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Abstract
Purpose Excess embryos transferred (ET) (> plurality at birth) and fetal heartbeats (FHB) at 6 weeks’ gestation are associated
with reductions in birthweight and gestation, but prior studies have been limited by small sample sizes and limited IVF data. This
analysis evaluated associations between excess ET, excess FHB, and adverse perinatal outcomes, including the risk of nonchro-
mosomal birth defects.
Methods Live births conceived via IVF from Massachusetts, New York, North Carolina, and Texas included 138,435 children
born 2004–2013 (Texas), 2004–2016 (Massachusetts and North Carolina), and 2004–2017 (New York) were classified by ET
and FHB. Major birth defects were reported by statewide registries within the first year of life. Logistic regression was used to
estimate adjusted odds ratios (AORs) and 95%CIs of the risks of a major nonchromosomal birth defect, small-for-gestational age
birthweight (SGA), low birthweight (LBW), and preterm birth (≤36 weeks), by excess ET, and excess ET + excess FHB, by
plurality at birth (singletons and twins).
Results In singletons with [2 ET, FHB =1] and [≥3 ET, FHB=1], risks [AOR (95% CI)] were increased, respectively, for major
nonchromosomal birth defects [1.13 (1.00–1.27) and 1.18 (1.00–1.38)], SGA [1.10 (1.03–1.17) and 1.15 (1.05–1.26)], LBW
[1.09 (1.02–1.13) and 1.17 (1.07–1.27)], and preterm birth [1.06 (1.00–1.12) and 1.14 (1.06–1.23)]. With excess ET + excess
FHB, risks of all adverse outcomes except major nonchromosomal birth defects increased further for both singletons and twins.
Conclusion Excess embryos transferred are associated with increased risks for nonchromosomal birth defects, reduced
birthweight, and prematurity in IVF-conceived births.

Keywords In vitro fertilization (IVF) . Assisted reproductive technology (ART) . Birth defects . Embryos transferred . Fetal
heartbeats . Vanishing twin syndrome

Introduction

As assisted reproductive technology (ART) and in vitro fertil-
ization (IVF) therapy have continued to evolve, there has been
a steady decline in the number of embryos transferred (ET),
with a resultant fall in the number of multiple births. In the

USA, the proportion of IVF cycles with a single embryo trans-
ferred has increased from about 10% in 2004 to 40% in 2016,
but the multiple birth rate with IVF is still almost 20% [1, 2].
Consequently, there continues to be many IVF cycles that
have more than one embryo transferred and, as a result, may
be conceived as twins or higher-order multiples, with a pro-
portion experiencing embryonic or fetal loss to result in a
singleton at birth. The effects of excess ET and excess fetal
heartbeats (FHB, greater than plurality at birth) on perinatal
and early childhood outcomes have been evaluated, including
birthweight, length of gestation, NICU admission, infant mor-
tality, and neurologic sequelae, but many prior studies have
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been limited by small sample sizes, limited or lack of data on
IVF treatment parameters, did not evaluate birth defect risks
among the survivors, or did not use registry-confirmed data on
birth defects [3–12].

Our prior analyses have shown that early fetal losses in
both singleton and twin IVF-conceived pregnancies were as-
sociated with lowered birthweights and shortened gestations
[13, 14]. Even in analyses restricted to women with fresh
embryo transfers who had additional embryos cryopreserved
during the same cycle and plurality at conception was the
same as at birth, the transfer of excess embryos had a stepwise
adverse effect on birthweight-for-gestation [15]. Prior analy-
ses also indicated that factors associated with transferring a
higher number of embryos reflected suboptimal maternal con-
ditions, less favorable oocyte or embryo quality, less favorable
prognosis, or unsuccessful prior cycles [16]. Transferring ≥3
embryos versus 1–2 embryos was significantly more likely
with the use of ICSI or assisted hatching and was fourfold
more likely with thawed versus fresh embryos and with em-
bryos which were cleavage-stage versus blastocyst-stage [16].
The purpose of this analysis was to evaluate the risk of non-
chromosomal birth defects, growth restriction, and prematuri-
ty as a function of number of ET and FHB at 6-week gestation
based on the linkage of the Society for Assisted Reproductive
Technology Clinic Outcome Reporting System (SART
CORS) to birth certificates and birth defects registries in four
US States.

Methods

This study linked data from the Society for Assisted
Reproductive Technology national IVF database, the SART
CORS, in four States (New York, Texas, Massachusetts, and
North Carolina) to birth certificates and birth defects regis-
tries. Data from birth certificates (2004–2013) were collected
in our prior study of the risk of childhood cancer and ART
[17]. The remaining data were obtained in the current study of
the risk of birth defects in ART. New York, Texas,
Massachusetts, and North Carolina were chosen for the cur-
rent study because they are large and ethnically diverse, with
birth defect registries utilizing the same case definitions and
data collected. These four States ranked #2 #3, #6, and #12 in
the highest number of annual IVF births in the USA, respec-
tively, in 2016, accounting for 3.0%, 1.5%, 4.7%, and 1.4% of
all births in each State [18, 19].

