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Abstract. Purpose: Trisomy 21, or Down Syndrome, is one of the most common chro-
mosomal abnormalities in newborns, appearing in approximately 1 in 700 births, with
risk increasing with maternal age. It is a condition of particular importance during first-
trimester screening. Materials and Methods: We conducted a retrospective cohort
study of 2,849 pregnant women at 11+0 and 13+6 weeks of gestation to assess the
indicative values of Pregnancy-associated plasma protein-A (PAPP-A) expressed as
multiples of the median (MoM), as well as the influence of maternal factors. Differences
within groups were made using t-tests or Mann-Whitney U tests for continuous vari-
ables, with p < 0.05 considered statistically significant. Results: Out of the 2,849 preg-
nant women examined, 293 were classified as high-risk pregnancies (risk for screening
in the first trimester =2 1:250). We confirmed that PAPP-A MoM values were significantly
lower in high-risk pregnancies (median 0.68, IQR 0.4-1.1) compared with the low-risk
group (median 1.81, IQR 1.2-2.5; p < 0.0001). Nuchal translucency MoM was slightly
lower in high-risk pregnancies (0.87, IQR 0.43-1.20) compared with the low-risk group
(0.98, IQR 0.86-1.10; p = 0.0394), while CRL did not differ significantly between groups
(70.3 mm vs. 63.1 mm; p = 0.4037). Conclusions: These findings support the use of
combined screening with maternal demographics, ultrasound, and biochemical mark-
ers for accurate first-trimester risk assessment. Further studies suggest adjusting MoM
values for maternal characteristics to enhance screening performance, reduce false
positives, and enable individualized counseling. Early identification is crucial in high-
risk pregnancies to facilitate informed decision-making, targeted check-ups, and rein-
force the role of integrated, personalized prenatal screening for optimizing maternal
and fetal outcomes.
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INTRODUCTION

risomy 21, or Down syndrome, is the most

I common chromosomal abnormality in new-
borns, with an incidence of approximately 1

in 700 pregnancies, and the risk of Down syndrome
is strongly associated with advancing maternal age
[1]. First-trimester screening of pregnant women
provides an opportunity for early detection of Down
syndrome, and includes maternal age, measure-
ment of fetal nuchal translucency (NT) and CRL, and
key biochemical markers in maternal serum, includ-
ing pregnancy-associated plasma protein A (PAPP-
A) and free B-human chorionic gonadotropin (free
B-hCG) [1, 2]. Numerous scientific studies indicate
that PAPP-A levels (especially when expressed as
corrected multiples of the median (MoM)) are signifi-
cantly reduced in pregnancies with trisomy 21 [1, 2].

A prospective cohort study conducted in 2020 further
solidifies this fact as it reported significantly lower
PAPP-A MoM values in pregnancies with positive
Down syndrome, with detection rates of over 88%
and a false-positive rate of approximately 5% [1].
Similarly, a large retrospective analysis from China
conducted in 2023 further highlights that the combi-
nation of PAPP-A MoM < 0.5 and free B-hCG MoM =
2.75 is greatly useful for detecting Trisomy 21, even
in low-risk populations [2]. These findings are fur-
thermore supported by a conducted meta-analysis
of over 72,000 pregnancies, which confirmed signifi-
cant differences in PAPP-A, free B-hCG, and NT val-
ues between healthy pregnant women and pregnant
women at risk of Down syndrome [3].

An international cohort study conducted in 2023
consisting of 13,000 singleton pregnancies had pre-
sented that the inclusion of placental growth factor
(PIGF) and alpha-fetoprotein (AFP) together with
PAPP-A, free B-hCG and NT increased the detec-
tion rate of Trisomy 21 to 96% [4]. When highlighting
PAPP-A concentrations, their reduced values are as-
sociated with adverse obstetric outcomes, such as
preterm birth, small-for-gestational-age infants and
preeclampsia [5]. Furthermore, in pregnant women
with pregestational diabetes mellitus we observed
how their PAPP-A MoM decreased by 12%. This is

a finding which is best taken into consideration when
screening as it may lead to an increase in false-pos-
itive screening rates when appropriate adjustments
are not made [6]. This decrease is thought to be
caused by impaired placental function, as reduced
PAPP-A levels are associated with abnormal tro-
phoblast activity and dysregulation of the insulin-like
growth factor (IGF) pathway — mechanisms, which
leads to further contribution to both trisomy 21 and
placental insufficiency [7].

