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Abstract

Background

Preeclampsia is a serious complication of pregnancy characterized by hyperten-
sion and proteinuria that adversely affects both maternal and fetal health. This
study aimed to investigate hematological and biochemical alterations in cord blood
associated with preeclampsia, with a focus on hemoglobin variants and blood gas
parameters.

Methods

A case—control study involving 54 participants, including 24 women diagnosed with
preeclampsia and 30 normotensive controls, was conducted. Cord blood samples
were analyzed for total hemoglobin (Hb), blood gas, and complete blood count (CBC)
indices. Statistical analyses included independent t tests for parametric data and
Mann-Whitney U tests for nonparametric data, with significance set at p<0.05.

Results

The results revealed significant differences in hemoglobin concentrations, with cord
blood collected from preeclamptic women exhibiting lower levels of adult hemoglobin
(HbA) (64.0% +32.0% vs. 76.2%+25.7%, p=0.004) and higher fetal hemoglobin (HbF)
concentrations (35.9%+32.1% vs. 23.7% +25.6%, p=0.004) than controls. Blood gas
parameters, including pH and bicarbonate and carbon dioxide levels, were not signifi-
cantly different between the groups. However, CBC results revealed a lower platelet
count in the cord blood of the preeclamptic group than in the cord blood of the pre-
eclampsia group, (213.7*10%/uL+ 112*10%/uL vs. 314.6*10%uL+70.8*10%uL, p=0.0005).
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Conclusions

While our study reveals significant alterations in fetal hemoglobin variants and CBC
indices in the cord blood of preeclamptic pregnancies, the clinical applicability of
these markers for early detection is currently limited by the inaccessibility of fetal
blood before delivery. Nevertheless, these findings offer important insights into the
hematological changes linked to preeclampsia. Future studies should explore the
potential of detecting similar alterations in maternal blood as a more feasible and
non-invasive approach for early diagnosis and risk assessment of preeclampsia.

Introduction

Preeclampsia is a clinical syndrome that occurs during the second trimester of preg-
nancy, affects 3—7% of pregnant women, and is one of the major causes of maternal
morbidity and mortality, with a high prevalence in developing countries [1,2]. Pre-
eclampsia is clinically defined as new-onset hypertension (systolic blood pressure
>140 mmHg or diastolic 290 mmHg) after 20 weeks of gestation, accompanied by
one or more of the following: proteinuria, maternal organ dysfunction (e.g., renal,
hepatic, hematologic, or neurologic), or signs of uteroplacental insufficiency such

as fetal growth restriction [3]. This condition is characterized by placental dysfunc-
tion, endothelial damage, and systemic inflammation, which can progress to severe
complications such as HELLP syndrome, eclampsia, and preterm birth [4,5]. Despite
its clinical importance, the pathophysiology of preeclampsia remains incompletely
understood, and current management relies primarily on symptomatic treatment and
timely delivery [6].

Hemoglobin (Hb) plays a key role in the proper transfer of oxygen from the mother
to the fetus. In addition, it helps to remove carbon dioxide from the fetal blood back to
the mother's blood [7]. During pregnancy, fetal hemoglobin (HbF) is the predominant
oxygen carrier, exhibiting a higher affinity for oxygen than adult hemoglobin (HbA).
This allows efficient oxygen extraction from maternal blood, which is essential for
fetal growth and development [8]. Moreover, the level of HbA in fetal blood is low.
This progressive HbA-related phenomenon reflects a transition from primarily HbF to
progressively increasing HbA levels as preghancy progresses [9].

Although the role of hemoglobin variants in fetal development is well established,
their association with preeclampsia remains inadequately understood. The current
literature provides limited and inconsistent data on changes in cord blood hemoglobin
(HbF and HbA) and blood gas parameters such as oxygen [O2] and carbon dioxide
[CO2] in preeclamptic pregnancies [10,11]. For example, some studies reported
elevated hemoglobin levels in preeclampsia pregnancies, whereas others reported
no significant differences compared with normotensive pregnancies [10,12]. Similarly,
the relationships between preeclampsia and hematological indices, such as platelet
counts and white blood cell (WBC) profiles, remain unclear, with conflicting findings
across studies [13,14]. These gaps highlight the need for comprehensive investiga-
tions into the hematological and biochemical changes associated with preeclampsia.
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This study aims to address these gaps by examining cord blood hemoglobin variants (HbF and HbA), blood gas
parameters (O2 and CO2), and complete blood count (CBC) indices in preeclamptic and normotensive pregnancies. We
hypothesize that preeclampsia is associated with distinct changes in cord blood hemoglobin profiles, blood gas parame-
ters, and hematological indices compared with normotensive pregnancies. By identifying these differences, our findings
may provide new insights into the pathophysiology of preeclampsia and contribute to the development of diagnostic and
therapeutic strategies for this complex condition.

Materials and methods
Study design

This study was designed as a case—control investigation comprising two groups: those diagnosed with preeclampsia and
those with normal pregnancies. The study was carried out from 19 May 2024 until 10 Dec 2024. This study aimed to ana-
lyze variations in cord blood hemoglobin, CBC indices, and gases between these two populations.

Participants

The study involved a total of 54 participants, with 24 women with preeclampsia and 30 normal pregnant women.

Ethics statement

Ethical approval was obtained from the Ethics Committee for Scientific Research at the Ministry of Health, Jordan,
prior to the initiation of the study. The participants were thoroughly informed about the study's purpose and procedures,
ensuring that their participation was voluntary. Confidentiality was strictly maintained; no identifying information, such as
names, addresses, or national IDs, was disclosed. Written informed consent was obtained from all participants, emphasiz-
ing their right to withdraw from the study at any time without any impact on their medical care. As the study did not involve
minors, parental or guardian consent was not needed. These measures were implemented to maintain the ethical integrity
of the research and to protect the rights and welfare of all the participants involved.

Inclusion and exclusion criteria

Inclusion criteria. Participants were divided into two groups. The preeclampsia group included women who were
clinically diagnosed with preeclampsia based on the American College of Obstetricians and Gynecologists (ACOG)
criteria, defined as new-onset hypertension (systolic blood pressure 2140 mmHg and/or diastolic blood pressure 290
mmHg) accompanied by proteinuria (2300 mg per 24 hours or 21+ on dipstick) after 20 weeks of gestation. The control
group comprised normotensive pregnant women without any clinical or laboratory evidence of proteinuria, matched for
gestational age.

