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Abstract

Background/Objectives: It is well established in the modern literature that newborns
delivered from multiple gestations are more predisposed to low birthweight in comparison
to their singleton equivalents. In this study, we sought to explore the potential of first-
trimester biochemical (PAPP-A and free 3-hCG) and biophysical indices (uterine artery
Doppler) to predict low birthweight in one or both twins. Methods: This is a retrospective
cohort analysis of 400 twin viable pregnancies presenting for routine first-trimester assess-
ment in four fetal medicine centers between 2014 and 2025. The examination included the
recording of maternal demographic characteristics and medical history, the assessment of
markers of aneuploidy and the fetal anatomy, the measurement of mean arterial pressure,
the assessment of uterine arteries and the measurement of serum concentration of PAPP-A
and free 3-hCG. The evaluated outcomes included BW < 3rd centile and BW < 10th centile
in one or both twins based on local population birthweight reference charts. Results: The
study cohort consisted of 400 twin pregnancies. BW < 3rd centile in one or both twins was
reported in 1.5 and 3.8% of cases, respectively, and there was no association of BW < 3rd
centile with any of the studied parameters. BW < 10th centile in one or both twins was
reported in 14.8 and 9.8% of the cases, respectively. PAPP-A MoM values were significantly
lower in cases complicated by BW < 10th centile in one and in both twins, remaining
statistically significant even after the appropriate multiple logistic regression. PAPP-A
MoM demonstrated statistically significant but low prognostic value for BW < 10th cen-
tile in either one or both twins. Conclusions: Low PAPP-A levels were associated with
BW < 10th centile in one and both twins and its significant value as a risk marker was
demonstrated. Higher PAPP-A MoM halves the risk of having at least one twin with low
BW. Other maternal biophysical and biochemical indices did not seem to be predictive of
low birthweight.

Keywords: PAPP-A; twin pregnancy; multiple gestations; first-trimester analytes; SGA;
FGR; birthweight

1. Introduction

Multiple gestations exhibit a higher susceptibility to fetal growth restriction (FGR)
and low birthweight (BW) [1], with the incidence of FGR and small for gestational age
(SGA) in twins being strongly correlated with the method of evaluation applied. The
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literature presents various conflicting definitions of FGR in twin pregnancies, which further
impedes the synthesis of their findings [2,3]. Furthermore, utilizing singleton growth charts
in twin pregnancies seems to exaggerate the aberrant growth rate, and current clinical
evidence from multiple research groups indicates that these charts might be excessively
confusing [4]. Nevertheless, irrespective of the FGR definition or the chart used, prior
research has demonstrated that twin pregnancies are linked to increased perinatal morbidity
and mortality relative to singleton pregnancies [5]. It is also well established that newborns
delivered from multiple gestations are more predisposed to low birthweight in comparison
to their singleton equivalents [6,7].

First-trimester assessment in twin pregnancies aims at assessing the risk of chromo-
somal and structural abnormalities. In contrast to the singleton pregnancies, screening
for feto-placental diseases (preeclampsia/growth restriction) has not proven to be equally
helpful in twins [8]. It is well established that uncomplicated twin pregnancies, compared
with singletons, demonstrate lower uterine artery (Ut-A) PI and higher mean arterial pres-
sure (MAP), placental growth factor (PIGF) and pregnancy-associated plasma protein A
(PAPP-A) levels [9]. However, PAPP-A levels in twin pregnancies demonstrated nonsignifi-
cant alterations between uncomplicated pregnancies and those that eventually developed
preeclampsia (PE). As such, its addition into the first-trimester screening for preeclampsia
does not seem to provide any additional predictive benefit when maternal factors, Ut-A PI,
MAP and PIGF are already in use [8,9].

In view of the fact that fetal smallness or FGR in twin pregnancies often occurs along
with hypertensive disorders of pregnancy leading, for example, to iatrogenic preterm birth,
the literature has suggested a potential association with inadequate placental perfusion [10].
While several studies have reported lower levels of first-trimester PAPP-A in twin preg-
nancies complicated by growth abnormalities in one or both fetuses, the actual predictive
ability of this marker is still unclear [11,12]. As such, the clinical impact of the first-trimester
assessment in the subsequent development of growth abnormalities in twin pregnancies
remains uncertain.

