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Abstract

Background
Embryonic chromosomal abnormality is one of the signi�cant causative factors of pregnancy loss. Our goal was to investigate the differences of
chromosomal abnormality between different conception modes in miscarried products of conception (POCs).

Methods
A retrospective study included 129 miscarried POCs from 81 women undergoing assisted reproductive technology (ART) and 48 spontaneous pregnant (SP)
women during March 2019 to March 2021 in Renmin Hospital of Wuhan University. Subgroups were divided according to age, fertilization method, types of
embryo transfer. The pro�les of cytogenetic abnormalities in the miscarried POCs were measured via next-generation sequencing.

Results
The total chromosomal abnormality rate was 65.1%. No signi�cant difference was found in the rate of chromosomal abnormalities between ART and SP
group (63% vs. 68.8%, P = 0.505). However, the rate of chromosomal structural abnormalities was signi�cantly increased in ART group (P = 0.02). There was
no signi�cant difference in the rate of chromosomal abnormalities when strati�ed by age (62.9% vs. 71.9%, P = 0.355) and frequency of abortion (66.7% vs.
63.2%, P = 0.678). In the patients aged < 35 years, the ART group had more frequent structural abnormality than SP group (P = 0.006). In the patients aged ≥ 35
years, numerical chromosomal abnormality was predominated in both groups (P = 0.655). Compared with the IVF fertilization subgroup, microdeletion was
more frequent in the ICSI fertilization subgroup (80% vs.28.6%, P = 0.013). The rate of chromosomal abnormality in the fresh embryo transfer group was
signi�cantly higher than that in the frozen embryo transfer group (92.3% vs.50%, P = 0.0001), especially the structural abnormality (46.2% vs. 15.4%, P = 
0.016).

Conclusion
Chromosomal abnormality is the main cause of spontaneous abortion, whether in SP or in ART patients. The incidence of structural abnormalities in
miscarried POCs from ART patients was signi�cantly increased and fresh cycles had higher frequency of chromosomal abnormalities than the frozen cycles,
hints us that “freezing all” should be considered in the process of assisted reproduction if encountered hyper ovarian stimulation, to avoid the negative effect
of high estrogen environment on embryo development.

Background
The incidence of spontaneous abortion is about 10–15% of clinically recognized pregnancies [1], primarily during the �rst trimester. It is estimated that
approximately 1–5% of women will experience two or more consecutive miscarriages [2–4]. The main causes of spontaneous abortion include: chromosomal
abnormality, uterine factors (including congenital uterine malformation, intrauterine adhesions, uterine �broids, etc.), endocrine disorders, autoimmune
diseases, infections, hypercoagulation, environmental factors, sperm factors and unexplained factors. Chromosomal abnormality is the most important cause
of spontaneous abortion in early pregnancy [5–10] and 8–10% of intrauterine fetal death occurring in the second or third trimester are still caused by fetal
chromosomal abnormalities [11, 12], indicating the importance of karyotype analysis of miscarried products of conception (POCs).

The types of chromosomal abnormalities include numerical abnormalities and structural abnormalities. The majority of chromosomal abnormalities are
numerical abnormalities in spontaneous abortion, and the most common chromosomal abnormality is trisomy 16 [13–15]. Chromosomal structural
abnormalities account for about 6–10%, including translocation, inversion, deletion, duplication, etc. and chromosomal chimerism accounts for 8% [16].
Accurate cytogenetic identi�cation of a pregnancy loss can provide important information for reproductive counseling [17, 18]. In addition, among patients
without chromosomally abnormal fetuses, the treatment should focus on other factors that in�uence the ongoing pregnancy, such as intrauterine
malformations and endocrine diseases.

Next-generation sequencing (NGS) is a breakthrough technology that has the advantages of high accuracy, higher throughput, and lower cost [19, 20].
Moreover, NGS can identify more mosaicisms and triploidy than the conventional techniques [20, 21]. Given the usefulness of NGS in detecting chromosomal
abnormalities, it was used to detect the chromosomes of 129 miscarried POCs from spontaneous pregnancy and assisted reproductive technology in this
study, so as to assess whether assisted reproductive technologies and embryo transfer strategies can affect chromosomal abnormalities in miscarried POCs.

