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Abstract
Purpose To study the contribution of embryo chromosomal abnormalities in primary and secondary recurrent pregnancy loss
(RPL) and to analyze the recurrence of chromosomal constitution in miscarriages from the same couple.
Methods Retrospective study of abortion karyotypes in RPL families based on the mother’s primary or secondary RPL status
(563 embryo specimens, 335 samples from primary, and 228 samples from secondary RPL). RPL was defined as two or more
consecutive miscarriages. One hundred eight cases of recurrent embryo/fetal loss in 51 families were analyzed to assess the
probability of having the same karyotype pattern (recurrent normal or recurrent abnormal) in both previous and subsequent
pregnancy loss. The karyotypes of abortions were established using standard cytogenetic analysis, as well as interphase fluores-
cence in situ hybridization (FISH) and comparative genomic hybridization (CGH).
Results The frequency of aberrations was 43.9% in abortions from primary RPL versus 52.6% in secondary RPL (p = 0.041).
Women 35 years of age or older were the main contributors to this difference. The odds ratio of a subsequent abortion having the
same karyotype pattern (normal or abnormal) as the previous one was 6.98 (p = 0.0013).
Conclusion The frequency of abnormalities is higher in abortions from the secondary RPL versus primary RPL group, and this
difference is due to the relative deficiency of miscarriages with abnormal karyotypes in older women with primary RPL. The
probability of having the same karyotype pattern (recurrent normal or recurrent abnormal) in the previous and subsequent
abortion is increased significantly compared with chance.
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Introduction

Recurrent pregnancy loss (RPL) is the loss of two or more
consecutive pregnancies and affects up to 5% of all couples
trying to conceive. The importance of genetic factors in the
etiology of RPL is emphasized by the fact that the frequency
of RPL among first-degree relatives of patients with idiopathic

RPL is several times higher than that in the general population
[1, 2]. The most common causes of RPL include endocrine
imbalances, uterine abnormalities, autoimmune factors,
thrombophilic disorders, and chromosomal rearrangements
in either partner. However, a significant proportion of RPL
cases are caused by anomalies of the embryo’s karyotype.
The results of some miscarriage studies have suggested that
the frequency of embryos with abnormal karyotypes is signif-
icantly lower in RPL than sporadic abortions [3–6]. At the
same time, analyses of preimplantation embryos have re-
vealed a higher frequency of embryo aneuploidy in females
with RPL than in control groups [7–10]. RPL is classified as
primary when all previous pregnancies ended by miscarriage
and secondary when at least one of the pregnancies resulted in
a live birth or progressed tomore than 22weeks. Studies of the
differences in etiology and prognosis in subsequent pregnan-
cies in primary and secondary RPL have shown contradictory
results [3, 11–14]. Different mechanisms are disrupted in
groups with primary and secondary RPL, so different
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approaches to examination and treatment would be most
effective.

In this study, we analyzed the frequencies of abnormal
karyotypes of spontaneous abortions in primary and
secondary RPL to shed light on the genetic heterogeneity of
these groups. Then, we studied the loss of several embryos/
fetuses in the same family and estimated the probability of a
recurrence of the normal or abnormal karyotype of abortions
from a single couple. Data on previous pregnancy outcomes
may be helpful, for example, for a personalized estimation of
the probability of aneuploidy to decide on the use of
preimplantation genetic testing for aneuploidy (PGT-A) in a
specific couple.

Material and methods

A total of 563 karyotyped spontaneous abortions fromwomen
with RPL, studied in the Cytogenetic Laboratory from 1987 to
2018, were examined retrospectively. Aborted material was
obtained from city hospitals, along with information regarding
the patient’s age, their obstetric and gynecological history, and
the number and outcomes of her previous pregnancies. This
study was approved by the local ethics committee. Informed
consent was obtained from all patients.

