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ABSTRACT
Background: Pre eclampsia remains a significant cause of mateand perinatal
morbidity and mortality worldwide, with early onsgteeclampsia often leading to more
severe complications than late onset preeclam@gstemic inflammation plays a central
role in the pathogenesis of preeclampsia. Highiteitg C-reactive protein (hs-CRP), a
sensitive inflammatory biomarker, has been prop@sed potential tool to assess disease

severity and predict fetomaternal outcomes.

Objective: To compare hs-CRP levels between early and lasetopre eclampsia and

evaluate its association with maternal and fetét@mes.

Methods: This was a prospective cross-sectional study cdaedumver one year at KLE's
Dr. Prabhakar Kore Hospital, Belagavi. A total @llantenatal women diagnosed with
preeclampsia were enrolled and categorized intly easet (<34 weeks; N=42) and late-
onset £34 weeks; N=59) groups. Maternal hs-CRP levels werasured using
immunoturbidimetry. Clinical parameters, laboratanyestigations, and fetal outcomes,
including fetal growth restriction (FGR), umbilicalrtery doppler findings, mode of

delivery, NICU admission, and birth weight, werengared between the groups.

Results: The mean hs-CRP level across the cohort was 7883%mg/L, exceeding the
normal threshold. Although hs-CRP levels were higimeearly onset pre eclampsia
(median: 6.2 mg/L) than in late onset (median: t@/L), the difference was not
statistically significant (p = 0.428). Early ongeé eclampsia was significantly associated
with severe disease (p = 0.024), higher systobodtlpressure (p = 0.036), and elevated
markers of renal and hepatic dysfunction. Staadificsignificant associations were
observed between elevated hs-CRP and fetal groedfniation (p < 0.001), abnormal

umbilical artery doppler findings (p < 0.0001), andreased NICU admissions (p < 0.05),
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particularly in the early onset pre eclampsia grddp significant association was found

between hs-CRP levels and mode of delivery.

Conclusion: Although hs-CRP levels did not significantly diffeetween early and late
onset pre eclampsia, elevated levels were assdciaith adverse fetal outcomes,
particularly in early onset cases. hs-CRP may sewea supportive biomarker for
identifying high-risk pregnancies and guiding closerveillance. Further longitudinal
studies are warranted to validate its predictivéyand determine gestational age—specific

thresholds for clinical application.

Keywords: Pree clampsia, hs-CRP, Early onset, Late ongstiemic inflammation, Fetal

growth restriction, Umblical artey doppler, Fetat@omes, Maternal outcomes.
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INTRODUCTION

Hypertensive disorders of pregnancy representrafgignt cause of maternal
and perinatal morbidity and mortality worldwide aaffect an estimated 5-10% of
pregnancies [1]. Among these conditions, pre ectams of particular concern
because it often emerges after 20 weeks of gestatith new-onset hypertension
accompanied by proteinuria or other systemic matafeons. The high prevalence of
pre eclampsia, with its likelihood of potentiallgv@re complications in both the
mother and neonate, underscores the urgency toovmpour knowledge of the
etiology and clinical management [2]. While matémartality has improved in some
regions with better access to obstetric care, pl@ngsia is still the main cause of
adverse pregnancy outcomes, especially in low-resowsettings, where often
screening and timely interventions cannot be rgadidertaken.

Pre eclampsia is often classified by gestational @igonset, defined as early
onset if it occurs before 34 weeks and late orfsebrcurs at or after 34 weeks [3].
Early onset disease is generally more severe, oftesociated with abnormal
placentation and higher rates of intrauterine ghokestriction, whereas late onset pre
eclampsia may be more related to maternal cardedmét risk factors [4]. This
subunit explains the heterogeneous nature of geangsia, in which there is a need
for finding consistent biomarkers that might hatpdifferentiation of these subtypes
and influence clinical decision making [5]. Earlylate onset pre eclampsia remains
the cause of maternal complications, like renalampent and chronic hypertension
with an increased future risk of cardiovasculaedges and bad neonatal outcome like
low birth weight and prematurity [6].

The prevailing model of pre eclampsia pathogenesisters on defective

trophoblastic invasion of maternal spiral arteriessulting in a failure of sufficient
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placental perfusion and ischemia [7]. Normally stharteries are remodeled into low-
resistance vessels to support the developing fdtugpre eclampsia, inadequate
remodeling precipitates local hypoxia and oxidatsteess, triggering the release of
anti-angiogenic and pro-inflammatory mediators itkh@ maternal circulation[8].
Endothelial cell dysfunction subsequently ensuesanifasting clinically as
hypertension and potential end-organ effects [9lisTsystemic vascular upheaval
explains why pre eclampsia can affect the liveinkys, central nervous system, and
coagulation pathways. Immune maladaptation andnibiaflammation also appear
integral to the disease, creating a cycle that giagtes endothelial damage and
worsens clinical outcomes [10].

An extensive body of work has established thaamfhatory processes play a
pivotal role in pre eclampsia, reflected by raiaekls of cytokines, chemokines, and
other inflammatory biomarkers [11]. As such, reshanas increasingly focused on
finding a sensitive index of the underlying inflamtory state that could offer
prognostic information. Pre eclampsia’s overlaphwitascular and inflammatory
conditions outside pregnancy suggests that marksad in other fields—particularly
cardiovascular medicine—may be relevant. Indeede {pathophysiology of
endothelial dysfunction in atherosclerotic disease pre eclampsia exhibits some
striking parallels, paving the way for exploringasid biomarkers that might predict
or indicate disease severity.

High-sensitivity C-reactive protein (hs-CRP), aimetl assay for the acute-
phase reactant C-reactive protein, has shown peomighis context [12]. CRP is
synthesized primarily in the liver under the stiatidn of pro-inflammatory cytokines
such as interleukin-6, and it offers a snapshahefbody’s acute inflammatory status.

Traditional CRP measurements may lack the sensitid detect subtle rises in
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inflammation, but the high-sensitivity assay caeniify even minor elevations in
CRP levels, which may be clinically meaningful [18) non-pregnant populations,
hs-CRP has emerged as a reliable predictor of@aadcular events, at times proving
as valuable as lipid profiles in stratifying ridBecause pre eclampsia also involves
systemic endothelial dysfunction and a heightemfidmmatory milieu, hs-CRP has
naturally attracted attention as a potential bidmarfor this hypertensive disorder
[14].

Several studies indicate that hs-CRP levels aréehnign women with pre
eclampsia than in normotensive pregnant women,esigng that its elevation might
precede or coincide with the onset of clinical syonps [15]. However, the precise
utility of hs-CRP—particularly its ability to diffentiate between early onset and late
onset pre eclampsia—remains an area of active tiga¢ion. Early identification of
women at risk could prove pivotal in optimizing ematal surveillance, guiding
treatments such as low-dose aspirin, and anticigatomplications that may require
urgent delivery [16]. If hs-CRP consistently coatek with the severity of disease, it
may also serve as a prognostic tool, informingicims about the likelihood of
adverse maternal or neonatal outcomes [17].

The potential value of hs-CRP is amplified in lo@source regions where
sophisticated tests like placental growth factosoluble fms-like tyrosine kinase-1
may be cost-prohibitive or unavailable [18]. Thigises the possibility that an
economical and widely accessible biomarker couéthgform early detection and
management of pre eclampsia in settings with lidhtiealthcare infrastructure [19].
Even in well-resourced environments, hs-CRP cowdhplement existing clinical
assessments and laboratory evaluations, espetialbed in conjunction with blood

pressure monitoring, proteinuria analysis, and fptawth assessments. Nevertheless,
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it is important to interpret hs-CRP values withime tbroader clinical context, as
confounding factors such as obesity, infections] ather inflammatory conditions
may elevate CRP levels independently [20].

Despite promising data on the association betwse@RP and pre eclampsia,
key questions remain. Much of the available evigestems from cross-sectional or
case-control studies, limiting our ability to detene whether elevated hs-CRP
predicts disease onset or merely reflects exigpettpology [21]. Further research is
warranted to validate hs-CRP as a robust and éadigator of pre eclampsia, to
clarify its role in distinguishing early-onset frotate-onset disease, and to define
appropriate cutoff levels that can guide clinicaécidions [22]. Large-scale
prospective studies could elucidate the biomarkedgectory throughout gestation,
identify thresholds for intervention, and explormwhmaternal characteristics—such
as age, metabolic health, and genetic predisposiioight influence hs-CRP levels
[23].

If the inflammatory underpinnings of pre eclampsaa indeed be captured by
hs-CRP, this biomarker might also help identify répeutic targets. Anti-
inflammatory interventions, such as specific cymekiinhibitors or other immune-
modulating treatments, could be explored, partityfar women who exhibit marked
hs-CRP elevations [24]. Personalized medicine emsingly shaping obstetric
practice, and biomarkers that predict disease cleald to individualized plans, from
the timing of delivery to the use of preventiveastgies. Ultimately, reducing the
global burden of pre eclampsia necessitates iméoses that are both cost-effective
and broadly accessible. Hence, a deeper understantihow hs-CRP correlates with
disease onset and progression might not only rediagnostic precision but also

support risk stratification efforts in a variety @inical settings [25].
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In this context, the present inquiry aims to expltre significance of hs-CRP
in early-onset versus late-onset pre eclampsiac@yparing hs-CRP levels in these
groups and correlating them with maternal and fetdtomes, we hope to determine
whether this biomarker can offer meaningful prodossights. If hs-CRP proves to
be a reliable indicator of disease severity andiadi trajectory, it could be integrated
into current antenatal care protocols, offering@&pcal and economical tool for risk
assessment. Such a development would be espevalliable for regions where
resource constraints preclude the use of more anotpbkts. Overall, hs-CRP stands
at the intersection of inflammation and vasculasfdgiction, uniquely positioned to
illuminate the pathophysiology of pre eclampsia ,apdrhaps, to facilitate more

targeted strategies for intervention and prevention

Need for the study

Pre eclampsia is a significant hypertensive disoafepregnancy, affecting
approximately 8% of all gestations and contributitog substantial maternal and
perinatal morbidity and mortality worldwide. It isharacterized by the onset of
hypertension and proteinuria after 20 weeks ofajest in previously normotensive
women. Despite advances in obstetric care, premgm remains a leading cause of
maternal and fetal complications, including pretdxinth, fetal growth restriction, and

maternal organ dysfunction.[27]

The pathophysiology of pre eclampsia involves pplacentation, leading to
hypoxia, oxidative stress, and a systemic inflanamyatesponse. This inflammatory
response is marked by the release of biomarkeis asithigh-sensitivity C-reactive

protein (hs-CRP), which is a sensitive indicatorirdfammation and tissue damage.
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Elevated hs-CRP levels have been associated withugainflammatory conditions,
including cardiovascular diseases, and recent efusliggest a potential role in pre
eclampsia. However, the relationship between hs-@w@s and the severity of pre
eclampsia, particularly in differentiating earlysat (before 34 weeks) and late-onset

(after 34 weeks) pre eclampsia, remains poorly tgtded.[28]

Early-onset pre eclampsia is often associated mitine severe maternal and
fetal outcomes due to its link with placental irfsiéncy, while late-onset pre
eclampsia is generally milder but still poses digant risks. Current diagnostic and
prognostic tools for pre eclampsia rely on clinisgnptoms and standard biomarkers,
which may not always provide early or accurate jotezhs of disease severity or
outcomes. hs-CRP, being a cost-effective and widesjlable biomarker, could serve
as a valuable tool for early detection and ris&tgtcation in pre eclampsia, especially
in low-resource settings where advanced diagnéstils like placental growth factor

(PIGF) and soluble fms-like tyrosine kinase-1 (sBlare not readily accessible.[28]

Despite the potential of hs-CRP as a prognostickenarthere is a lack of
comprehensive studies comparing hs-CRP levelsrly aad late-onset pre eclampsia
and their correlation with fetomaternal outcomebisTgap in knowledge limits the
ability to utilize hs-CRP effectively in clinical ractice for risk assessment and
management of pre eclampsia. Therefore, this saimg to investigate the levels of
hs-CRP in early and late-onset pre eclampsia aradu&e its association with
maternal and fetal outcomes. By doing so, the stelks to determine whether hs-
CRP can serve as a reliable prognostic marker fergelampsia, enabling early

intervention and improved management strategiesdoce adverse outcomes.[28]
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This study addresses a critical gap in the undedstg of the role of hs-CRP in
pre eclampsia, particularly in differentiating @arbnd late-onset cases. By
establishing a correlation between hs-CRP leveld$ f@omaternal outcomes, the
study aims to provide evidence for the use of h§2@R a prognostic tool in clinical
practice. This could lead to earlier detection evese pre eclampsia, timely
interventions, and improved maternal and neonaitdomnes, especially in resource-
limited settings where access to advanced diagntesils is limited. Additionally, the
findings could contribute to the development ohdtrdized guidelines for the use of

hs-CRP in the management of pre eclampsia, ultijnegducing the global burden of

this condition[29]

Page 7



Aims and Objectives

AIMSAND OBJECTIVES

Primary Objective:

e To study and compare maternal hs-CRP levels in early and late onset pre

eclampsia.

Secondary Objective:

* To study the fetomaternal outcome in patients with raised hs-CRP levels.
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Review Of Literature

REVIEW OF LITERATURE

High-Sensitivity C-Reactive Protein (hs-CRP):

High-sensitivity C-reactive protein (hs-CRP) is efimed version of the
conventional C-reactive protein (CRP) test, whishused to measure low levels of
CRP in the blood. CRP is an acute-phase proteithegized by the liver in response
to inflammation, and hs-CRP has greater sensifiviyabling it to detect even
minimal increases in CRP levels. This makes hs-GRRaluable biomarker for
assessing low-grade chronic inflammation, which afien linked to various
cardiovascular and inflammatory conditions, inchglipre eclampsia. Elevated hs-
CRP levels have been shown to correlate with thiergg of pre eclampsia, and the
biomarker holds potential for use in early detectimonitoring disease progression,
and predicting long-term maternal and fetal outcem&dditionally, hs-CRP may
assist in distinguishing between early-onset and-daset pre eclampsia, offering
crucial insights into the pathophysiological medbars at play and helping guide

appropriate clinical management.[30]

Pathophysiology of Pre eclampsia: Placental ante8ys Mechanisms:

CENTRAL ILLUSTRATION: Pathogenesis of Preeclampsia

Placerisl | Angures
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Ives, C.W, et al, J Am Coll Cardiel. 2020,76(14):1690-702,
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1. Abnormal Placentation:[31]

Normal Placentation: In a healthy pregnancy, trophoblasts (placenths)ce
invade the maternal uterine spiral arteries, rernoglehem into wide, low-
resistance vessels. This ensures adequate bload tilo the placenta,
supporting fetal growth and development.

Abnormal Placentation in Pre eclampsia:In pre eclampsia, trophoblast
invasion is shallow and incomplete. As a resulg Hpiral arteries remain
narrow and resistant, leading ptacental hypoxia(reduced oxygen supply)
andischemia(reduced blood flow). This inadequate placentalettgoment is

the primary insult that initiates the disease pssce

2. Placental Ischemia and Oxidative Stress:

Hypoxia: Poor placental perfusion due to inadequate spitatyaremodeling
results in placental hypoxia. The placenta becodesived of oxygen and
nutrients, impairing its function.

