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Abstract

Background: Early detection of fetal developmental abnormalities can allow for necessary precautions to be taken to reduce risks that
may arise during and after birth. This study aimed to investigate the association between first-trimester aneuploidy screening markers—
pregnancy-associated plasma protein A (PAPP-A), free beta-human chorionic gonadotropin (f3-hCG), and nuchal translucency (NT)—
and neonatal anthropometric measurements (weight, length, and head circumference). It also evaluated their predictive value for sub-
sequent fetal growth abnormalities, including small for gestational age (SGA) and large for gestational age (LGA) births. Methods:
This retrospective study included 422 singleton pregnant women and their newborns. First-trimester NT, f3-hCG, and PAPP-A multi-
ple of the median (MoM) values were compared among mothers who delivered SGA, appropriate for gestational age (AGA), and LGA
infants. Correlations between these markers and neonatal percentiles for weight, length, and head circumference were also examined.
Results: Mothers of SGA neonates had significantly lower PAPP-A and f3-hCG MoM values than mothers of AGA or LGA neonates (p
< 0.05). Receiver operating characteristic (ROC) analysis demonstrated moderate discriminatory performance for the identification of
pregnancies at increased risk of SGA, with an area under the curve (AUC) of 0.687 for f5-hCG MoM (p < 0.001) and 0.674 for PAPP-A
MoM (p = 0.001). Spearman correlation analysis showed that PAPP-A MoM was positively correlated with neonatal birth weight (r
=0.133, p = 0.006) and length percentiles (r = 0.151, p = 0.002). {f3-hCG MoM was also positively correlated with neonatal weight
(r=0.151, p = 0.002), length (r = 0.114, p = 0.019), and head circumference percentiles (r = 0.104, p = 0.032). Correlation analysis
revealed no significant association between NT MoM and neonatal anthropometric measurements. In multivariable logistic regression
analysis, lower first-trimester PAPP-A MoM (adjusted odds ratio [aOR]: 2.51) and {3-hCG MoM (aOR: 2.95) remained independently
associated with SGA, whereas NT MoM did not. Conclusions: First-trimester PAPP-A and f/3-hCG values were significantly lower in
mothers who delivered SGA infants and showed moderate discriminatory ability for the identification of pregnancies at increased risk
of SGA. In addition, first-trimester PAPP-A and f/3-hCG levels were correlated with neonatal birth weight and length, and first-trimester
f3-hCG levels were also correlated with neonatal head circumference. In contrast, first-trimester NT was not associated with neonatal
anthropometric outcomes.
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1. Introduction to a weight above the 90th percentile [2]. SGA is associ-
ated with both immediate perinatal complications and an
increased risk of long-term cardiometabolic and neurode-

velopmental outcomes [3-5]. Conversely, LGA neonates

Nuchal translucency (NT), measured by ultrasonog-
raphy, along with maternal serum levels of free beta-
human chorionic gonadotropin (f3-hCG) and pregnancy-

associated plasma protein A (PAPP-A), are components of
the first-trimester aneuploidy screening test. These markers
are used to screen for Down syndrome, Turner syndrome,
and Edwards syndrome [1].

In the literature, the terms small for gestational age
(SGA) and large for gestational age (LGA) describe abnor-
mal fetal growth. SGA is generally defined as a fetal or
birth weight below the 10th percentile for a specific ref-
erence at a specific gestational age, whereas LGA refers

have an increased risk of intrapartum complications, includ-
ing fetal hypoxia, shoulder dystocia, and brachial plexus
injury. Maternal risks include perineal trauma, postpartum
hemorrhage, and operative delivery, particularly cesarean
section [6]. In addition, individuals born LGA have an ele-
vated risk of obesity, hypertension, and type 2 diabetes later
in life [7].