The aim of this study was to assess the predictive
efficacy of PAPP-A, expressed as multiples of the
median (MoM), in identifying the risk of trisomy 21
during the first trimester of pregnancy. In addition
to these markers the study is aimed to assess how
age, body weight, smoking status, in vitro fertiliza-
tion (IVF), and pregestational diabetes are to be
taken into consideration due to their influence over
biomarker levels.

MATERIALS AND METHODS

Study design and Population

This retrospective cohort study includes data col-
lected from 2,849 pregnant women who underwent
combined first-trimester screening at the Public Health
Institution Clinical Hospital “Dr. Trifun Panovski” — Bi-
tola, Department of Medical Biochemistry, between
January 1, 2020, and December 31, 2024. Screen-
ing was performed between 11+0 and 13+6 weeks
of gestation. Ethical approval was obtained from the
Institutional Ethics Committee of Clinical Hospital “Dr.
Trifun Panovski,” Bitola, North Macedonia (Approval
No. 27/2020). High-risk pregnancies were defined as
those with a first-trimester screening risk 21:250 for tri-
somy 21, calculated using PRISCA software. Invasive
diagnostic testing (chorionic villus sampling or amnio-
centesis) was performed in a subset of these high-risk
pregnancies to confirm chromosomal abnormalities.

Inclusion and Exclusion Criteria
Inclusion Criteria:

» Singleton pregnancies undergoing routine screen-
ing in the first trimester between 11+0 and 13+6
weeks of gestation.
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» Availability of maternal serum levels of PAPP-A
with appropriate MoM values.

» Ultrasound measurements, including nuchal
translucency (NT) and crown-rump length (CRL),
performed according to standardized protocols.

» Demographic and clinical data of the pregnant
women that included: age, weight, smoking sta-
tus, mode of conception (spontaneous or IVF),
and pregestational diabetes status.

Exclusion Criteria:
» Twin pregnancy.

» Pregnancies with confirmed fetal anomalies iden-
tified before biochemical testing.

» Incomplete or missing ultrasound measurements.

» Women who refuse to participate or have incom-
plete consent for the use of clinical data.

Biochemical Analysis

Maternal blood samples were collected at the Depart-
ment of Medical Biochemistry following referral by
primary gynecologists. Serum levels of pregnancy-
associated plasma protein A (PAPP-A) was measured
using the Immulite 2000 XPi immunoassay system
(Siemens Healthcare Diagnostics), in accordance
with the manufacturer’s protocol. The results were ex-
pressed as multiples of the median with values adjust-
ed for gestational age and maternal characteristics.

Ultrasound Examination

Ultrasound examinations, including nuchal trans-
lucency (NT) and crown-rump length (CRL) mea-
surements, were performed by the women'’s prima-
ry gynecologists using standardized first-trimester
screening protocols.

Maternal Demographic and Clinical Data

Information on maternal age, body weight, smoking
status, in vitro fertilization (IVF), and pregestational di-
abetes mellitus was obtained from standardized ques-
tionnaires completed by the referring gynecologists.

Risk Assessment

Risk for trisomy 21 was calculated using PRISCA
software (Prenatal Risk Calculation Software, Typo-
log Software, Germany). The software in question
uses a combination of maternal age, ultrasound find-
ings (e.g., NT), and biochemical marker MoM values
(using population-specific medians and correction
factors) to provide risk estimates for chromosomal
abnormalities personalized to every patient.

Statistical Analysis

The collected data were analyzed using IBM SPSS
Statistics version 13 alongside DEScriptive statis-

tics as to summarize demographic, clinical, and
biochemical data. Group comparisons (high-risk vs.
low-risk) were performed using independent t-tests
or Mann-Whitney U tests to account for continu-
ous variables and Chi-square tests for categorical
variables. Correlations between maternal charac-
teristics and biomarker MoM values were evaluated
using Pearson or Spearman correlation coefficients,
as appropriate. A two-tailed p-value < 0.05 was con-
sidered statistically significant. No logistic regres-
sion was performed; associations between PAPP-A
MoM, NT, CRL, and high-risk status were evaluated
using group comparisons (t-tests, Mann—Whitney U
tests) and correlation analysis, with p<0.05 consid-
ered significant.

