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Abstract
Background Children born from fresh in vitro fertilization
(IVF) cycles are at greater risk of being born smaller and
earlier, even when limited to singletons; those born from fro-
zen cycles have an increased risk of large-for-gestational age
(LGA) birthweight (z-score ≥1.28). This analysis sought to
overcome limitations in other studies by using pairs of sib-
lings, and accounting for prior cycle outcomes, maternal char-
acteristics, and embryo state and stage.
Methods Pairs of singleton births conceived with IVF and born
between 2004 and 2013 were identified from the Society for
Assisted Reproductive Technology Clinic Outcome Reporting
System database, matched for embryo stage (blastocyst versus

non-blastocyst) and infant gender, categorized by embryo state
(fresh versus frozen) in 1st and 2nd births (four groups).
Results The data included 7795 singleton pairs. Birthweight
z-scores were 0.00–0.04 and 0.24–0.26 in 1st and 2nd births
in fresh cycles, and 0.25–0.34 and 0.50–0.55 in frozen cycles,
respectively. LGAwas 9.2–9.8 and 14.2–15.4% in 1st and 2nd
births in fresh cycles, and 13.1–15.8 and 20.8–21.0% in 1st
and 2nd births in frozen cycles. The risk of LGAwas increased
in frozen cycles (1st births, adjusted odds ratios (AOR) 1.74,
95% CI 1.45, 2.08; and in 2nd births when the 1st birth was
not LGA, AOR 1.70, 95% CI 1.46, 1.98 for fresh/frozen and
1.40, 1.11, 1.78 for frozen/frozen).
Conclusions Our results with siblings indicate that frozen em-
bryo state is associated with an increased risk for LGA. The
implications of these findings for childhood health and risk of
obesity are unclear, and warrant further investigation.
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Introduction

Numerous studies have shown that children born from in vitro
fertilization (IVF) are more likely to be born smaller and ear-
lier, even when limited to singletons [1–3]. Prior studies have
also consistently reported an excess of large-for-gestational
age (LGA) birthweights among children born from frozen
embryos; [4–12] longer embryo culture of fresh embryos has
also been implicated as a potential cause of LGA [13].

The choice of an appropriate comparison group in infertil-
ity research is a special challenge [14]. Most often studies
compare women treated with IVF to fertile women, but this
approach has limitations: the two groups usually differ on a
range of important characteristics such as age, socioeconomic

Capsule Frozen embryo state is associated with an increased risk for
LGA; the implications of these findings for childhood health and
obesity risk are unclear.
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status, and education, as well as reproductive history. Several
studies have compared women treated with IVF to women
with a history of subfertility and no IVF treatment [11, 15,
16] in an effort to quantify the contribution of the IVF treat-
ment to adverse perinatal and infant outcomes.

Several studies have examined birth outcomes in siblings
conceived spontaneously versus IVF, and have shown few dif-
ferences [6, 17, 18]. Comparisons within families have the ad-
vantage of eliminating the fixed characteristics of the parents,
mainly genetics, which may affect both treatment and outcome.
For studies of childhood growth and development, siblings have
the advantage of being raised in the same home and social envi-
ronments. A growing number of studies have compared siblings
conceivedwith IVF by differingmethods, such as embryo source
(autologous versus donor) [19] or embryo state (fresh versus
frozen) [4, 6, 10, 20]. Our study sought to overcome the limita-
tions acknowledged in prior studies, including the inability to
adjust for maternal body mass index (BMI) [10] and inadequate
sample size by length of embryo culture [13]. The objectives of
this analysis were to evaluate factors associated with differences
in birth outcomes between singleton siblings in fresh versus fro-
zen cycles, and to also assess the effects of maternal characteris-
tics (parity and BMI), as well as length of embryo culture.

Materials and methods

The data source for this study was the Society for Assisted
Reproductive Technology Clinic Outcome Reporting System
(SARTCORS), which contains comprehensive data frommore
than 80% of all clinics performing IVF and more than 90% of
all IVF cycles in the USA. Data are collected and verified by
the Society for Assisted Reproductive Technology (SART) and
reported to the Centers for Disease Control and Prevention in
compliance with the Fertility Clinic Success Rate and
Certification Act of 1992 (Public Law 102-493). SART main-
tains HIPAA-compliant business associates agreements with
reporting clinics. In 2004, following a contract change with
CDC, SART gained access to the SART CORS data system
for the purposes of conducting research. The national SART
CORS database for 2004–2013 contains 1,426,407 IVF treat-
ment cycles. The data in the SART CORS are validated annu-
ally [21] with some clinics having on-site visits for chart review
based on an algorithm for clinic selection.

