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ABSTRACT

Objective: To explore the application and value of chromosomal karyotype analysis combined with Chromosomal Microarray
Analysis (CMA) in the amniotic fluid of advanced maternal age.

Methods: A total of 817 advanced maternal age (AMA) who underwent amniocentesis at the Prenatal Diagnosis Center of
Huizhou Central People's Hospital between January 2018 and July 2024 were enrolled in this study. The women were grouped
based on different age ranges and prenatal diagnosis factors. These groups were used to compare the detection rates and differ-
ences between chromosomal karyotype analysis and CMA.

Result: The overall chromosomal abnormality rates detected by karyotype analysis in the 35-39years age group and the
>40years age group were 8.81% and 13.79%, respectively, with a statistically significant difference (p <0.05). For CMA, the
overall abnormality rates in the same age groups were 10.79% and 15.33%, respectively, but the difference was not statistically
significant (p>0.05). The non-solely advanced-age group (those with additional factors beyond just advanced age) had higher
overall chromosomal abnormality rates, aneuploidy rates, structural abnormality rates, and mosaicism rates compared to the
solely advanced-age group, with statistically significant differences (p <0.05). Additionally, the non-solely advanced-age group
had a higher overall abnormality rate detected by CMA compared to the solely advanced-age group, with a statistically signif-
icant difference (p <0.05). However, there were no statistically significant differences between the two groups in terms of the
detection of pathogenic, likely pathogenic, and variants of uncertain significance (p>0.05). In this study, a total of 68 cases were
identified where the results of karyotype analysis and CM A were inconsistent.

Conclusion: The overall abnormal rate of chromosomal karyotype analysis increases with maternal age, while the overall ab-
normal rate of CMA shows no significant correlation with maternal age. The abnormal rates are significantly higher in AMA
with additional factors. The combination of chromosomal karyotype analysis and CM A can validate and complement each other,
thereby improving the detection rates of chromosomal abnormalities in amniotic fluid samples of AMA. This provides a diagnos-
tic basis for subsequent pregnancy choices, which effectively reduces the birth of fetuses with chromosomal abnormalities and
enhances population quality.

Advanced maternal age (AMA) refers to people whose delivery differences in marital and fertility concepts, the increase of ed-
age is 35years or older [1]. With the gradual liberalization of = ucational attainment for women, and the development of as-
China's two-child and three-child policies, changes in lifestyle, sisted reproductive technologies, the number of women getting
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pregnant at a later age is continuously increasing [2, 3]. The risk
of chromosomal abnormalities in germ cells during cell divi-
sion is directly related to maternal age [4]. Amniocentesis is a
commonly used technique for diagnosing fetal chromosomal
abnormalities. It is typically performed during Weeks 15-18 of
pregnancy and can also be conducted in the late stages of preg-
nancy [5].

China has one of the highest incidences of birth defects in the
world; the incidence of birth defects in China is about 5.6%, but
there are significant differences in the prevalence and types of
birth defects across different geographical regions [6, 7]. There
are limited detailed reports on the application of karyotype anal-
ysis combined with chromosomal microarray analysis (CMA)
in the amniotic fluid of AMA in second-tier cities of southern
China. This paper retrospectively analyzes the chromosomal
karyotype and CMA results of amniotic fluid cells from AMA
and explores the significance of these two methods in prenatal
diagnosis in Huizhou, a city in Guangdong Province in China.
Additionally, it provides a basis for clinical genetic counseling
and prenatal diagnosis.

1 | Materials and Methods
1.1 | General Information

A total of 817 cases of AMA who underwent amniocentesis
at the Prenatal Diagnosis Center of Huizhou Central People's
Hospital in Guangdong Province between January 2018 and July
2024 were collected. The indications for amniocentesis included
AMA with or without abnormal Down Syndrome screening,
NIPT (abnormal noninvasive prenatal testing), abnormal fetal
ultrasound screening, adverse obstetric history, chromosomal
abnormalities in either parent, etc. The delivery age of the preg-
nant people was 35years or older, and the gestational age ranged
from 14 to 25weeks. Detailed medical histories were collected
and recorded for all cases. All pregnant people were informed
of the relevant risks and signed the informed consent form for
prenatal diagnosis.

