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Abstract The aim of this study was to calculate the ex-
pected incidences of chromosome abnormalities found at
amniocentesis in Japanese women aged 35 and older. From
four clinics in Japan, we gathered genetic amniocentesis
data on 5484 pregnant women at risk only due to their
advanced age, 35 years and older. We analyzed the data
using the logistic regression model. Of the 5484 fetuses, 117
(2.1%) were diagnosed with a chromosome abnormality.
The abnormal karyotypes included 42 cases of trisomy
21; 13 of trisomy 18; 7 of trisomy 13; 10 of 47,XXY; 4 of
47,XXX; 1 of 47,XYY; 27 with various structural aberra-
tions; and 13 with various types of mosaicism. The inci-
dences of trisomy 21, lethal autosomal aneuploidies
(trisomy 18 and trisomy 13), and sex-chromosome abnor-
malities (XXY, XXX, XYY) increased with maternal age.
Parameters of the regression equations with their standard
errors were calculated and the expected incidences of chro-
mosome abnormalities at each maternal age were derived.
The expected incidences of chromosome abnormalities ob-
tained in this study are the first data published for Japan and
will be useful for the counseling of pregnant women. The
incidence of trisomy 21 is not different from the rates pub-
lished previously for Western countries. The incidences of
chromosome abnormalities are not affected by race or by
geographic factors.
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Introduction

The frequencies of Down syndrome (trisomy 21) and
other chromosome abnormalities are well known to in-
crease with advancing maternal age (Polani et al. 1976;
Schreinemachers et al. 1982; Ferguson-Smith and Yates
1984; Hook et al. 1984). Obstetricians, family practitioners,
and clinical geneticists are queried by pregnant women con-
cerning the possibility that their offspring may have a cyto-
genetic abnormality. Indeed, even if not queried, the failure
by a physician to provide such information in putatively
high-risk circumstances to pregnant women has been cited
as grounds for legal liability. During genetic counseling
before prenatal testing, it is important to provide pregnant
women with an accurate estimate of the risks of abnormali-
ties. Especially for older women, doctors predict the inci-
dence of each chromosomal aberration at the patient’s age
and get the patient’s informed consent before testing. To
detect chromosome abnormalities, genetic amniocentesis
is commonly carried out at midtrimester as one of several
testing procedures for prenatal diagnosis, since it is highly
accurate and safe, and does not increase the risk of fetal loss
or injury (The NICHD National Registry for Amniocente-
sis Study Group, 1976).

In Japan, the demand for genetic counseling and prena-
tal tests has increased markedly, because the number and
proportion of pregnancies in women aged 35 years and
older has increased over a 20-year period to reach 10% of
all live births in 1995 (Mother’s and Children’s Health
Organization 1996). However, the data employed during
counseling on estimated risk of chromosome abnormalities
are mainly obtained from Western countries, such as
Europe, North America, and Australia. Since biological
and environmental differences may influence the incidences
of chromosome aberrations, it appeared worthwhile to
compile available data, derived from Japanese mothers, to
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estimate the rates of all significant cytogenetic abnormali-
ties by 1-year maternal age interval.

In this report, we obtained from four genetic clinics in
Japan a pool of genetic amniocentesis data from tests per-
formed in midtrimester only due to advanced maternal age.
We analyzed the relationship of maternal age to the inci-
dences of cytogenetic abnormalities by using logistic re-
gression, and estimated the incidence of abnormalities by
maternal age at amniocentesis among Japanese.

Materials and methods

We collected data on Japanese cases of cytogenetic amnio-
centesis from four genetic clinics, Kitazato University
Hospital, Fukushima Prefectural University Hospital,
Yokohama City University Hospital, and Tohoku Univer-
sity Hospital, where obstetricians routinely carried out
cytogenetic amniocentesis during the second trimester of
pregnancy (from the 14th to the 18th week), and pooled
the results. The gestational age was estimated from the last
menstrual period and corrected by ultrasound measure-
ment of the fetus. Contributors were asked to provide infor-
mation on pregnancies tested solely on account of maternal
age and to exclude pregnancies which had additional chro-
mosomal indications such as a previous chromosome abnor-
mality, a parental chromosomal translocation, and so on.
Only those cases where the maternal age was 35 or older at
the time of amniocentesis were included in this study. Data
included the number of prenatal cytogenetic amniocenteses
performed, and the type and the number of chromosomal
abnormalities according to each maternal age.

