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ABSTRACT

Chromosomal abnormalities are the most common 
causes of early pregnancy losses (EPLs). In this study, we 
aimed to evaluate the incidence and spectrum of chromo-
somal abnormalities in EPLs and correlate them with dif-
ferent clinical characteristics. We performed Quantitative 
Fluorescent PCR (QF-PCR), followed by subtelomeric 
Multiplex Ligation Probe Amplification (MLPA) analysis 
to detect chromosomal abnormalities in 900 products of 
conceptions (POCs) from EPLs collected over a period 
of 10 years. 

Chromosomal abnormalities were present in 56.25% 
of uncontaminated EPLs, with significantly higher inci-
dence in women >36 years (71.37%, p<0.0001) in com-
parison to women <30 years of age (43.40%). Trisomies 
were also more common in women >36 years (79.68%, 
p<0.0001) than in those <30 years of age (48.70%). In 
contrast, triploidy and monosomies were more prevalent in 
women <30 years of age (26.09%, p<0.0001 and 16.52%, 
p=0.0066 respectively) than in women >36 years of age 
(6.42% and 6.42% respectively). Trisomy 16 was more 
common in women <30 (39.29%, p=0.0009) than in those 
>36 years of age (16.78%), while trisomy 22 was pre-
dominant among women >36 (23.49%, p=0.013), and was 
not present in the group of women <30 years of age. The 

frequency of chromosomal abnormalities in POCs from 
women with sporadic (61.19%) was higher than in those 
with recurrent EPLs (55.21%). This difference, however, 
was not statistically significant (p=0.164). Although some 
differences in the chromosomal aneuploidy rates among 
women with different ABO blood groups, as well as among 
6-8 and 9-11 gestational week EPLs were observed, further 
larger studies are required to confirm these findings. 

In conclusion, our study enriches the knowledge 
about chromosomal abnormalities as a cause of EPLs 
and confirms the higher incidence of foetal chromosomal 
abnormalities in EPLs in women of older reproductive 
age. Furthermore, it shows that using QF-PCR and MLPA 
methodologies, a high detection rate of chromosomal ab-
normalities in EPLs can be reached.
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INTRODUCTION

Human reproduction is characterized by a high rate 
of abnormal conceptions, most of which are spontaneously 
eliminated before the pregnancy is clinically recognized. 
Pregnancy loss (PL), spontaneous abortion or miscarriage 
refers to the spontaneous (unintended) loss of pregnancy 
before the foetus reaches viability, i.e. before twenty weeks 
of gestation [1]. Early pregnancy loss (EPL) represents a 
spontaneous loss of pregnancy before the 12th week of 
gestation (first trimester). In the United States, recurrent 
pregnancy loss (RPL) is defined as having two or more 
consecutive failed clinical pregnancies, documented by 
ultrasound or histopathology, while in the United King-
dom it is defined as having three or more consecutive 
early pregnancy losses [2,3]. Up to 15% of all clinically 
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recognized pregnancies are miscarried, and nearly 2% of 
the couples that are trying to conceive experience RPL. 

The aetiology of EPL can include various factors, 
such as maternal endocrine dysregulation, anatomical 
abnormalities of the uterus, implantation factors, various 
infections during the pregnancy and foetal chromosomal 
abnormalities. About 40-65% of the miscarried foetuses 
are associated with various chromosomal abnormalities, 
the most common of which are chromosomal trisomies, 
followed by polyploidies and monosomy X [4-6]. 

Some studies have detected nearly equal frequencies 
in sporadic and recurrent EPLs, while others show a lower 
rate of chromosomal abnormalities in RPLs [7, 8]. Due 
to age-related oogenesis errors, advanced maternal age 
represents a considerable risk factor for EPL [9]. Indeed, 
many studies have confirmed a higher incidence of POCs 
with chromosomal abnormalities in women with advanced 
age. Published data indicate that foetal triploidies and 
monosomies are more common in younger women, while 
trisomies are more prevalent in older women [10, 11]. A 
limited number of data provide insight into the distribu-
tion of chromosomal abnormalities in POCs in reference 
to the week of gestation. Up to now, there is no published 
study that correlates the maternal ABO blood groups and 
Rhesus factor with foetal chromosomal abnormality, even 
though the available data indicate that incompatible mat-
ing and adverse pregnancy outcomes may correlate with 
ABO blood groups [12].

Chromosomal karyotyping has been the gold standard 
for studying the chromosomes for many decades, but this 
method is hampered by a high culture failure or maternal 
cell contamination. Currently, chromosomal microarrays 
represent a first-tier method for chromosomal abnormality 
investigations, however due to the high price, it is rarely 
used for EPLs. On the other side, quantitative fluorescent 
PCR (QF-PCR) and multiplex ligation probe amplification 
(MLPA) methods have emerged to determine any chromo-
somal abnormalities in POCs. This is due to their lower 
cost, faster reporting times, and accurate results [13, 14].