Cycles reported to the SART CORS during 2004–2013
were linked to individual women by the woman’s birth
date, first and last names, and social security number
(when present); linkages across clinics also included part-
ner’s name and sequence of IVF outcomes. Included were
cycles with at least one embryo transferred; excluded were
research and banked cycles and those using gestational
carriers. When entered into the SART CORS database, em-
bryo stage at freezing was coded as blastocyst (day 5–6) or

non-blastocyst (day 2–4); fresh embryos were coded by
specific day of transfer (day 2–6). The study population
was limited to women with two singleton live births con-
ceived with IVF during the study period with birthweights
of ≥300 g and gestations of ≥22 weeks, using autologous
oocytes, and matched for embryo stage (non-blastocyst
versus blastocyst) and infant gender. The pairs of births
were categorized by embryo state in the 1st and 2nd births
as both fresh cycles (fresh/fresh), a fresh cycle then a fro-
zen cycle (fresh/frozen), a frozen cycle then a fresh cycle
(frozen/fresh), or both frozen cycles (frozen/frozen). For
each woman, the treatment cycles were ordered by date,
and the first two singleton live births were chosen if there
were more than two eligible singleton births. The cycles
chosen may not have included the first treatment cycle if it
did not result in a live birth or if it resulted in a multiple
birth, and the two live singleton births may have been
separated by a cycle with a fetal loss or one with a multiple
birth, although this was rare.

Variables

Independent variables included maternal factors of age (con-
tinuous), race and ethnicity (as white, black, Asian, Hawaiian,
mixed, Native American, and unknown/not reported), body
mass index (BMI, categorized as 14.0–18.4, 18.5–24.9,
25.0–29.9, 30.0–39.9, and ≥40.0), and parity at 1st birth (0,
≥1); IVF treatment parameters included number of prior IVF
cycles, embryo stage based on day of transfer (non-blastocyst
versus blastocyst), fetal heartbeats at the 6-week ultrasound
(one versus more than one), and infant gender (male or fe-
male). Dependent variables included birthweight,
birthweight-for-gestation z-score, and length of gestation as
continuous variables; small-for-gestation birthweight (SGA,
z-score ≤ -1.28) and large-for-gestation birthweight (LGA, z-
score >1.28) in the 1st birth, as well as SGA and LGA in the
2nd birth when this factor did not occur in the 1st birth, as
categorical variables. These 2nd birth risks for SGA and LGA
were modeled excluding SGA and LGA, respectively, at the
1st births because of the established risk of recurrence in sub-
sequent births [22].

Birthweight z-scores, and small-for-gestational age
and large-for-gestational age birthweights

Birthweights at each gestational age are normally distributed,
and a z-score (or standard deviation score) is the deviation of
the value for an individual from the mean value of the refer-
ence population divided by the standard deviation for the ref-
erence population. Birthweight z-scores were calculated to
evaluate adequacy of weight-for-age using gender-specific
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national standards [23] as recommended by Land [24], and
modeled as continuous and categorical variables. Infants with
z-scores ≤−1.28 (below the 10th percentile for gestation) were
classified as SGA, and those with z-scores ≥1.28 (above the
90th percentile for gestation) were classified as LGA.