Oxidative Stress: Hypoxia triggers the release of reactive oxygencigse
(ROS) and inflammatory cytokines. These substaceese oxidative stress,
leading to cellular damage and further exacerbagitagental dysfunction.
Oxidative stress also contributes to endotheliahalge, which plays a central

role in the systemic manifestations of pre eclamfi32]
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Cardiovascular
Pulmonary
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3. Release of Placental Factors:[31][32]

The ischemic placenta releasegi-angiogenic factors(e.g., soluble fms-like
tyrosine kinase-1 [sFlt-1]) arto-inflammatory cytokines into the maternal
circulation. These factors disrupt the maternal o#imelium, leading to
systemic inflammation and vascular dysfunction.

Anti-angiogenic Factors: sFlt-1 binds to vascular endothelial growth factor
(VEGF) and placental growth factor (PIGF), inhibgitheir protective effects
on blood vessels. This results in endothelial damagd increased vascular
permeability.

Pro-inflammatory Cytokines: These cytokines amplify the systemic
inflammatory response, further contributing to etheétal dysfunction and the

clinical features of pre eclampsia.
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Stage 1: Abnormal placentation
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4. Systemic Inflammation and Endothelial Dysfunction:

Inflammatory Response:The release of placental factors triggers a syistem

inflammatory response, characterized by elevateelseofC-reactive protein

(CRP) and other inflammatory markers. This inflammatamtributes to the

widespread endothelial damage seen in pre eclarf§ia

Endothelial Dysfunction: Endothelial cells become damaged, leading to:

(o]

o

Increased vascular permeability:This causes edema (swelling) and
proteinuria (protein in the urine).

Vasoconstriction: Narrowing of blood vessels leads to hypertension
(high blood pressure).

Activation of the coagulation cascadeThis increases the risk of

thrombosis (blood clots) and further compromisesodl flow to

organs.
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5. Clinical Manifestations of Pre eclampsia:

- Maternal Symptoms:

o Hypertension: Due to vasoconstriction and endothelial dysfumctio

o Proteinuria: Caused by glomerular endothelial damage in thedid.

o Organ Dysfunction: Affects the liver (e.g., elevated liver enzymes),
kidneys (e.g., acute kidney injury), and brain (elggadaches, visual
disturbances, seizures in severe cases).

« Fetal Complications:

o Fetal Growth Restriction (FGR): Due to reduced placental blood
flow and nutrient supply.

o Preterm Birth: Often necessitated by the need to deliver the baby
protect the mother’s health.

o Placental Abruption: Premature separation of the placenta from the
uterine wall, which can be life-threatening for Homother and

baby.[33]

Pathophysiology of Early Onset Pre eclampsia:

1. Abnormal Placentation-Inadequate trophoblast invasion and poor remodealfing
maternal spiral arteries result in high-resistarcei-capacitance vessels, restricting
blood flow to the placenta. This impaired placentperfusion leads to

syncytiotrophoblast stress, a hallmark of earlyebfse eclampsia.

2. Angiogenic Imbalance-Hypoxic and ischemic placenta overproduces solimbe
like tyrosine kinase-1 (sFlt-1) and underprodudesgntal growth factor (PIGF). The
high sFlt-1/low PIGF state creates an anti-angiagesmvironment, leading to

maternal endothelial dysfunction.
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3. Maternal Cardiovascular ResponseThe maternal cardiovascular system in Early
onset Pre eclampsia shows low cardiac output agid peripheral vascular resistance

(PVR), reflecting poor adaptation to pregnancy deasa

4. Clinical Presentation-Early Onset Pre eclampsia usually presents betbreegks
period of gestation. It is often associated wittalfgrowth restriction (FGR) due to

placental insufficiency.

- / <
PIGE Low cardiac output Nutrient and
’ High PVR gas supply

Severe angiogenic

imbalance
sFlt- 1"/‘ Z \
] ) Hypoxia
Endothelial  gyncytiotrophoblast
dysfunction stress

\

Maternal syndrome FGR is
. H_\'PL’I"[L’"SI()“ common

o Target organ effects

Pathogenesis of Late onset Pre eclampsia-

1.Hemodynamic Characteristics-Late onset Pre eclampsia is not primarily caused
by defective placentation, unlike early onset. dasf it's linked to the mother's
inadequate cardiovascular adaptation to the plygicdl demands of pregnancy. The
maternal cardiovascular system fails to compenaténcreasing volume demands.
This leads to relative placental underperfusion syrmitytiotrophoblast stress, despite
the absence of early placental abnormalities. Hgmeahic Characteristics as High

cardiac output and low peripherghscular resistance (PVR) characterize this .type
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Despite this, maternal adaptations are insufficientneet the growing needs of the

fetus and placenta.

2. Angiogenic Profile Often shows minimal or mild imbalance in angiogen
markers:  sFlt-1 (antiangiogenic) may be only dlighelevated. PIGF (pro-
angiogenic) levels are typically preserved or nyildtduced. The sFlt-1/PIGF ratio

may remain normal or mildly disturbed.

3. Fetal Impact: Often presents with appropriate or large-for-géstal-age
(AGA/LGA) fetuses. Less frequently associated wétal growth restriction (FGR)

compared to Early onset pre eclampsia

4. Clinical Presentation-Late Onset Pre eclampsia usually presents aftevesks

period of gestation.

Nutrient and
gas supply

High cardiac ou
Low PVR

PIGF

D

Minimal angiogenic
imbalance

\’Ht-l‘ ‘ 2 -ﬁ_ i \."',
D

Endothelial
dysfunction

Excess demand

Incipient hypoxia
Syncytiotrophoblast

‘s stress

Maternal syndrome
« Hypertension

« Target organ effects Macrosomia/

multiple gestations
In essence, Late onset Pre eclampsia is a syndainmeaternal cardiovascular
maladaptation to the demands of pregnancy, disfioat the placenta-driven, Early

onset pre eclampsia. Recognizing this distinctioms hmajor implicationsfor

screening, prevention, and long-term maternal ogedicular health monitoring.
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Literature review:

National High Blood Pressure Education Program Workng Group on
High Blood Pressure in Pregnancy et al. (2000)This pivotal report provides
essential guidelines for the classification, disgispand management of hypertensive
disorders in pregnancy. It identifies four disticategories: chronic hypertension, pre
eclampsia/eclampsia, chronic hypertension with sopmsed pre eclampsia, and
gestational hypertension. The working group hiditbgthat pre eclampsia affects
approximately 5-8% of pregnancies, contributingn#igantly to maternal and
neonatal complications. It is noted that up to 20%women with severe pre
eclampsia may require intensive care, illustratitig serious risks involved.
Eclampsia, though less common, occurs in 1-2% ofm&m who do not receive
preventive treatment, emphasizing the importanceeadfy detection and timely
intervention. The guidelines recommend regular thlpessure monitoring, indicating
that a reading of 140/90 mmHg or higher, measunedveo separate occasions,
necessitates further evaluation. Severe pre eclampsdefined by blood pressure
exceeding 160/110 mmHg, along with significant pnoairia or other organ
dysfunction. Magnesium sulfate is identified as phienary treatment for preventing
eclamptic seizures, with studies showing a reduciioseizure recurrence by nearly
50% when used. The report’s national recommendataim to minimize adverse

outcomes associated with hypertensive disordgpsagnancy.

Seiner et al. (2001):Seiner and colleagues emphasize the diversity of
hypertensive disorders that manifest later in paegy, stressing that these conditions
vary in origin, progression, and prognosis. In ttsudy involving over 400 patients

with elevated blood pressure after 34 weeks, tleenmd that 60% had gestational
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hypertension without proteinuria, while 40% exhébit characteristics of pre
eclampsia. The study underscores the importanteeaiming of hypertension onset,
with women experiencing hypertension at or afterwggks typically having better
maternal and neonatal outcomes compared to thossewhypertension develops
earlier. Additionally, they discuss the clinicaffdrences between early and late-onset
hypertensive disorders, noting that late-onset gulmpsia tends to have fewer
placental complications and milder neonatal efte@einer et al. advocate for
continuous maternal blood pressure monitoring atal assessments to identify any
changes that may require intervention. For caséls milder hypertension, delayed
delivery until 37 or 38 weeks is recommended, asdtices the likelihood of neonatal
intensive care admissions by approximately 25%. irTheork emphasizes the
importance of distinguishing between different hygesive subtypes in late

pregnancy to tailor management strategies thamagei maternal and fetal health.

Miller et al. (2003): Miller's work delves into the clinical impact of
hypertension during pregnancy, particularly thedearof pre eclampsia. Affecting 5-
7% of pregnancies worldwide, pre eclampsia is kihke severe complications,
including placental abruption, acute kidney injuaynd coagulopathies. Diagnosis is
typically confirmed by sustained hypertensiorl40/90 mmHg) and significant
proteinuria £300 mg in a 24-hour urine collection). Miller emplzees the importance
of regular antenatal visits for blood pressure prmteinuria monitoring, suggesting
that early detection and intervention can reduceis® outcomes by up to 30%. The
management approach depends on the severity afotigition: mild cases may be
managed with antihypertensive therapy and observativhile severe cases with
blood pressure readings of 160/110 mmHg or higheguire immediate

hospitalization. Magnesium sulfate is the recomneeniieatment to prevent seizures,
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with studies showing a 50% reduction in seizurk. is preterm cases, corticosteroids
are beneficial in reducing respiratory complicasidny approximately 50%. Miller

advocates for a systematic, stepwise approach &oeptampsia, recommending
individualized management strategies based on ideask's severity and gestational

age.

Ustun et al. (2005):In their study, Ustun and colleagues investighterble
of fibrinogen and C-reactive protein (CRP) as pt&markers for the severity of pre
eclampsia. The research involved 72 pregnant jjaatits, equally divided between
women diagnosed with pre eclampsia and normotersingols. The study revealed
that fibrinogen levels were significantly higher time pre eclampsia group (around
450 mg/dL) compared to the healthy control grouppfeximately 320 mg/dL).
Similarly, CRP levels were markedly elevated in gre eclampsia group, with an
average of 12 mg/L compared to 5 mg/L in normotengiregnancies. Notably, CRP
levels were even higher in severe pre eclampsaghieg approximately 15 mg/L.
The authors found a strong correlation betweenagde CRP levels and the clinical
severity of pre eclampsia, suggesting that CRPdceetve as a predictive biomarker
for worsening maternal status. They propose thextagéd CRP, particularly levels
exceeding 10 mg/L, may increase the likelihood mfgpession from mild to severe
pre eclampsia by more than twofold. These findingderscore the potential of CRP
as a diagnostic tool and its association with mfi@ation and coagulation in the
pathophysiology of pre eclampsia, suggesting thageted therapies focusing on

inflammation and coagulation might improve manageier at-risk individuals.

Jauniaux et al. (2006):Jauniaux and colleagues focus on the relationship

between oxidative stress, placental dysfunctiod, @e eclampsia. They examine the
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potential evolutionary predisposition to placenti#orders like pre eclampsia and
fetal growth restriction. According to the authoirsadequate invasion of the uterine
spiral arteries by trophoblasts can lead to poacegital blood flow, contributing to
oxidative stress and inflammation, which are kesnponents of pre eclampsia. The
study acknowledges that pre eclampsia affects 2-t0%regnancies, with varying
incidence influenced by factors such as nutritienyironment, and genetics. Their
findings highlight a significant increase in oxidat stress markers, such as lipid
peroxides, in placental tissues from preeclamptégpancies. Despite some studies
suggesting that antioxidant supplementation migtitice the risk of pre eclampsia by
10-15%, the results remain inconsistent. Jauniawt. edvocate for a multifactorial
approach to understanding pre eclampsia, consglgenetic markers, inflammation,
and nutrition, with an emphasis on the importarfcglacental physiology to improve

prevention strategies and minimize complications.

Hamad et al. (2010):Hamad’s doctoral research examines cardiovascular
changes and the role of biomarkers in pre eclampsia study, which included 120
pregnant participants—80 diagnosed with pre eclian@nd 40 normotensive
controls—assessed cardiac function, peripheralwWasscesistance, and biomarkers
such as C-reactive protein (CRP) and adhesion mielecThe findings indicated that
in severe pre eclampsia, cardiac output was lowke8 (L/min) compared to
normotensive pregnancies (5.7 L/min), and perigheascular resistance was nearly
25% higher. CRP levels were found to be elevatatierpre eclampsia group, with a
significant correlation (r = 0.65) between CRP Isvelnd increased vascular
resistance. Hamad suggests that systemic inflaromattontributes to the
cardiovascular dysfunction observed in pre eclampgarticularly by altering

maternal hemodynamics. The research supports tke ofisbiomarker profiles,
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including CRP, to identify women at risk for sevene eclampsia, enabling early
intervention. By connecting inflammatory biomarkevgh cardiovascular changes,
the study highlights the importance of a compreivenssk assessment approach that
integrates both inflammatory markers and hemodyoameasurements to improve

maternal and fetal outcomes in pre eclampsia.

Cetin et al. (2011) Cetin and co-authors reviewed expert discusdiams the
Pregenes..ys consensus meeting, focusing on igegtifreliable biomarkers for
predicting pre eclampsia risk. The study emphasthatl no single marker has been
proven sufficiently sensitive or specific on its mwAmong those discussed, high
levels of sFlt-1 showed a 60—-80% sensitivity fog pclampsia prediction, while low
PIGF concentrations also indicated increased IGRP was identified as a useful
adjunct marker, with one study suggesting a 2.@-fotrease in pre eclampsia risk
when CRP exceeded 10 mg/L. The consensus favoratiemg multiple markers—
such as the sFIt-1/PIGF ratio along with CRP—alaw®<linical evaluations to
enhance detection rates, potentially exceeding 99&wever, the panel called for
large-scale validation trials and standardized quals to confirm real-world utility.
The conclusion suggested that a combined biomaakg@roach holds significant

promise for personalized care and prevention fane at risk of pre eclampsia.

Bishara et al. (2012) Bishara explored the use of biomarkers in diagmps
early- and late-onset neonatal sepsis, drawingllpsrao maternal hypertensive
conditions like pre eclampsia. CRP levels and oflterinflammatory markers were
found to increase similarly in both neonatal sepmmel maternal inflammation.
Tracking CRP over time improved diagnostic accuragyapproximately 25%, and

combining CRP with procalcitonin (PCT) enhancededtbn rates to 85% in early
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neonatal sepsis. Although direct transfer of matemarkers to the fetus was not
guantified, the chapter noted that maternal hypeite conditions could influence
neonatal infection risks. Bishara recommended meutCRP testing in high-risk

infants, advocating for its potential applicatiomnnaternal care as well.

Chaiworapongsa et al. (2013)Chaiworapongsa and colleagues studied gene
expression profiles in early-onset versus late-onse eclampsia to identify
molecular differences between the two. They fourad early-onset pre eclampsia had
a higher intensity of gene expression changesjcphatly in genes involved in
inflammation and angiogenesis, compared to latetooases. Both types of pre
eclampsia exhibited altered expression of vasaelgulators like VEGFA and FLT1,
but these changes were more pronounced in eart-oases. The study also revealed
higher CRP-related gene expression in early-onseteplampsia, underscoring the
importance of inflammatory pathways. Their findinggpport the notion that early-
and late-onset pre eclampsia may stem from distimaiogical mechanisms and

suggest the potential for personalized care anthdiker-based diagnostics.

Rasmussen et al. (2015)Rasmussen and co-authors reviewed the role of
angiogenic biomarkers, specifically sFlt-1 and PI@F maternal and fetal health.
They highlighted that abnormalities in these maskstrongly correlate with the
development of pre eclampsia. The sFlt-1/PIGF rétioexample, was found to have
a 90% positive predictive value for pre eclampgeigymptomatic patients. They also
discussed how dysregulated angiogenesis could teaglacental insufficiency,
contributing to maternal complications and impairetal growth. Their review
emphasized the need to combine angiogenic bionsvkith clinical evaluations like

blood pressure and proteinuria for improved riskeasment. Rasmussen et al.
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proposed that measuring sFlt-1 and PIGF could arghalinical decision-making and

guide delivery timing.