Given the inconsistent findings of previous studies and the unavailability of PIGF in
everyday practice within several fetal medicine settings, our study sought to explore the
potential of first-trimester biochemical (PAPP-A and free 3-hCG) and biophysical indices
(uterine artery Doppler) to predict low birthweight in one or both twins.

2. Materials and Methods

This is a retrospective cohort analysis of twin viable pregnancies presenting for routine
first-trimester examination at 11-14 weeks in four fetal medicine centers between 2014 and
2025. Exclusion criteria included demise of one twin, monoamniotic twins, chromosomal
and major fetal structural abnormalities, twin-to-twin transfusion syndrome (TTTS), twin
anemia-polycythemia sequence (TAPS), cases that underwent cord ablation or selective
termination and loss to follow-up.

The first-trimester visit included the recording of maternal demographic characteristics
and medical history; the ultrasound examination for assessment of the nuchal translucency,
secondary markers of aneuploidy and the fetal anatomy; the measurement of mean arterial
pressure; the assessment of uterine arteries by transabdominal ultrasound; and the mea-
surement of serum concentration of PAPP-A and free 3-hCG by one of two automated and
validated biochemical analyzers: Kryptor (Thermo Fisher Scientific, Clinical Diagnostics,
Brahms GmbH, Henningsdorf, Germany) or Cobas (Roche Diagnostics, Basel, Switzerland).
Subsequently, the concentrations of the first-trimester biochemical analytes were converted
to multiples of the median (MoM) utilizing Astraia softwareVersion 29.1.2 (Astraia Gmbh,
Germany), adjusted for multiple pregnancy, to exclude the influence of factors such as
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gestational age, weight, race, conception method, medical problems and obstetric history
components related to the individual being assessed.

Gestational age was determined based on the last menstrual cycle, which was validated
or adjusted by measuring the fetal crown-rump length of the larger twin during the first-
trimester ultrasound. In cases of assisted reproductive technology (ART), the dating was
based on the date of embryo transfer or according to the estimated due date (EDD) provided
by the ART center. Chorionicity was determined using ultrasonographic criteria: lambda
or T-sign for dichorionic (DCDA) and monochorionic (MCDA) twins, respectively [13].

The national management policy of twin pregnancies is in accordance with the ISUOG
guidelines [13,14]. Uncomplicated DCDA pregnancies are offered a first-trimester scan,
a second-trimester anomaly scan and scans every 4 weeks thereafter which include the
assessment of fetal growth, amniotic fluid and fetal Dopplers (umbilical artery PI—UA
PI, middle cerebral artery PI—MCA PI, middle cerebral artery Peak Systolic Velocity—
MCA PSV, ductus venosus PI—DV PI). Uncomplicated MCDA pregnancies are offered a
first-trimester scan and scans every 2 weeks after 16 weeks of pregnancy. The gestational
age for delivery of uncomplicated DCDA twins is considered to be between 37 + 0 and
37 + 6 weeks, and for uncomplicated MCDA twins between 36 + 0 and 36 + 6 weeks. In
DCDA pregnancies, the follow-up in cases of SGA or FGR in one (selective SGA /FGR—
s-SGA /s-FGR) or both twins is similar to that of singleton pregnancies [15]. In MCDA
pregnancies complicated by SGA /FGR of both twins or s-SGA /s-FGR, there is no clear
management guideline but follow-up, management options (conservative management
followed by early delivery, laser ablation or selective termination of the growth-restricted
twin in order to protect the cotwin) and delivery timing are mostly based on the fetal
Doppler assessment [13,14]. However, as already stated above, cases that underwent cord
ablation or selective termination were excluded from the study for our sample to be as
homogenous as possible.

The pregnancy outcome was ascertained after communication with the physician or
the mother. The evaluated outcomes included BW < 3rd centile and BW < 10th centile
in one or both twins based on local population birthweight reference charts (unpublished
data—Supplementary Materials).

