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BACKGROUND: Previous evidence showed that placental dysfunction
triggers spontaneous preterm or term births and intrapartum fetal compromise
and often requires urgent delivery, thereby exposing both the fetus and the
mother to significant risks. Predicting spontangous labor onset and intrapartum
fetal compromise could improve obstetrical management and outcomes, but
this is currently difficult, particularly in low-risk populations.

OBJECTIVE: The objective of this study was to examine whether
placental dysfunction, as assessed at 36 weeks' gestation by the soluble
fms-like tyrosine kinase-1 to placental growth factor ratio, is associated with
the interval to spontaneous onset of labor and intrapartum fetal compromise
that requires cesarean delivery in a routinely examined population.
STUDY DESIGN: This was a retrospective analysis of prospectively
collected data of women with singleton pregnancies who underwent routine
assessment at 35-+0 to 3646 weeks’ gestation at the King’s College Hospital
(London, England). Using a general linear model, the study examined the
outcomes related to the soluble fms-like tyrosine kinase-1/placental growth
factor ratio, including the time interval from testing to spontaneous onset of
labor and the subsequent rate of fetal compromise that required a cesarean
delivery. Patients who underwent induction of labor or prelabor cesarean de-
liveries were excluded from the study. Competing risks regression and Cox
regression models were used to estimate the cumulative incidence and the risk
of the outcomes of interest.

RESULTS: In the screened population of 45,375 patients, 23,831
(52.5%) had spontaneous onset of labor and were included in the analysis.
Cases with an soluble fms-like tyrosine kinase-1/placental growth factor
ratio >50 delivered about 1 week earlier than those with a ratio of <50
(39.2vs 40.0 weeks' gestation; P<.001). The general linear model showed
that a larger soluble fms-like tyrosine kinase-1/placental growth factor ratio
was associated with earlier spontaneous onset of labor (P<.001), particu-
larly among multiparous women. The soluble fms-like tyrosine kinase-1/
placental growth factor ratio was significantly associated, as expected, with
cases of preeclampsia and advanced maternal age. The cumulative inci-
dence of spontaneous onset of labor was significantly higher in cases with an
soluble fms-like tyrosine kinase-1/placental growth factor ratio >50 than in
those with a ratio 50 (P<.001). Cox regression showed that the risk for

spontaneous onset of labor increased with an soluble fms-like tyrosine
kinase-1/placental growth factor ratio >50 (hazard ratio, 1.424; 95%
confidence interval, 1.253—1.618; P<.001) and, as expected, the risk was
mitigated over time from when the soluble fms-like tyrosine kinase-1/
placental growth factor ratio was measured to spontaneous labor onset
(P<.001). Cases with intrapartum fetal compromise had a higher mean
soluble fms-like tyrosine kinase-1/placental growth factor ratio than those
without intrapartum fetal compromise (21.79 vs 17.67; P<.001). Qualita-
tive addition of fetal compromise to the general linear model showed a higher
soluble fms-like tyrosine kinase-1/placental growth factor ratio in cases with
fetal compromise than in those without fetal compromise (P=.014).
Competing risks regression showed a positive dose-response effect for fetal
compromise with increasing soluble fms-like tyrosine kinase-1/placental
growth factor ratios (P<.001). Above and below the optimal cutoff of 50,
the quoted cumulative incidences were 6.7% and 4.7%, respectively
(P<.001). The effect of the soluble fms-like tyrosine kinase-1/placental
growth factor ratio remained significant even after adjusting for pre-
eclampsia, which is a well-known major risk factor for fetal compromise.
Finally, the proportion of cases with intrapartum fetal compromise who had
an soluble fms-like tyrosine kinase-1/placental growth factor ratio >50
decreased from 35% to 0% with advancing gestation.

CONCLUSION: This study showed that an increased soluble fms-like
tyrosine kinase-1/placental growth factor ratio at 36 weeks’ gestation is
associated with an earlier gestational age at spontaneous onset of labor
and higher rates of intrapartum fetal compromise. There are 2 major
implications, namely an soluble fms-like tyrosine kinase-1/placental
growth factor ratio >50 indicates imminent labor onset with about a
40% mean risk increase and immediate clinical translation for term
pregnancy monitoring. In addition, an increased soluble fms-like tyrosine
kinase-1/placental growth factor ratio increases the risk for intrapartum
fetal compromise, although outcome variability indicates reassessment
within multimarker models.

Key words: angiogenic factor, fetal compromise, fetal distress, partu-
rition, placental dysfunction, pregnancy, term
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Introduction
Placental dysfunction, whether clinical or
subclinical, is involved in the spontaneous
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onset of labor at term and preterm as
shown by previous studies that indicated
that premature neonates have a lower
mean birth weight percentile,l’2 there
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are signs of impaired placentation in a
significant proportion of spontaneous
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Why was this study conducted?

Spontaneous onset of labor and intrapartum fetal compromise are unpredictable
outcomes related to placental dysfunction. We aimed to assess these association
in pregnancies approaching term using a robust marker of placental function,
namely the soluble fms-like tyrosine kinase-1/placental growth factor (sFlt-1/
PIGF) ratio.

Key findings

The sFlt-1/PIGF ratio at 36 weeks’ gestation was inversely correlated with time to
spontaneous onset of labor; higher values predicted earlier delivery. An sFlt-1/
PIGF ratio of >50 was associated with a 40% increase in the mean risk for
impending spontaneous delivery. Elevated sFlt-1/PIGF ratios were associated
with higher risks for intrapartum fetal compromise. The effects of sFlt-1/PIGF
ratios decrease in magnitude with advancing gestation for both spontaneous
onset of labor and intrapartum fetal compromise.

