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Fetal Medicine Foundation (FMF) competing-risk model for preterm preeclampsia
(PE) screening using placental growth factor (PIGF) measurements obtained at 11-
13 weeks versus before 11 weeks of gestation.

Material and Methods: This multicenter prospective cohort study included women
with singleton pregnancies attending their routine first-trimester assessment (11%°
to 13*®weeks) in four hospitals across Spain from 2021 to 2023. Maternal charac-
teristics, biophysical parameters (mean arterial pressure and uterine artery pulsatil-
ity index), and biochemical markers (PIGF measured twice in each woman, before
11 weeks and between 11 and 13*° weeks) were assessed. Risk assessment for pre-
term PE was estimated by the FMF algorithm. Predictive performance was evalu-
ated by comparing detection rates (DR) at different fixed screen-positive rates (SPR),
area under the receiver-operating characteristic curve (AUROC), and calibration plots.

Statistical adjustments were made to account for prophylactic aspirin use.

Abbreviations: AUROC, area under the receiver-operating characteristic curve; DR, detection rate; FMF, Fetal Medicine Foundation; PE, preeclampsia; PIGF, placental growth factor;
SPR, screen-positive rate.
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LOPEZ MARMOL €T AL.

Results: The study population comprised 3448 women, including 19 (0.55%) who
developed preterm preeclampsia and 47 (1.36%) who developed term preec-
lampsia. At 10% SPR, the detection rates (adjusted for aspirin use) were highest
for the model incorporating PIGF between 11 and 13*°weeks (72.9%; 95% Cl,
42.2%-90.9%), compared to models with PIGF before 11 weeks (66.4%; 95% ClI,
39.9%-85.4%) and without PIGF (66.0%; 95% Cl, 39.3%-85.3%). Similar trends
were observed at higher SPR thresholds. The best discrimination (AUROC: 0.863;
95% Cl, 0.754-0.971) and calibration were also achieved by the model using PIGF
between 11 and 13*® weeks.

Conclusions: PIGF measured before 11 weeks did not improve preterm PE screen-
ing performance. Due to the small number of cases, further validation is needed.

Maternal and biophysical markers remain a viable alternative when PIGF is

unavailable.
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1 | INTRODUCTION

Preeclampsia (PE) affects approximately 3%-7% of pregnancies and
represents a significant cause of maternal and perinatal morbidity
and mortality worldwide, particularly when it occurs preterm (de-
livery with PE before 37weeks). In Spain, the incidence of preterm
PE is approximately 0.7%, whereas term PE occurs in about 1.6%
of pregnancies,2 Early identification of high-risk pregnancies allows
timely interventions, such as preventive aspirin administration initi-
ated during the first trimester, which significantly reduces the inci-
dence of preterm PE.>*

Current screening models, including those from the Fetal
Medicine Foundation (FMF),”> BCNatal,® and MedFetal,” incorpo-
rate maternal characteristics, biophysical, and biochemical mark-
ers such as placental growth factor (PIGF). These models have
demonstrated good predictive performance in the Spanish pop-
ulation, with the FMF model achieving a detection rate (DR) of
72.7% for preterm PE at a fixed 10% screen-positive rate (SPR).B
However, this model uses PIGF measurements obtained between
11 and 13*° weeks, which may present logistical challenges de-
pending on whether the sample is collected on the same day as the
ultrasound examination or a few days earlier, which is not avail-
able for many centers. Given that certain pregnancy screenings,
such as those for aneuploidies or thyroid dysfunction, yield better
performance when conducted earlier in pregnancy, incorporating
PIGF measurement into the same early blood test could improve
overall screening efficiency and reduce the need for repeat blood
draws.

To address this issue, our study aimed to compare the predic-
tive performance of the FMF competing-risk model for preterm PE
screening using PIGF measurements obtained at 11-13*® weeks ver-
sus before 11 weeks of gestation.

first pregnancy trimester, maternal serum screening tests, placenta growth factor,

Key message

PIGF measured before 11weeks did not improve the per-
formance of the preterm preeclampsia screening model.
Screening with maternal and biophysical markers alone re-
mains a valid option when PIGF is not available during the
standard 11- to 13*¢-week window.