Statistical Analysis

Quantitative variables were expressed as mean values (standard deviation) and as
median (interquartile range), while categorical variables were expressed as absolute and
relative frequencies. For the comparison of proportions, chi-square and Fisher’s exact
tests were used. Quantitative variables were tested for normality using the Kolmogorov—
Smirnov criterion. If the normality assumption was satisfied for the comparison of means
between two groups, Students’ t-tests were used. The Mann-Whitney test was used for the
comparison of continuous variables between two groups when the distribution was not
normal. Logistic regression analysis in a stepwise method (p for entry 0.05, p for removal
0.10) was used to identify independent factors associated with low BW. Adjusted odds
ratios (OR) with 95% confidence intervals (95% CI) were computed from the results of the
logistic regression analyses. All reported p-values are two-tailed. The prognostic value of
PAPP-A MoM was evaluated via ROC analysis. Sensitivity, specificity, negative prognostic
values (NPVs) and positive prognostic values (PPVs) with their 95% confidence intervals
(95% CI) were calculated for optimal cut-offs. The area under the curve (AUC) was also
calculated. Statistical significance was set at p < 0.05 and analyses were conducted using
SPSS statistical software (version 27.0).
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3. Results

The study cohort consisted of 400 twin pregnancies. The demographic characteristics
are presented in Table 1. Spontaneous conception occurred in 41.8% (167/400) of the
included sample and 87.3% (349/400) of the included twin pregnancies were dichorionic.
Baseline characteristics were compared in patients with missing vs. non-missing data and
there were no significant differences (p > 0.05).

Table 1. Maternal demographic characteristics and biochemical and biophysical parameters of the
study sample (n = 400 twin pregnancies).

n %

Conception Spontaneous 167 41.8
P IVF 233 583
Chorionicit Dichorionic 349 87.3
y Monochorionic 51 12.8
Underweight 10 25
Normal 220 55.0
BMI levels Overweight 111 27.8
Obese 59 14.8
Nulliparous 289 72.3
Maternal characteristics Smoking 37 93
Pre-existing diabetes 11 2.8
Pre-existing hypertension 3 0.8
Systemic lupus erythematosus 3 0.8
Antiphospholipid syndrome 2 0.5
History of preeclampsia 2 0.5
History of low birthweight 0 0.0

Mean (SD) Median (IQR)

Age 35.6 (4.3) 35.2 (33-38.4)

Weight 69.4 (14.6) 66.5 (59-76)
Maternal height 166.0 (5.9) 165 (162-170)
BMI (1st trimester) 25.2 (5.0) 239 (21.6-27.7)
Birthweight (gr) 2275.7 (539.7) 2325 (2000-2607.5)

Biochemical parameters PAPP-A MoM 1.34 (0.65) 1.23 (0.89-1.67)

P Free p-hCG MoM 1.20 (0.78) 1.02 (0.73-1.5)

Biophvsical parameters MAP ! 89.0 (8.2) 88.8 (83.3-93.8)

physicalp Mean Uterine Artery P12 1.48 (0.44) 142 (1.18-1.72)

! available in 243 participants, 2 available in 374 participants. Abbreviations: BW: birthweight, BMI: body mass
index, underweight: BMI < 18.5, overweight: BMI 25-30, obese: BMI > 30, MAP: mean arterial pressure.

BW < 3rd centile in one or both twins was reported in 1.5 and 3.8% of cases, respec-
tively. There was no association of BW < 3rd centile with any of the studied parameters
(Table 2).

BW < 10th centile in one or both twins was reported in 14.8 and 9.8% of cases,
respectively (Table 3). PAPP-A MoM values were significantly lower in cases complicated
by BW < 10th centile in one and in both twins. Free 3-hCG MoM was also found to be
significantly lower in cases with BW < 10th centile in one twin.
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Table 2. Association of low BW < 3rd centile with maternal characteristics and biochemical and biophysical parameters.

