
GENETICS

Maternal age, history of miscarriage, and embryonic/fetal size
are associated with cytogenetic results of spontaneous early
miscarriages

Nobuaki Ozawa1 & Kohei Ogawa1 & Aiko Sasaki1 & Mari Mitsui1 & Seiji Wada1 & Haruhiko Sago1

Received: 1 October 2018 /Accepted: 28 January 2019 /Published online: 9 February 2019
# Springer Science+Business Media, LLC, part of Springer Nature 2019

Abstract
Purpose To clarify the associations of the maternal age, history of miscarriage, and embryonic/fetal size at miscarriage with the
frequencies and profiles of cytogenetic abnormalities detected in spontaneous early miscarriages.
Methods Miscarriages before 12 weeks of gestation, whose karyotypes were evaluated by G-banding betweenMay 1, 2005, and
May 31, 2017, were included in this study. The relationships between their karyotypes and clinical findings were assessed using
trend or chi-square/Fisher’s exact tests and multivariate logistic analyses.
Results Three hundred of 364 miscarriage specimens (82.4%) had abnormal karyotypes. An older maternal age was significantly
associated with the frequency of abnormal karyotype (ptrend < 0.001), particularly autosomal non-viable and viable trisomies
(ptrend 0.001 and 0.025, respectively).Womenwith ≥ 2 previous miscarriages had a significantly lower possibility of miscarriages
with abnormal karyotype than women with < 2 previous miscarriages (adjusted odds ratio [aOR], 0.48; 95% confidence interval
[95% CI], 0.27–0.85). Although viable trisomy was observed more frequently in proportion to the increase in embryonic/fetal
size at miscarriage (ptrend < 0.001), non-viable trisomywas observedmore frequently inmiscarriages with an embryonic/fetal size
< 10 mm (aOR, 2.41; 95% CI, 1.27–4.58), but less frequently in miscarriages with an embryonic/fetal size ≥ 20 mm (aOR, 0.01;
95% CI, 0.00–0.07) than in anembryonic miscarriages.
Conclusions The maternal age, history of miscarriage, and embryonic/fetal size at miscarriage may be independently associated
with the frequencies or profiles of cytogenetic abnormalities in early miscarriages.
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Introduction

The cytogenetic status is an essential factor determining the
viability of a conceptus. Most chromosomal abnormalities

occurring in a conceptus are likely to lead to arrest of preg-
nancy, resulting in spontaneous miscarriage or stillbirth. The
chromosomal analysis of products of conception (POC) is not
routine practice for women who have miscarried; however,
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the cytogenetic identification of POC may be beneficial not
only for the management of subsequent pregnancies in wom-
en with recurrent miscarriage (RM) [1] but also for the eluci-
dation of genetic associations in the early development of
pregnancy, as the viability of a conceptus is expected to differ
among chromosomal abnormalities [2]. Apart from inherit-
able structural abnormalities, chromosomal abnormalities of
POC are incidentally generated during gametogenesis, fertili-
zation, or early embryogenesis; however, this does not neces-
sarily occur in all women expecting pregnancy in the same
way. For instance, both maternal and fetal clinical factors,
such as the maternal age, history of miscarriage, and gesta-
tional age, can greatly affect the cytogenetic results of miscar-
riages [3].

