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ORIGINAL ARTICLE
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ABSTRACT
Objective: To evaluate the difference between chromosomal abnormalities between the gender
of couples affected by Recurrent miscarriage (RM) and if there is an association between previ-
ous obstetric history and chromosomal abnormalities of the parents.
Methods: Multicenter, retrospective, observational study from seven different RM clinics
between 2006 and 2016. We enrolled 707 couples (1014 participants) with a history of RM. We
compared the frequency of chromosomal abnormalities between groups of couples with pri-
mary and secondary RM and separated between women and their partners. Furthermore, we
compared the prevalence of chromosomal abnormalities between groups based on the number
of previous spontaneous abortions.
Results: The overall prevalence of all cytogenetic abnormalities was 5.59% (n¼ 1414, women
and their partners). Excluding cases of polymorphism and inversion of chromosome 9, which are
considered variants of normality, the prevalence in all individuals was 2.26% (n¼ 32/1414). The
comparative analysis of cases of chromosomal abnormalities among couples with primary and
secondary RM based on the number of previous miscarriages (PM) revealed a similar frequency
between groups. The statistical analysis of the total cases (primary PMþ secondary PM) in these
three groups were as follows: (a) couple, 2 pm versus 3 pm vs. �4 PM, p¼ .514; (b) women,
2 pm versus 3 pm vs. �4 PM, p¼ .347; and (3) partner, 2 pm versus 3 pm vs. �4 PM, p¼ .959.
Chromosomal abnormalities were significantly more prevalent among women than among their
partners (6.9 versus 4.2%; p¼ .027). Moreover, the distribution of leading chromosomal abnor-
malities among women was different compared with their partners. Among women, we
observed these abnormalities in the following frequency order: mosaicism (38.8%), polymorph-
ism (32.6%), translocation (16.3%), and inversion (12.3%). Among their partners, these abnormal-
ities were polymorphism (73.3%), inversion (13.3%), mosaicism (6.7%), and translocation (6.7%).
Conclusion: The number of PM and the history of full-term pregnancy does not correlate with
an increase or decrease in the prevalence of cytogenetic abnormalities in couples with RM.
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Introduction

Recurrent miscarriage (RM) has been historically
defined by the World Health Organization (WHO) as
the occurrence of three or more spontaneous and con-
secutive gestational losses, each occurring until 20
weeks of gestational age [1]. However, this concept
has evolved over the years. The American Society for
Reproductive Medicine defined RM as two or more
spontaneous abortions, consecutive or nonconsecutive,
but with gestation proven ultrasonographically or

through histopathological examination [2]. In contrast,
the European Society for Human Reproduction and
Embryology and the Royal College of Obstetricians and
Gynaecologists defined RM as the occurrence of three
consecutive (not necessarily intrauterine) gestational
losses [3,4]. Thus, the International Committee for
Monitoring Assisted Reproductive Technology and the
WHO revised Glossary on ART Terminology to stand-
ardize concepts and proposed that RM should be
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defined as the occurrence of two or more spontaneous
abortions before the 20th week of clinical pregnancy,
not necessarily consecutive [5].

Typically, RM is categorized into primary RM, when
there are no previous pregnancies of >20 weeks, or
secondary RM, when multiple losses occur in a woman
who has already had a pregnancy beyond 20 gesta-
tional weeks, resulting in a live birth (more frequent),
stillbirth, or neonatal death [6]. Some studies reported
primary and secondary RM as a similar pathological
entity; however, others suggested that distinct groups
comprised different etiologies, proposing different
investigation, and therapy [6,7].

RM affects about 2–5% of couples in reproductive
age, with a current increasing trend in the incidence
[6]. Despite all technological advancements and novel
concepts, approximately 50% of the cases remain
without definite cause [6]. Some of the factors associ-
ated with RM are parental chromosomal abnormalities,
uterine anatomical abnormalities, hormonal disorders,
maternal obesity, and antiphospholipid syndrome.
However, other factors still lack further evidence,
including hereditary thrombophilia, chronic endometri-
tis, and alloimmune factors [6].