SART CORS data

The SART CORS contains comprehensive information on
procedures from more than 83% of all clinics providing IVF
and more than 92% of all IVF cycles in the USA. Data are

collected and verified by 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) [20]. The Society makes data available
for research purposes to entities that have agreed to comply
with SART research guidelines. Patients undergoing treat-
ment at SARTmember clinics sign clinical consent forms that
include permission to use their data for research with appro-
priate provisions for safeguarding confidentiality. Data are
submitted by individual clinics and verified by the medical
director of each clinic. Approximately 10% of clinics are
audited each year to validate the accuracy of reported data.
During each audit visit, data reported by the clinic are com-
pared with information recorded in the medical record; most
data fields have discrepancy rates less than 4% (in reference
20, Appendix A: Technical Notes, Validation of ART Data,
page 525). This study was conducted with the support of
SART and was funded by the National Institutes of Health.

Linkage procedure

This study linked IVF cycles reported to the SART CORS
from January 1, 2004, to December 31, 2016, that resulted
in live births (2004–2013 in Texas, 2004–2016 in
Massachusetts and North Carolina, and 2004–2017 in New
York) to birth certificates and birth defects registries in all four
study States. Initially, study States linked the SART CORS
data and birth certificates. Each State received a SART CORS
file with identifiers for women with IVF cycles resulting in a
live birth who were residents of that State. The States linked
the SART CORS data to birth certificate data; >90% of the
IVF-conceived births were linked to their respective birth cer-
tificates. Each child was then linked to their respective State
birth defect registry. The linked files were de-identified before
being sent to the investigators and then linked to IVF treat-
ment parameters from the SART CORS by the investigators
using unique research identifiers to create the final analytic
file. This study was approved by the Institutional Review
Boards at Michigan State University, the University of
Michigan, and each of the four study State Departments of
Health. The Michigan State University IRB determined that
this research did not involve human subjects, as defined in 45
CFR 46.102 (f), in their review dated November 13, 2015.

Data exclusions

Birth records with gestational age less than 22 weeks or birth
weights less than 300 g were excluded because such births are
considered nonviable. Because IVF is rare for a mother youn-
ger than 18 years of age, we did not request to include parents
aged less than 18 years in the study; therefore, those with ages
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less than 18 years were excluded. Cycles were limited to those
in which five or fewer embryos were transferred, in accord
with the most recent American Society for Reproductive
Medicine/Society for Assisted Reproductive Technology
Practice Committees recommendations [21]. Live births were
limited to singletons and twins. There were a small number of
pregnancies with embryo splitting (433 sets of liveborn twins
when one embryo was transferred); this number was too few
to fit models reliably andwas therefore excluded. Data on fetal
losses or stillbirths was not available from study States.

Birth defects

The four States participating in this project are current or for-
mer CDC Centers for Birth Defects Research and Prevention.
As such, they conduct enhanced birth defects surveillance in
terms of scope and quality of data. Each State conducts active
or a combination of active and passive population-based sur-
veillance that includes major birth defects. These States em-
ploy standard case definitions as defined by the National Birth
Defects Prevention Study and National Birth Defects
Prevention Network (NBDPN) and code birth defects using
the CDC coding system adapted from British Pediatric
Association codes, which is more specific for birth defects
than ICD-9 or ICD-10 coding (Supplemental Table 1) [22].
They employ multiple quality assurance procedures including
validity checks, double-checking of assigned codes, clinical
review of at least a subset of cases, and comparison/
verification between multiple data sources. They collect key
demographic and clinical variables as defined by the NBDPN
guidelines for conducting birth defects surveillance (www.
NBDPN.org). For this study, we analyzed birth defects
diagnosed within the first year of life, as defined in
Supplemental Table 1. We then classified individuals with
major birth defects as either “chromosomal” (presence of a
major chromosomal defect with or without any other major
defect) or “nonchromosomal” (i.e., presence of a major defect
but having no chromosomal defect). We present both types of
birth defects in eTable 1 in the Supplement, but we limited
subsequent analyses to the probability of major nonchromo-
somal defects only as the relationship between chromosomal
birth defects would not be expected to vary by number of ET
or FHB.

Race and ethnicity

Maternal race and ethnicity were obtained from the birth cer-
tificate; maternal race and ethnicity were also the assigned
race of the infant, a rule that was initiated in 1989 by the
National Center for Health Statistics. Classification of race
and ethnicity was either self-reported by the mother after

delivery or by the birth registrar in the birthing facility and
reported to the State vital records, as per the local and State
policy. Race and ethnicity were included as a factor in this
study because of known associations with perinatal outcomes,
including birthweight, length of gestation, and birth defects.

Groups

Data on IVF cycles resulting in live births to womenwhowere
residents of the study States were categorized into four groups
based on the number of embryos transferred (ET) and the
number of fetal heartbeats (FHB) at the 6-week ultrasound
exam, by plurality at birth. For singleton births, [ET=1,
FHB=1] was defined as the reference group; [ET=2,
FHB=1] and [ET=3, FHB=1] were the excess embryos trans-
ferred groups; and [ET≥2, FHB≥2] was the excess embryos
transferred and excess fetal heartbeats group. For twin births,
[ET=2, FHB=2] was defined as the reference group; [ET=3,
FHB=2] and [ET≥4, FHB=2] were the excess embryos trans-
ferred groups; and [ET≥3, FHB≥3] was the excess embryos
transferred and excess fetal heartbeats group.

