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Abstract

Objectives The purpose of the present study was to ana-
lyze birth defects (congenital anomalies) after assisted
reproductive technology (ART) according to the method of
treatment, namely in vitro fertilization (IVF), intracyto-
plasmic sperm injection (ICSI) and frozen-thawed embryo
transfer (FET).

Methods Individual lists of all ART pregnancies resulting
in birth defects from birth year 2004 to 2012 presented in
the annual reports by the Japan Society of Obstetrics and
Gynecology were used as the initial sources of information.
Relative risks (RRs) with the corresponding 95 % confi-
dence intervals (CIs) were calculated with IVF as the ref-
erence group when calculating RR of ICSI for IVF, and
with FET as the reference group when calculating the RR
of fresh embryo transfer for FET.

Results In total, 2725 stillbirths or live births with birth
defects were analyzed. The prevalence of birth defects was
slightly yet significantly higher in ICSI compared with IVF
throughout the study period (RR = 1.15, 95 % CI
1.02-1.29) and in the 2004-2006 period (RR = 1.26, 95 %
CI 1.00-1.58). The prevalence of birth defects was sig-
nificantly higher for fresh embryo transfer compared with
FET in the 2004-2006 period (RR = 1.39, 95 % CI
1.12-1.72). The prevalence of birth defects in multiple
births was significantly lower in fresh embryo transfer
compared with FET (RR = 0.70, 95 % CI 0.55-0.90, live
births of 2007-2012).
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Conclusions The present descriptive epidemiological
study suggests that the impacts of different ART methods
on birth defects might differ.
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Introduction

According to Japanese vital statistics, the percentage of
live births attributable to assisted reproductive techniques
(ART) has increased rapidly, from 0.22 % in 1992 and
1.32 % in 2002 to 3.66 % in 2012. Thus, the use of ART is
becoming widespread in Japan.

According to Mayor [1], the risk of congenital malfor-
mation in children born after ART is higher than previously
thought, and has become a public health issue. There are
many epidemiological studies on the relationship between
birth defects (also known as ‘congenital anomalies’ or
‘congenital disorders’ according to the definition of fact
sheets presented by the World Health Organization [2]) and
ART. Data from meta-analyses consistently suggest that the
overall risk of major birth defects in children born after ART
is about 30 % higher than in children conceived sponta-
neously [3, 4]. A more recent systematic review and meta-
analysis, which analyzed 45 cohort studies, similarly showed
that ART infants, including both singletons and multiple
births (i.e., twins and triplets/+), had a 32 % higher risk of
birth defects compared with naturally conceived infants [5].
Thus, the risk of ART in total on birth defects compared
with natural conception is highly probable.

Most of these studies use data from countries where
large population-based or hospital-based registries are
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available, for example Scandinavian counties or Australia.
On the other hand, data collection of ART, birth defects
and births records (vital statistics) are not systematically
managed in Japan, and record linkage is virtually impos-
sible [6]. With this background, the author performed
secondary data analyses of published information in Japan.
The purpose of the present study was to analyze ART-
associated birth defects according to the method of treat-
ment, namely in vitro fertilization (IVF), intracytoplasmic
sperm injection (ICSI) and frozen-thawed embryo transfer
(FET).

Materials and methods

Outline of ART-associated birth defect data
in Japan

The method for collecting data has been described else-
where [6]. Almost all medical institutions performing ART
are registered with the Japan Society of Obstetrics and
Gynecology (JSOG). The JSOG administers questionnaire
surveys for these medical institutions. Some of the survey
data such as number of treatment cycles, transfers, preg-
nancies, deliveries, stillbirths, and live births according to
the types of treatment are presented in simple annual
reports of aggregate, not individual, data (in Japanese).
Fresh embryo transfer was reported according to the two
major techniques, IVF and ICSI. FET was reported only as
total numbers, including both IVF and ICSI. These annual
reports do not include the data on simple ovulation stim-
ulation/enhancement. From birth year 2004 to 2012 (the
latest), lists of all ART pregnancies resulting in birth
defects have been presented in these annual reports. The
presented data include method of treatment (IVF, ICSI and
FET), maternal age, perinatal outcome (spontaneous/arti-
ficial abortion (<22 weeks), stillbirths (>22 weeks), and
live births) and gestational week, plurality (singleton,
twins, triplets/+, and unknown), sex (male, female,
unknown), early neonatal infant death up to day 6 (yes, no,
unknown), and names of birth defects and so on. The
response rate for ART surveillance between 2004-2012
was 97.7-99.5 %, and the mean response rate throughout
the 9 years was 99.1 % (5400/5449), meaning that an
almost-complete database reflecting the current situation of
ART and birth defects in Japan could be constructed.