Parental chromosomal abnormalities represent a
well-established cause of RM, with the incidence rang-
ing between 2 and 13% [8,9]. These abnormalities can
be structural or numerical; although structural rear-
rangements are the leading chromosomal anomaly
among couples with RM [8,10], the screening with par-
ental karyotypes in RM couples remains debatable in
the literature [11–13].

To date, the best therapeutic approach for RM
couples with karyotype abnormalities awaits establish-
ment. The use of embryonic preimplantation genetic
diagnosis (PGD) did not elevate the rates of live
births in these couples [14,15]. Thus, a better under-
standing of the correlation between genetic factors
and RM is of high relevance and must answer some
questions [8,10,16]. The objective of this study is to
evaluate the difference between chromosomal abnor-
malities between the gender of couples affected by
RM and if there is an association between previous
obstetric history and chromosomal abnormalities of
the parents.

Materials and methods

In this multicenter, retrospective, observational study
conducted in seven Brazilian reproductive immun-
ology centers (cities of S~ao Paulo, Campinas, Rio de
Janeiro, Salvador, Porto Alegre, Recife, and Fortaleza)

between January 2006 and December 2016, we
reviewed the medical records of 707 couples with two
or more consecutive spontaneous abortions, with or
without previous gestation(s) of >20 weeks, and who
undertook genetic testing through a peripheral blood
G-banding karyotype.

In the karyotyping, the first step comprised the
preparation of lymphocyte cultures from the periph-
eral blood. The chromosome isolation technique
involved the disruption of the spindle fibers to inhibit
the cells from proceeding to the subsequent anaphase
stage. Then, we treated the cells with a hypotonic
solution and preserved them in their swollen state
with Carnoy’s fixative. Next, the cells were dropped on
the slides. G-banding involved trypsin treatment fol-
lowed by staining with Giemsa to create characteristic
light and dark bands [17]. Of note, 20 metaphases
were analyzed per case. However, in cases with sus-
pected mosaicism, this number was expanded to 100.

We classified the karyotypes in accordance with
the International System for Human Cytogenetic
Nomenclature. The images were acquired and analyzed
using BandView Software (Applied Spectral Imaging). We
reverified the results following international criteria of
assertiveness, tracking, and quality control [18]. In add-
ition, the frequency of chromosomal abnormalities was
compared between groups of couples with primary and
secondary RM and separated between women and their
partners. Furthermore, the prevalence of chromosomal
abnormalities was compared between groups according
to the number of previous spontaneous abortions.

The characteristics of the studied population were
described as a mean± standard deviation for continu-
ous variables, these were described as numbers and
percentages for categorical variables. In addition, com-
parisons between groups were performed using the
Mann-Whitney test, Kruskal–Wallis test, the Fisher’s
exact test, and the chi-squared test when appropriate.
We transferred data to an Excel 2007 worksheet
(Microsoft Corp, Redmond, WA) and used SPSS 20.0
software (SPSS Inc, Chicago, IL) for the statistical ana-
lysis. We considered p< .05 as statistically significant.
This study protocol was approved by a local ethics
committee (reference number 1.542.767).

Results

We analyzed the results of 1014 karyotypes (707
women and their 707 partners) from 707 couples with
a history of RM. The women’s age was 33.79 ± 4.8
years, with an obstetric history of 2.85 ± 1.1 previous
pregnancies, 0.16 ± 0.4 pregnancies that evolved at
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term and 2.68 ± 0.9 spontaneous abortions. Most
women (53.5%) had a history of two spontaneous
abortions, while 31.5% had three spontaneous abor-
tions, 15% had a history of four or more spontaneous
abortions (Table 1).

