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Fetal growth restriction (FGR) and fetoplacental insufficiency (FPI) are major complications of pregnancy associated with adverse perinatal
outcomes. Pregnancy-associated plasma protein A (PAPP-A) and placental morphometry have been proposed as potential predictors of fetal
growth and neonatal health.

Aim - to evaluate the relationship between first-trimester PAPP-A, placental morphometry, and neonatal outcomes in pregnancies complicated
by FPlland FGR, and to assess their predictive value for monitoring intrauterine growth.

Materials and methods. A prospective cohort study was conducted between 2023 and 2025. The study included 42 deliveries from women
aged 20-40 years with FPland FGR. Maternal and neonatal data were collected. Placental morphometry and PAPP-A were analyzed for correlation
with neonatal outcomes. Statistical analyses included mean * standard deviations, ranges, 95% confidence intervals, t-tests, analysis of variance
(ANQVA), and Pearson/Spearman correlation coefficients.

Results. Gestational age ranged from 30+4 to 40+6 weeks. Preterm deliveries (<37 weeks) were less frequent and associated with lower
birth weight (LBW) and Apgar scores. The mean birth weight was 3280+417 g, mean neonatal length 50.8+2.9 cm, mean placental volume
70.9+36.5 cm?3, and mean PAPP-A 0.92+0.70 MoM. Reduced PAPP-A (<0.5 MoM) was associated with LBW (<2900 g) and smaller placental
volume, whereas elevated PAPP-A (>1.5 MoM) corresponded to higher birth weight (>3700 g) and larger placental volume. PAPP-A positively
correlated with birth weight and placental volume. Increased placental volume was also associated with greater neonatal length and mass.
Conclusion. PAPP-A levels and placental morphometric characteristics are significant predictors of fetal growth and neonatal outcomes in
pregnancies complicated by FPl and FGR.

The research was carried out in accordance with the principles of the Declaration of Helsinki. The informed consent of the patients was obtained
for conducting the studies.

The author declares the absence of conflict of interests.

Keywords: pregnancy-associated plasma protein A (PAPP-A), placental volume, fetal growth restriction, fetoplacental insufficiency, neonatal
outcomes.

B3aemo3B'a3ku Mix pieHamu PAPP-A, mopdomMmeTpuiHMMM napameTpamm
nnaueHT Ta nepuHatTaJibHUMun HaCﬂIAKaMM Y BariTHUX XIHOK

3 ¢6TOI1naLl,6HTapHOIO Hep.OCTaTHICTIO

U.M. Siracli

AsepbainaxaHCbKuin Meau4HU yHiBepcuTeT, M. baky

3arpumka pocty nnoga (3PM) Ta detonnaueHTapHa HeaocTatHiCTb (PMH) € OCHOBHUMYK YCKNAOHEHHAMM BariTHOCTI, MOB'A3aHMMN 3
HECNPUATINBMMUK NepUHaTanbHMK pedynstatamu. [1na3moBuii NpoTein A, Nos'adanuii i3 BaritHICTIO (PAPP-A), Ta MopdOoMETPIS nnaueHTn
Oynv 3anponoHOBaHI ik MOTEHLLIMHI NPEeAVKTOPW POCTY NNoAa Ta 300P0B'a HOBOHAPOAXEHOIO.

MeTa - ouiH1TK 38'930K Mixk PAPP-A Yy nepliomy TpUMECTPi, MOPhOMETPIEID MNaLEeHTV Ta HEOHaTabHUMU peayrsTaTamui Nif Yac BariTHOCTI,
ycknaaHeHin 3PIM ta DIH, Ta ouiHXTA IXHIO MPOrHOCTNYHY LIIHHICTb A8 MOHITOPVHIY BHYTPILUHEOYTPOOHOMO POCTY.