BW < 3rd in One Twin BW < 3rd Both Twins
No (1 = 385; 96.3%) Yes (n = 15; 3.8%) p-Value No (n = 394; 98.5%) Yes (1 = 6; 1.5%) p-Value
n (%) n (%) n (%) n (%)
Age, mean (SD) 35.5(4.2) 37.3(5.6) 01114 35.6 (4.3) 34.7 (4.4) 06271
Weight, mean (SD) 69.5 (14.6) 66.5 (14) 04351 69.3 (14.3) 76.7 (28.5) 02191
Height, mean (SD) 166.1 (6) 164.9 (4.1) 04704 166 (5.9) 167 (6.5) 06841
BMI, mean (SD) 25.2(5) 24.4(4.8) 05471 25.1(5) 27 (8.1) 0.358
Birthweight, mean (SD) 2287.0 (540.3) 1986.8 (448.9) 0.034% 2280.7 (541.5) 1945.0 (253.7) 0.022%
Underweight/Normal 222 (96.5) 8(3.5) 226 (98.3) 4(1.7)
BMI Overweight 107 (96.4) 4(3.6) 0.815 ++ 111 (100) 0(0) 0.183 ++
Obese 56 (94.9) 3(5.1) 57 (96.6) 2(3.4)
o Dichorionic 335 (96) 14(4) 343 (98.3) 6(17)
Chorionicity Monochorionic 50 (98) 1Q) 0.704 ++ 51 (100) 0(0) >0.999 ++
. IVF 223 (95.7) 10 (4.3) 230 (98.7) 3(1.3)
Conception Spontaneous 162 (97) 5(3) 0.500 + 164 (98.2) 3(18) 0.697 ++
. No 109 (98.2) 2(1.8) 110 (99.1) 1(0.9)
Nulliparous Yes 276 (95.5) 13 (4.5) 0.253 ++ 284 (98.3) 5(1.7) >0.999 ++
. No 349 (96.1) 14 (3.9) 357(98.3) 6(1.7)
Smoking Yes 36 (97.3) 12.7) >0.999 ++ 37 (100) 0(0) >0.999 ++
Pre-existing diabetes \lje 2 317;1 ((19(?0%) 1%((%)9 ) >0.999++ 318 f ((19305))) 6()( %OE),) >0.999 ++
Frvcxting ypenncin No 2002 569 oo 1059 L oo
Systemic lupus erythematosus \11 (; 322(590%)2 ) 1%((?6)8 ) >0.999 ++ 3%1(5%%)5) 60(30? >0.999 ++
Antiphospholipid syndrome i (; 3823(%%')2 ) 1%((%)8 ) >0.999 ++ 3922(5%%')5 ) 60(205))) >0.999 ++
History of preeclampsia i 2 35;3(%%‘)2 ) 1%((%)8 ) >0.999 ++ 3922(%%‘)5) 60(%0? >0.999 ++
PAPP-A MoM, median (IQR) 1.23 (0.89-1.67) 1.55 (0.82-1.72) 0.852 +1 1.23 (0.89-1.67) 1.48 (0.84-2.07) 0.576 11
>5th percentile 365 (96.1) 15 (3.9) 374 (98.4) 6(1.6)
PAPP-A MoM <5th percentile 20 (100) 0(0) >0.999 ++ 20 (100) 0(0) >0.999 ++
>10th percentile 348 (96.7) 12(3.3) 354 (98.3) 6(1.7)
PAPP-A MoM <10th percentile 37 (92.5) 3(7.5) 0181 ++ 40 (100) 0(0) >0.999 ++
Free 3-hCG MoM, median (IQR) 1.01 (0.73-1.5) 112 (0.72-1.43) 0.798 t1 1.02 (0.73-1.5) 0.79 (0.67-1.64) 0.655 t1
MAP, mean (SD) 88.8(8.2) 92.9(7.7) 0.123 ¢ 89 (8.2) 86.7 (10.5) 0.573
Mean Ut-A PI, mean (SD) 1.48 (0.44) 1.54(0.5) 0.655F 1.48 (0.44) 1.59(0.37) 0.600 1
No 324 (96.1 13 (3.9 333 (98.8 4(1.2
Ut-API > 90th perc. Yes 36 ((97.3)) 1 ((2_7)) >0.999 ++ 36 ((97.3)) 1 52_7; 0.408 ++
S No 2001 1469 s 551089 5L s

+ Student’s f-test; ++ Fisher’s exact test; I Student’s t-test; 1 Mann-Whitney test. Abbreviations: BW: birthweight, BMI: body mass index, underweight: BMI < 18.5, overweight: BMI
25-30, obese: BMI > 30, MAP: mean arterial pressure, Ut-A: uterine artery.
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Table 3. Association of BW < 10th centile with sample’s maternal characteristics and biochemical and biophysical parameters.