1.2 | Research Methods
1.2.1 | Karyotype Analysis of Chromosomes

Amniocentesis was performed under strict sterilization and
ultrasound guidance to collect amniotic fluid. The Zeiss auto-
mated slide scanning system is used to obtain karyotype im-
ages, and karyotype analysis is conducted according to industry
standards.

1.2.2 | CMA

Extract genomic DNA according to the kit instructions. The ex-
tracted DNA was then hybridized following the operational pro-
cedures of the CytoScan 750 K. The sequencing information was
compared with the human reference genome using alignment
software, and the nature of the detected CNVs (CNVs refer to
structural variations larger than 1kb in genomic DNA, which

represent submicroscopic changes in chromosome structure that
cannot be resolved by traditional G-banding karyotype analysis)
was determined by searching online public databases and con-
sulting relevant references. The CN'Vs were classified into five
categories according to the guidelines of ACMG (the American
College of Medical Genetics and Genomics): pCN'Vs (pathogenic
CNVs), LP CNVs (likely pathogenic CNVs), VUS CNVs (vari-
ants of unknown significance CNVs), LB CN'Vs (likely benign
CNVs), and B CNVs (benign CN'Vs).

1.2.3 | Statistical Methods

The raw data were organized using Excel spreadsheets, and the
data were analyzed and processed using SPSS 26.0 statistical
software. The data are presented as number of cases (percent-
age) [n (%)]. Comparisons between groups were made using the
¢ test, and a p <0.05 was considered statistically significant.

2 | Results

2.1 | Abnormalities in Chromosome Karyotypes
of Amniotic Fluid Cells From Different Age Groups
With AMA

Among 817 AMA, the total abnormal rate of chromosome karyo-
type analysis in amniotic fluid cells was 10.4%, with the rate of
chromosomal aneuploidy (7.71%) being higher than that of chro-
mosomal structural abnormalities (1.96%) and mosaicism abnor-
malities (0.73%). The women were divided into two age groups:
35-39years and >40years. The abnormal rates of chromosome
karyotype analysis were 8.81% and 13.79%, respectively, and the
difference was statistically significant (p <0.05). The total ab-
normal rate of chromosome karyotype analysis, the rate of chro-
mosomal aneuploidy, the rate of T21 (Trisomy 21 abnormalities),
and the rate of T18 (Trisomy 18 abnormalities)were all higher
in the >40years group than in the 35-39years group, and the
differences were statistically significant (p <0.05). However,
there were no statistically significant differences in the rates of
T13 (Trisomy 13 abnormalities), sex chromosome abnormalities,
mar (marker chromosome), structural abnormalities, and mo-
saicism between the two groups. Details are shown in Table 1.

2.2 | Results of CMA on Amniotic Fluid Cells
From Different Age Groups With AMA

A total of 817 AMA underwent both chromosomal testing
and CMA on amniotic fluid cells. The results for T21, T18,
T13, and sex chromosome abnormalities were consistent be-
tween the two methods. Among them, 556 women were aged
35-39years, and 261 were aged >40years. The overall abnor-
mal rate of CMA was 12.24%, with the rate of chromosomal
aneuploidy (7.47%) being higher than that of mosaicism ab-
normalities (0.86%) and CNVs abnormalities (3.92%). The
total abnormal incidence rates of CMA for the 35-39years,
>40years, and combined age groups were 10.79% and 15.33%,
respectively, with no statistically significant difference
(p>0.05). The rates of chromosomal aneuploidy and autoso-
mal abnormalities were higher in the >40years group than
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TABLE1 | Analysisof chromosome karyotype abnormalities in amniotic fluid cells from different age groups with AMA [n (%)].