2 | MATERIAL AND METHODS
2.1 | Study design and population

This multicenter prospective cohort study was conducted between
January 2021 and December 2023 across four hospitals in differ-
ent regions of Spain: Hospital Universitario Virgen de las Nieves
(Granada), Hospital Universitario Clinico San Cecilio (Granada),
Hospital Clinico Universitario Virgen de la Arrixaca (Murcia), and
Hospital Universitario de Torrejon (Madrid). In all the participating
centers, first-trimester screening of preeclampsia was conducted as
part of a larger research study aimed to validate the FMF algorithm
and evaluate its clinical implementation.2 In brief, all women attend-
ing their routine first-trimester visits with a singleton pregnancy
between 11*° and 13*° weeks of gestation were invited to partici-
pate in the study. Additionally, participants were asked to provide
consent for the use of maternal blood samples collected earlier in
pregnancy for fetal aneuploidy and hypothyroidism screening (be-
tween 8% and 10*¢ weeks), which were stored by laboratories until
acceptance or refusal of inclusion in the study.

Exclusion criteria included maternal age below 18years, severe
mental illness or intellectual disability, fetal aneuploidy or major
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congenital anomalies, and pregnancy loss due to miscarriage, termi-

nation, or fetal death before 24 weeks of gestation.

2.2 | Study procedures

During the 11- to 13%5-week visit, clinical characteristics and
medical history were recorded in a dedicated clinical data-
base (Astraia® software, Nexus/Astraia, Munich, Germany; and
Viewpoint®, GE Healthcare, Munich, Germany). Maternal charac-
teristics included age, weight, height, and self-reported ethnicity
(White, Black, East Asian, South Asian, or Mixed). Information on
conception type (spontaneous, in-vitro fertilization, or ovulation
induction), smoking status, and medical history of chronic hy-
pertension, diabetes mellitus, systemic lupus erythematosus, or
antiphospholipid syndrome was also collected. Finally, family his-
tory of PE and obstetric history, including parity (nulliparous, mul-
tiparous without PE, or multiparous with PE), were documented.
Maternal mean arterial pressure (MAP) was measured using a
validated and calibrated device, and the uterine artery pulsatility
index (UtA-Pl) was assessed via transabdominal color Doppler ul-
trasound. All measurements were performed following standard-
ized protocols.”'® Quality control procedures for all biophysical
biomarkers were conducted routinely.?

Follow-up data were retrieved from the patient's medical re-
cords or by contacting the delivering hospitals or the women's gen-
eral medical practitioners/midwives. In all centers, the diagnosis of
PE was established according to the criteria of the American College
of Obstetricians and Gynecologists.11 Pregnancy outcomes were
carefully recorded, including aspirin use, gestational age at PE diag-

nosis and delivery, as well as birth weight.

2.3 | Blood sample collection and processing

During the study period, two blood samples were collected in each
participant. The first maternal blood sample was taken between
weeks 8*° and 10*¢, where serum aneuploidy biomarkers, includ-
ing pregnancy associated plasma protein A (PAPP-A) and free beta
human chorionic gonadotropin (-hCG), were assessed. The second
blood sample was collected during the first-trimester screening visit,
between weeks 11*° and 13%° of gestation.

Blood samples were obtained by venipuncture from the antecu-
bital vein and collected in serum separating tubes (SST, Vacutainer
SST Il Tube 8.5mL, Becton Dickinson, Sunnyvale, CA, USA). After
collecting, the tubes were left to clot at room temperature for 30 min
and then centrifuged at 1800x g for 10 min. Serum samples collected
during the first visit were aliquoted in Eppendorf tubes and stored at
-80°C until subsequent analysis.

Samples collected during the 11- to 13-week window were an-
alyzed for PIGF levels using the Elecsys electrochemiluminescence
immunoassay (Cobas €801 analyzer; Roche Diagnostics GmbH,
Mannheim, Germany) within 24h of collection, and the results were

used for prospective clinical screening. For this study, surplus sample
material was aliquoted and stored for subsequent analysis using two
additional platforms: the BRAHMS KRYPTOR Compact PLUS analyzer
(Thermo Fisher Scientific, Hennigsdorf, Germany) and the DELFIA®
Xpress random-access immunoassay system (Revvity Omics Sweden,
Sollentuna, Sweden). PIGF measurements were performed locally for
the first two platforms, while samples for the DELFIA platform were
shipped frozen on dry ice to a central laboratory in Sweden.