Of all cases, we classified 602 (85.1%) couples as pri-
mary RM. The maternal age, number of pregnancies,
and previous gestational losses were considerably
higher among couples with secondary RM. The number
of previous abortions (2.66 ±0.9 versus 2.80±1.1;
p¼ .162) and the percentage of couples with abnormal
karyotypes (10.6 versus 10.5%; p¼ .936) were similar
between the primary and secondary RM groups,
respectively (Table 1). Based on the number of previous
abortions, the prevalence of total cytogenetic aberra-
tions (women and their partners) between groups was
5.7% (43/756), 6.1% (27/446), and 4.2% (09/212) for
groups with two, three, and four or more previous mis-
carriages (PM), respectively. According to the number
of PM, the comparative analysis of cases of chromo-
somal abnormalities among couples with primary and
secondary RM revealed a similar frequency between
groups (Table 2). In addition, the findings of the statis-
tical analysis of the total cases (primaryþ secondary) in
the three groups were as follows: (a) couple, 2 pm ver-
sus 3 pm vs. �4PM, p¼ .514; (b) women, 2 pm versus
3 pm vs. �4PM, p¼ .347; and (c) partner, 2 pm versus
3 pm vs. �4PM, p¼ .959 (Table 2).

We considered the karyotypes abnormal (including
all anomalies) in 79 cases, with a total prevalence of

5.59% (n¼ 1414, women and their partners). Excluding
cases of polymorphism and inversion of chromosome
9, which are considered variants of normality, the
prevalence in all individuals was 2.26% (n¼ 32/1414).
In addition, we observed concurrent abnormalities in
both woman and their partner in four cases, two cou-
ples, in the group of 2 pm (one primary RM and one
secondary RM); one couple in the group of 3 pm (one
primary RM) and one couple in the group with �4 PM
(one primary RM). The prevalence of altered karyotype
pairs (only the woman, only the partner, or both)
was 10.6% (n¼ 75/707) among the 707 couples.
Furthermore, chromosomal abnormalities were signifi-
cantly more frequent among women than men
(49/707 cases [6.9%] versus 30/707 cases [4.2%],
respectively; p¼ .027; Table 2).

The leading chromosomal abnormalities among
women were mosaicism (19/49, 38.8%), polymorphism
(16/49, 32.6%), translocation (8/49, 16.3%), and inver-
sion (6/49, 12.3%). Among men, the leading karyotype
alteration was polymorphism (22/30, 73.3%), inversion
(4/30, 13.3%), mosaicism (2/30, 6.7%), and transloca-
tion (2/30, 6.7%; Table 3). The chromosome that pre-
sented a higher frequency of balanced translocation
was chromosome 8 (three cases), followed by one, 9,
11, 13, and 19 (all with two cases each). Furthermore,
cases of mosaicism mostly involved sex chromosomes,
except for two cases (one case among women and
another among their partners) in which the karyotype
identified a marker chromosome (mar) (Table 4).

Table 2. Cytogenetic abnormalities according to the number of previous miscarriages and obstetric history.

Variables

2 pm (n¼ 378) 3 pm (n¼ 223) �4 PM (n¼ 106)

Primary Secondary p Primary Secondary p Primary Secondary
p(n¼ 327) (n¼ 51) (n¼ 188) (n¼ 35) (n¼ 87) (n¼ 19)

Women, n (%) 24 (7.3) 03 (5.9) .70 13 (6.9) 05 (14.3) .14 03 (3.4) 01 (5.3) .70
Partners, n (%) 13 (4,0) 03 (5.9) .46 09 (4.8) 00 .36 05 (5.7) 00 .58
Couple, n (%) 36 (11.0) 05 (9.8) .79 21 (9.4) 05 (14.2) .59 07 (8.0) 01 (5.3) .67

Cytogenetics abnormalities were observed in four couples: two couples in the group of 2 pm (one primary RM and one secondary RM); one cou-
ple in the group of 3 pm (primary RM); one couple in the group with �4 PM (primary RM). Statistical analysis of total cases (primaryþ secon-
dary) in the three groups were as follows: (a) couple, 2 pm versus 3 pm vs. �4 PM, p¼ .514; (b) women, 2 pm versus 3 pm vs. �4 PM, p¼ .347;
and (c) partner, 2 pm versus 3 pm vs. �4 PM; p¼ .959.