BW < 10th in One Twin

BW < 10th Both Twins

No (n = 341; 85.3%) Yes (n = 59; 14.8%) p-Value No (n = 361; 90.3%) Yes (1 = 39; 9.8%) p-Value
1 (%) n (%) n (%) n (%)
Age, mean (SD) 35.5(4.3) 359 (4.1) 0.465 35.6 (4.2) 35.2(5) 05374
Weight, mean (SD) 69.5 (14.8) 68.7 (13.5) 0.698 69.7 (14.4) 66.8 (16.4) 02531
Maternal height, mean (SD) 166 (5.9) 166.2 (6) 0.8341 166.1 (6) 165.3 (5.1) 0447 %
BMI (1st trimester), mean (SD) 252 (5) 25 (5.2) 0.740 % 253 (5) 243 (5) 02704
Birthweight, mean (SD) 2304.1 (557.7) 2111.7 (385.2) 0.011% 2307.3 (540.9) 1983.2 (435.1) <0.001%
Underweight/Normal 194 (84.3) 36 (15.7) 205 (89.1) 25(10.9)
BMI (1st trimester) Overweight 98 (88.3) 13 (11.7) 0.551 + 102 (91.9) 9(8.1) 0.678 +
Obese 49(83.1) 10(16.9) 54 (91.5) 5(8.5)
o Dichorionic 296 (84.8) 53(15.2) 314.(90) 35(10)
Chorionicity Monochorionic 45(88.2) 6(11.8) 0.520 + 47(92.2) 4(7.8) 0.802 ++
. IVE 202 (86.7) 31(13.3) 213 (91.4) 20 (8.6)
Conception Spontaneous 139 (83.2) 28(16.8) 0.336 + 148 (88.6) 19(11.4) 0.353 +
. No 95 (85.6) 16 (14.4) 102 (91.9) 9(8.1)
Nulliparous Yes 246 (85.1) 43(14.9) 0.907 + 259 (89.6) 30(10.4) 0493 +
. No 308 (84.8) 55(15.2) 331(91.2) 32(8.8)
Smoking Yes 33(89.2) 4(10.8) 0478+ 30 (81.1) 7(18.9) 0.073++
. No 331(85.1) 58 (14.9) 352 (90.5) 37(9.5)
Diabetes Yes 10 (90.9) 1(9.1) >0.999 ++ 9(81.8) 2(18.2) 0.292 ++
) N 338 (85.1 59 (14.9 359 (90.4 38(9.6
Hypertension Yes 3 (500) : 5 © ) >0.999 ++ 2 (6(6.7)) 1 (3(3.3; 0.266 ++
Systemic lupus erythematosus \11 (; 3;9( 6(257;1) 518((31; 36)) 0.381 ++ 328(5%%)2) 3% ((%)8 ) >0.999 ++
Antiphospholipid syndrome i (; 34? ((gg)4) 5% ((}5%))6 ) 0.274 ++ 3529(5%%')2 ) 3% ((%)8 ) >0.999 ++
History of preeclampsia i 2 3?&%%‘)2 ) 590(%3)'8) >0.999 ++ 3529(%%‘)2) 3% ((%)8 ) >0.999 ++
PAPP-A MoM, median (IQR) 1.31(0.92-1.72) 1.09 (0.73-1.36) 0.002 11 1.26 (0.92-1.68) 1(0.69-1.59) 0.024 11
>5th percentile 323(85) 57 (15) 343 (90.3) 37(9.7)
PAPP-A MoM <5th percentile 18 (90) 2(10) 0.751 ++ 18 (90) 2(10) >0.999 ++
>10th percentile 307 (85.3) 53 (14.7) 328 (91.1) 32(8.9)
PAPP-AMoM <10th percentile 34(85) 6(15) >0.999 ++ 33 (82.5) 7(17.5) 0.092 ++
Free B-hCG MoM, median (IQR) 1.05 (0.74-1.53) 0.9 (0.65-1.21) 0.049 11 1.03 (0.73-1.5) 0.89 (0.69-1.49) 0.516 1t
MAP, mean (SD) 88.9 (8.2) 89.5 (8.4) 0.6651 88.8 (8.1) 90 (8.8) 05141
Mean Ut-A PI, mean (SD) 1.48 (0.44) 1.52 (0.48) 0.559 1.47 (0.44) 1.59 (0.48) 0.141%
) No 287 (85.2) 50 (14.8) 307 (91.1) 30 (8.9)
Ut-API >90th perc. Yes 33 (89.2) 4(10.8) 0.508 + 32 (86.5) 5(13.5) 0.370 ++
) No 305 (85.7) 51(14.3) 324 (91) 32(9)
Ut-API =95th pere. Yes 15 (83.3) 3(16.7) 0.733 ++ 15 (83.3) 3(16.7) 0.231 ++

