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Chromosome abnormalities diagnosed in utero:
a Japanese study of 28 983 amniotic fluid specimens
collected before 22 weeks gestations

Miyuki Nishiyama1, Jim Yan2, Junko Yotsumoto3, Hideaki Sawai4, Akihiko Sekizawa3, Yoshimasa Kamei5 and
Haruhiko Sago1

To investigate the frequency and type of abnormal karyotype in Japan by amniocentesis before 22 weeks of gestation.

We performed a retrospective analysis of 28 983 amniotic fluid specimens in a local population collected before 22 weeks

gestations for fetal karyotyping. The incidence of abnormal karyotype was 6.0%. The main indication was advanced maternal age

(AMA) of 35 years and older, which represented over half of the clinical indications. Abnormal karyotype was most frequently

reported among the referrals for abnormal ultrasound findings (21.8%), followed by positive maternal serum screen results

(5.3%). Three-fourths of abnormal karyotype was either autosomal aneuploidy (64.0%) or sex chromosome aneuploidy (11.6%).

Abnormal karyotype was detected in 2.8% of pregnant women referred for AMA. Clinically significant abnormal karyotype

increased with advancing maternal age. The frequency and type of abnormal karyotype detected by amniocentesis for various

indications were determined. Amniocentesis was mainly performed among the referrals for AMA, which is a characteristic

distribution of indications of Japan.
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INTRODUCTION

In recent years the proportion of mothers ⩾ 35 in Japan has been
increasing against a background of decreasing birth rates, according to
the Ministry of Health Labor and Welfare of Japan. Based on such
demographic changes, Kajii1 projected an increasing frequency of
Down syndrome live births. Accordingly, the number of amniocentesis
being performed in Japan has risen.2 Amniocentesis is the gold
standard for prenatal diagnosis of fetal chromosome abnormalities,3

accounting for over 99% of invasive diagnostic testing in the country.2

Although first-trimester aneuploidy screening program combined with
nuchal translucency measurement is not yet widely available, non-
invasive prenatal testing has been introduced in Japan since
April 2013.
The frequency of fetal chromosome abnormality detection

depends on clinical indications.4 Prenatal testing information is
essential for genetic counseling and in the decision for appropriate
tests. Wellesley et al.5 reported the prevalence of chromosome
abnormalities at live birth, fetal death from 20 weeks of gestation
and termination of pregnancy for fetal anomaly in Europe. In Japan,
however, there is no substantial data on the frequency and type of
abnormal karyotype in the local population detected by amniocentesis.
The frequency and distributions of chromosome abnormalities

identified by amniocentesis are expected to have changed with the
introduction of non-invasive prenatal testing.6 In this study, we
analyzed the incidence and the type of chromosome abnormalities
using amniotic fluid specimens received at a prenatal testing laboratory
before the introduction of non-invasive prenatal testing in Japan.

MATERIALS AND METHODS

Subjects
We conducted a retrospective study of pregnant women who underwent

amniocentesis for chromosome analysis. Information was derived from the

results of chromosome analyses and laboratory requisition forms. In total,

30 641 amniotic fluid specimens for fetal karyotyping were received at LabCorp

Japan from January 2007 to December 2012.
Subsequently, 1594 specimens were further excluded for this study; 182 had

no information of gestational age while 1412 were collected after 22 weeks of

gestation. According to a 1990 statement by the Ministry of Health, Labor and

Welfare, artificial abortions after 22 weeks of gestation are not permitted in

Japan. Therefore, pregnant women who consider the option of pregnancy

termination due to fetal chromosome abnormalities usually undergo amnio-

centesis before 22 weeks of gestations. Of the 29 047 specimens collected before

22 weeks of gestation, 64 failed in amniotic fluid culture. Results of fetal

karyotyping were obtained in 28 983 specimens (99.8%). Eventually, these

28 983 specimens were eligible for the study.