Statistical methods

Within each embryo-state group, means and standard devia-
tions of birthweight, length of gestation, and birthweight z-
score were calculated for the 1st and 2nd singleton live births.
Means and standard errors were calculated for the differences
between the two births. Birthweight, birthweight z-score, and
length of gestation at each birth were fit by a general linear
model. The models at the 1st birth included the factors: em-
bryo state (fresh versus frozen) and stage (non-blastocyst ver-
sus blastocyst), fetal heartbeats at the 6-week ultrasound (one
versus more than one), infant gender, maternal age and BMI
(both categorized), number of prior IVF cycles, and parity
(nulliparous versus parous). Since BMI was not available for
approximately 50% of the observations, we created a category
of Bmissing^ for BMI and included that category in all the
analyses; we omit the results for this category in the tables.
The models at the 2nd birth included all these factors, as well
as embryo state and fetal heartbeats at the 6-week ultrasound
for the 2nd birth and the value of the factor being modeled
(length of gestation, birthweight, or z-score at the 1st birth).
The risks of LGA and SGA birthweight in the 1st birth and in
the 2nd birth when LGA or SGA did not occur in the 1st birth
were modeled using logistic regression using the same factors
as described above. Estimated differences and their standard
errors are provided for the general linear models; adjusted
odds ratios and their 95% confidence intervals are provided
for the logistic regression models. This is an exploratory anal-
ysis to identify factors that are affected by IVF. Since hypoth-
eses were not specified a priori, we report means, standard
errors, and the unadjusted p values to allow the reader to
assess the physiological importance of the results. When there
are multiple categories for a factor, the overall p value is also
presented. All analyses were performed using the SAS soft-
ware, version 9.4 (SAS Institute).

Results

The study population included 7795 pairs of singleton births,
including 3241 pairs with the embryo states of fresh/fresh,
3371 pairs with fresh/frozen, 310 pairs with frozen/fresh,
and 873 pairs with frozen/frozen. The description of the study
population by embryo-state group is shown in Table 1.
Maternal age at the 1st birth averaged 32.5–33.4 years, with
the 2nd birth occurring about 2.5–2.6 years later. Among

women with reported race and ethnicity, approximately 80%
of women in each group wereWhite, 8–11%Asian, and 3–6%
each Hispanic and Black. Maternal BMI averaged within the
normal range, with only a small change in the 2nd pregnancy.
More than 85% of women were nulliparous at the 1st preg-
nancy. Blastocysts accounted for about a third of embryos in
both the fresh/fresh and frozen/fresh groups, more than half of
embryos in the frozen/frozen group, and about two thirds of
embryos in the fresh/frozen group. The number of embryos
transferred averaged two in all the groups in both pregnancies.

The outcomes of the 1st and 2nd pregnancies by embryo-
state group are shown in Table 2. The percent of single fetal
heartbeats at the 6-week ultrasound averaged 91–95% in the
1st pregnancy and 87–95% in the 2nd pregnancy. Length of
gestation was consistently shorter at the 2nd versus 1st birth in
every group, ranging from −0.3 days for the fresh/frozen to
−2.9 days for the frozen/fresh group. Birthweight was higher
in the 2nd versus 1st birth for three out of the four groups,
ranging from +28 g for the frozen/frozen to +222 g for the
fresh/frozen group; birthweight was −81 g lower for the
frozen/fresh group. As a result, birthweight z-scores were
higher for three out of the four groups, ranging from +0.16
for the frozen/frozen to +0.51 for the fresh/frozen group, with
no difference in the frozen/fresh group.

The percent LGA in the 1st birth was 9.8 and 9.2%, respec-
tively, for infants in the fresh/fresh and fresh/frozen groups, and
13.1 and 15.8%, respectively, in the frozen/fresh and frozen/
frozen groups (Table 2). The percent of LGA in 2nd births
showed a similar pattern, 14.2 and 15.4%, respectively in the
fresh/fresh and frozen/fresh groups, and 20.8 and 21.0%, re-
spectively in the fresh/frozen and frozen/frozen groups. In the
absence of LGA in the 1st birth, the percent LGA in the 2nd
birth was attenuated, but was still higher in the frozen groups
(17.5 and 15.2%, respectively, in the fresh/frozen and the
frozen/frozen groups, compared to 11.0 and 9.4%, respectively,
in the fresh/fresh and the frozen/fresh groups).

The percent SGA in 1st births was 8.8 and 8.0%, respec-
tively, for infants in the fresh/fresh and fresh/frozen groups,
and 5.6 and 3.5%, respectively, in the frozen/fresh and frozen/
frozen groups (Table 2). The percent of SGA in 2nd births
showed a similar pattern, of 4.5 and 5.6%, respectively in
the fresh/fresh and frozen/fresh groups, and 2.8 and 3.3%,
respectively in the fresh/frozen and frozen/frozen groups. In
the absence of SGA in the 1st birth, the percent SGA in the
2nd birth was reduced, but was still higher in the fresh groups
(3.3 and 4.5%, respectively, in the fresh/fresh and the frozen/
fresh groups, compared to 2.1 and 2.6%, respectively, in the
fresh/frozen and the frozen/frozen groups).