Here we present the results of our 10 year study of 
EPLs using QF-PCR, followed by subtlomeric MLPA, 
including the distribution of foetal chromosomal abnor-
malities in relation to the clinical characteristics of women 
experiencing EPLs.

MATERIALS AND METHODS

Study subjects
Our study included 900 POC samples from women 

who experienced EPLs (gestational age ≤12 weeks). POC 
samples, previously selected by a gynaecologist/patholo-
gist [15] and accompanied with maternal whole blood 

sample, were referred for analysis of chromosomal abnor-
malities to the Research Centre for Genetic Engineering 
and Biotechnology “Georgi D. Efremov”, at the Mace-
donian Academy of Sciences and Arts, Skopje. Signed 
informed consent was obtained from all participants in 
this study. The study has been approved by the ethical 
committee of the Macedonian Academy of Sciences and 
Arts (09-1047/6 from 04.05.2016).

Table 1 displays the clinical characteristics of the 
women with EPLs, including maternal age, ethnic origin, 
history of previous EPL, previous live birth, maternal ABO 
blood group, Rhesus (Rh) factor, and the gestational week 
(gw) of the EPLs studied. The samples were categorized 
into three groups according to the maternal age: ≤30, 31-
35, and >36 years. The majority of patients were of Mace-
donian (n=528) ethnic origin as well as Albanian (n=208). 
Gestational ages of the POCs consisted of samples from 
gw=6 to gw=11 (mean gestational age 8.5 weeks). 

Methods
DNA extraction from the POC samples, as well as 

from maternal blood was performed using the standard 
phenol/chloroform method or the automated magnetic 
bead-based protocol using the MagCore Super instrument 
(RBC Bioscience). The study primarily used the quantita-
tive fluorescent (QF)-PCR method with STR markers on 
chromosomes 13, 18, 21 and sex chromosomes. Three 
markers were located on chromosome 13, four on chromo-
somes 18 and 21 each and six on the sex chromosomes. Ex-
cept aneuploidies on the given chromosomes, this method 
also allowed for the determination of triploid samples, and 
exclusion of maternal DNA contamination in the analysed 
samples. This method is described in detail by Noveski et 
al. [16]. All results for chromosomal aneuploidies obtained 
by the QF-PCR analyses were confirmed by the subsequent 
subtelomere MLPA analyses.

Chromosomal gains and losses were detected with the 
Multiplex Ligation Probe Amplification (MLPA) method, 
using the SALSA MLPA P036 Subtelomeres mix 1 and 
SALSA MLPA P070 Subtelomeres mix 2B (MRC-Hol-
land). Each MLPA kit contains two probes for each chro-
mosome. For metacentric chromosomes the two probes 
were located subtelomerically, while for the acrocentric 
chromosomes, one probe was located subcentromeric, 
while the other was subtelomeric. The detailed MLPA 
protocol as well as the chromosomal location of each probe 
contained in the kits is available on the MRC-Holland site. 
Capillary electrophoresis was performed on the AB3500 
Genetic Analyser (Life Technologies), and the obtained 
results were analysed and interpreted using the Coffa-
lyzer software (MRC-Holland). Mean values, standard 
deviations, percentages, odds ratios, and p-values were 
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determined where appropriate, using the MedCalc software 
(MedCalc Software Ltd. https://www.medcalc.org/ Version 
22.016; accessed November 17, 2023). A p-value below 
0.05 was considered statistically significant. 

RESULTS

The QF-PCR analysis performed on 900 POC sam-
ples showed maternal DNA contamination in 14.66%. 
These samples were excluded from further investigation 
and MLPA analyses were performed on a total of 768 
POC samples.

Chromosomal abnormalities - overall incidence
Chromosomal abnormalities were present in 56.25% 

of uncontaminated POC samples. Chromosomal trisomies 
were detected in 66.20%, triploidy in 15.28%, and mono-
somies were present in 10.88% of the positive cases. The 
group of monosomies consisted of monosomy X which 
was predominant (91.49%) and monosomy 21 was pres-
ent in 8.51%.

All chromosomes, apart from chromosomes 1 and 19, 
were affected by trisomy; the most common was trisomy 16, 
present in 26.57% of all trisomy samples, followed by tri-
somy 22 (15.73%), 21 (10.13%) and 15 (9.09%) (Figure 1). 