Veerbeek et al. (2015) Veerbeek and colleagues investigated long-term
cardiovascular risks in women with a history of melampsia. They found that
women who had early-onset pre eclampsia were nikedy Ito develop conditions
like hypertension, dyslipidemia, and obesity latelife. In particular, early-onset pre
eclampsia survivors had a 2.5-fold increased riskypertension compared to other
groups. However, engaging in healthier behaviorst-pcegnancy, such as exercise
and a balanced diet, led to a 15% reduction in yesvbgnosed hypertension.
Veerbeek et al. emphasized the importance of oggoandiovascular screening for
women with a history of pre eclampsia, particulaHgse with early-onset disease, to

mitigate future cardiovascular risks.

Verma et al. (2016) Verma’s study explored the utility of measuring
maternal serum high-sensitivity C-reactive protéieCRP) during the early second
trimester (14—20 weeks) to predict pre eclampsifound that women with hsCRP
levels above 8 mg/L were 2.8 times more likely ewvelop pre eclampsia than those
with lower levels. The study suggested that hsCé&Erg, with a positive predictive
value of 70%, could serve as a feasible and cdsttefe screening tool in resource-
limited settings, especially when combined withdalgpressure monitoring. Verma
recommended incorporating hsCRP measurement intmafal care to identify
women at risk for severe pre eclampsia, allowingdieser monitoring and timely

interventions.
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Alma et al. (2017):This meta-analysis highlights biomarkers (e.g.PCRT-
proBNP) in pre eclampsia and diastolic heart failuemphasizing vascular
inflammation and endothelial stress. These findisgggest pre eclampsia may
predict future cardiovascular issues, advocatirrgctyeful monitoring and possible

anti-inflammatory interventions.

Chen et al. (2018):This study examines hsCRP as a predictive maker f
pregnancy-induced hypertension (PIH), showing thlavated hsCRP levels can
predict PIH with a high sensitivity and specificitfthe authors suggest that

monitoring hsCRP could enable early interventiarsHIH.

Gungor et al. (2018): This genetic study identifies SNPs in Lp-PLA2 that
increase susceptibility to pre eclampsia and relatardiovascular risks. Women
carrying these SNPs showed elevated inflammatorykens, proposing genetic

screening and CRP monitoring as early intervenbois.

Fox et al. (2019): A review focused on pre eclampsia's cardiovascular
impacts, particularly on offspring. The study alstentifies biomarkers and
prevention strategies (e.g., low-dose aspirin) amgphasizes postpartum evaluations

to manage long-term cardiovascular risks in mothers

Jaaskelainen et al. (2019):This study examines how obesity affects
angiogenic and inflammatory markers in pre eclampsevealing that obesity
exacerbates vascular dysfunction. The authors neword weight-loss strategies

before pregnancy to mitigate severe pre eclampg@omes.
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Mishra et al. (2019): This study assesses hsCRP as a prognostic manker f
pre eclampsia, suggesting that hsCRP levels cacaitedthe severity of the condition
and guide clinical management. The authors sthessriportance of a comprehensive

approach beyond hsCRP.

Sunjaya and Sunjaya (2019):This review emphasizes early diagnostic
techniques for pre eclampsia, combining biomarkéke CRP with clinical
assessments and imaging. Personalized care anydseegkning are recommended to

reduce the incidence of severe forms of the disorde

Shen-y et al. (2020):This study links elevated CRP with severe pre
eclampsia, finding that CRP levels above 10 mg&dmt serious complications such
as abruptio placentae. The authors advocate for @RBRsurements in high-risk

pregnancies for better management.

Gencheva et al. (2021)This study evaluates hsCRP levels in normotensive
pregnancies, gestational hypertension, and prenpsia. Elevated hsCRP correlates
with increased risk of complications and pretermthhi supporting its use as a

screening tool for hypertensive disorders.

Glaser et al. (2021):A review of neonatal sepsis management highlitfs
role of maternal conditions like pre eclampsianoreasing neonatal infection risks. It
underscores the importance of early sepsis deteetml timely antibiotic treatment

for improving neonatal outcomes.
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MATERIALS AND METHODS

Source of Data:

The present study was conducted among antenataéwaimgnosed with Pre
eclampsia, admitted in labour room for deliver)KaE’s Dr Prabhakar Kore Hospital
and Medical Research Centre, Belagavi associatedAldER’s Jawaharlal Nehru

Medical College, Belagavi for a period of one year

Study Design:This was a prospective cross sectional study cdedumt KAHER'S

Dr Prabhakar Kore Hospital and Medical Researchr€eNehru Nagar Belagavi

Study Period: One year.

Sampling Technique:Convenient sampling.
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TABLE- OPERATIONAL DEFINITIONS

Pre eclampsia

Pre eclampsia is defined as new onset of gestt
hypertension, defined as systolic BP >140 mm hg
diastolic BP >90 mm hg or both, measured two tiatésast
4 hour apart and accompanied by either proteinuriather
signs of end organ dysfunction such as below abitiy the
new onset of --Thrombocytopenia which is platetairt less
than < 100000 / microliter.
Impaired liver function, not explained by anoth&gmosis, ig
characterized by significantly elevated levelsivéi enzymes
in the blood (more than double the upper limit ofmal) or
by severe and persistent pain in the upper rightigunt or
epigastric region that does not respond to medicati
-Renal insufficiency (serum creatinine concentratimore
than 1.1 mg/dl or a doubling of concentration ia #bsenct
of other renal disease.)

-Neurological complications

-Visual disturbances

-Uteroplacental dysfunction such as fetal growttrietion,
abnormal umblical artery doppler wave form analysistill
births after 20 weeks of gestation in a previoy

normotensive woman.

Early onset Pre eclampsia

Pre eclampsia that occurs before 34 weeks of @st@nd

is often associated with more severe outcomes.

Late Onset Pre eclampsia

Pre eclampsia occurs at or after 34 weeks dhates and is

generally less severe than early onset pre eclampsi

Non Severe Pre eclampsia

Non severe pre eclampsia is a pregnancy-relateditcam
characterized by Blood pressurel40/90 mmHg bu
<160/110 mmHg measured on two occasions at lehstits
apart, occurs after 20 weeks of gestation in a ipusly
normotensive woman with proteinuria ®800 mg/24-hou

urine collection, or Protein/creatinine rati®.3, or>1+ on

urine dipstick (if quantitative methods not avaiéggband no
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features of severe pre eclampsia.

Severe Pre eclampsia A diagnosis of severe pre eclampsia is made whgaormaan

with pre eclampsia has any of the following feasure

1.Systolic BP>160 mmHg or diastolic BB110 mmHg on

two occasions at least 4 hours apart while on bsd r
2. Urinary proteinurig2+ on urine dipstick
3. Thrombocytopenia: Platelet count <100,000/mitznl

4. Impaired liver function: Elevated liver enzyni{ésice the
normal concentration), with or without severe psEgit

right upper quadrant or epigastric pain.

5. Progressive renal insufficiency: Serum creaénirl.l
mg/dL or doubling of serum creatinine in absencetbier

renal disease.
6. Pulmonary edema.

7. New-onset cerebral or visual disturbances: sash
headaches, blurred vision, or neurological compbos
such as seizures (if seizures occur, it's claskifigs

eclampsia).

8. Uteroplacental dysfunction such as fetal growth
restriction, abnormal umblical artery doppler wafggm

analysis or still births
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Inclusion Criteria:
1. All antenatal women diagnosed with Pre eclampsihnitied in labor
room for delivery

2. Singleton live pregnancy

Exclusion Criteria:

1. Antenatal women diagnosed with Pre eclampsia wiskoty of fever or
recent infections or who have received antibioteatment or steroids
within 7 days.

2. Antenatal women diagnosed with Pre eclampsia ptiegsewith PROM,
PPROM or clinical chorioamnionitis.

3. Antenatal women diagnosed with Pre eclampsia withromic
inflammatory disorders like arthritis, inflammatobpwel disorders, SLE
etc.

4. Antenatal women diagnosed with Pre eclampsia witlexasting medical
disorders (Chronic hypertension, Diabetes mellitbepatic disorders,
renal disorders).

5. Antenatal women diagnosed with Pre eclampsia vaiited total leukocyte
counts >11000/microliter.

6. Women diagnosed with Pre eclampsia not willing totipipate in the

study.

Written Informed consent was obtained from all stedy patients who met
the inclusion criteria and were provided with aailed explanation of the purpose of

the study.
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Sample Size calculation:
The minimum required sample size for this study wakulated to ensure
statistically significant and reliable results. Thalculation was based on the

following parameters:

1. Prevalence of Pre eclampsia:
According to previous studies, the prevalence & @clampsia in pregnant
women is approximately 5-8%. For this study, a plence of 6% was

assumed.

2. Confidence Level

A 95% confidence levelwas chosen to ensure the reliability of the result

3. Margin of Error (Precision):
A 5% margin of error was considered acceptabléhisrstudy.
4. Design Effect:
A design effect of 1.0 was used, assuming a simgridom sampling method.
5. Expected Mean and Standard Deviation of hs-CRP:
Based on previous studies (e.g., Mishra et al. 9p0the expected mean hs-
CRP level in pre eclampsia was assumed to be 6/2,mgth a standard
deviation of 2.5 mg/L.
6. Power of the Study:
The study was designed wiB0% power to detect significant differences in

hs-CRP levels between early-onset and late-onsetgampsia.

Using theG*Power software, the required sample size was calculated as fstlow

- Effect Size (d):0.382 (based on expected mean and standard deyiati
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« Alpha Error ( @): 0.05 (two-tailed).
- Power (14): 0.80.

« Sample Size96 participants.

To account for &% non-participation rate or loss to follow-up, an additionab

participants were added, resulting inf@mal sample size of 101 participants

Methodology
All antenatal women admitted in labor room for dety at KLE's Dr

Prabhakar kore hospital and medical research cemteociated to KAHER's
Jawaharlal Nehru Medical College, Belagavi with patampsia diagnosed within a
week period or reports showing or features suggestf Pre eclampsia or after
admission all antenatal women with blood pressuir&46/90 mm of hg beyond 20
weeks of period of gestation were screened. A leetanformation on demographics
and patient history, gestational details and exatin findings were noted. Prior to
the procedure, the healthcare provider followedptiseechniques. This included
wearing sterile gloves and disinfecting the speciiea e.g. venipuncture site from
antecubital vein, totally 10 ml of venous blood génwas drawn from ante cubital
vein at the time of admission and sent for estiomatif Haemoglobin, Total leukocyte
count, Platelet count, Blood urea, Serum creatin8erum bilirubin, SGOT, SGPT,
Lactose dehydrogenase, Uric acid along with Urioatine and microscopy for
urinary proteinuria. Once the patient is diagnosétl pre eclampsia based on clinical
and biochemical parameters, considering inclusimh exclusion criteria, willing to

participate in the study by signing the informedsent were included in the study.
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After enrollement into the study, 1.5 ml of the ddosample was sent for hs-CRP
analysis. The sample will be centrifuged and hs-OBRRIs were measured by
immunoturbidimetry method.

Other parameters such as Obstetric sonographyl getath and umbilical
artery doppler studies were noted. Patient wasgoated into two groups - Early
onset pre eclampsia (Early onset) and Late onse¢g@ampsia (Late onset) according
to their definitions.

Patients were managed as per departmental praadalegular monitoring was done
aimed at ensuring maternal and fetal wellbeing.
In all patients with Pre eclampsia, Labor was iretlior augmented depending on the
clinical assessment. Caesarean section was pedofareeither maternal or fetal
indication. Post delivery of the child (Live borm 8till Born), birth weight, NICU
admissions were recorded.
Data Collection

* Age

* Gravidity status

» Period of gestation

« BMI

» Blood Pressure with Mean Arterial Pressure at asions

* hs-CRP Levels

* Hematological and Biochemical Parameters

* Maternal Complications Organ dysfunction (e.g., liver dysfunction, acute

kidney injury, neurological symptoms).
* Fetal Growth Restriction and Umblical artery dopleanges.

* Mode of delivery
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» Fetal outcomes such as
= Birth weight.
* Neonatal intensive care unit (NICU) admission.

= Perinatal mortality (intrauterine fetal demise arlg neonatal death).

Ethical Considerations
« Institutional Ethical Clearence was obtained ptioinitiation of the study.
The details of the study were explained to thegpdsi and an informed

consent was obtained from all patients

Data handling

- The collected data were entered in Microsoft excel.

Statistical Analysis

The database was created using Microsoft Excel,gaaphs were generated for

data visualization. Data analysis was performedgusie Statistical Package for the

Social Sciences (SPSS) version 23 for Windows.ntherical values were entered

into Microsoft Excel, and statistical tests weradocted using SPSS.

« Continuous datawere summarized as median = IQR.

- Discrete (categorical) datavere presented as numbers and percentages.
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Statistical Tests:

Statistical analysis was performed usBBSS version 20.0 The data
collected were analyzed toevaluate various variables, including hs-CRP
levels, maternal outcomes (e.g., hypertension, eprotia, organ dysfunction),
and fetal outcomes (e.g., live births, still birtkav birth weight, intrauterine growth
restriction, Umblical artery doppler changes). Qmmus variables such
as age, gestational age, and hs-CRP levels weressqa abedian + IQR, while
categorical variables likearity andmode of deliverywere summarized
asfrequencies and percentagesffect modifiers such as age, gestational agehand

CRP levels were stratified for further analysis][35

Thechi-square testwas used to analyze categorical variables, whulenally
distributed continuous data were assessed usintpdbpendent sample t-tesfor
comparing medians between two groups (e.g., eadgtovs. late onset pre eclampsia)
andKarl Pearson correlation for evaluating relationships between variablest Fo
non-normally distributed continuous data, Mann-Whitney U test was employed
to compare medians. #vo-tailed p-value < 0.05wvas considered statistically

significant.[36]

The characteristics of participants with raisedORP levels were compared

and discussed to identify significant associatiand trends.
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RESULTS

STROBE DIAGRAM

Total number of Deliveries
4414

|

Excludec
Total number of patients screened | = | Number of patients diagnosed
(All antenatal patients with only with
hypertension) Gestational Hypertension- 306
528 Chronic Hypertensic- 26
Excluded
Total number of patients diagnosed with Total number of pre eclampsia
pre efé%mpS'a patients ineligible= 95
Chronic Hypertension with
superimposed pre eclampsia- 24
PROM- 8
Total number of patients recruited PPROM- 10
N=101 History of Steroid Injections- 18
Gestational Diabetes Mellitus- 8
ﬂ ﬂ Overt Diabetes Mellitus- 5
History of recent infections/ fever- 5
Early Onset Pre Late Onset Pre Raised Total Leukocyte count- 17
eclampsia (N=42) eclampsia (N=59)
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RESULTS

TABLE 1: AGE WISE DISTRIBUTION OF SUBJECTS IN EARLY ONSET
AND LATE ONSET PRE ECLAMPSIA

A Early onset (N=42) Late onset (N=59) Pre eclampsia (N=101)
ge :
G Chi-square
roups (p-value)
(years) | Frequency Percentage Freqguenay Percentage Frequency centage
<20 4 9.5% 3 5.1% 7 6.9%
>20to 25 12 28.6% 29 49.1% 41 40.69
5.232
0, 0, 0,
>25 to 30 17 40.5% 15 25.4% 32 31.7 (0.264)
>30 to 35 5 11.9% 6 10.2% 11 10.9%
>35 4 9.5% 6 10.2% 10 9.9%

