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Japan’s striking increase in multiple births in the past

decades is attributed primarily to fertility treatments that

include ovulation stimulation medications (Imaizumi,

1997; Ooki, 2010). Such treatments are generally divided

into assisted reproductive technology (ART) and non-

ART treatments (Schieve et al., 2009). The high

multiple-gestation and multiple-birth rates associated

with both treatment types tend to induce adverse sequelae,

including markedly higher risks of pregnancy complica-

tions, preterm delivery, infant death, and neurological

impairments in survivors of multiple births compared to

singletons (Boulet et al., 2008; MacDorman et al., 2005;

Pharoah, 2002).
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Many countries construct national ART surveillance
systems (Tandberg et al., 2007; Wright et al., 2008), but
most have no population-based official data on non-ART
ovulation stimulation. Estimating the numbers or rates of
non-ART singletons is very difficult since the total
number of fertility treatments, including both ART and
non-ART, is generally unknown (Schieve et al., 2009).
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Syuichi Ooki
Department of Health Science, Ishikawa Prefectural Nursing University, Ishikawa, Japan

The effect of assisted reproductive technology (ART) and non-ART ovulation stimulation fertility treatment on
the number and rate of multiple live births from 1979–2008 in Japan was estimated using two independent
data sources, ART statistics and vital statistics. Japanese ART statistics presented by the Japan Society of
Obstetrics and Gynecology between 1989 and 2008 were gathered and reanalyzed. The number and rates of
ART between 1984 and 1988 were interpolated using an approximation formula, using the values from 1983,
when the first ART baby was born in Japan, and the 1989–1992 values. The number of ART multiples between
1979–1982 was set as equal to zero. The minimum (or maximum) number of non-ART iatrogenic multiple births
was estimated by subtracting the maximum (or minimum) ART multiples from the total iatrogenic multiples,
which was estimated by vital statistics assuming that spontaneous multiple-birth rates according to maternal
age class would be constant. There was an overall increase in the non-ART multiple births during the 30-year
period, whereas ART multiples tended to increase from 1983 to 2005, and then rapidly decreased thereafter.
The number or percentage of ART multiples was almost consistently lower than that of non-ART multiples. The
percentage of non-ART multiples (33%) among the total multiples was estimated to be about three times more
than the ART multiples (11–12%) in 2008. Given the medical and social impact of multiple births, it is imperative
to construct a hospital-based monitoring system for fertility treatments, specially non-ART fertility treatments
and multiple births.
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However, it is possible to estimate the numbers or rates of
non-ART multiples under several conditions, as will be
discussed later.

Japan’s rapid increase in the observed number of multi-
ple births and the multiple-birth rate in the past 30 years is
mainly due to iatrogenic, not spontaneous, multiple births
of advanced-age mothers, especially in the 30- to 34-year-
old group (Ooki, 2011). The purpose of the present study
was to estimate the effect of ART and non-ART ovulation
stimulation fertility treatment on the number and rate of
multiple live births during this time period in Japan using
two independent data sources, ART statistics and vital sta-
tistics, which cannot be directly linked.

Materials and Methods
OUTLINE OF JAPANESE ART DATA
Almost all medical institutions performing ART are regis-
tered with the Japan Society of Obstetrics and Gynecology
(JSOG). The JSOG administers questionnaire surveys for
these medical institutions. Some of the survey data are
presented in annual reports (with no information avail-
able in English). All available ART statistics on multiple
births were gathered, combined and reanalyzed.

The JSOG has gathered ART data from registered insti-
tutions since 1985. However, there is incomplete data on
the total number of deliveries and live births from 1985-
1988, and the author therefore used the 1989–2008 (the
latest) data. The data items were not necessarily constant
throughout the surveillance period, and data on multiple
deliveries/births were not available until 2007. The total
number of live deliveries (X), i.e. number of mothers and
live births (Y), were the only available data throughout
1989-2008. There was no information on the combination
of  live births and stillbirths among multiples. The
numbers of multiple live births according to subtype (e.g.,
twins, triplets) were presented only in the 2007 and 2008
surveys. Among multiple deliveries that contained still-
births, definitions of ‘live delivery’ and ‘live births’ were as
follows: For the multiple pregnancies, the mothers who
had at least one live birth neonate were counted as a live
delivery. For the multiple births, the births were counted
as live only when all neonates in the pair were born alive.
For example, if both members of certain twin pairs were
alive, then they are counted as two live births (neonates).
On the other hand, when one member of certain twin
pairs are alive (the other a stillbirth), then they are
counted as no live births (neonates), or as one live single-
ton. No data on maternal age were available. ART was
divided into in vitro fertilization, intracytoplasmic sperm
injection and other methods. All these methods were
treated as ART in the present study.