What does this add to what is known?

The sFlt-1/PIGF ratio at 36 weeks’ gestation was associated with imminent
spontaneous delivery and may be used to tailor the management of pregnancies
approaching term. The sFlt-1/PIGF ratio is not sufficiently effective as an indi-
vidual predictor in screening for fetal compromise but may be used in multi-

marker screening strategies.

preterm births,> 7 and there is an asso-
ciation between an increased first-
trimester risk for preterm preeclampsia
(PE), as determined by the Fetal Medicine
Foundation (United Kingdom) method,
and earlier gestational age (GA) at spon-
taneous term or preterm birth among
women with no PE.® More so, placental
senescence and aging were linked to
telomere shortening, genomic damage,
and oxidative stress with functional
deterioration that preceded spontaneous
term  birth.””'"  Syncytiotrophoblast
stress, known as twilight placenta, occurs
in normal pregnancies that are
approaching term. It is characterized by
apoptosis, pyroptosis, autophagy, syncy-
tial knots, and necrosis, and soluble fms-
like tyrosine kinase-1 (sFlt-1) serves as a
biomarker."?

The spontaneous onset of human labor
has poor predictability and involves
composite neuro-immune-endocrine in-
teractions among the fetus, placenta, and
membranes and is controlled by biologic
clocks that promote the common
pathway of parturition that comprises
myometrial  contractility, cervical
ripening, and choriodecidual activa-
tion.'” Placental dysfunction can also lead

to intrapartum fetal compromise that
often requires urgent delivery. Non-
reassuring fetal conditions may be
detected as sudden changes on car-
diotocographs or significant acute events
during labor. Fetal compromise typically
necessitates operative or cesarean delivery
and is associated with neonatal acidemia
and other adverse outcomes. Predicting
fetal compromise remains challenging
although it largely depends on poor
intrapartum placental function.'>"*

Soluble fms-like tyrosine kinase-1
(sFlt-1) and placental growth factor
(PIGF) are key proteins involved in
angiogenesis and play a significant role
in pregnancy health."””"” Their balance
is crucial for normal placental develop-
ment and function, and an abnormal
sFlt-1/PIGF ratio is a critical marker for
the diagnosis and definition of PE and
placental dysfunction.”'® The hypothe-
sis of this study was that placental
dysfunction, as indicated by an increased
maternal serum  sFlt-1/PIGF  ratio
measured at 36 weeks’ gestation, may be
associated with impending spontaneous
onset of labor and fetal compromise that
requires cesarean delivery in patients
with spontaneous onset of labor.

Materials and methods

Study design, setting, and
participants

This was a retrospective analysis of pro-
spectively collected data in a large cohort
of patients who underwent routine
assessment at 35+0 to 36+6 weeks’
gestation at the Kings College Hospital,
London, England. In the same visit,
maternal serum sFlt-1 and PIGF con-
centrations were measured as part of a
research project; women who partici-
pated in the study, which was approved
by the National Health Service research
ethics committee, gave written informed
consent. The inclusion criteria were
singleton pregnancies with spontaneous
onset of labor in the case of a livebirth or
stillbirth of babies without major ab-
normalities. Patients who underwent
induction of labor and those with elec-
tive cesarean delivery or stillbirth were
excluded from the study.

Laboratory methods

The sFlt-1 and PIGF measurements were
performed using automated analyzers
(BRAHMS KRYPTOR analyzer, Thermo
Fisher Scientific, Hennigsdorf, Ger-
many). Processing of the samples was
carried out according to a standardized
procedures within 24 hours of collection
at room temperature (18°C—25°C), at
between 24 and 48 hours with refriger-
ation at 2°C to 8°C, and after 48 hours
when serum was frozen at —20°C for up
to 6 years (limiting freeze-thawing to a
maximum of 4 cycles). Intra-assay and
interassay coefficients of variations were
in the normal recommended ranges (ie,
within-run  precision of 2%—6%,
between-run precision of 5%—12%).
Limits of detection and quantitation for
PIGF were 4.91 pg/mL and 7.7 pg/mL,
respectively, and 28.5 pg/ml and 39.5 pg/
mL, respectively, for sFlt-1.

Variables and outcomes

The outcomes of this study that were
examined in relation to the sFlt-1/PIGF
ratio were the time interval from
testing to spontaneous onset of labor
and, second, the rate of fetal compromise
that required a cesarean delivery after
spontaneous onset of labor. Fetal
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-I;':ﬁlt_):rllphic and clinical characteristic related to cases with sFlt-1/PLGF levels above or below the cutoff threshold of 50
Variable sFIt-1/PLGF <50 (n=21,920) sFlt-1/PLGF >50 (n=1911) P value?
Gestational age at sampling (wk) 35.9 (35.6—36.3) 36.1 (35.7—36.4) <.001
Gestational age at birth (wk) 40.0 (39.3—40.9) 39.2 (39.4—40.3) <.001
Birth weight (g) 3455 (3165—3735) 3201 (2890—3185) <.001
Birth weight percentile 49.8 (26.9—72.8) 39.3(13.4—61.6) <.001
Delivery before 37 wk 340 (1.6) 130 (6.8) <.001
Body mass index (kg/m?) 29.1 (25.7—31.6) 28.9 (25.4—31.5) .087
Fetal compromise 1039 (4.7) 128 (6.7) <.001
Ethnicity <.001

White 16,919 (77.2) 1592 (83.3)

Black 2668 (12.2) 131 (6.9)

South Asian 1118 (5.1) 85 (4.4)