Table 1. Characteristics of the study groups

Characteristic Study 
groups

All cases Macedonian Albanian Other
n (%) MA±SD n (%) MA±SD n (%) MA±SD n (%) MA±SD
n=768 32.9±5.35 n=528 34.14±4.90 n=208 33.16±5.46 n=32 31.90±5.68

Maternal age

≤30 265 (34.50) 27.19±2.56 131 (24.81) 27.82±2.18 121 (58.17) 26.53±2.72 13 (40.62) 26.92±3.22
31-35 241 (31.37) 32.87±1.39 178 (33.71) 32.89±1.40 52 (25.00) 32.82±1.41 11 (34.37) 32.27±0.90
≥36 262 (34.11) 38.96±2.39 219 (41.47) 38.94±2.31 35 (16.82) 39.02±2.61 8 (25.00) 39.5±3.46
ND / / / / / / / /

History of PL
Sporadic 268 (34.89) 33.16±5.26 202 (38,25) 33.95±4.78 48 (23,07) 29.60±5.55 18 (56,25) 33.61±5.81

RPL 259 (33,72) 33.1±5.24 164 (31,06) 34.67±4.71 86 (41,34) 30.56±5.11 9 (28,12) 28.77±4.14
ND 241 (31,38) / 162 (30,68) / 74 (35,57) / 5 (15,62) /

Previous  
live birth

Yes 142 (18,48) 34.66±4.75 95 (17,99) 35.76±4.48 41 (19,71) 32.82±4.64 6 (18,75) 29.66±2.25
No 383 (49,86) 32.57±5.32 269 (50,94) 33.77±4.76 93 (44,71) 29.07±5.15 21 (65,62) 32.66±6.26
ND 243 (31,64) / 164 (31,06) / 74 (35,57) / 5 (15,62) /

Maternal  
ABO group

0 183 (23,821) 33.09±5.52 123 (23,29) 34.73±4.98 55 (26,44) 29.38±4.98 5 (15,62) 33.60±4.72
A 183 (23,82) 33.61±4.95 138 (26,13) 34.41±4.60 40 (19,23) 31.32±4.99 5 (15,62) 30.00±7.68
B 67 (8,72) 32.82±5.03 46 (8,71) 33.91±4.63 15 (7,21) 30.46±5.99 6 (18,75) 30.33±2.42

AB 36 (4,68) 31.63±5.57 21 (3,97) 33.33±5.38 9 (4,32) 28.11±5.46 6 (18,75) 31.00±4.28
ND 299 (38,93) / 200 (37,87) / 89 (42,78) / 10 (31,25) /

Maternal  
RhD status

RhD+ 410 (53,38) 33.19±5.26 288 (54,54) 34.4±4.81 102 (49,03) 30.14±5.23 20 (62,5) 31.30±5.00
RhD- 59 (7,68) 32.91±5.21 40 (7,57) 34.3±4.75 17 (8,17) 29.64±5.08 2 (6,25) 30.00±2.82
ND 299 (38,93) / 200 (37,87) / 89 (42,78) / 10 (31,25) /

Gestational  
week

6 36 (4,68) 33.02±4.64 24 (4,54) 34.66±3.71 11 (5,28) 29.90±4.90 1 (3,12) 28.00±0.00
7 80 (10,41) 34.27±5.29 58 (10,98) 34.75±4.98 16 (7,69) 31.93±5.37 6 (18,75) 35.83±7.02
8 102 (13,28) 32.89±5.43 71 (13,44) 34.45±5.05 26 (12,5) 29.53±4.53 5 (15,62) 28.20±5.21
9 65 (8,46) 32.21±5.28 46 (8,71) 32.91±4.83 17 (8,17) 30.23±5.99 2 (6,25) 33.00±8.48

10 33 (4,29) 33.72±5.51 24 (4,54) 34.91±4.97 7 (3,36) 31.14±6.54 2 (6,25) 28.5±3.53
11 39 (5,07) 30.74±4.98 26 (4,92) 31.65±4.31 11 (5,28) 29.27±6.35 2 (6,25) 27.00±1.41
ND 413 (53,77) / 279 (52,84) / 120 (57,69) / 14 (43,75) /

Fetal sex
Male 379 (49.34) 33.03±5.26 264 (50.00) 34.09±4.74 101 (48.55) 30.21±5.46 14 (43.75) 33.42±6.01

Female 389 (50.65) 32.93±5.44 264 (50.00) 34.19±5.06 107 (51.44) 30.20±5.27 18 (56.25) 30.72±5.28
Total 768 (100.00) / 528 (100.00) / 208 (100.00) / 32 (100.00) /

MA, mean age; SD, standard deviation; ND, no data
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Partial chromosomal abnormalities (terminal deletions 
and duplications), multiple chromosomal aneuploidies, and 
chromosomal aneuploidies accompanied by partial chro-
mosomal abnormality were found in 3.70%, 3.01%, and 
0.93% of all positive samples (Table 2). A detailed descrip-
tion of the later three groups of chromosomal abnormalities 
is provided in Figure 2. Chromosomes 20, 21, 22 and X 
were most involved in multiple aneuploidies, chromosomes 
1, 13 and 18 in partial aneuploidies, while chromosomes 
15, 16 and 22 were found in combination with a partial 
aneuploidy. In cases of partial chromosomal abnormalities, 
parental karyotyping could not be performed at the time.

