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Abstract: Background: Preeclampsia (PE) is a major cause of poor maternal and perinatal outcomes. While a num-
ber of biophysical and biochemical markers have been explored for early prediction, there is a need for low-cost ac-
cessible markers. The platelet-to-high-density lipoprotein cholesterol ratio (PHR) might reflect the combined effects
of impaired platelet function, inflammatory thrombosis and reduced protection against vascular injury. Methods:
This retrospective cohort included 11,618 pregnancies assessed in early pregnancy. PHR, calculated from platelet
count and high-density lipoprotein cholesterol, was analyzed per 10-unit increment. Logistic regression assessed
associations with PE, subgroup analyses examined major phenotypes, and receiver operating characteristic analy-
ses compared individual discrimination with mean arterial pressure multiples of the median (MAP MoM) and pla-
cental growth factor multiples of the median (PIGF MoM) values. Results: Among 11,618 pregnancies, 468 women
(4.03%) developed PE. Median PHR per 10 was lower among women who developed PE than among those who
did not (15.07 [IQR, 11.93-18.24] vs. 19.05 [IQR, 16.82-21.75]; P<0.001). In multivariable analyses controlling for
maternal age, body mass index before pregnancy, parity, type of gestation, and conception by in vitro fertilization,
every 10-point rise in PHR was linked to a reduced likelihood of PE (adjusted odds ratio, 0.69; 95% Cl, 0.67-0.72;
P<0.001). PHR values were significantly decreased in early-onset, preterm, and late-onset PE compared with preg-
nancies without PE (all P<0.01), but did not differ significantly across these three subtypes. Among participants with
available Fetal Medicine Foundation (FMF) screening data, the AUCs were 0.732 (95% Cl, 0.693-0.771) for PHR,
0.702 (95% Cl, 0.669-0.738) for MAP MoM, and 0.606 (95% Cl, 0.570-0.638) for PIGF MoM. Conclusion: Lower
early-pregnancy PHR was independently associated with subsequent PE. PHR had the highest AUC point estimate
among the three individual biomarkers evaluated.
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Introduction PE is a clinically diverse gestational condition
associated with defective placental develop-
ment, immune-metabolic remodeling, defective

decidualization, impaired trophoblast invasion,

Preeclampsia (PE) continues to be one of the
major causes of maternal and perinatal mor-

bidity and mortality worldwide, and early detec-
tion of high-risk pregnancies is a significant
unsolved problem in obstetric practice. Though
first-trimester prediction has been enhanced by
adding maternal factors, mean arterial pres-
sure, uterine artery Doppler indices, and pla-
cental angiogenic markers [1, 2], application
has been inconsistent across clinical settings,
and more straightforward biomarkers that co-
uld be measured with routine laboratory testing
are still required [3].

placental senescence, and dysregulated extra-
cellular vesicle signaling [4-8]. Recent studies
have identified several molecular changes that
may contribute to these processes. Placenta-
specific chimeric RNAs, for example, have been
proposed as candidate diagnostic biomarkers,
whereas FTO-mediated m6A modification has
been linked to impaired decidualization in PE
[9, 10]. Multi-omics analyses have further sug-
gested that early- and late-onset PE share sev-
eral placental stress pathways but differ in the
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relative contribution of inflammatory and me-
tabolic disturbances. Clinical translation, how-
ever, remains slow. Most emerging biomarkers
require specialized platforms, complex labora-
tory procedures, or further external validation
before they can be incorporated into routine
prenatal care. Thus, there remains a need for
easy, cheap and accessible markers.

