectional models. *p<0.01 and 7<0.05 for comparison with natural conception.
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Table 1. Characteristics of mothers included in the analysis. SD=standard deviation. *p<0.05
compared with Fresh embryo transfer, Tp<0.001 and +p=0.003 compared to the IVF groups.

Fresh Embryo

Frozen thawed embryo

Natural conception

Transfer (fresh ET) transfer (FET) (NC)
Mean maternal age (SD), y 34.3 (4.0) n=576 35.0 (4.0) n=179* 29.2 (5.7)t
n=65,683
% maternal smoking, (n) 6% (33) 7% (11) 21% (12,473)
Mean maternal height (SD), cm 165 (6) 165 (6) 164 (7)*
Mean maternal weight (SD), kg 69 (12) 69 (13) 69 (15)
Mean maternal body mass index (SD), | 25.4 (4.3) 25.4 (4.6) 25.7 (5.4)
kg/?
Maternal weight Underweight 1% (3) 0 2% (36)
category Healthy weight | 77% (162) 79% (73) 77% (20,688)
Overweight 11% (24) 8% (7) 12% (3,214)
Obese 10% (22) 13% (12) 10% (2,712)
0 80% (463) 56% (100)* 49% (31,839) t
Parity 1 17% (98) 30% (71) 35% (22,917)
2 2% (8) 4% (7) 12% (7,534)
>2 5% (3,318)
Least deprived 33% (1810) 34% (58) 22% (13,454) T
z’;ct'jffg;g:;'frs 2 33% (179) 32% (55) 29% (18,130)
index) 3 17% (91) 21% (35) 17% (10,862)
4 12% (66) 9% (16) 18% (10,955)
5 2% (11) 5% (3,085)
Most deprived 3% (17) 3% (5) 10% (6,190)
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Table 2. Fetal, Birth and Age 5 measurements. *including adjustment for deprivation, maternal smoking, a maternal identifier, offspring sex, maternal age,
height and gestation in days at scan gestation at delivery and age. Additionally, the analysis included the corresponding maternal anthropometric
measurements, e.g. for child height, maternal height was also included. SD= standard deviation, NS=not significant.

Fresh Embryo

Frozen embryo

Natural conception

Mean difference*,

Mean difference*, 95%

Mean difference*,

Transfer transfer (NC) 95% Confidence Confidence Interval (p 95% Confidence
(fresh ET) (FET) Interval (p value) value) Interval (p value)
fresh ET vs NC FET vs NC FET vs fresh ET
Male offspring 55% 48% 51% NS NS NS
(317/576) (86/179) (33,794/ 65,907)
Mean first trimester CRL z score 0.30(0.89) 0.30(0.81) 0(1.00) 0.21 [0.03, 0.39] 0.15[-0.11, 0.41] -0.05 [-0.37, 0.26]
(SD) n=135 n=61 n=15,053 p=0.024 p=0.250 p=0.160
Mean second trimester BPD z 0.36 (0.96) 0.37 (0.80) -0.01 (1.00) 0.32[0.16, 0.49] 0.30[0.05, 0.55] -0.03 [-0.32, 0.27]
score (SD) n=151 n=66 n=17,735 p<0.001 p=0.018 p=0.864
Mean second trimester FL z score 0.09 (1.09) 0.35(0.77) 0.0 (1.0) 0.01[-0.17,0.18] 0.30[0.05, 0.55] 0.30[-0.01, 0.60]
(SD) n=146 n=65 n=17,286 p=0.952 p=0.019 p=0.056
Mean second trimester EFW z 0.26 (1.32) 0.59 (1.25) 0(0.99) 0.13 [-0.08, 0.33] 0.23 [-0.10, 0.56] 0.10[-0.28, 0.48]
score (SD) n=79 n=30 n=10.923 p=0.212 p=0.166 p=0.597
Mean third trimester BPD z score 0.27 (1.19) 0.12(1.01) 0(1.0) 0.19 [-0.09, 0.48] -0.02 [-0.44, 0.40] -0.21[-0.71, 0.29]
(SD) n=50 n=23 n=6,872 p=0.177 p=0.936 p=0.411
Mean third trimester FL z score 0.04 (0.95) 0.37 ((1.02) 0(1.0) -0.14 [-0.43, 0.15] 0.22 [-0.21, 0.64] 0.36 [-0.15, 0.87]
(SD) n=47 n=23 n=6535 p=0.336 p=0.310 p=0.166
Mean third trimester EFW z score 0.25 (1.15) 0.32(1.09) 0(1.0) 0.09 [-0.21, 0.38] 0.20[-0.25, 0.64] 0.11[-0.42,0.64]
(SD) n=46 n=21 n=6,347 p=0.558 p=0.385 p=0.684
Mean birth weight (SD), g 3335 (664) 3473 (689) 3390 (621) -95 [-134, -57] 29 [-41, 98] 124 [45, 203]
n=576 n=179 n=65,674 p<0.001 p=0.418 p=0.002
Birth Birth weight <2.5kg 7% (42) 7% (13) 7% (4322) NS NS NS
weight
category Birth weight >4kg 13% (74) 22% (39) 13% (8838) NS NS NS
Mean birth weight z score (SD) -0.04 (1.07) 0.20 (1.04) 0(1.0) -0.21[-0.29, -0.12] 0.06 [-0.9, 0.21] 0.27 [0.10, 0.44]
n=576 n=178 n=65,674 p<0.001 p=0.418 p=0.002
Mean crown heel length (SD), cm 49.6 (3.3) 49.9 (3.1) 49.6 (3.1) -0.10[-0.29, 0.08] -0.04 [-0.38, 0.29] 0.06 [-0.32, 0.44]
n=571 n=175 n=65,330 p=0.275 p=0.806 p=0.751
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Fresh Embryo

