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In vitro fertilization is associated with an increase in
major birth defects
Christine K. Olson, M.D., M.P.H.,a Kim M. Keppler-Noreuil, M.D.,b Paul A. Romitti, Ph.D.,c

William T. Budelier,c Ginny Ryan, M.D.,a Amy E. T. Sparks, Ph.D.,a

and Bradley J. Van Voorhis, M.D.a

aDivision of Reproductive Endocrinology and Infertility, Department of Obstetrics and Gynecology, University of Iowa;
bIowa State Birth Defects Registry; and cCollege of Public Health, University of Iowa, Iowa City, Iowa

Objective: To determine the risk of major birth defects in cohorts of children conceived through IVF or through
IUI as compared with naturally conceived children.
Design: Retrospective cohort study.
Setting: Academic medical center.
Patient(s): Children conceived by IVF or IUI at the University of Iowa from 1989 through 2002, compared with
a matched cohort of naturally conceived children.
Intervention(s): None.
Main Outcome Measure(s): Outcome data were obtained from Iowa state birth and fetal death certificates and
from the Iowa Birth Defects Registry.
Result(s): Ninety of 1,462 IVF-conceived children (6.2%) and 17 of 343 IUI-conceived children (5.0%) had a
major birth defect, compared with 369 of 8,422 naturally conceived children (4.4%). The adjusted odds ratio of
a major birth defect in all IVF-conceived children was 1.30 (95% confidence interval [CI] 1.00–1.67) and 1.11
(95% CI 0.67–1.84) for IUI-conceived children. The birth defect rate was increased after IVF when the analysis
was limited to term singletons. Cardiovascular and musculoskeletal defects and known birth defect syndromes
were increased after IVF. Among IVF-conceived children, there was no difference in birth defect rates after
intracytoplasmic sperm injection (ICSI) or after transfer of cryopreserved embryos.
Conclusion(s): Infants conceived through IVF have a slightly higher rate of major birth defects. More birth
defects are noted among children born to infertile couples treated with IUI, although this difference is not
statistically significant. Larger studies of infants conceived by infertile couples after all types of infertility
treatment are needed to definitively determine whether the increased risk of birth defects is secondary to problems
inherent in the infertile couple and/or factors associated with some aspect of the treatment. (Fertil Steril� 2005;
84:1308–15. ©2005 by American Society for Reproductive Medicine.)
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he association between IVF and an increased risk of birth
efects is controversial. Early studies suggesting that IVF
as safe with respect to birth defects are difficult to interpret
wing to small size, lack of appropriate controls, and incon-
istent methods for detecting birth defects in the treated and
ontrol groups (1–5). Several more recent matched cohort
tudies have demonstrated an increased risk of birth defects
n general (6) or cardiovascular birth defects in particular (7)
ssociated with IVF, whereas others have not found an
ncreased risk (8, 9). Two recent studies comparing IVF birth
efect rates with national registry data have found increased
ates of birth defects in children conceived with IVF, but the
ifference lost significance when the data were controlled for
aternal age, parity, and plurality (10, 11).

Clarifying the possible association between IVF and birth
efects is critical because almost 1% of children in the
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mvan-voorhis@uiowa.edu).
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nited States are now conceived by IVF. Of equal impor-
ance is identifying the mechanism behind this possible
ssociation. Some have speculated that epigenetic errors,
uch as defects in DNA methylation and imprinting, might
e caused by the embryo culture that follows IVF. This
ypothesis is supported by recent reports of the association
etween IVF and Beckwith-Wiedemann syndrome (12–14),
etinoblastoma (15), and Angelman Syndrome (16, 17), con-
itions caused by defects in genomic imprinting. Other pos-
ible mechanisms of the purported association between IVF
nd birth defects could include the effects of controlled
varian hyperstimulation and ovulation induction, in vitro
perm preparation, or an inherent defect in the infertile
ouple perhaps leading to both the infertility and the birth
efect in the resulting child. We sought to determine the
isks of birth defects in children conceived after infertility
reatment as compared with the risk of defects in a cohort of
aturally conceived children born in Iowa. Our study has the
enefit of including infants conceived both by IVF with
mbryo culture and by IUI in which no embryo culture or