Routine clinical phenotypes and data-driven
approaches have been widely investigated as
tools for precision risk management [11-14].
Recent studies have further shown that first-
trimester blood count-derived inflammatory in-
dices and routinely available hematological
markers may contribute to early PE risk as-
sessment [15, 16]. Integrating such laboratory
variables with maternal characteristics and
established screening parameters through ma-
chine-learning approaches may further improve
risk stratification [16, 17]. Against this back-
ground, the platelet-to-high-density lipoprotein
cholesterol (HDL-C) ratio (PHR) can be a con-
venient and readily available marker. Its biologi-
cal relevance is supported by the concurrent
involvement of platelet dysregulation and HDL-
related vascular dysfunction in PE. Pooled an-
alyses have shown that platelet counts are
generally lower in affected pregnancies, with
reductions detectable before clinical diagnosis
in some cohorts [3]. In the meantime, increased
platelet activation and modified platelet-asso-
ciated transcriptional patterns have also been
observed, which indicates that platelet activa-
tion and consumption can be concurrent [3,
18, 19]. HDL is also impacted. Its circulat-
ing concentration and vasoprotective activities
could be compromised in PE, and Mendelian
randomization studies suggest that high levels
of HDL cholesterol could be associated with
reduced disease susceptibility [20, 21]. Recent
evidence has also linked early-pregnancy HDL-
related inflammatory indices, including PHR,
with subsequent PE risk [22]. PHR can poten-
tially indicate the balance between thrombo-
inflammatory activity and impaired vascular
protection by combining 2 routinely measured
parameters. However, evidence regarding its
consistency across populations and PE pheno-
types remains limited.

It is against this background that the relation-
ship between early-pregnancy PHR and the
subsequent occurrence of PE was assessed in
a retrospective cohort of 11,618 pregnancies.
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Moreover, the distribution of PHR among ma-
jor PE phenotypes and its separate discrimina-
tory ability compared to mean arterial pressure
multiples of the median (MAP MoM) and pla-
cental growth factor multiples of the median
(PIGF MoM) were also evaluated, to determine
the potential of PHR as an easily accessible
additional marker to assess risk early on.

Materials and methods
Study design and participants

This retrospective cohort analysis enrolled
pregnant individuals with documented preg-
nancy outcomes and available platelet count
and HDL-C results measured at 8-14 gesta-
tional weeks. Eligible participants were requir-
ed to have complete clinical information rele-
vant to the analysis and platelet count and
HDL-C measurements obtained during the
same early-pregnancy assessment. Pregnan-
cies were excluded if key exposure or outcome
data were missing or if participants had preex-
isting chronic hypertension, pregestational dia-
betes, clinically significant cardiovascular dis-
ease, hematological disorders, lipid-lowering
treatment, or other maternal conditions that
could substantially affect platelet count or
HDL-C levels. After eligibility assessment,
11,618 pregnancies were included in the final
analysis, among which 468 pregnancies were
subsequently complicated by PE and 11,150
served as the non-PE comparison group. PE
was diagnosed according to the American
College of Obstetricians and Gynecologists
(ACOG) criteria. Briefly, PE was defined as new-
onset hypertension after 20 weeks of gesta-
tion (systolic blood pressure 2140 mmHg and/
or diastolic blood pressure 290 mmHg) accom-
panied by proteinuria or, in its absence, rele-
vant maternal organ dysfunction. For pheno-
type analyses, PE cases were classified by
gestational age at delivery as early-onset PE
(<34 weeks), preterm PE (34 to <37 weeks),
and late-onset PE (=37 weeks). The primary
exposure of interest was the PHR, selected
because PE has been characterized by plate-
let dysregulation and abnormal vascular or lipid
biology in contemporary mechanistic work.

Clinical variables and biomarker definitions

Maternal demographic and obstetric charac-
teristics were extracted from electronic health
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Table 1. Baseline demographic and obstetric characteristics of the study population

Variables Total (n=11618)

Non-PE (n=11150)

PE (n=468) Statistic P

Age, year, M (Q,, Q,)
BMI, kg/m? M (Q,, Q,)

Gravidity, M (Q,, Q,) 2.00 (1.00, 2.00)

31.00 (28.00, 34.00) 31.00 (28.00, 34.00) 32.00 (29.00, 35.00) 7=-3.95 <0.001
21.85(20.20,23.87) 21.79 (20.20, 23.74) 2410 (21.47,26.62) 7=-12.70 <0.001
2.00 (1.00, 2.00)

2.00 (1.00, 2.00) 7=-0.65 0.519

Gestational age, M (Q,, Q,) 12.43(11.86,13.00) 12.43(11.86, 13.00) 12.29(11.71, 13.00) 7=-1.83 0.067

PHR per10, M (Q,, Q,)