In the group >36 years, the trisomies were predominant 
(79.68%), while triploidy and monosomies were present 
in small portions (6.42% each). In the group of women 
<30 years of age, a more even distribution of the chromo-
somal abnormalities was observed, with trisomies pres-
ent in 48.70%, triploidy in 26.09% and monosomies in 
16.52%. The odds for EPLs with trisomy were 1.88 times 
higher in the group of women 31-35 years of age (95% 
CI: 1.26-2.81; p=0.0017) and 4.92 higher in women >36 
years (95% CI: 3.35-7.21; p<0.0001), when compared to 
the group of women <30 years of age (Table 3).

Figure 1. Distribution of chromosomal trisomies in EPLs as a 
percentage of all detected trisomies (n=286).
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Chromosomal abnormalities and maternal age
As shown in Table 2 the overall frequency of chro-

mosomally abnormal POCs increased with maternal age 
(43.40% in the women <30 years of age, 53.94% in women 
31-35 years and 71.37% in woman >36 years). The odds 
for chromosomally abnormal EPLs were 1.52 higher in the 
group of women 31-35 years of age (95% CI: 1.07-2.16; 
p=0.018) and 3.25 higher in women >36 years (95% CI: 
2.26-4.66; p<0.0001), when compared to the group of 
women <30 years of age (Table 3).

The spectrum of the chromosomal abnormalities dif-
fered in the three groups of women according to their age. 
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Multiple chromosomal trisomies were more com-
mon among the group >36 years (5.88%), while partial 
chromosomal aneuploidies were more frequent in women 
<35 (Table 2).

Considering the individual trisomies, trisomy 16 had 
the highest incidence in the group <30 years (39.29%), 
and lowest in the group >36 years of age (16.78%). Fur-
thermore, trisomies 13 and 14 were also more common 

Table 3. Comparisons of the incidence of chromosomal abnormalities between the three groups according to the maternal age  
(Odds ratios and p-values).

≤30
(n)

31-35 
(n)

OR 
(95% CI) p >36 

(n)
OR 

(95% CI) p

Abnormal 115 130 1.52 (1.07-2.16) 0.018 187 3,25 (2.26-4.66) < 0.0001
Trisomy 56 81 1.88 (1.26-2.81) 0.0017 149 4.92 (3.35-7.21) < 0.0001
Triploidy 30 24 0.64 (0.24-1,17) 0.152 12 0.19 (0.09-0.39) < 0.0001
Monosomy 19 16 0.89 (0.43-1.85) 0.771 12 0.34 (0.16-0.74) 0.0066
Trisomy 16 22 25 0.86 (0.43-1.74) 0.678 29 0.31 (0.15-0.62) 0.0009
Trisomy 22 0 10 16.59 (0.95-289.31) 0.054 35 35.03 (2.11-581.6) 0.013
Trisomy 21 7 9 0.87 (0.30-2.50) 0.803 13 0.66 (0.25-1.77) 0.419
Trisomy 15 0 4 6.56 (0.34-124.34) 0.210 22 19.94 (1.18-334.53) 0.037
Trisomy 13 7 7 0.66 (0.21-2.00) 0.465 6 0.29 (0.09-0.91) 0.034
Trisomy 14 7 4 0.36 (0.10-1.30) 0.121 5 0.24 (0.07-0.80) 0.020
Other abnormalities 10 10 1.10 (0.45-2.70) 0.828 14 1.43 (0.62-3.30) 0.389

Table 2. Frequency of chromosomal abnormalities in EPLs according to different clinical characteristics.

Clinical  
characteristics

Study groups
Total Chromosomal 

abnormalities Trisomy
n(%)

Triploidy
n(%)

Monosomy
n(%)

Multiple  
aneuploidies

n (%)
Partial
n(%)

Aneuploidy + 
partial
n(%)

Total
n(%)n n(%)

Total 768 432 (56.25) 286 (66.20) 66 (15.28) 47 (10.88) 13 (3.01) 16 (3.70) 4 (0.93) 432 (100)

Age group
≤30 265 115 (43.40) 56 (48.70) 30 (26.09) 19 (16.52) 2 (1.74) 7 (6.09) 1 (0.87) 115 (100)

31-35 241 130 (53.94) 81 (62.31) 24 (18.46) 16 (12.31) 0 (0.00) 7 (5.38) 2 (1.54) 130 (100)
≥36 262 187 (71.37) 149 (79.68) 12 (6.42) 12 (6.42) 11 (5.88) 2 (1.07) 1 (0.53) 187 (100)

Ethnic origin
Macedonian 528 309 (58.52) 216 (69.90) 38 (12.30) 29 (9.39) 13 (4.21) 10 (3.24) 3 (0.97) 309 (100)

Albanian 208 106 (50.96) 58 (54.72) 27 (25.47) 16 (15.09) 0 (0.00) 3 (2.83) 2 (1.89) 106 (100)
Other 32 17 (53.13) 12 (70.59) 1 (5.88) 2 (11.76) 0 (0.00) 2 (11.76) 0 (0.00) 17 (100)