RESULTS

Our study included two groups of pregnant wom-
en: healthy pregnant women (low-risk group) and
a group of pregnant women at high risk of Down
syndrome. Maternal age was significantly higher in
the high-risk group. Due to the skewed distribution,
median and interquartile range (IQR) are shown:
low-risk pregnant women were 27.3 years old (IQR
25-30), while high-risk pregnant women were 32.0
years old (IQR 30-34). Maternal weight and ges-
tational age showed similar patterns and are also
presented as median = IQR. Other maternal char-
acteristics: smoking, mode of conception, and dia-
betes status are presented as summary numbers
(Table 1).

When assessing the history of the disease, related
to previous pregnancies with Trisomy 21, 1,402
low-risk preghant women had no such history, while
3 pregnant women reported a positive history, and
779 had an unknown history. In the high-risk group,
185 pregnant women reported no previous preg-
nancies with Trisomy 21, while 2 pregnant women
had a positive history, and 106 had an unknown
status.

Maternal weight showed similar distributions be-
tween the two groups with a median of 67.5 kg (IQR
60-75) in the low-risk group and 66.5 kg (IQR 58-75)
in the high-risk group, indicating no significant differ-
ence between them.

Measurement of CRL showed differences that were
not statistically significant (p = 0.4037), although
CRL was slightly lower in the high-risk group. The
median CRL in low-risk pregnant women was 70.3
mm (IQR 66-74) while in high-risk pregnant wom-
en the CRL was 63.1 mm (IQR 58-68) (Table 2,
Figure 1).
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Table 1. Maternal Characteristics and First-Trimester Screening Variables

Variable

Healthy pregnant women with low risk
(n=2556) median (IQR)

Pregnant women with high risk for Down syndrome
(n=293) median (IQR)

Maternal age (years) 27 (25-30) 32 (30-34)
Gestational age (weeks) 12 (12-13) 12 (11-13)
1 - 0,
Smoking status 1821 non-smoker (71%) 253 non-smoker (86%)
348 smokers (14%) 40 smokers (14%)
387 unknown (15%) °

Mode of conception

2156 spontaneous (84%)

286 spontaneous (98%)

17 IVF (1%) 4 1VF (1%)
12 unknown (0.5%) 3 unknown (1%)
D. _di H 0,
iabetes status 2165 non dI?betIC (85%) 292 non-diabetic (99%)
5 diabetic (<1%) 1 diabetic (<1%)
15 unknown (1%) °
History of previous trisomy 21 1402 no (55%) 185 no (63%)
3 yes (<1%) 2 yes (<1%)
779 unknown (30%) 106 unknown (36%)
Maternal weight- kg 67.5 (60-75) 66.5 (58-75)

High-risk pregnancies: first-trimester screening risk = 1:250

Table 2. Ultrasound and Biochemical Parameters in Healthy and High-Risk Pregnancies

Variable Healthy pregnant women with Pregnant women with high risk for Down P
low risk (n=2556) median (IQR) syndrome (n=293) median (IQR)

Crown - rump length (CRL) mm 70.3 (66-74) 63.1 (58-68) 0.4037
Nuchal translucency (NT) mm 1.72 (1.65-1.78) 1.41(1.10-1.70) 0.0581
Nuchal translucency multiple of the

median (NT MoM) 0.98 (0.86-1.10) 0.87 (0.43-1.20) 0.0394
PAPP-A 2.20 (1.3-3.0) 0.61(0.3-1.2) <0.0001
PAPP-A MoM 1.81(1.2-2.5) 0.68 (0.4-1.1) <0.0001

High-risk pregnancies: first-trimester screening risk = 1:250
Box plot analysis of NT Box plot analysis of CRL
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Box plot analysis of PAPP-A corrected MoM
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Nuchal translucency (NT) also varied between groups,
with higher values observed in low-risk pregnancies.
In low-risk pregnancies, NT had a median of 1.72 mm
(IQR 1.65-1.78), while in high-risk pregnancies, the
median was 1.41 mm (IQR 1.10-1.70), with a border-
line non-significant difference (P = 0.0581). NT multi-
ples of the median (NT MoM) were slightly lower in the
high-risk group (0.87, IQR 0.43-1.20) compared with
the low-risk group (0.98, IQR 0.86—1.10), and this dif-
ference reached statistical significance (P = 0.0394).