Exclusion criteria. Exclusion criteria were clearly defined to reduce confounding variables. Women were excluded
from the study if they had chronic hypertension prior to pregnancy, gestational diabetes mellitus (GDM), hematological
disorders, renal or liver dysfunction, autoimmune or immunological conditions, fetal genetic abnormalities or structural
anomalies, pregnancies achieved through in vitro fertilization (IVF), hormonal treatment during pregnancy, or a history of
preterm labor.

Data collection process

Medical histories and clinical data were retrieved through the Hakeem system, which is part of the National Electronic
Health Record (EHR) infrastructure in Jordan. This system was used to access antenatal visit records, laboratory inves-
tigations, and other relevant patient information. Following delivery, umbilical cord blood samples were collected immedi-
ately and aseptically from each participant. The collection was done using two clamps on the umbilical cord. One clamp
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was placed approximately 5 cm from the newborn’s umbilical cord stump, whereas the second clamp was closer to the
placenta. This method separated a portion of the umbilical cord and provides a sterile environment for blood extraction,
thus preventing infection. This approach ensured accurate measurements of certain physiological parameters, since they
are important in assessing maternal and fetal health, especially in normal pregnancy and preeclampsia.

Arterial blood gas and electrolyte analysis

The umbilical arterial blood was assayed immediately after collection for pH, blood gases, and co-oximetry on the fully
automated analyzer Roche Cobas b 123 POC System. Blood collection was performed directly into a syringe coated

as an anticoagulant with dry, balanced heparin, which prevented clotting and thus ensured homogeneity in the sample.
Blood samples were processed within 15 minutes after collection to ensure optimal data integrity. If this was not possible,
samples were stored on-ice and processed within 30 minutes after extraction was essential for the integrity of data. Blood
gases and acid-base parameters, including pH, partial pressures of carbon dioxide (pCO,) and oxygen (pO,), bicarbonate
(HCO,), base excess, and oxygen saturation (SpO,), oxyhemoglobin (O,Hb), carboxyhemoglobin (COHb), methemoglobin
(MetHb), total bicarbonate (cHCO,), and standard bicarbonate (cHCO, ) were measured. Electrolytes such as sodium
(Na*), potassium (K*), chloride (CI'), and calcium (Ca*) were also assessed.

CBC analysis. CBC testing was performed on the umbilical cord blood samples using a fully automated hematology
analyzer (Sysmex XN-330), evaluating parameters including hemoglobin concentration, red and white blood cell counts,
platelet count, and red cell indices including hematocrit value, mean corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH), and mean corpuscular hemoglobin concentration (MCHC).

Hb Electrophoresis analysis. The Hb Electrophoresis (hemoglobinopathy evaluation) test for the detection and
analysis of Hb variants, HbA, HbF, and HbA2 fractions. This was done by completing the analysis with the use of the fully
automated instrument H100 Hemoglobin Analyzer, based on principles from High-Performance Liquid Chromatography.

Statistical analysis

Analyses were performed via Prism 8. Continuous variables (means £ SD) were assessed for normality Shapiro—Wilk
test) and homogeneity of variance (Levene’s test). Parametric data (e.g., tHb) were compared via independent { tests;
nonparametric data (e.g., skewed distributions) were compared via Mann—Whitney U tests. A p<0.05 indicated statistical
significance.

Results
Demographic and health data

Analysis of demographic data comparing women with preeclampsia and those with normotensive pregnancies revealed
several key differences. The data revealed that the mean age of women affected by preeclampsia was 31.90 years, in
contrast to 27.30 years in the control group, which was a significant difference of 4.60 years (p=0.017). Additionally, the
mean gestational age seemed to be significantly lower in the preeclampsia group (35.80 weeks) than in the control group
(38.60 weeks). Weekly averages were recorded, resulting in a significant difference (p<0.001) of —2.80 weeks.

No statistically significant difference was found between the two groups in terms of educational attainment (p=0.29).
Similarly, although gestational weight was greater in the preeclampsia group (82.10kg) than in the control group
(76.00kg), this difference did not reach statistical significance (p=0.15). BMI was not significantly different between the
groups (p=0.98).

In addition, no meaningful differences were found in other lifestyle factors, such as smoking status and employment
status (p=0.35 and p=0.88, respectively). Similarly, the menstrual duration and monthly salary were more similar between
the two groups, with p values of 0.38 and 0.73, respectively. A trend indicating a significant difference in physician visit
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frequency was observed, where the preeclampsia group had an average of 1.00 visits versus 0.83 in the control group
(p=0.06). In addition, the prevalence of previous cesarean deliveries and proteinuria was significantly greater in the pre-
eclampsia group than in the control group (p<0.001).

Regarding obstetric records, the preeclampsia subgroup had a greater number of previous pregnancies (3.30) than did
the control group (1.80). However, this difference was not statistically significant (p=0.08), nor were significant differences
observed (Table 1).

Cord blood gas results

This study evaluated several physiological and biochemical measures in the cord blood of a control group and a pre-
eclampsia group. The mean pH for the preeclampsia group was 7.35+0.09, whereas the control group had a mean of
7.37+0.07, with no statistically significant difference (p=0.540). The mean partial pressure of carbon dioxide (pCO,) in
the preeclampsia group was 45.16 £ 11.60, whereas that in the control group was 43.30+7.00, indicating a non-significant
difference (p=0.469). The preeclampsia group had a mean partial pressure of oxygen (pO,) of 22.91£8.75, whereas the
control group demonstrated a mean of 23.65+6.04, with no statistically significant difference (p=0.715). The preeclamp-
sia group presented a mean hematocrit (Hct) of 38.5+6.33, whereas the control group presented a mean of 39.8+5.29,
with no statistically significant difference (p=0.612). The total hemoglobin (tHb) concentration in the preeclampsia group
was 12.1+1.67 g/dL, whereas that in the control group was 12.4+1.55g/dL, with no statistically significant difference.

Table 1. Demographic and health data of the preeclampsia group vs the control group.