anipulation occurred. Comparing birth defect rates in these
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wo groups of children with birth defect rates in a cohort of
aturally conceived children helps to elucidate whether birth
efects result from IVF and embryo culture, from other
nfertility treatments, or from a factor outside of infertility
reatment protocols. Importantly, we have a statewide birth
efects registry in which all birth defects are reported in a
niform and unbiased manner.

ATERIALS AND METHODS
he study population included the total cohort of IVF and

UI births (live births and stillbirths delivered at �20 weeks’
estational age) conceived at the University of Iowa from
989 through 2002, excluding children born to couples liv-
ng outside Iowa and children whose birth certificate did not
ist Iowa as their state of residence. These children were
xcluded because we could not be sure that we had accurate
irth defect data for them.

For the purpose of this analysis, IVF is defined as any
reatment that included retrieval of oocytes and fertilization
f those oocytes in vitro (either by intracytoplasmic sperm
njection [ICSI] or by culturing oocytes and spermatozoa
ogether) followed by some period of embryo culture. Thus,
VF conceptions include babies born after zygote intrafallopian

TABLE 1
Characteristics of couples in the IVF, IUI, and co

Characteristic
IV

(n �

Maternal age (y) (mean � SD) 33.9 �
Paternal age (y) (mean � SD) 36.1 �
Parity (%)

0 57a

�1 43a

Maternal race/ethnicity (%)
Caucasian 97.
Black 0.
Hispanic 0.
Other 1.

Paternal race/ethnicity (%)
Caucasian 96.
Black 0.
Hispanic 1.
Other 1.

Married (%) 99.
Maternal education (y) (median)b 16.
Paternal education (y) (median)b 15.
Maternal smoking (%) 1.
Maternal alcohol use (%) 0.
Note: All P values are for comparison with control group
a P�.005.
b Education variable: values 13–16 � college (1–4 y).
Olson. Birth defects and infertility treatment. Fertil Steril 2005.

ertility and Sterility�
ransfer (ZIFT, culture of embryos for 1 day before transfer to
he fallopian tube), after IVF with transcervical transfer of
mbryos (2, 3, or 5 days in culture), and after transfer of
ryopreserved embryos. Intrauterine insemination pregnancies
nclude all pregnancies resulting from IUI, with and without
oncomitant ovulation induction in the female. However, more
han 95% of IUI pregnancies included in this study were
onceived with either oral or injectable ovulation-inducing
edications in addition to the IUI.

For each infant conceived through infertility treatment, up
o five naturally conceived children were selected from a
5-county area (corresponding to the pooled counties of
esidence of all children conceived through infertility treat-
ents) and were matched on plurality, maternal age at time

f delivery (�1 year), year of birth (�2 years), and race
white and other). These couples were not in our infertility
atabase and were assumed to have conceived spontane-
usly. The resulting children are referred to as “controls” for
he rest of this article. Outcome data, including gestational
ge, birth weight, and pregnancy risk factors and complica-
ions were obtained from Iowa birth and death certificates.
ncluded in the analysis are 1,462 children conceived
hrough IVF (476 from ICSI, 335 from cryopreserved em-

l groups.