Box plot analysis of PAPP-A value
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Fig. 1. Boxplot visualization of CRL, NT, PAPP-A, raw
PAPP-A MoM, and corrected PAPP-A MoM, compared be-
tween healthy pregnancies and high-risk pregnancies for
T21. Medians, interquartile ranges, and outliers are shown

PAPP-A values were significantly lower in high-risk
pregnancies. The median PAPP-A was 2.20 (IQR
1.3-3.0) in low-risk pregnancies, while in high-risk
pregnancies it was 0.61 (IQR 0.3-1.2) (P < 0.0001).
Similarly, the corrected PAPP-A MoM values were
lower in high-risk pregnancies (median 0.68, IQR
0.4-1.1) compared with low-risk pregnancies (me-
dian 1.81, IQR 1.2-2.5), confirming the importance
of this marker in the detection of Trisomy 21 (P <
0.0001).
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DISCUSSION

This study provides a comprehensive analysis
through the use of maternal, biochemical, and ultra-
sound parameters in healthy pregnancies in compari-
son to those at increased risk for Trisomy 21, high-
lighting how early indicators may be used to optimize
first-trimester prenatal screening and risk awareness.

Our findings are in line with the study by Kirovakov et
al., which made the same observations in a Bulgarian
population and supports the application of combined
screening protocols in the early detection of chromo-
somal abnormalities [8].

Maternal age was significantly higher in the high-risk
group, with a mean value of 32.39 years compared
to 27.32 years in the healthy group. This finding is
consistent with prior epidemiological studies dem-
onstrating that the risk of Trisomy 21 increases with
maternal age, particularly after 35 years [9]. Although
most women in this study that fell inside the higher-
risk group were under the age of 35, they still pre-
sented a measureable increase inside the baseline
risk, despite there only being a minimal increase in
maternal age. Showing how age-specific risk calcula-
tions need to be supported with in risk calculations for
first-trimester screening procedures.

An interesting finding is that smokers presented a
slightly higher percentage inside the high-risk group.
However, this did not lead to any findings supporting
a direct connection or association between smoking
and increase in Trisomy 21. This finding further sup-
ports previous research that found that lifestyle fac-
tors (such as smoking) have minimal influence on the
appearance of chromosomal abnormalities in com-
parison to maternal age, despite these factors hav-
ing a possible effect on pregnancy outcomes. Future
studies that involve a large sample size could further
shed light or explain the effects of maternal smoking
and its effects over biomarkers or other pregnancy
risk factors. These findings are in line with the Bulgar-
ian study by Antonova et al, who evaluated fertility
treatments and oocyte competence and who noted
that maternal age remains a dominant risk factor for
Trisomy 21, and in vitro fertilization and other as-
sisted reproductive techniques may require careful
consideration when interpreting biochemical markers
[10]. Although some meta-analyses do raise a flag on
major birth defects in ART pregnancies, they are not
specific to Trisomy 21 [11] with other studies instead
highlighting how maternal age and underlying infertil-
ity are the main determinants of risk rather than ART
procedures themselves [12]. Noticeably however, it
has shown that preimplantation genetic testing on
embryos before transfer lowers the likelihood of chro-

mosomal abnormalities, underscoring the potential of
genetic screening to limit risk.

The presence of maternal diabetes was infrequent
and limited in the data collected thus limiting the abil-
ity to assess its, impact on the Trisomy 21 risk. But
it is still known that maternal diabetes does have a
negative influence over pregnancy outcomes, such
as congenital anomalies, macrosomia and varied
prenatal complications [13]. However, a direct rela-
tionship cannot be created between diabetes and
chromosomal abnormalities, as hyperglycemia could
have an impact in the early development of the em-
bryo that contributes to the rise of risk for abnormali-
ties. Further studies are needed as to give a clear
view and definition of the effect of maternal diabetes
in association with the risk of Trisomy 21 with empha-
sis on type of diabetes, glycemic control, as well as
other confounding factors.

Within the high-risk group of women were women
that have reported previous pregnancies with posi-
tive Trisomy 21. An observation that stays consistent
with previous findings saying an increase chance
of reoccurrence and risk with following pregnancies
with special emphasis on cases where there were
involved parental chromosomal deformations [14].
However, the large amounts of missing obstetric data
within the healthy group limit the potential of inter-
pretation of these findings, leading to a critical need
for accurate and comprehensive data collection for
future counseling and guiding for targeted screening
and monitoring for chromosomal abnormalities [16].

The study by Hristova et al. conducted in pregnant
women in Bulgaria confirms the association of varia-
tions in fetal growth related to maternal weight and
BMI and PAPP-A values, which reinforces the need
to adjust MoM values for maternal characteristics [17].

Interestingly, NT values were slightly lower in the
high-risk group in our cohort. This observation differs
from most published studies and may reflect algo-
rithm-based risk classification rather than confirmed
Trisomy 21 cases, as well as interobserver variability
in NT measurements. Furthermore, this observation
is supported by NT MoM values, as they as well were
more stable in healthy pregnancies while showing a
much wider range within high-risk pregnancies, thus
reinforcing NT screening as a reliable indicator in
early pregnancies.