Table 1 shows the raw data used in the present study,
including both ART by JSOG and vital statistics by the
Ministry of Health, Labor and Welfare. The response rate
(= responding institutions/total institutions) for ART sur-

veillance was not high during the early periods, as calcu-
lated using Table 1.

STATISTICAL ANALYSES
This study defined the rate of multiple births as the pro-
portion of all live multiple births per 1,000 live births.

1. Estimation of Numbers and Rates of ART Multiples
It was impossible to calculate the number of ART multiple
births directly due to insufficient data, as mentioned in the
definitions of ‘live births’. Since the following estimation
contains many assumptions, the minimum and maximum
possible values are provided for reference.

The total number of ART multiple live births was esti-
mated by the following method under the assumption that
the percentage of triplets/+ in the total ART births was suffi-
ciently small. Only when the total number of mothers with a
live delivery (X = a+b+c) and live neonate (Y = a+2b+3c),
where all neonates of the pair are born alive in the case of
multiple births, is known, where a, b and c denotes the
number of mothers of singletons, twins, and triplets, respec-
tively, can the total number of ART multiple births (2b+3c)
be approximated as 2(Y-X) = 2b+4c. To adjust for the excess
of ‘c’ (2b+4c = 2b+3c+c), X*t was subtracted, where ‘t’
denotes the triplet/+ pregnancy rate in ART pregnancies,
assuming that the triplet/+ pregnancy rate is equal to the
triplet/+ live births rate. Thus, the minimum estimation for-
mulae of 2(Y-X)-X*t was obtained.

In the present data, X includes mothers who had multi-
ples, even if some were stillbirths. To exclude mothers of
live-stillbirth pairs in multiples, the author used the
general stillbirth rates of live-stillbirth twin pairs (k),
including both spontaneous and iatrogenic stillbirths,
from vital statistics. The number of twin mothers with
live-stillbirth pairs (X’) was thus estimated by multiplying
the total number of multiple deliveries (b+c) and live-
stillbirth rates in twin pairs (k). The total number of
multiple deliveries in the total ART pregnancies was
approximated as Y-X (=b+2c). Thus, X’ is approximated
as (Y-X)k. The approximation formula for the ART live
multiples was 2(Y-(X-X’)) = 2(Y-(X-(Y-X)k)) =2(Y-
X)(1+k). Finally, the inverse of the number of response
rates was multiplied, assuming that the mean number of
ART multiples in responding and non-responding institu-
tions is equal. The final approximation formula for the
number of  ART multiples was then 2(Y-X)(1+k)/
(response rate), which gives a maximum estimation value.
As the stillbirth rates of twin pairs were included in the
vital statistics after 1995, the 1989–1994 values were
extrapolated using approximation formula derived from
the 1995-1999 values (quadratic function, R2 = .999).

The validity of the estimation method mentioned
above was determined using 2007 and 2008 data on the
observed number of live multiple births with ART. As the
estimated error was nearly 1–2% (observed number was
3,914 and estimated minimum was 3,854; the difference
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was 1.53% in 2007, the observed number was 2,670 and
the estimated maximum was 2,641, while the difference
was 1.09% in 2008) for both years, this estimation method
was valid, at least for the most recent years.

Using the estimated number of ART multiples between
1989–1992, and the fact that the first ART baby was born
in Japan in 1983, the number of ART multiple births
between 1984–1988 was interpolated using an approxima-
tion formula derived from the 1983 and 1989–1992 values.
The number of ART multiples between 1979–1982 was set
as equal to zero.

2. Estimation of Numbers and Rates of Non-ART
Multiples
Iatrogenic multiples could be estimated by subtracting
spontaneous multiples from all multiple births, which are
presented as vital statistics. Moreover, the number of
maximum (or minimum) non-ART iatrogenic multiple
births was estimated by subtracting the minimum (or
maximum, corresponding non-ART) ART multiples from
the total iatrogenic multiples.

The number of spontaneous and iatrogenic multiple
births during 1977–2008 were estimated assuming that
the spontaneous multiple-birth rates according to mater-
nal age class would be constant and equal to those of the
baseline values, the weighted means between 1974 and
1976, when the occurrence of multiple births by fertility
treatment were negligible. The details and limitations of
this method, a kind of age standardization, are described
elsewhere (Ooki, 2011). The spontaneous multiple-birth
rate according to maternal age is nearly constant irrespec-
tive of the birth year, at least in Japan (Imaizumi &

Inouye, 1979). Using this fact, the number of sponta-
neous (S) and iatrogenic (I) multiple live births in a
certain age class could be estimated as S = T*s and I = M-
T*s, respectively (T, total number of live births; M, total
number of multiple live births; S, total number of sponta-
neous multiple live births; I, total number of iatrogenic
multiple live births; s, the proportion of spontaneous
multiple births of a certain age class, that is, the age class
specific multiple-birth rate). By summing up the number
of all age classes, the total number of multiple births
according to the method of conception (iatrogenic or
spontaneous) could be estimated and the multiple-birth
rate then calculated.

