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Abstract

Preeclampsia is defined as hypertension and proteinuria or as hypertension and end-organ dys-
function with or without proteinuria, typically presenting after 20 weeks of gestation. This 
condition remains a leading cause of fetal and maternal morbidity worldwide. Its pathogenesis 
is associated with detrimental processes such as endothelial dysfunction, oxidative stress,  
and inflammation. The regulation of immune system activity, vascular health, and oxidative 
stress mitigation is influenced by minerals, which play a key role in pregnancy. Examples  
include zinc, copper, iron, calcium and magnesium. This narrative review aimed to establish  
a possible connection between the concentrations of these minerals in various biological samples 
(serum, urine, placenta and plasma) and the development of preeclampsia. Elevated dietary 
intake of these metals and the association between mineral intake and the risk of preeclampsia 
development were also considered. A literature search was conducted in scientific databases, 
including ScienceDirect and PubMed, to address the research question by collecting relevant 
studies published between 2014 and 2024. Evidence suggests that mineral status disturban- 
ces may contribute to oxidative stress, endothelial damage and inflammatory imbalance  
in preeclampsia. Specifically, zinc deficiency exacerbates oxidative stress, while higher copper 
concentrations are associated with increased oxidative damage. Elevated iron levels in both  
the diet and serum have been shown to contribute to ferroptosis through the generation of reac-
tive oxygen species. Additionally, calcium and magnesium deficiencies have been reported  
to impair blood pressure regulation and vascular tone. The association between minerals and 
preeclampsia is complex and depends on multiple factors, including race, location, gestational 
age, maternal age, diet and ratios between elements.
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INTRODUCTION

Preeclampsia is a complex disorder diagnosed in 2-8% of pregnancies. 
This condition is highly dangerous, contributing to approximately 60,000 
maternal deaths and >500,000 preterm births worldwide each year (Ma’ayeh 
and Costantine 2020). Preeclampsia is characterized by the onset of hyper-
tension after 20 weeks of gestation, combined with proteinuria (>300 mg/
day). In many cases, the condition is triggered by pregestational diabetes 
mellitus or a family history of preeclampsia. Both of these conditions can 
lead to maternal organ dysfunction, including renal insufficiency, as well as 
hematological and neurological complications (Huai et al. 2021). Although 
the exact mechanism of preeclampsia development remains unclear, key 
physiological processes that may contribute to its onset include abnormal 
placental development, uterine-placental vascular dysfunction, and an  
imbalance in proinflammatory cytokine levels (Hansson et al. 2015, Rana  
et al. 2019).

During pregnancy, fluctuations in concentrations of minerals may cause 
endothelial tissue dysfunction (Hansson et al. 2015). These findings have 
been emphasized in numerous recent publications emphasizing the impor-
tance of metal ions in preeclampsia (Shen PJ et al. 2015, Detlefs et al. 2022, 
Hao et al. 2024, Vásquez-Procopio et al. 2024).

Minerals are involved in the formation of antioxidant defense, the sup-
port of cellular metabolism, and the regulation of the immune system activity. 
The indicated processes play an important role in the inflammatory processes 
and the management of oxidative stress in preeclampsia (Muzyko et al. 
2021). Calcium (Ca) and magnesium (Mg) are particularly important for bone 
growth, muscle function, and vascular tone regulation. In the context of  
preeclampsia, these minerals are directly involved in maintaining vascular 
health and blood pressure stability.

Despite the abundance of studies on the role of minerals in preeclamp-
sia, determination of the underlying mechanisms remains inconclusive.  
In addition, certain studies have presented contradictory results, which could 
be attributed to the inadequate quality of the research conducted. While the 
roles of various minerals are well documented in the literature, the specific 
biomolecular mechanisms underlying preeclampsia are not yet fully under-
stood. Therefore, clarifying the role of minerals in the development of this 
condition is of paramount importance.

This review aims to compile information on the significance of elemental 
analysis in preeclampsia based on literature published over the past decade 
(2014-2024). By examining the relationship between zinc (Zn), copper (Cu), 
iron (Fe), Ca, Mg levels in the maternal organism (serum/plasma, urine, pla-
centa), this review seeks to identify not only potential but also definitive 
biomarkers of preeclampsia (Figure 1).
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Fig. 1. Association of zinc, copper, iron, calcium, and magnesium with preeclampsia. 
BioRender was used for creation of this figure: Fe – iron, Cu – copper, Zn – zinc,  

Mg – magnesium, Ca – calcium, ROS – reactive oxygen species, 1,2,3,4 – the next stages  
of endothelial dysfunction

MATERIALS AND METHODS

A thorough literature search was conducted covering the period from 
2014 to 2024. However, information from articles outside this timeframe was 
also considered when relevant. The PubMed and Scopus databases were used 
to obtain relevant articles based on the inclusion criteria. The keywords “pre-
eclampsia” and “selected minerals” were used to collect studies focusing on 
the inclusion criteria. Individual search terms were combined using Boolean 
operators AND, NOT, and OR (Figure 2).