History of PL
Sporadic 268 164 (61.19) 109 (66.46) 22 (13.41) 19 (11.59) 6 (3.66) 7 (4.27) 1 (0.61) 164 (100)
RPL (≥2) 259 143 (55.21) 94 (65.73) 20 (13.99) 17 (11.89) 4 (2.80) 5 (3.50) 3 (2.10) 143 (100)

Previous  
live birth

Yes 142 88 (61.97) 60 (68.18) 11 (12.50) 14 (15.91) 2 (2.27) 1 (1.14) 0 (0.00) 88 (100)
No 383 218 (56.92) 143 (65.60) 31 (14.22) 21 (9.63) 8 (3.67) 11 (5.05) 4 (1.83) 218 (100)

Maternal  
Blood Group

0 183 103 (56.28) 63 (61.17) 14 (13.59) 15 (14.56) 5 (4.85) 4 (3.88) 2 (1.94) 103 (100)
A 183 115 (62.84) 77 (66.96) 16 (13.91) 12 (10.43) 4 (3.48) 4 (3.48) 2 (1.74) 115 (100)
B 67 34 (50.75) 26 (76.47) 4 (11.76) 3 (8.82) 0 (0.00) 1 (2.94) 0 (0.00) 34 (100)

AB 36 23 (63.89) 16 (69.57) 3 (13.04) 3 (13.04) 0 (0.00) 1 (4.35) 0 (0.00) 23 (100)
Maternal  
RhD status

RhD + 410 244 (59.51) 163 (66.80) 33 (13.52) 31 (12.70) 6 (2.46) 7 (2.87) 4 (1.64) 244 (100)
RhD - 59 31 (52.54) 20 (64.52) 4 (12.90) 3 (9.68) 1 (3.23) 3 (9.68) 0 (0.00) 31 (100)

Gestational  
week

6 36 19 (52.78) 14 (73.68) 2 (10.53) 1 (5.26) 0 (0.00) 1 (5.26) 0 (0.00) 19 (100)
7 80 45 (56.25) 38 (84.44) 5 (11.11) 0 (0.00) 0 (0.00) 2 (4.44) 0 (0.00) 45 (100)
8 102 56 (54.90) 38 (67.86) 8 (14.29) 5 (8.93) 1 (1.79) 3 (5.36) 1 (1.79) 56 (100)
9 65 41 (63.08) 24 (58.54) 9 (21.95) 4 (9.76) 3 (7.32) 1 (2.44) 0 (0.00) 41 (100)
10 33 22 (66.67) 10 (45.45) 3 (13.64) 8 (36.36) 0 (0.00) 0 (0.00) 1 (4.55) 22 (100)
11 39 21 (53.85) 12 (57.14) 5 (23.81) 4 (19.05) 0 (0.00) 0 (0.00) 0 (0.00) 21 (100)

Fetal sex
Male 379 203 (53.56) 141 (69.45) 45 (22.16) 3 (1.47) 3 (1.47) 8 (3.94) 3 (1.47) 203 (100)

Female 389 229 (58.86) 146 (63.75) 22 (9.60) 45 (19.65) 8 (3.49) 7 (3.05) 1 (0.43) 229 (100)
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among the group <30 years (12.50% and 12.50% each), 
than in the other two groups. By contrast, trisomy 22 was 
more common in the group >36 years (23.49%) than in the 
group 31-35 years (12.35%). It was entirely absent in the 
youngest group of women (<30 years of age). Similarly, the 
trisomy 15 was most common in the group of women >36 
(14.77%) than in other groups (0.00% and 4.94% in groups 
of women <30 and 31-35 years, respectively) (Table 4). 
The odds of EPLs with trisomy 16 were 0.31 lower in the 
group of women >36 years (95% CI: 0.15-0.62; p=0.0009) 
while for trisomy 22, the odds were 16.59 higher in the 
group of women 31-35 years of age (95% CI: 0.95-289.31; 
p=0.054) and 35.03 higher in women >36 years (95% 
CI: 2.11-581.6; p=0.013) when compared to the group of 
women <30 years of age. The odds for trisomy 15 were 
higher (OR=19.94, 95% CI: 1.18-334.53; p=0.037), while 
for trisomies 13 and 14 were lower in women >36 years 
(OR=0.29, 95% CI: 0.09-0.91; p=0.034 and OR=0.24, 
95% CI: 0.07-0.80; p=0.02, respectively) when compared 
to the group of women <30 years of age (Table 3).

Although not statistically significant, a higher inci-
dence of chromosomally abnormal POCs were detected 
in the Macedonian ethnic group (58.52%) in comparison 
to the Albanian group (50.96%; p=0.06) (Table 2). Trip-
loidy and chromosomal monosomies were significantly 
more common among the Albanian ethnic group (25.47% 
and 15.09% respectively; p=0.0001) than in the Macedo-
nian group (12.30% and 9.39% respectively). In contrast, 
chromosomal trisomies were more prevalent in POCs of 
Macedonian ethnic origin (69.90%) than in the Albanian 
group (54.72), (p=0.0044). 