The results of the regression models of birth order and
embryo-state groups are shown in Table 3. Birthweight was
+126 g heavier and birthweight z-score +0.30 higher in the 1st
births of frozen cycles (p < 0.001) compared to thosewith fresh
cycles, and in the 2nd births of the fresh/frozen group, +131 g
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heavier birthweight (p < 0.001), +0.67 days longer gestation
(p < 0.05), and +0.26 higher birthweight z-score (p < 0.001)
than the fresh/fresh group. Blastocyst embryos were associated
with shorter gestations (−2.61 and −1.74 days, 1st and 2nd
births, respectively, both p < 0.001), reduced birthweights
(−28 and −27 g, 1st and 2nd births, respectively, both
p < 0.05), and higher birthweight z-scores (1st births, +0.06,
p < 0.05). Compared to males, female infants had longer ges-
tations (+1.23 and +1.01 days, 1st and 2nd births, respectively,
both p < 0.001) and lower birthweights (−109 and −90 g, 1st
and 2nd births, both p < 0.001). The presence of more than one
fetal heartbeat at the 6-week ultrasound was associated with
shorter gestations, lighter birthweights, and lower birthweight
z-scores (−4.93 days, −218 g, and −0.21 in the 1st births;
−2.93 days, −181 g, and −0.22 in the 2nd births, all
p < 0.001). The maternal factors of parity, age, and BMI also
had significant effects on birth outcomes. Higher parity at the
1st birth was associated with shorter gestations (−2.66 days,
p < 0.001), heavier birthweights (+58 g, p < 0.01), and higher
birthweight z-scores (+0.22, p < 0.001). Increasing maternal
age was associated with longer gestations at the 1st births only,
but did not have a significant effect on birthweight or
birthweight z-score. Increasing maternal BMI was associated
with shorter gestations and heavier birthweights, and resultant
higher birthweight z-scores; the effects were attenuated but still
significant at the 2nd births. The number of prior IVF cycles
was not significant in any of the models.

The results of the logistic models of the risks of LGA and
SGA by birth order and embryo state are shown in Table 4.
Compared to the fresh embryos, the risk of LGA at the 1st
births with the frozen embryos was increased (adjusted odds
ratios (AOR) 1.74, 95% CI 1.45, 2.08) and SGA decreased
(AOR 0.50, 95% CI 0.37, 0.67). When the 1st birth was not
LGA, the risk of LGA in the 2nd births with the frozen em-
bryos was increased (AOR 1.70, 95% CI 1.46, 1.98 for fresh/
frozen and AOR 1.40, 95% CI 1.11, 1.78 with frozen/frozen).
The risk of LGA in the 1st birth was also increased with higher
parity (AOR 1.30, 95% CI 1.04, 1.62), and paralleled increas-
ing maternal BMI. Both female infant gender and the presence
of more than one fetal heartbeat at the 6-week ultrasound were
associated with reduced risks of LGA (AOR 0.85, 95% CI
0.74, 0.99 and AOR 0.70, 95% CI 0.52, 0.96, respectively).
In general, the risk of SGAwas reduced when the risk of LGA
was increased conversely. The number of prior IVF cycles and
maternal age were not significant in the LGA and SGA
models.

Discussion

These analyses indicate that frozen embryo state [4–13] is
associated with an increased risk for LGA, and blastocyst
embryo stage is associated with a decreased risk for SGA.
The magnitude of the increase we found in the 2nd

Table 1 Description of study
population (N, pairs) Birth Embryo state in 1st and 2nd pregnancies

Order Fresh/fresh Fresh/frozen Frozen/fresh Frozen/frozen
(3241) (3371) (310) (873)

Woman’s age (mean years, SD) 1 33.4 (3.8) 32.5 (3.7) 33.0 (3.5) 32.7 (3.7)

2 36.0 (3.7) 35.0 (3.7) 35.6 (3.4) 35.2 (3.8)