Although often used interchangeably, SGA and fetal
growth restriction (FGR) represent related but distinct clini-
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cal entities. According to the International Society of Ultra-
sound in Obstetrics and Gynecology (ISUOG), SGA refers
to a fetus or neonate with an estimated or actual weight be-
low the 10th percentile for gestational age and may reflect
a constitutionally small fetus. In contrast, FGR is a patho-
logical condition characterized by failure to achieve genetic
growth potential and is associated with increased perinatal
morbidity as well as adverse long-term outcomes [8]. Body
weight, length and head circumference at birth are the pri-
mary anthropometric measurements used to assess perinatal
and postnatal growth and health [9]. Early detection of fe-
tal growth abnormalities can enable timely interventions to
mitigate risks that may arise during and after birth.

This study aimed to investigate the relationship be-
tween first-trimester aneuploidy screening markers (PAPP-
A, f3-hCG, NT) and neonatal anthropometric measure-
ments (weight, length, and head circumference). Further-
more, it also aimed to evaluate the association between
these first-trimester markers and fetal growth anomalies,
such as SGA and LGA, that may occur later in pregnancy.

2. Materials and Methods

The study was conducted as a retrospective chart re-
view. Singleton pregnancies that resulted in delivery af-
ter 32 weeks of gestation at the Gynecology and Obstetrics
Clinics of VM Medical Park Maltepe Hospital and Kocaeli
City Hospital between April 2023 and April 2024 were in-
cluded. Eligible cases underwent first-trimester aneuploidy
screening between 11-14 weeks of gestation and did not
develop any pregnancy complications.

Pregnant women with multiple pregnancy, fetal chro-
mosomal abnormalities or major structural anomalies, ges-
tational hypertension, preeclampsia, gestational diabetes,
intrauterine fetal growth restriction, glucose intolerance,
maternal obesity, known systemic disease, or insufficient
data were excluded from the study. Fetuses diagnosed
with FGR during pregnancy were excluded to allow assess-
ment of the relationship between first-trimester aneuploidy
screening markers and neonatal anthropometric outcomes
in pregnancies without major complications. This approach
aimed to minimize confounding effects from placental in-
sufficiency, hypertensive disorders, and abnormal Doppler
findings that typically characterize FGR and may indepen-
dently affect both biochemical markers and fetal growth.

Information on eligible women and their newborns
was obtained from electronic and written records. A total
of 422 pregnancies were included in the study.

The study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki, and approval was ob-
tained from the Kocaeli City Hospital Scientific Research
Ethics Committee on September 12, 2024 (protocol num-
ber: 2024-109).

The evaluated maternal variables included maternal
age, body mass index (BMI), parity, gestational age at first-
trimester screening, and gestational age at delivery. Neona-

tal variables included birth weight, length, head circum-
ference, and the corresponding gestational age and sex-
adjusted percentiles.

In first-trimester aneuploidy screening, NT was mea-
sured by ultrasonography, and f3-hCG and PAPP-A were
measured in maternal serum. In our clinics, the corrected
multiple of the median (MoM) values for these measure-
ments are calculated according to gestational age using li-
censed software, and these corrected MoM values are in-
cluded in the Down Syndrome screening test data.

Neonates with a birth weight below the 10th percentile
for gestational age were classified as SGA, whereas those
exceeding the 90th percentile were categorized as LGA.
Infants with birth weights fell between the 10th and 90th
percentiles were considered appropriate for gestational age
(AGA). NT, f3-hCG, and PAPP-A values, along with their
corrected MoM versions, were compared among groups of
pregnant women who delivered SGA, LGA, and AGA in-
fants.

Anthropometric measurements of all newborns, in-
cluding weight, length, and head circumference, were in-
cluded in the study, measured immediately after birth, were
recorded. These measurements were converted to gesta-
tional age and sex-adjusted percentiles based on reference
data specific to the Turkish newborn population [9]. The
correlation between these measurements and first-trimester
NT MoM, f5-hCG MoM and PAPP-A MoM values was
evaluated.