Table 1 presents the age wise distribution of eaniget and late onset pre eclampsia

cases, along with frequencies and percentagesy Badet pre eclampsia is more

prevalent in women aged 26-30 years whereas latet qore eclampsia is more

common in women aged 21-25 years. The remaininggageps show relatively

lower-case frequencies in both categories. Thesghare test resulj¥ = 5.232, p =

0.264) indicates no statistically significant diface (p > 0.05) in the age distribution

between early and late onset cases. This indidhtgsage does not significantly

influence the onset type of pre eclampsia in thdistl population. This suggests that

age is not a determining factor for the type ofetnis this dataset.
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Maternal Age Distribution in Early-Onset vs Late-Onset Preeclampsia

50

40

Percentage (%)

10r
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o
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m Early-Onset
B Late-Onset

<20 years >20-25 years >25-30 years

Maternal Age Group

>30-35 years >35 years

FIGURE 1: AGE WISE DISTRIBUTION OF SUBJECTS IN EARL Y
ONSET AND LATE ONSET PRE ECLAMPSIA
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TABLE 2: PRE PREGNANCY BMI DISTRIBUTION OF SUBJECTS IN

EARLY ONSET AND LATE ONSET PRE ECLAMPSIA

Early onset (N=42 Late onset (N=59 Pre eclampsia (Ny101 .
Y ( ) ( ) psia (NF Chi-square
BMI Frequency
Percentage Frequency  Percentage Frequencgy Percentépevalue)
<18.5
) 0 0 0 0% 0 0%
(Under weight)
>18.5t0 24.99
26 61.9% 28 47.45% 54 53.46%
(Normal) 1.519
2510 29.9 (0.218)
] 16 38.1% 31 52.5% 47 46.53%
(Over weight)
>30
0 0 0 0% 0 (0%)
(Obese)

Table no. 2 presents the pre pregnancy BMI didtiobuof early onset and late onset

pre eclampsia cases. Normal BMI was more commaaily onset, while overweight

status was more common in late onset. The chi-sqigst yielded a value gf =

1.519 with a p-value = 0.218, indicating no stataty significant difference in the
distribution of pre-pregnancy BMI between early datd-onset pre eclampsia cases

(p > 0.05). Pre-pregnancy BMI does not show a 8iamt association with the

timing of pre eclampsia onset (Early vs. Late)his tstudy population. Despite these

trends, the variation is not statistically sigrgint, meaning the observed differences
could be due to chance.
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BMI Distribution in Early-Onset vs Late-Onset Preeclampsia

Early-Onset
BN Late-Onset

sant
5 Undefwe‘g“
3.

252>
BMI Category

30 00¢%°
>

FIGURE 2: PRE PREGNANCY BMI DISTRIBUTION OF SUBJECT S IN
EARLY ONSET AND LATE ONSET PRE ECLAMPSIA
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TABLE 3: GRAVIDITY DISTRIBUTION OF SUBJECTS IN EARL Y ONSET
AND LATE ONSET PRE ECLAMPSIA

Early onset (N=42) Late onset(N=59) Pre eclampsia (Nzlolbhi-square
Gravidity
-value)
Frequency | Percentage  Frequengy  Percentage Frequency  Percentage
Primigravida 25 59.5% 30 50.8% 55 54.45%
0.745
(0.388)
Multigravida 17 40.5% 29 49.2% 46 45.55%

Table 3 presents the gravidity distribution in garhset and late onset pre eclampsia

cases, along with frequencies and percentagesgi#ehproportion of primigravida is
noted in early onset cases. In late onset pre @d@nthe distribution between
primigravida and multigravida is more balanced. Tine-square value is 0.745 with a
p-value of 0.388, which is greater than 0.05. Thier@o significant difference in
gravidity distribution (primigravida vs. multigrada) between early and late onset pre
eclampsia cases. Although a slightly higher pesagmtof primigravida had early

onset pre eclampsia (59.5%) compared to late qB€e8%), this difference is not
statistically meaningful.

Gravidity Distribution in Early-Onset vs Late-Onset Preeclampsia
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Multigravida
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FIGURE 3: GRAVIDITY DISTRIBUTION OF SUBJECTS IN EAR LY ONSET
AND LATE ONSET PRE ECLAMPSIA
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TABLE 4: MEAN PERIOD OF GESTATION DISTRIBUTION OF S UBJECTS
IN EARLY ONSET AND LATE ONSET PRE ECLAMPSIA

Early onset (N=42) Late onset (N=59)
20-28 28 -34 34- 37 Above 37
weeks weeks weeks weeks
Frequency 4 38 32 27
Percentage 9.5% 90.5% 54.2% 45.8%
Mean gestational age 30 weeks 4 days 37 weekss day

Table no. 4 presents the mean period of gestatgiritdition of subjects in of early-
onset and late-onset pre eclampsia cases. The pégmd of gestation in Early onset

pre eclampsia is about 30 weeks 4 days where &sdronset pre eclampsia is 37
weeks 5 days.

Gestational Age Distribution in Early-Onset vs Late-Onset Preeclampsia

Early-Onset
EEm Late-Onset

801

()}
o

B
o

Percentage (%)

20t

20-28 weeks 28-34 weeks 34-37 weeks
Gestational Age at Diagnosis

>37 weeks

FIGURE 4: MEAN PERIOD OF GESTATION DISTRIBUTION OF
SUBJECTS IN EARLY ONSET AND LATE ONSET PRE ECLAMPSI A
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TABLE 5: NON-SEVERE AND SEVERE PRE ECLAMPSIA IN EARLY
ONSET AND LATE ONSET PRE ECLAMPSIA

Early onset (N=42)

Late onset (N=59)

Pre eclam@¢#101)

Chi
square
Frequency| Percentage Frequency Percentage Frequency Percentage (p value)
Non 7 16.6% 22 37.3% 29 28.7%
severe 5.097
(0.024)
Severe 35 83.4% 37 62.719 72 71.3%

Table 5- The analysis revealed a statistically ificant association between the onset
time of Pre eclampsia and its severity (p < 0.0@)ylyEonset pre eclampsia was more
likely to be severe (83.4%) compared to late-0fB82171%). Conversely, non-severe
cases were more common in late onset pre eclani®gi8%) than in early onset

cases (16.6%).

Percentage (%)
w S w o ~ 2]
(=) o o o o o

N
o

=
o

Comparison of Severity in Early vs Late Onset Preeclampsia

o

Non-Severe

Severity of Preeclampsia

Severe

Early-Onset
mmm Late-Onset

FIGURE 5: NON-SEVERE AND SEVERE PRE ECLAMPSIA IN EARLY
ONSET AND LATE ONSET PRE ECLAMPSIA
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TABLE 6: COMPARISON OF BLOOD PRESSURE MEASUREMENTS AT
ADMISSION IN EARLY AND LATE ONSET PRE ECLAMPSIA

Early onset (N=42)

Late onset (N=59)

p value
Mediar = IQR Min Max. Median *IQR Min. Max.
SBF 164.(+8.C 14¢€ 17¢ 160+ 14.C 14¢€ 174 0.036*
DBP 112.(+8.C 90 124 110+ 18.C 92 12¢ 0.08¢
MAP 129.(+10.C 11C 13¢€ 12€+16.C 112 272 0.05¢

P value is obtained by Independent sample Mannn&fit test

Table 6-Systolic blood pressure(SBR)The median SBP was significantly higher in

the early onset group (164.0 mmHg + 8.0 IQR) comagao the late onset group
(160.0 mmHg * 14.0 IQR). The difference was statidlly significant (p = 0.036),
indicating that patients with early onset pre e@aia tend to present with higher

systolic pressures. This may reflect more severdi@zascular involvement in early

onset case®iastolic Blood Pressure (DBP)No significant difference was found (p

= 0.089), although early onset shows slightly higimedian DBP Mean Arterial

Pressure (MAP)- Early onset cases had a marginally higher mediarPM229.0
mmHg + 10.0 IQR) compared to late onset (128.0 mmH§.0 IQR). The p-value of

0.055 indicates a borderline non-significant trersiliggesting a potential but

inconclusive association.

Median Value (mmHg)

FIGURE 6: COMPARISON OF BLOOD PRESSURE MEASUREMENTS AT

DBP
Blood Pressure Parameters

Median Blood Pressure: Early vs Late Onset Preeclampsia

Early-Onset
. Late-Onset

ADMISSION IN EARLY AND LATE ONSET PRE ECLAMPSIA
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TABLE 7: hs-CRP LEVELS IN PRE ECLAMPSIA CASES

hs-CRP (mg/L) Pre eclampsia (N=101)
Mean + SD 7.32+£8.59
Median * IQR 58+6.2

Table 7 Normal range of hs-CRP levels are 0.5 — 5 mg/L, Me&an hs-CRP in the
pre eclampsia cohort was 7.39 mg/L and the medas™8 mg/L, both are above the
normal cut-off of 5 mg/L. The interquartile rangkQR) of 6.72 indicates that a
substantial proportion of patients had elevatedCR$, consistent with a pro-
inflammatory state. With a standard deviation &98.there is high variability in hs-

CRP levels, suggesting a spectrum of inflammatesponse among patients.

Distribution of hs-CRP Levels in Preeclampsia Cases

251

201

-
wm

§ === Normal Upper Limit (5 mg/L)

hs-CRP (mg/L)

=
o

hs-CRP (mg/L)

FIGURE 7: hs-CRP LEVELS IN PRE ECLAMPSIA CASES
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TABLE 8: COMPARISON OF hs-CRP LEVELS IN NON SEVERE AND
SEVERE PRE ECLAMPSIA IN PRE ECLAMPSIA SUBJECTS

Pre eclampsia (N=101)
Non severe (N=29) Severe (N=72)
Median hs-CRP (mg/L) 4.3 6.2
IQR +10.5 +6.5
p value 0.741

The p-value based on the Mann-Whitney U test i41.7

Table 8- The median hs-CRP was slightly higherha severe group (6.2 mg/L)
compared to the non-severe group (4.3 mg/L). Howetree difference was not
statistically significant (p = 0.741), indicating ath hs-CRP alone does not
significantly differentiate between severity levelspre eclampsia when all cases are
considered together. The wide IQR in the non-segevap also reflects variability in

hs-CRP values among these patients.

Median hs-CRP in Preeclampsia Groups

hs-CRP (mg/L)
w

Non-Severe (N=29) Severe (N=72)

FIGURE 8: COMPARISON OF hs-CRP LEVELS IN NON SEVERE AND
SEVERE PRE ECLAMPSIA IN PRE ECLAMPSIA SUBJECTS
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TABLE 9: COMPARISON OF hs-CRP LEVELS IN EARLY AND L ATE
ONSET PRE ECLAMPSIA

Early onset (N=42)

Late onset (N=59)

Median * IQR Min. Max. Median + IQR Min. Max.
hs- CRP i
6.20 £ 8.8 0.10 60.40 4.70 £5.10 1.00 45,
(mg/L)
p value 0.428

p value is obtained by Independent sample Mann Mghit) test

Table 9 presents the median hs-CRP values amorsytjects in early onset and late

onset pre eclampsia casddedian hs-CRP levels were higher in early onset pre

eclampsia (6.20 mg/L) than in late onset case® (#hg/L), indicating a trend toward

a more pronounced inflammatory and early respamsauily-onset disease. However,

the p-value (0.428) indicates that this differemeenot statistically significant. The

wide IQR and maximum values in both groups suggesistantial variability in

individual inflammatory responses, likely influedceby additional clinical or

demographic factors.

Comparison of hs-CRP Levels in Early-Onset vs Late-Onset Preeclampsia

60|

-

5
o
T
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FIGURE 9: COMPARISON OF hs-CRP LEVELS IN EARLY AND LATE
ONSET PRE ECLAMPSIA
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TABLE 10: COMPARISON OF hs- CRP LEVELS IN EARLY ONSET AND
LATE ONSET PRE ECLAMPSIA ACROSS DIFFERENT AGE GROUP S

Age Early onset (N=42) Late onset (N=59)

g‘g’;‘fg hs-CRP (mg/L) hs-CRP (mg/L) p value
Median IQR Median IQR

<20 9.05 30.25 7.70 3.4 -
>20- 25 9.75 8.35 4.50 4.6 0.378
>25- 30 5.80 7.5 3.90 5 0.968
>30- 35 2.40 0.9 8.45 6.4 -

>35 5.6 6.85 4.90 7.1 -

P value is obtained by Mann Whitney U test

Table 10 presents the median hscrp values of dslij@sed on age distribution in of
early onset and late onset pre eclampsia casé€SRRslevels vary across age groups
in both early and late onset pre eclampsia. Thelandus-CRP is generally higher in
early onset cases for most age groups. This suppiwtnotion that early onset cases
may be associated with a stronger inflammatory aesp. No age group showed a
statistically significant difference in hs-CRP lé&/dased on the p-values available.

Data for other age groups lacks p-values, likelg ttusmall sample sizes.

10
Early-Onset
—=— Late-Onset

9

8

Median HSCRP (mg/L)
o

<20 21-25 26-30 31-35 >35
Age Group (years)

FIGURE 10: COMPARISON OF hs-CRP LEVELS IN EARLY ONSET AND
LATE ONSET PRE ECLAMPSIA ACROSS DIFFERENT AGE GROUP S
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TABLE 11: COMPARISON OF hs-CRP LEVELS IN EARLY ONSE T AND
LATE ONSET PRE ECLAMPSIA WITH PRE PREGNANCY BMI

Early onset (N=42) Late onset (N=59)
BMI p value
hs-CRP (mg/L) hs-CRP (mg/L)
Median IQR Median IQR
<18.5
(Under weight
>18.5 to 24.99
(Normal) 5.10 8.80 4.6 4.456 0.53
25T029.9 8.80 8.70 4.7 5.20 0.242
(Over weight
>30
(Obese

p value is obtained by Mann Whitney U test

Table no 11- In Normal weight, Median hs-CRP igtdlly higher in early onset
(5.1 vs. 4.6), but p value is 0.530 which is nadtistically significant. In

Overweight, Median hs-CRP is notably higher in yashset (8.8 vs. 4.7),
suggesting increased inflammation. However, p vahiie0.242 is also not
statistically significant. Underweight and Obese, subjects are available for
these categories in either group.

Median hs-CRP Levels by BMI in Early vs Late-Onset Preeclampsia

Early-Onset
B Late-Onset

hs-CRP (mg/L)

N
T

5.5-24.99 N 109 Overweld™®

1 25-

BMI Category

FIGURE 11: COMPARISON OF hs-CRP LEVELS IN EARLY ONSET AND
LATE ONSET PRE ECLAMPSIA WITH PRE PREGNANCY BMI
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TABLE 12: COMPARISON OF hs-CRP LEVELS IN EARLY ONSE T AND
LATE ONSET PRE ECLAMPSIA BASED ON GRAVIDITY

Early onset (N=42) Late onset (N=59)
p value
L hs-CRP (mg/L) hs-CRP (mg/L)
Gravidity
Median IQR Median IQR
Primigravida
8.5 8 4.15 5.2 0.293
(N=55)
Multigravida
5.4 8.8 4.70 5.9 0.981
(N=46)

P value is obtained by Mann Whitney U test

Table 12 presents that among Primigravida withyeariset pre eclampsia show
higher median hs-CRP levels compared to late ossggesting a more pronounced
inflammatory response. However, the difference @ statistically significant,

indicating it could be due to chance. Among muétigda, hs-CRP levels are similar

between early and late onset cases, and the differis clearly not significant.