The most convincing clinical factor is the maternal age at
miscarriage. The frequency of autosomal trisomy, the most
frequent cause of early miscarriages, remarkably increases
with advancing maternal age at pregnancy because of age-
related meiotic errors in oogenesis [3–7]. It is also reported
that the profile of detected trisomy can vary by the maternal
age [6–8]. Another possible factor is maternal history of
RM. The results concerning the relationship between ma-
ternal history of RM and the frequency of chromosomal
abnormalities are conflicting; several studies have indicated
a lower frequency of chromosomal abnormalities in women
with RM [9–13], whereas others have shown a similar or
higher frequency [7, 8, 14–19]. The composition of chro-
mosomal abnormalities can be also different in miscarriages
from women with and without RM [7, 18]. In addition,
several studies have revealed ultrasonographic findings,
such as the presence of a fetal pole or fetal cardiac activity,
as possible factors related to the frequency or composition
of chromosomal abnormalities in early miscarriages [8, 12,
20–24]; however, a comparison by only the presence or
absence of a fetal pole or fetal cardiac activity may be in-
sufficient to specify the contribution of each cytogenetic
abnormality to miscarriage. Few studies have investigated
the frequencies/profiles of chromosomal abnormalities at
more than two developmental stages of pregnancy [18,
25–27]. Furthermore, few studies on the associations be-
tween those clinical factors and the cytogenetic results of
miscarriages have been so far conducted regarding each
confounding effect [5, 7, 13, 28]. Therefore, the currently
available data are insufficient to draw conclusions on the
relationships of chromosomal abnormalities with clinical
maternal factors or fetal findings in early miscarriage.

In this study, we comprehensively investigated the associ-
ations between chromosomal abnormalities of early miscar-
riages and clinical factors, including the maternal age, history
of miscarriage, and embryonic/fetal size at miscarriage, in
order to clarify the relevance of these clinical factors them-
selves on the frequencies or profiles of chromosomal abnor-
malities in POC that can cause early miscarriages.

Materials and methods

The cytogenetic findings of 394 miscarriages, managed in our
perinatal center between May 1, 2005, and May 31, 2017,
were retrospectively reviewed. Our hospital is a tertiary peri-
natal care center and has a special clinic for women with
infertility or RM. All pregnancies were clinically confirmed
by the presence of an intrauterine gestational sac. Spontaneous
miscarriage was diagnosed by ultrasonographic findings, such
as a persistent anembryonic (empty) gestational sac or arrest
of fetal cardiac activity. When an embryo or fetus was recog-
nized in the gestational sac, the maximal length of the embryo/
fetus, or crown-rump length (CRL) if possible, was measured
just before miscarriage and used for the analysis. To focus on
early pregnancy, only miscarriages with an empty sac or CRL
< 45mm or biparietal diameter (BPD) < 20mm, approximate-
ly corresponding to < 12 weeks of gestation, were included in
this study, as early miscarriage is defined as miscarriage be-
fore 12 weeks of gestation in Japan. Cases of biochemical
pregnancy, ectopic pregnancy, and (vanishing) twin pregnan-
cy were excluded from this study. POC specimens were col-
lected mostly by medical procedures, namely dilation and
curettage (n = 332) and the induction of labor by the
transvaginal administration of gemeprost (n = 10). When the
expulsion of POC spontaneously occurred, villous tissue was
carefully separated from the discharged specimens and used
for the analysis (n = 52).

The cytogenetic analysis of POC was performed after
obtaining informed consent from women who miscarried.
After removing the maternal tissue/blood clot from the vil-
lous tissue and washing with saline, the specimen was col-
lected in a sterile container of 10 mL of RPMI-1640 with
fetal bovine serum and penicillin-streptomycin/glutamine
o r g e n t am i c i n a n d G l u t aMAX™ (G i b c o / L i f e
Technologies, Grand Island, NY, USA). A cytogenetic anal-
ysis was performed by the G-banding method at Integrated
Genetics, USA. Trained cytogenetic technologists dissected
and selected the placental chorionic villi, which were enzy-
matically digested with Trypsin-EDTA (Gibco/Life
Technologies) and collagenase Type 2 (Worthington
Biochemical, Lakewood, NJ, USA) and cultured in alpha-
MEM complete medium (Gibco/Life Technologies) at
37 °C in a 5% CO2 incubator. All procedures, including cell
harvesting, slide preparation, and staining, were conducted
following standard protocols [8, 29]. At least 20 metaphases
were analyzed by the G-banding method in each case. Cases
of abnormal karyotypes were classified into the following
categories in this study: autosomal non-viable trisomy, via-
ble trisomy (trisomies 13, 18, 21), triploidy, tetraploidy,
monosomy X, structural abnormalities, 47,XXY, and com-
plicated abnormalities defined by having two distinct ab-
normalities, such as trisomy and monosomy, or aneuploidy
and structural abnormality, including mosaicism.