Variable Preeclamp- Control p value

sia n=30

n=24 (Mean*SD)

(Mean*SD)
Age (years) 31.9+7.63 27.3+5.75 0.017
Gestational Age (weeks) 35.8+2.85 38.60+2.42 <0.001
Education 1.35+£0.67 1.60+0.89 0.29
Weight in Pregnancy (kg) 82.10+14.05 76.00+16.31 0.15
BMI 25.42+4.46 25.39+5.01 0.98
Smoking 1.95+0.22 1.87+0.35 0.35
Work Status 1.15+0.37 1.17+0.38 0.88
Menstrual Period Date (days) 27.70+£1.03 28.13+2.00 0.38
Monthly Income 1.35£0.49 1.40+£0.50 0.73
Doctor Visits 1.00+0.00 0.83+0.38 0.06
Previous Pregnancies 3.30+£0.94 1.80+£0.31 0.08
Multiple Pregnancies (Current) 0.00+0.00 0.20+0.61 0.08
Multiple Pregnancies (Previous) 0.00+£0.00 0.07+£0.37 0.07
Previous Miscarriages 1.00+£3.34 0.43+1.01 0.39
Previous Cesareans 0.75+£1.07 0.00£0.00 <0.001
Chronic Disease 2.00+£0.00 2.00+0.00 1.00
Diabetic (mmol/L) 1.85+0.37 1.90+0.31 0.60
Urinary Tract Infection 1.45+0.51 1.57+0.50 0.43
Proteinuria (mg/dL) 2.00+£0.00 1.05+0.22 <0.001
Male Newborns (%) 60.9 56.7 0.72
Female Newborns (%) 39.1 43.3

*Data are presented as the means + SDs, with significant differences noted (p<0.05).

https://doi.org/10.1371/journal.pone.0324460.t001
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(p=0.482). The SpO2 of the preeclampsia group was 46.40+17.2, whereas that of the control group was 49.71+16.2,
with no statistically significant difference (p=0.310).

Furthermore, the mean oxyhemoglobin (O,Hb) level in the preeclampsia group was 45.28 + 16.5, whereas that in the
control group was 48.35+ 15.4, with no statistically significant difference (p=0.450). The level of carboxyhemoglobin
(COHDb) was equivalent in both groups, with a mean of 1.40, demonstrating no significant difference (p=0.673). The mean
methemoglobin (MetHb) level was 1.00+0.23 in the preeclampsia group and 1.10+0.09 in the control group, indicating no
significant difference (p=0.962).

The preeclampsia group presented a mean Deoxygenated hemoglobin (dHb) of 54.16 +17.3, whereas the control
group presented a mean of 49.66 + 16.2, with no statistically significant difference (p=0.334). The total bicarbonate
(cHCO,) concentration in the preeclampsia group was 20.73 £2.89, whereas in the control group, it was 20.67 +1.95, indi-
cating no significant difference (p=0.933). The standard bicarbonate (cHCO, ) was not significantly different, with values
of 19.58 +2.40 for the preeclampsia group and 19.81 +1.87 for the control group (p=0.698).

The mean oxygen content in the preeclampsia group was 11.15+3.06, whereas that in the control group was
12.39+3.40, indicating no statistically significant difference (p=0.251). The mean base excess in extracellular fluid (BE-
EC) for the preeclampsia group was —5.850+ 3.32, whereas in the control group, it was —5.534 +2.37, with no statistically
significant difference (p=0.683). The base excess (BE) was not significantly different between the groups (p=0.683).

The results revealed no statistically significant differences in the analyzed physiological parameters between the
preeclampsia and control groups, suggesting that preeclampsia conditions do not influence these specific blood gas and
hemoglobin-related measures under the tested conditions (Table 2 and S1 Fig).

Cord blood electrolytes results

Compared with those in the control group, the electrolyte levels in the preeclampsia group revealed the following results.
For sodium (Na*), the preeclampsia group had a mean of 133.1+5.003, whereas the control group had a mean of
132.1+2.42 (p=0.389), which was not significant. The potassium (K*) levels also did not significantly differ, with a mean
of 5.615+1.92 compared with 5.40+1.29 in the control group (p=0.890). Chloride (CI) levels also did not significantly
differ, with the preeclampsia group having a mean of 106 £ 3.55 compared with 106 +1.61 in the control group (p=0.825).
Moreover, the calcium (Ca*) level was significantly different between the two groups, with a value of 1.11+£0.391, whereas
it was 5.731+23.8 in the control group (p=0.0004) (Table 2).

Cord blood complete blood count results

Table 3 shows the analysis of hematological parameters between women with preeclampsia and those with normal preg-
nancies, which revealed several significant differences. The analysis of the mean corpuscular hemoglobin concentration
(MCHC) revealed no significant difference between the groups (p=0.227), with the preeclampsia group having a mean of
32.36£0.98 and the control group 32.68 £ 0.88. Similarly, the mean corpuscular hemoglobin (MCH) level was not signifi-
cantly different (p=0.169), with means of 35.55+2.89 for the preeclampsia group and 34.62+1.67 for the control group.
However, Hb concentrations were significantly different, with the preeclampsia group averaging 15.01+1.47 compared
with 15.90 + 1.44 in the control group (p=0.029), indicating notable variance in this key measure. The analysis of RBC
counts also revealed significant differences, with the preeclampsia group having a mean RBC count of 4.238+0.42

and the control group having a mean RBC count of 4.601+0.44 (p=0.003). The mean packed cell volume (PCV) was
46.40+4.46 in the preeclampsia group and 48.72+4.82 in the control group, but this difference was not statistically sig-
nificant (p=0.075). The mean cell volume (MCV) was significantly different, as preeclampsia patients had a greater mean
volume (110 7.98) than did the control subjects (106 £4.76) (p=0.043). Additionally, the red cell distribution width (RDW)
was significantly different (p=0.0425), with the preeclampsia group averaging 18.19+2.38 and the control group averag-
ing 17.02+1.46.
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Table 2. Physiological and biochemical parameters in the cord blood of women with preeclampsia versus normal pregnant women.