East Asian 507 (2.3) 47 (2.5)

Mixed 708 (3.2) 65 (2.9)
Nulliparity 9952 (45.4) 1306 (65.6) <.001
Smoking 1008 (4.6) 68 (3.4) .014
Mode of conception <.001

Spontaneous 21,219 (96.8) 1864 (93.6)

Ovulation induction 110 (0.5) 6 (0.8)

In vitro fertilization 592 (2.7) 111 (5.6)
Maternal age (y) 31.9 (28.6—35.6) 32.3(29.9-33.0) <.001
Maternal age >95th percentile (39.6 y) 1068 (4.9) 122 (6.4) .0137
Preeclampsia (any type) 134 (0.6) 123 (6.4) <.001
The data are expressed as mean (interquartile range) or number (percentage).
SFIt-1/PIGF, soluble fms-like tyrosine kinase-1/placental growth factor.
2 Student ¢ tests or chi-square tests were used to determine P values.
Farina. Soluble fms-like tyrosine kinase-1/placental growth factor ratio at 36 weeks’ gestation. Am ] Obstet Gynecol 2025.

compromise was defined according to
diagnoses of individual physicians that
attended the specific cases and included
abnormalities of the fetal heart rate as
detected by continuous cardiotoco-
graphic traces (eg, bradycardia, pro-
longed or repeated decelerations,
decrease in beat-to-beat variability, etc.)
and meconium stained amniotic fluid."”
Other indications for caesarean delivery
in labor were antepartum hemorrhage,
failure to progress, breech presentation,
maternal request, significant maternal
disease, placenta previa, previous cesar-
ean delivery or previous myomectomy,
transverse lie, and uterine rupture. The
spontaneous onset of labor was defined
as either prelabor rupture of membranes
(at term or preterm) or significant and

progressive cervical changes, accompa-

nied by regular uterine contractions or
. . . 1()

cervical dilation >6 cm.

Statistical methods

The 2 study outcomes were examined
using different methodologies in 4 steps.
First, the association between the sFlt-1/
PIGF ratio and the timing of sponta-
neous onset of labor was assessed using a
general linear model (GLM) and taking
into account the time interval from
biomarker testing to spontaneous onset
of labor. Self-reported ethnicity, smok-
ing status, parity, body mass index, and
method of conception were also intro-
duced as covariates in the multivariable
GLM analyses. In the final model, only
significant covariates were included. In
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the last part of the analysis, fetal
compromise was added to the same
GLM to evaluate its effect on the sFlt-1/
PIGF ratio. Second, a survival analysis
with Cox regression was used to deter-
mine the cumulative incidence function
(CIF) for spontaneous onset of labor
based on GA in relation to a significant
sFlt-1/PIGF ratio cutoff. The model was
run to determine the hazard ratio (HR)
of a significant sFlt-1/PIGF ratio cutoff
and also taking into consideration an
interaction factor between these 2 terms.
Third, a competing risks regression
model (CRM) was used to evaluate the
CIF for fetal compromise with the cases
with spontaneous delivery and cesarean
deliveries for other reasons unrelated to
fetal compromise as competitive events.
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Eﬁﬁtsrzaphic and clinical characteristic related to cases with or without fetal compromise
Variable No fetal compromise (n=22,664) Fetal compromise (n=1167) P value®
Gestational age at sampling (wk) 35.9 (35.6—36.3) 35.9 (35.6—36.1) .024
PIGF (pg/mL) 388.8 (150.0—501.5) 375.2 (134.9—-491.0) .208
sFit-1 (pg/mL) 2584.6 (1493.9—3082.6) 2912.5 (1663.4—3446.0) <.001
PIGF (MoM) 1.35 (0.55—1.74) 1.36 (0.52—1.79) 772
sFIt-1 (MoM) 1.17 (0.70—1.39) 1.22 (0.72—1.47) .036
sFit-1/PIGF 17.67 (3.30—18.05) 21.79 (3.73—23.02) <.001
Gestational age at birth (wk) 39.9 (39.3—40.7) 40.1 (39.4—41.0) <.001
Birth weight (g) 3438 (3145—3720) 3375 (3055—3685) <.001
Birth weight percentile 49.2 (26.1—72.4) 43.4 (17.9—66.5) <.001
Delivery before 37 wk 433 (1.9 3732 .003
Body mass index (kg/m?) 29.0 (25.6—31.6) 30.28 (26.62—33.02) <.001
Ethnicity <.001

White 17,705 (78.1) 806 (69.1)

Black 2574 (11.4) 225 (19.3)

South Asian 1139 (5.0) 64 (5.5

East Asian 530 (2.3) 24 (2.1)

Mixed 716 (3.2) 48 (4.1)
Nulliparity 10,516 (46.4) 824 (70.6) <.001
Smoking 1020 (4.5) 56 (4.8) .643
Mode of conception <.001

Spontaneous 21,961 (96.6) 1100 (94.3)

Ovulation induction 113 (0.5) 7 (0.6)

In vitro fertilization 657 (2.9) 60 (5.1)
Maternal age (y) 31.9 (28.6—35.6) 32.0 (28.7—35-7) 492
Maternal age >95th percentile (39.6 y) 1116 (4.9) 74 (6.3) .030
Preeclampsia (any type) 233 (1.0 24 (2.1) <.001
The data are expressed as mean (interquartile range) or number (percentage).
MoM, multiples of the median; PIGF, placental growth factor; sFit-7, soluble fms-like tyrosine kinase-1.
2 Student ¢ tests or chi-square tests were used to determine the P values.
Farina. Soluble fins-like tyrosine kinase-1/placental growth factor ratio at 36 weeks’ gestation. Am ] Obstet Gynecol 2025.