Martepianu Tta meToaun. [pocnekTnBHe KOropTHe A0CimxeHHs 6yno nposeaeHo y 2023—-2025 pp. JocnimxeHHs oxonuno 42 XiHok
Bikom 20-40 pokis i3 3PN 1a ®IMH nia yac nonoris. 3ibpaHo AaHi NPO MarepiB Ta HOBOHAPOOXEHMX. MopdomeTpilo nnaueHtn ta PAPP-A
aHanisysanu WoAO0 Kopensauji 3 HeoHaTanbHUMK pesynstatamn. CTaTUCTUYHNI aHani3 OXONMB CEPEAHE 3HAYEHHS + CTanaapTHE BIAXMNEHHS,
nianasonn, 95% noeipdi iHTepBanu, t-tectu, aucnepcivHnii aHania (ANOVA) Ta koediuieHTr kopensuji MipcoHa/Cnipmena.

PesynbTaTn. [ecTauiinuii Bik konvsascs Big 3074 no 4046 TvxHiB. MNepeayacHi nonoru (<37 TvkHIB) By PIAWMMI Ta MOB'A3aHi 3 HUXYO0I0
Baroio nia 4ac HapooxeHHs Ta banamn 3a Wwkanowo Anrap. CepedHs Bara nif, 4ac HapoaxXeHHs ctanosuna 3280+417 r, cepeansa NOBXMHA
HoBOHapoaxeHoro 50,8+2,9 cMm, cepeaHin 06'em nnaueHTn 70,9+36,5 cm3, a cepeaHin PAPP-A 0,92+0,70 MoM. 3HmxeHunii piBerb PAPP-A
(<0,5 MoM) nos'agaHni i3 MEHLIOK Baroo nifg, 4ac HapomxeHHs (<2900 r) tTa MeHwmM 00'eMOM MnaueHTW, TOAI SK NIABULLEHMI PiBEHb
PAPP-A (>1,5 MoM) BionoBsigas BuLLIM Basi nia Hac HapoaxkeHHs (>3700 r) Ta 6inbliomMy 06'emy nnaueHTV. PAPP-A NO31TNBHO KOpeioBas
3 Barow nig 4ac HapoaXeHHs Ta 06'eMOM MnaueHT. 30iblueHnii 06'eM MNaLeHTV TakoxX NoB'a3aHuii i3 OiNbLIOK AOBXUHOIO Ta Macolo
HOBOHaPOIXEHOTO.

BucHoBok. PisHi PAPP-A Ta MOp®OMETPUYHI XapakTepUCTUKLA MNaLEHTU € 3Ha4YHVMK NpeavkTopaMy POCTy Miofda Ta HeoHaTalbHWX
pe3ynbTariB nig vYac BaritHOCTi, ycknaaHeHin MIH ta 3P,

JocnigxXeHHs BUKOHaHO BIANOBIAHO A0 MPUHLMNIB [eNbCIHCbKOI Aeknapadii. Ha npoBeaeHHs AOCAIAXEHb OTPUMAaHO iHDOPMOBaHY 3rody
naLieHToK.

ABTOP 3adBJIAE NPO BIACYTHICTb KOHDIIKTY IHTEPECIB.

Knrouogi cnosa: nnasmarnyiHnii npoTeid A, NoB'a3aHuii i3 BaritHicTio (PAPP-A), 06'emM nnaleHT, 3aTprMka pocTy nioaa, GetonnaleHTapHa
HEeLOCTaTHICTb, HEOHATANbHI PEe3yNLTaTh.
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etal growth restriction (FGR) is one of the

most common complications of pregnancy
and is associated with an increased risk of ad-
verse perinatal outcomes. FGR is linked to a sig-
nificantly higher risk of perinatal mortality, low
birth weight, neurological impairments, as well
as long-term metabolic disorders that may ma-
nifest in childhood and adulthood. Timely identi-
fication of pregnant women at high risk of FGR
remains a key challenge in modern perinatal me-
dicine, enabling the implementation of preven-
tive and therapeutic interventions at early stages
of pregnancy. A particular challenge lies in diffe-
rentiating between a constitutionally small fetus,
which develops within its genetic potential, and
a pathologically small fetus, whose growth is re-
stricted due to an underlying maternal, placental,
or fetal pathology [8,10,11].

Fetoplacental insufficiency (FPI) is a key fac-
tor in the development of FGR. Structural and
functional abnormalities of the placenta lead to a
reduced supply of oxygen and nutrients from the
mother to the fetus, directly affecting fetal weight
and growth. Therefore, both placental morpho-
metric parameters and biochemical markers re-
flecting its functional status are of significant im-
portance [12].