1Department of Maternal-Fetal, Neonatal and Reproductive Medicine, National Center for Child Health and Development, Tokyo, Japan; 2Department of Companion Diagnostics,
LabCorp Clinical Trials, Laboratory Corporation of America Holdings, Burlington, NC, USA; 3Department of Obstetrics and Gynecology, Showa University, Tokyo, Japan; 4Department
of Obstetrics and Gynecology, Hyogo College of Medicine, Nishinomiya, Japan and 5Department of Obstetrics and Gynecology, Saitama Medical University, Saitama, Japan
Correspondence: Professor H Sago, Department of Maternal-Fetal, Neonatal and Reproductive Medicine, National Center for Child Health and Development, 2-10-1 Okura,
Setagaya-ku, Tokyo 157-8535, Japan.
E-mail: sagou-h@ncchd.go.jp
Received 23 October 2014; revised 4 December 2014; accepted 7 December 2014; published online 8 January 2015

Journal of Human Genetics (2015) 60, 133–137
& 2015 The Japan Society of Human Genetics All rights reserved 1434-5161/15
www.nature.com/jhg

http://dx.doi.org/10.1038/jhg.2014.116
mailto:sagou-h@ncchd.go.jp
http://www.nature.com/jhg


Experimental design
Referral indications and chromosome abnormalities were stratified for the
28 983 specimens. Clinical indications were classified into six groups: advanced
maternal age (AMA), abnormal ultrasound findings, family history of
chromosome abnormality, positive result of maternal serum screening (MSS)
test, parental anxiety and others. Clinical information provided in the test
requisition forms was used in classifying the specimens into these six groups.
AMA was defined as ⩾ 35 years of age at the expected date of delivery. The age

of the women at the expected date of delivery and cytogenetic results were

analyzed based on the date of birth provided in the test requisition form.

Abnormal karyotype was classified into the following groups: autosomal

aneuploidy, sex chromosome aneuploidy, balanced structural rearrangement,

unbalanced structural rearrangement, mosaicism and others. Frequently

reported chromosome abnormalities were classified as a subgroup.

Data analysis
Data used for analysis contained no identifiable personal information so as to

protect individuals’ privacy. The data were analyzed using SAS version 9.3 and

SAS JMP 10 (SAS Institute Inc., Cary, NC, USA). χ2-tests were used to test

differences and association between the groups. Fisher’s exact test was used to

test the significance for unbalanced structure rearrangements that have

frequency counts o5.

RESULTS

Distribution of clinical indications and frequency of abnormal
karyotype
The most frequent referral (Table 1) indication was AMA, accounting
for over half of the referral indications (54.7%). This was followed by
positive result of MSS and abnormal ultrasound findings. The
incidence of abnormal karyotype was 6.0% for all specimens.
However, it varied by indications; 21.8% for abnormal ultrasound
findings, 5.3% for positive result for MSS and 2.8% for AMA.

Table 1 Distribution of referral indications of 28 983 specimens and

frequency of abnormal karyotype

Number tested

Abnormal

karyotype

Referral indications # % # %

AMA 15852 54.7 445 2.8

Positive result of MSS 5325 18.4 282 5.3

Abnormal ultrasound findings 4078 14.1 890 21.8

Family history of chromosomal abnormalities 1765 6.1 91 5.2

Parental anxiety 1273 4.4 18 1.4

Others 690 2.4 24 3.5

Total 28 983 100.0 1750 6.0

Abbreviations: AMA, advanced maternal age; MSS, maternal serum screening.

Table 2 Comparison of proportion of abnormal karyotype between all specimens and indication of AMA

All AMA

Abnormal karyotype # % Of abnormal karyotype # % Of abnormal karyotype Likelihood ratio test P-value