A series of CRMs was run to test the
hypothesis of a dose-response effect
between different and increasing
thresholds of sFlt-1/PIGF and fetal
compromise. Fourth, a different GLM
was run to quantify the association be-
tween a significant sFlt-1/PIGF ratio
cutoff and the rate of intrapartum fetal
compromise throughout the time inter-
val in weeks from sampling to sponta-
neous onset of labor.

For the analyses, SPSS Statistics for
Windows (version 27.0; IBM Corp,

Armonk, NY) and StataCorp. 2023.
(Stata Statistical Software: release 16;
StataCorp LLC, College Station, TX)
were employed. Statistical significance
was considered for a 2-sided « error of
0.05 and ( error of 0.8.

Results

Participants

In the screened population of 45,375
patients, 23,831 (52.5%) had sponta-
neous onset of labor and were included
in the analysis. Within the study group,

1167 (4.9%) underwent a cesarean de-
livery for fetal compromise, and 2196
(9.2%) had a cesarean delivery for
obstetrical indications other than fetal
compromise. The Supplemental Figure
shows the flow chart of patient
recruitment.

The demographics and clinical char-
acteristics of the study population are
summarized in Tables 1 and 2. Among
cases with an increased sFlt-1/P1GF ratio,
the GA at birth was earlier, the birth
weights and birth weight percentiles
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FIGURE 1

with spontaneous labor

Linear model of sFit-1/PIGF ratio vs. sampling-to-labor interval in women
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Mean sFIt-1/PIGF ratio at 35*0-36*6 weeks’ gestation
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Time interval from sampling to spontaneous onset of labor (weeks)

The data were adjusted for parity, mode of conception, and smoking.
SFit-1/PIGF, soluble fms-like tyrosine kinase-1/placental growth factor.

Farina. Soluble fms-like tyrosine kinase-1/placental growth factor ratio at 36 weeks’ gestation. Am J Obstet Gynecol 2025.

were lower, and the rates of medically
assisted reproduction and preterm birth
were higher (all P<.001). Moreover,
higher sFlt-1 values and sFlt-1/PIGF ra-
tios were detected in cases in which in-
fants were born by cesarean delivery for
fetal compromise, and this group had a
higher maternal age, lower birth weight
and birth weight percentile, earlier GA at
birth, and higher rates of PE. There were
257 cases of PE (1.06%) with 5 of those
being severe and 252 being mild.

Spontaneous onset of labor

The output of the GLM for the overall
series with the sFlt-1/PIGF ratio as a
dependent variable, which shows the
relationship between the marker level
and the time interval from measurement
to spontaneous onset of labor, is shown
in Figure 1 and Supplemental Table 1. A
longer time interval from measuring the
sFlt-1/PIGF ratio to spontaneous onset
of labor was associated with lower sFlt-1/
PIGF ratio levels (P<.001). In other
words, the higher the sFlt-1/PIGF ratio
values the shorter the time interval from
measurement to spontaneous onset of

labor and the earlier the GA at birth
(P<.001). PE, multiparity, and advanced
maternal age above the 95th percentile
were significant factors in this model.
In Figure 2 (A and B) and
Supplemental Table 2, the CIF of spon-
taneous onset of labor based on an sFlt-
1/PIGF ratio above or below the clini-
cally relevant cutoff of 50 is shown. A
significantly greater CIF of spontaneous
onset of labor was observed in cases with
an sFlt-1/PIGF ratio value >50 than in
those with values <50. The mean GA at
spontaneous onset of labor was about 1
week earlier in cases with a ratio >50
than in those with a ratio <50 (Table 1),
and at 40 weeks’ gestation, the sponta-
neous onset of labor occurred about 4
days earlier in the group with an sFLT-1/
PIGF ratio >50 when compared with
those with a ratio <50 as demonstrated
by the curve shift toward the left
(Figure 2). Note that because all preg-
nancies were followed until delivery,
both curves reach 100%. Consequently,
after 42 weeks, they overlap. The CRM
showed a significant subhazard ratio
(sHR) for spontaneous onset of labor
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when the ratio was above 50 (sHR, 1.624;
95%  confidence  interval [CI],
1.538—1.714; standard error [SE], 0.044;
P<001) and that multiparity (sHR,
1.199; 95% CI, 1.171—1.229; SE, 0.015;
P<001) and advanced maternal age
above the 95th percentile (sHR 1.352;
95% CI, 1.268—1.440; SE, 0.044;
P<.001) contributed significantly. PE
was excluded from the final model
because no statistical significance was
reached (P=115).

The Cox regression model showed an
HR of 1.424 (95% CI, 1.253—1.618;
P<.001) (Table 3) for spontaneous onset
of labor when the sFlt-1/PIGF ratio was
>50. The model also showed that the
time interval from sFlt-1/PIGF ratio
measurement to birth had a significant
effect (P<.001), and that there was a
statistically significant interaction be-
tween an sFlt-1/PIGF ratio >50 and the
time interval from ratio measurement to
spontaneous onset of labor (P<.001). As
expected, the HR for spontaneous onset
of labor associated with an sFlt-1/PIGF
ratio >50 reduced rapidly with time
(weeks) from the measurement to the
onset of labor (Figure 3). The interaction
of the HR linking an sFlt-1/PIGF ratio
>50 to spontaneous onset of labor with
time after testing was broken down into
GA at onset of labor and the mean time
interval from sFlt-1/PIGF ratio mea-
surement to onset of labor in Figure 3.
This is a representation of the decline in
the HR for spontaneous onset of labor in
cases with an sFlt-1/PIGF ratio >50,
from 1.5 (50% increase) to 1.1 (10%
increase), with advancing GA and time
interval from ratio measurement to the
onset of labor (Figure 3). The Cox
regression model was tested by adding
PE as a covariate, but it was removed
because there was no statistical signifi-
cance (P=987).