Methods
Subjects and sample collection

This was a retrospective study conducted at the Department of reproductive center, Renmin Hospital of Wuhan University from March 2019 to March 2021.
Women age between 20-45 years who suffered from spontaneous pregnancy loss and consented to determine the possible genetic anomalies were enrolled.
All the patients signed informed consent forms. The study was approved by the medical ethics committee of Renmin Hospital of Wuhan University. All the
original data were deposited in our repository.
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Chorionic villi or fetal tissues were separated and collected from POCs that ended in miscarriages. Saliva was collected from all pregnant women for
comparison to exclude maternal cell contamination. Samples were sent to Suzhou Yikang Genomics Co., Ltd., for detecting using the NextSeq CN500 platform
(Illumina Inc.).

Groups

Subjects were divided into assisted reproductive technology (ART) group (N=81) and spontaneous pregnancy (SP) group (N=48). Then further divided into the
subgroups according to the age (<35 years and ≥35 years), fertilization method (in vitro fertilization, IVF and intracytoplasmic sperm injection, ICSI) and type
of embryo transfer (fresh embryo and frozen embryo). 

De�nitions

If the abortion occurs at gestational age <12 weeks, it is classi�ed as the early abortion, and if the abortion occurs at gestational age between 12 and 28
weeks, it is classi�ed as the late abortion. 

Recurrent miscarriage is de�ned as spontaneous pregnancy loss occurs at least twice.

Statistical analysis

SPSS 23.0 statistical software was used to analyze the results. The enumeration data were expressed as frequency and percentage (%). The chi-square test or
the Fisher’s exact test were used according to the sample size and prediction frequency. P<0.05 was considered as statistically signi�cant difference. 

Results

Characterization of chromosomal anomalies
Among the 129 cases, 84 cases presented various chromosomal abnormalities. The detected variants were categorized as numerical abnormalities (46.5%)
and structural abnormalities (18.6%). Furthermore, numerical abnormalities were mainly trisomy, trisomy 16 and trisomy 22 were the most common. Structural
abnormalities included microdeletion (45.8%), microduplication (41.7%) and the coexistence of microdeletion and microduplication (12.5%). The details were
in Fig. 1.

Frequency of chromosomal abnormality according to the type of pregnancy loss

38.3% of the patients in the ART group were recurrent miscarriage, and 56.3% of the patients in the SP group were recurrent miscarriage. There was a
signi�cant difference between the two groups (P = 0.047). Both ART group and SP group were mainly early abortion without signi�cant difference (88.8% vs.
87.2%, P = 0.798). There was no signi�cant difference in the rate of visible fetal heart before abortion between the ART group and the SP group (63.7% vs.
47.7%, P = 0.084). There was no signi�cant difference in the frequency of chromosomal abnormalities between the ART group and the SP group (63.0% vs.
68.8%, P = 0.505), but there was signi�cant difference in the types of embryo abnormalities between the ART group and the SP group (P = 0.02). The rate of
chromosomal numerical abnormalities was 38.3% and the rate of chromosomal structural abnormalities was 24.7% in the ART group. In the SP group, 60.4%
women had numerical abnormalities and 8.3% women had structural abnormalities among which the microdeletion was 50% and the coexistence of
microdeletion and microduplication was 50%. While the proportion of microdeletion and microduplication in ART group was similar (45% and 50%). (Table 1)
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Table 1
The comparisons of clinical characteristics

    Type of pregnancy   Maternal age (years)   Type of fertilization   Type of embryo

    SP ART P < 35 ≥ 35 P IVF ICSI P Fresh
embryo
transfer

Fro
em
tra

History of
pregnancy
loss

Sporadic 21(43.8%) 50(61.7%) 0.047 57(58.8%) 14(43.8%) 0.139 34(65.4%) 12(66.7%) 0.921 17(65.4%) 32

Recurrent 27(56.3%) 31(38.3%)   40(41.2%) 18(56.3%)   18(34.6%) 6(33.3%)   9(34.6%) 20

Gestational
age (weeks)

< 12 41(87.2%) 71(88.8%) 0.798 83(87.4%) 29(90.6%) 0.859 45(88.2%) 18(100%) 0.3 23(92%) 47

≥ 12 6(12.8%) 9(11.3%)   12(12.6%) 3(9.4%)   6(11.8%) 0   2(8%) 5(9

Fetal heart
beat

Yes 21(47.7%) 51(63.7%) 0.084 53(56.4%) 19(63.3%) 0.502 37(71.2%) 9(50%) 0.103 19(73.1%) 30

No 23(52.3%) 29(36.3%)   41(43.6%) 11(36.7%)   15(28.8%) 9(50%)   7(26.9%) 21

Abnormality
of
chromosomes

Yes 33(68.8%) 51(63%) 0.505 61(62.9%) 23(71.9%) 0.355 34(65.4%) 10(55.6%) 0.457 24(92.3%) 26