Amniocytes were cultured in Ham F10 or Chang’s media
containing 10% or 15% fetal bovine serum under 5% CO2

at 37°C for more than 2 weeks. After colcemid was added,
the cells were harvested after an additional 5-h culture,
treated in hypotonic KCl solution (75␣ mM), fixed in metha-
nol/acetic acid fixative (3:1), and deposited on glass slides.

After the glass slides were air-dried or mechanically dried,
G-banding was carried out using a standard method.

Chromosome abnormalities studied herein include aneu-
ploidies, structural aberrations such as translocations and
inversions, and mosaicisms not only on autosomes but
also on sex-chromosomes. However, normal variants of
chromosome structures, such as pericentric inversion of
chromosome 9, enlarged heterochromatin on various chro-
mosomes, enlarged satellites, and so on, were eliminated.
When mosaicisms were unclear as to whether they were
artifacts or not, a second amniocentesis or fetal blood sam-
pling was carried out for certainty.

To analyze the relationship between the maternal age at
amniocentesis and the logarithm of the incidences of chro-
mosome abnormalities, logistic regression analysis was un-
dertaken using the formula y␣ 5 ␣ exp(a␣ 1 ␣ bx), where x is the
maternal age at amniocentesis and y is the incidence of the
cytogenetic abnormalities at age x. The values for the pa-
rameters a and b were obtained by a maximum likelihood
regression approach. The correlation was assessed to be
statistically significant when the maternal age coefficient b
was significantly different from zero (P , 0.05) when the
standard error was taken into consideration. The equation
y␣ 5 ␣ exp(a␣ 1 ␣ bx) was used to calculate the expected inci-
dence of chromosome abnormalities at amniocentesis by 1-
year maternal age intervals.

Results

Table␣ 1 shows chromosomal abnormalities in surveys of
5484 amniocenteses in the second trimester in pregnancies
monitored due to maternal age . 35 years. Of these, 117
cases were diagnosed to have a chromosome abnormality,
which resulted in an overall incidence of chromosome ab-
normalities of 2.1% (117/5484). Nonmosaic autosome and
sex-chromosome aneuploidies totaled 62 (42 cases of tri-
somy 21, 13 of trisomy 18, and 7 of trisomy 13) and 15 (10 of

Table 1 Number and incidence of chromosome abnormality by maternal age

Maternal age at No. of Aneuploidies, excluding mosaicism Others Total
amniocentesis fetuses

All
47, 121 47, 118 47, 113 XXY XXX XYY aneuploidies

35 736 1 (1.36)
a

1 (1.36) 1 (1.36) 2 (2.72)
36 850 4 (4.71) 2 (2.35) 2 (2.35) 8 (9,41) 4 (4.71) 12 (14.12)
37 824 8 (9.71) 8 (9.71) 4 (4.85) 12 (14.56)
38 800 2 (2.50) 2 (2.50) 2 (2.50) 6 (7.50) 7 (8.75) 13 (16.25)
39 713 8 (11.22) 2 (2.81) 1 (1.40) 1 (1.40) 12 (19.17) 8 (11.22) 20 (28.05)
40 626 6 (9.58) 5 (7.99) 1 (1.60) 1 (1.60) 13 (20.77) 10 (15.97) 23 (36.74)
41 417 3 (7.19) 3 (7.19) 2 (4.80) 2 (4.80) 10 (23.98) 1 (2.40) 11 (26.38)
42 255 6 (23.53) 1 (3.92) 3 (11.76) 1 (3.92) 11 (43.14) 2 (7.84) 13 (50.98)
43 146 2 (13.70) 1 (6.85) 1 (6.85) 1 (6.85) 5 (34.23) 2 (13.70) 7 (47.95)
44 87 2 (22.99) 2 (22.99) 1 (11.49) 3 (34.48)
45 22 1 (45.45) 1 (45.45) 1 (45.45)
46 7
47 1