750 J Assist Reprod Genet (2019) 36:749–757



Clinical information on miscarriages was retrospectively
collected from medical records. Our primary clinical factors
of interest were the maternal age, history of early miscarriage
before 12 weeks of gestation, and embryonic/fetal size at mis-
carriage. Maternal age was calculated by days from the date of
birth to the date of miscarriage and classified into the follow-
ing three groups: < 35, 35 to < 40, and ≥ 40 years old. The
number of previous miscarriages before 12 weeks of gestation
was divided into the following two groups: < 2 and ≥ 2. The
embryonic/fetal size was classified into the following four
categories based on the ultrasonographic findings at miscar-
riage: empty (gestational sac was seen, but embryo/fetus not),
< 10 mm, 10 to < 20 mm, and ≥ 20 mm of embryonic/fetal
size, or CRL if possible.

This study was approved by the institutional ethical com-
mittee to publicize the clinical findings of women and cyto-
genetic results of their miscarriages, in August 2015 (No.
991).

Statistical analyses

First, the success rate of G-banding analysis was compared by
the chi-square test between different collecting methods.
Second, we analyzed the associations between each abnormal
karyotype and clinical factors using a trend test for the mater-
nal age and embryonic/fetal size, and the chi-square test or
Fisher’s exact test for the number of previous miscarriages.
Third, to eliminate confounding effects, we used a multivari-
ate logistic analysis including the maternal age, history of
miscarriage, and embryonic/fetal size. As non-viable and via-
ble trisomies are the most major components of abnormal
karyotypes detected in miscarriages, only the frequency of
abnormal karyotype or non-viable/viable trisomy was
assessed in the multivariate association analysis. Finally, we
evaluated the details of autosomal trisomy among the catego-
ries to identify which trisomies contributed to a significant
difference. All statistical analyses were conducted using the
statistical software package Stata SE 13 (STATA Corp,
College Station, TX), and p < 0.05was considered statistically
significant.

Results

The G-banding analysis was successful in 364 of 394 sponta-
neous miscarriages (92.4%), and the success rate was clearly
different between the specimens obtained by medical proce-
dures and those derived from spontaneous discharge: 97.1%
(332/342) and 61.5% (32/52), respectively (p < 0.001). A fur-
ther analysis was therefore conducted based on 364 miscar-
riage cases. The clinical background characteristics of these
miscarriages are shown in Table 1.

Abnormal karyotypes were found in 82.4% (300/364) of
successfully analyzed cases, and the associations between
each abnormal karyotype and clinical factors, such as the ma-
ternal age, number of previous miscarriages, and embryonic/
fetal size at miscarriage, are shown in Table 2. Overall, the
most frequently detected abnormality was autosomal non-
viable trisomy (48.9%, n = 178), followed by autosomal via-
ble trisomy (16.8%, n = 61), triploidy (4.4%, n = 16), and
monosomy X (3.6%, n = 13). The ratio of normal female/
male karyotype was 1.37 (37/27). The frequency of abnormal
karyotype significantly increased with advancing maternal
age (ptrend < 0.001), and the frequency of both autosomal
non-viable and viable trisomies significantly increased as well
(ptrend 0.001 and 0.025, respectively). In contrast, triploidy
and structural abnormality had a significant negative associa-
tion with the maternal age (ptrend 0.016 and 0.017, respective-
ly). The frequencies of other abnormalities did not significant-
ly differ by the maternal age.