Each patient's sample was analyzed using all three commercial
assays at both time points (<11weeks and >11weeks) to enable
the development of a unified formula for multiples of the median
(MoM) calculation applicable across platforms and gestational ages
from 8 to 14 weeks. For the risk estimation and model performance
analyses presented in this study, PIGF concentrations measured on
the Cobas €801 platform were used as the primary source. If Cobas'
data were not available, results from the BRAHMS KRYPTOR ana-
lyzer were used, and if neither was available, DELFIA® Xpress values
were employed.

All measurements were performed following quality control pro-
tocols in accordance with the laboratories' established procedures

to ensure accuracy and reliability.

2.4 | Statistical Analysis

Continuous variables were summarized using medians and inter-
quartile ranges (IQR), while categorical variables were reported as
frequencies and percentages.

Log10 PIGF values were estimated using a linear mixed-effects
regression model, adjusted for gestational age, maternal character-
istics, and assay platform as covariates. Model selection was per-
formed using a genetic algorithm, with the optimal model having the
lowest Akaike Information Criterion. Individual MoMs values were
calculated as the ratio of measured Log10 PIGF concentrations to
the predicted Log10 PIGF from the selected regression model. The
discriminatory ability of early PIGF measurements was assessed by
plotting MoM distributions according to the type of PE. Additionally,
a linear regression model was fitted to explore the relationship be-
tween Log10 PIGF MoM values measured before 11 weeks and ges-
tational age at delivery.

The risk of delivery with preeclampsia before 37 weeks was com-
puted using the competing-risk model from the FMF, incorporating
maternal characteristics, MAP, and UtA-PI.” Predictive performance
of the screening models without PIGF, with PIGF measured before
11weeks, and with PIGF measured between 11 and 13+6 weeks,
was evaluated by calculating DR at fixed 10%, 15%, and 20% SPR.
Model calibration was assessed visually by plotting observed inci-
dences against predicted probabilities and quantitatively by estimat-
ing calibration-in-the-large and calibration slope. Discrimination was
quantified using the area under the receiver-operating characteristic
curve (AUROCQ).

Because aspirin prophylaxis (150mg/day), prescribed in women
with high risk of PE, can reduce the incidence of preeclampsia and thus
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bias predictive performance assessment, an adjustment approach was
implemented.s'12 To address this issue, 100 datasets were simulated, as-
suming none of the participants received aspirin. Outcomes for women
who received aspirin in the original dataset and delivered without PE
were imputed using causal inference methods to estimate the probabil-
ity of preeclampsia had aspirin not been administered. Estimates from
these 100 simulated datasets were pooled according to Rubin's rules.
All statistical analyses were conducted using R software version
4.3.1.1 Data cleaning and management were carried out with the
tidyverse suite of packages.’* Descriptive statistics and tables were
generated using the gtsummary package.’® The linear mixed-effects
regression model was fitted using the Ime4 package,'® and the model

results were summarized using the sjPlot package.l” Model selec-
tion was performed using the glmulti package.'® Inverse probability

weighting calculations were implemented with the Weightit package.19

3 | RESULTS
3.1 | Description of the study population
The analysis included 3448 women with singleton pregnan-

cies who underwent first-trimester screening, among whom 19
(0.55%) developed preterm PE and 47 (1.36%) developed term PE.

TABLE 1 Maternal and gestational characteristics of women with singleton pregnancies screened during the first-trimester visit.