Parameter Preeclamp- Control p value

sia n=30

n=24 (Mean SD)

(Mean xSD)
pH 7.29+0.09 7.30£0.07 0.540
pCO, (mmHg) 45.16+11.60 43.30+£7.00 0.469
pO, (mmHg) 22.91+8.75 23.65+6.04 0.715
Hematocrit% 38.5+6.33 39.8+5.29 0.612
Total Hb (g/dL) 15.8+1.67 16.7+1.55 0.482
Oxygen saturation (SpO,) % 46.40+17.2 49.71+16.2 0.310
Oxyhemoglobin (O,Hb) % 45.28+16.5 48.35+15.4 0.450
Carboxyhemoglobin (COHb) % 1.61+£0.56 2.24+2.40 0.673
Methemoglobin (MetHb) % 1.06+0.23 1.07+0.09 0.962
Deoxygenated Hb (dHb) % 54.16+17.3 49.66+16.2 0.334
Bicarbonate (cHCO,) (mmol/L) 20.73+2.89 20.67+1.95 0.933
Standard bicarbonate (cHCO,-st) (mmol/L) 19.58+2.40 19.81+£1.87 0.698
Oxygen content % 11.15+£3.06 12.39+3.40 0.251
Base excess in extracellular fluid (BE-ecf) (mmol/L) -5.850+3.32 -5.534+2.37 0.683
Base excess (mmol/L) -5.850+3.22 -5.534+2.39 0.683
Na* (mmol/L) 133.1+5.003 132.1+£2.42 0.389
K* (mmol/L) 5.615+1.92 5.40%1.29 0.890
CI (mmol/L) 106 +3.55 106+1.61 0.825
Ca* (mmol/L) 1.11+£0.391 5.73+23.8 0.0004
*Data are presented as the means + SDs, with significant differences noted (p<0.05).
https://doi.org/10.1371/journal.pone.0324460.t002
Table 3. CBC results of the preeclampsia group vs the control group.
Parameter Preeclampsia Control p value

n=24 n=30
(Mean xSD) (Mean*SD)

Mean corpuscular hemoglobin concentration (MCHC) 32.36+0.98 32.68+0.88 0.227
Mean corpuscular hemoglobin (MCH) 35.55+2.89 34.62+1.67 0.169
Mean Cell Volume (MCV) 110+£7.98 106+4.76 0.0431
Hemoglobin (Hb) 15.01+£1.47 15.90+1.44 0.029
RBC Count 4.238+0.42 4.601+0.44 0.003
Packed Cell Volume (PCV) 46.40+4.46 48.72+4.82 0.075
Red Cell Distribution Width (RDW) 18.19+2.38 17.02+1.46 0.0425
WBC Count 10.15+5.21 13.81+3.71 0.006
Neutrophil 36.42+11.0 47.07+£7.65 0.0001
Lymphocyte 51.46+11.8 39.87+8.32 <0.0001
Platelet 213.7+112 314.6+70.8 0.0005

https://doi.org/10.1371/journal.pone.0324460.t003

Moreover, the analysis of WBC counts revealed a significant difference between the groups (p=0.006), with the pre-
eclampsia group averaging 10.15+5.21 and the control group averaging 13.81+£3.71. This finding suggests a notable
decrease in WBC counts in the preeclampsia group. The neutrophil count was highly significantly different and averaged
36.42+11.0 in the preeclampsia group compared with 47.07 £7.65 in the control group (p=0.0001). Lymphocyte counts
were also significantly higher in the preeclampsia group (51.46 +11.8) than in the control group (39.87 +8.32; p<0.0001).
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Platelet counts also exhibited significant differences, with the preeclampsia group having a mean of 213.7 £ 112 and the
control group having a mean of 314.6+70.8 (p=0.0005), indicating a substantial decrease in platelet counts in the pre-
eclampsia group.

F tests for variances associated with mean corpuscular hemoglobin, packed cell volume, and other parameters indi-
cated no significant differences in variances, suggesting homogeneity across groups. Normality tests for residuals consis-
tently showed that the assumptions of normality were met for all key measures, confirming the validity of our parametric
tests.

In summary, our findings highlight significant differences in Hb and RBC counts, WBC counts, platelet counts, and red
cell distribution width between the preeclampsia and control groups. Conversely, parameters such as the mean corpuscu-
lar hemoglobin concentration and packed cell volume did not significantly differ (Table 3 and S2 Fig).

Hemoglobin electrophoresis results

The Mann—Whitney test was used to compare the concentration of HbF between the preeclampsia group and the con-
trol group. The analysis revealed a significant difference in HbF concentration, with a P value of 0.004 (exact), indicating
a statistically significant difference (P <0.05). The preeclampsia group had a mean HbF concentration of 35.9+32.1,
whereas the mean HbF concentration in the control group was 23.7 £25.6, indicating a statistically significant increase,
resulting in an actual difference of —=12.2.

In contrast, HbA was significantly different between the preeclampsia group and the control group. The P value was
0.004 (exact), again indicating a statistically significant difference (P <0.05). The mean HbA concentration in the pre-
eclampsia group was 64.0+32.0, whereas it was 76.2+25.7 in the control group.

Finally, the analysis of HbA2 did not reveal a significant difference between the two groups, with a P value of 0.082
(exact), suggesting no statistical significance (P>0.05). The mean HbA2 concentration in the preeclampsia group was
0.113+0.31, whereas it was 0.00+0.00 in the control group; however, this difference was not statistically significant (Table

4 and S3 Fig).

Discussion

With a focus on hemoglobin-related metrics and blood gas concentrations in the umbilical cord blood from both women
with preeclampsia and normotensive pregnancies, this study looked at several physiological findings. Preeclampsia may
not impact these specific physiological variables under the examined conditions, since the results revealed no statisti-
cally significant variations in most parameters. Consistent with previous research, stable pH, pCO,, bicarbonate (cHCO,)
and base excess (BE) concentrations indicate that preeclampsia does not cause major changes in acid—base balance or
respiratory function, even though it is linked to various physiological changes [15].

The stability of the acid—base balance indicates that women with preeclampsia maintain normal physiological function,
which is consistent with the observations of Brichant et al. (2010), who reported maintaining acid—base homeostasis in the
cord blood of women with preeclampsia. Moreover, the pCO, exhibited negligible fluctuations, suggesting that respiratory

Table 4. Hb electrophoresis results of the preeclampsia group vs the control group.