Structural abnormalities [n (%)]

Aneuploidy [n (%)]

Sex
chromosome

Mosaicism

Balanced
translocation

Age

[n (%)]
5(0.90)
1(0.38)

Others Total

Inversion

Total T21 T18 T13 abnormalities Mar Total

Cases

groups

12 (2.16)
4(1.53)

1(0.18)

8 (1.44) 3(0.54)

2(0.36)  32(5.76)

7(1.26)
4(1.53)

2(0.36)

5(0.90)
8(3.07)

16 (2.88)

49 (8.81)

556

35~39

1(0.38)

2(0.77) 1(0.38)

31
(11.88)

63 (7.71)

0

36(13.79) 19 (7.28)

261

>40

2(0.24)  16(1.96) 6(0.73)

4(0.49)

10 (1.22)

11 (1.35) 2(0.24)

85(10.40)  35(4.28) 13 2(0.24)
(1.59)

817

Total

0.301 0.362 0.649

0.089

0.665

9.354

0.941

0.941

5.321

8.394

4.726

0.42

0.547

0.584

0.415 0.765

0.002**

0.752 0.332

0.004** 0.021* 0.332

0.03*

*p <0.05 result is statistically significant at the 5% level.
**p <0.01 result is statistically significant at the 1% level.

***p <0.001 result is highly significant at the 0.1% level.

in the 35-39years group, and the differences were statistically
significant (p <0.05). However, there was no statistically sig-
nificant difference in the abnormal rate of CNVs between the
two groups. Details are shown in Table 2.

2.3 | Chromosomal Karyotype Abnormalities
in AMA or With Different Prenatal Diagnostic
Indications

The detection of chromosomal abnormalities in karyotype
analysis of amniotic fluid cells from 817 cases of AMA or with
various prenatal diagnostic indications is shown in Table 3.
A total of 6 cases (1.5%) of chromosomal abnormalities were
detected in the isolated AMA group, including 4 cases (1.01%)
of non-aneuploidy and 2 cases (0.50%) of structural abnormal-
ities. Ten cases (7.87%) of chromosomal abnormalities were
detected in the group with abnormal Down Syndrome screen-
ing results. Thirty-three cases (53.23%) of chromosomal ab-
normalities were detected in the group with abnormal NIPT
results, including 28 cases (45.16%) of non-aneuploidy, 1 case
(1.61%) of structural abnormality, and 4 cases (6.45%) of mo-
saicism. Sixteen cases (17.02%) of chromosomal abnormalities
were detected in the group with abnormal fetal ultrasound
findings. Eight cases (34.78%) of chromosomal abnormalities
were detected in the group with chromosomal abnormalities
in one spouse, while only 2 cases (2.41%) of chromosomal
abnormalities were detected in the group with a history of
adverse pregnancy outcomes. Ten cases (33.33%) of chromo-
somal abnormalities were detected in the group with more
than two prenatal diagnostic indications, including 9 cases
(30.00%) of non-aneuploidy and 1 case (3.33%) of structural
abnormality. The overall chromosomal abnormality rate, non-
aneuploidy rate, structural abnormality rate, and mosaicism
rate were all higher in the non-isolated AMA group compared
to the isolated AMA group, and the differences were statisti-
cally significant (p <0.05).

2.4 | CMA Results for AMA or Merged With
Different Prenatal Diagnostic Indications

The results of CMA on amniotic fluid cells from 817 cases
of AMA or with various prenatal diagnostic indications are
shown in Table 4. A total of 19 cases (4.77%) of CMA abnor-
malities were detected in the isolated AMA group, including 4
cases (1.01%) of chromosomal non-aneuploidy, 5 cases (1.26%)
of pCNVs, 1 case (0.25%) of LP CNVs, 9 cases (2.26%) of VUS
CNVs, and a total of 16 cases (4.02%) of copy number variants
(CNVs). Eleven cases (8.66%) of CMA abnormalities were de-
tected in the group with abnormal Down Syndrome screen-
ing results. Thirty-nine cases (62.90%) of CMA abnormalities
were detected in the group with abnormal NIPT results, in-
cluding 28 cases (45.16%) of chromosomal non-aneuploidy, 6
cases (9.68%) of mosaicism, 2 cases (3.23%) of pCNVs, and 3
cases (4.84%) of VUS CNVs. Seventeen cases (18.09%) of CMA
abnormalities were detected in the group with abnormal fetal
ultrasound findings. Three cases (13.04%) of CMA abnormal-
ities were detected in the group with chromosomal abnormal-
ities in one spouse, while only 2 cases (2.41%) of chromosomal
abnormalities were detected in the group with a history of
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TABLE 2 | CMA results of amniotic fluid cells from AMA in different age groups [n (%)].