RPL was defined as two or more consecutive miscarriages.
Depending on the obstetric history of the mother, the embryos
and fetuses were classified into two main groups:

(i). 335 abortions fromwomen with primary RPL (only mis-
carriages prior to gestational week 22)

(ii). 228 abortions fromwomen with secondary RPL (at least
one pregnancy progressing to ≥ 22 weeks resulting in a
live birth or stillbirth, followed by two or more consec-
utive pregnancy losses)

Abortion karyotypes were established using standard
trypsin-GiemsaG-band analysis after long-term fibroblast cul-
ture (479 samples) or direct preparation of the chorionic villi
(17 samples). Conventional comparative genomic hybridiza-
tion (CGH) (59 samples) and interphase fluorescence in situ
hybridization (FISH) with centromere-enumeration probes (8
samples) were performed in cases where traditional cytoge-
netic analysis failed. Tissue culture, cytogenetic techniques,
and interphase FISH and CGH were performed as described
previously [15, 16].

Analysis of the recurrence of abortion karyotypes was car-
ried out on 108 embryos from 51 families: 2 abortions were
analyzed for 46 couples, 3 abortions for 4 couples, and 4
abortions in 1 family. The frequencies of abnormal and normal
embryo karyotypes with reference to the karyotype of previ-
ous miscarriages were calculated. Patients were evaluated for
propens i t ies to RPL (heredi ta ry thrombophi l ia ,

antiphospholipid syndrome, uterine anomalies, endocrine im-
balances, and chromosomal abnormalities) that could cause
repeated miscarriages, which were designated as “maternal
factor.”

Variables in the groups were compared by χ2 analyses and
Fisher’s exact test. As appropriate, comparisons between
groups were performed using the nonparametric Mann-
Whitney test. Multivariate logistic regression analysis was
performed to estimate the risk for chromosomal abnormalities.
Maternal age and anamnesis (primary or secondary pregnancy
loss) were used as covariables in the analysis of covariance
(ANCOVA). A significance level of p < 0.05 was applied for
all tests. The odds ratio (OR) of the loss of the next abortion
having the same karyotype pattern (normal or abnormal) as
the previous abortion was calculated. Since the sample includ-
ed some families with 3 and 4 abortions, the OR calculation
was performed in two ways: (I) previous abortion versus all
subsequent abortions or (II) all combinations of embryo kar-
yotypes were evaluated.

Results

This study included 563 cases of miscarriage: 335 embryos
and fetuses from patients with primary RPL and 228 embryos
and fetuses from patients with secondary RPL. Table 1 shows
the distribution of the patients with regard to parental age,
gestational age of embryos/fetuses, and gravidity. The age of
the women and the number of pregnancies were significantly
higher in the group of mothers with secondary RPL than in
those with primary RPL. Since the secondary RPL group con-
sists of patients with repeated pregnancy losses after live birth
or stillbirth, the increased age of these women is because this
sample includes women with a higher number of pregnancies
in anamnesis. There are different age distributions with me-
dians shifted on 5 years toward older women in the secondary
RPL group (Fig. 1).

In total, 52.6% (296/563) of recurrent abortions had normal
karyotypes (176 with karyotypes 46,XX and 120 with karyo-
types 46,XY (sex ratio, SR = 0.68)). There were no significant
differences in the SR values between primary and secondary
RPL groups (0.66 and 0.71, respectively, p = 0.76) (Table 2).

Abnormal karyotypes were found in 47.4% (267/563) of
recurrent miscarriages. The overall rate of chromosomal ab-
normalities in the secondary RPL group was significantly in-
creased compared with the primary RPL group (52.6% (120/
228) and 43.9% (147/335), respectively, p = 0.041). By mul-
tivariate logistic regression analysis, maternal age was the
only statistically significant risk factor for chromosomal aber-
rations (p = 0.0003), whereas the impact of obstetric history
(primary versus secondary pregnancy loss) was not significant
(p = 0.7593). Since the maternal age affects the incidence of
aneuploidy in embryos, we stratified women into three age
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subgroups (up to 24, 25–34, and over 35 years old) to directly
compare primary and secondary RPL. We observed that the
frequency of embryos with abnormal karyotypes increases
significantly in women in the older age group (35 years of
age or older) with secondary RPL but not with primary RPL
(Fig. 2).