Independent variables

Independent variables were selected a priori for inclusion in
the models based on established associations with birth de-
fects and/or adverse outcomes following IVF. These included
maternal age at delivery (grouped as 18–29, 30–34, 35–37,
38–40, 41–43, and ≥44 years), race (white, black, Asian, oth-
er/missing), Hispanic ethnicity, oocyte source (autologous or
donor), embryo state (fresh or thawed), infant sex, and State
and year of birth. IVF factors and treatment parameters includ-
ed infertility diagnoses (male factor, endometriosis, ovulation
disorders, diminished ovarian reserve, tubal ligation, other
tubal factors, uterine factor, unexplained, other-RFA [reason
for ART-immunologic, chromosomal, or other serious dis-
ease], and noninfertile [single woman or same-sex partners]);
number of diagnoses (one, two or more, or missing); sperm
source (partner, donor, mixed, or missing); use of assisted
hatching (AZH) and ICSI, which is only available for fresh
IVF cycles; oocyte source (autologous or donor); and embryo
state (fresh or thawed). Data on day of transfer (to classify
embryos transferred as cleavage stage, days 2–3, or blastocyst
stage, days 5–6) were only available for live births resulting
from the use of autologous oocytes and fresh embryos.

Dependent variables

Birthweight was modeled both as continuous and categor-
ical variables (low birthweight, LBW, <2500 g, and LBW
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at term, ≥37-week gestation). Birthweight Z-score, as a
measure of adequacy of weight for age, was calculated as
[actual-reference/standard deviation for the reference pop-
ulation], as recommended by Land [23], using sex-specific
national standards [24]. Birthweights of singletons at each
gestational age are normally distributed, with a reference
mean of zero (0) and a standard deviation of one (1). A
birthweight Z-score (or standard deviation score) is the
deviation of the value for an individual from the mean
value of the reference population of singleton births divid-
ed by the standard deviation for the reference population.
Z-scores have a direct relationship with percentiles, with Z-
scores from −1 to +1 representing 68% of the population
distribution, and a Z-score of zero equal to the 50th per-
centile for singleton births. The Z-score is useful to de-
scribe how far the observed birthweight for gestation is
from the expected value. Birthweight Z-score was modeled
both as continuous and categorical variables, with Z-scores
of ≤−1.28 categorized as small-for-gestational age (SGA)
for singletons and twins, using the singleton birthweight
reference. Length of gestation was modeled as both con-
tinuous and categorical variables (<28 weeks, 28–32
weeks, 33–36 weeks, and ≥37 weeks); early preterm birth
was defined as ≤32 weeks and preterm birth as ≤36 weeks.

Statistical analyses

Data from each State were processed to generate a common
dataset. Because most independent variables were catego-
rized, missing values were included as a separate category;
cases with missing values in the dependent variable were
not included in the analysis of that variable. Logistic re-
gression was used to estimate adjusted odds ratios (AORs)
and 95% confidence intervals (CIs) of the risks of a major
nonchromosomal birth defect, small-for-gestational age
(SGA) birthweight, low birthweight (LBW, <2500 g) and
LBW at term, early preterm birth, preterm birth by excess
ET, and excess ET + excess FHB, separately by plurality at
birth (singletons and twins). We also repeated the analysis
of SGA, LBW, and prematurity after including the
presence/absence of a major birth defect as an additional
covariate. A general linear model (GLM) was used to mod-
el the effect of excess ET, and excess ET + excess FHB on
birthweight, birthweight Z-score, and length of gestation,
separately by plurality at birth. Similar to the logistic
models, the GLM models were repeated after including
the presence/absence of a major defect. All analyses were
performed using SAS Version 9.4 software. We could not
properly account for correlation within twin pairs because
data were not consistently provided to identify both twins
in a pair.

Results

The final study population included 138,435 children (81,673
singletons and 56,762 twins); 6.7% of singleton births began
as multiples (93.3% as singletons); and 3.8% of twin births
began as triplets or higher order multiples (96.2% as twins).
The description of the study population is shown in Table 1.
The infertility diagnoses and treatment parameters are shown
in Table 2. Compared to the reference groups ([ET=1,
FHB=1] for singletons at birth and [ET=2, FHB=2] for twins
at birth), women with excess ET and excess ET + excess FHB
were more likely to be older and to have cleavage-stage em-
bryos transferred; otherwise, they did not differ substantially
by other characteristics, diagnoses, or treatments. Within each
plurality, the rate of major nonchromosomal birth defects and
the proportions of SGA, early preterm birth, preterm birth, and
LBW at term increased with excess ET and excess ET + ex-
cess FHB. Of the excess ET groups, 74% of singletons with
ET≥3 and FHB=1 had 3 ET; 81% of twins with ET≥4 and
FHB=2 had 4 ET.

The results of the logistic regression models are presented
in Table 3. The risk of a major nonchromosomal birth defect
increased with excess ET, of borderline significance with 2ET
and ≥3 ET for singletons. The risk of SGA increased with
excess ET, significantly with 2 ET and ≥3 ET in singletons,
and with 3 ET in twins. With both excess ET + excess FHB,
these risks increased further for both pluralities. A similar
pattern was seen for LBW, preterm, and early preterm birth,
for both pluralities. The risk of LBW at term was significant
with [ET ≥2 and FHB ≥2] in singleton births and [ET=3 and
FHB =2] and [ET≥3 and FHB ≥3] in twin births.

The results of the GLM models are shown in Table 4.
Length of gestation was decreased significantly with ≥3 ET
in singletons and ≥4 ET in twins. With both excess ET +
excess FHB, length of gestation was further reduced for both
pluralities. Birthweight was reduced with 2 ET and ≥3 ET in
singletons and ≥4 ET in twins, and with both excess ET +
excess FHB, birthweight was further reduced in both plurali-
ties. Birthweight Z-score was significantly reduced with ≥3
ET in singletons and 3 ET in twins, and with both excess ET
+ excess FHB, birthweight z-score was further reduced for
both pluralities.