The author used these case report data as initial infor-
mation for the present study. The names of birth defects
provided in the above annual JSOG lists were carefully
checked and reclassified according to the International
Classification of Diseases, tenth edition (i.e., ICD-10, 2003
version). Diseases that were classified in the category of
ICD-10 code Q00-Q99 (i.e., congenital malformations,

deformations and chromosomal abnormalities) were iden-
tified as birth defects, and selected and analyzed in the
present study. Other congenital diseases not classified in
Q00-Q99 were excluded.

Statistical analyses

This study was designed to compare the risk of birth
defects associated with the various micromanipulations
of different ART methods, since data on natural con-
ception were not available. First, basic information and
perinatal outcome data according to the treatment were
presented. Then, the crude prevalence of birth defects
calculated as percentage after each ART method per
births (stillbirths and live births) were calculated
according to three birth year periods (2004-2006,
2007-2009 and 2010-2012). And relative risks (RRs)
with the corresponding 95 % confidence intervals (CIs)
were calculated with IVF as a reference group when
calculating the RR of ICSI for IVF, and with FET as a
reference group when calculating RR of fresh embryo
transfer for FET.

Singletons and multiple births were combined in the
above analysis, since the number of stillbirths according to
plurality was not reported in the JSOG data. RRs were
calculated according to plurality for live births from 2007
to 2012; this was the only available data on the plurality of
total ART.

Statistical analysis was conducted using SAS for Win-
dows ver 9.3.

Results

Demographic and perinatal outcome data of ART preg-
nancies according to the method of treatment are summa-
rized in Table 1. In the process of reclassification of birth
defects, 273 out of 3468 (7.9 %) were excluded, since these
cases were not classified as ICD-10 code QO00-Q99.
Moreover, 470 birth defect cases were excluded because
the pregnancy outcome was abortion. In total, 2725 still-
births or live births with birth defects were included.
Crude prevalence of birth defects and RR with 95 % CI
according to the method of treatment (ICSI vs. IVF and
fresh embryo transfer vs. FET) by birth year period are
shown in Table 2. The prevalence of birth defects was
slightly yet significantly higher in ICSI compared with IVF
(RR = 1.15, 95 % CI 1.02-1.29) in the total period. Most
of this significance disappeared when the time-periods
were divided into three classes; only ICSI in the
2004-2006 period showed a significantly higher prevalence
(RR = 1.26, 95 % CI 1.00-1.58). The prevalence of birth
defects was significantly higher for fresh embryo transfer
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Table 1 Basic obstetric information according to each treatment

Fresh embryo transfer FET

IVF ICSI
. S2249
Total treatment cycles 526,567 673,148 584,731 @) @ il
Total number of transfers 258,660 313,161 551,417 Sy 5388
-
Number of pregnancies 66,748 69,069 182,701 S -~ - > =
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Number of abortions 15,451 17,215 46,163 & - —- -
Number of multiple pregnancies 6792 6203 10,978 —
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Number of deliveries 43,657 44,106 120,127 g o —_
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Stillbirths 302 306 624 glo-ad Z
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Birth defects gl 2 %
Abortion 112 100 258 o e =
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compared with FET in the 2004-2006 period (RR = 1.39, g s Ss vy =
o -
95 % CI 1.12-1.72). z ol B o
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. . . . @ = o)
according to plurality and the method of treatment by birth & g | 2833 -
year period are shown in Table 3. The prevalence of birth 5 FlEa |8 &1 S il
defects in multiple births was significantly lower in fresh % =
. o =]
embryo transfer compared with FET throughout the study = £
period (RR =0.70, 95 % CI 0.55-0.90) and in the ° 9
2010-2012 period (RR = 0.60, 95 % CI 0.40-0.91). 2 E
) ©® o @ 3
= = n 3§ — q -
2 O 1T 7317 2
i S| (25 |sesg| Z
Discussion - weg | 2SS =2 3
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The present author analyzed birth defects as a short-term S =
outcome indicator of ART, since this was the only avail- = s 2
. . O = N
able (presented/published) data reflecting the ART out- < sles o9 a g
come for all of Japan. As far as the author knows, this study o g e a 2
is the first descriptive epidemiological study in Japan to = 5loax S g
analyze the relationship between each ART method and ; ol I E
birth defects using nationwide multi-year data. The total i _lzl8 2% R %
number of ART-associated deliveries or births was over g &) E R é“ é
200,000 during 9 years of observation. § =
The present percentage of total birth defects after ART, 3 S g %
. . - ~ [
irrespective of method, may be lower overall compared £ ué 8 sa23|2 %
with other studies mentioned in the reviews [3, 7]. More- = | E 23S = == —2 5
over, the percentage of birth defects after ART is clearly g S, Blag=x|2S
higher in the recent period (2010-2012) than in the earlier 5|¢g ol I é g
period (2004-2006). This is likely not because the fre- g ;: EAEREES > 8§
quency of birth defects themselves has rapidly increased, o £ & a2l % =
. . . = - - - 3
but because reporting bias may have existed (underre- El & ha
porting in the earlier period). Nevertheless, the main : § %\ % g §
objective of this study was to evaluate the prevalence of 2 4 dd 5 |EE
birth defect according to the ART method, and not to = g8gz|2s
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Table 3 Crude prevalence of birth defects and RR with 95 % CI according to plurality and the method of treatment by birth year period (2007-2012, live births)

