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diseases, ethnic origin, maternal age, parity, and smoking 

habit (1-3). The rates of neonatal complications such as still-

birth, necrotizing enterocolitis, and respiratory distress syn-

drome increase in infants with small for gestational age (SGA) 

(defined as less than 10th percentile birth weight) (4,5). 

Similarly, large for gestational age (LGA) neonates (defined 

as over 90 percent of birth weight) have increased obstetric 

complications such as shoulder dystocia or other birth injuries 

and cesarean delivery, as well as a higher chance of compli-

cations such as obesity, cardiovascular disease, and metabolic 

imbalance in adulthood (6,7).  

In screening for first-trimester chromosomal abnormali-

ties, measurement of fetal nuchal translucency (NT), evalua-

tion of maternal serum pregnancy-associated plasma protein-

A (PAPP-A), and free β-human chorionic gonadotropin (β-

hCG) levels are the part of antenatal care (8,9). Although 

some studies on fetal birth weight have been conducted in the 

second trimester, few studies have examined the relationship 

between first-trimester aneuploidy markers and fetal weight 

(10-13). Early prediction of fetal growth abnormalities is cru-

cial for postnatal care outcomes. However, screening methods 

have limited reliability due to varying sensitivity and high 

false-positive rates.  

First-trimester aneuploidy markers compared with neonatal 
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ABSTRACT 

OBJECTIVE: We aimed to determine the relationship between the first-trimester aneuploidy screen-

ingma and the predicted weight at birth: Small for gestational age and large for gestational age.  

STUDY DESIGN: 594 low-risk pregnant women with a singleton pregnancy, who underwent first-

trimester aneuploidy screening by measuring nuchal translucency, maternal serum free beta-human 

chorionic gonadotropin, and pregnancy-associated plasma protein-A were included in the study. Those 

weighing above the 3rd percentile and below the 10th percentile were defined as small for gestational 

age, and those over the 90th percentile were defined as large for gestational age. 

RESULTS: A total of 594 pregnant women were enrolled. The mean maternal age of the studied group 

was 28.8±5.5 years. Low maternal serum pregnancy-associated plasma protein-A levels and decreased 

nuchal translucency measurements were associated with the small for gestational age newborn (p<0.001 

and p=0.001, respectively). There is a significant correlation with large for gestational age for newborns 

only with an increase in maternal serum pregnancy-associated plasma protein-A levels (p=0.001). beta-

human chorionic gonadotropin levels were not associated with the birth weight (p=0.735). 

CONCLUSION: Maternal serum pregnancy-associated plasma protein-A levels, one of the markers in first-

trimester aneuploidy screening, can be used in the prediction of small for gestational age and large for ges-

tational age However, due to its low correlation, it is not a suitable screening test for clinical practice. 

Keywords: Free beta-human chorionic gonadotropin, Large for gestational age, Nuchal translucency,  

Pregnancy-associated plasma protein-A, Small for gestational age

Obstetrics; Maternal-Fetal Medicine and Perinatology

Introduction 

Birth weight is an important parameter for mortality and 

morbidity in the neonatal period. Although birth weight is af-

fected by various factors, the main reasons are gestational age, 

genetic factors, BMI (Body Mass Index), maternal systemic 
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poor outcomes in the literature. Low maternal serum PAPP-A 

in the first trimester has an association with adverse pregnancy 

outcomes particularly if levels are very low (<1st centile) (14). 

Increased NT has also been associated with poor obstetric out-

comes, such as a decrease in PAPP-A (15). Nevertheless, the 

association between a low β -hCG level in the second trimester 

and adverse obstetric outcomes has been controversial (16). 

In our study, we aimed to investigate whether the bio-

chemical parameters used in first-trimester aneuploidy screen-

ing are related to birth weight and to determine the prediction 

accuracy of these parameters for SGA and LGA in newborns. 

Material and Method 

This study, designed retrospectively, was approved by the 

Kutahya Health Sciences University Ethics Committee 

(Decision no: 2020/14-02). Seven hundred and six patients 

who had first-trimester aneuploidy screening with NT, mater-

nal serum β-hCG and PAPP-A markers between January 2018 

and January 2020 in our clinic were included in the study. A 

total of 112 patients were excluded from the study:  48 due to 

delivery in another medical center, 21 due to fetal growth re-

tardation, 17 due to fetal chromosomal anomalies, 16 due to 

preterm delivery, 9 due to multiple pregnancies, and 1 due to 

intrauterine ex fetus.  