Frozen embryo

Natural conception

Mean difference*,

Mean difference*, 95%

Mean difference*,

Transfer transfer (NC) 95% Confidence Confidence Interval (p 95% Confidence
(fresh ET) (FET) Interval (p value) value) Interval (p value)
fresh ET vs NC FET vs NC FET vs fresh ET
Mean birth length z score (SD) 0.09 (1.07) 0.46 (0.98) 0(1.0) -0.05 [-0.13, 0.04] -0.02 [-0.17, 0.13] 0.03 [-0.14, 0.20]
n=571 n=175 n=64,726 p=0.280 p=0.806 p=0.751
Mean occipito frontal 34.4(2.1) 34.8 (1.9) 34.6 (2.0) -0.16 [-0.28, -0.04] 0.14 [-0.08, 0.36] 0.30[0.05, 0.55]
circumference (SD), cm n=574 n=177 n=65,330 p=0.009 p=0.218 p=0.019
Mean occipito frontal -0.01 (1.02) 0.16 (0.89) 0(1.0) -0.11 [-0.20, -0.03] 0.10[-0.06, 0.25] 0.21[0.03, 0.38]
circumference z score (SD) n=574 n=176 n=65,330 p=0.009 p=0.218 p=0.019
Mean age at five-year assessment 5.6 (0.5) 5.6 (0.5) 5.6 (0.6) NS NS NS
(SD), y n=212 n=93 n=27,184
Mean height z score at five years 0.30(1.01) 0.28 (1.10) 0.09 (1.03) 0.08 [-0.06, 0.21] -0.07 [-0.28, 0.14] -0.15 [-0.40, 0.10]
(SD) n=211 n=93 n=27,015 p=0.263 p=0.505 p=0.240
Mean weight z score at five years 0.41 (1.05) 0.37 (1.14) 0.28 (1.08) 0.15 [0.01, 0.30] -0.03 [-0.25, 0.20] -0.18 [-0.44, 0.09]
(SD) n=211 n=92 n=27,019 p=0.043 p=0.828 p=0.197
BMI z score at five years (SD) 0.31(1.07) 0.28 (1.08) 0.31(0.27) 0.09 [-0.06, 0.23] -0.02 [0.24, 0.21] -0.11 [-0.37, 0.16]
n=211 n=92 n=26,969 p=0.249 p=0.869 p=0.441
Child Underweight 5% (11) 4% (4) 6% (1,715) NS NS NS
weight
category | Healthy weight 76% (160) 78% (72) 76% (20,683) NS NS NS
Overweight 12% (26) 12% (11) 13% (3,662) NS NS NS
Obese 7% (14) 5% (5) 5% (1,291) NS NS NS
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Table

Supplemental Table 1. Differences from the longitudinal model which considered crown rump
length (first trimester measurement), biparietal diameter (second and third trimester
measurement), birth weight and weight at age five years and made comparisons between
individuals conceived by fresh embryo transfer (fresh ET) or frozen embryo transfer (FET) relative to
natural conception (NC).

Fresh Embryo transfer
(fresh ET)
Mean difference 95% Confidence
Interval (p value)

Frozen Embryo Transfer
(FET)
Mean difference 95% Confidence
Interval (p value)

First trimester

0.30[0.13, 0.47] p=0.0006

0.20 [-0.05, 0.45] p=0.120

Second trimester

0.37 [0.21, 0.54]
p<0.001

0.29 [0.04, 0.53] p=0.0216

Third trimester

0.21[-0.07, 0.49] p=0.135

-0.03 [-0.45, 0.38]

p=0.879

Birth -0.08 [-0.17, 0.00] p=0.062 0.15 [-0.01, 0.31]
p=0.059

Five years 0.11 [-0.03, 0.25] p=0.132 -0.04 [-0.25, 0.18]

p=0.745
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