No 15
(31.3%)

30 (37%)   36
(37.1%)

9 (28.1%)   18
(34.6%)

8 (44.4%)   2 (7.7%) 26

Type of
chromosomal
abnormality

No 15
(31.3%)

30 (37%) 0.02 36
(37.1%)

9 (28.1%) 0.025 18
(34.6%)

8 (44.4%) 0.674 2 (7.7%) 26

Structural 4 (8.3%) 20
(24.7%)

  22
(22.7%)

2 (6.3%)   14
(26.9%)

5 (27.8%)   12
(46.2%)

8 (

Numerical 29
(60.4%)

31
(38.3%)

  39
(40.2%)

21
(65.6%)

  20
(38.5%)

5 (27.8%)   12
(46.2%)

18
(34

Type of
structural
abnormality

Del 2(50%) 9(45%) 0.025 11(50%) 0 0.153 4(28.6%) 4(80%) 0.004 3(25%) 6(7

Dup 0(0%) 10(50%)   8(36.4%) 2(100%)   10(71.4%) 0   8(66.7%) 2(2

Del and
Dup

2(50%) 1(5%)   3(13.6%) 0   0 1(20%)   1(8.3%) 0

Data were expressed as frequency and percentage (%). The chi-square test or the Fisher’s exact test were used according to the sample size and prediction fre
was considered as statistically signi�cant difference.

SP: spontaneous pregnancy; ART: assisted reproductive technology; IVF: in vitro fertilization; ICSI: intracytoplasmic sperm injection; Del: deletion; Dup: duplica

Frequency of chromosomal abnormality according to the type of fertilization

The incidence of recurrent miscarriage was comparable in the IVF (N = 52) and ICSI (N = 18) subgroups (32.7% vs.33.3%, P = 0.96). The frequency of visible
fetal heart before abortion was higher in the IVF subgroup than in the ICSI subgroup without signi�cant difference (71.2% vs. 50%, P = 0.103). There was no
signi�cant difference in the rate of chromosomal abnormalities between IVF and ICSI subgroups (65.4% vs.55.6%, P = 0.457). The incidence of numerical
abnormality and structural abnormality were 38.5% and 26.9% respectively in IVF subgroup. The incidence of numerical abnormality and structural
abnormality were both 27.8% in the ICSI subgroup. However, there was a signi�cant difference in the composition ratio of structural abnormality between the
IVF subgroup and the ICSI subgroup (microdeletion 28.6% vs. 80%, P = 0.013). (Table 1)

Frequency of chromosomal abnormality according to the type of embryo transfer

The incidence of recurrent miscarriage was comparable in the fresh embryo transfer group (N = 26) and the frozen embryo transfer group (N = 52) (34.6% vs.
36.5%, P = 0.867). Early abortion was predominant in both groups (92% vs. 90.4%, P = 1). There was no signi�cant difference in the rate of visible fetal heart
before abortion between the two groups (73.1% vs. 58.8%, P = 0.219). The rate of chromosomal abnormality was signi�cantly higher in the fresh embryo
transfer group than that in the frozen embryo transfer group (92.3% vs.50%, P = 0.0001), and there was a signi�cant difference in the type of embryo
abnormality between the two groups (P = 0.016). The rate of numerical and structural abnormalities was both 46.2% in the fresh embryo transfer group. The
ratio of numerical and structural abnormalities was 34.6% and 15.4% respectively in the frozen embryo transfer group. The main structural abnormality was
microduplication in fresh embryo transfer group (66.7%), while that was microdeletion in frozen embryo transfer group (75%). (Table 1)

The Correlations Between Miscarriage Frequency And Chromosomal Abnormality
There was no signi�cant difference in the rate of chromosomal abnormalities between patients with sporadic miscarriage and recurrent miscarriage (66.7%
vs. 63.2%, P = 0.678), and the rate of chromosomal abnormalities was not correlated with the frequency of abortion (OR = 0.765, 95% CI [0.534, 1.096], P = 
0.144). (Table 1)