Regarding the individual trisomies, the most evident 
difference was observed in trisomy 16, being more com-
mon among Albanians (32.76%, p=0.207) than among 
Macedonians (24.54%). Trisomy 22 was found to be more 
frequent in the Macedonian group compared to the Alba-
nian (18.52% vs. 6.90%, respectively, p=0.035) (Table 4). 
However, these differences can be explained by the age 
distribution of samples with different ethnicity. Namely, 
most Macedonians (41.47%) belonged to the >36 years 

Table 4. The most common chromosomal trisomies in the different studied groups shown in table with number  
of cases as well as percentage. 

Clinical  
characteristics

Study  
groups

Trisomy 16 Trisomy 22 Trisomy 21 Trisomy 15 Trisomy 13 Trisomy 14 Other Total
n % n % n % n % n % n % n % n %

Age group
≤30 22 39.29 0 0.00 7 12.50 0 0.00 7 12.50 7 12.50 13 23.21 56 100.00

31-35 29 35.80 10 12.35 9 11.11 4 4.94 7 8.64 4 4.94 18 22.22 81 100.00
≥36 25 16.78 35 23.49 13 8.72 22 14.77 6 4.03 5 3.36 43 28.86 149 100.00

Ethnic origin
MK 53 24.54 40 18.52 23 10.65 18 8.33 11 5.09 12 5.56 59 27.31 216 100.00
AL 19 32.76 4 6.90 5 8.62 7 12.07 8 13.79 3 5.17 12 20.69 58 100.00

History  
of miscarriage

Sporadic 25 22.94 21 19.27 9 8.26 12 11.01 7 6.42 5 4.59 30 27.52 109 100.00
RPL 24 25.53 17 18.09 5 5.32 11 11.70 7 7.45 6 6.38 24 25.53 94 100.00

Previous  
live birth

Yes 9 15.00 11 18.33 2 3.33 11 18.33 3 5.00 3 5.00 21 35.00 60 100.00
No 40 27.97 27 18.88 12 8.39 12 8.39 10 6.99 8 5.59 34 23.78 143 100.00

Maternal  
Blood Group

0 20 31.75 10 15.87 6 9.52 11 17.46 4 6.35 3 4.76 9 14.29 63 100.00
A 19 24.68 14 18.18 3 3.90 9 11.69 4 5.19 3 3.90 25 32.47 77 100.00
B 6 23.08 5 19.23 0 0.00 4 15.38 2 7.69 1 3.85 8 30.77 26 100.00

AB 4 25.00 7 43.75 0 0.00 1 6.25 0 0.00 1 6.25 3 18.75 16 100.00

Maternal  
RhD status

RhD+ 43 26.38 29 17.79 7 4.29 22 13.50 8 4.91 8 4.91 46 28.22 163 100.00
RhD- 6 30.00 3 15.00 2 10.00 3 15.00 2 10.00 0 0.00 4 20.00 20 100.00

Gestational  
week

6 5 35.71 2 14.29 1 7.14 0 0.00 0 0.00 1 7.14 5 35.71 14 100.00
7 13 34.21 7 18.42 1 2.63 0 0.00 3 7.89 4 10.53 10 26.32 38 100.00
8 8 21.05 7 18.42 1 2.63 4 10.53 2 5.26 3 7.89 13 34.21 38 100.00
9 3 12.50 4 16.67 4 16.67 5 20.83 3 12.50 1 4.17 4 16.67 24 100.00

10 3 30.00 1 10.00 0 0.00 3 30.00 0 0.00 0 0.00 3 30.00 10 100.00
11 3 25.00 2 16.67 3 25.00 1 8.33 1 8.33 0 0.00 2 16.67 12 100.00

Foetal sex
Male 40 28.36 19 13.47 13 9.21 10 7.09 10 7.09 10 7.09 19 13.47 141 100.00

Female 37 25.34 26 17.80 15 10.27 16 10.95 9 6.16 6 4.10 37 25.34 146 100.00
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group and only 24.81% were in the group <30, while the 
majority of Albanians (58.17%) belonged to the group 
<30, and only 16.82% were in the group >36. This is in ac-
cordance with the tendency of earlier childbearing among 
Albanian women.

Chromosomal abnormalities and history of EPLs
The frequency of chromosomal abnormalities in 

POCs from women with sporadic EPLs was higher than 
in those with RPLs (61.19% vs. 55.21%, respectively, 
p=0.164), this difference, however, was not statistically 
significant (Table 2). No evident difference was observed 
between these two groups regarding the presence of dif-
ferent classes of chromosomal abnormalities and chromo-
somal trisomies (Tables 2 and 4).