RR (95 % CI)

FET

Fresh embryo transfer

Fresh vs. FET

Total

RR (95 % CI)
ICSI vs. IVF

ICSI

IVF

Live births  Prevalence (%)

Prevalence (%)

Live births

Live births  Prevalence (%)

Prevalence (%)

Live births

Singletons

1.04 (0.90-1.21)
1.09 (0.97-1.23)
1.06 (0.97-1.16)

415 (1.24)
840 (1.33)
1255 (1.30)

33,499
63,209
96,708

325 (1.29)

25,156
27,484
52,640

1.16 (0.93-1.44)
0.97 (0.79-1.17)

177 (1.39)

12,767
14,745
27,512

148 (1.19)

12,389
12,739
25,128

2007-2009
2010-2012

Total
Multiple births

398 (1.45)

210 (1.42)
387 (1.41)

188 (1.48)
336 (1.34)

723 (1.37)

1.05 (0.91-1.22)

0.79 (0.56-1.11)

75 (1.62)
108 (1.81)

4622

60 (1.28)
29 (1.09)
89 (1.21)

4687

1.55 (0.93-2.59)
0.89 (0.43—1.84)

35 (1.58)
15 (1.04)
50 (1.36)

2222

25 (1.01)
14 (1.16)
39 (1.06)

2465

2007-2009
2010-2012
Total

0.60 (0.40-0.91)
0.70 (0.55-0.90)

5955
10,577

2649
7336

1445
3667

1204
3669

183 (1.73)

1.28 (0.85-1.95)

Significant RRs are shown in bold font

IVF in vitro fertilization, /CSI intracytoplasmic sperm injection, FET frozen-thawed embryo transfer, RR relative risk, 95 % CI 95 % confidence interval

compare the prevalence of birth defect across different
time-periods or populations. Therefore, the comparison of
birth defects in different treatments is biased only if there
is differential reporting according to the method of treat-
ment, which is not likely to occur this type of national data.

The main results of the present study were the follow-
ing. First, regarding fresh embryo transfer, ICSI might
have more risk of birth defects compared with IVF, at least
this was true in the earlier period (2004-2006). There are
two meta-analyses of whether birth defects are more
common in ICSI compared with IVF infants [8, 9] and both
suggest no significant difference in risk between the two
methods. Lie et al. [8] combined the results of four studies
to obtain pooled estimates of birth defect risk in ICSI
compared with IVF infants of 1.12 (95 % IC 0.97-1.28).
According to Wen et al. [9], 24 studies were performed
regarding birth defects in children conceived by IVF
compared with those by ICSI. Overall no difference in risk
for birth defects was found between IVF and ICSI groups
(RR = 1.05, 95 % CI 0.91-1.20). On the other hand, two
recent reports [10, 11] suggested a higher risk for ICSI
compared with IVF. A recent survey in South Australia
[10] showed an increased risk for birth defects after ICSI,
even adjusting for possible confounding factors, such as
year of birth, maternal age, and parity. A Chinese study
with a 3-year follow-up [11] showed the same tendency,
especially for boys. The risk of IVF vs. ICSI is thus con-
fusing. The present result suggested that the elevated risk
of ICSI compared with IVF might exist in some periods in
Japan for whatever reason. According to the Pinborg study
[12], recent data may show a lower birth defect risk for
ICSI because the technique is now used to treat a broader
range of infertile couples rather than being restricted to
those with severe male infertility.