Age-strati�ed Analysis Of Sp And Art Groups
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There was no signi�cant difference in the rate of chromosomal abnormalities between patients aged < 35 years (N = 97) and patients aged ≥ 35 years (N = 32)
(62.9% vs. 71.9%, P = 0.355). Early abortion was predominant in both subgroups strati�ed by age, and there was no signi�cant difference in the rate of visible
fetal heart before abortion between the two subgroups. Among patients aged < 35 years, the incidence of recurrent miscarriage was signi�cantly lower in the
ART group than that in the SP group (28.1% vs. 57.5%, P = 0.004) and there were signi�cant differences in the types of fetal abnormalities between the ART
group and the SP group (P = 0.006). In the ART group, the rate of numerical abnormality was 28.1% and the rate of structural abnormality was 31.6%. In SP
group, the rate of numerical abnormality was 57.5% and the rate of structural abnormality was 10% among which the microdeletion was 50% and the
coexistence of microdeletion and microduplication was 50%. While the proportion of microdeletion and microduplication in ART group was comparable (50%
and 44.4%). Among patients aged ≥ 35 years, the incidence of recurrent miscarriage was comparable in the ART group and the SP group (58.3% vs. 50%, P = 
0.703). The chromosomal abnormalities were mainly numerical variants. There was no signi�cant difference in the types of fetal abnormalities between the
ART group and the SP group (P = 0.655). (Table 2)

Table 2
The comparisons of clinical characteristics between SP and ART strati�ed by age

Maternal age   < 35   ≥ 35  

    SP ART P SP ART P

History of pregnancy loss Sporadic 17(42.5%) 40(70.2%) 0.006 4(50%) 10(41.7%) 0.703

Recurrent 23(57.5%) 17(29.8%)   4(50%) 14(58.3%)  

Gestational age (weeks) < 12 33(84.6%) 50(89.3%) 0.719 8(100%) 21(87.5%) 0.555

≥ 12 6(15.4%) 6(10.7%)   0 3(12.5%)  

Fetal heart beat Yes 17(45.9%) 36(63.2%) 0.1 4(57.1%) 15(65.2%) 1

No 20(54.1%) 21(36.8%)   3(42.9%) 8(34.8%)  

Abnormality of chromosomes Yes 27(67.5%) 34(59.6%) 0.431 6(75%) 17(70.8%) 1

No 13(32.5%) 23(40.4%)   2(25%) 7(29.2%)  

Type of chromosomal abnormality No 13(32.5%) 23(40.4%) 0.006 2(25%) 7(29.2%) 0.515

Structural 4(10%) 18(31.6%)   0 2(8.3%)  

Numerical 23(57.5%) 16(28.1%)   6(75%) 15(62.5%)  

Type of structural abnormality Del 2(50%) 9(50%) 0.037 0 0  

Dup 0 8(44.4%)   0 2  

Del and Dup 2(50%) 1(5.6%)   0 0  

Data were expressed as frequency and percentage (%). The chi-square test or the Fisher’s exact test were used according to the sample size and prediction
frequency. P < 0.05 was considered as statistically signi�cant difference.

SP: spontaneous pregnancy; ART: assisted reproductive technology; Del: deletion; Dup: duplication

Discussion
The pathogenesis of spontaneous abortion is very complex, among which chromosomal abnormality is considered to be the main cause [18, 22]. Abortion
brings great physical and mental burden to pregnant women, especially those who have multiple spontaneous abortions, and their families have an urgent
need for diagnosis of the causes of abortion. Analysis of the possible causes of fetal chromosomal abnormalities is important to provide guidance in
assessing the risk of recurrent miscarriage and in choosing subsequent fertility strategies. Previous studies have shown that more than 80% of miscarriages
occur within 12 weeks of gestation, and chromosomal numerical abnormality is the most important cause of early abortion, accounting for about 50% [4, 5, 7,
23, 24]. In this study, early abortion accounted for 88.2%, and the abnormal rate was 67.9% in the early abortion, which was mainly due to chromosomal
numerical abnormality (50%), consistent with previous research results. The results of this study showed that the abnormal rate of miscarried POCs was
65.1%, which con�rmed that chromosomal abnormalities were indeed the main cause of spontaneous abortion. Trisomy abnormalities were the main
chromosomal abnormalities, in which chromosome 16 and 22 were the most common, and the incidence of X monomer was the highest in the haplotype,
which was consistent with the previous reports [10, 25, 26].

