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Increased serum ferritin levels in women with preeclampsia
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ABSTRACT

Aim: To study the correlation between serum ferritin level and the
severity of preeclampsia.

Methods: This was a case-control study conducted in the emergency
ward of Obstetrics and Gynecology Department of Suez Canal University
Hospitals. We recruited sixty patients with preeclampsia and 60 normal
pregnant women before parturition. All women were subjected to
complete history and routine obstetric ultrasonography evaluation. Serum
ferritin, serum iron, transferrin saturation, total iron-binding capacity, and
unsaturated iron-binding capacity were assessed for all participants.
Results: The mean serum ferritin was significantly higher in mild and
severe preeclampsia groups vs. the control group (33.27 + 6.9 and 69.47
+ 20.1 ng/ml versus 16.9 + 20.9ng ng/ml, respectively, p-value < 0.001).
Regarding, the mean serum iron level in the mild, severe preeclampsia
and control groups, it was 201.87 + 58.13,219.4 + 53.1 pg/dl and 173.9 +
56.58 pg/dl respectively (p-value < 0.05). There was a highly significant
correlation between ferritin and each of systolic and diastolic blood

pressures (r= 0.8, p<0.001 and r=0.7, p<0.001 respectively).
Conclusions: The level of serum ferritin was high in patients with
preeclampsia, and it correlates well with the severity of the disease.
Keywords: Ferritin, Iron stores, Preeclampsia.

Introduction

Preeclampsia is one of the worrisome concerns for pregnant women
and physicians. Generally, 3%-5% of pregnancies are complicated
with preeclampsia. It is a progressive disease with a variable mode of
presentation and rate of progression '. Preeclampsia is a multisystemic
disorder occurring after 20 weeks of gestation. In severe cases, it increases
the risk of organ damage threatening the lives of both mother and baby 2.
Ferritin is a ubiquitous intracellular protein that stores iron and releases
it in a controlled fashion. The protein is produced by almost all living
organisms, including bacteria, algae, higher plants, and animals 3.
It is a major iron storage protein found not only in spleen, liver and
bone marrow, but also in mucosal cells of the small intestine, in the
placenta, kidney, testes, skeletal muscle, and in plasma. In pregnancy,
serum ferritin concentration reaches the maximum level at 12 weeks
gestation; it reaches a nadir in the third trimester 4. Different researches
were conducted to evaluate the serum level of ferritin in patients with
preeclampsia, however; none of them was conducted in North Africa. The
present research aimed to evaluate serum ferritin levels in women with
preeclampsia and its correlation with disease severity.

Patients and methods

The study was carried out in the emergency Ward of Obstetrics and
Gynecology Department of Suez Canal University Hospital from January
2016 to January 2018. The research ethics committee approved the study
and informed written consent was obtained from all participants in the
study.

The sample size was calculated based on serum ferritin concentration
in patients with preeclampsia®. Assuming ¢=0.05 and power = 0.80,
the total sample size was 60 pregnant. We decided to extend the study
duration to include a more considerable number of patients. We recruited
120 patients, 60 pregnant women — study group- in the third trimester
presented to the emergency ward for labor or termination of pregnancy
and diagnosed as preeclampsia and were subdivided according to the
severity of the disease into two groups: mild and severe preeclampsia
(n=30 for each group). Another 60 pregnant normotensive women with
a normal pregnancy matched with the study group were enrolled as a
control group.

The diagnosis of preeclampsia was based on the findings of elevation
of blood pressure of > 140/90 mmHg (on two occasions at least 6
hours apart, with the last measure being considered in the analysis of
the data) which is accompanied by proteinuria (> 0.3 g protein/24hours
collected urine). Severe preeclampsia was defined according to the
following criteria: elevated blood pressure > 160/100 mmHg, proteinuria
> 5 g protein/24hours received urine or presence of headache, visual
disturbances, epigastric pain, FGR, elevated liver enzymes or low
platelets®.