The frequency of abnormal karyotype was significantly
lower in women with ≥ 2 previous miscarriages compared
with women with < 2 previous miscarriages (p = 0.023).
Regarding the individual comparisons, only autosomal viable
trisomy was significantly related to the number of previous
miscarriages (p = 0.004). By embryonic/fetal size, although
the frequency of abnormal karyotype did not show a signifi-
cant trend, autosomal non-viable and viable trisomies showed
opposite significant trends in frequencies, with a significant
negative trend noted for non-viable trisomy (ptrend < 0.001)
and a significant positive trend noted for viable trisomy (p-
trend < 0.001). Tetraploidy had a significant negative trend (p-
trend 0.006) and was only detected in miscarriages with an
empty sac or embryonic/fetal size < 10 mm, whereas mono-
somy X had a significant positive trend (ptrend 0.002) and was
only detected in miscarriages with an embryonic/fetal size ≥
10 mm. The details of structural abnormalities and

Table 1 Clinical background of miscarriages with cytogenetic results
n = 364

Maternal age (years) 37.9 (4.0)

Maternal weight (kg) 53.3 (7.8)a

Maternal body mass index (kg/m2) 20.9 (2.8)a

Ethnicity

Japanese 360 (98.9)

Others (Chinese, Korean) 4 (1.1)

History of miscarriages at < 12 weeks

None 99 (27.2)

One 90 (24.7)

Two 100 (27.5)

Three or more 75 (20.6)

Mean (standard deviation) for continuous variables and n (%) for cate-
gorical variables
a The data of 77 cases are missing
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complicated abnormalities are shown in Supplemental
Table 1. Three parental balanced translocations were found
in cases with structural abnormalities.

Associations between the three clinical factors and the fre-
quency of abnormal karyotype or non-viable/viable trisomy in
crude and multivariate logistic analyses are shown in Table 3.
Compared with women < 35 years old, the frequency of ab-
normal karyotype was higher among women aged 35 to < 40
(adjusted odds ratio [aOR], 2.73; 95% confidence interval
[95% CI], 1.45–5.15) and women ≥ 40 years old (aOR,
5.15; 95% CI, 2.35–11.3). For both non-viable and viable
trisomies, a similar significant association was found.
Women with ≥ 2 previous miscarriages were less likely to
have abnormal karyotypes than women with < 2 previous
miscarriages (aOR, 0.48; 95% CI, 0.27–0.85). In contrast,
the frequencies of non-viable/viable trisomies in women with
≥ 2 previous miscarriages were not markedly different from
those in women with < 2 previous miscarriages by a multivar-
iate analysis, although the frequency of viable trisomy was
significantly lower according to a crude analysis. In addition,
the frequency of abnormal karyotype was significantly lower
in miscarriages with an embryonic/fetal size ≥ 20 mm than in
those with an empty sac (aOR, 0.41; 95% CI, 0.18–0.95).
Compared with miscarriages with an empty sac, the frequency
of non-viable trisomy was significantly higher in miscarriages
with an embryonic size < 10 mm (aOR, 2.41; 95% CI, 1.27–
4.58) but lower in those with an embryonic/fetal size ≥ 20 mm
(aOR, 0.01; 95% CI, 0.00–0.07). A significant increase in
frequency of viable trisomy was noted in miscarriages both
with embryonic/fetal size 10 to < 20 mm (aOR, 8.49; 95% CI,
1.90–37.9) and ≥ 20 mm (aOR, 36.8; 95% CI, 8.26–164),
compared with those with an empty sac.

The profiles of autosomal non-viable and viable trisomies
are described according to the maternal age, history of miscar-
riages, and embryonic/fetal size at miscarriage in Table 4.
Overall, the most frequent trisomy was trisomy 22, followed
by trisomies 21, 15, and 16. Trisomies 1 and 19 were not
detected in early miscarriages enrolled in this study. With ad-
vancing maternal age, the proportions of trisomies 15 and 21
and plural trisomy became high, whereas trisomy 16 became
less common. The proportions of trisomies 16 and 21 were
higher in women with < 2 previous miscarriages, whereas the
proportions of trisomy 22 and plural trisomy were higher in
women with ≥ 2 previous miscarriages. In addition, a wide
variety of trisomies was detected in miscarriages with an emp-
ty sac or embryonic/fetal size < 10 mm, but the detected triso-
mies were limited mainly to trisomies 15, 21, and 22 in mis-
carriages with embryonic/fetal size 10 to < 20 mm, and most
trisomies detected in miscarriages with embryonic/fetal size ≥
20 mm were trisomies 18 and 21. The gestational ages when
common non-viable trisomies (trisomy 15, 16, and 22) were
frequently detected were different, as follows: trisomy 15 in
miscarriages with embryonic/fetal size 10 to < 20 mm, triso-
my 16 in miscarriages with an empty or embryonic/fetal size
< 10mm, and trisomy 22 inmiscarriages with embryonic/fetal
size < 20 mm. Plural trisomy was frequently detected in mis-
carriages with an empty sac or embryonic/fetal size < 10 mm
as trisomy 16.