Results
Figure 1 shows secular trends of the multiple pregnancy
rate in the total ART pregnancies, calculated using the
values in Table 1. The twinning rate gradually decreased to
14% in 2005, then decreased rapidly to 7% in 2008. The
triplets/+ rate gradually linearly decreased from 2% in
1997 to almost 0% in 2008.

Figure 2 shows the percentage of twin pregnancies in
the total ART multiple pregnancies, calculated using the
values in Table 1. In recent years, the percentage has
tended to increase linearly, reaching 98% in 2008.

Figure 3 shows the estimated minimum and maximum
number and rates of ART and non-ART live multiples
with the total iatrogenic and spontaneous multiple births.
As mentioned in the METHODS section, the 1984–1988
values for ART were interpolated using approximation
formula (cubic function, R2 = .998). The percentage dif-

r

FIGURE 1
Percentage of multiple pregnancies in ART.
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ference between the maximum and minimum estimation
in total iatrogenic multiples (= [maximum – minimum]/
total*100) was small, within 4% after 1999, partly reflect-
ing the more accurate observed number obtained in the
ART survey, which had a very high response rate.

Non-ART multiples tended to gradually increase
overall, whereas ART multiples increased from 1989 to
2005, then rapidly decreased. The percentage of non-ART
multiple births in iatrogenic multiples tended to be higher

than ART multiples. Almost all of the iatrogenic multiples
occurred due to non-ART before 1988. The percentage of
ART multiples in iatrogenic multiples was small in 1989
(6–10%), but gradually increased, peaking at around 50%
between 1998–1999. The percentage rapidly decreased
beginning in 2005, falling to 26–27% in 2008. The per-
centage of non-ART multiples (33%) in total multiples
was estimated to be about three times more than ART
multiples (11–12%) in 2008.

                    

FIGURE 2
Percentage of twin pregnancies in ART multiple pregnancies.

                    

FIGURE 3
Estimated numbers and rates of multiple births according to the method of conception.
Note: The minimum and maximum possible values of ART and non-ART were provided. The number of maximum (or minimum) non-ART iatrogenic multiple births

was estimated by subtracting the minimum (or maximum, corresponding non-ART) ART multiples from the total iatrogenic multiples.
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Discussion
The present study determined the number of ART and
non-ART multiples in iatrogenic multiples during the
past 30 years in Japan. Even though the author had to use
several assumptions to make the present estimation, the
estimation was made because the secular trend of non-
ART multiples is unknown, in contrast to its importance.
If precise data on iatrogenic or ART pregnancies/births
were offered annually, there would be no need for this
cumbersome estimation. Given the limitation of available
data, the estimation method itself is not to be discussed
in detail. However, the small estimated error in 2007 and
2008 (nearly 1–2%) showed that there were no serious
mistakes in the present estimation, at least for the most
recent years.

The 1996 JSOG guidelines for ART stated that embryo
transfer should be limited to three, while the 2008 guide-
lines specified single embryo transfer (Gelbaya et al.,
2010). The secular trends of ART multiples may reflect
these policies. As shown in Figures 1 and 2, ART multiple
pregnancies have rapidly decreased in recent years, espe-
cially that of triplets/+. On the other hand, as shown in
Table 1, the total numbers of ART live deliveries (X) and
births (Y) are still increasing, suggesting that the number
of ART singletons have recently increased. As shown in
Figure 3, the rapid increase of ART multiple births after
the late 1980s slowed between 1994 and 2005, and then
reversed, rapidly decreasing after 2005. These trends
reflect the ART policy in Japan.

From 2005–2008, the percentage of ART multiples
decreased linearly. If this trend continues, then in three
years the effect of ART on multiple births will be unde-
tectable in Japan. However, non-ART multiples will not
necessarily decrease. In 2008, 33% of infants from multiple
gestations born in Japan were conceived with a non-ART
ovulation treatment, equating to over 7,000 live births.

Several hospital-based studies with relatively small
sample sizes have reported the percentage of multiples
with non-ART fertility treatments. According to Pinborg
et al. (2003), 17% (n = 566) of non IVF/ICSI twins
received ovulation stimulation in 1997.

In a New Zealand study with data for the period 1996-
2001, Bolton et al. (2003) estimated that multiple births
conceived by ovulation induction constituted 37% (n =
201) of the multiples from fertility treatment.

