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Objective: To determine whether anthropometric and biochemical features differ in in vitro fertilization (IVF) children conceived via
fresh (IVFF) or thawed (IVFT) embryo transfer compared with naturally conceived controls.
Design: A cross-sectional controlled study.
Setting: University clinical research unit.
Patient(s): Healthy prepubertal children (3.5–11.0 years), singletons, born at term (>37 weeks), who were either naturally conceived
(controls; n ¼ 94) or IVF children conceived via the transfer of a fresh (IVFF; n ¼ 72) or thawed (IVFT; n ¼ 43) embryo.
Intervention(s): None.
Main Outcome Measure(s): Assessments of anthropometry (adjusted for parental variables), dual-energy X-ray absorptiometry–
derived body composition, fasting plasma growth factors, lipids, and parameters of glucose regulation.
Result(s): The IVFF but not the IVFT children weighed less at birth than the control children. The IVFF children were taller than both the
controls and IVFT children. Sex-speciﬁc analyses showed height differences among girls, with IVFF girls being taller than their control
and IVFT counterparts. Taller stature in IVFF children was associated with increased insulin-like growth factor I (IGF-I) concentrations
compared with controls, whereas the IVFT children displayed increased IGF-II and decreased insulin-like growth factor binding protein
3 (IGFBP-3) concentrations compared with the controls. More favorable lipid proﬁles were also evident in IVFF but not IVFT children
compared with the control children.
Conclusion(s): These preliminary ﬁndings highlight that the transfer of a fresh versus a thawed IVF embryo affects height, plasma
growth factor, and lipid proﬁles in childhood. Therefore, embryo derivation should be considered
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T

he use of in vitro fertilization
(IVF) technologies has been
steadily increasing in Western

countries, with an estimated 4 million
IVF babies born worldwide since 1978
(1). The children of IVF now account
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for approximately 1% to 3% of current
births in developed countries (2). Over
the last decade, improved embryologic
techniques and a move to transferring
fewer fresh embryos has led to a substantial increase in the proportion of
IVF children born from the transfer of
a thawed rather than fresh embryo (3).
Recent data from the United Kingdom
(4), Europe (5), the United States (6),
and elsewhere (7) show that approximately 20% of cycles involved thawed
embryos.
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Studies have shown that IVF children born after the
transfer of a fresh embryo weighed less than naturally conceived children at birth, which was not observed among those
born from the transfer of a thawed embryo (8–11). However,
neonatal outcomes after transfer of a thawed compared with
fresh embryo transfer were similar, including rates of
prematurity, still birth, neonatal death, and major
malformations (12–14). Nonetheless, few studies have
investigated growth into childhood, and most have not
excluded important confounding factors such as the use of
gamete donors, ‘‘vanishing’’ twins, and premature and
multiple births as well as small for gestation age (SGA)
children (15–20). In addition, data were seldom corrected
for parental (genetic) contributions (21, 22), and children
from fresh and thawed embryos were not separated in the
analyses. A recent review highlighted that these
confounding factors may explain the conﬂicting reports as
to whether differences exist between IVF and naturally
conceived children (23).
Despite conﬂicting reports, a number of studies, including
one from our own group, have detected distinct phenotypic
differences before puberty in IVF children when compared
with naturally conceived children (24–26). However, to date
none have carefully compared the characteristics between
children conceived from fresh and thawed embryos. We
aimed to compare anthropometric and biochemical features
between IVF children born after the transfer of a fresh
versus a thawed embryo as well as to those of naturally
conceived children. The current study uses data from our
existing cohort as well as newly recruited children.
Importantly,
confounding
factors
(e.g.,
parental
anthropometry) were taken into account.