We found similar rates of the different types of chromo-
somal abnormalities in the primary and secondary RPL groups
(Table 2). The most common chromosomal abnormalities
were autosomal trisomies, which accounted for 40.8% of ab-
normal karyotypes, and another 5.2% were double trisomies.
Autosome monosomies occurred in three embryos (two on
chromosome 22 and one on chromosome 13), and all were
mosaic with a normal cell line. We found similar rates of
miscarriages with monosomy X, polyploidy, structural chro-
mosomal rearrangements, and combined chromosomal anom-
alies in the primary and secondary RPL groups. Abortions
with double trisomy occurred significantly more frequently
in women with secondary RPL (13/228 cases), whereas only
one such abortion (1/335) was detected in the group with
primary RPL (p = 0.0002). The average age of women having
embryos with double trisomy was higher than the average
maternal age in the sample (38.6 versus 29.2 years, p =
0.000002). Another class of karyotypes was significantly
more frequent in women with secondary RPL and included
46,XX/46,XY chimeras and complete hydatidiform moles

with a normal karyotype, which were included in the
“Others” category (Table 2).

There were 132 trisomy cases, of which 9 had X/Y chro-
mosome trisomy and were assigned to “sex chromosomal ab-
normality” and 14 were double trisomies. In total, trisomies
for 19 of the 22 autosomes were observed, while those for
chromosomes 1, 5, and 19 were not detected. Trisomy 16
was the most common and was present in 39% of trisomic
abortions, followed by trisomies 21, 15, 18, and 22 (frequency
of 10–20%). Trisomies 2, 7, 9, 13, and 20 were found in
approximately 5%, and abortions were rarely observed with
trisomies of chromosomes 3, 4, 6, 8, 10, 12, 14, and 17. There
were no significant differences in the frequency of individual
trisomy between the primary and secondary RPL groups.

The analysis of the recurrence of miscarriage karyotypes
was carried out for 26 women with primary and 25 women
with secondary RPL. Overall, 108 embryos from 51 families
were examined: the karyotypes of 2 abortions were found for
46 couples, 3 abortions for 4 couples, and 4 abortions for 1
family. The karyotype of the embryo was classified as a “nor-
mal karyotype” (46,XX or 46,XY with the exception of com-
plete hydatidiform moles) or “abnormal karyotype” (all types
of chromosomal abnormalities). Depending on the combina-
tion of abortions, womenwere assigned to one of four cohorts:

AA – both abortions with abnormal karyotypes
AN – previous abortion(s) with abnormal karyotype
followed by abortion with normal karyotype
NA – previous abortion(s) with normal karyotype follow-
ed by abortion with abnormal karyotype
NN – both (all) abortions with a normal karyotype

After a miscarriage with an abnormal karyotype, the next abor-
tion more often had an abnormal karyotype than a normal kar-
yotype (72.0% and 28.0%, respectively). If the previous abor-
tion had a normal chromosomal complement, the next one was
also normal in most cases (73.1%), while the abnormal karyo-
type occurred in 26.9% of cases. The OR of the loss of the next
embryo with the same karyotype pattern (either normal or ab-
normal) as the previous abortion was estimated to be 6.98 (95%
CI: 2.04–23.88; p = 0.0013) according to method I and 7.84

Table 1 Comparison of the demographic characteristics of the RPL study populations

Total, n = 563 Primary RPL n = 335 Secondary RPL n = 228 p

Maternal age (y) 29.2 ± 6.0 (17–56; 29) 27.1 ± 5.5 (17–56; 26) 32.2 ± 5.5 (19–44; 32) 0.0002

Paternal age (y) 31.8 ± 6.9 (19–60; 31) 30.1 ± 6.7 (19–60; 29) 34.3 ± 6.4 (21–54; 34) 0.08