Table 1. Demographic characteristics, obstetric history, and cytogenetic studies in the group of
patients based on their gestational outcomes.

Variable
All patients Primary RM Secondary RM

p(n¼ 707) (n¼ 602) (n¼ 105)

Female age, mean ± SD 33.79 ± 4.8 33.49 ± 4.8 35.52 ± 4.8 <.001
Number of pregnancies, mean ± SD 2.85 ± 1.1 2.67 ± 0.9 3.90 ± 1.1 <.001
Number of pregnancies carried to term, mean ± SD 0.16 ± 0.4 0 1.10 ± 0.3 <.001
Number of miscarriages, mean ± SD 2.68 ± 0.9 2.66 ± 0.9 2.80 ± 1.1 .162
2 pm, n (%) 378 (53.5) 327 (54.3) 51 (48.6) .275
3 pm, n (%) 223 (31.5) 188 (31.2) 35 (33.3) .668
�4 PM, n (%) 106 (15.0) 87 (14.5) 19 (18.1) .334
Women abnormal karyotype, n (%) 49 (6.9) 40 (6.6) 09 (8.6) .473
Partners abnormal karyotype, n (%) 30 (4.2) 27 (4.5) 03 (2.9) .603
Couple abnormal karyotype, n (%) 75 (10.6) 64 (10.6) 11 (10.5) .936

PM: previous miscarriage; RM: recurrent miscarriage; SD: standard deviation.
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Discussion

The correlation between chromosomal abnormalities
and high prevalence of RM is well-established; hereby,
couples’ cytogenetic analysis is part of almost all the
protocols of clinical investigation of RM worldwide
[11,19,20]. Of note, the prevalence of cytogenetic
abnormalities in couples with RM is variable in the
literature, ranging from 1 to 7% [8]. Perhaps, this vari-
ation in the prevalence depends on the population
studied, inclusion criteria, and cytogenetic findings
considered altered [8,21,22].

Structural chromosome abnormalities, especially bal-
anced translocations, are more frequently described in
couples facing RM. Moreover, Robertsonian transloca-
tions, mosaicisms, and inversions are frequent. While
the prevalence of structural abnormalities varies from 1
to 6%, numerical aberrations range from 0.4–2%
[8,23–25]. Although polymorphic variations are
described more frequently in this group of women, no
consensus exists about their actual participation in
mechanisms of gestational loss [25,26].

The number of PM does not correlate with an
increase or decrease in the prevalence of cytogenetic
abnormalities in our analysis; 5.7, 6.1, and 4.2% for
groups with two, three, and four or more PM, respect-
ively. Likewise, Elghezal et al. did not establish a cor-
relation between the number of previous abortions
and the prevalence of cytogenetic abnormalities in a
group of 1400 couples with three or more recurrent
abortions; 6.3% (45/1432) and 3.8% (52/1368) for cou-
ples with three pm and four or more PM, respectively
[16]. Furthermore, Tunç et al. did not establish a cor-
relation between the number of PM and the incidence
of cytogenetic alterations. A study of 1510 RM couples
reported the incidence of 3, 3, 7, and 7% of chromo-
somal abnormalities in couples with a history two,
three, four, or five or more PM, respectively [23].

According to the history of term gestation before
the evaluation (primary or secondary RM), cytogenetic
abnormalities were similar between the groups. To
date, a few authors have compared the frequency of
cytogenetic abnormalities in primary and secondary

Table 3. Cytogenetic abnormalities according to the gender, number of previous miscarriage, and obstetric history.