Characteristic Preterm PE N=19°

36.1(32.2,39.1)
74.5 (67.0, 80.0)
164.0 (161.0, 169.0)

Maternal age, years
Maternal weight, kgb
Maternal height, cm

Race
White 18 (94.7%)
Black 1(5.3%)
East Asian 0 (0.0%)
South Asian 0(0.0%)
Mixed 0(0.0%)
Conception
Spontaneous 13 (68.4%)
IVF 5(26.3%)
Ovulation drugs 1(5.3%)
Obstetric history
Nulliparous 15 (78.9%)
Multiparous-no PE 3(15.8%)
Multiparous-PE 1(5.3%)
Cigarette smoker 3(15.8%)
Chronic hypertension 1(5.3%)
Diabetes mellitus
No 18 (94.7%)
Type 1 1(5.3%)
Type 2 0(0.0%)
SLE 0(0.0%)
APS 0(0.0%)
Outcome
Live birth 19 (100.0%)
IUD 0(0.0%)
NND 0(0.0%)
Birthweight, g 1970.0 (1600.0, 2380.0)
Treated with ASA 9 (47.4%)

Term PE N=47° No PE N=3382°

33.7(30.4,38.7)

72.0(62.0, 87.0)
164.0 (160.0, 167.5)

32.6(28.6,36.2)
64.0(57.0, 73.8)
163.0 (159.0, 167.0)

45 (95.7%) 3274 (96.8%)
1(2.1%) 61 (1.8%)
0 (0.0%) 5(0.1%)
0(0.0%) 2(0.1%)
1(2.1%) 40 (1.2%)

39 (83.0%) 3158 (93.4%)
7 (14.9%) 213 (6.3%)
1(2.1%) 11 (0.3%)

28 (59.6%) 1649 (48.8%)
16 (34.0%) 1658 (49.0%)
3(6.4%) 75 (2.2%)
1(2.1%) 402 (11.9%)
0 (0.0%) 37 (1.1%)

46 (97.9%) 3357 (99.3%)
1(2.1%) 19 (0.6%)
0(0.0%) 6(0.2%)
0(0.0%) 8(0.2%)
0(0.0%) 10 (0.3%)

47 (100.0%) 3374 (99.8%)

0(0.0%) 4(0.1%)

0 (0.0%) 4(0.1%)

3090.0(2765.0, 3320.0) 3250.0(2960.0, 3550.0)
24 (51.1%) 468 (13.9%)

Abbreviations: APS, antiphospholipid syndrome; IUD, intrauterine death; IVF, in-vitro fertilization; NND, neonatal death; PE, preeclampsia; SLE,

systemic lupus erythematosus.
Median (Q1, Q3); n (%).

PMaternal weight refers to the measurement obtained during the first-trimester screening visit.
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Maternal demographics and pregnancy characteristics according
to pregnancy outcomes are presented in Table 1. Compared to
women without preeclampsia, those with preterm PE were older,
had higher maternal weight, and a higher prevalence of chronic
hypertension, smoking status, and conception by assisted repro-
ductive techniques. A total of 51 women were taking aspirin prior

to inclusion in the study.

3.2 | PIGF MoM estimation

Raw serum concentrations of PIGF for each of the three assay plat-
forms, stratified by gestational age at blood sampling (<11 weeks
and 211 weeks), are provided in Table S1.

The detailed results of the fitted mixed-effects model are sum-
marized in Table 2. Log-transformed PIGF levels were significantly
associated with gestational age, maternal age, maternal weight, eth-
nicity, and smoking status, with differences observed among assay
platforms. The model showed good predictive performance, with a
marginal R? of 0.556 and a conditional R? of 0.848, indicating that a
substantial proportion of variability in PIGF levels was explained by

the predictors and random effects included in the analysis.

TABLE 2 Summary of the linear mixed

model for the estimation of Log,, PIGF. Predictors

Figure 1A illustrates the distribution of PIGF MoMs according to
pregnancy outcome and timing of PIGF measurement. In pregnan-
cies complicated by preterm PE, the median PIGF MoM was 0.958
(IQR: 0.870-1.040) for measurements obtained before 11 weeks and
0.884 (IQR: 0.786-0.945) for measurements at or after 11weeks,
with a more pronounced reduction observed in measurements per-
formed after 11 weeks. For pregnancies with term PE, median PIGF
MoM values were 0.956 (IQR: 0.914-1.030) and 0.939 (IQR: 0.906-
0.997), respectively. Median MoM values in pregnancies without
preeclampsia were close to 1 for both measurement periods (1.010
[IQR: 0.940-1.070] before 11 weeks, and 0.998 [IQR: 0.935-1.060]
after 11 weeks).