CNVs [n (%)]

Aneuploidy [n (%)]

Sex chromosome

Autosomal
abnormalities

pCNVs LPCNVs VUSCNVs Total

9 (1.62)
3(1.15)

Total Mosaicism [n (%)]

abnormalities

Cases Total [n (%)]

Age groups

13 (2.34) 24 (4.32)

2(0.36)

6 (1.08)
1(0.38)

30 (5.40)

7 (1.26)
4(1.53)

23 (4.14)
27 (10.34)

556 60 (10.79)

35~39

8 (3.07)

5(1.92)

0

31 (11.88)

40 (15.33)

261

>40

2(0.24) 18 (2.20) 32(3.92)

61 (7.47) 7(0.86) 12 (1.47)

11 (1.35)

50 (6.12)

100 (12.24)

817

Total

0.739

0.147

0.941

0.27

1.013

10.801

0.1

11.915

34

0.39

0.332 0.701

0.001** 0.314 0.603

0.752

0.001**

0.065

Note: **p <0.01 result is statistically significant at the 1% level.

adverse pregnancy outcomes. Nine cases (30.00%) of chromo-
somal abnormalities were detected in the group with more
than two prenatal diagnostic indications. The overall detec-
tion rate of CM A abnormalities, chromosomal non-aneuploidy
rate, and mosaicism rate were all higher in the non-isolated
AMA group compared to the isolated AMA group, and the
differences were statistically significant (p <0.05). However,
there were no statistically significant differences between the
two groups in the detection rates of pCNVs, LP CNVs, and
VUS CNVs (p>0.05).

2.5 | Discordance Between Chromosome
Karyotype Analysis and CMA Results in Amniotic
Fluid Cells From AMA

Among the 817 AMA who underwent both chromosome karyo-
type analysis and CMA on their amniotic fluid cells, there were
68 cases where the results of the two tests were discordant. In 13
cases, the CMA results were normal, but the karyotype analysis
showed polymorphism, with inversions on chromosome 9 being
the most common. There were 2 cases where the CMA results
were normal, but the karyotype analysis revealed an mar. In 13
cases, the CMA results were normal, yet the karyotype analysis
indicated structural abnormalities (4 cases of inversion abnor-
malities and 9 cases of balanced translocations). One case had a
balanced translocation according to karyotype analysis, but the
CMA result revealed a micro-duplication on another chromo-
some. Another case had a deletion according to karyotype anal-
ysis, but the CMA result also revealed a micro-duplication on
another chromosome. There was one case where the CMA result
was normal, but the karyotype analysis showed mosaicism, two
cases where the karyotype analysis was normal but the CMA
result showed mosaicism, and five cases where the proportion of
mosaicism detected by karyotype analysis and CMA was incon-
sistent. Lastly, there were 30 cases where the karyotype analysis
was normal, but the CMA results were abnormal (14 cases of
micro-deletions, 15 cases of micro-duplications, and 1 case of
uniparental disomy). Details are shown in Table 5.

3 | Discussion

In this study, 817 cases of amniotic fluid cells from AMA under-
went both chromosome karyotype analysis and CMA. Both de-
tection methods revealed that fetal chromosomal abnormalities
in these AMA were predominantly non-integer multiples of the
haploid, with T21 being the most common type of chromosomal
Aneuploidy, having an abnormality rate of 4.28%. Furthermore,
the incidence increased with the mother's age, which is consis-
tent with the report by Zhu et al. [8]. T21 is primarily associ-
ated with the nondisjunction of the corresponding chromosome
during meiosis in the parental mature oocyte [9]. T21 syndrome
can lead to moderate intellectual disability and various congen-
ital malformations. Children with this syndrome may face a
range of structural and functional issues across different organ
systems, with heart abnormalities being a common occurrence
[10]. In addition, T18 was also common in this study, with an
abnormality rate of 1.59%. The risk of T18, as well as all fetal
aneuploidies, is closely related to maternal age, and the risk in-
creases significantly with increasing maternal age. This is also
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TABLE 3 | Chromosomal karyotype abnormalities in AMA or with different prenatal diagnostic indications [n (%)].