)
IUI

(n � 270)
Controls

(n � 6,374)

a 32.4 � 4.3a 33.3 � 4.3
a 34.2 � 4.9 34.6 � 5.5

63.4a 20
37a 80

95.2 97.0
0 0.7
1.9 1.3
2.9 1.0

94.4a 89.3
0 1.2
3.0 8.3
2.6 1.3

99.0a 89.7
16.0a 14.0
16.0a 14.0
4.7a 13.3
0.7a 2.0

are noted only if significant.
ntro

F
864

4.6
5.6

1
2
9
7

8a

9
0
3
2a

0a

0a

9a

4a

and
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ryos, and 415 from ZIFT procedures), 343 conceived
hrough IUI, and 8,422 control children. A total of 5,499
ingletons (645 IVF, 264 IUI, 4,590 control), 4,248 twins (672
VF, 64 IUI, 3,512 control), and 480 triplets/quadruplets (145
VF, 15 IUI, 320 control) were evaluated.

The Iowa Birth Defects Registry (IBDR) database was
sed to ascertain the presence of birth defects in both chil-
ren born after infertility treatments and controls. The IBDR
as established as an active surveillance system in 1983.
sing standardized abstracting forms and searching on ICD9

odes, the IBDR audits all Iowa hospitals for birth defects
iagnosed by physicians (most often pediatricians, obstetri-
ians, and family practitioners) in terminated and stillborn
eliveries as well as liveborn children through 1 year of age.
rained medical abstractors, using standardized written guide-

ines, systematically review all medical records, including the
hild’s medical record, the delivery room record, clinic notes,

TABLE 2
Characteristics of infants in the IVF, IUI, and con

Characteristic
IVF

(n � 1,

Mean gestational age (wk) (mean � SD)
All 36.5 �
Singletons 38.7 �

Very low birth weight (�1,500 g)
All 115 (7.
Singletons 12 (1.
Twins 62 (9.
Triplets/quadruplets 41 (28

Low birth weight (�2,500 g)
All 500 (34
Singletons 44 (6.
Twins 326 (48
Triplets/quadruplets 130 (89

Preterm delivery (�32 wk)
All 129 (8.
Singletons 10 (1.
Twins 70 (10
Triplets/quadruplets 49 (33

Multiple births
Twins 672 (46
Triplets/quadruplets 145 (9.

Male sex
All 735 (50
Singletons 330 (51

Cesarean delivery
All 706 (48
Singletons 198 (30

Note: Data are presented as n (%), unless otherwise noted.
were made for confounding variables in the analysis.
groups and not based on plurality. P values are for comp
Olson. Birth defects and infertility treatment. Fertil Steril 2005.

1310 Olson et al. Birth defects and infertility treatment
nd discharge summaries to ascertain types of defects. If the
iagnosis is in question, a pediatric geneticist reviews the
ecords to make a determination, consulting the diagnosing
hysician for clarification if necessary. For cardiac defects,
n echocardiogram is required to confirm the diagnosis.
ajor and minor birth defects were defined by Centers for
isease Control and Prevention guidelines and were catego-

ized after blinded review of the abstracting forms by a
ediatric geneticist (K.K.N.) (18). In general, major malfor-
ations are considered to cause functional impairment or

equire surgical correction, with other birth defects being
onsidered minor. In addition, birth defects were classified
y the specific type of defect as well as by affected organ
ystem(s). Major defects were further classified as isolated,
ultiple, or as a component of an identified chromosomal or

ther syndrome. This study was approved by the University
f Iowa institutional review board.

populations.

P
IUI

(n � 343) P
Control

(n � 8,422)

�.001 37.5 � 3.9 .031 37.5 � 3.0
38.7 � 2.3 39.1 � 1.9

�.001 25 (7.3) �.001 329 (3.9)
7 (2.7) 37 (0.8)
9 (14.1) 210 (6.0)
9 (60.0) 82 (25.6)

.002 72 (21.0) �.001 2,011 (23.9)
23 (8.7) 195 (4.3)
34 (53.1) 1,520 (43.3)
15 (100) 296 (92.5)

�.001 23 (6.7) .003 343 (4.1)
6 (2.3) 36 (0.8)
8 (12.5) 237 (6.8)
9 (60.0) 70 (21.9)

64 (18.7) 3,512 (41.7)
15 (4.4) 320 (3.79)