Parameter Preeclampsia Control P Value
n=24 n=30
(Mean*SD) (Mean*SD)
HbF 35.9+£32.1 23.7+25.6 0.004
HbA 64.0+£32.0 76.2+25.7 0.004
HbA2 0.113+0.31 0.00+0.00 0.082

https://doi.org/10.1371/journal.pone.0324460.t004
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function is preserved in this cohort [16]. On the other hand, a study highlighted that while overall base excess (BE) in
severe preeclampsia is similar to that in healthy pregnancies, preeclampsia is associated with greater imbalances due to
hypoalbuminemic alkalosis and hyperchloremic acidosis. This finding suggests that there is significant acid—base distur-
bances do exist in women with preeclampsia, which may not be reflected in stable pH and pCO, values alone [17]

Oxygen saturation (SpO,) and oxyhemoglobin (O,Hb) concentrations in the cord blood samples were comparable
across the groups, indicating that there was no significant reduction in O, transport or availability in patients with pre-
eclampsia [18]. On the other hand, a study using near-infrared spectroscopy has shown that placental tissue oxygen sat-
uration (SpQ,) is significantly lower in complicated pregnancies, such as those with preeclampsia, than in uncomplicated
pregnancies [19]. This reduced saturation is indicative of compromised placental function, which can lead to inadequate
fetal oxygenation. While oxyhemoglobin (O,Hb) saturation may appear normal, the underlying vascular and metabolic
changes in preeclampsia can significantly compromise effective oxygen transport, highlighting the need for comprehen-
sive assessments beyond standard oxygen saturation metrics.

No significant differences in cord blood sodium (Na*), potassium (K*), or chloride (CI') levels were detected between
preeclamptic and normotensive pregnancies, which aligns with prior reports that these electrolytes remain stable despite
placental dysfunction [20,21]. However, a striking reduction in cord blood calcium (Ca*) levels was observed in the pre-
eclampsia group, which is consistent with growing evidence linking hypocalcemia to preeclampsia pathogenesis [22,23].
This disparity may reflect altered placental calcium transport mechanisms, as maternal—fetal calcium transfer is critical
for fetal homeostasis and is disrupted in preeclampsia due to impaired trophoblast function and oxidative stress [22]. The
marked variability in Ca levels (SD +23.8) in the control group suggests potential methodological or sampling heterogene-
ity, warranting cautious interpretation.

Additionally, assessments of hematocrit (Hct), total hemoglobin (tHb), and other Hb derivatives, such as methemoglo-
bin (MetHb) and carboxyhemoglobin (COHDb) in the cord blood, revealed no significant changes. These findings suggest
that preeclampsia does not markedly influence the total blood volume or Hb concentration, thus confirming the stability
of the oxygen-carrying capacity in these patients [10]. On the other hand, an earlier study revealed that in umbilical cord
blood from newborns of preeclamptic mothers, there were significant increases in RBC count, hemoglobin, hematocrit,
and mean cell hemoglobin concentration [24]. The results of the study by Catarino et al. are also inconsistent with our
findings that showed decreased RBC counts and Hb concentrations in the cord blood of women with preeclampsia.

While the WBC count was low, in cord blood of preeclamptic women, the lymphocyte count was elevated, and the
neutrophil count was decreased. Sultana et al. (2022) reported that the total WBC count and absolute neutrophil count
in the cord blood of newborns from preeclamptic mothers were significantly lower than those in the cord blood of healthy
mothers, but lymphocyte counts were not specifically reported [25]. In contrast, WBC and neutrophil percentages were
found to be elevated, whereas the lymphocyte percentage was decreased in preeclamptic patients, indicating a shift in the
adaptive immune response to the inflammatory state associated with preeclampsia [26,27].

The notable shift in platelet counts observed in the cord blood of preeclampsia group represents another important find-
ing, as the preeclampsia group presented a significantly lower platelet count. Endothelial injury and microvascular throm-
bosis are the main causes of platelet activation and aggregation, which is why thrombocytopenia is common in severe
preeclampsia [28]. Monitoring platelet counts in women with preeclampsia is crucial for evaluating disease progression
and anticipating complications such as HELLP syndrome. The findings of this study align with those of previous studies
linking thrombocytopenia to the severity of preeclampsia [29—-31].

Our findings suggest that alterations in fetal hemoglobin profiles namely, increased levels of fetal hemoglobin (HbF)
and decreased levels of adult hemoglobin (HbA) may reflect impaired oxygen exchange and placental insufficiency,
both of which are central features of preeclampsia. While these hemoglobin variants were measured in cord blood and
are therefore not directly applicable for early screening, they may serve as indicators of systemic changes that could
also manifest in maternal blood. Previous studies have suggested that elevated HbF in maternal circulation may occur
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due to placental leakage and could serve as an early biomarker of preeclampsia risk [32,33]. In parallel, hematologi-
cal parameters such as low platelet counts and elevated neutrophil-to-lymphocyte ratios observed in our preeclamp-
sia group have also been reported as potential markers of inflammation and vascular dysfunction in preeclamptic
pregnancies [34]. These results support the possibility that a panel of maternal blood tests incorporating hemoglobin
fractions and CBC indices could be developed for risk assessment and monitoring. Further studies are warranted to
validate these findings in larger cohorts and to investigate their translational potential for early detection in routine
prenatal care.

The cord blood of preeclamptic women had significantly lower HbA concentrations, which may indicate an abnormality
in the normal process of Hb formation. In brief, the reduction in HbA and the absence of HbA2 could indicate potential
issues in erythropoiesis caused by chronic hypoxia and oxidative stress in preeclampsia [35]. In preeclampsia-affected
pregnancies, the decreased concentration of HbA and increased concentration of HbF in cord blood suggests a complex
interplay between placental injury, oxidative stress, and altered blood function [36].