A key biomarker is pregnancy-associated plas-
ma protein A (PAPP-A), a protein produced by
the trophoblast that plays a role in the regulation
of insulin-like growth factors and placental angio-
genesis. PAPP-A is an important pregnancy bio-
marker for the early detection of complications,
including FGR [1,7].

The volume and functional status of the pla-
centa reflect the mother’s ability to supply nu-
trients to the fetus, and their relationship with
neonatal parameters helps predict perinatal out-
comes and improve pregnancy monitoring. Low
first-trimester PAPP-A levels are associated with
an increased risk of fetal growth restriction, pre-
eclampsia, and preterm birth. Additionally, pla-
cental morphometric parameters such as weight,
volume, and chorionic villi surface area reflect the
organ’s capacity to support normal intrauterine
fetal growth [2,4-6].

Despite numerous studies, the combined inter-
action of biochemical markers and placental mor-
phometric characteristics in assessing the risk of
FGR and predicting newborn weight and length
remains insufficiently explored [3,9].

Therefore, an important objective is to inves-
tigate the relationship between PAPP-A levels,
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placental morphometric parameters, and perinatal
outcomes in pregnant women with FPI.

The aim of this study was to determine the
prognostic value of PAPP-A levels and placental
morphometric parameters for the early identifica-
tion of FGR risk and the assessment of newborn
outcomes.

Material and methods of the study

Study design and setting. A prospective cohort
study was conducted from 2023 to 2025 at the De-
partment of Obstetrics and Gynecology 11 of Azer-
baijan Medical University (AMU) and at the labo-
ratory of the Educational Surgical Clinic of AMU.

Study population. The study included data from
42 deliveries. The parameters assessed were fe-
tal weight (g), gestational age (weeks and days),
placental volume (cmi), PAPP-A levels (MoM),
Apgar scores, and newborn length (cm). Of the
42 deliveries included in the study, complete
PAPP-A data were available for 36 cases, and
complete paired datasets for correlation analyses
in 30 cases. Apgar score analysis included 41 live-
born newborns, as one pregnancy resulted in in-
trauterine fetal demise.

For analysis, mean values, ranges, and correla-
tion coefficients between PAPP-A levels, placental
volume, and neonatal physical parameters were cal-
culated. PAPP-A values were interpreted accord-
ing to reference ranges: <0.5 MoM was considered
low, 0.5-1.5 MoM was normal, and >1.5 MoM was
high.

Inclusion and exclusion criteria. The study in-
cluded pregnant women aged 20-40 years with
FPI and FGR who provided written informed
consent to participate. Exclusion criteria com-
prised women with malignant neoplasms, chronic
kidney disease, stage III arterial hypertension, as
well as pregnant women younger than 20 or older
than 40 years, or those who declined participa-
tion in the study.

Clinical and functional methods. Data were col-
lected on maternal history, course of pregnancy,
complications, and the condition of the newborn.

Ultrasound examinations and Doppler studies
were performed to assess the pulsatility index (PT)
of the uterine and umbilical arteries, the fetal mid-
dle cerebral artery, and to calculate the cerebro-
placental ratio (CPR). Measurements were taken
when the fetus was at rest, with three consecu-
tive readings recorded and averaged. Reference
values were based on the International Society of
Ultrasound in Obstetrics and Gynecology
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(ISUOG, 2023) guidelines: uterine artery PI 0.8-
1.4, umbilical artery PI 0.6-0.9, and CPR >1.08.

Laboratory methods. PAPP-A levels were mea-
sured during first-trimester screening and con-
verted to MoM for standardization. Addition-
ally, key neonatal biochemical parameters were
recorded, including lactate, glucose, malondialde-
hyde (MDA), and proteins C and S.

Morphological assessment of the placenta. Tm-
mediately after delivery, placental weight and the
area of chorionic villi were measured, and dys-
trophic changes were assessed histologically. The
protocol followed the standards of the European
Society of Placental Pathology (ESPR, 2022).

Perinatal outcomes of newborns. The newborns’
birth weight and length, head and abdominal cir-
cumference, and Apgar scores at 1 and 5 minutes
were systematically recorded, along with key bio-
chemical markers. These data were used to assess
the impact of PAPP-A levels and placental vo-
lume on neonatal status.