Autosomal aneuploidy 1120 64.0 236 53.0 0.0464

Trisomy 21a 761 43.5 176 39.6

Trisomy 18 303 17.3 50 11.2

Trisomy 13b 54 3.1 10 2.2

Other trisomy 2 0.1 0 0.0

Sex chromosome aneuploidy 203 11.6 61 13.7 o0.0001

45,Xc 103 5.9 15 3.4

47,XXY 47 2.7 21 4.7

47,XXX 37 2.1 19 4.3

47,XYY 16 0.9 6 1.3

Balanced structural rearrangement 226 12.9 89 20.0 0.3709

Reciprocal translocation 120 6.9 46 10.3

Inversiond 67 3.8 31 7.0

Robertsonian translocatoin 29 1.7 8 1.8

Others 10 0.6 4 0.9

Unbalanced structural rearrangement 96 5.5 21 4.7 0.0054

Additional material on the chromosome 22 1.3 4 0.9

Unbalanced translocation 22 1.3 1 0.2

Marker chromosomee 22 1.3 11 2.5

Deletion 17 1.0 2 0.4

Others 13 0.7 3 0.7

Others 105 6.0 38 8.5

Total 1750 100.0 445 100.0 o0.0001

Abbreviation: AMA, advanced maternal age.
aIncludes 15 cases of Robertsonian trisomy 21.
bIncludes 4 cases of Robertsonian trisomy 13.
cIncludes 28 cases of mosaicism.
dIncludes 10 cases of inv(1)(p13q21) and 10 cases of inv(2)(p11.2q13).
eIncludes 11 cases of mosaicism.

Chromosome abnormalities in amniocentesis
M Nishiyama et al

134

Journal of Human Genetics



Proportion of abnormal karyotype
The indication of AMA accounted (Table 2) for over half of the
indications. Of the detected abnormal karyotypes in all specimens,
two-thirds of abnormal karyotype was autosomal aneuploidy includ-
ing trisomy 21, trisomy 18 and trisomy 13 in order of descending
frequency. Approximately 10% of abnormal karyotype was sex
chromosome aneuploidy with 45,X accounting for over half of this
group. The five categories of abnormal karyotype have different
proportion of AMA and non-AMA indications and are independent
of each other (Po0.0001). Three of the five categories, autosomal
aneuploidy (P= 0.0464), sex chromosome aneuploidy (Po0.001) and
unbalanced structural rearrangement (P= 0.0054), have significant
association between AMA proportion and different incidence rates of
specific karyotype within their categories. Specifically, AMA has lower
proportion of trisomy 21, 18, 13 and other trisomies, higher
proportion of 47,XXY, 47,XXX, 47,XYY and marker chromosome
and lower proportion of additional material on the chromosome,
unbalanced translocation and deletion.

Frequency of abnormal karyotype based on clinical indications
Autosomal aneuploidy was most (Table 3) frequently identified when
the indication was abnormal ultrasound findings, followed by positive
result of MSS and AMA. For these indications, the incidence of trisomy
21 was 10.1%, 3.0% and 1.1%, respectively, while the incidence of sex
chromosome aneuploidy was 2.8%, 0.4% and 0.4%, respectively.
Among the specimens with indication of abnormal ultrasound
findings, 45,X was the most frequent sex chromosome aneuploidy.

Maternal age-specific rates for abnormal karyotype among referrals
for AMA
Maternal age-specific rates for (Table 4) abnormal karyotype excluding
balanced structural rearrangements were increased from 1.1% at
35 years to 8.0% at ⩾ 47 years. However, there was a variation in
this trend with each additional year of age. Advancing maternal ageT
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Table 4 Maternal age-specific rates for abnormal karyotype

(excluding balanced structural rearrangements ascertained in women

receiving amniocentesis because of AMA)

Total abnormal

Autosomal

aneuploidy

Sex chromosome

aneuploidy

Per 1

year
Maternal

age

Number

tested # %

Per 3

years

Per 1

year

Per 3

years

Per 1

year

Per 3

years

35 966 11 1.1 1.3% 0.7% 0.7% 0.1% 0.3%

36 1401 22 1.6 — 0.8% — 0.4% —

37 1795 21 1.2 — 0.6% — 0.3% —

38 2069 33 1.6 2.0% 1.0% 1.2% 0.2% 0.3%

39 2250 43 1.9 — 1.3% — 0.3% —

40 2414 56 2.3 — 1.4% — 0.5% —

41 1990 47 2.4 3.2% 1.7% 2.3% 0.3% 0.5%

42 1396 40 2.9 — 2.0% — 0.6% —

43 826 48 5.8 — 4.2% — 0.8% —

44 425 19 4.5 4.7% 3.8% 3.5% 0.5% 0.9%

45 192 9 4.7 — 3.1% — 1.6% —

46 78 3 3.8 — 2.6% — 0.0% —

X47 50 4 8.0 — 4.0% — 4.0% —
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was correlated with the frequency of clinically significant abnormal
karyotype every 3 years, increasing from 1.3% (35–37 years) to 4.7%
(⩾ 44 years). For sex chromosome aneuploidy, the frequency was
increased from 0.3% (35–37 years) to 0.9% (⩾ 44 years), while the
frequency of autosomal aneuploidy was more significantly increased
from 0.7% (35–37 years) and 3.5% (⩾ 44 years).