MoM values of PIGF measured before 11 weeks in pregnancies
complicated by preeclampsia and their linear regression relationship
with gestational age at delivery are shown in Figure 1B. Lower PIGF
MoM values were associated with earlier gestational ages at deliv-
ery, as indicated by the fitted regression line (intercept=-0.61517,
slope=0.01553). The regression line intersects the reference value
of 1 MoM near 40weeks of gestation, suggesting that early PIGF
measurement has limited predictive value for term preeclampsia, but
suggests a stronger association and better predictive performance

for identifying preterm preeclampsia.

Analyzer-dependent effects

Cobas e801
Intercept
GA-77
(GA-77)?

BRAHMS KRYPTOR

Intercept
GA-77
(GA-77)
DELFIA Xpress
Intercept
GA-77
(GA-77)

Analyzer-independent effects

Maternal age—32,

years

Maternal
weight—64, kg

Maternal
height—163, cm

Ethnicity
Black
South Asian

Cigarette smoker

Estimates Std. error 95% Cl p
1.55753 0.00367 1.55032 to 1.56474 <0.001
0.01396 0.00017 0.01361 to0 0.01430 <0.001

-0.00003 0.00002 -0.00006 to 0.00000 0.071
1.45612 0.00347 1.44931 to 1.46292 <0.001

-0.00317 0.00024 -0.00365 to -0.00269 <0.001
0.00004 0.00002 0.00000 to 0.00007 0.030
1.25493 0.00402 1.24703 to 1.26283 <0.001

-0.00279 0.00026 -0.00329 to -0.00228 <0.001
0.00006 0.00002 0.00002 to 0.00010 0.001
0.00200 0.00044 0.00114 to 0.00286 <0.001

-0.00118 0.00018 -0.00153 to -0.00082 <0.001

-0.00103 0.00042 -0.00184 to -0.00021 0.014
0.07286 0.02056 0.03256t0 0.11316 <0.001
0.19548 0.09603 0.00719 to 0.38376 0.042
0.16518 0.00763 0.15022 to 0.18014 <0.001

Abbreviation: GA, gestational age in days.
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3.3 | Predictive performance of screening models

At a 10% SPR, detection rates adjusted for aspirin use were highest
for the model incorporating PIGF measured between 11 and 13*¢
weeks (72.9%; 95% Cl, 42.2%-90.9%), followed by the model includ-
ing PIGF measured before 11 weeks (66.4%; 95% Cl, 39.9%-85.4%),
and the model without PIGF (66.0%; 95% Cl, 39.3%-85.3%). At
higher SPR thresholds (15% and 20%), a similar trend was observed,
with consistently superior predictive performance in the model
utilizing PIGF measured between 11 and 13*® weeks. Notably, no
marked differences were observed in detection rates between the
models without PIGF and those incorporating PIGF measured before
11 weeks (Figure 2).

Calibration plots comparing the observed and predicted inci-
dences of preterm preeclampsia for the three models are shown
in Figure 3. The model incorporating PIGF measured between 11
and 13*¢ weeks demonstrated the best calibration, reflected by an
intercept of 0.27 (95% Cl, -0.27 to 0.81) and a slope of 0.88 (95%
Cl, 0.56-1.19). Models using PIGF measured before 11 weeks and

without PIGF showed comparable but slightly poorer calibration,

(A) 1.3, PIGF measurement
E < 11 weeks
' > 11 weeks
1.21
1.1 T
1.0 -4=--r- B
=
2
w091
)
o
0.81
0.7 1
0.61
0.5-
Preterm PE Term PE No PE
(n=19) (n=47) (n=3382)

with intercepts of 0.22 (95% Cl, -0.22 to 0.66) and 0.11 (95% ClI,
-0.35 to 0.56), and slopes of 0.81 (95% Cl, 0.55-1.08) and 0.80
(95% Cl, 0.53-1.06), respectively. Consistent with these findings,
discrimination was also highest for the model with PIGF measured
between 11 and 13*¢ weeks (AUC 0.863; 95% Cl, 0.754-0.971),
while the models incorporating earlier measurement or no mea-
surement of PIGF presented similar, slightly lower AUC values
(0.830 [95% ClI, 0.729-0.932] and 0.827 [95% ClI, 0.723-0.930],

respectively).