179 (52.2) 4,190 (49.8)
132 (50.0) 2,309 (50.3)

�.001 114 (33.2) 3,152 (37.4)
79 (29.9) 1,086 (23.7)

in this table are for descriptive purposes; no adjustments
stical analyses were performed only for the “all infants”
on with control group and are not significant if not shown.
trol

462)

3.6
2.2

9)
9)
2)
.3)

.2)
8)
.5)
.7)

8)
6)
.4)
.8)

.0)
9)

.3)

.2)

.3)

.8)
Data
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Statistical analysis was performed with commercial soft-
are (SAS version 9.0; SAS Institute, Cary, NC). Logistic

egression analysis with the method of generalized estimat-
ng equations (GEE) was used to test the association of IVF
nd IUI with major birth defects. The GEE method was used
o as to be able to account for the correlation among infants
ith the same mother. A number of potential risk factors
ere considered in the model, including infant gestational

ge and birth weight, maternal and paternal age, education,
ace, marital status, and maternal alcohol and tobacco use.
rom this analysis, odds ratios (OR) with 95% confidence

ntervals (CI) of a major defect for IVF and for IUI relative
o natural conception were computed. The infant and parent
haracteristics of the IVF and IUI groups were compared
ith the control group by Fisher’s exact test for categorical
ariables and by one-way analysis of variance (ANOVA) with
ukey’s procedure for continuous variables. To account for the
ffect of plurality (singleton, twins, triplets/quadruplets), the
ochran-Mantel-Haenzsel test was used to compare categorical
ariables, and the two-way ANOVA was used for continuous
ariables.

ESULTS
emographic data for identified couples were obtained from
ital records and are listed in Table 1. Despite matching on
ge, the women treated by IVF were slightly older and the
omen treated by IUI slightly younger than control mothers.
he mean age of the fathers in the IVF group was slightly
igher than that of men in the IUI or control groups. Women

TABLE 3
Prevalence of major birth defects diagnosed by

Group
No. of
infants

Prevalenc
(%)

All infants
Control 8,422 369 (4.4)
IVF 1,462 90 (6.2)
IUI 343 17 (5.0)

All singletons
Control 4,590 171 (3.7)
IVF 645 38 (5.9)
IUI 264 13 (4.9)

All term singletons (�37 wk)
Control 4,285 148 (3.5)
IVF 581 34 (5.8)
IUI 231 12 (5.2)

Note: Logistic regression with the GEE method accountin
a Adjusted for plurality and parity.
b Adjusted for parity.

Olson. Birth defects and infertility treatment. Fertil Steril 2005.
n the treatment groups were more likely to be nulliparous, c

ertility and Sterility�
arried, and more highly educated than women in the con-
rol groups. Women in the IVF and IUI groups were less
ikely to use alcohol or tobacco during pregnancy than con-
rols. Racial distribution was similar among the women in
he study; however, there was greater variation among the
en, with a higher percentage of Hispanic fathers in the

ontrol group (Table 1). Children in the treatment groups
ere more likely to be delivered at an earlier gestational age

nd to be delivered by cesarean section (Table 2). Our
ndings regarding birth weight in these populations of chil-
ren will be the subject of another article and are therefore
ot reported in detail here. There was no significant differ-
nce in gender distribution in children from the different
roups. Statistical adjustments for any differences found
etween the groups were made for evaluations of birth defect
ates.

We found that children conceived through IVF had a
tatistically significant increase in major birth defects as
ompared with control children (Table 3). The difference
as present whether analysis included all infants or just

ingletons born at term. No statistically significant difference
n birth defects was noted in children conceived after IUI
rocedures as compared with control children (Table 3).

Evaluation of different treatments within the IVF category
howed no significant differences in birth defect rates. Chil-
ren born after ZIFT (1 day of embryo culture followed by
T to the fallopian tube) had the same birth defect rates as
hildren born after more prolonged embryo culture followed
y uterine ET (OR 1.10, 95% CI 0.65–1.86 for ZIFT). A

ar of age.