The primary outcome of this study was SGA, defined
as birth weight below the 10th percentile for gestational age.
The primary exposures were first-trimester PAPP-A MoM,
f3-hCG MoM, and NT MoM values. Analyses of LGA,
neonatal anthropometric percentiles, and subgroup compar-
isons were considered exploratory and interpreted accord-
ingly.

All statistical analyses were performed using IBM
SPSS Statistics version 20.0 (IBM Corp., Armonk, NY,
USA). Continuous variables are summarized as mean +
standard deviation (SD) and median (interquartile range,
IQR), while categorical variables are expressed as fre-
quency (percentage, %). Normality of distribution was
evaluated using the Kolmogorov-Smirnov and Shapiro-
Wilk tests. For comparisons among groups, one-way analy-
sis of variance (ANOVA) was used for normally distributed
variables, whereas the Kruskal-Wallis test was used for
variables that did not meet normality assumptions. When
overall differences were detected, post-hoc analyses were
performed using Tukey’s Honestly Significant Difference
(HSD) test after ANOVA or Dunn’s test with Bonferroni
adjustment following the Kruskal-Wallis test. Discrim-
inatory capacity for identifying SGA was evaluated us-
ing receiver operating characteristic (ROC) curve analy-
sis, and optimal thresholds were determined by maximiz-
ing the Youden index. Multivariable logistic regression
analysis was subsequently performed to examine indepen-
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dent associations with SGA, with maternal age, BMI, first-
trimester NT MoM, PAPP-A MoM, and f3-hCG MoM in-
cluded as covariates. Correlations between continuous vari-
ables were assessed using Spearman’s rank correlation co-
efficient. Cases with missing key clinical or laboratory data
were excluded, and a complete-case analysis approach was
used. Statistical significance was defined as a two-sided p-
value < 0.05.

3. Results

A total of 422 singleton pregnancies were included in
the study. Of these, 36 (8.5%) resulted in SGA infants, 322
(76.3%) in AGA infants, and 64 (15.2%) in LGA infants.

Table 1 presents a comparison of groups that deliv-
ered SGA, AGA, and LGA infants with respect to demo-
graphic characteristics, first-trimester aneuploidy screening
markers (f3-hCG, PAPP-A and NT), and neonatal anthro-
pometric measurements (weight, length, and head circum-
ference). No significant differences were observed among
the groups regarding maternal age, BMI, parity, gestational
age at the time of NT ultrasonography, and gestational age
at delivery. Significant differences were observed among
the groups in first-trimester PAPP-A and f8-hCG levels.
Mothers who delivered SGA infants had significantly lower
PAPP-A and f3-hCG MoM values compared with those
who delivered AGA and LGA infants (PAPP-A: p = 0.002,
f5-hCG: p < 0.001). No significant differences were ob-
served in NT values across the three groups. Although not
statistically significant, both PAPP-A and f3-hCG MoM
values were numerically higher in the LGA group compared
to the AGA group. Neonatal anthropometric measurements
(weight, length, head circumference, and their respective
percentiles) differed significantly among the SGA, AGA,
and LGA groups (p < 0.001 for all comparisons). Post-
hoc analysis showed that all pairwise group comparisons
(SGA-AGA, SGA-LGA, and LGA-AGA) were statistically
significant.

The discriminatory performance of first-trimester
PAPP-A MoM and f3-hCG MoM values for identifying
pregnancies at increased risk of SGA was evaluated using
ROC analysis (Table 2). Both markers demonstrated mod-
erate discriminatory ability, with an area under the curve
(AUC) of 0.687 for f3-hCG MoM (p < 0.001) and 0.674
for PAPP-A MoM (p = 0.001). Optimal threshold values
were determined using the Youden index. Accordingly,
the optimal cut-off value for first-trimester f3-hCG MoM
was 0.565, with a sensitivity of 44.4% and a specificity of
84.2%. For PAPP-A MoM, the optimal cut-off value was
1.155, yielding a sensitivity of 83.3% and a specificity of
47.4% (Table 2). The relatively high optimal cut-off value
for PAPP-A MoM reflects the balance between sensitivity
and specificity determined by the Youden index and should
be interpreted as a statistical threshold rather than a patho-
logical value. ROC curves for PAPP-A MoM and {5-hCG
MoM are shown in Fig. 1.
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Fig. 1. ROC curves of first-trimester PAPP-A MoM and ff3-
hCG MoM values for prediction of SGA birth.