MATERIALS AND METHODS
Participants
The study recruited healthy prepubertal children with no medically diagnosed disorders, who were taking no medications,
who were between the ages of 3.5 and 11 years of age, and
were born between September 1993 and July 2005 at term
(>37 weeks’ gestation) after singleton pregnancies. The IVF
participants were living in Auckland and Hamilton (New Zealand) and were recruited from Fertility Associates (the largest
IVF provider in the country) between March 2004 and November 2008, and their children were conceived via the transfer of either a fresh (IVFF) or thawed (IVFT) embryo. The IVF
cycles in which a thawed embryo was transferred were undertaken between June 1994 and April 2003. An equal proportion of all children (50%) were derived by either
conventional IVF or intracytoplasmic sperm injection (ICSI).
The naturally conceived controls were school friends or siblings of the IVF participants so that the controls were matched
as closely as possible for socioeconomic background (using
school decile and residential address), age, sex, and ethnicity.
Exclusion criteria were the use of donor gametes (sperm or
egg), more than one fetal sac identiﬁed at 7 to 8 weeks’ gestation, children born small for gestational age (SGA), and
women with a known medical syndrome, a chronic illness,
or who were receiving regular medications. Ethics approval
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(MEC/06/11/148) was provided by the Auckland Ethics Committee. Written and verbal informed consent was obtained
from all participants.

Descriptive and Anthropometric Measurements
All clinical assessments were performed at the Maurice &
Agnes Paykel Clinical Research Unit (The Liggins Institute,
University of Auckland). Gestation length, birth weight corrected to standard deviation scores (SDS) (27), and the child’s
age at assessment were recorded. Maternal age, height, and
weight at conception were retrieved from IVF patient records,
and paternal height and weight were obtained during the
study. Body mass index (BMI) was calculated, and midparental height and midparental BMI were corrected to a SDS (27).
Each child’s weight, standing height (measured using a Harpenden stadiometer), and BMI were calculated as an SDS,
and corrected for midparental height and midparental BMI
(27, 28). Weight and body composition (percentage body fat
and bone mineral density z-score) were assessed using
whole-body dual-energy x-ray absorptiometry (DEXA) (Lunar Prodigy 2000; General Electric). Bone age was blindly assessed by a single pediatric radiologist using established
standards (29) so that bone age and chronologic age could
be compared. Parents were asked to complete a 3-day dietary
record on behalf of their child before the anthropometric and
endocrine study.

Metabolic and Endocrine Measurements
After an overnight fast, an early morning blood sample was
taken from each child. Plasma glucose, triglycerides, total
cholesterol, low-density lipoprotein (LDL), and high-density
lipoprotein (HDL) concentrations were measured with commercial kits (Roche Diagnostics) on an autoanalyzer (Roche/
Hitachi 9002 Analyzer; Hitachi). All assays had an intraassay coefﬁcient variation (CV) lower than 5%. Insulin concentrations were determined by enzyme immunoassay (IMX
microparticle assay; Abbott Laboratories) with an intraassay CV of 4.5%. Commercially available enzyme-linked
immunosorbent assays (ELISA; Diagnostic Systems Laboratories) were used to evaluate plasma insulin-like growth factor I
(IGF-I) (DSL-10–5600; intra-assay CV 5.8%, interassay CV
8.4%), IGF-II (DSL-10–9100; intra-assay CV 4.7%, interassay CV 6.2%), and insulin-like growth factor binding
protein 3 (IGFBP-3) (DSL-10–6600; intra-assay CV 7.3%,
interassay CV 8.2%).
Insulin sensitivity was assessed using the homeostasis
model assessment resistance index (HOMA-IR) (30). This was
calculated using the following formula: HOMA-IR ¼ Fasting
glucose (mM)  Fasting insulin (mIU/L)/22.5.

