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Background and aim of the work: Severe preeclampsia is a major contributor to maternal morbidity
and mortality. Maternal obesity is associated with chronic inflammation and may influence serum
ferritin levels. This study aimed to analyze the relationship between maternal obesity and serum
ferritin levels in patients with severe preeclampsia.

Research design and Methods: This observational analytical study with a cross-sectional design
included 88 patients with severe preeclampsia. Subjects were divided into obese (n=44) and non-obese
(n=44) groups. Serum ferritin levels were measured using the CMIA method. Statistical analysis
included Mann—Whitney, Kruskal-Wallis, and Spearman correlation tests.

Results: Serum ferritin levels were significantly higher in obese patients compared to non-obese
patients (median 89.25 ng/mL vs 7.65 ng/mL; P =0.001). A dose-response relationship was observed
across obesity classes (P = 0.001). No significant correlation was found between ferritin levels and
systolic blood pressure (r = -0.01; P = 0.927), diastolic blood pressure (r = 0.094; P = 0.386), or
proteinuria (r = -0.029; P = 0.787).

Conclusions: Maternal obesity is significantly associated with increased serum ferritin levels in
severe preeclampsia, reflecting chronic inflammation rather than clinical severity.

1. Introduction

management continues to evolve, the pathophysiological

Severe preeclampsia remains a leading cause of
maternal and perinatal morbidity and mortality
worldwide. Hypertensive disorders of pregnancy are
reported in approximately 2-8% of all pregnancies
globally and contribute significantly to maternal
mortality, particularly in developing countries (1).
According to the American College of Obstetricians and
Gynecologists (2), preeclampsia is defined as new-onset
hypertension after 20 weeks' gestation accompanied by
proteinuria or signs of maternal organ dysfunction.
Severe preeclampsia is characterized by blood pressure
>160/110 mmHg and can be accompanied by
multisystem complications such as renal impairment,
liver dysfunction, thrombocytopenia, pulmonary edema,
and neurologic impairment. Although obstetric
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mechanisms of severe preeclampsia are not fully
understood, and biomarkers that can reflect disease
severity are still being investigated.

Pathologically, preeclampsia is explained through a
two-stage model involving impaired placental
implantation early in pregnancy followed by maternal
systemic endothelial dysfunction (3,4). In the initial
stage, inadequate trophoblast invasion leads to failure of
spiral artery remodeling, resulting in placental
hypoperfusion and ischemia. Subsequently, the ischemic
placenta releases antiangiogenic factors such as soluble
fms-like tyrosine kinase-1 (sFlt-1) and soluble endoglin
(sEng), which inhibit the activity of vascular endothelial
growth factor (VEGF) and placental growth factor
(PIGF), thus triggering systemic endothelial damage
(5,6). This endothelial dysfunction then gives rise to
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clinical manifestations such as hypertension, proteinuria,
and organ damage. Oxidative stress and inflammatory
activation play a key role in aggravating this pathological
process.

Several epidemiological studies have shown a strong
positive association between increased body mass index
(BMI) and the risk of preeclampsia (7,8). Women with
obesity are reported to have a two to three times higher
risk of developing preeclampsia (7). Obesity is
characterized by chronic low-grade inflammation,
insulin resistance, dyslipidemia, and altered adipokine
secretion, all of which contribute to endothelial
dysfunction and impaired placental adaptation (9,10).
High levels of low-density lipoprotein (LDL) and free
fatty acids can impair trophoblast invasion and increase
cell apoptosis, thereby exacerbating the failure of spiral
artery remodeling (11). Furthermore, insulin resistance
and hyperinsulinemia, frequently found in obese, are
known to precede the clinical onset of preeclampsia (12).
These metabolic disturbances have the potential to
increase placental ischemia and stimulate the release of
inflammatory mediators and antiangiogenic factors.