Discussion

In the present study, we showed that the maternal age, history
ofmiscarriage, and embryonic/fetal size at miscarriage may be

Table 3 Association between clinical factor and the frequency of abnormal karyotype

Abnormal karyotype Non-viable trisomy Viable trisomy

OR (95% CI) aORa (95% CI) OR (95% CI) aORa (95% CI) OR (95% CI) aORa (95% CI)

Maternal age (years)

< 35 Reference Reference Reference Reference Reference Reference

35 to < 40 2.56 (1.38–4.76) 2.73 (1.45–5.15) 2.05 (1.19–3.53) 2.82 (1.54–5.17) 2.64 (1.11–6.29) 3.18 (1.19–8.45)

≥ 40 4.57 (2.12–9.84) 5.15 (2.35–11.3) 2.78 (1.56–4.95) 4.59 (2.36–8.92) 2.95 (1.21–7.21) 3.02 (1.11–8.24)

Previous miscarriages (n)

< 2 Reference Reference Reference Reference Reference Reference

≥ 2 0.53 (0.31–0.92) 0.48 (0.27–0.85) 1.06 (0.71–1.61) 0.89 (0.56–1.41) 0.43 (0.24–0.77) 0.53 (0.27–1.03)

Embryonic/fetal size at miscarriage (mm)

Empty Reference Reference Reference Reference Reference Reference

< 10 1.37 (0.64–2.96) 1.46 (0.66–3.26) 2.23 (1.21–4.09) 2.41 (1.27–4.58) 1.20 (0.21–6.74) 1.26 (0.22–7.12)

10 to < 20 1.78 (0.77–4.11) 1.56 (0.65–3.74) 0.73 (0.40–1.34) 0.60 (0.31–1.14) 8.66 (1.96–38.3) 8.49 (1.90–37.9)

≥ 20 0.56 (0.25–1.22) 0.41 (0.18–0.95) 0.01 (0.00–0.09) 0.01 (0.00–0.07) 38.8 (8.80–171) 36.8 (8.26–164)

OR, odds ratio; aOR, adjusted odds ratio; CI, confidence interval
a aORwas measured using a multivariate model including the maternal age, the number of previous miscarriage, and embryonic/fetal size at miscarriage

J Assist Reprod Genet (2019) 36:749–757 753



independently associated with the frequencies or profiles of
cytogenetic abnormalities in early miscarriages. The frequen-
cy of abnormal karyotype was significantly higher in women
with an older age and lower in women with ≥ 2 previous early
miscarriages and miscarriages with an embryonic/fetal size ≥
20 mm. The maternal age or embryonic/fetal size at miscar-
riage was independently associated with the occurrence of
non-viable/viable autosomal trisomy. This may be the first
study to assess the detailed associations between these clinical
factors and the frequency of abnormal karyotype or trisomy in
early miscarriages by a multivariate logistic analysis in order
to avoid confounding effects.