The use of thawed versus fresh embryos was associated
with significantly decreased risks of SGA, LBW, and
LBW at term in singletons and twins, with AORs ranging
from 0.56 to 0.81 (Supplemental Table 2). The use of
donor versus autologous oocytes was associated with sig-
nificantly increased risks of LBW, and preterm and early
preterm birth in singletons and twins, with AORs ranging
from 1.22 to 1.44 (Supplemental Table 2). Oocyte source
and embryo state combinations were not associated with
an increased risk of major nonchromosomal birth defects
in singletons or twins.
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Table 1 Description of the study population

Singletons at birth Twins at birth

Reference
group*

Excess ET Reference
group*

Excess ET

Excess
FHB

Excess
FHB

Embryos transferred (ET) 1 2 ≥3 >1 2 3 ≥4 >2

Fetal heartbeats (FHB) 1 1 1 ≥2 2 2 2 ≥3
N, children 23,753 38,019 14,464 5437 42,851 9008 2720 2183

Maternal age (%) Mean years ± SD 35.5 ± 5.1 35.4 ±
5.0

37.7 ±
4.2

36.7 ± 4.9 34.7 ± 5.2 36.3 ±
4.4

38.2 ±
4.1

36.6 ± 4.2

18–29 9.6 10.5 3.9 7.1 13.9 6.5 3.3 4.4

30–34 36.0 35.1 17.5 27.0 40.2 25.2 14.6 25.0

35–37 23.5 24.4 21.3 23.3 21.8 27.4 18.3 28.0

38–40 14.8 16.1 30.6 22.6 11.1 27.2 32.3 26.5

41–43 8.8 7.4 21.7 12.7 5.8 9.1 26.4 12.1

≥44 7.3 6.5 5.1 7.4 7.2 4.7 5.1 3.9

Race of mother (%) White 78.7 79.8 81.1 80.8 80.8 80.9 78.8 80.9

Black 4.9 6.5 6.6 6.7 6.1 6.8 8.6 6.1

Asian 13.8 10.6 9.6 9.9 9.8 9.5 9.9 11.7

Other/missing 2.5 3.1 2.8 2.6 3.2 2.8 2.7 1.2

Ethnicity of mother (%) Hispanic 7.2 9.4 8.3 8.4 10.8 10.3 12.1 11.1

Mother’s BMI (%) 12–24 64.1 57.8 57.7 58.6 58.9 57.9 56.3 61.0

25–29 21.7 24.4 23.8 23.3 23.8 24.3 26.4 21.1

30–59 14.3 17.8 18.4 18.1 17.3 17.7 17.3 17.9

Missing 12.3 20.5 30.0 22.7 21.4 36.3 41.8 40.3

Hypertension** % 7.9 8.2 8.1 8.3 15.2 13.7 14.2 15.9

Diabetes** % 7.8 7.6 8.3 7.9 9.0 9.3 10.4 9.9

Infant male sex % 52.7 51.2 50.5 50.9 51.2 50.7 49.4 50.3

Birthweight Grams, mean (SD) 3324 ±
586

3277 ±
611

3259 ±
613

3122 ±
681

2374 ±
595

2388 ±
589

2362 ±
588

2254 ±
616

Major birth defect Rate*** 237.4 258.0 257.9 253.8 341.4 351.9 327.2 329.8

Nonchromosomal 228.6 241.5 232.3 235.4 324.8 321.9 286.8 311.5

Chromosomal 8.8 16.6 25.6 18.4 16.6 30.0 40.4 18.3

Small-for-gestational age
birthweight****

% 7.0 8.1 8.5 11.5 19.8 22.1 21.9 25.8

Large-for-gestation
birthweight****

% 10.1 9.8 10.0 7.8 1.6 1.7 0.9 1.7

Low birthweight (LBW) (<2500 g) % 7.2 8.4 8.6 13.8 54.7 53.5 55.9 63.0

Length of gestation (%) Weeks, mean (SD) 38.6 ± 2.1 38.4 ±
2.2

38.3 ±
2.2

38 ± 2.7 35.3 ± 3 35.4 ±
2.9

35.3 ±
2.9

34.9 ± 3

<28 weeks 0.6 0.8 0.7 1.6 3.3 2.8 3.0 3.0

28–32 weeks 1.4 1.7 1.7 2.8 10.3 9.7 9.8 15.1

33–36 weeks 8.0 8.9 9.5 10.9 45.9 44.1 46.1 44.1

≥37 weeks 90.1 88.6 88.1 84.8 40.5 43.4 41.1 37.7

LBW at term (≥37 weeks, <2500
g)

% 2.2 2.5 2.6 4.3 23.9 24.9 25.0 28.7

*Reference group, ET=1 and FHB=1 for singletons at birth and ET=2 and FHB=2 for twins at birth

**Pregestational (chronic) or gestational

***Rate per 10,000 children

****Small-for-gestational age birthweight is defined as a birthweight Z-score ≤−1.28; large-for-gestation birthweight is defined as a birthweight Z-score
≥1.28
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Day of transfer was only available for children born from
autologous oocytes and fresh embryos. Among singleton
births from blastocyst-stage embryos with [ET=2 and
FHB=1], the risks of SGA and LBW were significantly in-
creased. For singleton births from both cleavage-stage and

blastocyst-stage embryos, the risks of SGA, LBW, preterm
and early preterm birth, and LBW at term were increased with
excess ET + excess FHB, with AORs ranging from 1.39 to
2.50; confidence intervals consistently overlapped between
the two groups (cleavage-stage and blastocyst-stage)