Our findings are consistent with those of Vijaya et al. (2018), who reported a strong correlation between HbF and the
onset of preeclampsia. Additionally, in preeclamptic women, HbF may play a role in the development of eclampsia [37].
Preeclampsia is characterized by oxidative stress evident in both maternal circulation and the placenta, with a reduced
placental antioxidant capacity compared with that in normal pregnancies. The condition is theorized to originate in the
placenta, culminating in maternal endothelial dysfunction, driven in part by oxidative stress from free fetal hemoglobin
(HbF), which accumulates in preeclamptic placentas, as shown by gene and protein studies. This oxidative stress initiates
a pathogenic cycle in the early stages, exacerbating clinical symptoms later through excessive hemoglobin release—HbF
in preeclampsia and HbA in HELLP syndrome. Maternal constitutional factors influence susceptibility to oxidative stress,
modulating disease severity and manifestations [38]

Limitations

In the context of Jordan, the overall incidence rate of preeclampsia, which is considered a rare disease, is reported to be
1.3% [39]. The small sample size in this study, which was due to the low incidence of preeclampsia and difficulties in sam-
ple collection, may limit the generalizability of our findings. The sample size limitation could influence the statistical ability
to detect differences in such parameters. Therefore, further research with larger sample sizes is needed to validate these
findings and provide more robust conclusions.

Another limitation of this study is the significant difference in gestational age between the preeclampsia and control
groups, with earlier deliveries observed in the preeclampsia group due to clinical management decisions. Since hemato-
logical and biochemical parameters may vary with gestational age, the observed differences in cord blood profiles could
partly reflect gestational age effects. Future research should consider gestational age matching or apply statistical adjust-
ments to account for this potential confounder.

Conclusions

Although our study demonstrates significant alterations in fetal hemoglobin variants (HbF and HbA) and CBC indices in
the cord blood of preeclamptic pregnancies, we acknowledge that the direct use of these fetal markers for early detec-
tion in routine clinical practice may be limited due to the inaccessibility of fetal blood prior to delivery. However, these
findings may provide valuable pathophysiological insights into the hematological changes associated with preeclampsia.
Future research should investigate whether similar alterations can be detected in maternal blood, which is more readily
accessible during pregnancy. ldentifying maternal biomarkers that reflect fetal or placental stress, such as free HbF or
shifts in platelet indices, could potentially serve as non-invasive tools for earlier diagnosis and monitoring of preeclampsia
risk. While our findings provide valuable insights into the immune changes related to preeclampsia, it should be kept in
mind that preeclampsia is by no means caused by a single factor or single cause of disease. Genetic predispositions and
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environmental influences may strongly influence the progression and development of this disease. Hence, further studies
are certainly needed to explore these factors across larger and more diverse populations.

Supporting information

S1 Dataset. Raw data generated during the current study. The dataset used for analysis in this study is available at
Zenodo: https://doi.org/10.5281/zenodo.15294686.
(XLSX)

S2 Dataset. Analyzed data from the current study. The dataset containing processed/summary data used in the analy-
ses is available at Zenodo: https://doi.org/10.5281/zenodo.15294686.
(XLSX)

S$1 Fig. Comparison of cord blood gas parameters between control and preeclampsia groups. The graphs present
various parameters of cord blood gas in control group vs preeclampsia group. The graphs illustrate the following (A) pH
levels (B) Partial pressure of carbon dioxide (pCO,). (C) Partial pressure of oxygen (pO,). (D) Oxygen saturation (SpO,).
(E) Oxyhemoglobin (O,Hb). (F) Carboxyhemoglobin (COHb). (G) Methemoglobin (MetHb). (H) Deoxygenated hemoglo-
bin (dHb). (I) Concentration of bicarbonate (cHCOs). (J) Standardized bicarbonate (cHCOs-st). (K) Total oxygen content
(ctO,). (L) Base excess in extracellular fluid (BE-ecf). (M) Base excess (BE). (N) Hematocrit (Hct). (O) Total hemoglobin
(tHb). Significant findings are indicated by asterisks (*) for statistically significant differences, while “ns” denotes non-
significant results.

(TIF)

S2 Fig. Comparison of complete blood count parameters between control and preeclampsia groups. This figure
displays various complete blood count (CBC) parameters measured in a control group and preeclampsia group. Panels
(A) through (K) illustrate the following hematological parameters: (A) hemoglobin (Hb) levels, (B) packed cell volume
(PCV), (C) red blood cell (RBC) count, (D) mean corpuscular volume (MCV), (E) red cell distribution width (RDW), (F)
mean corpuscular hemoglobin (MCH), (G) mean corpuscular hemoglobin concentration (MCHC), (H) platelet count, (I)
white blood cell (WBC) count, (J) neutrophil count, and (K) lymphocyte count. Significant findings are indicated by aster-
isks (*) for statistically significant differences, while “ns” denotes non-significant results.

(TIF)

S3 Fig. Hemoglobin electrophoresis comparison between control and preeclampsia groups. Hemoglobin elec-
trophoresis analysis comparing the preeclampsia and Control groups. The concentration of HbA and HbF is significantly
different between the two groups, while HbA, shows no significant difference.

(TIF)

Acknowledgments

We would like to thank Al Hussein Hospital, the doctors and nursing staff in the Obstetrics and Gynecology Department for
their efforts in collecting samples.

Author contributions

Conceptualization: Majed Al-Holi.

Data curation: Ahmed Abu Siniyeh.

Formal analysis: Ahmed Abu Siniyeh.
Investigation: Mohammad Alsahoury, Majed Al-Holi.

PLOS One | https://doi.org/10.1371/journal.pone.0324460 May 30, 2025 11/13



http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0324460.s001
https://doi.org/10.5281/zenodo.15294686
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0324460.s002
https://doi.org/10.5281/zenodo.15294686
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0324460.s003
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0324460.s004
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0324460.s005

PLO\Sﬁ\\.- One

Methodology: Mohammad Alsahoury.

Project administration: Ahmed Abu Siniyeh, Talal Al Qaisi.

Supervision: Ahmed Abu Siniyeh, Talal Al Qaisi.

Validation: Talal Al Qaisi.

Visualization: Mohammad Alsahoury, Talal Al Qaisi.

Writing — original draft: Ahmed Abu Siniyeh.

Writing — review & editing: Ahmed Abu Siniyeh, Talal Al Qaisi, Majed Al-Holi.

References

1. Poon L, Shennan A, Hyett J, Kapur A, Hadar E, Divakar H. The international federation of gynecology and obstetrics (figo) initiative on pre-eclamp-
sia: A pragmatic guide for first-trimester screening and prevention. Int J Gynecol Obstet. 2019;145(S1):1-33.