Results

Women karyotypes Partners karyotypes

pAll (n¼ 49) Primary (n¼ 40) Secondary (n¼ 09) All (n¼ 30) Primary (n¼ 27) Secondary (n¼ 3)

Mosaicism, n (%) 19 (38.8) 16 (40.0) 03 (33.3) 02 (6.7) 02 (7.4) 00 (0) .001
Translocation, n (%) 08 (16.3) 06 [15] 02 (22.3) 02 (6.7) 02 (7.4) 00 (0) .210
Inversion, n (%) 06 (12.3) 05 (12.5) 01 (11.1) 04 (13.3) 04 (14.8) 00 (0) .887
Polymorphism, n (%) 16 (32.6) 13 (32.5) 03 (33.3) 22 (73.3) 19 (70.4) 03 (100) .001

Translocation: includes all types of translocation; Inversion: includes all types of inversion; Primary: primary recurrent miscarriage
couples; Secondary: secondary recurrent miscarriages couples.

Table 4. The frequency of cytogenetic abnormalities.
Women karyotypes (n¼ 49) Partners karyotypes (n¼ 30)

Mosaicism (n¼ 19) Mosaicism (n¼ 2)
46,XX (90) / 45,X0 (10) (n¼ 07) 46,XY (90) / 45,X0 (10) (n¼ 01)
46,XX (92) / 45,X0 (04) / 47,XXX (04) (n¼ 06) 46,XY (64) / 47,XYþmar (10) (n¼ 01)
46,XX (96) / 47,XXX (04) (n¼ 04)
46,XX (97) / 45,X0 (01) / 47,XXX (01) / 49,XXXXX (01) (n¼ 01)
46,XX (50) / 47,XXþmar (50) (n¼ 01)

Translocation (n¼ 8) Translocation (n¼ 2)
46,XX t(1;9) (p12q13) (n¼ 01) 46,XY t(5;13) (q11q12) (n¼ 01)
46,XX t(13;15) (q10;q10) (n¼ 01)a 46,XY t(8;10) (q24.3p2) (n¼ 01)
46,XX t(8;19) (p21q13) (n¼ 01)
46,XX t(1;3) (q42q11) (n¼ 01)
46,XX t(8;19) (q13q11) (n¼ 01)
46,XX t(11;18) (q11;q11) (n¼ 01)
46,XX t(11;22) (q25;q13) (n¼ 01)
46,XX t(6;9) (q23;p24) (n¼ 01)

Inversion (n¼ 6) Inversion (n¼ 4)
46,XX inv(9) (p12q13) (n¼ 05) 46,XY inv(9) (p12q13) (n¼ 04)
46,XX inv(6) (p23q23) (n¼ 01)
Polymorphism (n¼ 16) Polymorphism (n¼ 22)
46,XX,9qhþ (n¼ 04) 46,XY qhþ (n¼ 14)
46,XX,1qhþ (n¼ 02) 46,XY 9qhþ (n¼ 02)
46,XX,15ptskþ (n¼ 02) 46,XY 7qhþ (n¼ 01)
46,XX,15qhþ (n¼ 02) 46,XY 21pstkþ (n¼ 03)
46,XX,21ptskþ (n¼ 02) 46,XY 22pstkþ (n¼ 01)
46,XX,22psþ (n¼ 02) 46,XY 15psþ (n¼ 01)
46,XX,15psþ (n¼ 02)
aRobertsonian translocation.
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RM couples. Similarly, Shapira et al. observed a similar
number of abnormal karyotypes in couples with a his-
tory of primary and secondary RM (3.1 and 6.8%;
p¼ .196), respectively [7].