Inclusion criteria
The criteria for selecting studies were as follows:
1) all primary research designs and meta-analyses were considered;
2) �studies analyzing specific chemical elements (Zn, Cu, Fe, Ca, Mg) 

about preeclampsia, whether individually or collectively, were included;
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3) no limitations were placed on the age of the study population;
4) �studies covering cases of pregnant women at any stage of gestation 

were included;
5) �research covering all severities of preeclampsia was considered.  

Experimental studies were included;
6) �publications examining a variety of diets and biological samples,  

including serum, plasma, whole blood, amniotic fluid, placenta, umbili- 
cal cord blood, and urine, were deemed acceptable;

7) �selected studies were required to reference “preeclampsia” and the 
specific chemical elements under investigation in their titles,  
abstracts, or keywords;

8) �original research publications and meta-analyses were included, 
whereas narrative reviews, mini-reviews, letters, commentaries, and 
case studies were excluded.

Fig. 2. Identification of inclusion and exclusion criteria for literature search strategy
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Exclusion criteria 
The exclusion criteria for this study were as follows: 
1) papers not written in English were excluded; 
2) articles outside the study period (2014-2024) were not considered;
3) papers lacking comprehensive data were omitted; 
4) studies where full texts or crucial data were inaccessible were excluded; 
5) �duplicates, protocol studies, secondary analysis reports, and articles 

not related to minerals and preeclampsia were excluded.

RESULTS AND DISCUSSION

The role of minerals in the development of preeclampsia (PE) has been 
widely studied. The concentrations of the analyzed elements in women expe-
riencing pregnancy complications have been thoroughly examined in blood 
serum/plasma, a key biomarker reflecting the body’s elemental content, as 
well as in urine, placenta, and hair. The composition of blood serum/plasma 
plays a crucial role in ensuring the proper functioning and development of 
the placenta during this critical time. The concentration of minerals in urine, 
placenta, and hair shows the complete mineral balance in the maternal or-
ganism. The findings from various studies aimed at determining mineral 
status (as Zn, Cu, Fe, Ca, and Mg) in preeclampsia (PE) have shown consid-
erable variability and inconsistency (Ma et al. 2015, Chen et al. 2022).

Zn and preeclampsia
Zn plays a critical role in various physiological processes during preg-

nancy, including DNA synthesis, cell division, and immune function. It is 
also essential for maintaining the body’s antioxidant defense systems. This 
element is particularly important during pregnancy, as it supports fetal 
growth and development, and it helps modulate maternal immune responses, 
reducing the risk of adverse outcomes such as preeclampsia. PE is strongly 
associated with oxidative stress, a condition in which the body’s antioxidant 
defenses are overwhelmed by reactive oxygen species – ROS (Ma et al. 2015).

Zn deficiency during pregnancy can exacerbate oxidative stress by impai- 
ring the activity of antioxidant enzymes, such as superoxide dismutase 
(SOD), which is crucial for neutralizing ROS. Studies have demonstrated 
that serum Zn levels are significantly lower in preeclamptic women com-
pared to normotensive pregnant women. Meta-analyses and original studies 
have confirmed significantly lower Zn concentrations in serum and plasma 
among preeclamptic women compared to normotensive pregnant controls 
(Enebe et al. 2020, Guan et al. 2022, Pyla et al. 2024) Interestingly, meta- 
-analyses indicate that this significant relationship is particularly relevant  
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to Asian populations. The analyses suggest that an important factor influenc-
ing the Zn-PE relationship is the location of the study and/or race of the 
subjects (Lang et al. 2022, Hao et al. 2024).