Table 2 Infertility diagnoses and treatment parameters

Singletons at birth Twins at birth

Reference
group*

Excess ET Reference
group*

Excess ET

Excess
FHB

Excess
FHB

Embryos transferred (ET) 1 2 ≥3 >1 2 3 ≥4 >2

Fetal heartbeats (FHB) 1 1 1 ≥2 2 2 2 ≥3
N, children 23,753 38,019 14,464 5437 42,851 9008 2720 2183

Infertility Male factor 32.5 35.4 35.3 33.9 35.4 37.0 34.3 36.2

Diagnoses (%) Endometriosis 7.6 10.6 11.6 10.6 10.2 12.9 11.3 11.4

Ovulation disorders 15.3 16.1 11.8 15.2 17.7 13.4 11.5 13.4

Diminished ovarian
reserve

22.5 20.8 26.5 23.7 20.3 21.1 28.0 23.3

Tubal ligation 0.9 1.7 2.1 1.7 2.0 1.9 1.9 2.6

Tubal—other 10.5 12.8 13.9 12.8 12.2 13.0 16.1 13.5

Uterine factor 4.6 4.5 5.3 5.0 4.5 5.6 6.6 4.8

Unexplained 18.5 15.5 14.3 15.2 15.2 14.4 14.0 15.4

Other—RFA** 10.4 9.3 10.4 10.3 9.0 9.8 10.5 9.3

Noninfertile*** 0.8 0.5 0.3 0.6 0.5 0.3 0.1 0.2

Number of diagnoses
(%)

One 76.7 74.8 71.5 73.3 75.0 73.4 69.7 73.2

Two or more 22.3 24.8 28.0 26.1 24.5 26.1 30.2 26.7

Missing 1.0 0.4 0.4 0.6 0.5 0.5 0.1 0.1

Sperm source (%) Partner 45.7 70.3 78.8 73.3 75.2 79.4 79.4 80.3

Mixed 0.1 0.2 0.4 0.2 0.2 0.4 0.7 0.6

Donor 2.5 3.3 4.5 5.1 3.3 3.5 5.7 4.4

Missing 51.7 26.2 16.4 21.5 21.3 16.8 14.2 14.6

Assisted hatching (%) None 61.7 67.1 41.8 62.4 73.6 50.1 33.5 47.5

Some 0.8 2.7 4.5 3.3 2.4 4.2 6.4 5.7

All 37.4 30.2 53.7 34.2 24.0 45.6 60.1 46.7

ICSI (%) None 18.4 22.6 23.0 24.6 5.3 5.3 7.6 5.8

Some 1.9 5.0 5.1 4.6 48.1 54.7 54.9 54.1

All 27.8 46.0 55.6 49.3 21.4 16.9 14.2 14.7

Missing 51.8 26.3 16.4 21.6 25.1 23.1 23.3 25.3

Oocyte Autologous 87.9 86.6 93.9 85.6 82.5 89.9 92.4 89.4

Donor 12.1 13.4 6.1 14.4 17.5 10.1 7.6 10.6

Embryo state (%) Fresh 48.2 73.7 83.6 78.5 78.6 83.2 85.7 85.4

Source (%) Thawed 51.8 26.3 16.4 21.5 21.4 16.8 14.3 14.6

Day of transfer (%) Cleavage stage (days 2–3) 16.6 42.1 75.9 46.1 30.2 68.9 80.2 67.2

(Autologous-fresh only) Blastocyst stage (days
5–6)

81.9 56.3 21.1 52.3 68.4 27.6 14.1 27.2

*Reference group, ET=1 and FHB=1 for singletons at birth and ET=2 and FHB=2 for twins at birth

**Other RFA includes immunologic, chromosomal, or other serious disease

***Noninfertile includes single parent or same sex parents
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indicating that the elevated risks did not vary substantially
(Supplemental Table 3). A similar pattern was seen with twins
(Supplemental Table 4), with elevated risks for SGA, preterm,
and early preterm birth for children born from both cleavage-
stage and blastocyst-stage embryos, with AORs ranging from
1.22 to 1.66, and confidence intervals consistently overlap-
ping. Twin births from cleavage-stage embryos with [ET=3
and FHB=2] were also at increased risk for preterm birth and
LBW at term. Day of transfer with autologous oocytes and
fresh embryos was not associated with an increased risk of
major nonchromosomal birth defects in singletons or twins.

The effect of the presence of a major nonchromosomal
birth defect in singletons and twins was evaluated by includ-
ing its presence/absence as an additional covariate in the gen-
eral linear models fitted to length of gestation, birthweight,
and birthweight Z-score It was associated with a reduction in
the length of gestation by 9.90 ± 0.35 days for singletons and
14.39 ± 0.48 days for twins. Since there was an effect on
length of gestation, length of gestation and its square were
included in the models for birthweight and birthweight Z-
score. Even after this adjustment, a major nonchromosomal
defect was associated with reductions in both these measures

Table 3 Risk of adverse outcomes by number of embryos transferred and number of fetal heartbeats