In accordance with previous studies [4–7], the frequency
of abnormal karyotype remarkably increased with the ma-
ternal age in this study. This trend is likely due to both non-
viable and viable trisomies, which showed a significantly
increased trend with the maternal age. In addition, we found
the age-related associations of both types of trisomy were

not attenuated by other clinical factors, namely the number
of previous miscarriages and embryonic/fetal size at miscar-
riage, suggesting the independent association of these fac-
tors. Although trisomies 15 and 21 and plural trisomy
showed increases in frequency, the rate of trisomy 16 de-
creased with the maternal age, in line with previous studies
[6, 8]. This peculiar tendency of trisomy 16 might result
from the difference in the effect of maternal age on meiosis
of each chromosome [30, 31]. The frequencies of triploidy
and structural abnormalities decreased with the maternal
age, as the previous results demonstrated [4, 6, 7], whereas
the frequency of monosomy X did not change with the
maternal age, in disagreement with previous studies
claiming a decreased frequency in women with advanced
age [4, 6, 8]. As monosomy X is more likely to be derived
from meiotic error of the father rather than the mother [8,
32], the frequency of monosomy X is not likely to be as-
sociated with the maternal age.

Table 4 Details of trisomy detected in miscarriages classified by clinical factors n (%)

Autosomal
trisomy

Total
(n = 239)

Maternal age (years) Previous miscarriages (n) Embryonic/fetal size at miscarriage (mm)

< 35
(n = 36)

35 to < 40
(n = 111)

≥ 40
(n = 92)

< 2
(n = 189)

≥ 2
(n = 175)

Empty
(n = 42)

< 10
(n = 93)

10 to < 20
(n = 68)

≥ 20
(n = 36)

Non-viable

1 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

2 4 (1.7) 1 (2.8) 2 (1.8) 1 (1.1) 2 (1.5) 2 (1.9) 2 (4.8) 2 (2.2) 0 (0) 0 (0)

3 1 (0.4) 1 (2.8) 0 (0) 0 (0) 1 (0.8) 0 (0) 1 (2.4) 0 (0) 0 (0) 0 (0)

4 4 (1.7) 1 (2.8) 1 (0.9) 2 (2.2) 0 (0) 4 (3.8) 1 (2.4) 2 (2.2) 1 (1.5) 0 (0)

5 5 (2.1) 2 (5.6) 3 (2.7) 0 (0) 4 (3.0) 1 (0.9) 0 (0) 5 (5.4) 0 (0) 0 (0)

6 3 (1.3) 1 (2.8) 0 (0) 2 (2.2) 3 (2.3) 0 (0) 2 (4.8) 1 (1.1) 0 (0) 0 (0)

7 3 (1.3) 1 (2.8) 1 (0.9) 1 (1.1) 1 (0.8) 2 (1.9) 1 (2.4) 2 (2.2) 0 (0) 0 (0)

8 5 (2.1) 0 (0) 2 (1.8) 3 (3.3) 4 (3.0) 1 (0.9) 1 (2.4) 4 (4.3) 0 (0) 0 (0)

9 5 (2.1) 0 (0) 2 (1.8) 3 (3.3) 3 (2.3) 2 (1.9) 0 (0) 4 (4.3) 1 (1.5) 0 (0)

10 2 (0.8) 0 (0) 1 (0.9) 1 (1.1) 0 (0) 2 (1.9) 0 (0) 2 (2.2) 0 (0) 0 (0)

11 1 (0.4) 1 (2.8) 0 (0) 0 (0) 0 (0) 1 (0.9) 0 (0) 1 (1.1) 0 (0) 0 (0)

12 2 (0.8) 0 (0) 1 (0.9) 1 (1.1) 1 (0.8) 1 (0.9) 0 (0) 2 (2.2) 0 (0) 0 (0)

14 12 (5.0) 2 (5.6) 5 (4.5) 5 (5.4) 5 (3.8) 7 (6.6) 1 (2.4) 5 (5.4) 6 (8.8) 0 (0)

15 34 (14.2) 3 (8.3) 12 (10.8) 19 (20.7) 20 (15.0) 14 (13.2) 4 (9.5) 8 (8.6) 22 (32.4) 0 (0)

16 32 (13.4) 10 (27.8) 15 (13.5) 7 (7.6) 22 (16.5) 10 (9.4) 13 (31.0) 18 (19.4) 0 (0) 1 (2.8)

17 3 (1.3) 0 (0) 3 (2.7) 0 (0) 1 (0.8) 2 (1.9) 1 (2.4) 2 (2.2) 0 (0) 0 (0)

