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ORIGINAL  ARTICLE

FETAL GROWTH RESTRICTION AND PLACENTAL MARKERS:  
 

OF FIRST-TRIMESTER PREDICTORS
Z. Kirovakov1,3, A. Dushepeev2,3
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Abstract. Background: Prenatal care must prioritise the early detection of Fetal growth re-
striction (FGR), as it is a major contributing cause of postnatal problems and deaths. Early 
detection of risk in pregnancies for FGR plays an essential role in optimizing prenatal care 
and improving outcomes. Maternal serum biomarkers and uterine artery Doppler measure-
ments during the initial trimester have been proposed as potential predictors. Aim: The 

Materials and methods: This retrospective study of 642 singleton pregnancies monitored 
at a specialized fetal medicine unit between January, 2023 and December, 2024. All wom-

which involved evaluating PAPP-A, or pregnancy-associated plasma protein A, free beta-

via Doppler ultrasound. A birth weight below the third percentile was referred to as FGR. 
Results: Fetal growth restriction (FGR) was diagnosed in 65 patients (10.1%). A higher 
mean uterine artery pulsatility index (PI) (1.93 ± 0.68) and lower maternal serum pregnan-

0.56 MoM; PI: 1.57 ± 0.45; p = 0.001 and p = 0.014, respectively). There was no statistically 
-

predictors of FGR risk. Conclusion: High uterine artery PI and decreased PAPP-A levels 

limitation. Although their predictive capacity is limited, these markers may aid in early risk 
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INTRODUCTION

Fetal growth restriction (FGR) is character-
ized by a pregnancy not reaching its greatest 

-

pregnancies for FGR is vital for enhancing prenatal 

Numerous studies have investigated the possibility of 

been connected to impaired placental development 
-

gests elevated uteroplacental circulation resistance 
-

and their clinical utility in routine screening is still de-

This research seeks to explore the correlation be-

-

a group of singleton pregnancies. The main goal is 

of these indicators and their possible contribution 

management of high-risk pregnancies depends on 

MATERIALS AND METHODS

Study Design and Population

This retrospective cohort research was carried out 

642 singleton pregnancies that underwent standard 

birth weight. The exclusion criteria included multiple 

as persistent pre-gestational diabetes and chronic 

incomplete data. The study received approval from 

was signed by the patients when the tests were per-

Data Collection

The sources of the data were electronic health re-

the mother’s age. First-trimester screening results 
included measurements of maternal serum PAPP-A 

-

used to assess the uterine arteries’ pulsatility index 

of both uterine arteries. Three successive compara-
ble waveforms were analysed to determine the pul-

the gestational age. The last menstrual period was 

were extracted from the delivery logs.

Statistical Analysis

Statistical assessments were conducted using SPSS 

of permanent variables were presented as mean 
± standard deviation (SD) or median [interquartile 

of the data. Categorical variables were displayed 
as percentages and frequencies. Ongoing variables 
were compared between the groups with and without 
FGR using the Student’s t-test and the Mann-Whit-
ney U test. Fisher’s exact test or the Chi-square test 
was used to compare categorical variables. 

-
tivariate logistic regression was carried out to con-

-

Receiver operating characteristic (ROC) curve analy-
sis was carried out to assess the predictive capacity 
of each marker for FGR. The area beneath the ROC 

-
-
-

cant in statistical terms.
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Pseudo code

data

// – Load dataset

-

association

predictors

each predictor

RESULTS

Baseline Characteristics
The research involved a total of 642 single pregnan-
cies. The standard age of mothers was 30.2 ± 5.1 

characteristics of the research population are sum-

and without FGR. There were no noteworthy statisti-
-

ing status between the two groups.

Table 1. Baseline Characteristics of the Study Population

Characteristic Non-FGR  
(n=577)

FGR  
(n=65) p-value

 

BMI  
2

 

First-Trimester Markers and FGR
Table 2 displays the maternal serum marker levels 

the FGR and non-FGR cohorts. Women who later 
experienced FGR exhibited notably lower median 
PAPP-A MoM levels (0.56 ± 0.26 MoM) compared to 

-
ed mean uterine artery PI (1.93 ± 0.68) in contrast to 

-

MoM levels of these two groups.