Outcome ET-FHB groups Singletons at birth Twins at birth

ET FHB Rate** AOR 95% CI ET FHB Rate** AOR 95% CI

Major defects*** Reference 1 1 228.6 1.00 Reference 2 2 324.8 1.00 Reference

Excess ET 2 1 241.5 1.13 1.00, 1.27 3 2 321.9 1.10 0.95, 1.26

≥3 1 232.3 1.18 1.00, 1.38 ≥4 2 286.8 1.03 0.81, 1.32

Excess ET + FHB ≥2 ≥2 235.4 1.12 0.92, 1.38 ≥3 ≥3 311.5 1.09 0.85, 1.41

ET FHB % AOR 95% CI ET FHB % AOR 95% CI

Small-for-gestation birthweight Reference 1 1 7.0 1.00 Reference 2 2 19.8 1.00 Reference

Excess ET 2 1 8.1 1.10 1.03, 1.17 3 2 22.1 1.10 1.03, 1.17

≥3 1 8.5 1.15 1.05, 1.26 ≥4 2 21.9 1.02 0.92, 1.13

Excess ET + FHB ≥2 ≥2 11.5 1.62 1.46, 1.80 ≥3 ≥3 25.8 1.31 1.18, 1.45

ET FHB % AOR 95% CI ET FHB % AOR 95% CI

Low birthweight (<2500 g) Reference 1 1 7.2 1.00 Reference 2 2 54.7 1.00 Reference

Excess ET 2 1 8.4 1.09 1.02, 1.16 3 2 53.5 1.02 0.97, 1.07

≥3 1 8.6 1.17 1.07, 1.27 ≥4 2 55.9 1.16 1.07, 1.27

Excess ET + FHB ≥2 ≥2 13.8 1.91 1.73, 2.11 ≥3 ≥3 63.0 1.52 1.39, 1.67

ET FHB % AOR 95% CI ET FHB % AOR 95% CI

Preterm birth (≤36 weeks) Reference 1 1 9.9 1.00 Reference 2 2 59.5 1.00 Reference

Excess ET 2 1 11.4 1.06 1.00, 1.12 3 2 56.6 0.97 0.92, 1.02

≥3 1 11.9 1.14 1.06, 1.23 ≥4 2 58.9 1.16 1.07, 1.27

Excess ET + FHB ≥2 ≥2 15.2 1.48 1.35, 1.62 ≥3 ≥3 62.3 1.27 1.16, 1.39

ET FHB % AOR 95% CI ET FHB % AOR 95% CI

Early preterm birth (≤32 weeks) Reference 1 1 1.9 1.00 Reference 2 2 13.6 1.00 Reference

Excess ET 2 1 2.5 1.16 1.02, 1.31 3 2 12.5 1.00 0.92, 1.07

≥3 1 2.4 1.18 1.01, 1.39 ≥4 2 12.8 1.11 0.98, 1.25

Excess ET + FHB ≥2 ≥2 4.4 2.10 1.78, 2.49 ≥3 ≥3 18.1 1.60 1.42, 1.79

ET FHB % AOR 95% CI ET FHB % AOR 95% CI

Low birthweight (<2500 g) at term (≥37 weeks) Reference 1 1 2.2 1.00 Reference 2 2 23.9 1.00 Reference

Excess ET 2 1 2.5 1.03 0.91, 1.17 3 2 24.9 1.12 1.02, 1.22

≥3 1 2.6 1.06 0.90, 1.26 ≥4 2 25.0 1.12 0.96, 1.31

Excess ET + FHB ≥2 ≥2 4.3 1.81 1.52, 2.17 ≥3 ≥3 28.7 1.35 1.15, 1.59

Models adjusted for number of embryos transferred, number of fetal heartbeats, maternal age, race and Hispanic ethnicity, pregravid BMI, diabetes
(pregestational and gestational), oocyte source and embryo state, infant sex, and State and year of birth

**Rate per 10,000 children

***Major defects limited to nonchromosomal only (major birth defects as defined by the National Birth Defects Prevention Network (NBDPN), see
Supplemental Table 1)

Bolded values are significantly increased
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(birthweight: 80 ± 10 g in singletons and 90 ± 8 g in twins; Z-
score 0.17 ± 0.02 and 0.21 ± 0.02).

Discussion

This is one of the first studies to examine the association
between the combined factors of number of ET and FHB on
the risk of a major nonchromosomal birth defect and other
adverse perinatal outcomes in IVF pregnancies. Our analyses
indicate that excess ET is associated with increased risks of a
major nonchromosomal birth defect in singletons, and SGA,
LBW, and preterm birth for singletons and twins. With excess
ET + excess FHB, these risks are potentiated, and the risks for
early preterm birth and LBW at term increased. These data
provide strong support for elective single embryo transfer to
optimize the health of IVF offspring and should be considered
in counseling patients about the risks versus benefits of trans-
ferring more than one embryo.

We also modeled SGA, LBW, and prematurity by includ-
ing the presence/absence of a major nonchromosomal birth
defect as an additional covariate since the presence of a major
defect may have resulted in slowed fetal growth and/or the
obstetrician’s decision to induce an earlier delivery. The ad-
justed odds ratios of excess ET and excess ET + FHB differed
by at most 0.01 from those presented in Table 3, which indi-
cates that the effects of excess ET and excess ET + FHB are
independent of the effect of a major nonchromosomal birth
defect. The same effects were observed on the outcomes of
naturally conceived children [25]. Since infertility status and
IVF treatment both appear to contribute to the excess risk of

birth defects, they in turn increase the risks for other adverse
outcomes, such as SGA, LBW, and prematurity [26].