19 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

20 7 (2.9) 0 (0) 4 (3.6) 3 (3.3) 4 (3.0) 3 (2.8) 3 (7.1) 3 (3.2) 1 (1.5) 0 (0)

22 41 (17.2) 6 (16.7) 23 (20.7) 12 (13.0) 16 (12.0) 25 (23.6) 3 (7.1) 22 (23.7) 16 (23.5) 0 (0)

Plurala 14 (5.9) 0 (0) 6 (5.4) 8 (8.7) 4 (3.0) 10 (9.4) 7 (16.7) 6 (6.5) 1 (1.5) 0 (0)

Viable

13 10 (4.2) 3 (8.3) 4 (3.6) 3 (3.3) 6 (4.5) 4 (3.8) 1 (2.4) 4 (4.3) 5 (7.4) 0 (0)

18 11 (4.6) 1 (2.8) 6 (5.4) 4 (4.3) 7 (5.3) 4 (3.8) 1 (2.4) 0 (0) 2 (2.9) 8 (22.2)

21 40 (16.7) 3 (8.3) 20 (18.0) 17 (18.5) 29 (21.8) 11 (10.4) 0 (0) 0 (0) 13 (19.1) 27 (75.0)

a Plural trisomy means more than one trisomy
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Regarding the association of the number of previous mis-
carriages with the cytogenetic results of miscarriages, some
studies claimed that there was a lower frequency of abnormal
karyotypes in RM patients [9–13], suggesting an undeter-
mined maternal cause for RM, whereas others reported that
the frequency did not change or even increased in miscar-
riages from RM patients [7, 8, 14–19]. RM patients may have
some genetic vulnerability leading to non-disjunction or
superfertility, leading to the conception of embryos with se-
vere chromosomal abnormalities [33, 34], but these hypothe-
ses remain to be investigated. In this study, the frequency of
abnormal karyotype was significantly lower in women with ≥
2 previous miscarriages than in women with < 2 previous
miscarriages, and viable trisomy seemed to be the main con-
tributor to this trend. A previous study showed that a decrease
in viable trisomies and an increase in non-viable trisomies
were recognized in miscarriages from RM women ≥ 35 years
of age, which might be related to the increased incidence of
preembryonic miscarriages [7]. In this study, however, a mul-
tivariate analysis showed that the frequency of non-viable/vi-
able trisomy was not markedly different between in women
with < 2 and ≥ 2 previous miscarriages, whereas women with
≥ 2 previous miscarriages had a significantly lower possibility
to miscarry due to fetal chromosome abnormality even after
adjusting for the maternal age and embryonic/fetal size, sug-
gesting the possibility of maternal causes for RM.

Miscarriages before 12 weeks’ gestation were classified
into four gestational stages in the present study according to
embryonic/fetal size as determined by ultrasonography. The
gestational age is generally calculated by the date of the last
menstrual period, but an estimation based on ultrasonographic
findings can be more reliable because there is a possibility of
delayed ovulation or a delayed diagnosis of miscarriage. In
addition, a detailed assessment of cytogenetic results based on
classification into four stages of early miscarriages has not yet
been performed. Our analysis showed that the frequency of
abnormal karyotype was significantly lower in miscarriages
with an embryonic/fetal size ≥ 20 mm than in those with an
empty sac, and the frequencies and profiles of cytogenetic
abnormalities differed considerably according to embryonic/
fetal size. We found a negative trend in non-viable trisomies
with embryonic/fetal size, but the association analysis showed
a significant aOR in the opposite direction between miscar-
riages with an embryonic/fetal size < 10 mm and miscarriages
with an embryonic/fetal size ≥ 20 mm compared with those
with an empty sac. These inconsistent tendencies may have
been caused by differences in the peak frequencies of major
non-viable trisomies. Previous studies have also shown the
frequencies of these trisomies to differ according to the pres-
ence of a fetal pole or fetal cardiac activity and trisomy 15 or
22 is more frequently detected at a later stage of miscarriages
than trisomy 16 [8, 22, 25]. In contrast, a positive trend in
viable trisomy with embryonic/fetal size was noted, which