Gestational age (weeks) 9.6 ± 2.8 (3.1–22; 9.3) 9.5 ± 2.6 (3.1–18; 9.1) 9.8 ± 3.0 (3.4–22; 9.3) 0.85

No. of pregnancies 4.0 ± 2.3 (2–21; 3) 3.0 ± 1.4 (2–12; 3) 5.3 ± 2.6 (3–21; 5) 0.007

No. of miscarriages 2.7 ± 1.2 (2–12; 2) 2.6 ± 1.2 (2–12; 2) 2.7 ± 1.1 (2–9; 2) 0.56

Mean ± standard deviation (minimum and maximum values; median); gestational ages were calculated based on the last menstrual period; p was
calculated by comparing the primary and secondary RPL
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Fig. 1 Distribution of maternal age in groups with primary and secondary
RPL
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(95% CI: 2.48–24.80; p = 0.0002) according to method II.
Thus, there is an increased probability that a subsequent abor-
tion will have the same karyotype pattern (either normal or
abnormal) as the previous one.

In 37.3% (19/51) of the women, all spontaneous abortions
had a normal karyotype (cohort NN). Of these, the “maternal
factor” was observed in only 7 patients, 10 women did not
have known miscarriage causes, including 1 woman with 3,
and 1 with 4 abortions with a normal karyotype (Table 3, data
are absent for 2 women). In addition, patients from this cohort
were more likely to have a primary RPL (Table 3). In our
study, primary RPL significantly increased the chance of

having both miscarriages with normal karyotypes (OR =
3.69; 95% CI: 1.11–12.25; p = 0.029).

There were 18 RPL women with abnormal karyotypes
in both miscarriages (35%, 18/51), and the most common
combination of abnormalities (6 families) was recurrent
trisomies on different chromosomes (heterotrisomy). In
one family, both abortions had trisomy 16. Eleven cases
of recurrent abnormal miscarriages were combinations of
different types of anomalies: trisomy/triploidy (4 couples),
trisomy/tetraploidy (4 couples), trisomy/X monosomy (2
couples), and mosaic autosomal monosomy/tetraploidy (1
couple). Within the AA cohort, the average age of women
with two trisomic miscarriages was significantly higher
than the average age of women having abortions with
different types of anomalies (33.1 ± 3.45 and 28.7 ±
5.78 years, respectively, p = 0.025).

Since the AN and NA cohorts included abortions with nor-
mal and abnormal karyotypes together and all the characteris-
tics between these groups did not differ, we combined them
into a mixed group. On average, women from this group had a
greater number of pregnancies and a greater number of mis-
carriages than others (Table 3).

Overall, 59% (30/51) of women had the “maternal factor,”
and 35% (18/51) were healthy, while for 6% (3/51), no data
were available. Interestingly, no significant differences in the
distribution of maternal factors between the cohorts were de-
tected (Table 3). Combinations of repeated abnormal miscar-
riages with the “maternal factor” in the same women were

Table 2 Karyotypes of
spontaneous abortions in the
primary and secondary RPL
groups

Karyotypes Primary RPL Secondary RPL Total RPL

n = 335 n = 228 n = 563

n (%) n (%) n (%)