+ Student’s f-test; ++ Fisher’s exact test; I Student’s t-test; 1 Mann-Whitney test. Abbreviations: BW: birthweight, BMI: body mass index, underweight: BMI < 18.5, overweight: BMI

25-30, obese: BMI > 30, MAP: mean arterial pressure, Ut-A: uterine artery.
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In multiple logistic regression analysis, only PAPP-A MoM was significantly associated
with BW < 10th centile in one twin (OR = 0.92; p = 0.004) or in both twins (OR = 0.94;
p = 0.041) (Table 4).

Table 4. Multiple logistic regression analysis for BW < 10th centile.

Dependent Variables Independent Variables OR 95% CI p-Values
BW < 10th in one twin PAPP-A MoM (per 0.1 MoM) 0.92 0.88-0.98 0.004
BW < 10th both twins PAPP-A MoM (per 0.1 MoM) 0.94 0.88-0.99 0.041

Abbreviations: BW: birthweight.
PAPP-A MoM had statistically significant but low prognostic value for BW < 10th

centile in any or both twins (Table 5). The ROC curves for the prognostic value of PAPP-A
MoM regarding BW < 10th centile are presented in Figure 1.
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Figure 1. ROC curves for the prognostic value of PAPPA-MoM regarding BW < 10th centile in one
(a) and in both twins (b). Black dashed line: reference line.
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Table 5. ROC analysis results on the prognostic value of PAPP-A MoM for BW < 3rd centile and
BW < 10th centile in one or both twins.

oweme NG wat pvan Om SRR Sean®) ey Ao
BW < 3rd in one twin 0.49 0.33-0.64 0.852 n/a n/a n/a n/a n/a
BW < 3rd both twins 0.43 0.18-0.68 0.576 n/a n/a n/a n/a n/a
BW < 10th in one twin ~ 0.60 0.56-0.70 0.002 <1.408 81.4 (69.1-90.3) 44.6 (39.2-50) 20.3 (15.3-25.9)  93.3 (88.2-96.6)
BW < 10th both twins 0.61 0.51-0.71 0.024 <1.056 61.5 (44.6-79.9) 65.1 (59.6-70) 16.0 (10.5-22.9)  94.0 (90.3-96.6)

Abbreviations: BW: birthweight, n/a: not applicable.

4. Discussion
4.1. Principal Findings of Our Study

Low PAPP-A levels were associated with BW < 10th centile in one and both twins,
with PAPP-A’s predictive ability being clear but limited. Higher PAPP-A MoM halves
the risk of having at least one twin with low BW and the optimal cut-off was estimated
at 1.408 MoM. PAPP-A demonstrated an existent but limited predictive value. Maternal
biophysical indices (MAP, uterine Doppler studies) were not predictive of low birthweight.