Statistical Analysis
Descriptive, anthropometric, metabolic, and endocrine data
were compared between [1] controls and IVF children (IVFF
and IVFT combined), and [2] between all three groups (controls, IVFF, and IVFT) to identify overall IVF effects as well
as speciﬁc group effects. A generalized linear mixed model
followed by Tukey’s post hoc comparison was used to assess
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differences in response variables. Where appropriate, the
child’s age, standing height, percentage body fat, and sex
were included in the model. Interactions between the main
effects were also examined. All analyses were run using the
Proc Mix Glimmix procedure of SAS software version 9.1
(SAS Institute). The sex ratio (proportion of males) within
each group was compared with an expected 1:1 ratio by a corrected chi-square procedure as well as by using binomial analysis. The mean and standard error of the mean (SEM) are
reported for descriptive data, and the mean and SEM adjusted
for other variables in the model are reported for all other
measures. P< .05 was considered statistically signiﬁcant.

RESULTS
Participants
The study cohort consisted of 209 children, of which 115 were
conceived using IVF and 94 conceived naturally. For the IVF
group, 137 children were eligible for the study, of which 84%
were recruited. Most of the IVFF (56 of 61) children had been
previously studied, as were 71 of the 94 control participants
(24). Thirteen of the original 69 IVFF from the cohort featured
in the study by Miles et al. (24) were excluded as a result
of reﬁnement of inclusion/exclusion criteria. In addition,
we recruited 43 IVFT children (and added a further ﬁve IVFF
children who volunteered) as well as a further 23 approximately matched controls.
Gestation length, birth weight SDS, and maternal age
were similar among the children recruited into the study
and those who did not take part. Causes of infertility and
the proportion of children conceived using ICSI were also similar. Thus, the IVF children recruited for this study are representative of the IVF cohort born during this time period. The
IVF children were conceived via the transfer of fresh (IVFF;
n ¼ 72; 38 males, 34 females) or thawed (IVFT; n ¼ 43; 21
males, 22 females) embryos. The naturally conceived children
(controls; n ¼ 94) comprised 49 males and 45 females.
Included in the study cohort were a number of sibling pairs
(controls and IVF, n ¼ 12, Same IVF group n ¼ 6, Different IVF
group n ¼ 12). Compliance and completion of anthropometry
and blood sampling was high (>91%), although 11 children
(controls: n ¼ 1; IVFF: n ¼ 4; IVFT: n ¼ 6) did not undergo
DEXA analysis because of their geographic distance, and 18
children (controls: n ¼ 3; IVFF: n ¼ 11; IVFT: n ¼ 4) chose
not to provide a blood sample.

IVF Children: Ovarian Stimulation Protocol, IVF,
and Culture Data
The majority (92%) of mothers of IVF children received a standard gonadotropin-releasing hormone (GnRH) agonist downregulation stimulation protocol, with the remainder receiving
either stimulation without a GnRH agonist (2%) or a GnRH
agonist ﬂare stimulation protocol (6%). Fifty percent of cycles
used ICSI. During this period, fresh embryos were usually
transferred on day 2 after oocyte collection. Luteal support
was provided by micronized progesterone (600 mg/day, Utrogestan; Pharmaco (NZ) Ltd.) until b human chorionic gonadotropin (b-hCG) testing on day 18. Embryos were frozen using
1900

a standard propanediol method (31) on the day of embryo
transfer. Embryos were thawed and transferred within a few
hours in either a natural menstrual cycle (81%) tracked by
daily measurement of blood luteinizing hormone (LH) or
in a manufactured cycle (19%) using estradiol valerate
(4 mg/day, Progynova; Bayer Schering Pharma) and micronized progesterone (600 mg/day Utrogestan; Pharmaco
(NZ) Ltd.). The mean number of embryos transferred was
1.7  0.7 for fresh and 2.3  0.5 for thawed cycles.