Total normal karyotypes 188 56.1 108 47.4 296 52.6

46,XX 113 60.1 63 58.3 176 59.5

46,XY 75 39.9 45 41.7 120 40.5

Total abnormal karyotypes 147 43.9 120 52.6 267 47.4

Single autosomal trisomy 62 42.2 47 39.2 109 40.8

Double trisomy 1 0.7 13 10.8 14 5.2

Sex chromosome trisomies 4 2.7 5 4.2 9 3.4

X monosomy 13 8.8 7 5.8 20 7.5

Autosomal monosomy 24 16.3 11 9.2 35 13.1

Triploidy 23 15.6 16 13.3 39 14.6

Tetraploidy 2 1.4 3 2.5 5 1.9

Structural rearrangements 2 1.4 1 0.8 3 1.1

Combineda 15 10.2 10 8.3 25 9.4

Othersb 1 0.7 7 5.8 8 3.0

a Combined – combination of different types of abnormalities (trisomy/polyploidy/monosomy/structural)
b Others – 46,XX/46,XY chimeras and complete hydatidiform moles with normal karyotypes. Significantly
different rates are in bold
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Fig. 2 Comparison of the frequencies of the abnormal karyotypes of
abortions between groups with primary and secondary RPL stratified by
maternal age. *Statistically significant increase in frequency compared to
younger women with secondary RPL
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quite common. For example, in group AA, 5 (out of 17) wom-
en had this pathology, including 1 with hereditary
thrombophilia and 8 spontaneous abortions in her medical
history; both of her karyotyped embryos had autosomal
trisomy.

Discussion

The karyotyping method affects the rate of aneuploidy detec-
tion in products of conception, and the phenomenon of mater-
nal cell contamination is an especially substantial factor
influencing the results of cytogenetic analysis of spontaneous
abortions [17–19]. To balance the influence of this factor, a
comparison of the karyotypes of spontaneous abortions from
different groups should be carried out within the same study.
Such comparative studies of primary and secondary RPL are
rare, and their results are contradictory (Table 4). In this study,
we analyzed abortion karyotype rates in primary and second-
ary RPL in the largest total sample size of recurrent miscar-
riages compared with published data. The frequency of abnor-
mal abortion karyotypes in the primary RPL group was lower

than that in the secondary RPL group (43.9% and 52.6%,
respectively, p = 0.041), and multivariate logistic regression
analysis revealed that the age of women, not the obstetric
history, makes the main contribution to the frequency of chro-
mosomal abnormalities in repeated spontaneous abortions.
Therefore, considering the 5-year difference in mean maternal
age between the two analyzed RPL groups, the observed dif-
ference in abnormality rates is expected. Surprisingly, the rate
of abnormal embryos increased significantly in older women
(≥ 35 years) with secondary RPL but not with a primary RPL.
In a large sample of preimplantation embryos, the proportion
of aneuploid embryos remained roughly constant between 24
and 35 years of age, with a striking increase thereafter [24].
Therefore, our results imply that the lower contribution of
chromosomal abnormalities to embryonic death in primary
RPL is due to the “lack” of aneuploid abortions in older pri-
mary RPL women (Fig. 2).

In the present study, a significant difference in the rate of
double trisomy was found in abortions from women with pri-
mary and secondary RPL (0.7% and 10.8%, p = 0.0002). In
previous studies, double trisomies were detected significantly
more often in RPL than in sporadic abortions [3, 5]. One of the

Table 3 Combinations of
karyotypes of spontaneous
abortions from couples with
recurrent pregnancy losses

Cohorts AA AN NA NN

Karyotype of previous abortion Abnormal Normal

Karyotype of subsequent abortion Abnormal Normal Abnormal Normal

Number of women (% of all) 18 (35.3%) 7 (13.7%) 7 (13.7%) 19 (37.3%)

Number of abortions 36 15 16 41

Women age 30.4 ± 5.4 30.7 ± 5.1 33.1 ± 6.2 27.5 ± 5.3a

RPL: primary/secondary 9 / 9 4 / 10 13 / 6b

Mean number of pregnancies 3.5 ± 1.9 5.1 ± 2.2 3.3 ± 1.5

Mean number of miscarriages 2.1 ± 1.4c 2.9 ± 1.6 2.5 ± 1.0

Maternal factor: yes/not 5/12 6/8 7/10

a Significant differences in age from cohorts AA and NA
b Significant differences in the live birth from mixed cohort (AN+NA)
c Significant differences in the number of miscarriages from mixed cohort (AN+NA)

Table 4 Comparative frequencies of chromosomal abnormalities in spontaneous abortions from couples with primary and secondary RPL

Population Aneuploidy rate Statistical significance Age of mother (differences between groups) Reference

Primary RPL (n) Secondary RPL (n)

Israel 26.7% (75) 32% (50) p > 0.05 31.6 ± 5.7 (n.d.) [20]