Median hs-CRP Levels by Gravidity in Early vs Late-Onset Preeclampsia

Early-Onset

8 BN Late-Onset

hs-CRP (mg/L)
N w IS wn o ~

-

Primigravida Multigravida

Gravidity

FIGURE 12: COMPARISON OF hs-CRP LEVELS IN EARLY ONSET AND
LATE ONSET PRE ECLAMPSIA BASED ON GRAVIDITY
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TABLE 13: MEAN PERIOD OF GESTATION hs-CRP VALUES

DISTRIBUTION IN EARLY ONSET AND LATE ONSET ECLAMPSI A

Early onset (N=42) Late onset (N=59)
Period of gestation 20 —28 2\,?e_es;r 3v4e-e?<z Above 37 weeks
weeks (N=4) (N=38) (N=32) (N=27)
Median Median Median Median
hs-CRP (mg/L) 1.3 9.2 4.8 3.8
p value - 0.4472 0.952 0.098

P value is obtained by Mann Whitney U test

Table 13- hs-CRP levels show variation across tiestd age groups, with the
highest median observed between 28-34 weeks. Nonheo p-values indicate
statistical significance, though a trend indicatengossible difference, but it does not
meet the conventional threshold (p < 0.05) in thé w&eks group with p value 0.098.
These findings suggest that while inflammation rilagtuate with gestational age,

this dataset does not demonstrate significantrdiffees between early and late onset

pre eclampsia at various gestational stages.

Median hs-CRP Levels by Gestational Age in Early vs Late-Onset Preeclampsia

L=

Median hs-CRP (mg/L)
H

Early-Onset
B Late-Onset

50-28 week®

58-34 weeks

34-31 weeks

Gestational Age at Diagnosis

>37 weeks

FIGURE 13: MEAN PERIOD OF GESTATION hs-CRP VALUES
DISTRIBUTION IN EARLY ONSET AND LATE ONSET ECLAMPSI A
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TABLE 14: COMPARISON OF hs-CRP LEVELS IN EARLY ONSE T AND
LATE ONSET PRE ECLAMPSIA IN NON-SEVERE AND SEVERE PRE
ECLAMPSIA

Severity of pre| Farly onset (N=42) Late onset (N=59)
eclampsia
P hs-CRP (mg/L) hs-CRP (mg/L) p value
Median IQR Median IQR
Non severe
(N=29) 2.4(7) 4.9 4.8(22) 4.7 0.307
Severe (N=72)| 8.3(35 8.6 4.5(37) 7.2 0.417

P value is obtained by Mann Whitney U test

Table 14- In Non severe pre eclampsia, higher hB-®Rate-onset (4.8) compared to
early-onset (2.4), but the difference is not sta@dly significant (p = 0.307). In
severe pre eclampsia, higher hs-CRP in early-o(86%) vs. late-onset (4.5),
indicating stronger inflammation. Trends suggestyeanset severe pre eclampsia
may involve higher inflammation. Late onset non esevcases might also show
elevated hs-CRP. However, the difference is alsbstatistically significant (p =
0.417).
Median hs-CRP by Severity in Early vs Late-Onset Preeclampsia

Early-Onset
8t N Late-Onset

Median hs-CRP (mg/L)

Non-Severe Severe

Preeclampsia Severity
FIGURE 14: COMPARISON OF hs-CRP LEVELS IN EARLY ONS ET AND
LATE ONSET PRE ECLAMPSIA IN NON-SEVERE AND SEVERE P RE
ECLAMPSIA
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TABLE 15: COMPARISON OF hs-CRP LEVELS IN EARLY ONSE T PRE
ECLAMPSIA IN NON-SEVERE AND SEVERE PRE ECLAMPSIA

Early onset (N=42)

hs-CRP (mg/L) p value

Non severe (N=7) Severe (N=35)

Median 2.4 8.3

0.120

IQR 4.9 8.6

P value is obtained by Mann Whitney U test

Table 15- The median hs-CRP is significantly higlerSevere early onset pre
eclampsia (8.3 mg/L) compared to Non severe (2.4 )nghis suggests a possible
association between elevated systemic inflammaftiodicated by hs-CRP) and

severity of early onset pre eclampsia. The IQR emlare relatively wide in both

groups, showing variability in hs-CRP levels, esaigcin the severe group, which

could reflect diverse inflammatory responses ampatients. hs-CRP could be a
useful biomarker to support clinical suspicion eberity in early onset cases. This p-
value > 0.05 suggests that the difference in hs-@w&s between the two groups is
not statistically significant at the conventioné&b %evel. Although the median hs-CRP
is notably higher in the severe group (8.3 vs 2giL the variation and small size of

the non severe group (N=7) likely limit statistipalwer

Median hs-CRP in Early Onset Preeclampsia

p=0.120

hs-CRP (mg/L)
w
=)

ot
wn
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Non-Severe (N=7) Severe (N=35)

FIGURE 15: COMPARISON OF hs-CRP LEVELS IN EARLY ONSET PRE
ECLAMPSIA IN NON-SEVERE AND SEVERE PRE ECLAMPSIA
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TABLE- 16: COMPARISON OF hs-CRP LEVELS IN LATE ONSET PRE
ECLAMPSIA WITH NON-SEVERE AND SEVERE PRE ECLAMPSIA

Late onset (N=59)

hs-CRP (mg/L) p value
Non severe (N=22 Severe (N=37)
Median 4.8 4.5
0.536
IQR 4.7 7.2

Table no 16- Median hs-CRP levels are slightly bigim the Non severe group (4.8

mg/L) compared to the Severe group (4.5 mg/L). Hexethe difference is not

statistically significant (p = 0.536), suggestingstmng association between hs-CRP

levels and severity of Late Onset pre eclampstaisidataset. Systemic inflammation

as measured by hs-CRP may not differ significab#yween non-severe and severe

presentations in late onset cases. The IQR is widéne Severe group, indicating

greater variability in hs-CRP values among thesepts.

12

hs-CRP (mg/L)

10

Median hs-CRP in Late Onset Preeclampsia

4.80000000000001

p =0.536

Non-Severe (N=22)

Severe (N=37)

FIGURE 16: COMPARISON OF hs-CRP LEVELS IN LATE ONSET PRE
ECLAMPSIA WITH NON-SEVERE AND SEVERE PRE ECLAMPSIA
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TABLE 17: COMPARISON OF LABORATORY PARAMETERS IN EA RLY
AND LATE ONSET PRE ECLAMPSIA

Early onset (N=42)

Late onset (N=59)

p value
Median + _ Median + )
Min. Max. Min. Max.
IQR IQR

Haemoglobin

11.40+2.0 9.20 14.40 11.50+ 1.y 7.30 13.70 0.850
(gm/dl)
Total leukocyte

8900 + 2200, 6900 10000 9700 £ 1000 6700.00 10400/0®.380
count (cells/pL)
Platelet count 197500 + 237000 +
67000| 350000 58000.00 340000.00 0.402

(cells/uL) 243000 51000
Blood urea

18.25+7.9 9.20| 30.90 13.60+6.6 5.50 27.80 <0.05*
(mg/dl)
Serum creatinine

0.61+0.1 0.41 0.92 0.53+0.1 0.38 0.98 0.002*
(mg/dl)
Total bilirubin

0.37+0.4 0.05 1.80 0.42+0.4 0.15 1.99 0.236
(mg/dl)
SGOT (U/L) 24.0+£11.0 10.00 300.00 24.0+18 11.00 316.00 0.704
SGPT (U/L) 18.0+24.0 8.00| 262.00 12.0+9.0 6.00 424.00 | 0.009*
LDH (U/L) 361.0+149 | 199.00 1695.00 | 342+172 176.00| 2872.00 | 0.028*
Uric acid (mg/dl) 5.60+1.2 3.40, 7.60 5.20+1.3 3.00 8.20 0.025*
hs-CRP (mg/L) 6.20+ 8.8 0.10 60.40 4.70+5.10 1.00 5.7@ 0.428

*<0.05 p value is obtained by Independent SamplarM&/hitney U test
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Comparative Analysis:

1. Hemoglobin: No significant difference (p-value = 0.850) wassetved
between early onset (11.40) and late onset (11liB@igating similar anemia
levels in both groups.

2. Total Leukocyte Count No significant difference (p-value = 0.380) in
leukocyte counts, suggesting similar inflammat@gponses in both groups.

3. Platelet Count No significant difference (p-value = 0.402), icaliing similar
thrombocytopenia trends in both groups.

4. Blood Urea Significant difference (p-value = <0.05) with highevels in
early onset (18.25), suggesting more severe reysfldction in early onset
pre eclampsia.

5. Serum Creatinine Significant difference (p-value = 0.002) with hegHevels
in early onset (0.61), reflecting worse renal innpegnt in early onset cases.

6. Total Bilirubin : No significant difference (p-value = 0.236), sagting
similar liver function in both groups.

7. SGOT: No significant difference (p-value = 0.704), inaling no major liver
damage or peripheral pathology in either group.

8. SGPT: Significant difference (p-value = 0.009) with heghlevels in early
onset (18.0), indicating more primarily liver invelment in early onset pre
eclampsia.

9. LDH: Significant difference (p-value = 0.028) with heghlevels in EOP
(361.0), suggesting greater tissue damage and ksimat early onset cases.

10.Uric Acid: Significant difference (p-value = 0.025) with hay levels in EOP
(5.60), indicating more severe vascular and reaaigications in early onset
pre eclampsia.

11.hs-CRP: No significant difference (p value — 0.428) betwessnly and late

onset pre eclampsia.
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TABLE-18: DISTRIBUTION OF SUBJECTS ACCORDING TO MAT ERNAL
COMPLICATIONS

Early onset (N=42) Late onset (N=59) Chi-

square
hs-CRP <5 | hs-CRP>5 | hs-CRP <5| hs-CRP >5 “

mg/L (N=17) | Mg/L (N=25) | mg/L (N=32) | mg/L(N=27)| (P-value)

Disseminated
Intravascular 1(2.4 %) 0 (0 %) 0 (0 %) 0 (0 %)
Coagulopathy (DIC

3.871

Abruptio placentae 1(2.4% 1(2.4% 0 (0% @4
ptio p (2.4 9) (2.49%) (0%) ® | 0230

HELLP syndrome 0 (0 %) 5(11.6 %) 5(8.5% 3 &l

No complications 15 (36 %) 19 (45.2% 27 (45.8 %24 (40.6 %)

Table 18- Most patients across all groups had moptications. HELLP syndrome

was the most frequently observed complication ith learly and late-onset cases with
hs-CRP > 5 mg/L. DIC and abruptio placentae occuordg in early-onset cases and
only in a few individuals. The overall associatithetween hs-CRP levels and

complications was no statistically significant (9:230).

Maternal Complications by hs-CRP and Onset of Preeclampsia

Early hs-CRP <5
= Early hs-CRP >5
25| mmm Late hs-CRP <5
mmm Late hs-CRP >5

Number of Cases

i |
DIC Abruptio Placentae HELLP Syndrome No Complications

FIGURE 17: DISTRIBUTION OF SUBJECTS ACCORDING TO MA TERNAL
COMPLICATIONS
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TABLE 19- DISTRIBUTION OF SUBJECTS ACCORDING TO MOD E OF
DELIVERY

Early onset (N=42) Late onset (N=59)
Mode of p
delivery hs-CRP <5 hs-CRP >3 hs-CRP <5| hs-CRP >5 | value
mg/L ML | mgiL(N=32)| mg/L(N=27)
(N=17) (N=25)
Vaginal
delivery 4 (9.5 %) 5 (11.9 %) 2 (3.4 %) 2 (3.4 %) 0.185
Instrumental
delivery 0 (0%) 0 (0%) 1(1.7 %) 1. %) 0.687
%ae?if‘/aerr‘;a” 13 (30.9 %)| 20 (47.7 %)| 29 (49.4 %)| 24 (40.4 %)| 0.459

Table 19- The mode of delivery was analyzed inti@iato hs-CRP levels (<5 mg/L
vs. >5 mg/L) among women with early onset and laigeb pre eclampsia. Across all
groups, cesarean delivery was the predominant muatticularly in late onset pre
eclampsia. Cesarean section was the most frequehe of delivery in both early and
late onset pre eclampsia, with no significant défee based on hs-CRP levels.
Statistical analysis revealed no significant asgam between hs-CRP levels and the
mode of delivery in either early or late onset potampsia as p values are >0.05.
These findings suggest that elevated hs-CRP levete not significantly associated
with the choice or necessity of delivery mode. Hogre the overall high rate of
cesarean sections, especially in late-onset casg reflect clinical decisions based
on obstetric complications or fetal distress, rattian inflammatory marker levels
alone.

Mode of Delivery by hs-CRP Level and Onset of Preeclampsia

Early <5 Early >5 Late <5 Late >5

Vaginal Delivery
mmm Instrumental Delivery
= Caesarean Delivery

= N N w
% =) @ o

Number of Deliveries

=
=)

«

FIGURE 18- DISTRIBUTION OF SUBJECTS ACCORDING TO MO DE OF
DELIVERY
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TABLE-20: DISTRIBUTION OF SUBJECTS ACCORDING TO FETAL

GROWTH RESTRICTION

Chi-
Early onset (N=42) Late onset (N=59) square
(p-value)
hs-CRP <5 hs-CRP 5 hs-CRP <5 | hs-CRP >5
mg/L (N=17) | mg/L (N=25) | mg/L(N=32) | mg/L (N=27)
No fetal
growth 7 (16.6 %) 8 (19 %) 24 (40.7 %) 21 (35.6 %)
restriction 17.13
(<0.05) *
Fetal growth | 1) 53 806) | 17 (40.6 %)| 8 (135 %) 6 (10.2%)
restriction

Table no. 20- This table examines the relationdd@pween hs-CRP levels and the
presence or absence of Fetal Growth RestrictionR)F@ early and late onset pre

eclampsia. FGR is significantly more common inyeariset pre eclampsia, especially

with higher hs-CRP levels. Late onset cases showhmawer FGR prevalence,
regardless of hs-CRP level. A Chi-square value BfL3 with a p-value < 0.05
indicates a highly statistically significant asstitin. The findings support the use of

hs-CRP as a potential marker for predicting FGRtjqaarly in early-onset cases.

30f

25¢

N
o

Number of Cases
-
w

=
o

Fetal Growth Restriction by hs-CRP and Onset of Preeclampsia

No
. FG

FGR
R

Early <5

Early >5

Late <5

Late >5

FIGURE 19: DISTRIBUTION OF SUBJECTS ACCORDING TO FETAL
GROWTH RESTRICTION
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TABLE 21: DISTRIBUTION OF SUBJECTS ACCORDING TO THE
UMBLICAL ARTERY DOPPLER

_ Early onset (N=42) Late onset (N=59)

Umlto o hs-CRP > 5| hs-CRP <5 Chi-square

arte - -

dopp?e/r r:]] S/E I(?NP_ES) mg/L mg/L n:]sll? l(?NP_;S) (p-value)

gL IN= (N=25) (N=32) gt (=
Normal 3(7.1%) | 7(16.7%) 26 (44.1 24 (40.7
39.62
Increased 7 (16.7 %) 11 (26.1 %) 4 (6.7) 2(3.4)
(< 0.0001)

Absent 7(16.7%) | 7(16.7% 2 (3.4) 1(1.7)

Table no 21- There is a highly significant assacratbetween hs-CRP levels and

Umbilical Artery Doppler findings across both eadynd late onset pre eclampsia

groups §2 = 39.62, p < 0.0001). In early onset pre eclampsevated hs-CRP levels

(>5 mg/L) are associated with a higher prevalencealmiormal doppler patterns

(increased or absent end-diastolic flow). Convegrtsel late onset cases, the majority

of participants—regardless of hs-CRP level, hadnabrDoppler values, suggesting

less vascular compromise.