4 | DISCUSSION

This study evaluated the predictive performance of a combined
screening model for preterm PE incorporating early PIGF meas-
urement (before 11weeks of gestation) and compared it with the
currently recommended model, which includes PIGF measured be-
tween 11 and 13*° weeks. Our results indicate that although early
PIGF measurement demonstrated some discriminatory ability, its

predictive performance did not substantially surpass that of the

(B) 1.6,

PIGF MoM (< 11 weeks)

*

0.3-

24 26 28 30 32 34 36 38 40 42

GA at delivery (weeks)

FIGURE 1 Distribution of PIGF multiples of the median (MoM) according to pregnancy outcomes and timing of measurement (A), and
relationship between early PIGF MoM values and gestational age at delivery in preeclampsia (B). Panel A shows PIGF MoM distributions by
pregnancy outcome and gestational age at blood sampling. Each woman contributed two measurements: One before 11 weeks and another
between 11 and 13"¢weeks: therefore, the number of preterm PE cases (n=19) and term PE cases (n=47) remains the same at both time
points. In panel B, the gray line represents the linear regression fitted to the data from this study, while the red line corresponds to the
regression model previously published by Tan et al.>, based on PIGF MoM values measured at or after 11 weeks of gestation.
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model excluding this biomarker. Conversely, the model incorpo-
rating PIGF measurements obtained between 11 and 13*° weeks
consistently showed superior detection rates, discrimination, and
calibration, supporting the clinical benefit of measuring PIGF within
the standard recommended time frame.

A recent Danish multicenter study assessed the diagnostic per-
formance of the FMF competing-risk model using serum PIGF mea-
surements obtained at 8-9, 10, and 11-13*° weeks of gestation.20
The authors reported that incorporating PIGF measurements before
10weeks did not significantly enhance the predictive capability of
the PE screening model, highlighting the limited discriminative value
of early first-trimester PIGF measurements, as previously noted
by other researchers.?b?? Nevertheless, PIGF values measured at
10weeks yielded detection rates like those obtained with standard
11- to 13*°-week measurements, suggesting a potential opportu-
nity to slightly extend the screening window. Consistent with this,
a secondary analysis from the same Danish cohort reported DRs
of 68.8% for the model incorporating PIGF at 10-13*° weeks and
67.3% when measured between 11 and 13+ weeks, supporting the
feasibility of extending PIGF screening to week 10.2

I.,24 conducted in a Spanish

In another study by Mendoza et a
population, no significant differences in detection rates for preterm

PE screening models incorporating PIGF measurements before and

after 11 weeks were found. The authors concluded that early mea-
surement of PIGF could support a two-step screening approach
without compromising predictive accuracy. However, that study
involved relatively few cases of preeclampsia and thus lacked suf-
ficient statistical power to definitively conclude that PIGF measure-
ments before 11 weeks are equivalent in predictive value to those
obtained between 11 and 13*° weeks.

Differences observed among these studies may be attributed
to variations in study populations, assay platforms, PIGF estima-
tion models, and methodological approaches. These discrepancies
underscore the necessity for additional validation studies in diverse
populations to clarify the clinical utility and optimal timing for early
PIGF measurement in preterm preeclampsia screening.

The DRs of preterm PE obtained with the model incorporating
PIGF measurements between 11 and 13*° weeks were similar to
those previously reported in the literature.>®2° However, the lim-
ited predictive value observed for PIGF measured before 11 weeks
may be explained by physiological factors related to placental oxy-
genation. Between 8 and 10weeks of gestation, placental oxygen
tension is physiologically low due to the plugging of spiral arteries
by extravillous trophoblast cells, suppressing PIGF gene expression
and leading to low serum PIGF levels.?%?” Toward the end of the first
trimester, the progressive loss of these trophoblastic plugs increases
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FIGURE 2 Detection rates (DR) for preterm preeclampsia by screening model at fixed screen-positive rates (SPR), adjusted for aspirin
use. The vertical dashed reference lines indicate detection rates previously reported by other studies at fixed SPR: 72.7% at 10% SPR, 80.5%
at 15% SPR, and 88.3% at 20% SPR, as published by prior research.® Values in parentheses are 95% Cl.
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placental oxygen availability, enhancing PIGF expression and allow-
ing clearer discrimination of pathologically low PIGF levels among
pregnancies at risk for preeclampsia.

