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e Comparison of serum trace element levels in 
patients with or without pre‑eclampsia
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Objective: In developing countries, nutritional deficiency of essential trace elements is a common health problem, particularly 
among pregnant women because of increased requirements of various nutrients. Accordingly, this study was initiated to compare 
trace elements status in women with or without pre‑eclampsia. Materials and Methods: In this study, serum trace elements 
including zinc (Zn), selenium (Se), copper (Cu), calcium (Ca) and magnesium (Mg) were determined by using atomic absorption 
spectrometry (AAS) in 60 patients and 60 healthy subjects. Results: There was no significant difference in the values of Cu between 
two groups (P > 0.05). A significant difference in Zn, Se, Ca and Mg levels were observed between patients with pre‑eclampsia and 
control group (P < 0.001, P<0.01, P<0.01 and P<0.001, respectively). Zn, Se, Ca and Mg levels were found to be 76.49 ± 17.62 μg/ dl, 
8.82 ± 2.10 μg/ dl, 8.65 ± 2.14 mg/dl and 1.51 ± 0.34 mg/dl in Pre‑eclamptic cases, and these values were found statistically lower 
compared to the controls (100.61 ± 20.12 μg/dl, 10.47 ± 2.78 μg/dl, 9.77 ± 3.02 mg/dl and 1.78 ± 0.27 mg/dl, respectively). While Cu 
levels were 118.28 ± 16.92 and 116.55 ± 15.23 μg/dl in the patients and the healthy subjects, respectively. In addition, no significant 
difference was found between two groups with respect to Hemoglobin Concentration (HbC) and Total White Blood Cell Count 
(TWBC) (P>0.05). Conclusion: Our findings indicate that the levels of Zn, Se, Ca and Mg are significantly altered in pregnant women 
with pre‑eclampsia. This research shows that these deficiencies can not due to hemodilution.
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aggregation and protein in urine.[2] Pregnancy‑induced 
hypertension characterized by persistently elevated 
blood pressure of greater than 140/90 mm Hg.[3] It affects 
multiple organs including the liver, kidneys, brain and 
blood clotting system.

Pre‑eclampsia contributes substantially to perinatal 
morbidity and mortality of both mother and newborn. 
The incidence of pre‑eclampsia varies with the risk factor 
ranging from 2‑8% of pregnancies.[4,5] In recent times, 
there has been an increasing prevalence in the incidence 
of pre‑eclampsia globally, but there are conflicting 
reports on the relationship between trace elements and 
pre eclampsia. Despite several studies on pre‑eclampsia, 
its aetiology has not yet been fully elucidated. Some 
studies have shown that changes in the levels of serum 
trace elements in pre‑eclamptic patients may implicate 
its pathogenesis[6] while others have failed to show 
an association of serum levels of trace elements and 
prevalence of pre‑eclampsia.[7]

It has reported an increased incidence of pre‑eclampsia 
in zinc‑deficient regions and it was later found that 
zinc supplementation reduced the high incidence of 
the disease.[8] Furthermore, decreased levels of zinc, 
selenium and copper have been observed in patients with 
pre‑eclampsia.[9‑11] Ugwuja and et al.[12] reported that only 

INTRODUCTION

Trace elements such as zinc (Zn), selenium (Se) and 
copper (Cu) display antioxidant activity, while others 
such as calcium (Ca) and magnesium (Mg) are essential 
micronutrients. The disturbance in the metabolism 
of these elements may be a contributing factor in the 
development of certain diseases such as pre‑eclampsia 
observed in pregnant women.

Minerals have important influence on the health 
of pregnant women and growing fetus. They are 
necessary during pregnancy and these elements should 
be supplemented as a daily requirement in pregnant 
women.[1]

Pre‑eclampsia is a pregnancy‑specific condition 
Characterized by high blood pressure, platelet 
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copper was found to be statistically significant. The obvious 
studies on serum calcium and magnesium levels in pregnant 
women showed that there is significant difference between 
two groups.[13‑16] The present study was done to compare 
of serum trace elements level in normal and pre‑eclamptic 
pregnancies in Iran. Atomic absorption spectrometry (AAS) 
was used for the determination of these elements. In this 
study, the measurements were done directly after dilution. 
This method is very simple and suitable for the routine 
measurements compared to previous studies.

In this research to clear the role of trace elements in 
hemodilution, total White Blood Cell Count (TWBC) and 
Haemoglobin Concentration (HbC) were determined using 
standard laboratory techniques.