Exclusion criteria were evidence of anemia (less than 10.5mg %) as this
would influence serum ferritin levels as well as serum iron and total iron
binding capacity 7, systemic infection, history of chronic hypertension,
renal disease, prior blood transfusion, iron supplementation during
pregnancy, and urinary tract infection. Thorough medical and obstetric
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history and ultrasonographic evaluation were done to all women.
Collection of a clean random urinary specimen to determine proteinuria
using urinary dipstick followed by twenty-four hours urinary specimen
was done. Ten ml of venous blood was withdrawn from all women for
hemoglobin, hematocrit, Platelet count, alanine aminotransferase (ALT),
aspartate aminotransferase (AST), bilirubin, creatinine, prothrombin time
(PT), and partial thromboplastin time (PTT).

Serum ferritin measurement is not done routinely for patients admitted
to the emergency ward. This was done for eligible patients for the study
only. Serum ferritin (ng/dl) was assayed using a quantitative test system.
This is a solid phase enzyme-linked immunosorbent assay (ELISA) kit
purchased from Immunospec Corporation. Serum iron (pg/dl) and total
iron-binding capacity (TIBC) (Mmol/l) were estimated by using the
(colorimetric method) kit method. Unsaturated iron binding capacity
(UIBC) (mg %) denotes transferrin unbound to iron. It is about two-third
of the iron-binding capacity, as normally about one third is saturated. The
UIBC is calculated by the following formula: UIBC (mg %) =TIBC —
Serum iron concentration.

Results

Statistical analysis:

Data was statistically described in terms of mean and standard deviation,
frequencies (number of cases) and percentages when appropriate. P values
less than 0.05 were considered statistically significant. All statistical
calculations were done using computer program SPSS (Statistical
Package for the Social Science; SPSS Inc., Chicago, IL, USA) release
22 for Microsoft Windows. Chi-square test was used for categorical
variables and (t) test for continuous variables with normally distributed
data. Non-normally distributed data was tested using non-parametric
tests. Correlation coefficients were calculated between serum ferritin and
systolic and diastolic blood pressures. Receiver operator characteristic
curve was constructed for serum ferritin levels to have its cutoff point for
the prediction of preeclampsia. Sensitivity and specificity were calculated.

Institutional review board: This study was conducted after approval
by our research ethics committee in December 2015, with an approval
number 1349.

Informed consent: was obtained from all participants before recruitment.

There were 137 women eligible for the study. Seventeen women were excluded because of anemia (6 patients in the control group, 7 patients in the
mild preeclampsia group, and 4 patients in the severe preeclampsia group) leaving a total of 120 patients. Both groups were matched in their primary
characters with the significant difference reported in the gestational age at termination of pregnancy, systolic, and diastolic blood pressure. There was no
difference in the race and ethnicity of the recruited patients as well as other demographics (Table 1).

Table 1. Baseline characteristics among pre-eclampsia patients and controls:

Mild Severe Control (60) p-value
preeclampsia (30) preeclampsia (30)
Mean £+ SD Mean = SD Mean = SD
Age 28.7£5.5 28.7+£5.9 26.2+5.9 0.3 (NS)
Gestational age (weeks) 38.3+1.3 34,943 3#e 39.3+0.9 <0.001*
Parity
Primigravida 4(26.67%) 7(46.67%) 7(23.3%) 0.3 (NS)
Multipara 11(73.3%) 8(53.3%) 23(76.67%)
Systolic blood pressure 144.67+4.8# 177.5€13.2#¢ 115.6+48.6 <0.001*
Diastolic blood pressure 91.33+2.9# 117.7+14.5# 75.67+5.04 <0.001%

NS = not statistically significant
*Statistically significant difference between 3 groups (F-test)
# Statistically significant difference versus control group

¢ Statically significant difference between mild and severe preeclampsia groups

Patients with preeclampsia were found to have significantly lower platelet, higher levels of ALT, AST, and serum creatinine than the control subjects
(P-value <0.001). There was no significant difference between both groups regarding hemoglobin levels, PT, and PTT (P-value >0.05) (Table 2).
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Table 2. Laboratory characteristics among pre-eclampsia patients and controls:

Mild Severe Control (60) p-value

preeclampsia (30) preeclampsia (30)