Total 5484 42 (7.66) 13 (2.37) 7 (1.28) 10 (2.82) 4 (0.73) 1 (0.18) 77 (14.04) 40 (7.29) 117 (21.33)
a Number (and incidences per 1000).
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Table 2 Coefficients and standard errors for logistic regression calculations*

Constant term Maternal term

a SE b SE 95%CI P value

Trisomy 21 27.605 2.485 0.245 0.063 0.100–0.389 0.0045
118, 113 29.661 3.464 0.284 0.085 0.075–0.493 0.0159
Sex chromosomes 210.087 4.196 0.290 0.105 0.020–0.560 0.0400
All aneuploidies** 27.719 2.085 0.261 0.052 0.144–0.379 0.0007

95%CI: 95 percent confidence interval.
* Model y 5 exp(a 1 bx) where x 5 maternal age in years at time of amniocentesis and y 5
incidence of the chromosome abnormality.
**Excluding mosaicisms and structural abnormalities.

Fig. 1 Proportion (per 1000 fetuses) of trisomy 21 (ordinate) and ma-
ternal age (abscissa)

Fig. 2 Proportion (per 1000 fetuses) of lethal autosomal aneuploidies
(trisomy 18 and trisomy 13) (ordinate) and maternal age (abscissa)

XXY, 4 of XXX, and 1 of XYY), respectively. No cases of
X-monosomy (Turner syndrome) were diagnosed.

For trisomy 21, the maternal age coefficient b was posi-
tive (b␣ 5 ␣ 0.245), and significantly different from zero (95%
confidence interval (CI): 0.100–0.389, P␣ 5 ␣ 0.0045) when the
standard error (SE␣ 5 ␣ 0.063) was taken into consideration,
showing that the incidence of trisomy 21 increases exponen-
tially with advancing maternal age (Fig.␣ 1, Table␣ 2).

For trisomy 18 and trisomy 13, increasing incidences in
older mothers for each trisomy were observed, similar to
that for trisomy 21, but the relationships were not sta-
tistically significant. When these two aneuploidies were
calculated together as a lethal autosomal aneuploidy,
the incidence increased with advancing maternal age
(b␣ 5 ␣ 0.284, SE␣ 5␣ 0.085, 95% CI: 0.075–0.493, P␣ 5 ␣ 0.0159)
(Fig.␣ 2, Table␣ 2).

For each sex-chromosome aneuploidy, a tendency to
increasing incidences in older mothers was noted, similar
to that of trisomy 21, but the correlations were not statis-
tically significant. When three types of sex-chromosome
aneuploidy were calculated together as sex-chromosome
aneuploidies, the incidences significantly increased with

advancing maternal age (b␣ 5 ␣ 0.290, SE␣ 5 ␣ 0.105, 95%
CI: 0.020–0.560, P ␣ 5 ␣ 0.040) (Fig.␣ 3, Table␣ 2).

For all aneuploidies, the maternal age coefficient b was
also positive (b␣ 5 ␣ 0.261), and significantly different from
zero (95% CI: 0.144–0.379, P ␣ 5 ␣ 0.0007) when the standard
error (SE␣ 5 ␣ 0.052) was taken into consideration (Fig.␣ 4,
Table␣ 2). No nonmosaic trisomies other than the six types
listed were detected.