MATERIALS AND METHODS

Subjects
This study involved two groups of subjects. Group І 
(controls) was composed of 60 healthy subjects. Group П 
(pre‑eclamptic women) was composed of 60 patients 
registered of women’s clinics of Tehran university and 
Sarem hospital (Tehran, Iran). The purposes of the study 
had been previously explained to all the participants and all 
were volunteers. A written informed consent was obtained 
from the participants in this study. Data for 60 pra‑eclamptic 
and 60 control pregnant women matched for age, gestational 
age, anthropometrics and socioeconomic status were 
analyzed. Inclusion criteria were as physically healthy, 
single pregnancy, Gestational age of 30 to 40 weeks, willing 
to participate in the study, body mass index (BMI) between 
19.11 to 30.21 Kg/m2 and at least 4 kg weight gain until third 
trimester of pregnancy.[17] The exclusion criteria included 
diagnosis of abnormal embryo in ultrasound, having 
chronic disease such as diabetes, chronic hypertension 
requiring antihypertensive therapy, chronic and severe 
disorders in kidneys, adrenal, liver, thyroid, parathyroid 
and cardiovascular disease, blood disorders, indigestion 
disorders, infections, malignant disorders, immune 
disorders, alcohol or drug addiction, smoking, severe stress 
during pregnancy, gynecological history, consumption of 
anti‑cancer, anticoagulants, aspirins, more than 60 mg iron, 
calcium and medicines, which contain zinc.

Sample size determination for case‑control studies 
are based on Cochran’s Formula (z = 1.96, Confidence 
Level = 95%). Zinc, selenium, copper, calcium and 
magnesium concentrations in serum of pre‑eclamptic 
subjects were measured during this study and were 
compared to the control group.

Sample collection and treatment
This study (Research Project Number 102) was done from 
April to October 2011. The sampling of blood was performed 

in the Danesh laboratory (Tehran, Iran). Blood samples 
(10 ml) were taken at 8–9 a.m. after fasting and collected 
into polypropylene tubes containing lithium heparin 
(Vacuette, Geiner Labortechnik, Kremsmünter, Austria). 
Serum was separated within 2 h and aliquots were kept 
frozen at −20°C until trace element analysis.[18] All laboratory 
wares including pipette tips and autosampler cups were 
cleaned thoroughly with detergent and tap water, rinsed 
with distilled water, soaked in dilute nitric acid and then 
rinsed thoroughly with deionized distilled water.

Laboratory procedures
The serum samples were diluted with chloric acid (0.1 N) 
for Zn, Cu, Ca and Mg measurements.[19] Determination of 
these elements performed on a flame atomic absorption 
(FAAS) spectrometer equipped with deuterium background 
correction (Spectr AA 220, Varian, Australia).

Se was determined by the graphite furnace atomic absorption 
spectrometry (GFAAS) equipped with pyrolytically coated 
graphite tubes and deuterium background correction 
(SpectrAA 220, GTA 110, Varian, Australia). The samples 
were diluted 1:5 with 0.1% v/v Triton X‑100. The solution of 
Mg(NO3)2 was used as matrix modifier in GFAAS, addition 
an appropriate furnace program.

The accuracy of the measurement was evaluated based on 
recovery studies and analysis of quality control material 
(QCM) (SeronormTM Trace Elements, serum, Level 1, Art. 
No. 201405, Norway).

Statistics
Statistical evaluation was carried out by using the SPSS 
11.5 Version for Windows (USA, Houston). All results were 
expressed as mean values±SD. Group means comparisons 
were tested for significance by student’s t‑test. Statistical 
significance was defined as P<0.05.

RESULTS

From Table 1, the normal and pre‑eclamptic pregnancies 
had comparable (P>0.05) body mass index (BMI) and 
gestational age. The mean ages of case and control groups 
were 27.43±3.91 years vs. 26.66±3.72 years (P>0.05). No 
significant difference was found between two groups with 
respect to Hemoglobin Concentration (HbC) and Total 
White Blood Cell Count (TWBC) (P>0.05). The results for 
blood pressure (BP) have been shown in Table 1.

In Table 2, the values of Zn, Cu, Se, Mg and Ca in two 
groups are shown. On comparison between normal and 
pre‑eclamptic pregnancies, the serum Zn, Se, Mg and 
Ca levels significantly increased in normal pregnancy 
than pre‑eclamptic (P<0.001, P<0.01, P<0.001 and P<0.01, 
respectively), but no statistically significant variations 
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were observed in serum Cu concentration (P>0.05). This 
suggests a possible involvement of Zn, Se, Mg and Ca in the 
development and pathogenesis of pre‑eclampsia. However, 
the result must be interpreted with caution.

DISCUSSION

The importance of the deficiencies of trace elements in 
pre‑eclampsia relates to the fact that they are present in 
metalloprotein (Zn), ceruloplasmin (Cur), superoxide 
dismutases (Se and Zn) and glutathione peroxidase (Se). 
Unavailability of these elements due to deficiency or 
decrease concentration may be a predisposing factor in the 
development of pre‑eclampsia or a contributing factor in 
its pathogenesis.