The data of the study were collected from hospital records. 

Fetal crown-rump length (CRL) was evaluated between 11 

and 14 weeks by transabdominal or transvaginal ultrasonogra-

phy. When a CRL between 45 and 84 mm was detected, NT 

measurements were evaluated by trained obstetricians. In ad-

dition, maternal serum PAPP-A and β-hCG levels at that time 

were measured using automated fluorometric immunological 

tests. The gestational age and maternal weight were reported 

as median (MoM) multiples adjusted for weight and smoking 

status. Birth weights were converted to percentiles by gesta-

tional age and gender at birth (17). The gestational age of the 

fetus at the time of delivery was calculated according to the 

CRL obtained during the aneuploidy screening performed in 

the first trimester. Those with a birth weight below the 10th 

percentile were determined as SGA, neonates between the 10th 

and 90th percentile as the average for gestational age (AGA), 

and neonates above the 90th percentile as LGA. 

Statistical Analysis 
Statistical analyses were performed using SPSS statistical 

software (version 25.0; SPSS Inc., Chicago, IL, USA) and R 

statistical computing software (version 3.6.1, https://www.r-

project.org/). The normality of the distribution of the variables 

was tested with the Kolmogorov Smirnov test. Continuous 

variables between the three groups were compared by busing 

the Kruskal Wallis-H Test. The post hoc pairwise compar-

isons were performed using the Wilcoxon test with Bonferroni 

correction. The mean, standard deviation, median and in-

terquartile range of the variables were presented in the tables. 

A two-tailed p-value of <0.05 was considered significant. 

Correlations between birth weight and first trimester markers 

were estimated using Spearman’s correlation coefficient. 

p<0.05 was considered to be statistically significant. 

Results 

A total of 594 patients were included in the study. The ma-

ternal age, gestational age at delivery, and birth weight for the 

study sample were 28.8±5.5 years, 38.9±1.1 weeks, and 

3224±411 g, respectively. The PAPP-A levels, NT measure-

ments, and β-hCG levels were 0.91±0.51 MoM, 0.84±0.30 

mm, and 1.07±0.49 MoM, respectively in all groups. 

Table I shows the comparison of PAPP-A, NT values, and 

SGA (n=108) AGA (n=425) LGA (n=61) p

Maternal age (years)
28.5±5,5 28,8±5.5 29.2±5.4 

  0.639
28.2 [23.9; 32.7] 28.3 [24.5; 32,9] 29.1 [25.2; 32.8] 

Duration of pregnancy (days)
272.8±7.4 272.4±7.8 268.6±6.6 

  0.001
274.0 [267.0; 278.0] 273.0 [266.0; 278.0] 269.0 [264.0; 273.0] 

Birth weight (g)
2712.9±164.9 3257.7±300.6 3895.6±208.6 

<0.001
 2701.5 [2585.5; 2855.0] 3240.0 [3055.0; 3465.0] 3900.0 [3774.0; 4050.0] 

PAPP-A (MoM)
0.7±0.3 0.9±0.5 1.1±0.6 

<0.001
0.7 [0.5; 1.0] 0.8 [0.5; 1.2] 1.0 [0.8; 1.4] 

NT (MoM)
0.8±0.3 0.8±0.3 1.0±0.4 

0.001
0.8 [0.6; 1.0] 0.8 [0.7; 1.0] 0.9 [0.7; 1.3] 

β-hCG (MoM)
1.0±0.4 1.1±0.5 1.1±0.5 

0.735
1.0 [0.7; 1.3] 1.0 [0.7; 1.3] 1.0 [0.8; 1.4] 

Table I: Demographics of the groups

Values are presented as mean ± SD, median [interquartile range],  n: Number, PAPP-A: Pregnancy-associated plasma protein-A, fβ-hCG: Free 
beta human chorionic gonadotropin, NT: Nuchal translucency; CRL: Crown-rump length; MoM: Multiples of the expected median. p-values were 
calculated with the Kruskal Wallis test. The significant pairwise group comparison results were as represented below, For  PAPP-A MoM: SGA vs 
AGA: p=0.001, SGA vs LGA: p<0.001, AGA vs LGA: p=0.017 (Post Hoc test: Tukey HSD), For NT MoM: SGA vs AGA: p=0.81, AGA vs LGA: 
p<0.0001, SGA vs LGA: p=0.001 (Post Hoc test: Tukey HSD), For hCG MoM: Pairwise comparison between groups has no significant value. 
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β-hCG levels among the SGA, AGA, and LGA groups. β-hCG 

MoM levels were similar across the 3 groups (p=0.735), while 

PAPP-A MoM levels differ significantly in all of the pairwise 

comparisons. NT values were significantly higher in the LGA 

group compared to AGA (p<0.001) and SGA (p=0.001) 

groups. 