The correlations between first-trimester aneuploidy
screening markers (f3-hCG, PAPP-A, and NT) and neona-
tal anthropometric measurements (weight, length, and head
circumference) are presented in Table 3. Spearman correla-
tion analysis showed a statistically significant positive cor-
relation between both PAPP-A and f3-hCG MoM values
and neonatal birth weight and length percentiles. Specif-
ically, PAPP-A MoM correlated with weight (r = 0.133,
p = 0.006) and length (r = 0.151, p = 0.002), while f3-
hCG MoM showed similar correlations (weight: r=0.151,
p = 0.002; length: r = 0.114, p = 0.019). f3-hCG MoM
also showed a weaker but statistically significant correla-
tion with head circumference percentile (r = 0.104, p =
0.032). NT MoM was not significantly associated with any
neonatal anthropometric measurements.

In a parsimonious multivariable logistic regression
model adjusted for maternal age, BMI, and first-trimester
NT MoM, both lower first-trimester PAPP-A MoM (ad-
justed odds ratio [aOR]: 2.51, 95% confidence interval [CI]:
1.16-5.44; p = 0.019) and lower f3-hCG MoM (aOR: 2.95,
95% CI: 1.35-6.45; p = 0.007) remained independently as-
sociated with SGA (Table 4). NT MoM was not indepen-
dently associated with SGA.

4. Discussion

In this study, we investigated the relationship between
first-trimester aneuploidy screening markers (PAPP-A, f3-
hCG, and NT) and neonatal anthropometric outcomes, in-
cluding weight, length, and head circumference. Our find-
ings demonstrate that PAPP-A and f3-hCG levels are sig-
nificantly associated with fetal growth patterns. PAPP-A
and f3-hCG MoM values were significantly lower in moth-
ers who delivered SGA infants. In addition, first-trimester
PAPP-A and f3-hCG levels showed moderate correlations
with neonatal birth weight and length, and first-trimester
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Table 1. Comparison of that delivered SGA, AGA, and LGA groups by demographic characteristics, first-trimester screening
markers (f3-hCG, PAPP-A, and NT), and neonatal anthropometric measurements (weight, length, and head circumference).