Unadjusted
OR (95% CI) P

OR adjusted for
plurality and/or

parity P

Reference Reference
1.44 (1.12–1.85) .004 1.30 (1.00–1.67)a .048a

1.14 (0.70–1.87) .593 1.11 (0.67–1.84)a .679a

Reference Reference
1.62 (1.12–2.34) .010 1.44 (0.98–2.12)b .061
1.33 (0.75–2.37) .324 1.19 (0.66–2.13)b .568

Reference Reference
1.74 (1.18–2.56) .006 1.57 (1.04–2.36)b .031
1.53 (0.84–1.79) .164 1.38 (0.75–2.57)b .298
r correlation between infants from same mother.
1 ye

e

g fo
omparison of birth defect rates between ICSI- and non–
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CSI-conceived children born after IVF procedures showed
o differences in birth defect rates for all children (OR 0.86,
5% CI 0.54–1.38 for ICSI) or singletons only (OR 1.06,
5% CI 0.53–2.08 for ICSI) after controlling for age, plu-
ality, and parity.

Cryopreservation of embryos did not seem to have an
ffect on birth defect rates in singletons (OR 0.4, 95% CI
.15–1.11 for cryopreserved embryos) as compared with
ingletons conceived after the transfer of “fresh” embryos
ith IVF. There was, however, a higher incidence of major
irth defects in twins born after transfer of cryopreserved
mbryos as compared with twins conceived after the transfer
f “fresh” embryos (OR 2.11, 95% CI 1.03–4.33, P�.041).

Multiple gestations were associated with a higher birth
efect rate than singletons when control pregnancies were
ombined with pregnancies conceived after infertility treat-
ent (OR 1.29, 95% CI 1.05–1.58, P�.014 for twins; OR

.12, 95% CI 1.44–3.11, P�.0001 for triplets). A statisti-
ally significant increase in defect rate was seen when con-
rol twins were compared with control singletons (OR 1.38,
5% CI 1.10–1.73, P�.005 for twins), whereas no differ-
nce in birth defects was seen in twins conceived with IVF
nd IUI compared with singletons conceived by the same
reatments. Triplets and other higher-order multiple gesta-

TABLE 4
Major birth defects by affected organ system.

System

All infants
(n � 10,227)

Control
(n � 8,422)

IVF
(n � 1,462) P

IU
(n �

CNS 50 (0.6) 9 (0.6) 1 (0
Cardiovascular 100 (1.2) 33 (2.3) .002 5 (1
Ear 29 (0.3) 8 (0.6) 2 (0
Eye 42 (0.5) 8 (0.6) 2 (0
Gastrointestinal 48 (0.6) 8 (0.6) 3 (0
Genitourinary 86 (1.0) 12 (0.8) 2 (0
Musculoskeletal 103 (1.2) 32 (2.2) .007 9 (2
Orofacial 43 (0.5) 10 (0.7) 4 (1
Respiratory 6 (0.1) 3 (0.2) 0 (0
Skin 19 (0.2) 4 (0.3) 0 (0
Syndrome 30 (0.4) 12 (0.8) .026 1 (0
Tumors 10 (0.1) 3 (0.2) 0 (0
Chromosomal 20 (0.2) 6 (0.4) 0 (0
Other 8 (0.1) 2 (0.1) 0 (0
Note: Data are presented as n (%). If a child had multiple d

once in the table. If a child had more than one unrelated d
once in the table. P values are comparisons with the co
exact t-test was used. CNS � central nervous system.

Olson. Birth defects and infertility treatment. Fertil Steril 2005.
ions were associated with increased birth defects in both c

1312 Olson et al. Birth defects and infertility treatment
ontrols (OR 1.94, 95% CI 1.19–3.16, P�.008) and IVF-
onceived children (OR 2.55, 95% CI 1.28–5.10, P�.0008).
here were no major birth defects in high-order multiple
estation infants born after IUI.