As noted in the results, the rates of nonchromosomal
birth defects, SGA, LBW, and preterm birth were higher
when there was excess ET or FHB compared to when
there was no excess. Stated in terms of 1000 live IVF
births (singleton and twins) which includes a mixture of
both excess and no excess births as found in this sam-
ple, there are 2.3 and 0.7 more cases, respectively, of
major nonchromosomal birth defects than if there were
no excess (25.2 instead of 22.9 cases in singletons and
33.2 instead of 32.5 cases in twin children). Similarly,
there were 8 and 6 more cases of SGA (78 vs. 70 in
singletons and 204 instead of 198 in twins); 10 and 17
more cases of LBW (82 vs. 72 in singletons and 564
vs. 547 in twins); and 8 and 8 more cases of preterm
birth (107 vs 99 in singletons and 603 vs 595 in twins).

The occurrence of embryonic or fetal loss with a live birth
outcome of the survivor (or survivors) has been known for
more than 70 years and systematically studied in early preg-
nancy with the use of ultrasound. Also known as the vanishing
twin syndrome, it has been estimated to occur in more than
half of all pregnancies with three or more gestational sacs
before the 12th week of gestation [27], and 9–12% of twin
conceptions diagnosed by the 8th week of gestation [5–7, 10,
11, 28]. In their analysis of national UK data on IVF-
conceived pregnancies, Kamath et al. [29] reported the occur-
rence of losses between 6–7 weeks and 11–12 weeks in 3.5%
of cycles using fresh embryos and 2.4% of cycles using
thawed embryos. In our analysis, we found the rate of embry-
onic or fetal loss to be 6.7% in singleton live births and 3.8%
in twin live births.

Table 4 The effect of excess embryos transferred and excess fetal heartbeats on length of gestation, birthweight, and birthweight Z-score

ET-FHB groups Singletons at birth Twins at birth

ET FHB Beta SE P value ET FHB Beta SE P value

Length of gestation (days) Excess ET 2 1 −0.20 0.14 0.14 3 2 −0.03 0.25 0.90

≥3 1 −0.69 0.19 0.0002 ≥4 2 −1.50 0.43 0.0005

Excess ET + FHB ≥2 ≥2 −2.78 0.24 <.0001 ≥3 ≥3 −3.53 0.46 <.0001

Birthweight (g) Excess ET 2 1 −15.3 5.4 0.005 3 2 −7.0 7.3 0.34

≥3 1 −36.3 7.3 <.0001 ≥4 2 −47.1 12.5 0.0002

Excess ET + FHB ≥2 ≥2 −163.4 9.3 <.0001 ≥3 ≥3 −140.4 13.3 <.0001

Birthweight Z-score Excess ET 2 1 −0.01 0.01 0.10 3 2 −0.04 0.02 0.016

≥3 1 −0.03 0.01 0.011 ≥4 2 −0.02 0.03 0.45

Excess ET + FHB ≥2 ≥2 −0.19 0.02 <.0001 ≥3 ≥3 −0.10 0.03 0.002

Models adjusted for number of embryos transferred, number of fetal heartbeats, maternal age, race and Hispanic ethnicity, pregravid BMI, diabetes
(pregestational and gestational), oocyte source and embryo state, infant sex, and State and year of birth

Bolded values are significantly increased
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Our prior analyses of national SART CORS data on 2004–
2006 births (23,645 singletons and 14,083 twins) demonstrat-
ed a significant residual adverse effect on intrauterine growth
from the transfer of multiple embryos, even when plurality at
conception was the same as at birth (indicating no embryonic
or fetal loss) [15]. Birthweight and birthweight Z-score were
significantly adversely affected in proportion to the number of
embryos transferred, demonstrating a stepwise decrement for
both singletons and twins. With embryonic or fetal loss, the
risks increased for lowered birthweight, birthweight-for-ges-
tation, and shortened gestation [13, 14, 16]. Our prior results
and these current analyses are in accord with other published
studies that embryonic or fetal loss is associated with reduc-
tions in birthweight and length of gestation [12, 27, 30], as
well as increased risks of SGA [11, 12].

We found a reduction in birthweight of 163 g in singletons
and 140 g in twins with excess ET + excess FHB, compared to
prior reports of singleton birthweight reductions ranging from
89 g [31], 116 g [30], and 178 g [11]; Yan et al. [32] reported
reductions of 142.5 g with fresh embryos and 253 g with
thawed embryos. In the current study, the risk of SGA in
singletons was AOR 1.62 (95% CI 1.46, 1.80), which is in
accord with the results of Pinborg et al. [11, 12] (AOR 1.56,
95% CI 1.06, 2.27) and Magnus et al. [30] (AOR 1.48, 95%
CI 1.07, 2.03). In the current analyses, the risk of LBW with
excess ET + excess FHB was AOR 1.91 (95% CI 1.73, 2.11)
in singletons and AOR 1.52 (95% CI 1.39, 1.67) in twins.
Prior studies have reported LBW risks (AORs, 95% CIs) in
IVF-conceived singletons after a fetal loss ranging from 1.75
(1.36, 2.25) to 2.21 (1.67, 2.65) in fresh embryo cycles and
2.07 (2.12, 3.35) to 2.76 (2.44, 3.13) in thawed embryo cycles
[29, 31, 32].