Participant Characteristics and Measures
Birth and parental measures for the three groups are summarized in Table 1. The maternal age at conception was higher
(P< .0001) among mothers of IVF children (IVFF and IVFT combined) compared with mothers of the control children, but all
other parental characteristics were similar (see Table 1). The
IVFF children were lighter at birth than either the IVFT or the
control children (based on both grams and SDS; see Table 1).
There were no differences in dietary records among the groups.
As expected, more IVF children were ﬁrstborns (76%) compared with the control children (49%), although birth order
did not inﬂuence any of the outcome measures, including
height SDS or metabolic or endocrine concentrations (data
not shown). No differences were evident among the children
derived by conventional IVF (IVFF: n ¼ 38; IVFT: n ¼ 20) or
ICSI (IVFF: n ¼ 34; IVFT: n ¼ 23) (data not shown).
Anthropometric data are summarized in Table 2. The control children were slightly older (P¼ .003) than either the IVFF
or IVFT children, but there were no differences between bone
age and chronologic age among groups (see Table 2). When
height was corrected for midparental height, the IVF children
(IVFF and IVFT combined) were taller (P¼ .004) than the control children; however, when embryo treatment (fresh versus
thawed) was accounted for, only the IVFF children were taller
(P¼ .002) than the control children. The IVFF children were
also taller (P¼ .05) than the IVFT children. When the boys
and girls were examined separately, sexually dimorphic differences in height SDS were evident (Fig. 1). The height differences were only statistically signiﬁcant (P< .05) in the girls,
with IVFF girls being approximately 2.5 cm taller than the
controls, and approximately 1.5 cm taller than the IVFT girls
(see Fig. 1). There were no other differences in anthropometry
among the groups (see Table 2).
The plasma IGF-I and IGF-II concentrations were higher
in the IVF children (IVFF and IVFT combined) than in the
control children (Table 3). However, in comparison with the
controls, the IGF-I concentrations were only higher (P< .04)
in the IVFF group, whereas the IGF-II concentrations were
increased (P< .03) and IGFBP-3 decreased (P< .002) only in
the IVFT children (see Table 3). Note that similar to the pattern
observed for height, higher IGF-I concentrations were
observed in the IVFF girls but not the boys (P< .01; IVFF girls:
116.87  7.38 mg/L; IVFF boys: 81.95  6.24 mg/L). Overall,
there was an association between taller stature and higher
circulating concentrations of IGF-I (r2 ¼ 0.27; P< .0001)
and IGF-II (r2 ¼ 0.14; P< .0001). In contrast, differences in
the plasma IGF-II and IGFBP-3 concentrations were evident
in both IVFT boys and girls.
VOL. 99 NO. 7 / JUNE 2013

Fertility and Sterility®

TABLE 1
Summary of birth and parental characteristics of control (CON), IVF combined, IVF fresh (IVFF), and IVF thawed (IVFT) children.
P value
Characteristic
Midparental height SDS
Midparental BMI SDS
Maternal age (y)
Gestation (wk)
Birth weight (g)
Birth weight SDS

CON
(n [ 94)

IVF combined
(n [ 115)

IVFF
(n [ 72)

IVFT
(n [ 43)

CON vs. IVF
combined

CON vs.
IVFF

CON vs.
IVFT

IVFF vs.
IVFT

0.87  0.09
0.95  0.08
32.36  0.45
39.65  0.14
3,593  48
0.34  0.11

0.86  0.08
0.89  0.07
35.38  0.41
39.59  0.12
3,501  51
0.13  0.10

0.76  0.10
0.90  0.09
34.92  0.52
39.47  0.16
3,377  64
0.08  0.12

1.02  0.13
0.87  0.12
36.15  0.67
39.79  0.21
3,708  77
0.48  0.15

.93
.60
< .0001*
.76
.20
.15

.70
.92
< .0001*
.69
.01*
.03*

.60
.87
< .0001*
.84
.20
.72

.26
.98
.15
.45
.002*
.01*

Note: Data are mean  standard error of the mean. BMI ¼ body mass index.
* Statistical signiﬁcance (P< .05).
Green. Phenotypic differences in IVF children. Fertil Steril 2013.