Mean + SD Mean = SD Mean = SD
Hb (g/dL) 11.7+0.35 12.0140.68 12.1540.71 0.1 NS
Platelets (1000/pL) 215.274+49.1# 184.1+64.4# 280.2+57.6 <0.001*
PT (s) 11.77+0.56 11.62+1.02 11.81+0.61 0.7 NS
PTT (s) 32.7+4.79 32.9+6.1 32.5+4.48 0.9 NS
ALT(IU/L) 18.33+£8.6 98.3£119.1#¢ 19.1£7.1 <0.002*
ASTIU/d]) 23.0+£5.3 110.2+£129.94#¢ 20.8+8.0 <0.001*
Creatinine (mg/dl) 0.8+0.1 1.240.57 0.68+0.25 <0.001*

NS = not statistically significant
*Statically significant difference between 3 groups (F-test)
# Statically significant difference versus control group

¢ Statically significant difference between mild and severe preeclampsia groups

Patients with mild and severe preeclampsia have significantly higher levels of serum ferritin compared to control subjects (33.27 + 6.9, 69.47 + 20.1
ng/ml versus 16.9 + 20.9 ng/ml, P-value < 0.001). The mean serum iron level in the mild, severe preeclampsia and control groups were significantly
different (201.87£58.13, 219.4+53.1 pg/dl and 173.9 = 56.58 pg/dl, respectively (p-value < 0.05). (Table 3).

Table 3. Comparison between the three study groups as regard serum ferritin, iron, TIBC, Transferrin saturation and UIBC.

Mild Severe Control (60) p-value

preeclampsia (30) preeclampsia (30)

Mean £+ SD Mean + SD Mean + SD
Ferritin Non- adjusted 33.27+£6.9 # 69.47+£20.1#e 16.9 +£20.9 <0.001*
(ng/ml) -

Adjusted 1572 £ 141 124.6 + 13.66 5.36 £2.85 <0.001*

Iron (ug/dl) 201.87+58.13 219.4+53.1# 173.9+56.58 0.03*
TIBC (umol/L) 209.53+101.8# 278.13+£116.8# 3553 +107.8 <0.001*
Transferrin saturation% 62.67£10.78 68.67£16.45# 58.17+13.75 0.06
UIBC % 84.42+34 9# 90.3+64.7# 160£79.08 <0.001*

*Statistically significant difference between 3 groups (F-test)
# Statistically significant difference versus control
¢ Statistically significant difference between mild and severe preeclampsia groups
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There was a highly significant correlation between ferritin and each of systolic and diastolic blood pressures r= 0.8, p<0.001, and
=0.7, p<0.001, respectively (Figures 1 and 2).

Figure 1. Relation between ferritin and systolic blood pressure among Figure 2. Relation between ferritin and diastolic blood pressure among
the studied population the studied population.
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Receiver operating characteristic curve (ROC) analysis has revealed that serum ferritin was a significant marker for the prediction of preeclampsia. The
present study showed that the best cut off of serum ferritin (non- adjusted for gestational age) value for the prediction of preeclampsia was > 43ng/ml
with sensitivity and specificity of 93.3%. An adjusted serum ferritin level of 16.01 ng/ml showed sensitivity of 85.0% and specificity of 91.7% for the
prediction of preeclampsia. These levels are applied only for non- anemic preeclampsia cases (Figures 3a and b).

Figure 3a: ROC Curve for Serum ferritin (non- adjusted for gestational Figure 3b: ROC Curve for Serum ferritin (adjusted for gestational age)
age) as a predictor of preeclampsia. as a predictor of preeclampsia.
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Discussion

The present study showed that patients with preeclampsia have higher
levels of serum ferritin compared to control subjects (33.27 + 6.9 and
69.47 + 20.1ng/ml versus 16.9 + 20.9 ng/ml, P-value = 0.001). These
levels are applied only for non- anemic preeclampsia cases. Serum ferritin
concentration ranges from 15 - 30 ng/mL, where values below 15 ng/mL
are specific for iron storage depletion. These results were consistent with
previously reported ones %% 1°. Such increased levels would be explained
by the reported abnormal iron and iron-binding protein in preeclampsia.
Total serum ferritin concentrations were approximately fivefold higher
in preeclampsia than in women with healthy pregnancies, which are
contributed to increased cellular damage in preeclampsia. It was also
hypothesized that ferritin synthesis is increased in preeclampsia. This is
attributed to hepatocellular, rather than placental damage’.