Our analysis showed that length of gestation was reduced
with excess ET + excess FHB by 2.78 ± 0.24 days in single-
tons and 3.53 ± 0.46 days in twins, with risks for preterm and
early preterm birth in singletons to be AOR 1.48 (95% CI
1.35, 1.62) and AOR 2.10 (95% CI 1.78, 2.49), respectively.
Mansour et al. [6] reported reductions of 0.2 weeks in single-
tons (37 to 36.8 weeks) and 0.9 weeks in twins (35.2 to 34.3
weeks). The reported risks (AOR, 95%CI) for preterm birth in
IVF-conceived singletons after a fetal loss range from 2.41
(1.93, 2.99) to 2.70, (2.37, 3.05) with fresh embryos and
2.13 (1.55, 2.93) to 2.68 (2.15, 3.33) with thawed embryos
[29, 32].

The risk of LBW at term, indicating a greater adverse effect
on fetal growth than on length of gestation, was evident in the
current analyses of excess ET + excess FHB, with risks of
AOR 1.81 (95% CI 1.52, 2.17) in singletons and AOR 1.35
(95% CI 1.15, 1.59) in twins. These risks are lower than re-
ported by Petrini et al. [31] of AOR 3.44 (95% CI 2.14, 5.53)
for liveborn singletons with an embryonic or fetal loss.

Our analyses indicate in singleton births, even when plu-
rality at conception and at birth is the same, excess ET are

associated with a significant progressive increase in adverse
outcomes, including major nonchromosomal birth defects,
SGA and LBW, and early preterm and preterm birth. In twin
births, this effect was less consistent, with significant in-
creases only for SGA, LBW, and preterm birth. Prior research
among singleton births with [ET=2 and FHB=1] have report-
ed no significant increased risks for birth defects or SGA [32],
or LBW or preterm birth [29].

Placental pathology as a result of excess ET + excess FHB
may be an important factor in the pathway for some of these
adverse outcomes. In their analysis of a decade of births in
Norway, Ebbing et al. [33] reported a prevalence of abnormal
umbilical cord insertion to be 7.8% (1.5% velamentous and
6.3%marginal), with conception with ART and twin gestation
being the strongest risk factors. Velamentous cord insertion
was associated with a greater than twofold increased risk for
abruptio placenta and nearly a fourfold increased risk for pla-
centa previa, as well as more than a 50% higher risk of major
birth defects. A recent US study of placental pathology in
IVF-conceived pregnancies reported that compared to fresh
embryo transfers, frozen embryo transfers were associated
with an 87% increased risk of marginal cord insertions, nearly
fourfold higher risk of subchorionic thrombi, and more than
twofold greater risk of fetal vascular malperfusion character-
istics with cord anomalies, even with single embryo transfers
[34]. This research group also reported that the placentas of
singleton births with a vanishing twin were associated with
significant altered placental development, including placental
weight less than the 10th percentile, velamentous cord inser-
tion, and other anatomic pathologies [35].

Embryo morphology may have been a consideration in the
number of embryos to transfer; however, when multiple em-
bryos are transferred, it is unknown which of the transferred
embryos resulted in a live birth. In addition, somemorpholog-
ical measures are subjective, such as overall embryo grade,
and prior analyses from our group have shown that grades of
good and fair give comparable results in terms of live birth,
and good morphological progression does not always predict
embryo health or subsequent live birth [36].

Few studies have examined the adverse childhood conse-
quences among the survivors of vanishing twin syndrome.
Pinborg et al. [11] reported that the later in pregnancy in which
a spontaneous reduction occurred, the higher the risk of neu-
rological sequelae. In addition, they reported that the risk of
child death was more than threefold greater for the survivor of
a vanishing twin pregnancy compared to other singletons
(AOR 3.6, 95% CI 1.7, 7.6). It has been hypothesized that a
substantial proportion of cerebral palsy may be attributable to
the early loss of one conceptus in a twin pregnancy [37], with
clinical studies confirming this association [38, 39]. With the
continued rise in the use of IVF and ART, the adverse effects
of treatment on perinatal and child health should be investi-
gated further [40, 41].
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Limitations and strengths

This study has limitations, including lack of data on the dura-
tion of infertility prior to treatment, and the inability to deter-
mine when in gestation the embryonic or fetal loss occurred;
in addition, data on fetal losses or stillbirths were not available
from study States. Data on day of transfer (to classify embryos
transferred as cleavage stage, days 2–3, or blastocyst stage,
days 5–6) were only available for live births resulting from the
use of autologous oocytes and fresh embryos. For this study,
embryo morphology was not available. The rate of birth de-
fects was limited to live births only, as we did not have any
birth defect data on fetal losses or pregnancy terminations for
anomalies detected prenatally. The strengths of this study in-
clude the large sample size (more than 5000 singleton live
births and more than 2100 twin live births with evidence of
embryonic or fetal loss), population-based design, and a more
contemporary time period than most prior studies (with births
through 2017 and birth defects reported through 2018). The
four study States include racially and ethnically diverse pop-
ulations, with high linkage rates, and birth defects registries
that utilize similar case definitions. The infertility data and
birth defects data were independently collected, minimizing
the risk of ascertainment bias. Lastly, we did not rely on the
birth certificate for data on infertility treatment or birth defects.

Conclusions

Our analysis indicated that excess ET is associated with in-
creased risks of a major nonchromosomal birth defect, SGA,
LBW, preterm, and early preterm birth in singletons, and
SGA, LBW, and preterm birth in twins. With excess ET +
excess FHB, these risks are potentiated. These adverse out-
comes should be considered when determining the appropri-
ate number of embryos to transfer during IVF therapy.
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