Statistical analysis. All data were processed us-
ing SPSS v.25.0. Continuous variables are pre-
sented as mean £ SD (M=£SD) and 95% confi-
dence intervals (CI), while categorical variables
are expressed as absolute numbers and percen-
tages. Group comparisons were performed using
Student’s t-test, analysis of variance (ANOVA),
and non-parametric tests as appropriate. Correla-
tions were assessed with Pearson’s and Spear-
man’s coefficients. Statistical significance was set
at p<0.05.

Ethical considerations. The study was con-
ducted in accordance with the Declaration of
Helsinki (2013) and was approved by the local
Ethics Committee of AMU. All participants pro-
vided written informed consent to participate.

Study limitations. The main limitations of this
study include the relatively small sample size and
the absence of certain laboratory measurements
in some participants. Additionally, the study
was conducted at a single medical center, which

may limit the generalizability of the findings to a
broader population.

Results of the study and discussion

In the study group, gestational age ranged
from 30 weeks and 4 days to 40 weeks and 6 days.
For analytical purposes, deliveries were classified
as preterm (<37 weeks) and term (37-41 weeks).
Preterm births were relatively infrequent in this
cohort and were generally associated with low-
er birth weights (LBW) and lower Apgar scores
compared to term newborns.

During the analysis, data were collected on
neonatal birth weight and length, gestational age,
placental volume, PAPP-A levels (MoM), and
Apgar scores. The means, standard deviations,
ranges, and 95% CI for these parameters are pre-
sented in Table 1.

The mean birth weight was 3280417 g, with
a 95% CI of 3154-3406 g and a range of 2270-
4190 g. The mean length of the newborns was
50.8+2.9 c¢m, with a 95% CI of 49.9-51.7 ¢cm and
a range of 44-56 cm.

Placental volume showed considerable vari-
ability, ranging from 26 to 147 cm3, with a mean
of 70.9+36.5 cm3 and a 95% CI of 59.9-81.9 cms3.
PAPP-A levels ranged from 0.27 to 3.25 MoM,
with a mean of 0.92+0.70 and a 95% CI of 0.71-
1.13 MoM, reflecting the distribution of this bio-
chemical marker in the study group.

Apgar scores of the newborns ranged from 5 to
9, with a mean of 7.84£0.6 and a 95% CI of 7.62—
7.98, indicating generally satisfactory neonatal
condition. The inclusion of 95% CI allows for the
assessment of the precision of the mean values
and provides a basis for subsequent analysis of the
relationships between PAPP-A levels, placental
characteristics, and neonatal parameters.

Most pregnant women had PAPP-A levels
within the reference range. Reduced PAPP-A le-
vels (<0.5 MoM) were observed in some patients
and were more frequently associated with lower fe-

Key characteristics of newborns and pregnancy parameters fable 1
Parameter Mean = SD 95% CI Range
Birth weight, g 3280+417 3154-3406 2270-4190
Birth length, cm 50.8+£2.9 49.9-51.7 44-56
Gestational age 38 weeks 4 days - 30 weeks 4 days — 40 weeks 6 days
Placental volume, cm® 70.9+36.5 59.9-81.9 26-147
PAPP-A, MoM 0.92+0.70 0.71-1.13 0.27-3.25
Apgar score 7.84£0.6 7.62—7.98 5-9
ISSN: 2706-8757 Ukrainian journal Perinatology and Pediatrics 1(105) 2026 29
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Table 2
Distribution of cases by PAPP-A categories and
corresponding percentage of the total sample

PAPP-A category Number of cases %

<0.5 MoM 9 25
0.5-2.0 MoM 23 63.9
>2.0 MoM 4 11.1
Total 36 100

tal weight and smaller placental volume. Elevated
PAPP-A levels (>2.0 MoM) were significantly less
common and were generally accompanied by higher
fetal weight and larger placental volume (Table 2).