Glucose and insulin concentrations as well as HOMA-IR
(insulin sensitivity) were similar among the groups (see
Table 3). No differences in plasma cholesterol or LDL concentrations were identiﬁed, but HDL concentrations were higher
(P< .001) in the IVFF and lower (P< .001) in the IVFT children
compared with the controls (see Table 3). Further, IVFF children had lower (P< .05) triglyceride concentrations than
both the IVFT and control children (see Table 3).

DISCUSSION
The current study identiﬁed anthropometric, endocrine, and
metabolic differences between IVF pre-pubertal children
born following the transfer of a fresh compared to thawed embryo. In addition, differences were also observed between IVF
and naturally conceived children.
At birth, IVFF children weighted approximately 250 g less
than the IVFT children, who had a similar birth weight to naturally conceived children. This difference in birth weight
among the three groups is comparable to those reported in
large IVF cohort studies (9, 11, 32). However, despite
weighing less at birth than IVFT and naturally conceived
children, IVFF children appeared to have caught up in linear
growth but without changes in their weight or BMI
compared with either of the other groups. This contrasts

with SGA children, whose catch-up growth is associated
with an increase in fat mass by early childhood (33). The
IVFF girls were in fact taller than the controls and IVFT girls
in our study. Ceelen et al. (25) have suggested that the exaggerated growth of IVF children during infancy is a physiologic
and compensatory process that promotes the restoration of
the infants’ genetic growth trajectory after a period of prenatal growth restraint due to unfavorable environmental conditions. Previous studies, both cross-sectional (17, 20, 34, 35)
and longitudinal (25), have identiﬁed lighter birth weights
and catch-up growth in IVF children but found no differences
in height or weight compared with naturally conceived children. However, these studies did not have our strict inclusion
criteria, and they did not exclude participants born SGA, premature, or from multiple births. All of these factors have been
independently shown to constrain childhood growth, and
thus might have masked any increase in the height of IVFF
children (36, 37). Importantly, taller stature in IVFF children
cannot be explained by earlier biologic maturation as
assessed by bone age x-rays (38); consequently, our study
provides strong evidence that the observed differences in
height are likely to persist into adulthood.
Altered plasma endocrine (IGF) proﬁles were also observed in IVF children compared with naturally conceived
children, with an increase in plasma IGF-I concentration

TABLE 2
Summary of anthropometric measures of control (CON), IVF combined, IVF fresh (IVFF), and IVF thawed (IVFT) children.
P value
Characteristic
Sex M/F (proportion male)
Age (y)
Bone age (y)
Height SDS
BMI SDS
DEXA fat %a
Corrected height SDSb
Corrected BMI SDSb

CON
(n [ 94)

IVF combined
(n [ 115)

IVFF
(n [ 72)

IVFT
(n [ 43)

CON vs. IVF
combined

CON vs.
IVFF

CON vs.
IVFT

IVFF vs.
IVFT

49/45 (52.1%)
6.80  0.18
6.86  0.19
0.64  0.09
0.10  0.10
17.9  0.77
0.22  0.10
0.84  0.12

59/56 (51.3%)
6.04  0.17
6.11  0.20
1.08  0.09
0.03  0.10
16.1  0.70
0.18  0.10
0.78  0.11

38/34 (52.7%)
6.03  0.21
6.08  0.25
1.11  0.11
0.12  0.13
16.7  0.88
0.32  0.12
0.88  0.13

21/22 (48.8%)
6.07  0.27
6.16  0.34
1.01  0.14
0.12  0.16
15.0  1.14
0.06  0.16
0.62  0.17

.30
.003*
.008*
.0008*
.36
.08
.004*
.72

.50
.02*
.04*
.004*
.36
.58
.002*
.98

.62
.07
.17
.08
.99
.09
.67
.56

.68
.99
.98
.83
.46
.45
.05*
.48

Note: Data are as mean  standard error of the mean. BMI ¼ body mass index; DEXA ¼ dual-energy x-ray absorptiometry; SDS ¼ standard deviation score.
a
CON (n ¼ 93), IVF combined (n ¼ 105), IVFF (n ¼ 68), and IVFT (n ¼ 37).
b
Parameters corrected for midparental SDS.
* Statistical signiﬁcance (P< .05).
Green. Phenotypic differences in IVF children. Fertil Steril 2013.
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FIGURE 1