Of all analyses performed by our group, the totality
of cases of structural and numerical anomalies was
similar; however, the numerical abnormalities were
always found in mosaic. The numerical abnormalities
(aneuploidies) corresponded to 21 cases (26.6%), 19
involving sex chromosomes and two marker chromo-
somes. A marker chromosome (mar) is a small frag-
ment of a chromosome which generally cannot be
identified without specialized genomic analysis due to
the size of the fragment. Therefore, the clinical conse-
quence of this marker will vary depending on which
material is contained in the marker. In order to per-
form this evaluation, the most appropriate exam would
be the array CGH (comparative genomic hybridization),
however, this exam was not included in the method-
ology of this study. In addition, structural arrange-
ments were noted in 20 cases (25.3%); 10 balanced
translocations and 10 chromosomal inversions. One
case of a Robertsonian translocation involving chromo-
somes 13 and 15 was also observed. The remaining 38
cases (48.1%) were classified as polymorphic variations.
The literature data presents a higher proportion of
cases of structural abnormalities when compared with
the numerical ones, reaching ratios from 2:1 to 8:1 [9].

In our sample, chromosomal abnormalities were
more prevalent among women than men (1.6:1).
However, excluding cases of polymorphism and inver-
sion of chromosome 9, this ratio increased to 7:1
(women:partners), demonstrating a higher incidence
rate when compared with other published studies
[Tharapel et al. (1985), which was 2.2:1; Elghezal et al.
(2007), which was 3:1; and Tunç et al. (2016), which
was 1.7:1] [8,16,23].

The chromosome that presented a higher fre-
quency of balanced translocation was chromosome 8
(three cases), followed by one, 9, 11, 13 and 19 (two
cases each). Tharapel et al. (1985), investigating a sam-
ple of 16,042 recurrent abortion couples (8208 women
and 7834 partners), reported a balanced translocation
in all chromosomes, including sex chromosomes,
being chromosomes one, seven, six, four, three, and
11 most often involved [8]. Cytogenetic heteromor-
phisms and polymorphisms are described as variations
in specific chromosomal regions with no impact on
phenotype. However, higher frequencies of these var-
iants have recently been reported in infertile and sub-
fertile individuals, and so their clinical significance has
been frequently debated.

Common chromosomal polymorphisms comprise
heterochromatin regions on short arms of acrocentric
chromosomes and regions of chromosomes one, 9, 16,
and Y [8]. Reportedly, the prevalence of polymorphisms
is marginally higher in men, with heterochromias and Y
polymorphisms corresponding to most variants
detected [27], which is corroborated by our study. A
study reported that the prevalence of polymorphism is
considerably higher in men with oligozoospermia or
azoospermia than in those with normozoospermia [28].

Some studies have suggested an elevated frequency
of heteromorphisms in parents with multiple preg-
nancy losses, suggesting a correlation between these
findings with RM [22,29–32]. Inversion of chromosome
9 has been reported to play a vital role in chromo-
somal nondisjunction and exerts variable effects on
spermatogenesis, from azoospermia to the rigorously
altered sperm morphology, motility, and meiotic segre-
gation [33,34]. In addition, several studies suggest that
heterochromatin plays an essential crucial role in the
spindle attachment and chromosome movement, mei-
otic pairing, and sister chromatid cohesion [35].
However, evidence from some controlled surveys on
healthy adults and parents with multiple pregnancy
losses did not entirely support this perspective [36,37].

Historically, the gold standard genetic evaluation for
couples with RM is the peripheral blood karyotype. With
the emergence of Cytogenomics techniques, researches
seek new genetic markers present in these couples.
Currently, chromosomal microarray analysis (CMA) is
proposed for investigation of chromosomal abnormal-
ities in products of conception, with encouraging results
[38]. However, the use of CMA in counseling couples
with recurrent miscarriage still requires further evidence.

Elucidating cytogenetic abnormalities in RM cases is
imperative for preconception counseling and devising
a therapeutic plan for these couples. Seemingly, sub-
mitting these cases to assisted reproduction cycles
with PGD is a logical course but still lacks scientific
evidence compared with a natural pregnancy [15,25].
Hence, we assume that the evaluation of cytogenetics
factors should be part of the investigation protocols of
couples with RM, irrespective of the obstetric history.
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