Data analysis revealed that PAPP-A MoM
levels were significantly positively correlated
with neonatal birth weight (r=0.42, p<0.01), in-
dicating a direct relationship between the con-
centration of this protein and fetal growth in ute-
ro. In particular, among pregnant women with
reduced PAPP-A levels (<0.5 MoM), newborn
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birth weight was below 2900 g, whereas higher
PAPP-A values (>1.5 MoM) were observed in
infants with birth weights exceeding 3700 g, con-
firming the role of PAPP-A as a marker of intra-
uterine growth (Figure 1).

At the same time, a positive, although less pro-
nounced, correlation was found between placen-
tal volume and neonatal length (r=0.36, p<0.05).
Newborns delivered by women with larger pla-
cental volumes demonstrated greater birth length,
reflecting the importance of placental morpho-
metric characteristics in predicting fetal physical
development (Figure 2).

For a clearer presentation of these data,
Table 3 was constructed, showing the mean val-
ues of neonatal birth weight and length according
to PAPP-A level categories (Table 3).

The analysis of Table 2 demonstrates a clear
relationship: as PAPP-A levels increase, the mean
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Fig. 1. Correlation between PAPP-A (MoM) and birth weight (g) in newborns
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Influence of PAPP-A levels on neonatal birth weight and length fable 3
PAPP-A (MoM) Number of | Mean birth weight, g 95% Mean length, cm 95%
category newborns (M=£SD) CI (weight) (M£SD) CI (length)
<0.5 (low) 9 2765+120 2635-2895 49.042.1 47.0-51.0
0.5-1.5 (normal) 23 3260+310 3160-3360 50.5€2.7 49.7-51.3
>1.5 (high) 4 3810+£220 3660-3960 52.0+£2.3 50.9-53.1

birth weight and length of newborns also increase.
These findings highlight the clinical importance
of monitoring PAPP-A levels in predicting intra-
uterine fetal development and support its use in
combination with placental morphometric para-
meters to assess the risk of FGR.

For a more detailed analysis of the relation-
ship between PAPP-A levels, placental morpho-
metric parameters, and fetal weight, all newborns
were divided into three groups according to birth
weight: less than 3000 g, 3000-3500 g, and more
than 3500 g (Figure 3).

The analysis demonstrated a clear relation-
ship between fetal weight, mean PAPP-A levels,
and placental volume. Infants with a birth weight
of less than 3000 g had lower PAPP-A levels
(0.43 MoM) and a smaller mean placental vo-
lume (53 cm3), reflecting a potential association
between low PAPP-A and restricted intrauterine
growth. In the group with birth weights of 3000—
3500 g, the mean PAPP-A level was 0.85 MoM,
while the mean placental volume increased to
71 cm?, corresponding to normal growth parame-
ters. Newborns with birth weights above 3500 g
showed higher PAPP-A values (1.45 MoM) and
larger placental volumes (87 c¢m?®), confirming the
positive influence of these factors on fetal growth.

The analysis of Table 2 demonstrates a clear
trend: as fetal weight increases, the mean values

of PAPP-A and placental volume also increase.
These findings highlight the role of PAPP-A and
placental morphometry as important indicators
for assessing intrauterine development and pre-
dicting neonatal outcomes.

During the study, one case of intrauterine fetal
demise was recorded. This case was characterized
by low fetal weight and a relatively small placen-
tal volume, which may indicate severe placental
dysfunction.

The condition of the newborns at birth was
assessed using the Apgar score. In the study, the
values ranged from 5 to 9 points, with a mean
score of 7.8£0.6. Most newborns were in satis-
factory condition at birth, as evidenced by the
predominance of Apgar scores of 7-8. In seve-
ral cases, lower scores were observed, which may
have been associated with preterm birth or signs
of placental insufficiency (Figure 4).

The distribution of Apgar scores showed that
most newborns were in satisfactory condition at
birth. The most frequently observed scores were
7 and 8, recorded in 23 and 16 newborns, respec-
tively. One newborn had a score of 5, while the
maximum score of 9 was observed in one case.
Apgar score analysis was restricted to 41 live-
born newborns, as one case was complicated by
intrauterine fetal demise and was therefore not
eligible for postnatal assessment.