Woman’s race/ethnicity (%) White 82.1 79.7 79.1 78.0

Black 3.3 3.9 4.3 4.5

Hispanic 4.3 5.7 4.3 4.3

Asian 8.6 8.8 10.2 10.8

Hawaiian 0.2 0.2 1.1 0.2

Mixed 1.5 1.3 1.1 2.0

Native American 0.0 0.3 0.0 0.2

(Unknown/not reported) 37.1 33.9 39.7 41.6

BMI (weight/height2, mean, SD) 1 24.6 (5.2) 24.4 (4.9) 24.2 (4.2) 24.8 (5.1)

2 24.8 (5.2) 24.6 (5.1) 24.6 (4.7) 24.7 (5.1)

Parity:% nulliparous 1 89.1 88.6 85.8 91.4

% parity = 1 2 86.5 86.6 83.5 90.0

Blastocyst (%)a 1, 2 36.3 67.0 35.2 55.3

# embryos transferred (mean, SD) 1 2.3 (0.9) 1.9 (0.7) 2.2 (0.7) 2.1 (0.6)

2 2.4 (1.0) 1.8 (0.7) 2.3 (0.9) 1.8 (0.7)

a Siblings were matched on embryo stage
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birthweight in the fresh/frozen pairs of siblings of +222 g is in
accordwith prior studies (+244 g4 in anAustralian population,
+250 g10 and +286 g6 in Danish populations), and far exceeds
the +81 g attributable only to an increase in parity. These
analyses also confirm results from prior studies of the increas-
ing risk of LGAwith higher maternal parity and BMI [13, 25,
26]; the increased risk of SGAwith early fetal losses [27]; and
the lower birthweight, longer gestation, and lower risk of LGA
in female versus male infants [28–30].

Freezing of embryos has been increasingly used worldwide
since the 1st birth in 1984 using this technique. [31]. In recent
years, there has been a growing interest in frozen embryo
transfers, with clinical papers and editorials suggesting a
freeze-all approach [32–35]. The clinical rationale to support
this technique is that the supraphysiological hormone levels
resulting from ovarian hyperstimulation in the 1st trimester in
fresh transfers are associated with a significantly increased

risk for low birthweight (LBW, <2500 g), SGA [36], and
preterm delivery [37]. In fresh donor cycles, recipients have
hormone levels more comparable to those in a natural concep-
tion cycle, which may in part explain the improved rates of
implantation, clinical pregnancy, and live births [38], as well
as lower rates of LBW, SGA [8], and preterm birth [5]. Results
of clinical studies and meta-analyses of IVF pregnancies indi-
cate the risks for SGA, preterm birth, LBW, antepartum hem-
orrhage, and perinatal mortality are significantly reduced with
frozen compared to those with fresh embryo transfers [2,
39–42]. The risk of prenatal bleeding, placental complica-
tions, and postpartum hemorrhage has been shown to be
higher in both subfertile and IVF pregnancies compared to
those conceived spontaneously [43–45]. Among IVF preg-
nancies, the risk of obstetric hemorrhage (antepartum hemor-
rhage, placenta previa, placenta abruption, and postpartum
hemorrhage) has been reported to be greater with fresh

Table 2 Outcome of pregnancy by embryo-state groups

(N, pairs) Birth Embryo state in 1st and 2nd pregnancies

Order Fresh/fresh Fresh/frozen Frozen/fresh Frozen/frozen
(3241) (3371) (310) (873)

Single fetal heartbeat
at 6-week ultrasound (%)

1 92.0 91.2 95.1 93.1

2 90.8 94.9 87.1 95.3

Infant gender (% female)a 1, 2 49.0 48.1 46.4 50.7

Length of gestation (days, SD) 1 268.9 (14.7) 267.7 (15.9) 269.0 (14.7) 268.3 (16.3)

2 267.3 (12.6) 267.3 (13.1) 266.2 (15.7) 266.4 (14.4)

Difference (days, SE) –1.6 (0.3) –0.3 (0.3) –2.9 (1.1) –2.0 (0.6)

P value *** NS ** ***

Birthweight (g, SD) 1 3257 (574) 3246 (600) 3376 (588) 3390 (609)

2 3338 (548) 3468 (569) 3295 (618) 3418 (615)

Difference (g, SE) +81 (11) +222 (11) –81 (37) +28 (23)