Intrapartum fetal compromise

Figure 4 and Supplemental Table 3 show
the GLM for the overall series with the
sFlt-1/PIGF ratio as a continuous,
dependent variable, showing the rela-
tionship between marker level and the
time interval from measurement to de-
livery in cases with or without intra-
partum fetal compromise. The data were
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FIGURE 2

Cumulative incidence of spontaneous labor according to sFlt-1/PIGF ratio above vs below 50 across gestation

A

100

Cumulative incidence of spontaneous onset of labor (%)

Cumulative Incidence of spontaneous onset of labor (%)

80 —

60 —
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20

0 -

sFIt1/PIGF ratio >50
------- sFtl11/PIGF ratio <50
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35 37 39 41 43
Gestational age at spontaneous onset of labor (weeks)

e SFIt1/PIGF ratio >50
S — sFtI1/PIGF ratio <50
| T 1
35+0 360 37+0

Gestational age at spontaneous onset of labor (weeks)

A, The cumulative incidence function (CIF) of spontaneous onset of labor in women with an sFIt-1/PIGF ratio above or below the cutoff of 50. Note that
because all pregnancies are followed up until delivery, both curves reach 100%. B, Magnification of the preterm part of Figure 2, A and B between 35
and 37 weeks’ gestation showing that a significant difference of the curves is present in this interval as well (continuous line: sFlt-1/PIGF ratio >50;
dashed line: sFit-1/PIGF ratio <50).

SFIt-1/PIGF, soluble fms-like tyrosine kinase-1/placental growth factor.

Farina. Soluble fms-like tyrosine kinase-1/placental growth factor ratio at 36 weeks’ gestation. Am J Obstet Gynecol 2025.
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TABLE 3

Multivariable Cox regression model output showing a statistically
significant hazard ratio for spontaneous onset of labor with an sFit-1/PIGF
ratio =50 when compared with a ratio <50, considering the statistically
significant influence of both the time interval from the sFit-1/PIGF
measurement to spontaneous onset of delivery (in weeks) and that of an
interaction factor between the 2 variables

95% CI
Parameter T SE Wald dof Pvalue HR Lower Upper
sFIt-1/PIGF>50 0.353 0.065 294 1 <001 1424 1253 1.618
Time interval —1.484 0.009 28,940.7 1 <.0001 0.227 0.223 0.231
SFIt-1/PIGF ratio >50 x —0.100 0.018 301 1 <.001 0905 0.874 0.938

time interval (wk)

Time interval was the time interval (in weeks) from sFit-1/PIGF ratio measurement to spontaneous onset of delivery.

Cl, confidence interval; dof, degrees of freedom; HR, hazard ratio; SE, standard error; sFit-1/PIGF, soluble fms-like tyrosine
kinase-1/placental growth factor; 7, “beta coefficient” describing the effect of the model; Wald, coefficient of Wald statistics.

Farina. Soluble fms-like tyrosine kinase-1/placental growth factor ratio at 36 weeks’ gestation. Am ] Obstet

Gynecol 2025.

adjusted for parity, mode of conception,
and smoking. The GLM shows that the
sFlt-1/PIGF ratio had a significant effect
on fetal compromise with higher ratios
being detected in cases with intrapartum
fetal compromise (P<.001) at each GA
up to the cubic power of the time interval
from ratio measurement to the onset of

labor (P<.003). PE, multiparity, and
maternal age >95th percentile main-
tained significance within this model.
Increasing cutoff values for the sFlt-1/
PIGF ratio 20, 30, and 50 were tested
with 3 separated CRMs to examine the
potential dose-response effect of the
sFlt-1/PIGF ratio on the risk for

FIGURE 3

and gestational age

Relationship between hazard ratios for spontaneous labor (sFlt-1/PIGF >50)
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intrapartum fetal compromise. Overall,
the greater the values of the sFlt-1/PIGF
ratio, the higher was the sHR for fetal
compromise across the GA range that
was explored. This was supported by a
significant and increasing sHR from 1.29
for a ratio cutoff of 20 to 1.34 for a ratio
cutoff of 30 and to 1.44 for ratio cutoff 50
(all models P<.001) (Table 4). A multi-
variable CRM showed that PE and
advanced maternal age above the 95th
percentile had a modest, yet significant
effect on the sHR for fetal compromise
(PE: sHR, 1.715; 95% CI, 1.128—2.608;
SE, 0.367; P=.012; advanced maternal
age: sHR, 1.296; 95% CI, 1.023—1.645;
SE, 0.157; P=032). In such a model,
there was a minor decrease in the effect
associated with an sFlt-1/PIGF ratio >50
from 1.441 in the univariable model to
1.378 in the multivariable model with
stability of the high statistical signifi-
cance (95% CI, 1.139—1.668; SE, 0.134;
P<.001). The CIF for intrapartum fetal
compromise at 35 to 43 weeks’ gestation
associated with an sFlt-1/PIGF ratio of
>50 (6.7%) or <50 (4.7%) is shown in
Figure 5, A and 5, B (P<.001) and is re-
ported in detailed categories broken
down for GA at delivery in Supplemental
Table 4.