was in agreement with previous studies comparing miscar-
riages with two different gestational ages [8, 12, 13, 20,
22–24]; the aOR for viable trisomy became significant in mis-
carriages with an embryonic/fetal size ≥ 10mm, and markedly
increased in miscarriages with an embryonic/fetal size ≥
20mm. These results concerning autosomal non-viable/viable
trisomy strongly suggest that each chromosome plays a dif-
ferent genetic role in the early embryonic/fetal development
and contributes to miscarriage at different gestational stages.
The frequency of triploidy did not change with gestational age
in this study, although some studies have reported a higher
frequency in later miscarriages [6, 12, 13, 24]. This might be
due to the inclusion of near-triploidy (triploidy including an-
euploidy), leading to a shorter life, into the category
Btriploidy^ in this study. In contrast, this study showed that
tetraploidy carried a significantly higher risk of miscarriage at
the early stage of pregnancy. This means that polyploidy
should be divided into triploidy and tetraploidy when
assessing the cytogenetic results of miscarriages. Monosomy
X cases were relatively long-lived (similar to trisomies 21 and
18), which was in agreement with the findings of previous
reports [6, 12, 13, 22–24]. Structural abnormalities did not
change with gestational age in this study, although some stud-
ies have reported a higher frequency in miscarriages without a
fetal pole or with CRL < 15 mm [13, 21]. This discrepancy
may be caused by differences in the severity of structural
abnormalities detected in miscarriages.

The present study has several limitations. First, the mater-
nal age was higher in this study than in previous studies
[10–13, 18, 23–25], which may lead to a biased interpretation
concerning the association of the frequencies of abnormal
karyotypes and maternal history of miscarriage or
embryonic/fetal size. To reduce this possibility, we performed
a multivariate analysis for the frequency of abnormal karyo-
type or non-viable/viable trisomy, in which the association of
maternal history ofmiscarriage or embryonic/fetal size and the
frequency of abnormal karyotype or embryonic/fetal size and
the frequency of non-viable/viable trisomy was confirmed to
have independent significance. Second, we did not evaluate
the size of gestational sac, although some studies have sug-
gested that a smaller embryo/fetus with/without smaller ges-
tational sac than expected by gestational age is suggested to be
associated with chromosomal abnormalities [35, 36]. The size
or appearance of the gestational sac might change depending
on the timing of the diagnosis of miscarriage. Third, other
potential clinical factors, including the mode of conception,
maternal obesity, and complications such as polycystic ovary
syndrome [37, 38], were not evaluated in this study because of
lack of sufficient information on these points. In addition, the
management of RMwas inconsistent due to the relatively long
period of the study, which may have limited our evaluation of
the associations regarding the number of previous miscar-
riages. Finally, the results of this study might be affected by
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the drawbacks of the G-banding method, such as the need for
culture, maternal contamination, or low resolution; indeed, the
success rate of POC derived from spontaneous discharge was
quite low, and 46,XX was predominant in normal karyotypes.
DNA-based analyses, such as single nucleotide polymor-
phism (SNP) microarray, have been recently performed in
the cytogenetic analysis of miscarriages in order to overcome
these drawbacks [39–42]; however, a portion of tetraploidy
and balanced structural abnormalities cannot be detected by
this method [43]. At present, the most suitable method de-
pends on the situation, and an additional analysis by another
method should be considered when necessary in order to ob-
tain correct cytogenetic results for miscarriages [43].

In conclusion, the frequencies and profiles of cytogenetic
abnormalities in early miscarriages are strongly associated
with clinical factors, such as the maternal age, history of mis-
carriage, and embryonic/fetal size at miscarriage. Clinicians
should be aware of these facts when assessing the cytogenetic
results of miscarriages. Further detailed investigations of these
associations are awaited in order to elucidate the genetic con-
tributions of chromosomal abnormalities to fetal and placental
development as well as to early miscarriage and RM.
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