Chromosomal abnormalities 
and previous live birth
In the group of women with a previous live birth, a 

slightly higher, but not significantly different, incidence 
of chromosomally abnormal POCs was found compared 
to the group of women without a live birth (61.97% vs. 
56.92%, respectively, p=0.297) (Table 2). However, 
this is most probably due to the higher mean age of the 
women with a live birth (34.66 years) in comparison to 
that of women with no live birth (32.57 years). Triploidy 
and trisomies did not differ much among these groups, 
while monosomies were more common in the group with 
(15.91%, p=0.119) compared to the group without live 
births (9.63%), but without statistical significance.

Trisomy 16 and 21 were more prevalent in the group 
without live births (27.97% and 8.39%, respectively) than 
in the group with live births (15.00%, p=0.049 and 3.33%, 
p=0.195; respectively), while trisomy 15 was more com-
mon in the group with live births (18.33%, p=0,041) vs 
those without (8.39%) (Table 4). These findings were sta-
tistically significant for trisomies 16 and 15, but not for 
trisomy 21.

Chromosomal abnormalities 
and maternal blood groups/RhD status
The highest incidence of chromosomally abnormal 

POCs was detected in women with the AB blood group 
(63.89%), followed by A (62.84%), O (56.28%) and B 
(50.75%) (Table 2). The O blood group had the highest 
incidence of monosomies (14.56%) in contrast to the B 
with the lowest rate of monosomies in our study (8.82%) 
(p=0.312). The opposite was observed concerning the 
trisomies, where B had the highest, and O the lowest in-
cidence (76.47% and 61.17%, respectively) (p=0.176).

Higher presence of trisomy 22 was observed among 
women of the AB blood group (43.75%), in comparison 

to women of other (combined B, A and O) blood groups 
(17.46%) (p=0.012). Furthermore, trisomy 21 was more 
frequently observed among women in the O blood 
group (9.52%; 6/63), compared to other groups (2.52%) 
(p=0.034) (Table 4). 

Women with positive RhD positive (RhD+) had 
slightly higher incidence of abnormal POCs (59.51%) 
than the RhD negative (RhD-) women (52.54) (p=0.310). 

Chromosomal abnormalities according 
to the gestational age
Overall, increased incidence of chromosomal ab-

normalities was present in advanced gestational age. The 
POCs eliminated in gestational week (gw) 10 showed the 
highest incidence of chromosomal abnormalities (66.67%), 
followed by gw 9 (63.08%), while the lowest rate was 
observed in the POCs eliminated in the gw 6 (52.78%). 

Higher incidences of triploidy and monosomies were 
observed in POCs eliminated between gw 9 and gw 11 
(p=0.135 and p=0.0015, respectively), while trisomies 
were more common among studied POCs from gw 6 to 8 
(p=0.0026) (Table 2).

Chromosomal abnormalities and POCs sex
Among the 768 POCs, 379 were male sex (49.34%) 

and 389 were of female sex (50.65%). A slightly lower 
number of chromosomally abnormal male POCs was 
observed (53.56%) in comparison to the female POCs 
(58.86%). Triploidies were more common among male 
POCs in contrast to the females (25.56% vs. 13.75%, re-
spectively; p=0.026). Chromosomal monosomies were 
more prevalent in female than in male POCs (28.12% vs. 
1.7%; p<0.0001), but this was expected since monosomy 
X was predominant (95.55%) in this group, and there were 
only 2 cases with monosomy 21 (4.44%). Regarding the 
chromosomal trisomies, no significant difference was 
observed between males and females (Tables 2 and 4). 
In the group of RPL, a higher percentage of male POCs 
were euploid in comparison to the female POCs (50% vs. 
39.85%), but the difference was not significant (p=0.1).

DISCUSSION

Foetal chromosomal abnormalities have been recog-
nized as a major cause of EPLs [4]. Several methods have 
been used for the detection of chromosomal abnormalities 
with different detection rates [17-21]. Using a combina-
tion of QF-PCR and MLPA analyses, the chromosomal 
abnormality rate in our study was 56.25%, which agrees 
with the majority of previously published data. Chromo-
somal trisomies were the most frequent abnormalities 
(66.20%), followed by triploidy (15.28%) and monoso-
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mies (10.88%). Multiple chromosomal aneuploidies and 
partial chromosomal abnormalities were also identified. 
Thus, our approach could detect most of the chromosomal 
abnormalities known to cause EPLs. 