Table 2. First-Trimester Markers in FGR  
and Non-FGR Groups

Marker Non-FGR 
(n=577)

FGR  
(n=65) p-value

Multivariate Logistic Regression Analysis
A multivariate logistic regression analysis was carried 
out to evaluate the independent relationship between 

while controlling for maternal age and body mass in-
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after adjustment.

Table 3. 
Prediction

Marker
Odds  
Ratio 
(OR)

95%  
 

Interval (CI)
p-value

hCG MoM

BMI

10.1% of the cases. The women with FGR exhibited 
a lower PAPP-A MoM of 0.56 ± 0.26 and a higher 
uterine artery PI of 1.93 ± 0.68 when compared to 

Fig. 1. ROC Curve Analysis- PAPP-A Mom

Fig. 2. ROC Curve Analysis- Uterine Artery PI

A ROC curve study was executed to assess the pre-
dictive accuracy of PAPP-A MoM and uterine artery 
PI for FGR (Figures 1 and 2). The spot under the ROC 
curve (AUC) for PAPP-A MoM was determined to be 

artery PI was found to be 0.64 (95% CI 0.56-0.72). 

-

was 71%.

Table 4. Predictive Performance of PAPP-A MoM and 
Uterine Artery PI for FGR

M
ar

ke
r

Se
ns

iti
vi

ty
 (%

)

PP
V 

(%
)

N
PV

 (%
)

PA
PP

-A
  

M
oM 0.7 69.2 75.4 25.6 94.8

U
te

rin
e 

 
Ar

te
ry

 P
I

1.7 52.3 71.0 18.2 92.3

DISCUSSION

This retrospective cohort investigation examined 
-

rum markers and uterine artery Doppler measures 
with the later onset of FGR. Our results indicate that 
low levels of maternal serum PAPP-A MoM and high 
uterine artery PI are independently correlated with an 
elevated risk of FGR. Although these markers have 

in early risk assessment when used alongside other 
clinical evaluations. The link between low PAPP-A 

-
-

essential for proper placental development and func-



53 Z. Kirovakov, A. Dushepeev

t
-

quate nutrient transfer to the fetus and subsequent 

indicates heightened resistance in the uteroplacental 
-

resistance might threaten blood circulation to the pla-

oxygen and nutrients. Our results reinforce the idea 
that compromised uteroplacental circulation during 

-

The ROC analysis indicated that the PAPP-A MoM 
marker shows superior predictive performance for 

not be relied on exclusively for screening FGR.
Among the advantages of the research are the rela-
tively large quantity of data and the extensive data 

retrospective aspect of this research could lead to 

was limited to birth weight below the third percen-

such as the maternal medical history or complica-
tions during pregnancy. 
Combined screening with uterine artery and mater-
nal serum PAPP-A may enhance the early detection 

more thorough surveillance and intervention tech-

by earlier research that showed the predictive value 

CONCLUSION

Fetal growth restriction (FGR) risk is independently 
linked to both increased uterine artery PI and de-
creased maternal blood PAPP-A MoM levels during 

insights into potential placental issues and hindered 

which highlights the complex nature of FGR and un-
derscores the need for a comprehensive approach to 
risk evaluation.

-

for FGR. This comprehensive approach could im-

enabling increased monitoring and prompt interven-
tions.
The correlation between these early pregnancy 
markers and FGR underscores the importance of 

best management strategies for pregnancies classi-

be determined.

-
tional clinical and biophysical parameters to enhance 
the precision of FGR predictions. This could involve 

-

for preventing and managing FGR in pregnancies 

avert FGR could have major implications for lowering 

enhancing long-term health outcomes for those af-

to deepen our understanding of FGR pathophysiolo-
-

es for its prevention and management.
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