Differences in corrected height standard deviation scores (SDS)
(Child’s height SDS  Midparental height SDS) relative to naturally
conceived (control) children (CON: controls: n ¼ 94) for IVF children
born from the transfer of an IVF fresh (IVFF: n ¼ 72) or thawed
(IVFT: n ¼ 43) embryo, according to sex. Data are also included for
IVF combined (IVFF þ IVFT: n ¼ 115). Data are the mean  the
standard error of the mean (SEM). *P<.05; **P<.01 for
comparisons with control children within each sex.
Green. Phenotypic differences in IVF children. Fertil Steril 2013.

observed in IVFF girls. Insulin-like growth factors are well established as promoters of growth, hence the increase in circulating IGF-I would logically ﬁt with the increased postnatal
catch-up growth and height of IVFF girls (24). An increase
in IGF-II coupled with a decrease in IGFBP-3 concentrations
was also evident in the IVFT children. These particular
changes are less easily explained and may involve different
processes than those regulating increased IGF-I concentrations in IVFF girls.
Some metabolic parameters (HDL and triglyceride concentrations) also differed between the IVFF and IVFT children,
with IVFT children having concentrations closer to those of
naturally conceived children. Only IVFF children displayed

a more favorable lipid proﬁle with higher HDL and lower triglyceride concentrations. Conversely, Kanaka-Gantenbein
et al. (39) found that IVF children had elevated triglyceride
levels, but that study included a large proportion of SGA
and pubertal children in whom higher triglyceride levels
occur.
The factors leading to the observed phenotypic and biochemical differences in IVFF and IVFT children are unclear.
Possible explanations include one or more of the following:
[1] use of supraphysiologic doses of fertility drugs that may affect the oocyte and uterus; [2] the IVF culture process; [3] the
freeze-thaw process; [4] embryo selection; and [5] parental genetic or epigenetic characteristics. Supraphysiologic doses of
fertility drugs may alter the intrauterine environment, which
may in turn affect embryo development, but this theory remains contentious (9, 40–43). The IVFF children were
embryos transferred into a uterine environment exposed to
fertility drugs, in contrast to IVFT children who were
transferred into the uterus in a natural or manufactured
cycle. Some researchers advocate that an embryo should be
transferred in a natural cycle to avoid the impact of ovarian
stimulation on the endometrium (44). Thawed embryo
pregnancy rates appear to be lower compared with fresh
embryo transfers (5, 8), possibly due to the selection of
second-best embryo for freezing and/or a detrimental effect
of the freeze-thaw process. However, recent studies have identiﬁed comparable or increased pregnancy rates after the transfer of a thawed embryo (45, 46). Parental characteristics (from
mother and/or father) that are associated with subfertility and
infertility as well as birth order may also inﬂuence the growth
and metabolism of the offspring (40). However, recent studies
accounting for all these factors have still identiﬁed differences
in birth weight and anthropometric measures between IVF and
naturally conceived children (18, 25).
Importantly, not only are the initiating factors unclear,
but the subsequent mechanisms leading to the observed
changes are also unknown. One possible mechanism that
has been explored in animal studies is epigenetic alteration
in imprinted and nonimprinted genes that can affect growth.