Japan 39.8% (404) 47.4% (78) p = 0.044 32.4 ± 4.45 (n.d.) [21]

Austria 56.4% (95) 81.3% (50) p < 0.05 33.9 ± 5.6 vs 35.1 ± 6.1 (no differences) [22]

Poland 64.7% (204) 74.4% (164) p = 0.046* 34.2 ± 4.9 (n.d) [23]

Russia 43.9% (335) 52.6% (228) p = 0.041 27.1 ± 5.5 vs 32.2 ± 5.5
(significant differences)

This study

*Without correction for maternal age

n sample size; n.d. no data
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possible reasons for this may be that the mother’s carrier status
of mutations of some genes affected the aneuploidy rate [25].
An alternative explanation may be the age of the woman: the
average age of mothers with abortions with double trisomy in
our sample was 38.6 years, which is similar to that reported in
other work [26, 27]. Advanced maternal age increases the risk
of meiotic disturbances in oogenesis [28] and decreases endo-
metrial selection against abnormal embryos [29]. However,
this does not explain why double aneuploidy occurred almost
exclusively in women with secondary RPL in the present
work. Perhaps, this is a combined effect of an advanced ma-
ternal age and a greater contribution of aneuploidy to second-
ary RPL.

We analyzed the recurrence of abortion karyotypes in 26
women with primary RPL and 25 women with secondary
RPL (a total of 108 embryos and fetuses from 51 families).
Abnormal karyotypes cause an average of approximately 50%
of first trimester spontaneous abortions in humans [30, 31].
Therefore, regardless of the karyotype of the first miscarriage,
the second should have a normal karyotype in approximately
half of the cases. In general, we found an increased likelihood
for the subsequent abortion to have the same karyotype pattern
(either normal or abnormal) as the previous one: the OR of
losing a second embryo with the same karyotype pattern as
that of the first abortionwas OR = 6.98 (OR = 7.84, depending
on the method of calculation).

In our study, 62.6% of patients with RPL had the same
karyotype pattern in both their abortions (recurrent normal
or recurrent abnormal), which is consistent with the data [21,
32] (73% and 73.7% of karyotype recurrence). These data
argue that the repeatability of abortion karyotypes ismore than
what is expected by chance, at least in some women.

In our study, after an abortion with a normal karyotype, the
next one was normal in 73.1% of cases, which agrees with
data from earlier observations [33, 34] that the normal chro-
mosomal status of a miscarriage significantly increases the
likelihood of subsequent abortion to be with a normal karyo-
type. In our study, women with recurrent abortions with a
normal karyotype were younger than women of other groups
(Table 3), and primary RPL women had a significantly in-
creased chance of having both miscarriages with normal

karyotypes (OR = 3.69; 95% CI: 1.11–12.25; p = 0.029). As
reported previously, the karyotype of normal abortion is asso-
ciated with a large number of RPL etiological factors of the
mothers [35, 36].

The recurrent loss of the embryos with normal karyotypes
indicates a permanent unfavorable maternal factor, which ex-
plains that in RPLwomen, the normal karyotype of a previous
abortion is associated with an unfavorable prognosis for sub-
sequent pregnancy [3, 37].

In our study, in 35% (18/51) of women, both pregnancy
losses were caused by anomalies of the embryo karyotype. A
comparison of our results with the findings reported by other
studies that analyzed karyotypes of multiple abortions from
the same woman is provided in Table 5. There are some pre-
viously reported cases in which a couple had three or more
abortions with karyotype anomalies, most often trisomy on
different chromosomes, but there were also polyploidies
[39–41]. It is possible that some women have a genetic pre-
disposition to an embryo karyotype imbalance. Repeated
cases of abortions with chromosomal abnormalities in one
family can be the result of the following:

i). Random recurrence due to increased risk of chromosomal
nondisjunction with advanced maternal age [34, 40].
However, in our study, the average age of mothers with
recurrent abnormal karyotypes of spontaneous abortions
was 30.4 ± 5.4 years (Table 3).