30f

25}

Number of Cases
=] N
w o

iy
o

w
T

Umbilical Artery Doppler by hs-CRP and Onset of Preeclampsia

Normal
B Increased
mmm Absent

Early <5

EarI;/ >5

Late <5

Late >5

FIGURE 20: DISTRIBUTION OF SUBJECTS ACCORDING TO TH E
UMBLICAL ARTERY DOPPLER VALUES
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TABLE 22: DISTRIBUTION OF SUBJECTS ACCORDING TO THE FETAL

OUTCOMES
Early onset (N=42) Late onset (N=59)
hs-CRP < 5 hs-CRP < 5 Chi-square
s hs-CRP >5[ "> hs-CRP>5| (1, yalue)
mg/ll | gl (N=25)| ML | g N=27) |
(N=17) (N=32)
Live births | 15(35.7 %) 22 (52.4%) 32 (54.2%) 23.8%)
. 7.390
Frg’isrthhzt'” 2(4.7%) | 3(7.1%) 0 (0) o | (©0ih~

Table no 22: This table assesses the associattare®e hs-CRP levels and perinatal
outcomes (live birth vs. fresh stillbirth) in eadyd late onset pre eclampsia. Fresh
stillbirths occurred only in early onset pre eclamp particularly in both hs-CRP
groups. No stillbirths occurred in late onset prkepsia, regardless of hs-CRP level.
The Chi-square value is 7.390 with a p-value = D,0Oihdicating a statistically
significant association. This suggests that eanlgeb pre eclampsia carries a higher
risk of adverse perinatal outcomes, such as sthipindependent of hs-CRP level.
But this cannot be compared as in early onset plampsia fetus delivered are
extremely preterm, very pre term where the chamdesurvival is very less when

compared to late onset pre eclampsia as the pefigéstation varies in both groups.

Fetal Outcome by hs-CRP and Onset of Preeclampsia

Live Births

301 mmm Stillbirths

25F

N
o

Number of Births
=
w

=
o

Early <5 Early >5 Late <5 Late >5

FIGURE 21: DISTRIBUTION OF SUBJECTS ACCORDING TO TH E FETAL
OUTCOMES
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TABLE 23: DISTRIBUTION OF SUBJECTS ACCORDING TO THE BIRTH

WEIGHT
Early onset (N=42) Late onset (N=59)
Birth - hi-
ngght hs rﬁR/E < hs-CRP>5| hs-CRP<5| hs-CRP>5 C(plvsgﬂz)re
(me mg/L (N=25) | mg/L (N=32) | mg/L(N=27)
<1kg 8(19%) | 6 (14.4 %) 0 (0 %) 0 (0 %)
>1-15kg| 3(7.1%) | 9 (21.4 %) 1 (1.7 %) 0 (0 %)
>1.5-2kg| 4 (9.5 % 6 (14.4 % 2 (3.4 % 2 (3.4
ol 405%) | 6(144%) 2(34%) GD | 1o
>2-25kg| 2 (4.7 %) 4 (9.5 %) 8 (13.7 % 10 (16.9)| (<0.05)*
>2.5-3kg| 0 (0 %) 0 (0 %) 16 (27.2 %) 10 (16.9)
>3 kg 0 (0%) 0 (0 %) 5 (8.4 %) 5 (8.4)

Table 23- This table examines the distribution iofhbweights in early and late onset
pre eclampsia cases, stratified by hs-CRP levelsrigh and >5 mg/L). Low birth
weight (<1.5 kg) is significantly more common inrlgeonset pre eclampsia,
especially in cases with low hs-CRP (<5 mg/L). Highieth weights ¥2.5 kg) were
observed only in late onset pre eclampsia, acrodshs-CRP categories as the period
of gestation is more, henceforth the birth weigibne of the early onset cases had
babies weighing 2.5 kg or more, showing a strorspeation with growth restriction
and prematurity. There is a highly significant asation between birth weight and
the type/onset of pre eclampsia, as well as hs-leR#ts (p < 0.05). But birth weight
cannot be compared between early and late onseegeanpsia groups as Birth
weight depends on the period of gestation and thelgroups are differing in period
of gestation. Early onset pre eclampsia is asstiaith extremely pre term births
due to difference in period of gestation in boté ¢noups.

Number of Participants

@

o

IS

N

Birth Weight Distribution by hs-CRP and Onset of Preeclampsia

Early hs-CRP <5
= Early hs-CRP >5
mmm Late hs-CRP <5
= Late hs-CRP >5

<lkg

1-1.5kg 1.5-2kg

mwin

2.5-3kg

2-2.5kg

FIGURE 22: DISTRIBUTION OF SUBJECTS ACCORDING TO TH E BIRTH
WEIGHT

Page 59



Results

TABLE 24: DISTRIBUTION OF SUBJECT ACCORDING TO NICU
ADMISSIONS

Early Onset (N=37) Late onset (N=59)
Chi-
NI'CL! square
Admissions hS-rCn?;Z/IIZ_’ <5 hs-CRP > 5 hs-rCn:;FL’ <5 hs-CRP > 5 ovale)
(N=16) mg/L (N=21) (N=32) mg/L (N=27)
Yes 13 (35.2%)| 18 (48.6%) 5(8.2% 465%) 4400
No 3(81%) | 3(81%) | 27(@45.4%) 23(39.99%) (F0-09)

Table no. 24- Irearly onset pre eclampsiaNICU admissions wergery high in
both hs-CRP < 5 and > 5 groups. In contrastiiata onset pre eclampsiaNICU
admissions werdow, regardless of hs-CRP. Tlbfference in NICU admission
rates across onset and inflammation level groups wasdoto be statistically
significant using theFisher's Exact Test(p < 0.05. But this cannot be compared as
the period of gestation between two groups vary leemteforth the birth weight also
varies where early onset pre eclampsia is assdoveth extremely pre term and term
birth weight babies which require NICU admission

NICU Admissions by hs-CRP and Onset of Preeclampsia

NICU Admission: YES

B NICU Admission: NO
30
25
. ==
-
10
5

0

Number of Newborns

Early <5 Early >5 Late <5 Late >5

FIGURE 23: DISTRIBUTION OF SUBJECTS ACCORDING TO NI CU
ADMISSIONS
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This study investigated the association betweeremat high-sensitivity C-
reactive protein (hs-CRP) levels and various céihiobstetric and perinatal outcomes

in early onset and late onset pre eclampsia. Thdikdings are as follows:

1. Demographic Characteristics- No statistically digant differences were
observed in maternal age, pre-pregnancy BMI, ovidity between early and
late onset pre eclampsia groups. These factoraatidppear to influence the

timing of disease onset.

2. Severity of Pre eclampsia- Early onset pre eclampsis significantly more
likely to be severe (p = 0.024), with higher ratés@mplications and adverse

outcomes compared to late onset cases.

3. Blood Pressure and Laboratory Parameters- Sydtlolad pressure (SBP) was
significantly higher in early onset cases (p = 0)08@boratory markers such
as blood urea, serum creatinine, SGPT, LDH, and adid were also
significantly elevated in early onset pre eclampsmaicating more severe

organ involvement.

4. hs-CRP Levels- While the median hs-CRP level wghdri in early onset pre
eclampsia (6.20 mg/L) compared to late onset (#dfl), the difference was
not statistically significant (p = 0.428). A widatérquartile range suggests

heterogeneity in inflammatory responses.

5. Association of hs-CRP with Clinical Variables- hRE levels did not
significantly differ by age, BMI, or gravidity with early vs. late onset
groups. Similarly, hs-CRP levels were not signifity associated with the

severity of pre eclampsia when analyzed acrosfutheohort.
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6. Fetal Growth Restriction (FGR)- A strong and statadly significant
association was found between hs-CRP levels and F@ER< 0.001),
particularly in early onset pre eclampsia. Thisgasjs a role for systemic

inflammation in fetal growth compromise.

7. Umbilical Artery Doppler Findings- Abnormal Doppléndings (e.g., absent
or increased end-diastolic flow) were significantiyore common in early
onset cases with elevated hs-CRP levels (p < 0)00@dicating placental

vascular dysfunction associated with inflammation.

8. Neonatal Outcomes- NICU admissions, low birth weigkl.5 kg), and
stillbirths were significantly more common in eadgset preeclampsia and
were more frequent among women with elevated hs:CRBwever,

gestational age may confound these associations.

9. Mode of Delivery- Cesarean delivery was the moshmmmn mode across all
groups. No significant association was found betwés-CRP levels and
mode of delivery (p > 0.05), suggesting delivergisiens were more likely
based on clinical complications, fetal outcomesentthan inflammatory

status alone.
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DISCUSSION

Pre eclampsia remains a significant obstetric ehgk with profound
implications for both maternal and fetal healtheTgresent study provides valuable
insights into the inflammatory differences betweanly and late onset pre eclampsia,
particularly in terms of maternal age, BMI, obstescores, gestational age, severity
of pre eclampsia, biochemical and inflammatory raeskwith a particular focus on
high-sensitivity C-reactive protein (hs-CRP) as @eptial biomarker for disease
severity and outcome prediction. The results aligsh previous research while also

highlighting some unique trends that warrant furiheestigation.[40].

High-Sensitivity C-Reactive Protein (hs-CRP) and Pre eclampsia

Elevated hs-CRP levels across the pre eclampsiartcodaffirm the role of
systemic inflammation in the pathogenesis of tigemier. In this study, the mean hs-
CRP was 7.32 £ 8.59 mg/L, and the median was 5.8 +mfgoth exceeding the
normal threshold of 5 mg/L. These findings are cinat with previous research by
Ustun et al. (2005) and Verma et al. (2016), whlemonstrated a strong association
between elevated CRP levels and pre eclampsiagyarty in severe and early onset

cases.

While early onset pre eclampsia showed a trendrbWigher median hs-CRP
values (6.2 mg/L) compared to late onset (4.7 mgthe difference was not
statistically significant (p = 0.428). This alignéth findings from Chaiworapongsa et
al. (2013) and Mishra et al. (2019), who reportedhér inflammatory gene
expression and serum markers in early onset pesngslia but also noted variability

based on individual patient responses and gestationing.
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Maternal Age

The present study observed variations in hs-CRRIdewacross different
maternal age groups in both early onset and lastetqare eclampsia cases. Although
median hs-CRP levels tended to be higher in eanlgebcases across most age
categories, these differences were not statisfisadinificant. For instance, in the 21—
25 year age group, early onset cases had a medi@RR of 9.75 mg/L, notably
higher than the 4.5 mg/L observed in late onseésadgthin the same group (p =
0.378). Similar trends were noted in the 25-30 yaegr group, though again, without

statistical significance (p = 0.968).

These findings suggest a possible age-related tiarian the increase
inflammatory response, particularly in younger womeith early onset disease.
However, the absence of statistically significaffedences may be attributed to small

subgroup sizes, limiting the power to detect tresoaiations.

The literature remains inconclusive regarding agecsic inflammatory
patterns in pre eclampsia. While maternal agekisaavn risk factor for hypertensive
disorders of pregnancy, Chaiworapongsa et al. (R@ikBnot establish a direct link
between age and elevated CRP expression. Similaegcheva et al. (2021) found no
clear correlation between maternal age and hs-GRPreeclamptic pregnancies,
although elevated hs-CRP was independently asedciaith adverse outcomes
regardless of age. The current study aligns witbseéhfindings indicating that
maternal age may not be a strong independent poedi€ inflammatory burden as

measured by hs-CRP.
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Pre-pregnancy BM|I

Pre-pregnancy Body Mass Index (BMI) showed a mot&eable association
with hs-CRP levels. In overweight individuals (BM#5—-29.9), early onset pre
eclampsia cases had notably higher median hs-C®R#s1€8.8 mg/L) compared to
late onset cases (4.7 mg/L), though this differemas not statistically significant (p =
0.242). In those with normal BMI (18.5-24.99), hRilevels were slightly higher in

early onset cases (5.1 mg/L vs. 4.6 mg/L, p = 0.530

These observations are consistent with existiegditire that associates higher
BMI with elevated systemic inflammation, reflectég increased hs-CRP levels.
Obesity and overweight status are well-establisi®dfactors for both pre eclampsia
and chronic low-grade inflammation. Jaaskelaineralet(2019) demonstrated that
obese women had significantly elevated inflammatorgt angiogenic markers during
pregnancy, which may exacerbate endothelial dysifamcand worsen maternal
outcomes. Additionally, Verma et al. (2016) suggdsthat overweight women are
more likely to have hs-CRP levels >8 mg/L, incregsihe risk of pre eclampsia by

nearly threefold.

However, in this study, the absence of obese paatits (BMI >30) limited further

stratified analysis and may have influenced thengfth of associations observed.

Blood pressure measurementsin early and late onset pre eclampsia

In this study, systolic blood pressure (SBP) wasntbto be significantly
higher in the early onset pre eclampsia group coetbdo the late onset group
(median SBP: 164 mmHg vs. 160 mmHy= 0.036). Although the differences in

diastolic blood pressure (DBP) and mean arterisdsgure (MAP) were not
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statistically significantg = 0.089 ang = 0.055, respectively), both parameters were
slightly elevated in early onset cases. This inggaa more severe hypertensive
profile in early onset pre eclampsia, which is knote be associated with poorer
maternal and fetal outcomes. The more elevated 8B narrower interquartile
ranges in early onset cases suggest a more homoydubd severe disease course.
These results are consistent with prior studiesdsyDadelszen et al. and Sibai et al.,
which reported higher blood pressure values andtgreardiovascular strain in early
onset pre eclampsia due to abnormal placentatidrhaightened vascular resistance.
These findings highlight the importance of earlycagnition and intensive
management of hypertensive parameters in earlyt @ases to reduce maternal and

perinatal complications.[39]

Gravidity status

In the current study, a higher proportion of eavhset pre eclampsia cases
were observed among primigravida (59.5%) comparadultigravida (40.5%), while
the late-onset group showed a more balanced difitib (50.8% primigravida vs.
49.2% multigravida). However, the association betwparity and type of onset was

not statistically significant (p = 0.388).

These findings align with the well-documented ofsaton that primigravidity
is a major risk factor for pre eclampsia, particiylaearly onset disease. First
pregnancies are often characterized by a naivernatienmune response to the feto-
placental unit, which may contribute to abnormahcgintation and a heightened
inflammatory response. This theory is supportedshydies such as Miller et al.

(2003) and Seiner et al. (2001), which identifieghler pre eclampsia rates in first-
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time mothers, attributing this to incomplete immiagic adaptation and less efficient

spiral artery remodeling.

In the context of this study, hs-CRP levels werghbr in primigravida with
early onset pre eclampsia (median: 8.5 mg/L) coeppado late onset primigravida
(median: 4.15 mg/L), though this difference was stitistically significant (p =
0.293). This trend is suggestive of a strongeramfhatory phenotype in first-time
mothers who develop early-onset disease. AmongignaMida, hs-CRP levels were
comparable between early and late-onset groups @981), indicating a less

pronounced variation in inflammatory response.