When major defects were evaluated by affected organ
ystem, there seemed to be a significantly greater proportion
f cardiovascular and musculoskeletal defects and syndrome
iagnoses among the infants conceived through IVF when
ompared with control children (Table 4). When the analysis
as restricted to singletons, the same defects were found
ore often in children conceived through IVF. With children

onceived after IUI, only the musculoskeletal system was
ffected more often than in control children. As compared
ith other children conceived with IVF, no particular organ

ystem involvement was more prevalent in children con-
eived with ICSI or after transfer of cryopreserved embryos.

Specific defects that were more common in the IVF-
onceived children included anotia/microtia, ventricular sep-
al defect, atrial septal defect, tetralogy of Fallot, and upper
imb defects. The upper limb defects included a variety of
roblems, including accessory digits, webbed, fused, or missing
ngers, lobster claw hand, and phocomelia of the upper limb.
oldenhar syndrome (craniofacial microsomia) was statisti-

ally more common in IUI-conceived children than in control

Singletons
(n � 5,499)

) P
Control

(n � 4,590)
IVF

(n � 645) P
IUI

(n � 264) P

15 (0.3) 2 (0.3) 1 (0.4)
45 (1.0) 16 (2.5) .003 4 (1.5)
12 (0.3) 4 (0.6) 2 (0.8)
19 (0.4) 5 (0.8) 0 (0)
15 (0.3) 4 (0.6) 2 (0.8)
39 (0.9) 5 (0.8) 0 (0)

.042 55 (1.2) 17 (2.6) .006 7 (2.7) 0.08
27 (0.6) 6 (0.9) 3 (1.1)
1 (0.02) 0 (0) 0 (0)

12 (0.3) 4 (0.6) 0 (0)
17 (0.4) 7 (1.1) .022 0 (0)
4 (0.1) 1 (0.2) 0 (0)

13 (0.3) 3 (0.5) 0 (0)
0 (0) 1 (0.2) 0 (0)

s in separate organ systems, the child appears more than
t affecting the same organ system, the child appears only
group. P values were not significant if not listed. Fisher’s
I
343

.3)

.5)

.6)

.6)

.9)

.6)

.6)

.2)
)
)
.3)
)
)
)

efect
efec

ntrol
hildren; however, this is based on a single case. Multiple
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efects (two or more major defects affecting different organ
ystems) were not more prevalent in either the IUI or the IVF
roup as compared with control children.

Male infants seemed to be at a higher risk for birth defects
fter IVF. When all children conceived by IVF were ana-
yzed, male infants had an 8.03% rate of major birth defects,
ompared with a 4.26% rate in female infants (OR 1.96, 95%
I 1.23–3.12, P�.004). No similar increase in birth defects
mong male infants was noted after IUI (OR 1.42, 95% CI
.52–3.85, P�.491) or in control children (OR 1.19, 95% CI
.96–1.48, P�.104). As compared with IVF-conceived female
nfants, IVF-conceived male infants had a slightly higher rate of
irth defects in many organ systems, but the only system that
as statistically significant was the genitourinary system—

hiefly owing to the diagnosis of hypospadias.

ISCUSSION
o our knowledge, this is the largest American study to
valuate birth defects after infertility treatment as compared
ith a matched cohort of naturally conceived children. We

ound a small but significantly increased risk of major birth
efects in children conceived by IVF. It is well known that
irth defects are more prevalent in children born from mul-
iple gestation pregnancies and that multiples are frequently
onceived after infertility treatments. However, this study
howed that the prevalence of birth defects was higher even
or singletons born after IVF.