Structural
Indicators for Aneuploidy abnormalities Mosaicism
prenatal diagnosis Cases [n (%)] [n (%)] [n (%)] Total [n (%)]
Solely AMA 398 4(1.01) 2(0.50) 0 6 (1.51)
Non-solely AMA Abnormal Down 127 7 (5.51) 2(1.57) 1(0.79) 10 (7.87)
Syndrome screening
Abnormal NIPT 62 28 (45.16) 1(1.61) 4 (6.45) 33(53.23)
Abnormal fetal 94 13 (13.83) 3(3.19) 0(0.00) 16 (17.02)
ultrasound findings
History of adverse 83 1(1.20) 1(1.20) 0 2(2.41)
pregnancy outcomes
Chromosomal 23 1(4.35) 6(26.09) 1(4.35) 8(34.78)
abnormalities
in one spouse
>2 indicators 30 9 (30.00) 1(3.33) 0 10 (33.33)
Total 419 59 (14.08) 14 (3.34) 6 (1.43) 79 (18.85)
X 49.042 8.567 5.741 65.892
p (Vi 0.003** 0.017* (Ve

Note: *p <0.05 result is statistically significant at the 5% level. **p <0.01 result is statistically significant at the 1% level. ***p <0.001 result is highly significant at the

0.1% level.

consistent with the report by Kim et al. [4]. However, there was
no significant correlation between maternal age and the abnor-
mality rates of T13, sex chromosomes, or marker chromosomes
among the aneuploidies. The incidence of mosaicism was also
not influenced by maternal age, which might be related to the
relatively small number of corresponding cases in this study.
Furthermore, the study showed that structural abnormalities
did not significantly increase with age (p=0.362) and had no
significant correlation with maternal age, which is consistent
with some literature reports [2, 4]. Balanced translocations and
inversions were common among these structural abnormalities.
Additionally, there was no significant difference in the abnor-
mality rate of CN'Vs between the two age groups (p=0.065), in-
dicating that the occurrence of fetal CN'Vs is not correlated with
maternal age. This is consistent with Opinion No. 581 from the
American College of Obstetricians and Gynecologists [11].

Among the 817 AMA in this study, 398 were classified as AMA
only, while the remaining 419 had additional indications such
as abnormal Down Syndrome screening, abnormal NIPT, ab-
normal fetal ultrasound, etc. By comparing the results of chro-
mosome karyotype analysis and CMA between purely AMA
and non-purely AMA, it was found that the overall fetal chro-
mosome abnormality rate, aneuploidy rate, structural abnor-
mality rate, and mosaicism rate were significantly higher in the
non-purely elderly group compared to the purely elderly group.
Similarly, Shi et al. [2] also reported a statistically significant dif-
ference in the increased abnormality rate in the group of women
with AMA with additional clinical indications, especially for
numerical abnormalities. However, our study did not observe
any differences in pCNVs, LP CNVs, and VUS CNVs between
the two groups. This may be due to the insufficient number of
cases in our study to detect such differences. By analyzing the

correlation between different high-risk factors and fetal chro-
mosomal abnormalities in the non-solely AMA group, we found
that the abnormal rates for chromosomal karyotype analysis
(45.16%) and CMA (62.90%) were both highest among AMA
with abnormal NIPT results. Therefore, we recommend that
AMA who have additional clinical indications, especially those
with abnormal NIPT results to undergo prenatal diagnosis to de-
termine whether their fetuses have chromosomal abnormalities.

Karyotype analysis is a commonly used technique for identi-
fying chromosomal abnormalities and prenatal diagnosis of
chromosomal disorders. It can detect chromosomal aneuploidy,
polyploidy, mosaicism, and structural abnormalities such as
translocations, inversions, deletions, and duplications with a res-
olution greater than 5-10 Mb. However, it also has limitations,
such as low resolution and a long detection period. CMA can
detect microdeletions or microduplications that are not detect-
able by traditional karyotype analysis, with a detection rate that
can detect levels as low as 50 to 100 kb. However, this technology
cannot detect chromosomal rearrangements without genetic
material alterations, such as translocations or inversions, and
some low-proportion mosaics may also be undetectable [12-15].