The proportion of cases with intra-
partum fetal compromise when the sFlt-
1/PIGF ratio was >50 at each GA is
shown in Figure 6. The decreasing pro-
portion of cases with intrapartum fetal
compromise with advancing GA and
time interval from sFlt-1/PIGF mea-
surement to onset of labor follows a
perfect cubic curve that decreases from
35% to 0% in the study period
(Figure 6).

Comment

Main findings

This study on routine screening at 36
weeks’ gestation has 2 main findings.
First, the sFlt-1/PIGF ratio has an inverse
correlation with the time interval from
measurement to the onset of labor. The
higher the sFlt-1/PIGF ratio, the earlier
the delivery, and when the sFlt-1/PIGF
ratio is >50, there is an association
with risk for imminent delivery. There is
an average 30% to 40% increase in the
risk for spontaneous delivery across the
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FIGURE 4

Linear model of sFlt-1/PIGF ratio vs. sampling-to-labour interval in cases
with or without intrapartum fetal comproise

80
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The data were adjusted for parity, mode of conception, and smoking.
SFit-1/PIGF, soluble fms-like tyrosine kinase-1/placental growth factor.
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GA range, corresponding to a mean
birth anticipation of about 1 week, when
the ratio is >50, and there is a decreasing
effect with advancing gestation.

The second finding was that pregnan-
cies with intrapartum fetal compromise
were more likely to have higher sFlt-1/

PIGF ratio levels that were associated, in
the study window, with a CIF of 6.7%
when a cutoff of 50 was used. Higher sFlt-
1/PIGF ratios were associated with higher
rates of fetal compromise. The propor-
tion of cases with a ratio >50 decreased
with both advancing GA and the time

TABLE 4

the marker level

Competing risk regression showing subhazards ratios for fetal compromise
at various sFlt-1/PIGF ratio cutoffs, highlighting a dose-response effect of

subhazard ratio.

Gynecol 2025.

95% Cl
Model sHR SE z Pvalue Lower Upper
Model 1 sFit-1/PIGF >20 1.294 0.085 3.94 <.001 1.138 1.472
Model 2 sFit-1/PIGF >30 1.339 0.996 3.93 <.001 1.157 1.549
Model 3 sFit-1/PIGF >50 1.441 0.136 3.88 <.001 1.198 1.734

Cl, confidence interval; SE, standard error; sFit-1/PIGF, soluble fms-like tyrosine kinase-1/placental growth factor; sHR,

Farina. Soluble fms-like tyrosine kinase-1/placental growth factor ratio at 36 weeks’ gestation. Am ] Obstet

interval after sampling from 35% to 0%.
Despite the high statistical and conceptual
significance, this association demon-
strates a rather weak clinical effect.

Interpretation in the context of what
is known

The mechanisms that regulate the initi-
ation of human parturition and those
that control intrapartum fetal compro-
mise that requires expedited delivery
remain poorly understood. We know
that placental dysfunction somehow
represents a risk factor for both these
deeply interconnected outcomes.'””’
More so, correctly timing the manage-
ment of labor onset and preventing
preterm delivery by using biochemical
and ultrasound markers have long been
sought after in common obstetrical
practice. This study confirms and revises
from a more effective perspective what
has been partially described in the liter-
ature, namely that the sFlt-1/PIGF ratio,
when above a certain value, is associated
with delivery within 2 to 3 weeks.

The link between high sFlt-1/PIGF
ratios and earlier labor weakens over
time likely because of the loss of cases
with higher ratios as opposed to those
with lower ratios that frequently proceed
to term. In our study, the sFlt-1/PIGF
ratio was linked to spontaneous labor;
however, this association diminishes
over time as placental dysfunction may
develop later in pregnancy. It is reason-
able to expect that preterm delivery
would present an association with even
more aberrant values, as shown by recent
major work,”” but this hypothesis
should be verified through serial longi-
tudinal ~ measurements,  probably
repeated every 2 to 3 weeks.

The study also highlights that
placental insufficiency during preg-
nancy, which presents as epiphenomena
like spontaneous labor onset and
elevated sFlt-1/PIGF ratios, is more easily
associated with future fetal compromise
that is observable during labor. This ev-
idence is supported by the fact that his-
tologic anomalies related to maternal
vascular malperfusion, chorioamnioni-
tis, marginal abruption, and lympho-
plasmacytic deciduitis are associated
with the process of preterm birth or
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FIGURE 5

Cumulative incidence of fetal compromise according to sFlt-1/PIGF ratio above vs. below 50

e sFIt-1/PIGF ratio >50
- sFtl-1/PIGF ratio <50

8 - £ .25
g 2
§
E S
3 g— .20 1
XE 3
E (&S]
o £
€ =
g __________ % 15
3 ’ g
g 5
e :
s ° 01
g g
2 c
$ o
22 £
.g @ .05
ks sFIt-1/PIGF ratio >50 s
E | s sFtl-1/PIGF ratio <50 g
o =3

0. S o-

i T T T T T ! ' |
36 38 40 42 44 35

Gestational age at spontaneous onset of labor (weeks)

T
355
Gestational age at spontaneous onset of labor (weeks)

I T |
36 36.5 37

A, Competing risks regression output showing the cumulative incidence function for fetal compromise when the sFit-1/PIGF was >50 or <50. B,
Magnification of the preterm part of (A) between 0 and 3 weeks from testing, which shows that there is a significant difference in the curves in this interval.
SFIt-1/PIGF, soluble fms-like tyrosine kinase-1/placental growth factor.