DISCUSSION

We presented an analysis of chromosome abnormalities identified by
amniocentesis before 22 weeks of gestation. Our study represents the
largest series of fetal karyotyping of amniotic fluid specimens in Japan.

AMA as a main clinical indication
In terms of clinical indications of amniocentesis for fetal karyotyping,
the main indication was AMA. In contrast, in countries whereby
prenatal screening policy is adopted, the proportion of AMA indica-
tion was smaller.7–10 This is due to most developed countries having
national guidelines that recommend fetal aneuploidy screening prior
to invasive testing.11 In Japan, however, fetal aneuploidy screening
such as MSS and first-trimester screening are not routinely offered to
pregnant women.

Higher incidence of abnormal karyotype detected by amniocentesis
We detected chromosome abnormalities in 6.0% of the specimens,
which was higher than reported in previous studies in other countries
(between 2.7–3.1%),8,12–14 although the frequency of abnormal
karyotype in the specimens with indication of AMA was 2.8%, which
was similar to that in other studies (between 2.1–3.4%).8,12,13,15 The
contributing factor of high frequency of chromosome abnormality is
likely to be the larger proportion of referrals for abnormal ultrasound
findings (14.1%) compared with previous studies.8,12,13 These findings
suggest that amniocentesis for fetal karyotyping in our study popula-
tion was performed for pregnant women with more significant
abnormal ultrasound findings.

Frequency and types of chromosome abnormalities detected by
amniocentesis
We found that 75.6% of abnormal karyotype detected by amniocent-
esis before 22 weeks of gestation was composed of either autosomal
aneuploidy (64.0%) or sex chromosomal aneuploidy (11.6%).
When we excluded balanced structural rearrangement (12.9% of all
abnormal karyotype), the proportion of autosomal aneuploidy and sex
chromosome aneuploidy was 73.5% and 13.3%, respectively. These
findings were similar to the report by Wellesley et al.5 on the results of
population-based congenital anomaly registers in Europe, which
showed the frequency of autosomal and sex chromosome aneuploidy
to be 71.1% and 12.1%, respectively. In our study, the frequency of
trisomy 18 and sex chromosome trisomies was 19.9%(= 303/1524)
and 6.6%(= 100/1524), respectively, both higher than those reported
by Wellesley et al.5 These findings were most likely attributed that our
study assessed fetal abnormal karyotype before 22 gestational weeks
which included unborn cases.

Frequency and types of chromosome abnormalities in AMA by
maternal age
In this study, maternal age-specific rates for abnormal karyotype
ascertained in the Japanese population receiving amniocentesis
because of AMA were documented. We confirmed the age dependency
of abnormal karyotype including clinically significant abnormal
karyotype such as autosomal and sex chromosomal aneuploidies.
The frequency of these abnormal karyotypes was similar to the data of

a European collaborative of 52 965 amniocenteses performed on
women aged ⩾ 35 compiled prior to the routine use of fetal
aneuploidy screening.16 Maternal age-specific rates for abnormal
karyotype revealed in this study could assist Japanese pregnant women
in understanding the risk of fetal chromosome abnormalities and their
decision for prenatal testing.

Limitations of the study
The information available was dependent on what was revealed in the
laboratory requisition forms at the time of testing. Nonetheless, our
study presented the largest series of amniocentesis cases in Japan,
accounting for about a third of all specimens in the country.17

CONCLUSION

We reported on the frequency and the type of chromosome
abnormalities diagnosed in utero before 22 weeks of gestation among
the local population. The findings may provide valuable information
for prenatal genetic counseling followed the decision in electing
appropriate testing options.
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