ii). Gonadal mosaicism in the mother. The presence of an
aneuploid clone in the gonads can lead to the repeated
appearance of embryos with the same chromosomal
anomalies. Considering that reported cases of
homotrisomy usually include chromosomes 16, 22, and
15 [40], the most frequent in spontaneous abortions [31],
the possibility of random coincidence cannot be ruled
out.

iii). Increased risk of meiotic nondisjunction. This is possi-
ble due to genetic variability in the meiotic recombina-
tion rate, mutations in the genes regulating the process of
meiosis, and variability of ovarian aging, which can dif-
fer among women of the same biological age. For ex-
ample, a relationship was found between certain genetic

Table 5 Frequency of recurrent
abnormal karyotypes in RPL
abortions

Reference Population Frequency of recurrent abortions
with abnormal karyotype

Warburton et al. [34] USA, New York 19.2% (24/125)

Warburton et al. [34] USA, Honolulu 27.7% (41/148)

Sullivan et al. [4] USA, Utah 10% (3/30)

Skrzypczak et al. [38] Poland 13% (3/23)

Sugiura-Ogasawara et al. [21] Japan 33.6% (32/95)

Feichtinger et al. [32] Austria, Vienna 56% (42/75)

This study Russia 35.3% (18/51)
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variants of the MTHFR gene, which is involved in folic
acid metabolism, and the SYCP3 gene, which encodes a
component of the synaptonemal complex in parents with
embryos with abnormal karyotypes [42, 43]. However, a
large-scale whole-genome study did not reveal associa-
tions of the frequency of chromosome nondisjunction in
oogenesis with the maternal genotype [44].

iv). Increased risk of mitotic nondisjunction in early em-
bryogenesis. A high frequency of chromosomal mosai-
cism is inherent to early human preimplantation devel-
opment, including morphologically normal blastocysts
[45, 46]. There is interindividual variability in the rate of
somatic chromosomal nondisjunction in progeny: some
patients produced “chaotic” embryos repeatedly in sev-
eral IVF cycles, whereas other patients did not produce
such embryos at all [47]. Recently, an association was
found between the embryo karyotype aberrations that
occurred in the first mitotic divisions and the mother’s
carrier status of a variant of the PLK4 gene, which plays
a role in centriole duplication [44].

Data from prenatal and preimplantation genetic testing for
aneuploidy (PGT-A) suggest that an increased rate of aneu-
ploidy in the next conception exists in women who previously
had embryo aneuploidy [10, 48, 49], especially for young
patients (< 35 years) [50]. These studies support the hypothe-
sis that in some women, abnormal abortion karyotypes occur
more often than what is expected by chance.

Thus, the high frequency of recurrent losses of product of
conceptions with abnormal karyotypes found in our study, as
well as in others [21, 32], may be caused by the predisposition
of some women to form embryos with chromosomal abnor-
malities. The mechanism of such predisposition is unclear.
Combinations of different types of aberrations are likely ran-
dom because different mechanisms are involved in their
formation—nondisjunction in trisomy, anaphase lag in mono-
somy X, dispermy or impaired meiosis in triploidy and failure
of mitosis in tetraploidy. Repeated cases of trisomy in the
family may be due to a predisposition for nondisjunction in
oocytes or in early embryogenesis.

Conclusions

The frequency of chromosomal abnormalities was higher after
a previous abortion with an abnormal karyotype and in abor-
tions from the secondary RPL women. Therefore, the under-
lying mechanisms of recurrent aneuploid pregnancy losses are
likely different from recurrent miscarriages with a normal kar-
yotype. A previous abortion with an abnormal karyotype or
secondary RPL may be a marker of an increased likelihood of
aneuploidy in subsequent pregnancy. PGT-A should be more

effective in such families than in primary RPLwomen or those
who had a previous abortion with a normal karyotype. Thus,
cytogenetic information about previous pregnancy outcomes
allows for a personalized assessment of aneuploidy probabil-
ity and may be valuable in determining when PGT-A may be
useful.
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