Second, fresh embryo transfer might also have greater
risk than FET in the earlier period (2004-2006). In this
point, although the risks of preterm birth, small for ges-
tational age, and low birthweight were all lower for FET
compared with fresh transfer in the meta-analysis [13], no
significant differences were seen between FET and fresh
embryo transfers for birth defects in other meta-analysis
[14]. Other single studies [11, 15] also reported no increase
in risk of birth defects after FET compared with fresh IVF/
ICSI. On the other hand, a recent Chinese study [11]
suggested a lower rate of birth defects in FET children
compared with fresh IVF/ICSI. Moreover, a recent study
by Davies et al. [10] found regarding ICSI a significant
increase in the risk of birth defects associated with fresh
embryo cycles but not with frozen-embryo transfer cycles,
compared to unassisted conception. These results are often
explained by a reduced likelihood that developmentally
compromised embryos will survive the thawing process
[10] or only the most robust embryos survive the initial
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selection process, leading to superior quality embryos
being frozen [11]. When discussing the present results,
caution is needed because the total number of FET
increased rapidly during the observation period
(2004-2012), while that of fresh IVF slightly decreased
and that of fresh ICSI remained relatively constant, as
shown in Table 2. This difference in observation numbers
may provide a simple mathematical explanation for the
increase of birth defects in fresh embryo transfer compared
with FET.

Third, in the case of multiple births, FET pregnancies,
however, have elevated risk compared with fresh embryo
transfer, as shown in Table 3. This tendency was not
observed in singletons. Although the data were limited to
live births in the present study, multiple births in FET may
be more vulnerable than singletons. The studies on ART’s
effects according to the method of treatment and plurality
are very limited and suffer from small sample sizes. Of
them, Olson et al. [15] reported that cryopreservation of
embryos did not seem to have an effect on birth defect rates
in singletons as compared with singletons conceived after
the transfer of fresh embryos with IVF. There was, how-
ever, a higher incidence of birth defects in twins born after
transfer of cryopreserved embryos as compared with twins
born after the transfer of fresh embryos (RR = 2.11, 95 %
CI 1.02—4.33) [15]. On the other hand, Belva et al. [16]
reported that only cryo-ICSI singletons as compared with
fresh ICSI singletons had significantly higher malformation
rates, and this tendency was not observed regarding mul-
tiple births. Although the percentage of multiple pregnancy
in ART is dramatically decreased because of the wide-
spread adoption of the single-embryo transfer policy [6],
the present result suggested that plurality should be con-
sidered when analyzing the relationship between the effect
of the each ART treatment on birth defects.

This study has the following limitations, most of which
could be attributed to the dataset: namely, the fact that
individual information was obtained only from subjects
with birth defects after ART, not the total ART
pregnancies.

The first and greatest limitation is that the author could
not control for confounding factors that can affect ART
and/or birth defects, such as maternal age, parity, smoking,
and socioeconomic status, medical history, and prenatal
care, since these data on general ART populations are not
available. Therefore, whether the results were attributable
to the characteristics of patients, other descriptive epi-
demiological factors (regarding time, place, and person)
and/or ART techniques themselves was unclear. Therefore,
present results should be considered as the total effects of
ART on birth defects.

Second, the author could not check the reliability of the
data directly. Several misspellings or misclassifications of
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diseases were found in the annual report. This is the
essential limitation of secondary data analyses.

Third, follow-up after birth was limited to the early
neonatal period, and was incomplete. The prevalence of
birth defects increases with the growth of children, since
some birth defects are not obvious within a few days after
birth.

Even with all these limitations, the present results
overviewed some characteristics of births defects after
ART according to the type of treatment using nationwide
multi-year data in Japan. As mentioned earlier, the per-
centage of children born after ART is now about 4 % in
Japan. This value is nearly the same as the percentage of
women who smoke during pregnancy. However, the study
of ART’s influence on later life, especially for the long-
term influence of children, is still limited in Japan. Con-
sidering the widespread use of fertility treatment, the
method of pregnancy, namely spontaneous conception vs.
medically assisted reproduction (MAR), including both
ovulation induction and ART (each method of ART treat-
ment, if possible), would become more important factors
when analyzing intrauterine environmental, or in some
cases genetic/epigenetic factors that influence or modify
the later development of children. This would be especially
important when verifying fetal origin of adult disease
(FOAD) or developmental origin of health and disease
(DOHaD) hypotheses. In conclusion, the present study
suggested that the impacts of different ART methods on
birth defects might differ. Proper registration and long-term
follow-up after ART and population-based epidemiological
researches are needed.
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