4.2. Comparison to Existing Literature

In singleton pregnancies, the association of low PAPP-A levels with adverse preg-
nancy outcomes and growth restriction or fetal smallness is well established [16,17]. The
association appears to be so strong that several guidelines advocate a tight and strict moni-
toring of pregnancies complicated by low PAPP-A levels (below the 5th centile or below
0.415 MoM), with additional ultrasound assessments and regular fetal surveillance being
recommended [18,19]. The correlation of PAPP-A with fetal growth in singleton pregnancies
has also been emphasized by its inclusion, along with maternal factors, prior obstetric his-
tory and other first-trimester biophysical (MAP, Ut-A Doppler) and biochemical (placental
growth factor—PIGF) analytes, in risk assessment models for the prediction of subsequent
SGA and FGR [20-22]. However, such a risk assessment model for twin pregnancies is
yet to be formulated and the association of PAPP-A levels with fetal smallness or growth
restriction is still unclear as studies have produced contradictory results [23]. It needs to be
underlined, though, that first-trimester biomarkers, even in singleton pregnancies, have
not demonstrated a significant predictive capacity for other perinatal complications such
as preterm delivery (PTD) or preterm premature rupture of membranes (PPROM), a fact
that may be explained by the inherent limitations of those markers, limitations that may be
exacerbated in twin pregnancies [23,24].

It needs to be highlighted that the modern literature includes only a small number
of studies that have investigated the potential association of first-trimester PAPP-A with
birthweight in twin pregnancies. The study by Saletra-Bielinska et al., which investigated
the potential association of PAPP-A < 10th centile with the subsequent development of
perinatal complications, did not manage to demonstrate an association between low PAPP-
A levels and either BW < 10th centile or severe BW discordance among the newborns [25].
Contrary to the above, the study by Kim et al., which enrolled a total of 524 twin preg-
nancies, demonstrated that newborns with BW < 10th centile had lower PAPP-A levels
compared to appropriately grown newborns. In their study, PAPP-A levels remained
independently associated with low birthweight after the appropriate adjustments [26].
Furthermore, a recent study of 466 twin pregnancies revealed a significant association
of PAPP-A levels < 10th centile with FGR < 3rd centile in one or both fetuses [11]. The
same study group identified low PAPP-A levels and increased Ut-A PI as independent risk
factors for FGR < 3rd centile and FGR < 3rd centile combined with preterm birth < 32 weeks
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of gestation [12]. However, even though several of the above-mentioned studies, along
with our results, have identified PAPP-A as a risk marker for fetal/newborn smallness, it
should be noted that its predictive value remains limited, especially in view of the emerging
role of PIGF. Several well-conducted large datasets have demonstrated PIGF’s superior
role—compared to PAPP-A—in predicting the subsequent development of PE [8,9,27]. To
be more precise, the recently published preliminary results from the IPSISS (Implementing
Preeclampsia Screening in Switzerland) study demonstrated statistically significant lower
PIGF levels in pregnancies complicated with PE, while PAPP-A was not proven to be
significantly lower [27]. However, they were unable to calculate the detection rates (DRs)
and screen positive rates (SPRs) between different combinations of first-trimester markers
due to the use of low-dose aspirin in high-risk women. On the other hand, Francisco et al.,
in their cohort of 35,948 singleton and 1100 twin pregnancies, demonstrated increased
measurements of MAP and Ut-A PI and decreased serum PLGF levels at 11-13 weeks’ ges-
tation in pregnancies that were subsequently complicated by PE. According to the results
of this study, the combination of maternal factors, MAP, Ut-A PI and PIGF provided the
best screening performance for PE. In this combination, adding PAPP-A offered no additive
value in the screening performance [9]. Similar results were demonstrated by the study
of Benko et al. [8], in which the authors combined the dataset of Fracisco et al. with the
dataset of EVENTS (Early vaginal progesterone for the preVention of spontaneous preterm
birth iN TwinS) trial [28], showing the superiority of PIGF—compared to PAPP-A—when
it was combined with maternal factors, MAP and Ut-A PI. Such a finding is aligned with
the results of singleton cohorts [29].

In view of the value of Ut-A PI as a risk factor for low BW, our results differ to some
of the already published studies, further enforcing the already conflicting literature on
the issue. Rizzo et al. showed elevated Ut-A PI in twin pregnancies that developed early
PE and SGA of both twins without significant changes in terms of late PE or s-SGA [30].
However, larger cohorts do not confirm these findings and are aligned with our results,
demonstrating the limited predictive value of first-trimester Ut-A PI, a fact that may be
attributed to a different underlying mechanism causing PE and growth abnormalities in
twins other than placental underperfusion [31,32].