The results of cytogenetic analysis for sporadic and recurrent miscarriages are inconsistent. Some of the studies suggested that there was no difference in the
rate of abnormal chromosomal karyotype between sporadic and recurrent miscarriages [23, 27–29]. However, Ogasawara et al. [30] and Sullivan et al. [31]
described decreased rates of chromosomal abnormalities in recurrent abortion. From our data, in overall, the chromosomal abnormality rate was no difference
between sporadic and recurrent miscarriages (66.7% vs. 63.2%, P = 0.678). There was also no correlation between the rate of chromosomal abnormalities and
the frequency of miscarriages. However, the incidence of chromosomal structural abnormalities was signi�cantly higher in sporadic miscarriage than recurrent
miscarriage (29.2% vs. 5.3%, P = 0.002). Most samples of sporadic miscarriages were from ART patients, which was consistent with the proportion of
chromosomal abnormality in ART group.
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Does ART increase the incidence of chromosomal abnormalities in embryos? A number of studies had compared and analyzed the incidence of chromosomal
abnormalities in villi of aborted fetus during ART and SP, and found that there was no statistically signi�cant difference in the abnormal rate between the two
groups [32–35]. But this does not mean that ART technology has no impact on embryo chromosomal abnormalities. The results of this study suggested that
although there was no signi�cant difference in the rate of chromosomal abnormalities between the ART group and the SP group, there were signi�cant
differences in the types of embryo abnormalities between the two groups. The incidence of chromosomal structural abnormalities was signi�cantly higher in
the ART group than that in the SP group. The SP group was predominated by chromosomal numerical abnormalities. On this basis, we further analyzed the
possible in�uencing factors of ART conception, such as fertilization and embryo transfer strategies. Although the ICSI fertilization has been reported to cause
a higher incidence of aneuploidy than IVF [36], most studies have shown that ICSI may not contribute to an increase in the aneuploidy rate in miscarried POCs
[25, 35, 37, 38]. In our study, the fertilization method (IVF and ICSI) was also found to be not signi�cantly associated with embryonic chromosomal
abnormality in the POCs. However, there was a signi�cant difference in the ratio of chromosomal structural abnormalities between the two groups, with the
majority of microduplication (71.4%) in the IVF subgroup and the majority of microdeletion (80%) in the ICSI subgroup. The incidence of visible fetal heart
before abortion was higher in the IVF subgroup than in the ICSI subgroup. This hints that the effects of ICSI fertilization may appear earlier on the
development of embryos.

A recently retrospective study included the miscarried tissues of 720 patients underwent IVF/ICSI found that frozen embryo transfer was associated with
decreased frequencies of embryonic chromosomal abnormalities in miscarried POCs [25]. Our result is consistent with it. The rate of chromosomal
abnormality in fresh embryo transfer group was signi�cantly higher than that in frozen embryo transfer group (92.3% vs.50%), and the types of embryo
abnormality were also signi�cantly different. The variants of fresh embryos were mainly microduplication, while the variants of frozen embryos were mainly
microdeletion. On one hand, it may be related to the relatively better endometrial receptivity during frozen embryo transfer cycle [39]. Since endometrial
exposure to excessive ovarian stimulation could lead to an alteration in endometrial gene pro�le expression and histological and structural abnormalities [40–
43], an e�cacious embryo selection by the endometrium in frozen embryo transfer cycles may reduce the possibility of poor-quality embryo implantation,
thus, reducing the chance of miscarriage with chromosomal abnormalities. On the other hand, embryo cryopreservation may temper the epigenetic alterations
induced by assisted reproductive technologies [44]. In addition, the self-repair of embryos after freezing and thawing may also be the reason for the decrease
of chromosomal abnormality rate in frozen embryo transfer group. Further research is needed to unveil the underlying mechanisms involved in different
embryo transfer cycles.

Age is a generally acknowledged factor that affects aneuploidy in the embryo or miscarriage of the conceptus [27]. Several studies have demonstrated that
pregnancy loss in women over 35 years of age is associated with a higher chromosomal aneuploid rate [23, 45, 46]. Fan et al. [18] have analyzed a total of
1010 miscarriage specimens and found that the group with advanced maternal age displayed a signi�cantly higher frequency of overall chromosomal
variants and aneuploidy whatever spontaneous or recurrent miscarriage cases. Kushnir et al. [38] found that the incidence of chromosomal numeric
abnormalities in both IVF and ICSI aborted embryos increased with the age of the mother. In this study, there was no signi�cant difference in the rate of
chromosomal abnormalities between patients aged < 35 years and ≥ 35 years. However, there were signi�cant differences in the types of fetal abnormalities
between the ART group and the SP group < 35 years. The rates of numeric and structural abnormalities were 28.1% and 31.6% respectively in the ART group,
and 57.5% and 10% in the SP group, respectively. Embryo abnormalities in patients aged ≥ 35 years were mainly chromosomal numeric abnormalities which
was consistent with Fan et al. [18], and no signi�cant difference was found between ART group and SP group. This might be related to the decreased ovarian
function and egg quality in these patients, which leads to the abnormal separation and replication of chromosomes in gametes or fertilized eggs during early
cleavage [27].