18.94 (16.67,21.68) 19.05 (16.82,21.75) 15.07 (11.93, 18.24) Z7=-18.64 <0.001

Parity, M (Q,, Q,) 0.00 (0.00, 1.00) 0.00 (0.00, 1.00) 0.00 (0.00, 1.00) Z7=-3.54 <0.001
Pregnancy type, n (%) x?=287.73 <0.001
Singleton 11442 (98.49) 11025 (98.88) 417 (89.10)
Multifetal 176 (1.51) 125 (1.12) 51 (10.90)
IVF, n (%) x?=150.52 <0.001
No 10552 (90.82) 10202 (91.50) 350 (74.79)
Yes 1066 (9.18) 948 (8.50) 118 (25.21)

Z: Mann-Whitney test, x%: Chi-square test, M: Median, Q,: 1st Quartile, Q,: 3rd Quartile.

records, comprising age, body mass index
(BMI), number of pregnancies and births, type
of gestation, conception method, and gesta-
tional week at evaluation. Pregnancy type was
classified as singleton versus multifetal gesta-
tion. In vitro fertilization (IVF) conception was
analyzed as a binary variable. PHR was cal-
culated as platelet count (x10°/L) divided by
HDL-C concentration (mmol/L), with both mea-
surements obtained during the same early-
pregnancy assessment. PHR was treated as a
continuous variable. For logistic regression,
PHR was scaled per 10-unit increment to facili-
tate interpretation because the absolute PHR
values were relatively large. Accordingly, the
reported odds ratio (OR) represents the chan-
ge in PE odds associated with each 10-unit
increase in the original PHR value.

For analyses involving established first-trim-
ester screening biomarkers, only participants
with available Fetal Medicine Foundation (FMF)
screening data were included (n=6454). MAP
and PIGF were assessed at 8-14 weeks of ges-
tation as part of early-pregnancy screening and
converted to multiples of the median (MoM)
to account for gestational-age-related varia-
tion. MAP MoM and PIGF MoM were subse-
quently used as comparator biomarkers in the
ROC analysis.

Statistical analysis

Continuous data were described using medi-
ans and interquartile ranges, whereas cate-
gorical measures were presented as frequen-
cies and proportions. Univariable and adjusted
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logistic regression models were fitted to derive
OR with 95% confidence intervals (Cls). PHR
distributions were also compared across con-
trols and PE phenotypes, with pairwise con-
trasts reported where applicable. The discri-
minative ability of PHR, MAP MoM, and PIGF
MoM was assessed by receiver operating char-
acteristic (ROC) analysis, and the correspond-
ing area under the curves (AUCs) and 95% Cls
were estimated. The AUC of PHR was compared
with those of MAP MoM and PIGF MoM using
Delong’s test. Statistical analyses were con-
ducted in R software, version 4.3.3. Statistical
significance was defined as a 2-tailed P value
<0.05.

Results

Baseline characteristics of the study popula-
tion

The final analytic cohort comprised 11,618
pregnant participants, of whom 468 develop-
ed PE, corresponding to an incidence of 4.03%
(Table 1). The remaining 11,150 women were
included in the non-PE group. Women who
developed PE were slightly older than those
without PE, with median ages of 32 years (in-
terquartile range [IQR], 29-35) and 31 years
(IQR, 28-34), respectively (P<0.001). Pregesta-
tional BMI was likewise significantly elevated
among women with PE compared with those
without PE [24.10 (IQR, 21.47-26.62) vs. 21.79
(IQR, 20.20-23.74) kg/m?, P<0.001].

In contrast, PHR per 10 was lower among
women who developed PE [15.07 (IQR, 11.93-
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Table 2. Univariable and multivariable logistic regression analyses of factors associated with PE

) Univariable Multivariable
Variables
B S.E Z P OR (95% ClI) B S.E YA P OR (95% Cl)

Parity -0.31 0.0 -3.12 0.002 0.73(0.60-0.89) -0.60 0.12 -4.84 <0.001 0.55(0.43-0.70)
Pregnancy type

Singleton 1.00 (Reference) 1.00 (Reference)

Multifetal 238 0.17 13.71 <0.001 10.79(7.68-15.16) 1.94 0.22 8.64 <0.001 6.94 (4.47-10.76)
IVF

No 1.00 (Reference) 1.00 (Reference)