In this study, a retrospective analysis was conducted on the re-
sults of fetal chromosomal karyotype analysis and CMA in am-
niotic fluid samples from 817 AMA. Both methods detected 35
cases of T21, 13 cases of T18, 2 cases of T13, and 11 cases of sex
chromosome abnormalities, indicating that the combination of
the two methods can validate each other for these non-integer
multiple abnormalities. Karyotype analysis detected 13 cases of
polymorphism, 2 cases of mar, 10 cases of balanced transloca-
tions, and 4 cases of inversions that were not detected by CMA.
A total of two cases of mar were detected in this study, one of
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which was inherited from the mother and the other was de novo,
and both were shown to be normal by CMA. Chromosomal
polymorphism includes variations in heterochromatic seg-
ments, satellites, and satellite stalks [16]. Chromosomal poly-
morphism is usually unrelated to clinical diseases. However, in
recent years, chromosomal polymorphism has been confirmed
to be potentially associated with reproductive failure and recur-
rent spontaneous abortions [17-19]. Mar are usually equal to or
smaller than chromosome 20 in the same metaphase karyotype.
However, traditional chromosomal banding techniques cannot
identify the origin and characteristics of small supernumerary
marker chromosome (sSMCs) [20]. It is composed of euchromatic
(gene-rich genetic material) and/or heterochromatic (gene-poor
region) material with a primary constriction (centromere) [21].
Seventy-two percent of sSSMCs originate from acrocentric chro-
mosomes. In 30% of cases, the presence of sSSMCs can lead to
euchromatic imbalance [22].

In this study, the rate of chromosomal abnormalities detected by
chromosomal microarray analysis (12.24%) was slightly higher
than that detected by karyotype analysis (10.4%) in amniocen-
tesis performed on advanced maternal age pregnant women
in our study. However, karyotype analysis detected 10 cases of
balanced translocations, including two cases of Robertsonian
translocation carriers and four cases of inversions. However,
except for one case of balanced translocation with a microdupli-
cation on another chromosome, the CMA results for the other
translocations and inversions were all normal. This suggests
that karyotype analysis should be combined with CMA to de-
termine whether there is an increase or decrease in pathogenic
genetic material in the fetal chromosomes of translocation or
inversion carriers, thereby reducing misdiagnosis and missed
diagnosis. True balanced translocation and inversion carriers
usually do not lose or gain genetic material and typically have a
normal phenotype. However, balanced translocations or inver-
sions can lead to unfavorable pregnancy outcomes, such as re-
current pregnancy loss or congenital defects in the offspring due
to an increased risk of producing unbalanced gametes during
meiosis [23, 24].

This study detected seven cases of mosaicism, but two cases
were not detected by karyotype analysis and one case was not
detected by CMA. For the remaining four cases, the mosaic
proportions detected by karyotype analysis and CMA were in-
consistent. Due to the different principles of karyotype analysis
and CMA, there may be some differences in mosaic proportions.
Therefore, the combined use of the two methods can reduce
misdiagnosis caused by a single detection method. In this study,
30 cases of smaller submicroscopic deletions and duplications,
known as chromosomal CNVs, were detected by CMA but not
by karyotype analysis. CN'Vs can cause a wide range of human
diseases, including neurodevelopmental disorders and congeni-
tal anomalies such as heart defects [12].

In this study, one case was also identified with a normal chro-
mosomal karyotype but was diagnosed as pathogenic uniparen-
tal disomy based on the combined CMA results of the fetus and
its parents. Therefore, CMA technology compensates for the
limitations of karyotype analysis to a certain extent. In sum-
mary, in amniotic fluid testing of AMA, both karyotype analy-
sis and CMA have their unique advantages. The combined use

of these two methods can validate each other, complement each
other's deficiencies, and effectively improve the detection rate of
chromosomal abnormalities. Fernan Chaves et al. [25] also ad-
dressed this discussion. Ultimately, this, in turn, will reduce the
incidences of AMA giving birth to children with chromosomal
disorders and lower the chances of birth defects, which enhance
the quality of the human population.
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