2. Dimitriadis E, Rolnik DL, Zhou W, Estrada-Gutierrez G, Koga K, Francisco RPV, et al. Pre-eclampsia. Nat Rev Dis Primers. 2023;9(1):8. https://doi.
org/10.1038/s41572-023-00417-6 PMID: 36797292

3. Redman CWG. Hypertension in pregnancy: the NICE guidelines. Heart. 2011;97(23):1967-9. https://doi.org/10.1136/heartjnl-2011-300949 PMID:
21990386

4. van Lieshout LCEW, Koek GH, Spaanderman MA, van Runnard Heimel PJ. Placenta derived factors involved in the pathogenesis of the liver
in the syndrome of haemolysis, elevated liver enzymes and low platelets (HELLP): A review. Pregnancy Hypertens. 2019;18:42—8. https://doi.
org/10.1016/j.preghy.2019.08.004 PMID: 31494464

5. Erez O, Romero R, Jung E, Chaemsaithong P, Bosco M, Suksai M, et al. Preeclampsia and eclampsia: the conceptual evolution of a syndrome.
Am J Obstet Gynecol. 2022;226(2S):S786—-803. https://doi.org/10.1016/j.ajog.2021.12.001 PMID: 35177220

6. Jena MK, Sharma NR, Petitt M, Maulik D, Nayak NR. Pathogenesis of Preeclampsia and Therapeutic Approaches Targeting the Placenta. Biomol-
ecules. 2020;10(6):953. https://doi.org/10.3390/biom10060953 PMID: 32599856

Vaupel P, Multhoff G. Blood flow and respiratory gas exchange in the human placenta at term: a data update. In 2022. p. 379-84.

Mandal PK, Kartthik S. Autoimmune hemolytic anemia: an uncommon cause of elevated fetal hemoglobin. J Hematop. 2019;12(1):19-20.

9. Hariharan P, Nadkarni A. Insight of fetal to adult hemoglobin switch: Genetic modulators and therapeutic targets. Blood Rev. 2021;49:100823.
https://doi.org/10.1016/j.blre.2021.100823 PMID: 33726930

10. Garini A, Iswari A, Asrori A. Hematocrit and Hemoglobin Levels in Pregnant Women with Preeclampsia in Palembang City. JONDPAC.
2023;1(1):27-31. https://doi.org/10.61843/jondpac.v1i1.493

11. Akhtar S, Any UH, Fahmi S. Serum Hemoglobin Level in Preeclampsia. J Curr Adv Med Res. 2021;8(1):39—43. https://doi.org/10.3329/jcamr.
v8i1.52547

12. Masoumi Z, Familari M, Kéllén K, Ranstam J, Olofsson P, Hansson SR. Fetal hemoglobin in umbilical cord blood in preeclamptic and normoten-
sive pregnancies: A cross-sectional comparative study. PLoS One. 2017;12(4):e0176697. https://doi.org/10.1371/journal.pone.0176697 PMID:
28453539

13. Kirbas A, Ali O, Korkut D, Turkan D, Biberoglu E, Kirbas O, et al. Prediction of preeclampsia by first trimester combined test and simple complete
blood count parameters. J Clin Diagn Res. 2015.

14. Lu H-W, Hsu H-S. Detecting Preeclampsia Severity Using Maternal-Obstetrical Characteristics and Complete Blood Cell Counts. Int J Gen Med.
2022;15:8715-26. https://doi.org/10.2147/IJGM.S392915 PMID: 36582253

15. Magee LA, Nicolaides KH, von Dadelszen P. Preeclampsia. Obstet Anesth Dig. 2022;42(4):189-90.

16. Brichant JF, Brichant G, Dewandre PY, Foidart JM. Manifestations hémodynamiques et respiratoires de la prééclampsie. Ann Fr Anesth Reanim.
2010;29(4):€91-5.

17. Ortner CM, Combrinck B, Allie S, Story D, Landau R, Cain K, et al. Strong ion and weak acid analysis in severe preeclampsia: potential clinical
significance. Br J Anaesth. 2015;115(2):275-84. https://doi.org/10.1093/bja/aev221 PMID: 26170350

18. Mashak B, Bagheri RB, Noorani G, Soleimanifakhr S, Ataei M. Comparison of Hemodynamic and Biochemical Factors and Pregnancy Com-
plications in Women with/without Preeclampsia. Maedica (Bucur). 2022;17(2):363—70. https://doi.org/10.26574/maedica.2022.17.2.363 PMID:
36032590

19. Nguyen T, Park S, Sodager A, Romero R, Gandjbakhche A. Investigation of human placental tissue oxygen saturation in uncomplicated and com-
plicated pregnancy. In: Optica Biophotonics Congress: Biomedical Optics 2024 (Translational, Microscopy, OCT, OTS, BRAIN). Washington, D.C:
Optica Publishing Group; 2024.

20. Kumar B, Sharma B, Shahi D, Jain D, Arjun V, College M. Analysis of serum sodium and potassium levels in preeclampsia: an institutional based
study. Int J Health Clin Res. 2021;4(15):205-6.

PLOS One | https://doi.org/10.1371/journal.pone.0324460 May 30, 2025 12713



https://doi.org/10.1038/s41572-023-00417-6
https://doi.org/10.1038/s41572-023-00417-6
http://www.ncbi.nlm.nih.gov/pubmed/36797292
https://doi.org/10.1136/heartjnl-2011-300949
http://www.ncbi.nlm.nih.gov/pubmed/21990386
https://doi.org/10.1016/j.preghy.2019.08.004
https://doi.org/10.1016/j.preghy.2019.08.004
http://www.ncbi.nlm.nih.gov/pubmed/31494464
https://doi.org/10.1016/j.ajog.2021.12.001
http://www.ncbi.nlm.nih.gov/pubmed/35177220
https://doi.org/10.3390/biom10060953
http://www.ncbi.nlm.nih.gov/pubmed/32599856
https://doi.org/10.1016/j.blre.2021.100823
http://www.ncbi.nlm.nih.gov/pubmed/33726930
https://doi.org/10.61843/jondpac.v1i1.493
https://doi.org/10.3329/jcamr.v8i1.52547
https://doi.org/10.3329/jcamr.v8i1.52547
https://doi.org/10.1371/journal.pone.0176697
http://www.ncbi.nlm.nih.gov/pubmed/28453539
https://doi.org/10.2147/IJGM.S392915
http://www.ncbi.nlm.nih.gov/pubmed/36582253
https://doi.org/10.1093/bja/aev221
http://www.ncbi.nlm.nih.gov/pubmed/26170350
https://doi.org/10.26574/maedica.2022.17.2.363
http://www.ncbi.nlm.nih.gov/pubmed/36032590

PLO\Sﬁ\\.- One

21.