Yes 1.29 041 1153 <0.001 3.63(2.91-4.52) 091 0414 648 <0.001 2.48(1.88-3.27)
Age 0.05 0.01 419 <0.001 1.05(1.03-1.08) 0.03 0.02 222 0.027 1.03(1.01-1.06)
BMI 0.20 0.01 15.71 <0.001 1.23(1.20-1.26) 0.28 0.02 17.76 <0.001 1.32(1.28-1.36)
Gravidity 0.03 0.04 082 0415 1.03(0.95-1.12)
Gestational age -0.07 0.05 -1.36 0.175 0.93 (0.84-1.03)
PHR per10 -0.34 0.02 -20.90 <0.001 0.71(0.69-0.74) -0.37 0.02 -21.10 <0.001 0.69 (0.67-0.72)

OR: Odds Ratio, Cl: Confidence Interval.

18.24)] than among those without PE [19.05
(IQR, 16.82-21.75); P<0.001]. IVF conception
was more frequent in the PE group than in the
non-PE group (25.21% vs. 8.50%, P<0.001).
Multiple gestation was likewise more common
among women with PE (10.90% vs. 1.12%,
P<0.001). Although the median parity was O in
both groups, the overall distribution of parity
differed significantly (P<0.001). Gravidity and
gestational age at evaluation were compara-
ble between the two groups (P=0.519 and
P=0.067, respectively).

Factors associated with PE

In univariable logistic regression analyses, par-
ity, pregnancy type, IVF conception, maternal
age, BMI, and PHR per 10 were associated
with the occurrence of PE (Table 2). Higher par-
ity was associated with lower odds of PE (OR,
0.73; 95% CI, 0.60-0.89; P=0.002). Women
with multifetal gestations had substantially
higher odds of PE than those with singleton
pregnancies (OR, 10.79; 95% Cl, 7.68-15.16;
P<0.001). IVF conception was also associated
with an increased likelihood of PE (OR, 3.63;
95% Cl, 2.91-4.52; P<0.001). The odds of PE
increased with maternal age (OR per year,
1.05; 95% CI, 1.03-1.08; P<0.001) and BMI
(OR per kg/m?, 1.23; 95% Cl, 1.20-1.26; P<
0.001), whereas a higher PHR per 10 was
inversely associated with PE (OR, 0.71; 95%
Cl, 0.69-0.74; P<0.001). Neither gravidity nor
gestational age showed a significant associa-
tion with PE (P=0.415 and P=0.175, respec-
tively).
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In the multivariable model, parity remained
inversely associated with PE (adjusted OR
[aOR], 0.55; 95% CI, 0.43-0.70; P<0.001).
Multifetal pregnancy was independently asso-
ciated with higher odds of PE (aOR, 6.94; 95%
Cl, 4.47-10.76; P<0.001), as was IVF concep-
tion (@aOR, 2.48; 95% Cl, 1.88-3.27; P<0.001).
Maternal age showed a modest independent
association with PE (aOR per year, 1.03; 95%
Cl, 1.01-1.06; P=0.027), whereas the associa-
tion with BMI was more pronounced (aOR per
kg/m2, 1.32; 95% Cl, 1.28-1.36; P<0.001).
PHR per 10 remained inversely associated
with PE after adjustment (aOR, 0.69; 95% ClI,
0.67-0.72; P<0.001).

Distribution of PHR across PE subtypes

PHR per 10 differed significantly across the
four study groups (Figure 1). Relative to unaf-
fected pregnancies, 10-unit-scaled PHR values
were significantly reduced in early-onset, pre-
term, and late-onset PE (all P<0.01). However,
PHR did not differ significantly across the three
PE phenotypes. These findings indicate that
the reduction in PHR was consistently present
across different PE phenotypes rather than
being restricted to a particular gestational
subtype.

Discriminative performance of individual
biomarkers

Among the 6,454 participants with available

FMF screening data, ROC analysis yielded an
AUC of 0.732 (95% CI, 0.693-0.771) for PHR,
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Figure 1. Distribution of PHR per 10 among con-
trols and women with different preeclampsia (PE)
subtypes. PE subtypes were classified according to
gestational age at delivery as early-onset PE (<34
weeks), preterm PE (34 to <37 weeks), and late-on-
set PE (237 weeks).