In addition to metabolic disorders, obesity is also
closely associated with changes in iron homeostasis and
inflammatory biomarkers, including serum ferritin.
Ferritin is the primary iron storage protein in the body
and is clinically used as an indicator of total iron stores
(13). However, ferritin also functions as an acute-phase
protein that is elevated in systemic inflammatory
conditions (14). Inflammation in obesity is associated
with increased proinflammatory cytokines such as
interleukin-6 (IL-6), which stimulates the production of
hepcidin in the liver, a key regulator of iron metabolism
(16). Hepcidin inhibits iron release from macrophages
and decreases intestinal iron absorption, leading to
intracellular iron retention and increased circulating
ferritin levels. Therefore, elevated ferritin in obesity does
not necessarily reflect pure iron overload but may instead
reflect inflammatory activation.

Several studies have shown that serum ferritin levels
are higher in women with preeclampsia (16,17). Elevated
ferritin in preeclampsia is thought to contribute to
pathogenesis through iron-mediated oxidative stress
mechanisms. Under ischemic conditions, iron ions can
catalyze the Fenton reaction, which generates reactive
hydroxyl radicals, triggers lipid peroxidation, and
damages the vascular endothelium (18,19). Furthermore,
excess iron accumulation can induce ferroptosis, an iron-
dependent form of cell death recently linked to placental
dysfunction and hypertensive disorders of pregnancy
(20). Increased oxidative stress and ferroptosis at the
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maternal-fetal interface may further inhibit trophoblast
invasion and spiral artery remodeling, thus perpetuating
the pathological cycle of severe preeclampsia.

Several studies have also reported a positive
correlation between BMI and serum ferritin levels in
both the general population and pregnant women (21,22).
However, some studies have shown lower ferritin levels
in obese individuals, possibly influenced by nutritional
status, iron intake, and different population
characteristics (23). Wawer et al. (24) reported changes
in ferritin dynamics in obese women during labor, while
other studies have shown that higher ferritin levels are
associated with increased severity of preeclampsia (17).
However, studies specifically comparing serum ferritin
levels between obese and non-obese patients with severe
preeclampsia are still limited.

Understanding the interaction between obesity and

iron metabolism in severe preeclampsia has important
clinical relevance. If obesity is associated with
significantly elevated ferritin levels in this high-risk
population, ferritin could serve not only as an
inflammatory marker but also as a potential indicator of
disease severity and pathophysiological progression.
Clarifying this relationship could aid in risk stratification
and the development of more personalized monitoring
strategies for obese pregnant women.
This study aimed to analyze the relationship between
maternal obesity and serum ferritin levels in patients with
severe preeclampsia. The hypothesis of this study was
that patients with severe preeclampsia and obesity have
significantly higher serum ferritin levels compared to
patients  without obesity, reflecting increased
inflammatory activity and oxidative stress

2. Methods

Study design and population characteristic

This study was an observational analytical study with a
cross-sectional design aimed at assessing the relationship
between maternal obesity as an exposure variable and
serum ferritin levels as the outcome variable in patients
with severe preeclampsia.

The study was conducted at Dr. Wahidin Sudirohusodo
General Hospital and its affiliated teaching hospitals of
the Faculty of Medicine, Hasanuddin University,
Makassar, Indonesia, from January to August 2025.

The study population included pregnant women with
gestational age >20 weeks diagnosed with severe
preeclampsia. Subjects were divided into two groups
based on body mass index (BMI): obese (BMI >25
kg/m?) and non-obese (BMI <25 kg/m?). Patients with
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chronic diseases such as HIV infection, diabetes mellitus,
renal disease, or cardiovascular disease, as well as those
with iron deficiency anemia or multiple pregnancies,
were excluded from the study.

Body mass index (BMI) was calculated as weight in
kilograms divided by height in meters squared (kg/m?).
Obesity classification followed the World Health
Organization Asia-Pacific criteria (25).

Outcome Variable

The primary outcome variable was serum ferritin level.
Venous blood samples were collected at admission prior
to definitive treatment. Serum was separated by
centrifugation and analyzed using the Chemiluminescent
Microparticle Immunoassay (CMIA) method in the
hospital’s clinical pathology laboratory. Ferritin levels
were expressed in nanograms per milliliter (ng/mL).