Our study supports the findings of some, but not all,
revious studies evaluating birth defects after IVF as com-
ared with either a matched cohort or national registry rates
fter correction for important variables, including maternal
ge and plurality (6–11). All of these studies detected and
eported birth defects in a standardized fashion, yet even
hese studies cannot be directly compared because birth
efects were detected in children for varying lengths of time
fter birth, and different classification systems for birth de-
ects were used. Our interpretation of published studies
ombined with our own findings is that IVF is associated
ith an increase in birth defects but that the effect is small.
indings to date are not likely to dissuade many couples
rom pursuing infertility treatments.

The cause of an increased rate of birth defects in children
orn after IVF is unknown. Some have speculated that ICSI
ight lead to an increased risk of birth defects because the

ertilizing spermatozoon is artificially selected and injected
nto the oocyte and therefore does not have to be competent
o bind to the oolemma or activate the oocyte. One study
eported an increase in hypospadias with ICSI (19). How-
ver, several other studies, including ours, have failed to
onfirm an increased risk of hypospadias or any other birth
efects in children born after ICSI as compared with children
orn after IVF in which fertilization occurred without ICSI
6, 20–22).

Intuitively, the process of freezing and thawing human

mbryos seems fraught with opportunities to damage the O

ertility and Sterility�
mbryo, thus leading to birth defects. However, we found no
ncreased risk of birth defects associated with cryopreserva-
ion of embryos. Although this aspect of IVF has been less
xtensively examined, several other studies have also found
o increased risk of birth defects after transfer of cryopre-
erved embryos as compared with transfer of fresh embryos
uring an IVF cycle (23–26).

Recent attention has been directed toward epigenetic er-
ors that might be inherent in the infertile couple or induced
s a side effect of the infertility treatment itself. Differential
ethylation of cytosine leading to expression of only one of

wo parental alleles is a mechanism of gene regulation
nown as genomic imprinting (27). Defects in imprinting
ight cause either over- or under-expression of certain

enes, leading to birth defects or cancer. Several syndromes
aused by imprinting defects, including Beckwith-Wiedemann
yndrome and Angelman Syndrome, have been reported to be
ore prevalent in children born after IVF (12–17). Some

ave proposed that embryo culture media used in IVF might
redispose to imprinting defects in the embryo (28, 29).
ecently, an association between reduced sperm concentra-

ions and abnormal genomic imprinting in the spermatozoa
as been reported (30). This suggests that imprinting defects
nd impaired gametogenesis might be linked in men, and this
ould be the mechanism of imprinting defects in children. A
imilar process could be involved in female infertility or
ight be induced with ovulation-inducing medications used

or infertility treatment. These syndromes resulting from
mprinting defects are exceedingly rare; nevertheless, we did
ot detect any malformations known to result from imprint-
ng disorders in our study.

Another possible reason for the increase in birth defects
ith IVF is a genetic problem (other than an imprinting
efect) inherent in one or both of the partners, leading to
oth reduced fertility and subsequent birth defects. Thus, the
opulation of infertile couples might be at risk for having
hildren with birth defects before they undergo any infertil-
ty treatment. We hoped to explore this possibility by includ-
ng children conceived after IUI as well as those conceived
y IVF. We suspect, but cannot prove, that our failure to
how a statistically significant increase in birth defects in the
UI group was secondary to smaller numbers of children
eing available for study. If this is the case, and IUI is indeed
ssociated with an increase in birth defects in a larger pop-
lation of children, this would support the theory that a
roblem inherent in the infertile couple is responsible for the
irth defect outcomes. On the other hand, a large majority
f our IUI couples received medications for ovulation
nduction, so we cannot rule out effects of these medica-
ions on the birth defect outcomes. With our current IUI
umbers, we have 80% power to detect, at the .05 signif-
cance level, an OR for birth defects of �1.95 and 34%
ower to detect an OR of �1.50 in the IUI group. With
ur current IVF and control children numbers, a sample
ize of 1,119 IUI children would be needed to detect an

R of �1.50 at the .05 significance level with 80% power.
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arger studies will be required to further explore this
uestion.