1.6
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Fig.3. Mean PAPP-A (MoM) and placental volume according to birth weight categories
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The distribution of birth weights showed that
the largest proportion of newborns had a weight
in the range of 3000-3500 g. Low birth weight
(<2500 g) was observed in 3 cases. Eleven new-
borns had a birth weight of 2500-3000 g. Higher
birth weights (3500-4000 g) were recorded in
7 newborns, while birth weights above 4000 g
were observed in 4 cases (Figure 5).

A positive correlation was observed between
placental volume and birth weight. As placen-
tal volume increased, there was a corresponding
tendency for higher fetal weight. These findings
underscore the important role of placental deve-
lopment in supporting normal intrauterine fetal
growth.

Analysis of morphometric data showed that
newborns with a reduced placental volume
(<50 cm3, n=9) had a mean birth weight of
2760+320 g. For those with a normal placen-
tal volume (50-100 cm3, n=21), the mean birth
weight was higher at 3320£280 g. Newborns
with an increased placental volume (>100 cm?
n=6) had a mean birth weight of 3710+310 g.
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Distribution of birth weight among newborns in the study

These results confirm a direct relationship be-
tween placental volume and fetal weight and
highlight its role in supporting normal intraute-
rine growth.

The obtained results confirm the important
role of placental factors and biochemical mar-
kers in the formation of fetal intrauterine growth.
In this study, a positive correlation was identi-
fied between the level of PAPP-A and fetal birth
weight, which is consistent with the findings of
several international studies [1,7,11,12].

It is known that PAPP-A is an important pro-
tein produced by the trophoblast and plays a sig-
nificant role in placental development, angioge-
nesis, and the regulation of insulin-like growth
factors. A decreased level of this marker in the
first trimester of pregnancy is often considered
one of the early signs of placental dysfunction.
The analysis showed that lower PAPP-A levels
were more frequently observed in newborns with
LBW, whereas higher levels of this marker were
associated with greater fetal mass. These findings
are consistent with previous studies, which indi-
cate that decreased PAPP-A levels may be linked
to an increased risk of FGR and placental insuf-
ficiency [7,12].

Furthermore, the study revealed a positive cor-
relation between placental volume and fetal mass.
The placenta is a key organ responsible for trans-
porting oxygen and nutrients from the mother to
the fetus. A reduction in placental size or functio-
nal activity can lead to impaired intrauterine fetal
growth.

The results indicate that an increase in placen-
tal volume is associated with a tendency toward
higher neonatal birth weight, underscoring the
importance of placental morphological characte-
ristics in ensuring normal pregnancy outcomes.

A positive correlation was also observed be-
tween PAPP-A levels and placental volume, sug-
gesting that this biochemical marker may reflect
the processes of placental development and func-
tional status. Several studies indicate that de-
creased PAPP-A levels may be associated with
impaired implantation and the development of
placental insufficiency, which can subsequently
lead to adverse perinatal outcomes [1,2,4,6].

Particular attention should be paid to the ob-
served relationship between gestational age and
fetal weight. The data demonstrate a consistent
increase in fetal body mass as pregnancy pro-
gresses, reflecting the physiological mechanisms
of intrauterine development. Thus, the results of
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this study underscore the importance of a com-
prehensive assessment of both biochemical and
morphometric placental indicators for predicting
intrauterine fetal growth and perinatal outcomes.
Measuring PAPP-A levels in combination with
an analysis of placental morphometric characte-
ristics can be regarded as a valuable diagnostic
tool for the early identification of risks associated
with fetoplacental dysfunction. At the same time,
it should be noted that this study has certain li-
mitations. The sample size was relatively small,
and some parameters were missing in individual
cases. Moreover, the research was conducted at a
single clinical center. Future studies with larger
sample sizes are needed to confirm these findings
and to more thoroughly investigate the role of pla-
cental factors in shaping intrauterine fetal growth.

Conclusions

In the study group of pregnant women with
FGR and FPI, the analysis revealed significant
associations between placental biochemical and
morphometric parameters and perinatal out-
comes.
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intrauterine development. The positive correlation
between PAPP-A and placental volume indicates
the role of this marker in assessing placental func-
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tion risk and the optimization of perinatal care.

The results of this study may serve as a basis
for further large-scale research aimed at clarifying
the prognostic value of PAPP-A and placental
morphometric characteristics in pregnancy moni-
toring and complication prevention.
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