Ethical Consideration

Ethical approval was obtained from the Health Research
Ethics Committee of the Faculty of Medicine,
Hasanuddin University (Approval No:
297/UN4.6.4.5.31/PP36/2025).

Sampling

Pregnant women who went through antenatal care at the
networking Teaching Hospitals in the Obstetrics and
Gynecology Department of the Faculty of Medical
University Hasanuddin, Makassar who fulfill inclusion
criteria were analyzed. Sampling was carried out using
consecutive sampling, namely all members of population
who fulfil inclusion criteria were taken as sample until
fulfilled. Estimation size of the sample was calculated
with formula as following (26):

2x02(Z1#a?2 + Z1#8)%

n=
(u1 - p2)?

With:

n = Sample size of each group

Zq = The standard value of type one error is set at

5% =1.96

ZB = The standard value of type two error is set at

10% = 1.28

c = Estimated standard deviation from different

two group =6

p 1 -p 2 = Different mean of ferritin serum which
considered significant between the two groups: 64.4
ng/mL
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Based on the formula, the sample for this study was
calculated as following:

2x(6)2(1,96 + 1,28)2

nt = (64,4)2
The minimum sample of each group is 12. This study
were divided to 2 groups, pregnant women with severe
preeclampsia and obesity, and pregnant women with
evere preeclampsia without obesity. Therefore, the
minimum total sample is 24.

=11,73 =12

Statistical Analysis

Statistical analysis was performed using SPSS software
version 25. The distribution of the data was conducted
using the Shapiro—Wilk test. If the data is normally
distributed, the Independent t-test is used to compare the
mean ferritin levels between the obese and non-obese
groups. If the data is not normally distributed, the Mann—
Whitney U test is used. Correlation analysis between
BMI and ferritin levels was performed using Pearson
correlation (for normal data) or Spearman rank
correlation (for non-normal data). Multivariate linear
regression analysis was performed to assess the
independent association between obesity and ferritin
levels after controlling for covariates (age, gestational
age, parity, blood pressure, proteinuria). p < 0.05 was
considered statistically significant.

3. Results

A total of 88 patients with severe preeclampsia who
met the inclusion and exclusion criteria were included in
this study. Table 1 shows characteristics of the included
population. Subjects were divided into two groups based
on body mass index (BMI) according to the World
Health Organization's Asia-Pacific criteria: obese (n =
44) and non-obese (n = 44). This study involved 88
subjects evenly divided into obese (n=44) and non-obese
(n=44) groups. Based on age, the majority of subjects in
both groups were between 20-35 years (70.5% vs.
59.1%). Educational attainment was dominated by
subjects with >9 years of education in both groups
(84.1% vs. 77.3%). In terms of parity, the obese group
was more likely to be multiparous (56.8%), while in the
non-obese group was also predominantly multiparous
(65.9%). Regarding gestational age, the obese group had
a higher proportion of preterm births (47.7%) compared
to the non-obese group (29.5%).

The results of statistical tests showed that all basic
characteristics age (P = 0.534), education (P= 0.580),
parity (P = 0.512), and gestational age (P = 0.191) were
not significantly different between the two groups (P >
0.05), so that the two groups were declared homogeneous
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and comparableTable 1. Basic Characteristics of
Research Subjects Based on Obesity Status

Aterm 23 (52.3) 31

(70.5)