Post-hoc analysis p-values

SGA(n=36) AGA(n=322) LGA (=64 p-value
SGA-AGA SGA-LGA LGA-AGA
29.34 £5.15 30.43 £4.72 30.18 +4.94
Mother’s age (years) 0.420¢ 0.397 0.680 0.918
29 (7.75) 30(5.13) 30 (5.80)
. 0.45 +0.62 0.66 + 0.98 0.71 £ 0.91
Parity (n) 0.630°
0(D) 0(D) 0(D)
Gestational age at NT 84.35 £ 4.81 85.93 £4.50 86.01 £+ 4.90 0.1520
ultrasonography (days) 85.5(5.5) 86 (7) 87 (7) '
25.37 +£5.05 24.88 +4.53 26.21 +5.70
Maternal BMI (kg/m?) 0.122¢
24.46 (6.3) 24.09 (6.1) 25.22 (6.40)
2.14 + 1.56 3.39 +2.81 3.46 +3.39
PAPP-A (ng/mL) 0.002° 0.001 0.014 1.00
1.75 (1.40) 2.79 (2.38) 2.71 (2.10)
0.89 +0.48 1.28 + 0.80 1.34 + 1.06
PAPP-A MoM 0.002° 0.002 0.007 1.00
0.83 (0.49) 1.11 (0.84) 1.15(0.82)
30.11 + 1845  47.25+33.75  49.86 +31.47
f3-hCG (mIU/mL) 0.007* 0.008 0.010 0.827
27.5 (20.63) 36.55 (35.78) 40.10 (43.70)
0.79 + 0.46 1.23 +0.83 1.32+1.76
f3-hCG MoM <0.001° 0.001 <0.001 0.505
0.66 (0.63) 0.96 (0.96) 1.12 (1.19)
) 1.27 £ 0.34 1.39 + 0.47 1.38 +0.37
NT size (mm) 0.3862 0.352 0.555 0.977
1.20 (0.48) 1.32 (0.50) 1.30 (0.60)
0.90 + 0.24 0.89 +0.22 0.89 + 0.21
NT MoM 0.9342 0.942 0.931 0.991
0.83 (0.31) 0.88 (0.23) 0.88 (0.28)
. . 270.58 +14.92  269.72 £9.27  269.01 £12.82
Gestational age at birth (days) 0.687°
273 (14) 271.50 (9) 273 (12.75)
) 2588.58 + 481 3213.85 + 354.6 3827.95 4+ 442.1
Neonatal weight (g) <0.001°  <0.001 <0.001 <0.001
2650 (390.8) 3250 (410) 3900 (352.5)
) . 6.01 +£2.92 53.37 +21.58 94.5+3.15
Neonatal weight (percentile) <0.001°  <0.001 <0.001 <0.001
6.50 (5.98) 55(35.7) 94.2 (6.75)
47.16 £ 4.08 49.75 £2.12 51.28 +£2.14
Neonatal length (cm) <0.001° <0.001 <0.001 <0.001
48 (2.8) 50(2) 52(3)
. 21.74 £ 1797 5470 £ 26.41 80.19 £+ 20.87
Neonatal length (percentile) <0.001°  <0.001 <0.001 <0.001
17.40 (26.37) 57.70 (41.60) 86 (23.60)
. 32.59 £3.01 34.50 £+ 1.38 35.76 + 1.54
Neonatal head circumference (cm) <0.001°  <0.001 <0.001 <0.001
33(2) 35(L.5) 36 (2)
Neonatal head circumference 21.63 £23.39  53.34 £28.25 80.45 £+ 23.37
. <0.001°  <0.001 <0.001 <0.001
(percentile) 11.6 (28.38) 59.37 (45.50) 90 (22)

Variables are given as mean =+ standard deviation (SD) and median (interquartile range, IQR).

¢ ANOVA test.
b Kruskal-Wallis Test.
* Bold/italic value signifies statistical significance.

Abbreviations: ANOVA, analysis of variance; SGA, small for gestational age; LGA, large for gestational age; AGA, appropriate for ges-

tational age; BMI, body mass index; PAPP-A, pregnancy associated plasma protein A; f3-hCG, free beta-human chorionic gonadotropin;

NT, nuchal translucency; MoM, multiple of the median.

Table 2. ROC analysis of first-trimester PAPP-A and f3-hCG for prediction of SGA babies.

AUC (95% CI) Cut-off value  Specificity, %  Sensitivity, %  p-value
f3-hCG MoM  0.687 (0.601-0.774) <0.565 84.2 444 <0.001
PAPP-A MoM  0.674 (0.587-0.761) <1.155 474 83.3 0.001

Abbreviations: AUC, area under the curve; CI, confidence interval; ROC, receiver operating charac-

teristic.
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Table 3. Spearman correlation analysis of first-trimester aneuploidy screening markers (f5-hCG, PAPP-A, and NT) and

neonatal anthropometric measurements (weight, length, and head circumference).

Neonatal weight (percentile)

Neonatal length (percentile)

Neonatal head circumference (percentile)

PAPP-A MoM r=20.133, p=10.006
f3-hCG MoM r=0.151,p=0.002
NT MoM r=0.015,p=0.759

r=0.151,p=10.002
r=0.114,p=0.019
r=0.024, p=0.630

r=0.057, p=0.240
r=0.104,p=0.032
r=0.076,p=0.117

* Bold/italic value signifies statistical significance.