Based on these regression analyses, we calculated the
expected incidences of trisomy 21, lethal autosomal aneup-
loidies (trisomy 18 and trisomy 13), sex-chromosome aneu-
ploidies (47,XXY; 47,XXX; 47,XYY), and all aneuploidies,
excluding mosaicism and structural aberrations, at the
midtrimester amniocentesis among Japanese (Table␣ 3).
There were no significant differences between the coeffi-
cients obtained in this study and those from the pre-
vious studies from other countries (Polani et al. 1976;
Schreinemachers et al. 1982; Ferguson-Smith and Yates
1984; Hook et al. 1984) by analysis of covariance; for
example, the equation for trisomy 21, y␣ 5 ␣ exp(214.7␣ 1
0.262x), obtained from North American studies (Hook et al.
1984).
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Table 3 Regression-smoothed expected incidence of abnormality /1000 at amniocentesis by
maternal age

Maternal age at Regression-smoothed expected incidence (per 1000)
amniocentesis

Trisomy 21 118, 113 Sex chromosomes All aneuploidies

35 2.62 1.32 1.07 4.12
36 3.37 1.76 1.42 5.35
37 4.31 2.33 1.90 6.94
38 5.50 3.10 2.54 9.02
39 7.03 4.12 3.40 11.70
40 8.98 5.47 4.54 15.20
41 11.47 7.26 6.07 19.73
42 14.66 9.65 8.11 25.61
43 18.73 12.82 10.84 33.25
44 23.93 17.03 14.48 43.16
45 30.57 22.62 19.36 56.04

Fig. 3 Proportion (per 1000 fetuses) of sex-chromosome abnormalities
(XXY, XXX, XYY) (ordinate) and maternal age (abscissa)

Fig. 4 Proportion (per 1000 fetuses) of all aneuploidies (ordinate),
excluding mosaicisms and structural aberrations, and maternal age
(abscissa)

All other clinically significant cytogenetic diagnoses are
shown in Table␣ 4. The total number of structural aberrations
was 27 (1 of unbalanced Robertsonian translocation, 10 of
balanced reciprocal translocation, 4 of balanced Robert-
sonian translocation, and 12 of inversion). The numbers of
mosaic autosome aneuploidies and those of sex-chromosome
aneuploidies were 11 and 2, respectively. In the cases with a
mosaic autosome trisomy, aneuploidies of chromosomes
other than chromosomes 21, 18, and 13 were diagnosed.

For other chromosome abnormalities including translo-
cations, inversions, and mosaicisms, no significant relation-
ship was found between the maternal age and incidence.

Discussion

The present study revealed the incidences of chromosome
abnormalities at amniocentesis by maternal age in Japan.

These are the first published data from a country or region
other than Western countries. Regression analysis clearly
showed that the incidences of trisomy 21, lethal autosome
abnormalities, and sex-chromosome aneuploidies increased
with advancing maternal age, as was shown in the previous
reports (Polani et al. 1976; Schreinemachers et al. 1982;
Ferguson-Smith and Yates 1984; Hook et al. 1984; Hassold
et al. 1996). In addition, we obtained an equation for
the expected incidence of each chromosome abnormality.
These data will be useful for the genetic counseling of
Japanese women.

We calculated the parameters of the equation
[y␣ 5 ␣ exp(a␣ 1 ␣ bx)] (Table␣ 2), and the smoothed expected
rates derived from the equations of trisomy 21, lethal auto-
some trisomies (trisomy 18 and trisomy 13), sex-
chromosome aneuploidies, and all aneuploidies at each
maternal age 35 years and older (Table␣ 3). Comparing the
equation for trisomy 21 [y␣ 5 ␣ exp(27.6 ␣ 1␣ 0.245x] obtained
from the present study with that [y␣ 5 ␣ exp(214.7␣ 1 ␣ 0.262x)]
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Table 4 Other chromosome abnormalities by maternal age

Maternal age at Translocation Inversion Mosaicism Total
amniocentesis

Unbalanced Balanced Autosomal 45, X/46, XY

Robertsonian Reciprocal Robertsonian

35 1 (1.36)
a

1 (1.36)
36 1 (1.18) 1 (1.18) 1 (1.18) 1 (1.18) 4 (4.71)
37 3 (3.64) 1 (1.21) 4 (4.85)
38 1 (1.25) 2 (2.50) 2 (2.50) 1 (1.25) 1 (1.25) 7 (8.75)
39 1 (1.40) 5 (7.01) 2 (2.81) 8 (11.22)
40 2 (3.19) 2 (3.19) 1 (1.60) 4 (6.39) 1 (1.60) 10 (15.97)
41 1 (2.40) 1 (2.40)
42 1 (3.92) 1 (3.92) 2 (7.84)
43 1 (6.85) 1 (6.85) 2 (13.70)
44 1 (11.49) 1 (11.49)