Metalloprotein (Zn) is an important trace element in 
metabolism, growth, development and reproduction. 
It is a constituent of many enzymes. This element plays 
important roles in nucleic acid metabolism and protein 
synthesis, as well as membrane structure and function. 
Zn deficiency has been associated with complications of 
pregnancy part of which is pre‑eclampsia. Zn is passively 
transferred from mother to fetus across the placenta and 
there is also decreased Zn binding capacity of maternal 
blood during pregnancy, which facilitates efficient transfer 
of Zn from mother to fetus. During pregnancy, there is a 
decline in circulating Zn and this increases as the pregnancy 

progresses possibly due to decrease in Zn binding and 
increased transfer of Zn from the mother to the fetus.[20] 
Zn is essential for proper growth of fetus and the fall in Zn 
during pregnancy could also be a physiological response 
to expanded maternal blood volume.[21]

Recently, the role of oxidative stress or excessive lipid 
peroxidation has been implicated in pre‑eclampsia. There 
is an imbalance between antioxidant enzyme activities 
and pro‑oxidant production. Selenium, another important 
trace element, joins to many Se‑dependent enzymes such 
as glutathione peroxidase. Decrease in the level of selenium 
is known to enhance pre‑eclampsia by its resultant effect 
on glutathione peroxidase, an active enzyme in oxidative 
stress that reduces the formation of free radicals. So, the low 
concentration of selenium in serum exposes the subject to 
an accumulation of free radicals.

This study suggests that pre‑eclampsia is associated with 
oxidative stress. This is in consonance with the view of 
Witzum[22] who reported that increased oxidative stress 
as a result of peroxidation of low density lipoproteins is a 
common phenomenon in pre‑eclampsia. This complication 
is strictly regulated by antioxidants of which selenium 
forms a part.

Ca and Mg are very important for cellular metabolism such 
as muscle contractility, secretions, neuronal activity, as well 
as cellular death. In the present study, serum Ca and Mg 
levels in pre‑eclamptic women were significantly lower 
than corresponding values in the control group, which is 
suggestive of some role of these elements in the rise of blood 
pressure. Although, Ca alone might play a role in the rise 
of blood pressure, a proper balance of Ca and Mg is of vital 
importance to control blood pressure because blood vessels 
need Ca to contract, but they also require sufficient Mg to 
relax and open up. Thus, Mg acts as a Ca channel blocker 
by opposing Ca dependent arterial constriction and by 
antagonizing the increase in intracellular Ca concentration 
leading to vasodilatation.[23‑25]

Mg has established its role in obstetrics with its relationship 
to both fetal and maternal wellbeing. The low concentration 
of magnesium in serum exposes the subject to a risk of 
pregnancy complications, which includes pre‑eclampsia. This 
is usually due to a defect in an enzymatic process which occurs 
as a result of low circulating Mg to function as a co‑factor.

During pregnancy, there is a progressive decline in 
concentration of Ca and Mg in maternal serum possibly due 
to hemodilution, increased urinary excretion, and increased 
transfer of these minerals from the mother to the growing 
fetus.[9,11] In addition, low dietary intake and accelerated 
metabolism might be other contributing factors.

Table 1: Comparison between pre‑eclampsia and control 
group
Parameters Group I 

(n = 60)
Group II 
(n = 60)

P value

Age (y) 26.66±3.72 27.43±3.91 0.48
BMI (Kg/m2) 26.84±2.15 27.11±3.22 0.45
Gestational age (W) 35.27±1.20 35.48±1.14 0.60
HbC (g/dl) 10.71±1.87 10.80±1.17 0.53
TWBC (×109/l) 5.76±1.12 5.92±1.24 0.56
Blood pressure (mmHg)
Systolic 110.87±5.40 149.32±5.26 0.001
Diastolic 74.08±5.12 95.10±4.56 0.01
Group I=Controls; Group II=Pre‑eclamptic patients; BMI=Body mass index; 
HBC=Emoglobin concentration; TWBC=Total white blood cell count; Values are 
mean±standard deviation

Table 2: Biochemical data in pre‑eclamptic subjects and 
control groups
Serum 
parameters

Pre‑eclamptic 
pregnancies

Normal 
pregnancies

P value

Zn (µg/dl) 76.49±17.62 100.61±20.12 P<0.001
Cu (µg/dl) 118.28±16.92 116.55±15.23 P>0.05
Se (µg/dl) 8.82±2.10 10.47±2.78 P<0.01
Mg (mg/dl) 1.51±0.34 1.78±0.27 P<0.001
Ca (mg/dl) 8.65±2.14 9.77±3.02 P<0.01
Statistical significance was defined as P<0.05; Zn=Zinc; Cu=Copper; Se=Selenium; 
Mg=Magnesium; Ca=Calcium
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Determination of hematology parameters is of primary 
interest in connection with the detection of health problems 
in pregnant women. One of the hematological parameters 
that were used to define anaemia in mothers is HbC. 
In addition, TWBC is responsible for body defense. In 
this study, no significant difference was found between 
two groups with respect to HbC and TWBC (P>0.05). 
Our findings indicate Zn, Se, Ca and Mg deficiencies in 
pre‑eclampsia can not due to hemodilution.

The results of this study revealed that the levels of serum 
trace elements which are the cofactor of antioxidant 
enzymes were affected in cases of pre‑eclamptic pregnancy. 
The determination of the level of these parameters may be 
useful in the early determination of pre‑eclampsia.

CONCLUSIONS

Serum Zn, Se, Mg and Ca levels were significantly fewer in 
the pre‑eclamptic women in comparison with the normal 
subjects. This research indicates that these deficiencies in 
pre‑eclampsia can not due to hemodilution.
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