Characteristics | Obesity | Without p-
(n= 44) obesity | value Table 2. Comparison of ferritin levels between obese
(n=44) and non-obese groups
n (%) n (%) Obesity | Without | p-value
Age (years) (n=44) obesity
01265 1369 Niedian | Modia
20-35 31 (70.5) 26 0.534 (Min- (Min-
>35 11 (25.0) (519 él) Max) | Max)
: 34.1) Ferritin 89.25 7.65 ( 0.001
Education - Level (1.62 — 0.89 —
(ng/mL) 1.668) 133)
<9 years 7 (15.9) 10 0.580
(22.7) The results in Table 2 showed that ferritin levels in the
>9 years | 37(84.1) 34 obese group were significantly higher than those in the
- (77.3) non-obese group, with median values of 89.25 ng/mL
Parity (range 1.62-1.668) and 7.65 ng/mL (range 0.89-133),
Primipara | 19 (43.2) 15 0.512 respectively (Table 2). This difference was statistically
- (34.1) significant with a p value of 0.001 (p <0.05), indicating
Multipara | 25 (56.8) 62599 a significant difference in ferritin levels between the two
Gestational (65.9) groups. These findings indicate that obesity is associated
age with increased serum ferritin levels, possibly reflecting
Proterm 21 (47.7) 13 0.191 the presence of lo.w-g.rc.zde chronic inflammation that is
(29.5) common in obese individual
Table 3. Comparison of ferritin levels between obese class 1 and obese class 2 groups in severe preeclampsia
Without obesity Obesity 1 Obesity 2 p-value
(n=44) (n=26) (n=18)
Median (Min-Max) Median (Min- Median (Min-Max)
Max)
Ferritin Level (ng/mL) 7.65 (0.89 — 133) 58.44 (1.62 - 190 (7.34 — 1.668) 0.001
1469)

Table 3 compares ferritin levels in three groups of
subjects. The non-obese group had the lowest median
ferritin level at 7.65 ng/mL (0.89—133), followed by the
obese class 1 group with a median of 58.44 ng/mL (1.62—
1.469), and the obese class 2 group showed the highest
value with a median of 190 ng/mL (7.34-1.668). There
was a consistent trend of increasing ferritin levels with
increasing obesity levels.

The difference in ferritin levels between the three groups
was statistically significant (p=0.001), indicating that
higher levels of obesity led to higher serum ferritin
levels. This supports the hypothesis that obesity
contributes to an increased inflammatory response, as
reflected in elevated ferritin levels, an inflammatory
marker

Table 4. Correlation between ferritin and blood pressure and proteinuria

Blood pressure Proteinuria
Systole Diastole
r p-value r p-value r p-value
Ferritin Levels -0.01 0.927 0.094 0.386 -0.029 0.787

Table 4 shows the results of a correlation test between
ferritin levels and several clinical parameters of
preeclampsia. Ferritin levels had a very weak and
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insignificant correlation with systolic blood pressure (r=-
0.01; p=0.927), diastolic blood pressure (r=0.094;
p=0.386), and proteinuria (r=-0.029; p=0.787). All p
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values >0.05 indicate that there is no statistically
significant correlation between ferritin levels and blood
pressure or proteinuria.

These findings indicate that although ferritin levels were
significantly elevated in the obese group (as shown in the
previous table), this increase did not directly correlate
with the severity of preeclampsia clinical manifestations,
as measured by blood pressure and proteinuria. Ferritin
appears to reflect the inflammatory state caused by
obesity itself, rather than being a predictor of
preeclampsia severity. These findings demonstrate a
consistent pattern indicating that obesity is associated
with elevated ferritin levels independent of clinical
severity indicators.

4. Discussion

The results of this study showed that serum ferritin
levels were significantly higher in obese patients with
severe preeclampsia compared to non-obese patients
(median 89.25 ng/mL [1.62—1.668] vs 7.65 ng/mL [0.89—
133]; P = 0.001). These findings are consistent with
previous studies reporting a strong positive correlation
between ferritin levels and body mass index, as well as
inflammatory markers such as C-reactive protein,
indicating that elevated ferritin in obese individuals
reflects an inflammatory response rather than iron
storage status (14).

Ferritin is not only an iron storage protein but also
an acute-phase reactant that increases in response to
systemic inflammation. In obesity, chronic low-grade
inflammation characterized by elevated interleukin-6 and
tumor necrosis factor-alpha stimulates hepatic hepcidin
production, which inhibits iron release and promotes
intracellular iron retention, resulting in increased
circulating ferritin levels (10). Therefore, the elevated
ferritin levels observed in the obese group may precede
the onset of preeclampsia and reflect a cumulative
inflammatory burden.