Within the IVF group, we found no difference in birth
efect rates when evaluating ICSI, embryo cryopreservation,
r even length of embryo culture before transfer. This again
upports the theory that the problem might be inherent in the
nfertile couples or secondary to ovulation induction.

Certain organ systems seem to be disproportionately af-
ected among the treatment groups, with cardiovascular de-
ects more common in the IVF population and musculoskel-
tal defects more common in both the IVF and IUI groups
ompared with controls. These results are similar to findings
n other recent studies that have reported an increased risk of
efects in these organ systems (6, 7, 11). We did not see the
ncrease in urogenital, neural tube, gastrointestinal, genito-
rinary, or the classic defects associated with imprinting
roblems that have been reported in other studies (10). When
valuating specific defects within these organ systems, great
are must be exercised, owing to the small numbers of
nfants affected and the multiple statistical comparisons
ade.

The increased risk of birth defects in male relative to
emale infants after IVF is difficult to explain. Among IVF-
onceived infants, male infants had a higher rate of genito-
rinary defects, especially hypospadias. This finding might
e due to an ascertainment bias because many female geni-
ourinary defects might not be detected by the age of 1 year.
his increased risk among male infants after IVF was not

ound in the other study that specifically examined this
uestion (7).

Birth defect studies can be limited by detection and re-
orting biases. For example, parents treated with IVF might
e more prone to using the health care system for their child
nd thus be more likely to have birth defects detected in their
hild. Self-reported birth defect rates have been shown to
iffer substantially from national registries of defects de-
ected by physicians, indicating another potential bias in
tudies relying on patient reports of birth defects (11).

We were greatly aided in this study by the presence of a
tatewide registry that systematically records all birth defects
f all children up to the age of 1 year. Although a national
eporting system is in place for pregnancy and multiple
estation outcomes from IVF, this registry does not have
ccurate data regarding birth defects. The presence of our
tate registry (which is recorded with no knowledge about
he methods of conception of a given child) helps to limit
etection or reporting bias that might otherwise occur. We
annot completely rule out the possibility of a detection bias
f infants conceived after infertility treatments are subjected
o closer scrutiny either prenatally or in the year after birth.

e think this is unlikely to be a factor because we were only
tudying major birth defects that cause functional impair-
ent or require surgical correction and are therefore easily
iagnosed. Even with this registry, we are limited in our

1314 Olson et al. Birth defects and infertility treatment
bility to know about all congenital malformations that
ight have been detected prenatally, with pregnancy termi-

ated as a result.

There are several potential weaknesses to our study. The
niversity of Iowa is the largest of three centers in the state

hat provide IVF. We only included controls from counties
hat had women delivering babies from our IVF program,
hus restricting controls to our referral area. However, we
annot rule out the possibility that some of the control
hildren were actually conceived after infertility treatment at
nother practice. If this occurred, it would tend to minimize
ny difference in birth defect rate that we found. Although
e did search the state infant death certificates, it is possible

hat terminations performed for congenital anomalies could
ave been missed, especially those performed at �20 weeks
utside of the hospital setting. It is also possible that patients
ho conceived after infertility treatments might receive a
igher rate of prenatal testing, leading to the detection of
ore anomalies. Whether this would result in a higher rate of

regnancy termination among this population is unclear. If it
id, the difference in birth defect rates between infants con-
eived with and without infertility treatments would be mini-
ized. If previously infertile couples are less likely to termi-

ate, then this might explain some of the increased rate seen.

Strengths of this study include the relatively large number
f infants studied, the uniform way that birth defects were
etected and reported, and the inclusion of infants conceived
y infertile patients treated by procedures other than IVF.
ith the growing numbers of patients undergoing infertility

reatments, the systematic evaluation of obstetric and peri-
atal outcomes, as well as long-term follow-up of these
hildren, has taken on even more importance. Additional
ulticentered analyses for birth defects after infertility treat-
ent are warranted.
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