There are several limitations in this study. First, due to the small sample size, we could not continue the age-strati�ed analysis in fertilization method, embryo
transfer strategy. Second, this study was a retrospective design, thus, potential bias factors cannot be fully identi�ed and addressed.

Conclusions
Chromosomal abnormality is a major cause of spontaneous abortion. The incidence of structural abnormalities in miscarried POCs from ART patients was
signi�cantly increased and fresh cycles had higher frequency of chromosomal abnormalities than the frozen cycles, hints us that “freezing all” should be
considered in the process of assisted reproduction if encountered hyper ovarian stimulation, to avoid the negative effect of high estrogen environment on
embryo development. In addition, microdeletion is more prone to occur in ICSI fertilization than IVF fertilization which may provide important genetic
information for the analysis of the causes of spontaneous abortion.
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assisted reproductive technology; IVF:in vitro fertilization; ICSI:intracytoplasmic sperm injection; NGS:next-generation sequencing; POCs:products of
conception; SP:spontaneous pregnancy

Declarations
Acknowledgements

We are grateful to all study participants.

Authors’ contributions



Page 7/9

GJ: Data analysis, Manuscript writing; LQ: Data collection, Data analysis; WXC: Data collection, Data analysis; XQZ: Manuscript revising; ML: Project
development, Manuscript writing. All authors read and approved the �nal manuscript.

Funding

This study was supported by grants from the National Natural Science Foundation of China (81601248) and the Young Teachers Talent Fund of Wuhan
University (2042018kf0140). The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Availability of data and materials

The data that support the �ndings of this study are available from Electronic medical records of Renmin hospital of Wuhan University but restrictions apply to
the availability of these data, which were used under license for the current study, and so are not publicly available. Data are however available from the
authors upon reasonable request and with permission of Renmin hospital of Wuhan University.

Ethics approval and consent to participate

All procedures performed in the study involving human participants were in accordance with the ethical standards of the institutional and/or national research
committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. The study was approved by the ethics
committee of Renmin Hospital of Wuhan University.

Consent for publication

Not applicable.

Competing interests

The authors declare that they have no con�ict of interest.

References
1. Wilcox AJ, Weinberg CR, O'Connor JF, Baird DD, Schlatterer JP, Can�eld RE, Armstrong EG, Nisula BC: Incidence of early loss of pregnancy. N Engl J Med

1988, 319(4):189–194.

2. Evaluation and treatment of recurrent pregnancy loss: a committee opinion. FERTIL STERIL 2012, 98(5):1103–1111.

3. Stirrat GM: Recurrent miscarriage. LANCET 1990, 336(8716):673–675.

4. Rai R, Regan L: Recurrent miscarriage. LANCET 2006, 368(9535):601–611.

5. Hassold T, Chen N, Funkhouser J, Jooss T, Manuel B, Matsuura J, Matsuyama A, Wilson C, Yamane JA, Jacobs PA: A cytogenetic study of 1000
spontaneous abortions. ANN HUM GENET 1980, 44(2):151–178.

�. Goddijn M, Leschot NJ: Genetic aspects of miscarriage. Baillieres Best Pract Res Clin Obstet Gynaecol 2000, 14(5):855–865.

7. van den Berg MM, van Maarle MC, van Wely M, Goddijn M: Genetics of early miscarriage. Biochim Biophys Acta 2012, 1822(12):1951–1959.

�. Pylyp LY, Spynenko LO, Verhoglyad NV, Mishenko AO, Mykytenko DO, Zukin VD: Chromosomal abnormalities in products of conception of �rst-trimester
miscarriages detected by conventional cytogenetic analysis: a review of 1000 cases. J Assist Reprod Genet 2018, 35(2):265–271.

9. Petracchi F, Colaci DS, Igarzabal L, Gadow E: Cytogenetic analysis of �rst trimester pregnancy loss. Int J Gynaecol Obstet 2009, 104(3):243–244.

10. Shen J, Wu W, Gao C, Ochin H, Qu D, Xie J, Gao L, Zhou Y, Cui Y, Liu J: Chromosomal copy number analysis on chorionic villus samples from early
spontaneous miscarriages by high throughput genetic technology. MOL CYTOGENET 2016, 9:7.

11. Reddy UM, Page GP, Saade GR, Silver RM, Thorsten VR, Parker CB, Pinar H, Willinger M, Stoll BJ, Heim-Hall J et al: Karyotype versus microarray testing for
genetic abnormalities after stillbirth. N Engl J Med 2012, 367(23):2185–2193.