Table 4. Multivariable logistic regression analysis for SGA.

Variable aOR 95% CI p-value
PAPP-AMoM 251 1.16-5.44 0.019
f3-hCGMoM 295 1.35-6.45 0.007
NT MoM 0.69 0.15-3.13 0.629
Maternal age 1.03  0.96-1.11 0.425
Maternal BMI ~ 1.03  0.96-1.11 0.437

Abbreviations: aOR, adjusted odds ratio.
* Bold/italic value signifies statistical significance.

f3-hCG levels were also associated with neonatal head cir-
cumference.

PAPP-A is a metalloproteinase that mediates the pro-
teolytic cleavage of insulin-like growth factor binding pro-
teins (IGFBPs), particularly IGFBP-4, which increases the
availability of free insulin-like growth factors (IGFs). IGFs
are key regulators of fetal growth and also modulate glucose
and amino acid transport in trophoblastic cells. In addition,
IGFs play a crucial role in the autocrine and paracrine reg-
ulation of trophoblast invasion into the decidua. Reduced
maternal serum PAPP-A levels may therefore be associated
with diminished IGF activity, suboptimal trophoblast inva-
sion, impaired placental angiogenesis, and disrupted nutri-
ent transfer, ultimately contributing to FGR [10-12]. Pre-
vious studies have consistently reported an association be-
tween low PAPP-A concentrations and the development of
SGA neonates, findings that are also supported by the re-
sults of the present study [12—17].

Some studies have shown that high PAPP-A levels
lead to an increased risk of LGA and fetal macrosomia
[7,17-19]. This may be due to the ability of PAPP-A to
cleave IGFBPs, increasing IGF bioavailability, which is
thought to mediate placental growth and nutrient transfer
to the fetus [19]. In our study, although PAPP-A levels
were higher in LGA pregnancies than in AGA pregnancies,
this difference was not statistically significant. On the other
hand maternal PAPP-A levels showed a positive correlation
with neonatal birth weight. This suggests that higher PAPP-
A levels may lead to an increased risk of LGA. However,
Goetzinger ef al. [20] failed to show a statistically signifi-
cant association between high first-trimester PAPP-A levels
and LGA birth, despite a reported reduced risk.

f3-hCG is secreted by syncytiotrophoblasts and con-
tributes to the maintenance of early pregnancy by promot-
ing progesterone production. It also regulates immune

&% IMR Press

tolerance and plays a role in trophoblast differentiation
[21]. In addition, hCG has an indirect role in maintaining
early gestational hypoxia by regulating vascular endothelial
growth factor (EG-VEGF), which helps sustain physiolog-
ically low oxygen levels in early pregnancy by stimulating
arterial plug formation [22,23].

In the literature, the association between first-
trimester maternal f3-hCG level and SGA infants remains
unclear. While some studies [12,13] found no association
between SGA and f3-hCG levels, others [20,24] found that
SGA was associated with high f5-hCG levels. Further-
more, some studies [15,23] found that SGA was associated
with low f3-hCG levels, as observed in our study. Indeed,
Barjaktarovic ef al. [23], argued that the specific associa-
tion between low hCG in the late first-trimester and reduced
fetal growth could be due to suboptimal development of the
trophoblast shell and arterial plugs, or earlier release of ar-
terial plugs via lower EG-VEGF levels. This could expose
the fetus to the harmful effects of Oy free radicals. In con-
trast, Goetzinger et al. [20] found that high f5-hCG levels
above the 90th percentile in the first trimester were statisti-
cally associated with SGA. Two studies found that women
with unexplained high second-trimester hCG levels were at
higher risk for preterm birth, preeclampsia, and FGR, and
they attributed this to the possibility that 5-hCG production
from placental villi may increase in the hypoxic environ-
ment [25,26]. Goetzinger et al. [20] reported that a similar
association may apply to f3-hCG levels in first-trimester
serum screening. Similarly, Papastefanou et al. [24] found
that the risk of SGA increased with higher first-trimester /3-
hCG levels. Specifically, they observed that a 0.1 increase
in f3-hCG MoM resulted in a 4.02% increase in the risk of
SGA.