Farina. Soluble fms-like tyrosine kinase-1/placental growth factor ratio at 36 weeks’ gestation. Am J Obstet Gynecol 2025.

birth at term.”"** Moreover, the median
PIGF levels decrease by nearly one-
quarter during labor, potentially indi-
cating worsening placental function,
with a more pronounced decline
observed in cases with intrapartum fetal
compromise than in those without.”>**

Strengths and limitations

One strength of this study lies in the
evaluation of a large population that was
recruited in a narrow gestational window
at a single center to assess the effect of
subclinical placental insufficiency (based
on sFlt-1/PIGF ratio values) as a pre-
cursor for spontaneous labor and intra-
partum fetal compromise that requires a
cesarean delivery. The statistical analyses
waere solid and clearly explain how the
quantitative association between
elevated sFlt-1/PIGF ratio values and the
earlier onset of labor diminishes over
time from the ratio measurement. A
further strength is the description of
placental dysfunction as a common po-
tential etiology that links labor initiation
and intrapartum fetal compromise,

thereby creating an opportunity for
future studies on this clinically relevant
topic.

We acknowledge several limitations of
this study. Specifically, the retrospective
nature of the study makes it less robust
and reproducible. Despite adjustments
for the available covariates, other po-
tential confounding factors might not
have been accounted for, especially those
related to clinical management during
labor, which could be influenced by
numerous factors. In addition, a single
measurement of the biomarkers may not
accurately reflect the dynamic changes in
placental function leading up to labor.
Serial measurements could provide a
more comprehensive picture. The choice
of the sFlt-1/PIGF ratio cutoff of 50 was
arbitrary and may not be universally
applicable. Different cutoffs might be
more appropriate in different pop-
ulations or settings, and the study does
not comprehensively explore the
optimal cutoff. Finally, exclusion of in-
duction of labor may introduce an un-
avoidable bias from the null because of
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exclusion of cases
insufficiently.

Finally, despite the statistically robust
association between an increased sFlt-1/
PIGF ratio and intrapartum fetal
compromise, it is unlikely that the sFlt-
1/PIGF ratio alone may be applied as a
screening test for intrapartum fetal
compromise because of its poor predic-
tive power and rapid loss of discrimi-
nation after 2 to 3 weeks from the
measurement.

with placental

Implications for clinical practice
and future research

The sFlt-1/PIGF ratio can be used clini-
cally to tailor follow-up of pregnancies
close to term or at term because of the
strong association with spontaneous
delivery soon after measurement. Future
studies may assess its value in defining
the optimal birth timing, including
predicting the success of labor induction.
The sFlt-1/PIGF ratio may also be a
candidate marker for future studies
focused on predicting spontaneous pre-
term  birth related to placental
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FIGURE 6

Proportion of cases with fetal compromise above the sFit-1/PIGF cutoff of 50
at each gestational age at onset of labor
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dysfunction as shown recently.” In fact,
given the heterogeneous nature of the
preterm birth syndrome, a single marker
may not provide sufficient predictive
performance for each preterm birth eti-
ology or phenotype, and future research
will need to test multivariable models
that link different markers to intercept
such heterogeneity.”” More so, there is
room to evaluate the use of the sFlt-1/
PIGF ratio in multimarker strategies to
determine fetal compromise in labor
because of its significant association with
this outcome. The combination of this
method with other established methods
of screening for placental dysfunction,
such as uterine artery pulsatility
index™® * and first-trimester screening
for preterm PE,”’ may yield improved
predictive performance for each of the
outcomes considered.

In this study, increased sFlt-1/PIGF
ratio values, measured at 36 weeks’
gestation, were associated with sponta-
neous delivery within a few weeks of
measurement and with increased rates of
fetal compromise that are somehow
related to placental dysfunction, whereas
pregnancies that progressed further to-
ward term were somehow selected
probably because of better placental
function. Future research will explore
the extent to which repeated measure-
ments of the sFlt-1/PIGF ratio may better
predict the outcome close to term.

Conclusion

This study showed that the higher the
sFlt-1/PIGF ratio, the earlier the delivery
and the higher the rate of intrapartum
fetal compromise, which aligns with
existing evidence that have linked

dysfunctional placentation with the
onset of spontaneous labor and intra-
partum fetal compromise. Overall, the
study provides evidence that support a
robust association between the epiphe-
nomena of placental dysfunction, diag-
nosed at 36 weeks’ gestation by the sFlt-
1/PIGF ratio, and an earlier GA at
spontaneous onset of labor and an
increased rate of fetal compromise. This
represents a step toward understanding
and predicting spontaneous onset of
human labor and intrapartum fetal
compromise. This knowledge will favor
immediate clinical translation in the
optimization of obstetrical management
for pregnancies that are approaching
term and the potential prevention of
maternal-fetal risks and will promote
future research.
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SUPPLEMENTAL FIGURE

Flow chart of data collection and patient recruitment in the study

Data collection

Identification

Enrolment

Analysis

Selected

Screened population at 35*0 to

36*¢ weeks at Kings College
Hospital (London, UK)

Assessed for eligibility
(n=45,375)

Inclusion criteria: Singleton viable pregnancies admitted in
spontaneous labour (cervical dialation >6 cm or with PROM)

Excluded:

- elective prelabour caesarean delivery (n=6,529)

- -induction of labour (n=12,249)

- sFlt1 and PIGF dosages different than Kyrptor (n=2766)

Included (n=23,831)

Analysed (n=23,831)

Caesarean delivery for indications not including fetal
compromise in labour (n=2,041)

Caesarean delivery for fetal
compromise in labour

(n=1,167)

PROM, prelabor rupture of membranes; PIGF, placental growth factor; sFit-1, soluble fms-like tyrosine kinase-1.
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SUPPLEMENTAL TABLE 1