0.702 (95% ClI, 0.669-0.738) for MAP MoM,
and 0.606 (95% CI, 0.570-0.638) for PIGF
MoM (Figure 2). Pairwise comparisons using
Delong’s test showed that the AUC of PHR did
not differ significantly from that of MAP MoM
(P=0.258), whereas it was significantly higher
than that of PIGF MoM (P<0.001). Thus, PHR
showed the highest AUC point estimate am-
ong the three individual biomarkers, with signi-
ficantly greater discrimination than PIGF MoM
but not MAP MoM.

Discussion

Within this cohort, lower PHR during early ges-
tation was independently associated with sub-
sequent PE, and the negative relationship
remained robust after controlling for recog-
nized maternal and pregnancy-related covari-
ates. Importantly, the reduction in PHR was
observed not only in the overall PE group but
also across early-onset, preterm, and late-
onset PE phenotypes, whereas no significant
differences were detected among the PE sub-
groups themselves. In addition, among the 3
individual biomarkers assessed, PHR showed
the highest point estimate for discrimination,
with an AUC of 0.732, compared with 0.702
for MAP MoM and 0.606 for PIGF MoM.
Collectively, these results indicate that PHR
may reflect a biological signal shared across
PE phenotypes rather than a feature confined
to a specific gestational subtype [23].
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Figure 2. Receiver operating characteristic curves for
PHR, MAP MoM, and PIGF MoM.

The overall clinical profile of women who devel-
oped PE in this study was consistent with the
contemporary understanding of PE risk archi-
tecture. Advanced maternal age, higher pre-
pregnancy BMI, IVF conception, and multiple
gestation were all more frequent among PE
cases, whereas higher parity was inversely as-
sociated with risk [24-27]. This concordance
with current guideline-based risk stratification
supports the internal plausibility of the cohort
and strengthens the interpretation that the
PHR signal is not occurring in isolation. Cu-
rrent ISSHP and ACOG/SMFM recommenda-
tions emphasize that PE risk assessment sh-
ould begin at the booking visit and, when fea-
sible, combine maternal characteristics with
biophysical and biochemical indicators in the
first trimester [28-30]. Recent studies similarly
support the use of routinely available hemato-
logical and inflammatory markers, either alone
or integrated with maternal characteristics and
machine-learning models, for early PE risk
assessment [15-17, 31, 32]. Our results align
with that framework and suggest that PHR
may add clinically relevant information within a
broader maternal-risk context.

A biologically plausible explanation for the
inverse association observed here is that PHR
reflects the balance between two PE-related
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processes that may not evolve in parallel: pla-
telet activation/consumption and HDL-related
vascular protection. Meta-analytic evidence in-
dicates that platelet counts are, on average,
lower in women with PE, including before clini-
cal diagnosis and during the second trimester,
while mechanistic work shows that platelet
activation is increased in both early- and late-
onset disease [3, 18]. At the same time, higher
HDL appears to be protective against PE, and
women with PE exhibit lower HDL levels toge-
ther with impaired HDL composition and func-
tion [20, 21]. Maternal lipid metabolism has
also been associated with fetal fraction and
screening failure in non-invasive prenatal test-
ing, highlighting the potential influence of me-
tabolic status on prenatal biomarker profiles
[33]. In this setting, the direction of the com-
posite PHR signal is likely determined by the
relative magnitude of change in its numerator
and denominator. Our findings suggest that, in
this cohort, the reduction in platelet count or
platelet availability may have outweighed the
decrease in HDL-C, resulting in a lower overall
PHR among women who developed PE. This
interpretation is inferential, but it is supported
by the current platelet and lipid literature. A
recent cohort study also linked early-pregnancy
PHR to PE risk, although the direction of as-
sociation differed from that observed in our
cohort [22]. Differences in population charac-
teristics and analytical approaches may partly
explain this discrepancy, highlighting the need
for further external validation.

Taken together, these results support PHR as a
potential, accessible clinical marker of PE risk,
but also caution against over-interpretation.
Prior to clinical use, it is important to estab-
lish whether PHR provides incremental value
over existing first-trimester models, whether
the direction of association is consistent ac-
ross different PE phenotypes and populations,
and whether standardized laboratory definition
and scaling can enhance portability.
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