The relationship between f3-hCG and LGA has been
examined in several studies. Poon ef al. [19] found that
first-trimester f3-hCG levels were significantly higher in
pregnancies with macrosomic fetuses than in controls. In
our study, first-trimester f3-hCG levels, similar to PAPP-
A, were higher in LGA pregnancies than in AGA pregnan-
cies, although the difference did not reach statistical signif-
icance. We also observed a statistically significant positive
correlation between first-trimester maternal f3-hCG levels
and infant birth weight. Plasencia et al. [18], reported find-
ings similar to those of our study: first-trimester f3-hCG
levels were higher in the LGA group, but did not differ
significantly from the control group. They attributed this
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result to the small number of LGA infants included in the
study. In the study by Kantomaa et al. [14], a f3-hCG MoM
level above the 90th percentile was associated with LGA
only in gestational diabetes mellitus (GDM) pregnancies.
Monari et al. [7] observed no significant difference in first-
trimester f3-hCG between pregnancies delivering LGA and
non-LGA fetuses. As shown, the literature reports inconsis-
tent findings on the relationship between first-trimester f/3-
hCG levels and the development of SGA and LGA. Multi-
center prospective studies and meta-analyses are needed to
clarify the association between first-trimester f3-hCG lev-
els and birth weight.

Importantly, the independent associations of PAPP-A
and f5-hCG with SGA persisted after adjustment for key
maternal factors, supporting a potential placental contri-
bution beyond maternal characteristics alone. Correlation
analysis in our study revealed a positive and statistically
significant relationship between neonatal weight and length
percentile and both PAPP-A MoM and f3-hCG MoM val-
ues in the first trimester. First-trimester f3-hCG MoM val-
ues were also associated with neonatal head circumference.
These findings may indicate that these biomarkers provide
early information related to subsequent fetal growth. No-
tably, a recent study published in 2025 further supports the
link between first-trimester PAPP-A and f3-hCG levels and
impaired fetal growth, with significant associations with in-
trauterine growth restriction (IUGR). These findings sug-
gest that alterations in early pregnancy biochemical markers
may reflect a continuum of placental dysfunction, ranging
from milder growth restriction such as SGA to more severe
phenotypes, including IUGR [27].

ROC curve analysis in our study showed that PAPP-
A MoM and f3-hCG MoM values exhibited moderate dis-
criminatory power for the identification of pregnancies at
increased risk of SGA, with AUC values of 0.674 and 0.687,
respectively. Although the ROC analyses demonstrated
discriminatory ability beyond chance, the observed AUC
values indicate only moderate predictive performance, with
notable trade-offs between sensitivity and specificity at the
proposed cut-off values. Therefore, first-trimester PAPP-
A and f8-hCG levels alone are unlikely to serve as reli-
able standalone screening tools for SGA. However, as sup-
ported by the multivariable analysis in the present study,
these markers may provide incremental prognostic value
when incorporated into multifactorial predictive models
that include maternal characteristics and ultrasound param-
eters. Interestingly, the optimal cut-off value for PAPP-
A MoM identified in this study (<1.155) was higher than
the conventional threshold commonly associated with pla-
cental dysfunction. This finding likely reflects the exclu-
sion of pregnancies complicated by overt placental pathol-
ogy and FGR, resulting in a relatively narrow distribution
of PAPP-A values. Therefore, the cut-off should be inter-
preted as a discriminatory value within a low-risk popu-
lation rather than a clinically abnormal level. These find-