Kurlak et al. (2023) reported lower maternal Zn concentrations (serum, 
urine, placenta) in preeclamptic women and found an association between 
maternal Zn concentration and placental growth factor (PlGF) and FMS-like 
tyrosine kinase-1 (sFlt-1). Since PlGF and sFlt-1 are angiogenic markers, the 
significant association between Zn plasma levels and these parameters sug-
gests that Zn plays a role in dysregulating the angiogenic balance in pre-
eclampsia. Additionally, lower Zn levels in the placenta of preeclamptic 
women further support the connection between Zn and angiogenic distur-
bances in placental and trophoblast development, which directly impact fetal 
growth disorders (Zhu et al. 2016, Hao et al. 2024).

The positive effects of Zn ions on the regulation of oxidative stress,  
angiogenic imbalance, and inflammation were confirmed by Lang et al. 
(2022) in preeclamptic rats. Their findings suggest that PE may be mitigated 
by Zn supplementation (Keshavarz et al. 2017).

Zn’s role in immune modulation is also significant in the context of pre-
eclampsia. Zn deficiency affects T-cell function and cytokine production,  
potentially leading to an exaggerated inflammatory response. This imbalance 
can damage the vascular endothelium, a hallmark of PE, contributing to its 
progression. Moreover, Zn deficiency has been linked to abnormal placental 
development, a key factor in the pathogenesis of preeclampsia (Guan et al. 
2022).

Despite the evidence linking Zn deficiency with PE, clinical trials evalu-
ating the effectiveness of Zn supplementation in preventing or reducing the 
severity of the condition have yielded mixed results. While some studies 
suggest that Zn supplementation may offer potential benefits, further  
research is needed to establish the optimal dosage and timing for effective 
intervention (Elmugabil et al. 2016, Al-Jameil et al. 2017, Keshavarz et al. 
2017, Gzhegotskyi and Sukhodolska 2019, Lewandowska et al. 2019, Enebe 
et al. 2020, Gul et al. 2022).

Despite the outlined connection between reduced Zn concentrations and 
preeclampsia, the effect of this mineral on the development of the condition 
remains inconclusive. The concentrations of serum Zn in PE patients have 
been investigated in several studies (Tesfa et al. 2011, Ma et al. 2015) with 
findings suggesting that Zn may be involved in the pathogenesis of the con-
dition. However, in contrast to previously discussed studies, no statistically 
significant difference in serum Zn concentrations was observed between 
healthy and preeclamptic groups. Specifically, correlation analyses indicated 
no relationship between Zn levels and the disease (Chababa et al. 2016).

Notably, studies that failed to confirm a relationship between Zn concen-
tration and PE were conducted in women in the third trimester. This sug-
gests that the gestational week may be an important factor in determining 
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the association between Zn levels in serum/plasma and PE. Pyla et al. (2024) 
found no association between serum Zn levels and preeclampsia develop-
ment, however, they suggested that a positive correlation between maternal 
Zn levels in serum and gestational age may play a protective role in late 
pregnancy.

In summary, key factors influencing the relationship between maternal 
Zn levels and PE include location, race, and gestational age. Monitoring Zn 
levels in pregnant women, particularly those at risk for preeclampsia, could 
serve as a promising strategy for early intervention and management. This 
approach may help mitigate the severity of preeclampsia and improve preg-
nancy outcomes by restoring immune balance and reducing oxidative stress.

Cu and preeclampsia
Cu is an essential trace element involved in various biological processes, 

including Fe metabolism, mitochondrial respiration, and connective tissue 
maintenance. It also plays a significant role in oxidative stress regulation, 
acting as both an antioxidant and a pro-oxidant. This dual role makes Cu 
particularly complex in the context of preeclampsia, a condition characte- 
rized by increased oxidative stress and endothelial dysfunction. The inconsis-
tencies in Cu level findings across studies may reflect the heterogeneity of 
preeclampsia pathology and the diverse stages or severities of the disease 
observed in different populations (Elmugabil et al. 2016, Gzhegotskyi and 
Sukhodolska 2019).

Cu’s antioxidant role is largely mediated through its function in superox-
ide dismutase (SOD), an enzyme responsible for neutralizing reactive oxygen 
species (ROS). In cases of Cu deficiency, SOD activity decreases, leading to  
a buildup of ROS, which contributes to the oxidative stress observed in pre-
eclampsia. However, Cu can also function as a pro-oxidant, particularly 
when it catalyzes the formation of free radicals in the presence of hydrogen 
peroxide. This dual functionality complicates the interpretation of Cu levels 
in preeclampsia, as both elevated and reduced Cu concentrations may con-
tribute to oxidative stress through different mechanisms (Keshavarz et al. 
2017).