4.3. Clinical Significance

The findings of our study, similar to the results of prior research, seem to further
confirm the crucial regulatory role of PAPP-A in placental development, volume and
function and therefore its importance on fetal growth [33,34]. The identification of low
first-trimester PAPP-A levels may act as an early risk assessment tool to guide and en-
hance the management and follow-up of twin pregnancies, proving to be as useful as
in singleton pregnancies [11,23,35]. Therefore, low PAPP-A levels seem to be useful in
the risk stratification of twin pregnancies as well, potentially leading to the improvement
of subsequent surveillance and care. However, it should be underlined that, based on
our findings, PAPP-A demonstrated a relatively limited predictive ability, and for solid
conclusions to be extracted and for accurate and clinically useful predictive models to be
formulated, more studies with richer datasets are required.

4.4. Strengths and Limitations

The principal strength of the study is that it includes a large non-selected cohort
that presented for routine first-trimester assessment and is therefore representative of the
twin obstetric population. All examiners had fetal medicine training and the pregnancies
were followed-up with serial ultrasound examinations. Our research demonstrated the
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value of PAPP-A in predicting fetal smallness, acting as a red flag for more enhanced
antenatal surveillance.

However, there are several limitations that need to be acknowledged. Our results did
not include the measurement of the PIGF, which has been shown to have superior predictive
ability for growth restriction compared to PAPP-A in singleton pregnancies [27,36]. The
cohort included both DCDA and MCDA pregnancies, which differ in the prevalence of
fetal growth complications, but the number of monochorionic twins was not large enough
to perform a sub-analysis based on the chorionicity. Furthermore, the small sample size
and low event count represent limitations, as they may lead to statistical instability and
wider confidence intervals. Consequently, our findings should be considered exploratory.
Additionally, MAP measurements were available in 243 cases within our cohort, a fact that
might have influenced our final results, underpowering our analysis. Since there is no
national policy for the assessment of the risk for PE or SGA/FGR in the first trimester in
twin pregnancies (given the limited literature data), the measurement of MAP is not part
of our standard practice in twin pregnancies and the measurements that were eventually
documented and included in our study were actually taken as part of another maternal-
related research study. Furthermore, almost all women were using aspirin. In our cohort,
83.5% (334/400) of women were on aspirin. All of the included IVF twin pregnancies
(234/400) and 60.2% (100/166) of the spontaneously conceived ones were given aspirin.
The typical dose provided was 160 mg once per day. It was usually prescribed as soon as the
presence of the twin pregnancy was confirmed (typically at around 7-8 weeks of gestational
age, the time period in which the first antenatal ultrasound assessment is performed
in pregnant women in our country), several weeks before attending their first-trimester
screening assessment at the included fetal medicine centers. Aspirin administration is
known to have an impact on the subsequent reduction in Ut-A PI and, thus, a positive
effect on placental perfusion [37]. As such, such an improvement in placental perfusion
may lead not only to lowering the incidence of subsequent PE, but it may also alter the
rates of growth impairment, potentially affecting the screening performance of uterine
artery Doppler in our study.

5. Conclusions

Low PAPP-A levels were significantly associated with low birthweight in one and in
both fetuses, and its value as a risk marker was demonstrated. Contrary to singleton preg-
nancies, multiple pregnancies lack accurate risk assessment models for common pregnancy
complications. However, given the fact that multiple pregnancies are susceptible to in-
creased rates of adverse pregnancy outcomes, future studies need to focus on investigating
and formulating predictive models to guide management and clinical decisions.

Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390/1ife16010149/s1. Figure S1: Centile plots for the full dataset
showing six fetal biometric variables across gestational age (15-40 weeks); Table S1: Comparison of
the 10th, 50th, and 90th percentiles of estimated fetal weight between the present study and the WHO
reference charts at 20, 24, 28, 32, and 36 weeks of gestation. Table S2: Comparison of the distribution
of estimated fetal weight measurements across specific centile bands between the study-developed
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TTTS Twin-to-twin transfusion syndrome
TAPS Twin anemia-polycythemia sequence
Ut-A Uterine artery

MAP Mean arterial pressure

ART Assisted reproductive technology
EDD Estimated due date
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