Although we observed slightly lower CRL values
in high-risk pregnant women compared to healthy
pregnant women, this difference was not statisti-
cally significant (p = 0.4037). Therefore, CRL alone
should not be considered a reliable early marker of
trisomy 21, but it can provide additional information
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when interpreted together with NT and biochemical
markers [18, 19].

Both raw and corrected PAPP-A MoM values were
recorded to be significantly lower with-in the high-risk
group, supporting the markers role as an early indi-
cator of increased risk of Trisomy 21 [20, 21]. A de-
crease in PAPP-A values likely reflect impaired pla-
cental function and dysregulation of the insulin-like
growth factor (IGF) pathway (processes implicated in
both chromosomal abnormalities and placental insuf-
ficiency). These findings underscore the importance
of adjusting and personalizing MoM values for mater-
nal factors such as weight, age, and diabetes status,
as uncorrected values may lead to false-positive or
false-negative results. MoM adjustments, along with
integrated PAPP-A and NT screening and results fur-
ther enhances predictive accuracy, consistent with
international screening protocols. The variability ob-
served in biochemical risk estimates (median 177,
mean 235.75) highlights the heterogeneity of high-
risk pregnancies and the necessity for individualized
risk assessment during prenatal screening.

Limitations of the Study

This study has several limitations that should be
considered. First, the sample size, the study includ-
ed a relatively small number of subjects and was
conducted at only one health facility, which may limit
the generalizability of the findings to broader popu-
lations with different demographic or clinical char-
acteristics.

Second, the study did not evaluate the influence of
smoking status, socioeconomic status, and ethnicity
of the participants, which may affect biomarker lev-
els, including PAPP-A. Also, the ultrasound measure-
ments were performed by a larger number of gyne-
cologists, and this poses a risk of subjective factors
in the measurement.

The findings of this study imply the need for reinforc-
ing the use of combined first-trimester screening,
which incluDES maternal age, biochemical mark-
ers, ultrasound parameters as baseline risk assess-
ment. Also, there is an inclusion and use of NT and
PAPP-A markers for early detection thanks to their
sensitive nature as well as CRL as a supportive find-
ing in assessing presence of chromosomal anoma-
lies; Careful collection and study of the patient’'s ma-
ternal history such as previous pregnancies, use of
ART methods, presence of diabetes and mixed life-
style factors. Collectively, these findings contribute
to a better understanding of the mechanisms under-
lying chromosomal abnormalities and may facilitate
further refinement and personalization of prenatal
screening algorithms.

This study has several limitations, including its retro-
spective design and the fact that it was conducted at
a single center, which may limit the generalizability of
the findings.

Future prospective multicenter studies with larger
cohorts are needed to further validate the predictive
value of PAPP-A MoM and its role in optimizing first-
trimester screening strategies.

CONCLUSION

This study highlights the effectiveness of combined
first-trimester screening using methods mentioned
above, in identifying pregnancies at increased risk
for Trisomy 21, with our findings illustrating that key
points of interest for increased risk are advanced
maternal age and decreased PAPP-A MoM which
emerged as the strongest indicators of chromosomal
abnormality.

The results also emphasize the importance of con-
sidering maternal characteristics such as the pa-
tient’'s body weight, presence of diabetes, smoking,
mode of conception and biochemical marker results
in deciding a patient’s risk group. Also taking into ac-
count the need for personalization of these findings
for MoM values as to lower the chance of false posi-
tives/negatives appearing with in testing.

Additionally, the study underlines the importance of
integrated risk evaluation, combining biochemical
and ultrasound markers with maternal demograph-
ics, to improve early detection of high-risk pregnan-
cies. Early identification allows for timely counseling,
informed decision-making, and, where appropriate,
targeted follow-up and diagnostic testing, ultimately
contributing to improved maternal and fetal out-
comes.

While our findings support the robustness of com-
bined first-trimester screening, future prospective
studies with larger and more diverse populations are
needed to refine cut-off values, validate predictive
algorithms, and further enhance the sensitivity and
specificity of screening for Trisomy 21. Overall, this
study reinforces the critical role of a comprehensive,
individualized approach to prenatal screening and
highlights the continuing importance of PAPP-A, NT,
and maternal age as cornerstones of early risk as-
sessment.
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