However, in another study, it was reported that increased serum iron and
ferritin are rendered to decreased hepcidin levels, the peptide hormone
that coordinates iron absorption and distribution, in women with pre-
eclampsia'®. Although, it was reported by Muhsin et al., 2016 that
serum hepcidin levels were within the normal ranges in women with
preeclampsia, yet significantly higher than controls'".

This striking increase in serum levels of iron and ferritin may even have
the potential to be used diagnostically to warn of developing preeclampsia.
Through effects on formation of oxygen free radicals and subsequent
lipid peroxidation, ferritin might be a significant etiologic factor in the
endothelial cell damage of preeclampsia * % 2. According to Rahman et
al., in their systematic review, mixed results for maternal anemia and
preeclampsia exist. One study indicated that a hemoglobin concentration
of 13.2 g/dL during the first trimester was significantly associated with
preeclampsia (OR: 1.73; 95% CI: 1.07, 2.81). However, two other studies
showed that low concentrations of hemoglobin during pregnancy were
associated with preeclampsia (P-value 0.01) 3. This was the cause for
excluding anemic patients from the study.

On the contrary, other studies reported no statistically significant
relation between serum ferritin and preeclampsia '* 5. Although they
reported higher levels of ferritin in women with preeclampsia, it was not
significant. This would be rendered to measuring serum levels of ferritin
at 28-30 weeks, which was earlier than the current study.

Regarding serum iron level in the present study, it was significantly higher
in preeclamptic patients than control subjects. Conflicting results exist
regarding this finding'> 17 @418 Such increase in serum iron levels is
hazardous. It causes constant exposure of the intestinal mucosal cells to
unabsorbed excess iron and oxidative stress®. Additionally, large doses
of supplemental iron may build up the mother’s iron stores and increase
blood viscosity so that uteroplacental blood flow is impaired or that
the excess iron intake could cause other toxic reactions'” . It was also
suggested that iron supplementation would lead to the development of
preeclampsia through promoting hypoxia-inducible factor degradation,
preventing normal placental development?'.

Although TIBC is an unreliable indicator of the availability of iron to the
tissues because of its fluctuations in the level due to infection or diurnal
rhythm, it was significantly lower among preeclampsia patients compared
to normotensive pregnant women. This was consistent with findings
reported by previous studies'® ?2. The results allude to the possible
contribution of released iron-free radicals from the ischemic placenta in
preeclampsia to its etiology®. Also, increased transferrin saturation was
noted to be doubled in patients with preeclampsia as a result of increased
serum iron leading to lowered TIBC 2.

Besides, we reported lower levels of unsaturated iron-binding capacity
(UIBC) compared to the control group, which occurs as a consequence
of oxidative stress leading to further oxidative stress by decreasing serum
antioxidant buffering against redox-active iron®. Receiver operating
characteristic curve analysis has revealed that serum ferritin was a

significant marker for the prediction of preeclampsia.
Research implications: To our knowledge, this is one of the first studies
that try to clarify a cut off value of serum ferritin for the prediction of
preeclampsia and its severity. Large-scale controlled studies to correlate
between levels of ferritin and the prediction of preeclampsia are required.
Further studies are required to evaluate the relation between iron
supplementation and the level of serum ferritin among pregnant women
at risk for the development of preeclampsia.
Strengths and limitations of the study: The current study included women
with preeclampsia in comparison with normal pregnant women, which
rendered our results more conclusive. A larger sample would be more
informative. This is the first study to evaluate serum iron levels in women
with preeclampsia in North Africa, as reported by Liu et al. in their
meta-analysis®. Although we did not conduct a subgroup analysis that
included early and late-onset preeclampsia, we evaluated mild and severe
preeclampsia. Accordingly, serum ferritin concentration was significantly
higher in patients with preeclampsia than in healthy pregnant women.
Serum ferritin levels were not measured throughout the course of
preeclampsia.
Disclosure statement:

- None.
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Figure legend

Figure 1. Relation between ferritin and systolic blood pressure among the
studied population

Figure 2. Relation between ferritin and diastolic blood pressure among
the studied population.

Figure 3a: ROC Curve for Serum ferritin (non- adjusted for gestational
age) as a predictor of preeclampsia.

Figure 3b: ROC Curve for Serum ferritin (adjusted for gestational age) as
a predictor of preeclampsia.
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