Total 1 (0.18) 10 (1.82) 4 (0.73) 12 (2.19) 11 (2.01) 2 (0.36) 40 (7.29)
a Number (and incidences per 1000).

obtained from European and North American studies
(Hook et al. 1984), there were no significant differences
in the parameters, which suggests that the prevalence of
trisomy 21 is not affected either by race or by geographic
factors. Recent studies indicated that aneuploidy originat-
ing not only in meiosis-I but also meiosis-II correlates to
maternal age (Plachot et al. 1988; Macas et al. 1990; Dailey
et al. 1996; Hassold et al. 1996). Based on these facts, we
suggest that nondisjunction may be caused by factors
induced only by aging and may be a universal phenomenon
in human reproduction.

Since cytogenetic abnormalities prenatally diagnosed by
amniocentesis show a higher rate of spontaneous abortion
and/or stillbirth than cytogenetically normal fetuses (Hook
1983; Hook et al. 1988, 1989; Halliday et al. 1995; Macintosh
et al. 1995), the incidence at prenatal testing is markedly
different from that at live birth. Compared to the previous
reports of nonmosaic aneuploidies diagnosed in live births
(Hook et al. 1984; Mutton et al. 1991), the abnormal karyo-
types and their order revealed in this study were almost the
same, with some exceptions, but the incidences of each
nonmosaic aneuploidy were markedly higher; for example,
the incidence of trisomy 21 in Japan is 1.42␣ /␣ 1000 live births
(Maeda et al. 1991). These higher incidences may be caused
by selective miscarriage occurring during the second or
third trimester of pregnancy, and the fetus with the aneup-
loidy may be stillborn. During counseling, the estimated
risks obtained from the prenatal testing data should be
discussed, and the counselor should also provide an esti-
mate of the contribution of chromosome abnormalities to
spontaneous fetal death.

In all of the nonmosaic aneuploidies diagnosed at the
second trimester amniocentesis, only six kinds of trisomies
were detected. Although X monosomy and trisomy 16 were
detected as aneuploidies in chorionic villus sampling (CVS)
(Hook et al. 1988) or in early amniocentesis (Lockwood and
Neu 1993), there were no such aneuploidies detected in this
study. Since cytogenetic CVS and early amniocentesis are
usually carried out in the first trimester of pregnancy (CVS
in the 9th to the 11th gestational week; early amniocentesis

in the 11th to the 14th gestational week), most fetuses with
those aneuploidies may have been spontaneously miscar-
ried before the second trimester amniocentesis. If addi-
tional cases are studied, some such aneuploidies may be
detected at the second trimester amniocentesis as excep-
tional cases.

The proportion of pregnant women age 35 or over has
been gradually increasing, and now constitutes more than
10% of all pregnant women in Japan (Mother’s and
Children’s Health Organization 1996). These women will
receive information about the high risk of chromosome
abnormalities due to advanced age from the mass media or
medical sources, and will visit obstetrical clinics to receive
genetic counseling or ask for prenatal testing. If pregnant
women of advanced age have no information about the
risks, obstetricians must explain them. During genetic coun-
seling for women at risk due to their advanced age, obstetri-
cians or other healthcare professionals will need to present
the estimated possibility of chromosome abnormalities, and
let patients choose whether they want to have prenatal
testing on the basis of this possibility. We believe that the
possibility should be derived from the data at the time of
testing, such as the expected rates revealed in this study.

The present study provides informative data for the
counseling of Japanese women. However, more cases
should be examined further to obtain greater accuracy in
predicting the rates of each chromosome abnormality at
midtrimester amniocentesis.
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