Obesity is a well-established risk factor for
preeclampsia, with a clear dose-response relationship. A
large prospective study demonstrated that the risk of
preeclampsia nearly doubles at a body mass index above
26 kg/m? and triples at values >30 kg/m? (7). Metabolic
disturbances associated with obesity, including insulin
resistance,  dyslipidemia, and  hyperleptinemia,
contribute to endothelial dysfunction and oxidative
stress, which are key mechanisms in the pathogenesis of
preeclampsia.

The present findings are also in agreement with
previous studies showing higher ferritin levels in
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preeclampsia compared to normotensive pregnancies,
with levels increasing alongside disease severity (17,24).
Elevated ferritin in preeclampsia may result from both
increased synthesis due to inflammation and release from
damaged cells, particularly hepatocytes (27,28). In
addition, oxidative stress induced by placental hypoxia
and iron-mediated Fenton reactions may further
contribute to endothelial damage and disease progression
(29).

In this study, ferritin levels were highest in patients
with class II obesity, followed by class I obesity and non-
obese groups, indicating a direct relationship between the
degree of obesity and ferritin levels. This finding is
consistent with previous reports demonstrating
significantly higher ferritin levels in individuals with
more severe obesity (14,24). Chronic inflammation in
obesity leads to macrophage activation and increased
production of acute-phase proteins, resulting in elevated
ferritin despite potential functional iron deficiency
(30,31).

However, some studies have reported contrasting
findings, particularly in obese pregnant women without
preeclampsia, where ferritin levels tend to decrease in the
third trimester (32). These discrepancies may be
explained by differences in study populations, nutritional
status, iron supplementation, and the presence or absence
of inflammatory conditions. In preeclampsia, ferritin
appears to reflect inflammation rather than iron stores.

From a biological perspective, the interaction
between obesity and preeclampsia can be explained
through  immunometabolic  pathways.  Abnormal
placentation leads to angiogenic imbalance and systemic
endothelial dysfunction (5,32), which 1is further
aggravated by obesity-induced chronic inflammation via
activation of the interleukin-6-hepcidin axis (14,15).
Consequently, ferritin may serve as an indicator of the
cumulative inflammatory burden in patients with severe
preeclampsia and obesity.

The strength of this study lies in its direct
comparison of ferritin levels between obese and non-
obese patients within a homogeneous population of
severe preeclampsia. However, several limitations
should be acknowledged. The cross-sectional design
limits causal inference, and the absence of additional
inflammatory biomarkers such as C-reactive protein or
hepcidin restricts a more comprehensive interpretation of
the inflammatory profile. Furthermore, the wide
variability in ferritin levels suggests potential influence
from unmeasured factors such as nutritional status, iron
supplementation, or subclinical infections.
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Clinically, ferritin may have potential as an
additional biomarker for risk stratification in obese
patients with severe preeclampsia. However, its
interpretation should be approached with caution due to
its role as an acute-phase reactant. Further prospective,
multicenter studies incorporating a broader range of
inflammatory and metabolic biomarkers are needed to
better elucidate the clinical utility and predictive value of
ferritin in this population.

Conclusion

Based on the results of this study, it can be concluded
that there is a significant association between maternal
obesity and increased serum ferritin levels in patients
with severe preeclampsia, with a consistent dose-
response pattern as the degree of obesity increases.
Ferritin levels in the obese group were significantly
higher than in the non-obese group (p=0.001), and this
increase was more pronounced in class II obesity.
However, this increase in ferritin levels did not
significantly correlate with clinical parameters of
preeclampsia, namely blood pressure or proteinuria. This
indicates that ferritin in this context plays a role more as
a marker of chronic inflammation due to obesity than as
an indicator of the clinical severity of severe
preeclampsia
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