TABLE 3
Circulating endocrine and metabolic measures of control (CON), IVF combined, IVF fresh (IVFF), and IVF thawed (IVFT) children.
P value
Characteristic
IGF-I (49–538 mg/L)
IGF-II (557–924 mg/L)
IGFBP-3 (1,000–8,400 mg/L)
Glucose (2.6–5.7 mM)
Insulin (0.5–11.5 mIU/L)
HOMA-IR (0.14–5.54)
Triglycerides (0.2–2.1 mM)
Total cholesterol (1.8–5.6 mM)
HDL (0.6–2.0 mM)
LDL (0.9–3.9 mM)

CON
(n [ 91)

IVF combined
(n [ 100)

IVFF
(n [ 61)

IVFT
(n [ 39)

CON vs. IVF
combined

CON vs.
IVFF

CON vs.
IVFT

IVFF vs.
IVFT

94.0  5.0
765  25
4,257  127
4.80  0.05
5.15  0.50
1.17  0.08
0.75  0.03
4.28  0.06
1.42  0.04
2.43  0.05

98.3  5.1
824  28
3,911  135
4.66  0.04
5.47  0.43
1.14  0.06
0.69  0.03
4.22  0.07
1.43  0.04
2.30  0.06

100.0  5.5
785  27
4,447  135
4.70  0.06
5.33  0.78
1.07  0.07
0.63  0.03
4.28  0.09
1.64  0.04
2.33  0.08

95.6  9.9
878  55
3,169  219
4.61  0.07
5.67  1.09
1.24  0.09
0.79  0.04
4.12  0.12
1.11  0.04
2.24  0.10

.06
.02*
.46
.27
.25
.47
.12
.99
.55
.21

.04*
.23
.28
.30
.42
.99
.01*
.98
< .001*
.46

.92
.03
.002*
.15
.78
.45
.75
.72
< .001*
.35

.24
.52
< .001*
.28
.76
.58
.008*
.74
< .001*
.82

Note: Data are mean  standard error of the mean. The normal reference range for children is provided in parentheses. HOMA-IR ¼ homeostasis model assessment resistance index; IGF ¼ insulinlike growth factor; IGFBP-3 ¼ insulin-like growth factor binding protein 3; HDL ¼ high-density lipoprotein; LDL ¼ low-density lipoprotein.
* Statistical signiﬁcance (P< .05).
Green. Phenotypic differences in IVF children. Fertil Steril 2013.
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For example, in vitro embryo culture and related procedures
were shown to inﬂuence the expression and methylation status of the imprinted genes IGF2, IGF2R, and H19 (47, 48), and
hence the IGF-II concentrations.
Strengths of the present study over the majority of previous studies on IVF children are the use of strict inclusion
criteria to remove multiple, premature, and SGA children,
as well as the consideration given to a number of potential
confounders of anthropometric data such as parental genetic contribution, socioeconomic background, nutrition,
and puberty. These ﬁndings in IVFF children are an expansion on our previous study that examined a smaller number
of IVFF children, which obtained similar results but did not
include IVFT children (24). It is important to acknowledge
that the observations we have made in IVF children may
just reﬂect the speciﬁc IVF treatment at that time.
In vitro fertilization techniques have since evolved, with
the advent of sequential culture medium, widespread culture to day 5 before embryo transfer, and embryo vitriﬁcation. Hence, differences identiﬁed in children derived from
embryos frozen on day 2 as in our study may not be applicable to the offspring born from blastocyst culture pregnancies, the stage to which embryos are commonly
cultured at present.
It should also be noted that irrespective of the anthropometric and biochemical differences identiﬁed the parameters
were within normal ranges for all children studied. Therefore,
the long-term clinical relevance of these subtle differences are
unclear. Conceivably, these changes could lead to different
phenotypic and biochemical outcomes in IVF offspring. However, as this was a cross-sectional study, a longitudinal
follow-up of this cohort into adulthood would be required
to determine whether these changes persist or further evolve
beyond childhood.
Embryo treatment for IVF affects height, growth factors,
and lipid proﬁle in childhood. Most notably, IVFF girls were
taller than IVFT and control girls, and the observed differences
in height are likely to persist into adulthood. Thus, whether
a fresh or thawed IVF embryo is transferred during IVF treatment should be considered when assessing growth and metabolism in these offspring. Further research on larger
cohorts is needed to better understand the long-term clinical
relevance, initiating factors, and associated mechanisms of
these ﬁndings in IVF children.
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