In comparison to the conventional cytogenetic meth-
ods, our approach does not require viable tissue material, 
lowering the rate of unsuccessful analyses and has a po-
tential to detect maternal cell contamination. Indeed, in 
our study 14.67% of the POC samples showed maternal 
contamination and were excluded from further analysis. 
Furthermore, the use of QF-PCR enables not only detec-
tion of maternal cell contamination, but also detection of 
foetal triploidy, which could not be possible by using only 
MLPA analysis. Although QF-PCR/MLPA approach could 
not accurately detect other polyploidies, such as tetraploidy, 
these abnormalities rarely occur and represent only less 
than 3% of all chromosomal abnormalities in EPLs [19]. 
Some disadvantages of the QF-PCR and MLPA methods 
used in present study include the inability to detect balanced 
structural chromosomal rearrangements, as well as inter-
stitial deletions and duplications, ring chromosomes, and 
inversions. Some of these variations could be detected with 
other molecular approaches such as aCGH and NGS-based 
methodologies, but because of their higher price, they are 
not widely used in the investigation of EPLs samples [5, 6]. 

In our study, a significantly higher frequency of chro-
mosomally abnormal POCs was observed in the group of 
women ≥36 years (71.37%) compared to the groups <30 
(43.4%; OR=3.25; p<0.0001) and 31-35 years (53.9%; 
OR=1.52, p=0.018). Thus, our study confirms previous 
observations of increased EPL aneuploidy rate in women 
with advanced age [13, 22]. Extensive research has been 
performed with the aim to explain the reason behind the 
increased rate of aneuploidy with advanced maternal age. 
Some of the leading causes identified include recombina-
tion failure, cohesion and spindle deregulation, abnor-
malities in post-translational modification of histones and 
tubulin, and mitochondrial dysfunction [23, 24]. 

The high trisomy rate in our study (66%), with tri-
somy 16 being the most frequent, followed by trisomies 
22, 21, 13 and 15 is in accordance with the data from 
previous published studies [21, 25-27]. The trisomy rate 
increased with maternal age, being the highest (79.68%) in 
women >36 years of age and lowest in women <30 years 
(48.70%). On the other hand, our study showed higher rates 
of monosomies and triploidy in younger women, which 
has been also shown by other authors [26, 28].

The distribution of individual trisomies differed 
among the three age groups. The frequency of trisomy 16 
(calculated on all studied samples) was similar in the three 
groups, while trisomies 22, 21, 15 as well as other rare 
trisomies showed the highest frequencies in the group >36 

years (Table 5). Many previous studies have also shown 
that trisomies 21 and 22 are more common in women 
with advanced age and have shown that they occur mostly 
because of maternal non-disjunction in meiosis I. Both 
chromosomes 21 and 22 are acrocentric and, on average, 
each is held by a single chiasma, which can be commonly 
lost during meiosis [29]. Thus, our study confirms the find-
ings that trisomies 22, 21 and 15 occur due to age-related 
factors, but also imply that other, non-age-related factors 
might be involved in the occurrence of trisomy 16.

Our results favour the findings of lower chromosomal 
aneuploidy rate in recurrent compared to the sporadic EPLs 
[7], however with a similar distribution of the chromosomal 
abnormalities and trisomies 16 and 22 being the most com-
mon in both groups [30]. The differences observed among 
the women with different ethnic origins as well as those 
with and without live births could be related to the maternal 
age. Although, we have observed some differences in the 
chromosomal aneuploidy rates among women with differ-
ent ABO blood groups and RhD status (with higher rates 
in groups A and AB, as well as in RhD positive women) 
further larger studies are required to confirm our findings. 

Our results show that triploidy and monosomies oc-
cur more frequently in POCs eliminated in gw 9-11, while 
trisomies are more common in gw 6-8 POCs, findings 
observed also by other studies [31]. Thus, our study sug-
gests that chromosomal trisomies have a more negative 
effect on POCs, causing earlier elimination during the 
pregnancy in contrast to the triploidies and monosomies.

We have observed a slight predominance of chromo-
somally abnormal POC in females than in males (58.86% 
vs. 53.56%), although without statistical significance. The 
female predominance was also observed by other authors 
indicating relative weakness in female embryo formation 
and development, supported by an animal model where, 
male embryos development was favoured in comparison 
to female development [32, 33]. 

Table 5. Distribution of the chromosomal trisomies among  
all studied EPLs

Trisomy <30 
n (%)

31-35 
n (%)

>36 
n (%)

16 22 (8.30) 29 (12.03) 25 (9.54)
22 0 (0.00) 10 (4.15) 35 (13.36)
21 7 (7.64) 9 (3.73) 13 (4.96)
15 0 (0.00) 4 (1.66) 22 (8.40)
13 7 (2.64) 7 (2.90) 6 (2.29)
14 7 (2.64) 4 (1.66) 5 (1.91)
Other 13 (4.91) 18 (7.47) 43 (16.41)
Total trisomy 56 (48.71) 81 (62.3) 149 (79.68)
Total POC 265 241 262
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CONCLUSION

Our study furthers the understanding regarding chro-
mosomal abnormalities as a cause of EPLs and confirms 
the higher incidence of foetal chromosomal abnormalities 
in EPLs in women of older reproductive age. Furthermore, 
it shows that by using QF-PCR and MLPA methodologies, 
a high detection rate of chromosomal abnormalities in 
EPLs can be found.
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