The trend toward higher hs-CRP in primigravida supgpearlier findings by
Hamad et al. (2010) and Cetin et al. (2011), wispeaisted elevated inflammatory
markers with first-time pregnancies complicatedpby eclampsia. This suggests that
primigravida women may experience a heightenedenyist inflammatory reaction,
which could contribute to earlier and more severgease manifestations. The
immunologic basis for the increased risk of preaexisia in primigravidas stems
from limited prior exposure to paternal antigendjich may lead to inadequate
tolerance development. This immunologic maladaptatimpairs trophoblastic
invasion and contributes to the poor spiral artemmodeling observed in early onset
pre eclampsia. In contrast, multigravida with treeme partner may benefit from
immunologic priming, allowing for better placent@dvelopment and reduced risk.
However, the parity-pre eclampsia relationshipasabsolute. Multigravida may also
develop pre eclampsia, particularly in cases withew partner (altered antigenic
exposure), Pre-existing comorbidities (e.g., diebebbesity, chronic hypertension)

and history of prior pre eclampsia, which increasesirrence risk.
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In combination with elevated hs-CRP levels and otlsk factors (e.g., BMI,
blood pressure), it can help identify high-risk gmancies that may benefit from
enhanced surveillance and early intervention. htiqdar, primigravida women with
elevated hs-CRP and early gestational symptomsldHmei closely monitored for

signs of severe disease progression.

Mean Period of gestation

In the present study, early onset pre eclampsia agasciated with mean
gestational age of 30 weeks 4 days and late orests at 37 weeks 5 days.
Correspondingly, hs-CRP levels were higher in earlget cases (median: 6.2 mg/L)
versus late-onset (median: 4.7 mg/L), though thifer@nce was not statistically

significant (p = 0.428).

When analyzed across gestational age groups, ¢iedti hs-CRP levels were
observed between 28-34 weeks (median: 9.2 mg/jcpkarly in early onset cases.
This period coincides with peak placental stressl aystemic inflammation,
consistent with the pathophysiology of placentghemia and oxidative stress, as
described in studies by Jauniaux et al. (2006) @etin et al. (2011). However, no
statistically significant association was foundvibet¢n hs-CRP and gestational age
subgroup (p > 0.05), likely due to small sampleesiin the earliest and latest

gestational windows.

These findings support the role of inflammationpreterm pre eclampsia,
where elevated hs-CRP may reflect greater placemyafunction and systemic
response. While hs-CRP may not directly correlath gestational age in all cases, it
appears to be more elevated in earlier onset dissaggesting its potential value in

identifying high-risk, preterm pregnancies
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Severity of preecimapsia

Although the overall comparison of hs-CRP levelsMeen non severe and
severe pre eclampsia was not statistically sigaifiqp = 0.741), subgroup analysis
revealed that severe early onset pre eclampsiaasssciated with notably higher
median hs-CRP levels (8.3 mg/L) than non severescé&s4 mg/L). This supports the
idea that early onset disease reflects a more pramsal inflammatory process,
corroborating Hamad et al. (2010) and Gencheval.e2821) who noted a link
between inflammatory biomarkers, vascular resisaand disease severity.

Late onset pre eclampsia, in contrast, showed remmeful difference in hs-
CRP levels between severe and non severe subg(pup.536), suggesting that

systemic inflammation may play a less pivotal lialés pathogenesis.

Biochemical Markers

The study found significant differences in biocheahimarkers between early-
and late onset pre eclampsia. Early onset casebiphér levels of blood urea, serum
creatinine, SGPT, LDH, and uric acid, indicating remsevere renal and hepatic
dysfunction. These findings are consistent withab#t al. (2005) and Lisonkova et
al. (2014), who reported that early onset pre epkais associated with more
profound systemic vascular and organ damage. Téleehihs-CRP levels in early
onset pre eclampsia, although not statisticallyifigant, suggest a more pronounced
inflammatory response, which aligns with the hypsie that early onset pre

eclampsia is driven by placental dysfunction amsteayic inflammation.[43]
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Maternal Complications

An analysis of maternal complications in relationhs-CRP levels revealed a
trend of elevated inflammatory markers in early etnpre eclampsia. HELLP
syndrome was more frequently associated with hs-€Rmg/dL in early onset cases
(median 12.20 mg/L), compared to lower levels ite lanset cases with the same
complication (median 3.55 mg/L). Out of 16 subjetasing maternal complications,
HELLP Syndrome was the most common complications{itjects) noted with either
partial HELLP or complete HELLP syndrome. Althoutlie association between hs-
CRP levels and complications such as DIC and alorpfdcentae was not statistically
significant (Chi-square P = 0.230), the observeendr supports prior studies
suggesting a stronger inflammatory milieu in eanhget disease. A study by Belo et
al. (2005) demonstrated significantly higher CR¥lg in early onset pre eclampsia
with severe features, linking systemic inflammationendothelial dysfunction and
disease progression. Similarly, Kristensen et2009) reported elevated CRP in pre
eclamptic women with HELLP syndrome, highlighting potential role in predicting
maternal morbidity. While our data did not reacdtistical significance, likely due to
small sample size, the pattern of increased hs-@QRRarly onset cases with

complications suggests its utility as a supplentgntzarker for disease severity.

Mode of delivery

Across all subgroups, caesarean section was thé oammsmon mode of
delivery, followed by vaginal delivery, while instnental delivery was rare. These
results suggest that elevated hs-CRP levels weréndependently associated with
the type of delivery in either early or late-onpeteclampsia. This may reflect the

fact that obstetric decision-making is primarilyiveén by fetal distress, gestational
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age, severity of preeclampsia, and maternal coatbics, rather than inflammatory
marker levels alone. Although caesarean section thaspredominant mode of
delivery across both early and late onset preed@angases, vaginal deliveries were
proportionally more common in early onset preeclsimpHowever, it likely reflects
specific clinical decisions driven by maternal rations and fetal viability. Many
early onset cases involved extremely low birth \Weigtuses and pre-viable or peri-
viable gestations, where the termination of preggamas prioritized for maternal
benefit rather than fetal survival, particularlydases of rapidly progressing disease
or multi-organ involvement. These decisions aligithwestablished management
guidelines, where expectant management is not pdreayond the point of maternal
risk. In such scenarios, vaginal delivery may befgmred due to lower maternal
morbidity, especially when fetal survival is unlike This context explains why
vaginal delivery was more frequent in early-onsases despite higher disease

severity.

Several studies have indirectly explored the retethip between
inflammation and delivery outcomes. Miller et &2003) and Seiner et al. (2001)
emphasized that severe forms of preeclampsia are likely to necessitate caesarean
delivery, largely due to complications such as @hal abruption, non-reassuring
fetal status, or poor Bishop scores, especiallyarly onset cases. However, they did
not identify hs-CRP as a determinant for mode divdey. Ustun et al. (2005) and
Verma et al. (2016) demonstrated that elevated @GRPEIs correlate with disease
severity and adverse fetal outcomes, which mayeetly contribute to a higher rate
of caesarean sections. In the present study, g@thathigher proportion of caesarean
deliveries was noted in those with elevated hs-GRRjcularly in late onset cases the

difference was not statistically significant, liketlue to limited subgroup sizes.
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Furthermore, Chaiworapongsa et al. (2013) repdtiati early onset preeclampsia is
often accompanied by greater inflammatory and agegiec disturbances, resulting in
poor placental perfusion and fetal compromise. €hasderlying pathologies may
necessitate emergency caesarean delivery irregpeati hs-CRP levels. Thus, hs-
CRP may be more reflective of disease state thalirext influencer of delivery
method.

FGR and Umbilical Artery Doppler

This study demonstrated a significant associatietwéen elevated hs-CRP
levels (>5 mg/L) and both fetal growth restrictid@gGR) and abnormal umbilical
artery doppler findings, particularly in early ohgee eclampsia. Among early onset
cases with elevated hs-CRP, the incidence of FGR markedly higher (64%), and
Doppler abnormalities such as increased or absedtd&stolic flow were more
frequent, indicating severe placental insufficienBgth associations were statistically

significant (p < 0.05 and p < 0.0001, respectively)

These findings support the hypothesis that platevaacular dysfunction
pathology in early onset leads to systemic inflaoma reflected by elevated hs-
CRP, resulting in impaired fetal growth and abndrriedal blood flow. This is
consistent with the literature, where hs-CRP ha&nbieked to pro-inflammatory and
antiangiogenic activity that disrupts placentalfpsion, as noted by Rasmussen et al.

(2015) and Chaiworapongsa et al. (2013).

In contrast, late onset pre eclampsia showed feases of FGR and mostly
normal Doppler studies, even when hs-CRP was advahighlighting its distinct
pathophysiological origin, likely driven more by tamal cardiovascular

maladaptation than placental dysfunction.
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Overall, combining hs-CRP with umblical artery digpassessment may enhance
early identification of fetuses at risk for growtbstriction and adverse outcomes in
preeclamptic pregnancies.
Fetal Outcomes

In the present study, live births were significgntiore frequent in late onset
pre eclampsia, whereas stillbirths occurred exeglgi in early onset cases,
particularly those with elevated hs-CRP levels. sTHinding reflects the well-
documented disparity in perinatal outcomes betwearly and late onset pre
eclampsia and underscores the impact of both gasthtage at delivery and placental
insufficiency on fetal viability. These cases wéasiegely associated with deliveries
before 28-30 weeks, a gestational window duringctviietal survival is critically
dependent on both fetal maturity and NICU availgbilThis aligns with prior studies,
including Miller et al. (2003) and Fox et al. (2Q1%hich report a markedly higher
risk of stillbirth in pregnancies complicated bylganset pre eclampsia due to severe

placental dysfunction, abruptio placentae, andirtgrine hypoxia.

The elevated inflammatory profile in these earlyse&incases, evidenced by
higher median hs-CRP levels, may reflect systermdothelial activation and
placental vascular compromise, both of which amtreéto the pathophysiology of
pre eclampsia. Although the association betweelRB- and stillbirth was not
statistically analyzed independently due to smalngle size, the clustering of
stillbirths in the high hs-CRP, early onset subgreuggests a potential contributory

role.

In contrast, all late onset pre eclampsia casehigstudy resulted in live
births, regardless of hs-CRP level. These pregeangere typically delivered at term

or near-term, allowing sufficient fetal maturatitm support survival without severe
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compromise. This supports findings by Seiner et(2001) and Veerbeek et al.
(2015), who noted that late onset pre eclampsimase often linked to maternal
vascular intolerance of pregnancy, with less plademvolvement and better

perinatal outcomes.

Birth Weight

Significant differences in birth weight distributiavere also noted in relation
to hs-CRP. Extremely low birth weight infants1(5 kg) were almost exclusively
observed in early onset cases, particularly thosle s-CRP >5 mg/L. Conversely,
infants weighing>2.5 kg were only seen in late onset preeclampsgardless of hs-
CRP status. These trends suggest that elevatednimi&tion in early gestation may be
a contributing factor to placental insufficiencyltimately resulting in growth
restriction and preterm birth. However, as notedha literature Jauniaux et al.,
(2006), birth weight must be interpreted in theteahof gestational age, since early-

onset preeclampsia inherently limits fetal growtie do shorter gestation duration.

NICU Admissions

The difference in NICU admission rates across h&@#els and onset types
was statistically significant (p < 0.05), indicaithat inflammatory burden may play
a role in fetal compromise necessitating intensiaee. These findings are consistent
with previous studies. Gencheva et al. (2021) ahdnCet al. (2018) reported that
elevated hs-CRP in pregnant women correlated witigher incidence of neonatal
complications such as low Apgar scores, respiradisiress syndrome and infections,

all of which contribute to NICU admission.

Elevated hs-CRP levels in pre eclamptic pregnameiésct systemic maternal

inflammation and placental dysfunction, which campair fetal oxygenation and
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growth. In early-onset preeclampsia, where pla¢entufficiency is more severe,
this can lead to premature delivery and low birteight, both of which are
independent risk factors for NICU admission. Whits-CRP is not a direct
determinant of neonatal condition, it likely actsaaproxy marker for the intrauterine

environment, particularly in terms of inflammatiand hypoxia.

Moreover, elevated hs-CRP is often associated feitéd growth restriction
(FGR) and abnormal umbilical artery Doppler findihgs shown in this study. These
fetal complications further necessitate early delvand intensive postnatal support,

strengthening the observed link between hs-CRAN&GW care.

In late-onset preeclampsia, NICU admission rate® Wewv (6.5-8.2%) across
both hs-CRP subgroups. This supports the undeisgritdat late-onset disease is
generally less severe, more maternal in origin, aedurs at more advanced
gestational ages, allowing for better fetal outcenamd reduced need for NICU

support.

These findings underscore the potential utility li-CRP as part of a
multimodal biomarker panel—especially in identifgizvomen at risk of severe early

onset pre eclampsia and poor perinatal outcomes.
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STRENGTHS

1. This study offers a detailed comparison of earlg éate onset pre eclampsia,

4.

covering a wide range of factors including materagé, gravidity, gestational
age, biochemical markers, and maternal and fetatomes. This holistic
approach provides a clearer understanding of tFfereinces between the two
subtypes and its distinct mechanisms pathophysyolog

By incorporating high-sensitivity C-reactive protejhs-CRP) into the analysis,
the study provides valuable insight into the inflaatory component of pre
eclampsia. The exploration of hs-CRP in relationdisease severity, maternal
characteristics, and fetal outcomes adds a meanimgintribution to current
literature.

This study provides additional insights into th&erof laboratory markers, such as
hsCRP, blood urea, serum creatinine, SGPT, LDH uaiedacid, in differentiating
between early and late onset pre eclampsia. Altha@agne differences were not
statistically significant, the findings suggestgial avenues for future research.
The study highlights the importance of early deteciand management of pre
eclampsia, particularly in younger women and thasgth risk factors such as
primigravida status and elevated hsCRP levels. & iregghts can inform clinical

practice and improve maternal and neonatal outcomes
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LIMITATIONS

1. The overall sample size was less and certain supgresuch as non-severe
early-onset pre eclampsia and specific age/BMI gmtes—had limited
representation. This may have reduced the statigtiower to detect significant

differences in hs-CRP levels and clinical outconvéhkin these subpopulations.

2. The study design was observational and cross-settivith hs-CRP measured at
a single time point. This precludes the ability assess temporal changes in

inflammatory status or track hs-CRP trends througjtee course of the disease.

3. The absence of a matched normotensive pregnamotgmnoup limits the ability
to compare hs-CRP levels directly with healthy peetcies, which could have

strengthened conclusions regarding baseline inflatiom in pre eclampsia.

4. hs-CRP is influenced by many factors such as Sumical inflammation,

smoking. stress and dietary habbits leading to mbalbvalues in the absence of

the diease.
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CONCLUSION
High-sensitivity C-reactive protein (hs-CRP) haseegped as a valuable
biomarker reflecting systemic inflammation in preeepsia, particularly in early-
onset and severe forms of the disease. This stidfprces the importance of hs-CRP
in elucidating the inflammatory pathophysiology mfeeclampsia and its broader

impact on maternal and fetal health.

Elevated hs-CRP levels were more commonly obsenvedearly onset
preeclampsia, which was associated with a morersesi;ical course—including
significantly higher blood pressure, renal and tiepdysfunction, HELLP syndrome,
fetal growth restriction (FGR), abnormal umbilicaltery doppler patterns and
increased NICU admissions. In contrast, late opestclampsia was associated with
lower hs-CRP levels and relatively more favorabletcomes, supporting the
hypothesis of distinct pathophysiological mechamisAplacental and inflammatory

in early onset versus maternal metabolic in latebdisease.

Statistically significant associations between ated hs-CRP and adverse
perinatal outcomes—particularly FGR and abnormalpter flow—underscore the
potential utility of hs-CRP as a supportive markar risk stratification and disease

monitoring.