ings suggest that biochemical markers obtained in early
pregnancy may provide clinical insight not only for ane-
uploidy screening but also for potential fetal growth ab-
normalities. In clinical practice, low PAPP-A and f5-hCG
levels may be considered early indicators of increased risk
of SGA, and closer monitoring with more frequent follow-
up may be warranted throughout pregnancy. Furthermore,
these findings are consistent with recent recommendations
on risk-adapted timing of third-trimester ultrasound evalu-
ation. Current guideline reviews indicate that, in low-risk
pregnancies, a routine growth scan around 36 weeks may
be appropriate, whereas in pregnancies identified as higher
risk, based on pre-existing maternal factors or early screen-
ing results, earlier and serial growth assessments should be
considered to improve the detection of FG [28]. In this con-
text, the association observed in our study between first-
trimester biochemical markers and neonatal growth out-
comes may support more individualized risk stratification
and tailored third-trimester surveillance strategies.

In this study, no differences in NT were observed
among the SGA, AGA, and LGA groups, and no associ-
ation was found between NT and neonatal anthropometric
measurements (weight, length, head circumference). These
results suggest that NT measurement is primarily intended
for the detection of chromosomal abnormalities and may
not directly reflect placental or fetal growth dynamics. In
a study published in 2004, Krantz et al. [29] reported
no association between NT and IUGR, consistent with our
study. Subsequent studies have suggested a relationship be-
tween NT and SGA or LGA. A study published in 2011
reported a positive association between NT thickness and
birth weight, indicating that greater NT measurements were
correlated with higher neonatal weight, whereas lower NT
values were linked to an increased likelihood of delivering
a small infant [16]. Some studies have found an associa-
tion between increased NT and LGA [19,30,31]. Kelekci et
al. [31] reported that markedly elevated NT measurements
were linked to a higher frequency of impaired glucose toler-
ance and macrosomia. In their cohort, pregnancies with NT
values exceeding the 95th percentile were compared with
those within the normal range. The authors stated that the
increased rate of macrosomia in the group with increased
NT may be due to the higher prevalence of impaired glu-
cose tolerance. They proposed that microcirculatory disor-
ders and increased capillary permeability in patients with
hyperglycemia may cause an increase in NT. The absence
of a relationship between NT and neonatal growth parame-
ters in our study may be explained by the exclusion of pa-
tients with diabetic conditions, including those with diag-
nosed glucose intolerance.

Limitations

Several limitations should be considered when inter-
preting these findings. First, the retrospective design and
the relatively small number of SGA cases may result in
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limited statistical power and generalizability. The exclu-
sion of fetuses with FGR, although allowing evaluation of
an uncomplicated population, may have led to an underes-
timation of the strength of the associations between first-
trimester biochemical markers and impaired fetal growth.
Therefore, the results may not be directly generalizable to
pregnancies complicated by FGR. Although a multivari-
able logistic regression analysis was performed adjusting
for available maternal factors, including maternal age and
BMI, information on smoking status and race or ethnicity
was not consistently available and could not be included,
representing an additional limitation. The lack of longitu-
dinal fetal growth assessment during pregnancy also pre-
cluded evaluation of dynamic growth trajectories.

5. Conclusions

In conclusion, first-trimester PAPP-A and f35-hCG
MoM values were significantly lower in mothers who de-
livered SGA infants and show moderate predictive value
for SGA. In addition, first-trimester PAPP-A and f3-hCG
levels were associated with neonatal birth weight and birth
length, and first-trimester f3-hCG levels are also correlated
with neonatal head circumference. Our findings support the
hypothesis that certain parameters measured during first-
trimester aneuploidy screening, particularly PAPP-A and
f3-hCG, may be associated with fetal growth outcomes at
birth. These markers may hold clinical value not only for
detection of chromosomal anomalies but also for early pre-
diction of impaired fetal growth. Further prospective stud-
ies with larger cohorts are warranted to develop robust pre-
dictive models for identification of neonatal growth anoma-
lies.
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