Linear model with the sFIt-1/PIGF ratio as the dependent variable assessing the association between spontaneous
onset of labor and the time interval (weeks) from ratio measurement to delivery up to the cubic term and additional
significant covariates of interest (parity, preeclampsia, advanced maternal age)

95% Cl
Parameter P SE t Pvalue Lower Upper Observed power®
Intercept 58.165 2.216 26.251 <.001 53.822 62.508 1.000
Time interval —17.758 1.939 —9.159 <.001 —21.558 —13.958 1.000
Time interval2 2.557 0.592 4.320 <.001 1.397 3.717 0.991
Time interval"3 —0.151 0.055 —2.733 <.001 —0.260 —0.043 0.780
Multiparous® —9.218 0.419 —22.025 <.001 —10.038 —8.398 1.000
Preeclampsia 54.731 2.007 27.269 <.001 50.797 58.665 1.000
MA >95th percentile 2.265 0.957 2.367 .018 0.389 4140 0.658

Time interval indicates the time interval (in weeks) from sFit-1/PIGF ratio measurement to spontaneous onset of delivery; Preeclampsia indicates any type of preeclampsia.
Cl, confidence interval; MA >95th percentile, maternal age >95th percentile (39.6 years); SE, standard error.

2 Calculated using an alpha =0.05° Multiparous indicates parity >0 (reference is nulliparous).
Farina. Soluble fms-like tyrosine kinase-1/placental growth factor ratio at 36 weeks’ gestation. Am J Obstet Gynecol 2025.

SUPPLEMENTAL TABLE 2
Cumulative incidence function of spontaneous birth initiation at each gestational week with the sFit-1/PIGF ratio above
or below the significant threshold of 50

Mean time from sFit-1/PIGF CIF

GA at delivery No. cases measurement to SL in wk (SD) sFIt-1/PIGF <50 sFIt-1/PIGF >50
<36 50 0.289 (0.2226) 0.20 0.30

<37 420 0.761 (0.4121) 1.90 3.0

<38 1086 1.573 (0.5601) 6.2 9.7

<39 2768 2.588 (0.5948) 17.4 26.1

<40 6313 3.545 (0.5946) 42.8 58.7

<41 8359 4.487 (0.5792) 76.9 90.2

<42 4701 5.372 (0.5637) 98.3 99.8

<43 134 6.245 (0.5896) 99.9 100.0

GA, gestational age; SD, standard deviation; sFit-1/PIGF, soluble fms-like tyrosine kinase-1/placental growth factor; SL, spontaneous labor.
Farina. Soluble fis-like tyrosine kinase-1/placental growth factor ratio at 36 weeks’ gestation. Am ] Obstet Gynecol 2025.
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SUPPLEMENTAL TABLE 3

Linear model with the sFit-1/PIGF ratio as the dependent variable assessing the association among fetal compromise,
time interval (in weeks) from ratio measurement to spontaneous onset of labor up to the cubic term, and additional
significant covariates of interest (parity, preeclampsia, advanced maternal age)

95% Cl
Parameter P SE t Pvalue Lower Upper Observed power®
Intercept 57.994 2.217 26.164 <.001 53.649 62.339 1.000
Time interval —17.671 1.939 -9.114 <.001 —21.472 —13.871 1.000
Time interval2 2.535 0.592 4.284 <.001 1.375 3.696 0.990
Time interval"3 —0.150 0.055 —2.711 <.001 —0.258 —0.042 0.774
Multiparous” —9.114 0.421 —21.666 <.001 —9.938 —8.289 1.000
Preeclampsia 54.648 2.007 27.226 <.001 50.714 58.582 1.000
MA >95th percentile 2.200 0.957 2.299 .022 0.324 4.076 0.633
Fetal compromise 2.374 0.966 2.459 .014 0.482 4.267 0.691

Time interval indicates the time interval (in weeks) from sFit-1/PIGF ratio measurement to spontaneous onset of delivery; Preeclampsia indicates any type of preeclampsia.
Cl, confidence interval; MA >95th percentile, maternal age>95 centile (39.6 years); sFit-1/PIGF, soluble fms-like tyrosine kinase-1/placental growth factor.

2 Calculated using an alpha =0.05" Multiparous indicates parity >0 (reference is nulliparous).
Farina. Soluble fms-like tyrosine kinase-1/placental growth factor ratio at 36 weeks’ gestation. Am ] Obstet Gynecol 2025.

SUPPLEMENTAL TABLE 4
Cumulative incidence function of fetal compromise at different GAs with an sFit-1/PIGF ratio above or below the
significant threshold of 50
Mean time from sFit-1/PIGF measurement CIF
GA at delivery No. cases to SL in wk (SD) sFlt-1/PIGF <50 sFIt-1/PIGF >50
<36 5 0.257 (0.2247) 0.20 0.29
<37 32 0.844 (0.4750) 0.15 0.22
<38 39 1.542 (0.6089) 0.31 0.44
<39 106 2.697 (0.6436) 0.74 1.07
<40 228 3.553 (0.6094) 1.66 2.39
<41 418 4572 (0.5722) 3.55 4.80
<42 322 5.402 (0.5705) 4.66 6.66
<43 17 6.236 (0.6102) 473 6.75
GA, gestational age; SD, standard deviation; sFit-1/PIGF, soluble fms-like tyrosine kinase-1/placental growth factor; SL, spontaneous labor.
Farina. Soluble fms-like tyrosine kinase-1/placental growth factor ratio at 36 weeks’ gestation. Am J Obstet Gynecol 2025.
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