12. Reddy UM, Page GP, Saade GR: The role of DNA microarrays in the evaluation of fetal death. Prenat Diagn 2012, 32(4):371–375.

13. Stephenson MD, Awartani KA, Robinson WP: Cytogenetic analysis of miscarriages from couples with recurrent miscarriage: a case-control study. HUM
REPROD 2002, 17(2):446–451.

14. Kalousek DK, Pantzar T, Tsai M, Paradice B: Early spontaneous abortion: morphologic and karyotypic �ndings in 3,912 cases. Birth Defects Orig Artic Ser
1993, 29(1):53–61.

15. Wang BT, Chong TP, Boyar FZ, Kopita KA, Ross LP, El-Naggar MM, Sahoo T, Wang JC, Hemmat M, Haddadin MH et al: Abnormalities in spontaneous
abortions detected by G-banding and chromosomal microarray analysis (CMA) at a national reference laboratory. MOL CYTOGENET 2014, 7:33.

1�. Shearer BM, Thorland EC, Carlson AW, Jalal SM, Ketterling RP: Re�ex �uorescent in situ hybridization testing for unsuccessful product of conception
cultures: a retrospective analysis of 5555 samples attempted by conventional cytogenetics and �uorescent in situ hybridization. GENET MED 2011,
13(6):545–552.

17. Menasha J, Levy B, Hirschhorn K, Kardon NB: Incidence and spectrum of chromosome abnormalities in spontaneous abortions: new insights from a 12-
year study. GENET MED 2005, 7(4):251–263.

1�. Fan L, Wu J, Wu Y, Shi X, Xin X, Li S, Zeng W, Deng D, Feng L, Chen S et al: Analysis of Chromosomal Copy Number in First-Trimester Pregnancy Loss
Using Next-Generation Sequencing. FRONT GENET 2020, 11:545856.



Page 8/9

19. Korbel JO, Urban AE, Affourtit JP, Godwin B, Grubert F, Simons JF, Kim PM, Palejev D, Carriero NJ, Du L et al: Paired-end mapping reveals extensive
structural variation in the human genome. SCIENCE 2007, 318(5849):420–426.

20. Maxwell SM, Colls P, Hodes-Wertz B, McCulloh DH, McCaffrey C, Wells D, Munne S, Grifo JA: Why do euploid embryos miscarry? A case-control study
comparing the rate of aneuploidy within presumed euploid embryos that resulted in miscarriage or live birth using next-generation sequencing. FERTIL
STERIL 2016, 106(6):1414–1419.

21. Sahoo T, Dzidic N, Strecker MN, Commander S, Travis MK, Doherty C, Tyson RW, Mendoza AE, Stephenson M, Dise CA et al: Comprehensive genetic
analysis of pregnancy loss by chromosomal microarrays: outcomes, bene�ts, and challenges. GENET MED 2017, 19(1):83–89.

22. Goddijn M, Leschot NJ: Genetic aspects of miscarriage. Baillieres Best Pract Res Clin Obstet Gynaecol 2000, 14(5):855–865.

23. Gu C, Li K, Li R, Li L, Li X, Dai X, He Y: Chromosomal Aneuploidy Associated With Clinical Characteristics of Pregnancy Loss. FRONT GENET 2021,
12:667697.

24. Byrne JL, Ward K: Genetic factors in recurrent abortion. CLIN OBSTET GYNECOL 1994, 37(3):693–704.

25. Li J, Zhang F, Sun B, Dai S, Yang Q, Hu L, Shi H, Xu J, Niu W, Guo Y: Lower chromosomal abnormality frequencies in miscarried conceptuses from frozen
blastocyst transfers in ART. HUM REPROD 2021, 36(4):1146–1156.

2�. Babariya D, Fragouli E, Alfarawati S, Spath K, Wells D: The incidence and origin of segmental aneuploidy in human oocytes and preimplantation embryos.
HUM REPROD 2017, 32(12):2549–2560.

27. Grande M, Borrell A, Garcia-Posada R, Borobio V, Munoz M, Creus M, Soler A, Sanchez A, Balasch J: The effect of maternal age on chromosomal anomaly
rate and spectrum in recurrent miscarriage. HUM REPROD 2012, 27(10):3109–3117.

2�. Coulam CB, Stephenson M, Stern JJ, Clark DA: Immunotherapy for recurrent pregnancy loss: analysis of results from clinical trials. AM J REPROD
IMMUNOL 1996, 35(4):352–359.