P value *** *** * NS

Birthweight z-score (SD, SD) 1 0.00 (1.02) 0.04 (1.02) 0.25 (1.11) 0.34 (0.99)

2 0.26 (1.02) 0.55 (1.06) 0.24 (1.00) 0.50 (1.01)

Difference (Z, SE) 0.26 (0.02) 0.51 (0.02) 0.00 (0.06) 0.16 (0.03)

P value *** *** NS ***

LGA birthweight % 1 9.8 9.2 13.1 15.8

2 14.2 20.8 15.4 21.0

LGA birthweight in the 2nd birth

When the 1st birth was not LGA % 2 11.0 17.5 9.4 15.2

SGA birthweight % 1 8.8 8.0 5.6 3.5

2 4.5 2.8 5.6 3.3

SGA birthweight in the 2nd birth

When the 1st birth was not SGA % 2 3.3 2.1 4.5 2.6

NS not significant
a Siblings were matched on gender

*P < 0.05

**P < 0.01

***P < 0.001
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compared to that with frozen cycles [43, 46], but the risk for
pregnancy hypertension is increased with frozen versus fresh
transfer [47], even in studies of pregnancies to the same wom-
an using autologous oocytes [20]. LGA birthweight is a
known risk factor for preeclampsia, and may help explain
the association between frozen embryo transfer and this com-
plication [20, 48].

In many studies of the outcome of fresh versus frozen em-
bryo cycles, the two study populations differ substantially. For
example, more women undergoing fresh embryo transfer may
be those with lower numbers of oocytes and embryos who
never had the option to freeze embryos, while those in the
frozen embryo transfer group would have had, by definition,
excess embryos frozen. In using a woman as her own control,
this difference is overcome. Thus, in the fresh/frozen group,
all of the womenwith fresh transfers had embryos subsequent-
ly used in the frozen embryo transfer. This design provides a
unique window on possible explanations for differences be-
tween fresh and frozen embryo transfer, accounting for issues
such as number of oocytes produced and infertility diagnoses,
as well as the presence of chronic diseases. One explanation
proposed for the increased risk of LGAwith frozen cycles is
the epigenetic changes in the early embryonic stages during
freezing and thawing, which could potentially alter develop-
mental processes and the fetal growth potential as a result of
cell death or dysfunction [50, 51]. Another explanation is the
difference in the maternal uterine environment as a result of

the hormonal stimulation (fresh cycles) or hormonal prepara-
tion of the uterus (frozen cycles). Further study is needed to
understand the mechanisms underlying of these differences.

The excess of LGA birthweights among infants born from
frozen embryos has been consistently reported in diverse pop-
ulations around the world, including Australia, Denmark,
Finland, Japan, Norway, Sweden, and the USA. In a large
Danish study, the risk of LGA was even greater than that of
the spontaneously conceived control group (OR 1.5, 95% CI,
1.2, 1.9) [49]. Similarly, in an analysis of all singleton births in
Japan during 2007–2008 (1.8 million births, including nearly
26,000 conceived with IVF), Nakashima et al. [8] reported
that among term births, infants born from frozen embryos
had significantly higher birthweights at each week compared
to infants born from fresh embryos, as well as all Japanese
infants.

The perinatal risks of LGA birthweights include
higher rates of cesarean delivery, postpartum hemor-
rhage, and neonatal shoulder dystocia and hypoglycemia,
as well as longer newborn hospitalizations [52]. Longer-
term health consequences of having been born LGA ver-
sus appropriate for gestational age birthweight include
greater risks for childhood [53] and adult obesity [54,
55], altered metabolic profile before puberty (including
higher mean serum insulin, adiponectin, and leptin
levels) [56], autism [57], and childhood cancer [58]. It
is unknown how these risks might affect children born

Table 4 Logistic models of LGA and SGA risks by birth order (AOR, 95% CI)

Independent variable/reference level Effect LGA in 1st birth LGA in 2nd birth when
1st birth was not LGA