The use of early PIGF measurements did not substantially enhance
the predictive performance of the screening model compared to a
model without PIGF. Therefore, the routine implementation of early
PIGF testing cannot currently be recommended, particularly consid-
ering potential implications related to cost-effectiveness and clinical
logistics. Although other authors?>?22% have suggested extending
the screening window slightly earlier, up to 10weeks of gestation, the
limited sample sizes of these studies highlight the need for additional
research to strengthen the evidence supporting this practice.

Our study also reported detection rates for preterm preeclampsia
using the model without PIGF at higher screening thresholds (SPR of
15% and 20%). Decision-curve analyses performed by other authors
suggest that probability thresholds up to 20% may offer greater net
clinical benefit compared with a strategy of treating all patients with
aspirin prophylaxis.?® Therefore, in clinical settings with a low inci-
dence of preterm preeclampsia, higher screening thresholds could
be adopted, achieving detection rates as high as 77.7% and 82.2% at
screen-positive rates of 15% and 20%, respectively.

The main strength of this study is its multicenter prospective de-
sign with longitudinal paired PIGF measurements in the same women
before and after 11weeks, enhancing the representativeness of
our Spanish cohort and providing a realistic reflection of maternal
characteristics and biomarker distributions. All centers adhered to
standardized FMF-certified protocols with monthly audits to ensure
protocol compliance and biomarker quality control. Additionally, we
implemented three PIGF assay platforms (Cobas €801, BRAHMS
KRYPTOR, DELFIA Xpress) across gestational windows, enabling
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a unified platform-agnostic MoM transformation that generalizes
beyond specific analytical systems or sampling times. Finally, we
addressed the potential influence of aspirin use on screening perfor-
mance through appropriate statistical adjustments.

The main limitation of this study is the relatively small number of
preterm PE cases, which limits the statistical power to detect subtle
differences between screening models. Although our performance
estimates are consistent with those reported in similar popula-
tions, the small sample size warrants cautious interpretation of the
findings. Additionally, PE was defined according to ACOG criteria,
which differ slightly from the International Society for the Study of
Hypertension in Pregnancy definitions used in other FMF validation
studies. This discrepancy may have led to a lower number of diag-
nosed cases and could partially explain variations in predictive per-

formance across studies.

5 | CONCLUSION

Early measurement of PIGF before 11 weeks of gestation showed
limited added predictive value for screening preterm PE and did not
substantially improve the performance compared with a model ex-
cluding PIGF. Given the small number of preterm PE cases in our
study, these findings should be interpreted with caution. Further
studies with larger case numbers are needed to validate whether
extending the screening window to 10 weeks could enhance predic-
tive accuracy. In settings where PIGF measurement between 11 and
13*¢ weeks is not feasible, screening based on maternal factors and
biophysical markers, using screen-positive rate cutoffs of 15% or
20%, may represent a reasonable alternative strategy.
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FIGURE 3 Calibration plots comparing predicted and observed risks of preterm preeclampsia in screening models without PIGF (A), with
PIGF measured before 11 weeks (B), and with PIGF measured between 11 and 13*° weeks (C). Calibration plots for each screening model
illustrate the agreement between predicted and observed risk of preterm PE. The x-axis represents the predicted risk within predefined risk
intervals, and the y-axis shows the corresponding observed incidence. Each dot indicates the observed incidence of preterm PE within a
given risk interval, with vertical lines representing 95% confidence intervals. The fractions above the points denote the number of preterm
PE cases relative to the number of women in each interval. The diagonal line represents perfect calibration, where predicted risk equals
observed incidence. Deviations from this line indicate under- or overestimation by the model.
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