22.

23.

24,

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.
39.

Gupta A, Patel D, Pajai S. Exploring the spectrum of electrolyte imbalances in preeclampsia: mechanisms, implications, and clinical insights.
Cureus. 2024.

Khan S, Noor N, Akbar R, U U, Zohra S, Khan T. Role of calcium levels in pregnant women with pre-eclampsia and severe pre-eclampsia. Pak
Armed Forces Med J. 2023;73(6).

Oyeniyi CF, EI-Nafaty AU, Bako B, Yahaya UR, Adamu S. Comparative Study of lonised Serum Calcium Levels in Pregnant Normotensive and
Pre-Eclamptic Women in Gombe, North-Eastern Nigeria. Nig J Bas App Sci. 2023;30(2):105—11. https://doi.org/10.4314/njbas.v30i2.14

Catarino C, Rebelo |, Belo L, Rocha-Pereira P, Rocha S, Bayer Castro E. Erythrocyte changes in preeclampsia: relationship between maternal and
cord blood erythrocyte damage. J Perinat Med. 2009;37(1).

Sultana DM, Akhter DQS, Yeasmin DN, Abira DM. Cord blood total wbc count and neutrophil count changes in newborn of preeclamptic mother.
Saudi J Med Pharm Sci. 2022;8(12):772-9.

Elgari M, Khabour O, Alhag S. Correlations between changes in hematological indices of mothers with preeclampsia and umbilical cord blood of
newborns. Clin Exp Hypertens. 2019;41(1):58-61.

Liao D, Chen L, Li Q, Liu G, Wang W, Li J. Predictive value of the peripheral blood parameters for preeclampsia. Clin Lab. 2022;68(3).

Tenorio MB, Ferreira RC, Moura FA, Bueno NB, de Oliveira ACM, Goulart MOF. Cross-talk between oxidative stress and inflammation in pre-
eclampsia. Oxid Med Cell Longev. 2019;2019:1-26.

Aggarwal S, Kumar Meena V, Saluja S, Nawal R, Verma A, Chhabra V, et al. Inmature Platelet Fraction as a Predictive Marker of Severity in
Hypertensive Disease of Pregnancy: a Prospective Cross-Sectional Study. J Health Sci Med Res. 2023;:2023983. https://doi.org/10.31584/
jhsmr.2023983

Fuady DR, Yudatmo U, Ghazali MF, Rosdiana D, Arjadi F. Correlation between platelet indices and preeclampsia with severe features. JKKI.
2024;37-47. https://doi.org/10.20885/jkki.vol15.iss1.art6

Praveen D, Vinela D. Thrombocytopenia and its significance in toxemia of pregnancy. J Popul Ther Clin Pharmacol. 2024.

Anderson UD, Olsson MG, Rutardottir S, Centlow M, Kristensen KH, Isberg PE, et al. Fetal hemoglobin and a1-microglobulin as first- and early
second-trimester predictive biomarkers for preeclampsia. Am J Obstet Gynecol. 2011;204(6):520.e1-5. https://doi.org/10.1016/j.ajog.2011.01.058
PMID: 21439542

Bolat A, Gursel O, Kurekci E, Atay A, Ozcan O. Blood parameters changes in cord blood of newborns of hypertensive mothers. Eur J Pediatr.
2013;172(11):1501-9. https://doi.org/10.1007/s00431-013-2072-x PMID: 23812509

Rana M, Zulfigar M, Iftikhar B. Comparative immune profiles: platelet-to-lymphocyte and neutrophil-to-lymphocyte ratios in preeclampsia versus
healthy women. J Lahore Med Dent Coll. 2024;1(01).

May K, Rosenléf L, Olsson MG, Centlow M, Morgelin M, Larsson |, et al. Perfusion of human placenta with hemoglobin introduces preeclampsia-
like injuries that are prevented by a1-microglobulin. Placenta. 2011;32(4):323-32. https://doi.org/10.1016/j.placenta.2011.01.017 PMID: 21356557

Salafia CM, Popek EJ. Placental development and early pregnancy pathology. The Global Library of Women’s Medicine. 2008.

Vijaya S, Mahalakshmi M, Inbapriyanka |. Fetal haemoglobin and alpha 1 microglobulin as biochemical markers in predicting preeclampsia in late
first trimester and early second trimester of pregnancy. Int J Reprod Contracept Obstet Gynecol. 2018;7(8):3226.

Hansson S, Nav A, Erlandsson L. Oxidative stress in preeclampsia and the role of free fetal hemoglobin. Front Physiol. 2015;5.

Khader YS, Batieha A, Al-Njadat RA, Hijazi SS. Preeclampsia in Jordan: incidence, risk factors, and its associated maternal and neonatal out-
comes. J Matern Fetal Neonatal Med. 2018;31(6):770—6. https://doi.org/10.1080/14767058.2017.1297411 PMID: 28274172customer care

PLOS One | https://doi.org/10.1371/journal.pone.0324460 May 30, 2025 13713



https://doi.org/10.4314/njbas.v30i2.14
https://doi.org/10.31584/jhsmr.2023983
https://doi.org/10.31584/jhsmr.2023983
https://doi.org/10.20885/jkki.vol15.iss1.art6
https://doi.org/10.1016/j.ajog.2011.01.058
http://www.ncbi.nlm.nih.gov/pubmed/21439542
https://doi.org/10.1007/s00431-013-2072-x
http://www.ncbi.nlm.nih.gov/pubmed/23812509
https://doi.org/10.1016/j.placenta.2011.01.017
http://www.ncbi.nlm.nih.gov/pubmed/21356557
https://doi.org/10.1080/14767058.2017.1297411
http://www.ncbi.nlm.nih.gov/pubmed/28274172
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