29. Stephenson MD, Awartani KA, Robinson WP: Cytogenetic analysis of miscarriages from couples with recurrent miscarriage: a case-control study. HUM
REPROD 2002, 17(2):446–451.

30. Ogasawara M, Aoki K, Okada S, Suzumori K: Embryonic karyotype of abortuses in relation to the number of previous miscarriages. FERTIL STERIL 2000,
73(2):300–304.

31. Sullivan AE, Silver RM, LaCoursiere DY, Porter TF, Branch DW: Recurrent fetal aneuploidy and recurrent miscarriage. OBSTET GYNECOL 2004, 104(4):784–
788.

32. Kim JW, Lee WS, Yoon TK, Seok HH, Cho JH, Kim YS, Lyu SW, Shim SH: Chromosomal abnormalities in spontaneous abortion after assisted reproductive
treatment. BMC MED GENET 2010, 11:153.

33. Steer C, Campbell S, Davies M, Mason B, Collins W: Spontaneous abortion rates after natural and assisted conception. BMJ 1989, 299(6711):1317–1318.

34. Martinez MC, Mendez C, Ferro J, Nicolas M, Serra V, Landeras J: Cytogenetic analysis of early nonviable pregnancies after assisted reproduction
treatment. FERTIL STERIL 2010, 93(1):289–292.

35. Bettio D, Venci A, Levi SP: Chromosomal abnormalities in miscarriages after different assisted reproduction procedures. PLACENTA 2008, 29 Suppl
B:126–128.

3�. Lathi RB, Milki AA: Rate of aneuploidy in miscarriages following in vitro fertilization and intracytoplasmic sperm injection. FERTIL STERIL 2004,
81(5):1270–1272.

37. Ma S, Philipp T, Zhao Y, Stetten G, Robinson WP, Kalousek D: Frequency of chromosomal abnormalities in spontaneous abortions derived from
intracytoplasmic sperm injection compared with those from in vitro fertilization. FERTIL STERIL 2006, 85(1):236–239.

3�. Kushnir VA, Frattarelli JL: Aneuploidy in abortuses following IVF and ICSI. J Assist Reprod Genet 2009, 26(2–3):93–97.

39. Shapiro BS, Daneshmand ST, Garner FC, Aguirre M, Hudson C, Thomas S: Evidence of impaired endometrial receptivity after ovarian stimulation for in
vitro fertilization: a prospective randomized trial comparing fresh and frozen-thawed embryo transfer in normal responders. FERTIL STERIL 2011,
96(2):344–348.

40. Basir GS, O WS, Ng EH, Ho PC: Morphometric analysis of peri-implantation endometrium in patients having excessively high oestradiol concentrations
after ovarian stimulation. HUM REPROD 2001, 16(3):435–440.

41. Bourgain C, Devroey P: The endometrium in stimulated cycles for IVF. HUM REPROD UPDATE 2003, 9(6):515–522.

42. Mirkin S, Nikas G, Hsiu JG, Diaz J, Oehninger S: Gene expression pro�les and structural/functional features of the peri-implantation endometrium in
natural and gonadotropin-stimulated cycles. J Clin Endocrinol Metab 2004, 89(11):5742–5752.

43. Horcajadas JA, Riesewijk A, Polman J, van Os R, Pellicer A, Mosselman S, Simon C: Effect of controlled ovarian hyperstimulation in IVF on endometrial
gene expression pro�les. MOL HUM REPROD 2005, 11(3):195–205.

44. Scelfo A, Fachinetti D: Keeping the Centromere under Control: A Promising Role for DNA Methylation. CELLS-BASEL 2019, 8(8).

45. Eiben B, Bartels I, Bahr-Porsch S, Borgmann S, Gatz G, Gellert G, Goebel R, Hammans W, Hentemann M, Osmers R et al: Cytogenetic analysis of 750
spontaneous abortions with the direct-preparation method of chorionic villi and its implications for studying genetic causes of pregnancy wastage. AM J
HUM GENET 1990, 47(4):656–663.

4�. Ozawa N, Ogawa K, Sasaki A, Mitsui M, Wada S, Sago H: Maternal age, history of miscarriage, and embryonic/fetal size are associated with cytogenetic
results of spontaneous early miscarriages. J Assist Reprod Genet 2019, 36(4):749–757.

Figures



Page 9/9

Figure 1

Incidence and distribution of chromosomal anomalies. The abnormal rate of chromosomes (A) and the type and number of cases of chromosomal anomalies
(B). T: trisomy; Del: deletion; Dup: duplication