From a clinical perspective, these findings supploet integration of hs-CRP
into antenatal risk assessment models, particufarlyounger women, primigravida
and those with early onset disease. While hs-CR#uldhnot replace standard
diagnostic tools, its combined use with angiogenarkers (such as the sFlt-1/PIGF
ratio) and doppler velocimetry may improve earlyentfication of high-risk

pregnancies, thereby enhancing surveillance amarmhg the timing of intervention.
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Further large-scale, longitudinal studies are neetevalidate hs-CRP as a
predictive biomarker in diverse populations andestablish gestational age—specific
thresholds. Research should also explore the widgrinflammatory mechanisms in
pre eclampsia and assess whether targeted amtirmfhtory interventions can
improve outcomes. Serial hs-CRP monitoring may rofiesights into disease

progression and aid in early risk stratification
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SUMMARY

A Prospective cross sectional study was condudt&€d\BER’S Dr Prabhakar
Kore Hospital and Medical Research Centre, Belagastudy and compare maternal
hs-CRP levels in early and late onset pre eclamasthfetomaternal outcomes in
patients with raised hs-CRP levels. A total of 52&ients were screened with
hypertension, out of which 101 patients were inetldh the study after diagnosing
with pre eclampsia considering the inclusion andlwston criteria. Patient was
categorized into two groups - Early onset pre epkien(Early onset) and Late onset
pre eclampsia (Late onset) according to their dedims. Different parameters such as
Maternal age, BMI, Gravida status, Mean gestatiag@, Severity of pre eclampsia,
biochemical and inflammatory markers with a pattcdocus on high-sensitivity C-
reactive protein (hs-CRP) were studied among endylte onset pre eclampsia

patients. This study findings were as follows-

* The Mean hs-CRP in pre eclampsia patients was#&29 mg/L and the median
was 5.8 mg/L—both exceeding the normal threshold mig/L.

» Early onset pre eclampsia showed a trend towarldehignedian hs-CRP values
(6.2 mg/L) compared to late onset (4.7 mg/L), boe tdifference was not
statistically significant (p = 0.428).

* Median hs-CRP levels were higher in early onsetegtampsia across most age
groups, though not statistically significant. IretB1-25 age group, hs-CRP was
9.75 mg/L vs. 4.5 mg/Lp(= 0.378), and in the 25-30 group, 5.8 mg/L vs. 3.9
mg/L (p = 0.968).

« Among overweight individuals (BMI 25-29.9), medias-CRP was higher in

early onset (8.8 mg/L) than late onset pekampsia (4.7 mg/L; p = 0.242). In
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those with normal BMI (18.5-24.99), hs-CRP washilig higher in early onset
(5.1 mg/L vs. 4.6 mg/L; p = 0.530), though neither difference was statidijica
significant.

Median SBP was significantly higher in early onpet eclampsia (164 mmHg)
compared to late onset (160 mmHg= 0.036). DBP (112 vs. 110 mmHpg,=
0.089) and MAP (129 vs. 128 mmHg= 0.055) were also higher in early onset,
though not statistically significant.

Primigravida were more frequent in early onset gulmpsia (59.5%) than late
onset (50.8%), while multigravida accounted for586.and 49.2% respectivelp (
= 0.388), showing no statistically significant asation between gravidity and
onset. In primigravida, median hs-CRP was higheeary onset pre-eclampsia
(8.5 mg/L) compared to late onset (4.15 mgpL;= 0.293), suggesting a trend
toward greater inflammation. Among multigravida;®RP levels were similar
between group9(= 0.981).

Early onset pre eclampsia was associated with a mpestational age of 30 weeks
4 days and late onset with 37 weeks 5 days. Mdusa@RP was higher in early
onset (6.2 mg/L) vs. late onset (4.7 mgiLs 0.428). The highest hs-CRP levels
were seen between 28-34 weeks (median: 9.2 mgdibygh no significant
association was found across gestational age supgo> 0.05).

Overall, hs-CRP levels were higher in severe ptaragsia (median: 6.2 mg/L)
than non-severe (4.3 mg/L), but the difference natssignificant p = 0.741). In
early onset cases, severe pre-eclampsia showeerhighCRP (8.3 mg/L) vs.
non-severe (2.4 mg/lp = 0.120), suggesting greater inflammation. In latset
cases, hs-CRP levels were similar between seveésar(g@/L) and non-severe (4.8

mg/L; p = 0.536).
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Early onset pre eclampsia showed significantly aidbvels of blood urea (18.25
vs. 13.60 mg/dLp < 0.05), serum creatinine (0.61 vs. 0.53 mg/dls 0.002),
SGPT (18.0 vs. 12.0 U/lg = 0.009), LDH (361 vs. 342 U/lp = 0.028), and uric
acid (5.6 vs. 5.2 mg/dlp = 0.025) compared to late onset cases, indicatioge
severe renal and hepatic dysfunction. Median hs-@RP also higher in early
onset (6.2 vs. 4.7 mg/lpg = 0.428), suggesting a stronger inflammatory raspp
though not statistically significant.

Maternal complications were more frequently asdediavith elevated hs-CRP
levels in early onset pre-eclampsia. HELLP syndromas the most common
complication (13/16 cases), with higher hs-CRParyeonset cases (median: 12.2
mg/L) compared to late onset (median: 3.55 mg/L)thdugh the overall
association between hs-CRP and complications liké @& abruption was not
statistically significant § = 0.230), the trend suggests a stronger inflammato
response in early onset disease, supporting i&s asl a potential marker of
severity.

Caesarean section was the most common mode otdgeiiv both early and late
onset pre-eclampsia, with no significant assoambetween hs-CRP levels and
delivery type p > 0.05). Vaginal delivery was proportionally mazemmon in
early onset cases, likely due to clinical decisipnsritizing maternal safety in
cases of pre-viable or severely compromised fetuHesse findings suggest that
mode of delivery was influenced more by gestatiomge, fetal viability, and
disease severity than by inflammatory status.

Elevated hs-CRP levels (>5 mg/L) were significamtbsociated with fetal growth
restriction (FGR) 1§ < 0.05) and abnormal umbilical artery doppler ing$ @ <

0.0001), especially in early onset pre eclampsiathis group, FGR incidence
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reached 64%, and Doppler abnormalities (increaseabsent end-diastolic flow)
were more frequent, indicating severe placentalffitsency. In contrast, late
onset pre-eclampsia showed fewer cases of FGR asdominantly normal
Doppler findings, even with elevated hs-CRP levedsiggesting a different
pathophysiology primarily driven by maternal cardiscular maladaptation rather
than placental insufficiency.

Live births were significantly more common in lateset pre-eclampsia, while all
stillbirths occurred in early onset cases, paréidylamong those with hs-CRP >5
mg/L. These stillbirths were associated with dele® before 28-30 weeks,
highlighting the role of prematurity and placeniasufficiency. No stillbirths
were reported in late onset cases, regardless-GR#s levels, reflecting better
fetal maturity and outcomes. The clustering ofltstihs in early onset with
elevated hs-CRP suggests a potential link betweetersic inflammation,
placental dysfunction, and poor perinatal outcome.

Significant differences in birth weight were obsstvwith respect to hs-CRP
levels. Infants with birth weight1.5 kg were predominantly seen in early onset
pre-eclampsia with hs-CRP >5 mg/L, while theg5 kg were exclusively seen
in late onset cases, irrespective of hs-CRP levedflecting the impact of
gestational age and placental insufficiency inyeariset disease. But these cannot
be compared as the period of gestation variestieguh extremely low birth and
very low birth weight babies.

NICU admission rates were significantly higher iarlg onset pre-eclampsia,
particularly among cases with hs-CRP >5 mgil<(0.05), indicating a possible
link between systemic inflammation and neonatal mamise. In contrast, NICU

admissions were low in late onset cases (6.5-8.3e6pss hs-CRP levels.
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Elevated hs-CRP was also associated with FGR andraidal Doppler findings,
reinforcing its role as a marker of intrauterindlammation and placental

insufficiency, which contribute to preterm birthcaNICU need.

This study found that hs-CRP levels were elevategréeclampsia, especially
in early-onset and severe cases. Although notsstaily significant, higher hs-CRP
was associated with worse maternal and fetal outso@ignificant correlations were
observed with fetal growth restriction, abnormalppler findings, and increased
NICU admissions. Early-onset cases showed greatfammatory and organ
dysfunction. hs-CRP may serve as a supportive bioendor risk stratification in
preeclamptic pregnancies. These findings suppertrofe of hs-CRP as a potential

marker for disease severity and placental insefficy.
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Annexures

ANNEXURE I:

INFORMED CONSENT FORM

“STUDY OF HIGH SENSITIVITY C- REACTIVE PROTEIN (HS- CRP)
LEVELS IN EARLY AND LATE ONSET PRE ECLAMPSIAIN AT ERTIARY

CARE HOSPITAL- ONE YEAR CROSS SECTIONAL STUDY.”

Name of Student/Principal Investigator:
Name of Guide/Co Investigators:
Introduction: Preeclampsia is a common hypertensive disorder m@gr@ancy
characterized by hypertension that occurs aftew@6ks of gestation in a woman with
previously normal blood pressure accompanied bteproria

C- reactive protein (CRP) is an inflaatory bio marker, a sensitive index of
tissue inflammation and damage. C-reactive prageaserum glycoprotein produced by
the liver during acute inflammation. The circulati€RP value reflect the ongoing
inflammation and tissue damage much more accurateiyn do the laboratory
parameters of acute phase response.

Preeclampsia often lead to adverssetfic and neonatal outcomes and thus

there is a need for early detection and effectiemagement.

Explanation of procedure: Venous blood sample will be taken from antenatatmen
diagnosed with preeclampsia beyond 20 weeks ofagiestand sent for investigation
along with other biochemical parameters.

The sample will be centrifuged and hsCRP llewell be measured by

immunoturbidimetry method.
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Demographic characteristics, patient examamatindings along with lab parameters
will be collected from the records and will be ribia the proforma. Other parameters
such as mode of delivery and fetomaternal outcomid®&noted in the proforma.
Withdrawal from participation in the study: Participation in this study in voluntary.
You will be free to decide whether to participatethis study or continue participation
once enrolled. In case you decide to withdraw ymarticipation, you are free to do so.
However, please convey the decision to the prindipaestigator.

Possible benefits from participating in the study: You will not get any benefits by
participating in this study. The data gathered walp population at large.

Possible risks from participating in the study: There are no risks involved in
participating in this study.

Privacy and confidentiality: The information collected from you will be coded, t
prevent any person to identify you. Your identiyll never be revealed. The data
collected from you will be kept confidential andlyprocessed or aggregated data will
be used for publication.

Financial incentives: You will not receive any payment for participatim this study.
Cost of investigationsdone during the course of study will be paid bg phincipal
investigator

Authorization for publication of aggregated data: Results obtained after processing
of the aggregated data will be published for sdienpurpose and or presented to
scientific groups. However, your identity will nevbe revealed.

Questions: In case of any questions with regard to this stydy, are free to contact: If
you have any question or complaints with regargidor right as study participant you
may contact Dr Harsha Hegde, Chairperson, Ethicahnoittee of JNMC, 0831-

2473777 Extension 4052.
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Legal rights: By signing this consent form, we are not waving ahyour legal rights

CONSENT STATEMENT

| am making a voluntary decision to participatehia study STUDY OF HIGH

SENSITIVITY C- REACTIVE PROTEIN (HS-CRP) LEVELS IN EARLY AND

LATE ONSET PRE ECLAMPSIA IN A TERTIARY CARE HOSPITA L- ONE

YEAR CROSS SECTIONAL STUDY”. My signature below indicates that | have

decided to participate and | have read the infoiongtrovided above or the information

provided above has been read to me in the langhatj¢ understand best. | was given

the opportunity to ask questions and that they lees answered to my satisfaction.

Name of the participant:

Signature or left thumb impression of the partioipa

Name of the witness:

Signature or left thumb impression of the witness:

Name of the investigator:

Signature of the investigator:
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ANNEXURE II:

SCREENING FORM

Participant information

IP number

Screening number

Date of screening (dd/mm/yyyy):
First name

Last name

Husband name

Age (years)

Address

Phone number

1) Diagnosis-

Gestational Hypertension

Chronic Hypertension

Pre Eclampsia

1) Complaints of PV Leak or features of chorioamniisnit

PPROM

2) History of acute infections a

YES

3) Known case of chronic inflammatory disease YES

PROM

nd fever

NO

NO

NO
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4) Known case of any medical conditions such as YES NO

Chronic Hypertension with Super imposed Pre Eclamps

Overt Diabetes Mellitus

Gestationa Diabetes mellitus,

Heart disease

Renal disorder.

5) History of treatment with antibiotics or steroidsthe last one week (like

Injections)

YES D

The women is eligible to consent only if answeraliove 4 questions is NO
1) Eligible
2) Not Eligible
Did the women give consent for the study?
1) Yes
2) No

Was the women enrolled in the study
1) Yes
2) No

ENROLLMENT NUMBER
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ANNEXURE III:

DATA COLLECTION INSTRUMENTATION

Enrollement number :
Date of Admission
Date of Delivery

Date of Discharge

Present pregnancy
a) Last Menstrual Period (LMP)
b) Estimated Delivery Date (EDD)
C) Corrected Estimated Delivery Date (If present):

d) Period of Gestation

Obstetric History

Married life(Years) :

Obstetric Score

Gravida : Para : Living

Abortion : Death : Ectopic :

Past history
H/o of Gestational hypertension/ Pre eclampsjaaist pregnancy
YES NO

H/o of chronic hypertension
YES NO

H/o any medical disorders
YES NO
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Clinical Characteristics at admission

Age (years)

Gestational age at blood sampling(week

\"2
N—r

Height (in centimeters)

Weight (in kilograms)

BMI

Pallor

Icterus

Pedal Edema

Systolic blood pressure

Diastolic blood pressure

Pulse Rate

Systemic Examination

Per abdomen: Uterine size in weeks
Presentation
Fetal heart rate
Clinically EFW

Primary Diagnosis
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Investigations

Hs CRP (mg/dl)

Haemoglobin (gm/dl)

Total leukocyte count (/m#h

Platelet count (x 10ml)

Serum Urea (mg/dl)

Serum Creatinine (mg/dl)

Total Bilirubin (mg/dl)

Direct Bilirubin (mg/dI)

Indirect Bilirubin (mg/dl)

Serum AST/ SGOT (U/L)

Serum ALT/ SGPT (U/L)

Alkaline phosphatase (U/L)

Serum total proteins (gm/dl)

Serum Albumin (gm/dl)

Serum Globulin (gm/dl)

LDH (U/L)

Sodium (mEqg/L)

Potassium (mEq/L)

Bicarbonates (mEq/L)

Chlorides (mEg/L)

Uric acid (mg/dl)

Prothrombin time (sec)

International normalized ratio (INR)

Urine Albumin
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Maternal complications

Abruptio placentae

Acute liver injury

Acute kidney injury

Disseminated Intravascular Coagulopathy

HELLP syndrome

Neurological symptoms including

eclampsia

Other complications

Fetal related parameters- Ultrasound findings

Detailed Growth Scan at weeks

Biparietal Diameter (BPD)

Head Circumference (HC)

Abdominal Circumference (AC)

Femur Length (FL)

Estimated fetal weight (EFW)

Amniotic Fluid Index (AFI)

Umblical artery doppler studies

Fetal growth restriction
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Post delivery fetal outcome

Gestational age at delivery

Birth weight

Liquor

NICU admission- Reason

Intra uterine fetal demise

Early neonatal mortality

APGAR score
At 1 MIN
At 5 min

Mode of Delivery

Vaginal delivery

(Spontaneous/ Induced)

Instrumental delivery (Ventouse/ Forceps)

Caesarean delivery

(Indication of Caesarean delivery)
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