SGA in 1st birth SGA in 2nd birth when
1st birth was not SGA

Embryo state at the 1st birth / Fresh Frozen 1.74 (1.45,
2.08)***

N/A 0.50 (0.37,
0.67)***

N/A

Embryo states at the 1st/2nd birth P value N/A *** N/A *

Fresh/fresh Fresh/frozen 1.70 (1.46, 1.98)*** 0.65 (0.47, 0.89)**

Frozen/fresh 0.88 (0.58, 1.35)* 1.39 (0.77, 2.51)

Frozen/frozen 1.40 (1.11, 1.78) 0.80 (0.50, 1.30)

Embryo stage / non-blastocyst Blastocyst – – 0.80 (0.68, 0.94)** –

Fetal heart beats on US at the 1st birth / 1 ≥2 0.70 (0.52, 0.96) * – 1.79 (1.39,
2.31)***

–

Fetal heart beats on US at the 2nd birth / 1 ≥2 – 0.73 (0.54,0.98)* – 1.82 (1.17, 2.82)**

Infant gender / Male Female 0.85 (0.74, 0.99) * – – –

Parity at the 1st birth / 0 ≥1 1.30 (1.04, 1.62)* – 0.64 (0.47, 0.89)** –

Maternal BMI P value *** ***

Compared to 18.5–24.9 14.0–18.4 0.60 (0.26, 1.37)** 0.88 (0.49, 1.60) – –

25.0–29.9 1.91 (1.49, 2.44) 1.66 (1.32, 2.08) – –

30.0–34.9 2.62 (1.90, 3.63)** 2.27 (1.66, 3.11)** – –

35.0–39.9 2.44 (1.52, 3.93) 2.11 (1.32, 3.35) – –

≥40.0 4.48 (2.33,
8.60)***

1.76 (0.76, 4.05) – –

N/A not applicable, – non-significant (age and prior ART cycles were non-significant for all the models)

*P < 0.05; **P < 0.01; ***P < 0.001 versus reference level. P value is a test comparing all the categories when more than two categories
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LGA from frozen embryos. Few studies have evaluated
the longer-term health effects on children born after fro-
zen embryo transfer [59–62], with most reporting normal
growth and development. In a small, but recent study
from New Zealand of 96 term singletons born between
2004 and 2008 and followed up at ages 3.5–11 years,
Green et al. [62] reported that the transfer of fresh em-
bryos versus frozen embryos was significantly and posi-
tively associated with taller stature.

Strengths

The major strength of this analysis is the ability to identify
sibling pairs to evaluate the effect of differing IVF treatment
parameters on birth outcomes within families. Unlike other
studies in which data used spanned decades of infertility treat-
ment (1978–2005 [4] and 1986–2002 [11] from Australia,
1994–2008 [6] from Denmark, and 1967–2006 [17] and
1988–2002 [63] from Norway), this analysis presents a con-
temporary (2004–2013) picture of IVF outcomes on a national
level, spanning a single decade. This study also had the ad-
vantage of adequate sample size, even when stratified by em-
bryo status (fresh versus frozen) and birth order (1st versus
2nd birth), and accounting for embryo stage (blastocyst versus
non-blastocyst), in contrast to prior studies with small sample
sizes [13, 19].

Limitations

Although this study has several unique advantages over
prior IVF research, it is also subject to a number of
limitations. This study uses retrospective data which is
advantageous to achieve large numbers; however, data
entered into the SART CORS system is not as rigorously
controlled as data collected for a prospective research
study. No information was available in the SART
CORS regarding method of cryopreservation (slow freez-
ing versus vitrification). We have previously shown a
potential co-morbidity, pregnancy-related hypertension
to be slightly elevated in frozen versus fresh deliveries
[47]. Unfortunately, no information was available on ob-
stetric conditions in this dataset. Our dataset also had no
information on medications used in fresh and frozen cy-
cles or on perinatal, or child outcomes, including birth
defects. No information is available on fathers’ ages,
BMI, medical history. or cause of infertility, if any. We
also could not account for the effect of a potential
change in paternity in the 2nd birth. Subsequent studies
are planned which will help overcome many of these
limitations.

Conclusions

This analysis showed that children born from frozen embryo
transfers are significantly heavier, both in absolute weight and
weight-for-gestation, than their siblings born from fresh cy-
cles. The implications of these findings for the future health of
these children are unclear, and warrant further investigation.
There is a need for long-term follow-up studies of children
born from IVF, including all cryopreservation techniques. [51,
64–66]
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