Lastly, the correlation of MoM levels of PAPP-A, β-hCG, 

and NT measurements with birth weight is presented in Table 

II. PAPP-A MoM levels and NT values showed a significant 

positive weak correlation with birth weight (Figure 1,2) 

(r=0.102, p=0.013 and r=0.116, p=0.005, respectively). There 

was no significant correlation between aneuploidy parameters 

(PAPP-A, NT, and β-hCG) and birth weight according to the 

subgroup analysis of the birth weight categories, SGA, LGA, 

or AGA. The result of the correlation analysis for the sub-

groups was present in table III. 

Table II: Correlation between birth weight and aneuploidy 
markers of the first trimester 

r p 

PAPP-A levels (MoM) 0.102 0.013 

NT (MoM) 0.116 0.005  

fβ-hCG (MoM) 0.04 0.32  

PAPP-A: Pregnancy-associated plasma protein-A, fβ-hCG: Free beta 
human chorionic gonadotropin, NT: Nuchal translucency, CRL: Crown-
rump length, MoM: Multiples of the expected median 
r: Spearman’s coefficient, p<0.05 was considered significant  

Table III: The correlation between the birth weight and aneu-
ploidy parameters for the different subgroups of birth weight 

 SGA AGA LGA  

r p r p r p 

PAPP-A 0.100 0.302 -0.60 0.215 0.03 0.804 

(MoM)  

NT 0.001 0.993 0.056 0.251 0.045 0.732 

(MoM)  

fβ-hCG 0.005 0.961 0.082 0.092 0.032 0.807 

(MoM)  
 

 

Discussion 

This study aimed to investigate the relationship between 

birth weight and serum PAPP-A, β-hCG, and ultrasono-

graphic NT measurements among the first-trimester aneu-

ploidy markers. Although PAPP-A and NT measurements 

showed a positive but weak correlation with birth weight, β-

hCG levels were unrelated to birth weight. It has been shown 

that pregnant women with high PAPP-A levels are associated 

with LGA, while low PAPP-A levels are associated with 

SGA. First-trimester fetuses with high NT measurements were 

associated with LGA, but low NT measurements were not as-

sociated with SGA. However, the maternal serum β-hCG level 

was not found to be associated with either SGA or LGA. 

PAPP-A is used as part of routine screening for Down syn-

drome in the first trimester, and decreased serum levels are 

markers for chromosomal abnormalities (18). This factor is 

produced by placental syncytiotrophoblasts and interacts with 

insulin-like growth factor (IGF), playing a critical role in the 

trophoblast invasion stage as well as the growth of the pla-

centa and the fetus (19). As the placental mass increases, 

PAPP-A levels increase in the maternal circulation and de-

crease rapidly in the postnatal period. 

Many studies in the literature have shown the relationship 

between low maternal serum PAPP-A levels and SGA (10, 14, 

20-22). In this study, PAPP-A values were found to be useful 

in predicting SGA and LGA like other studies in the literature. 

A positive but weak relationship was found between low 

serum PAPP-A values and SGA in a study conducted in 

Turkey similar to our study in terms of population (23). 

Morris et al., in their meta-analysis in 2017, found that a low 

first-trimester serum PAPP-A level predicts SGA in newborns 

with an odds ratio of 2.83 (14). In the study of Boucoiran et 

al., a positive correlation was shown between first-trimester 

maternal serum PAPP-A values and SGA, but the same rela-

tionship was not found between high PAPP-A and neonates 

with LGA (10). The FASTER study, which includes 34,271 

women, and Phil et al.'s study with 1734 women showed a 

correlation between low PAPP-A levels and pregnancy com-

Figure 1: Positive weak correlation between birth weight and 
pregnancy-associated plasma protein-A multiples of the ex-
pected levels

Figure 2: Positive weak correlation between birth weight and 
nuchal translucency multiples of the expected median levels
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plications, including SGA newborns (24,25). Similarly, al-

though the increased maternal serum PAPP-A level was found 

to be associated with LGA in the study conducted by Spencer 

et al.,(26)  the relationship between these two parameters is 

still controversial in the literature. While some studies estab-

lish a positive association between PAPP-A and LGA (20, 27, 

28), in some studies, this relationship has not been revealed. 