Jones (2007) used US vital statistics and CDC (Centers
for Disease Control) ART data, and estimated the contri-
bution of 2000–2003 non-ART (ovulation induction and
enhancement) fertility treatment in multiple births. The
method used in this study was very simple; the natural
twin and triplet/+ birth rate of 1980 was constant and
applied to the years 2000–2003. The results show that the
percentage of non-ART multiples in the total multiple
births increased slightly from 31 to 34%, and ART multi-
ples in the total multiple births also increased from 7% to

9% (recalculation by present author using Table 1 and
Table 2 in the article, which showed the total and non-
ART twin and triplet/+ births, respectively).

In a recent study, Schieve et al. (2009) used US vital
statistics and CDC’s ART data to estimate the contribu-
tion of  non-ART ovulation stimulation fertil ity
treatment to multiple births in the United States. The
percentage of iatrogenic multiple births due to fertility
treatment in 2005 was 40.1% (17.3% for ART, 22.8% for
non-ART). These values are about 10% lower than the
present results in the same year (50.0% in total, 22.8–
24.6% for ART, 25.5–27.2% for non-ART). Although
secular trends in the United States are unclear, ART mul-
tiples still seemed higher in Japan during this period.

However, according to Park et al. (2010), the total ART
multiple births was 14.7% of the entire multiple births in
2006 in Korea (19.2–20.2% in Japan).

Estimations of the percentage of ART and/or non-
ART multiple births vary widely, according to the reports.
These cross-sectional results should be interpreted care-
fully, since secular trends differ between countries due to
the influence of ART policies. For example, the multiple
birth rate was still increasing in Korea even in 2008, while
it declined beginning in 2006 in Japan.

In estimating the influence of fertility treatment, non-
ART should be considered. According to Tandberg et al.
(2007), the twinning rate increased 50% in Norway during
the years 1988–2004, even after excluding pregnancies
from ART. These researchers concluded that neither preg-
nancies from ART, nor delayed child bearing, could
explain the rise in the twinning rate. However, the effect of
non-ART fertility treatment, which could be strongly con-
founded with maternal age, was not considered.

The author demonstrated that in Japan, non-ART
ovulation induction is currently associated with a higher
percentage of multiple births than ART; thus, non-ART
treatments are very likely associated with an even higher
proportion of multiple gestation pregnancies overall. To
date, no accurate population-based tracking system exists
for births resulting from non-ART treatment.

This study has the following limitations. First, in esti-
mating ART multiples, the author assumed that the
percentage of triplets/+ in total ART births was signifi-
cantly lower than that of twins. This assumption may not
be true in the earlier years of ART data collection, as
shown in Figure 2. The percentage of triplets/+ pregnan-
cies in total multiples was more than 10% before 2002,
although the percentage of triplets/+ is likely to be lower
in deliveries than in pregnancy, since abortion or still-
births are more likely to occur in triplets/+ than in twins.
Second, the author assumed that the general, including
both spontaneous and iatrogenic, stillbirth rates of live-
stillbirth twin pairs (k) per multiple delivery (maternity)
was equal to that in ART multiple delivery. Since the
general stillbirth rate includes artificial abortion, this
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value may be higher than that in ART. If this is the case,
then estimation by the approximation formula of the
present study slightly favors overestimation of ART mul-
tiple births. Third, the correction of the response rate of
the ART survey had to have been inaccurate in earlier
periods, since the response rates were low between 1989
and 1997. If institutions that did not perform ART did
not respond, then the correction the author made for the
response rate overestimates ART multiple births.
Nevertheless, the present results offer an important
overview of the secular trend of ART and non-ART iatro-
genic multiples.

Mothers of multiple-birth children are clearly older
than mothers of singletons in Japan according to an esti-
mation using vital statistics (Ooki, 2011), and in recent
years, about 40–50% of  mothers of  multiples have
undergone fertility treatment. Their advanced age makes
the physical, mental and social burden of rearing two
babies at once even greater, which could increase the risk
of maternal problems such as postpartum depression,
child rearing difficulties, and in the worst case scenario,
child abuse (Bryan et al., 1997; Denton, 2005; Thorpe et
al., 1991)

Although the number of iatrogenic multiples has
recently decreased due to the decrease of ART multiple
births based on the single embryo transfer policy
(Gelbaya et al., 2010), the relative contribution of non-
ART multiple births are increasing. Considering the
medical and social impact of all types of iatrogenic mul-
tiple births (Callahan & Greene, 1998; Hall & Callahan,
2005; Ooki, 2006; Scholz et al., 1999), there is an urgent
need for a hospital-based monitoring system for fertility
treatments, especially for non-ART and multiple births.

In conclusion, the present study demonstrated that in
contrast to the recent rapid decrease of ART multiple
births, the relative impact of non-ART multiples, espe-
cially twins, are increasing and should not be overlooked.
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