(10, 29). In the study conducted by DiPrisco et al., unlike ma-

ternal serum PAPP-A, it was shown that PAPP-A and PAPP-

A2 values measured from umbilical cord blood are inversely 

proportional to birth weight (29). In our study, there was no 

significant relationship between aneuploidy parameters 

(PAPP-A, NT, and β-hCG) and birth weight according to 

SGA, LGA, or AGA subgroup analysis. Therefore, PAPP-A, 

which is one of the first-trimester aneuploidy markers in pre-

dicting birth weight, would be more accurate to predict groups 

rather than subgroups. 

Recent studies have begun to report a relationship between 

NT and birth weight in low-risk pregnant women. In their 

study on the population grouped as LGA and non-LGA, 

Weissman et al. claimed that increased first trimester NT mea-

surements were associated with LGA (30). Hackmon et al.'s 

study in 2017 showed a correlation between birth weight and 

early fetal measurements such as biparietal diameter (BPD) 

and crown-rump length (CRL), NT measurements, and NT 

percentiles (11). There is a predominant opinion in the litera-

ture that a correlation exists between LGA and NT measure-

ments (2,10,13,27,30,31), but our study revealed no correla-

tion between NT measurements and non-LGA AGA and SGA 

groups. Therefore, our data show that NT measurements 

within normal limits can be useful parameters for detecting fu-

ture macrosomic or LGA fetuses. It has been emphasized in 

the literature that increased NT measurements (normal chro-

mosomes and no structural anomalies) are associated with 

negative outcomes such as SGA, intrauterine growth restric-

tion, and preterm labor in euploid fetuses (15,32). 

According to our study, while there was a significant dif-

ference in PAPP-A and NT measurements between SGA, 

AGA, and LGA groups, no significant difference was ob-

served between β-hCG levels. Pakniat et al., in their study 

with 994 pregnant women, found that (in line with our study) 

low PAPP-A levels were associated with SGA, but β-hCG 

levels did not show this relationship (33). In the study by 

Hansen et al. from Denmark, 1155 pregnant women were di-

vided into two groups as SGA and AGA. They showed that no 

difference occurred between the groups in terms of β-hCG and 

PAPP-A2 levels, but PAPP-A levels were lower in the SGA 

group (34). In their study with 658 pregnant women who did 

not have any risk factors, Dukhovny et al. found that although 

PAPP-A levels were associated with SGA, β-hCG levels were 

not associated with birth weight (21). In another study by 

Canini et al., no relationship was shown between birth weight 

and β-hCG (8). Contrary to these results, Karagiannis et al., in 

their study conducted on SGA and non-SGA in 2011, showed 

that β-hCG decreased, in addition to PAPP-A, in the SGA 

group (35). Therefore, although the opinion that there is no 

correlation between β-hCG and birth weight is dominant in 

the literature, this issue is still not definitive due to the rela-

tively small sample sizes of these studies. 

Our study has some limitations. The main limitations are 

that it is retrospective and has a small sample size. Some pa-

rameters such as placental parameters, uterine artery Doppler, 

maternal BMI, and gravida (which can be used in predicting 

SGA and LGA) were not included. The mentioned parameters 

could not be included in the study because they are not in-

cluded in our patient records. Conducting our study in a single 

center is another limitation. The strength of our study is that 

while most of the studies in the literature focused on the pre-

diction of SGA fetuses, our study included fetuses with LGA 

in addition to the SGA group. 

In conclusion, among the parameters used in screening 

first trimester aneuploidies, maternal serum PAPP-A levels 

and ultrasonographic NT measurements can be used to predict 

birth weight in uncomplicated pregnancies. On the other hand, 

β-hCG measurement did not significantly contribute to the 

prediction of birth weight. PAPP-A and NT values are not yet 

recommended for clinical use due to the low correlation be-

tween SGA and LGA estimation. Prospective studies covering 

a wider population and including different parameters are 

needed in this area.  
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