Several studies have reported higher Cu levels in serum and urine in 
preeclamptic women compared to healthy pregnant women (Gzhegotskyi, 
Sukhodolska 2019, Kurlak et al. 2023, Pyla et al. 2024).

These elevated levels may reflect an adaptive response to increased oxi-
dative stress, as the body upregulates Cu-dependent enzymes like SOD  
to counterbalance heightened ROS production. However, excessive Cu levels 
can also contribute to inflammation and cardiovascular dysfunction in PE. 
Additionally, high Cu levels in blood may exacerbate oxidative Fe damage, 
particularly when Cu functions as a pro-oxidant under certain conditions 
(Gul et al. 2022, Zhong et al. 2022, He et al. 2024).
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Pyla et al. (2024) found a positive correlation between maternal Cu  
levels in serum and maternal age, suggesting that elevated Cu levels with 
age may increase the risk of PE in older pregnant women. Similarly, Song  
et al. (2017) reported that higher serum Cu levels were significantly asso- 
ciated with PE risk in Asian populations.

Some studies have also found a positive correlation between Cu levels 
and the severity of PE (Gul et al. 2022, Pyla et al. 2024). In a study by Sak 
et al. (2020), Cu levels were elevated in maternal serum across different  
severities of preeclampsia, ranging from mild preeclampsia to severe pre-
eclampsia and ultimately to HELLP syndrome (low platelet count syndrome), 
the most severe form of the condition. Elevated Cu levels are likely associa- 
ted with increased oxidative stress resulting from pathophysiological changes 
in the placenta (Gul et al. 2022).

These findings suggest a strong involvement of Cu in the development of 
PE (Sak et al. 2020). This is further supported by the significant association 
between PE and elevated levels of Cu, Cu/Zn ratio, and MDA production in 
pregnant women (Rafeeinia et al. 2014).

In contrast, other studies have examined Cu levels in preeclamptic wom-
en, yielding mixed results. The observed reduction in Cu levels may indicate 
impaired antioxidant defense mechanisms, contributing to the oxidative 
stress and endothelial damage characteristic of preeclampsia (Gul et al. 
2022, Zhong et al. 2022, Hao et al. 2024).

Some studies did not confirm a relationship between elevated maternal 
Cu levels and the risk of preeclampsia (Gul et al. 2022, Zhong et al. 2022). 
Conversely, other studies reported opposite findings, concluding that higher 
Cu levels are associated with a lower risk of PE (Chen et al. 2022). A me-
ta-analysis conducted on over 5,000 pregnant women produced ambiguous 
results. While this analysis identified an association between Cu levels and 
PE, the relationship varied depending on region and economic development 
(Zhong et al. 2022).

Discrepancies in study findings may be influenced by geographic,  
dietary, and genetic factors, all of which can affect baseline Cu status in dif-
ferent populations. Additionally, the timing of sample collection (e.g., early 
vs. late pregnancy) and differences in the severity of PE among study parti- 
cipants could further contribute to the inconsistent findings. Some studies 
suggest that Cu levels fluctuate depending on disease progression, with  
early-stage PE showing elevated Cu levels due to an acute-phase response, 
followed by a decline in more severe cases as antioxidant reserves become 
depleted (Al-Hilli, Hasan 2015, Aouache et al. 2018).

The body’s mineral status is also influenced by dietary intake. Interest-
ingly, in the case of Cu, Liu et al. (2023) suggested a revised J-shaped rela-
tionship between Cu levels and PE risk.

Given these conflicting results, further research is needed to clarify the 
role of Cu in PE development. Future studies should focus on larger, more 
diverse populations, and account for factors such as dietary intake and  
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genetic variability. Additionally, longitudinal studies that track Cu levels 
throughout pregnancy could provide valuable insights into temporal changes 
in Cu metabolism and its potential role in the development and progression 
of PE (Elmugabil et al. 2016).

Fe and preeclampsia
Fe plays a critical role in several biological functions during pregnancy, 

including oxygen transport and cellular respiration. Research group high-
lights that optimal Fe concentrations during pregnancy are fundamentally 
important for supporting fetal development and maternal health. The trans-
port of Fe between the mother and the child is regulated by the placenta. 
Similar to other nutrients, Fe follows a U-shaped risk curve, indicating that 
both high and low concentrations of Fe in the blood are dangerous. For in-
stance, elevated Fe concentrations are dangerous since reactive Fe ions can 
produce ROS, leading to ferroptosis, a form of iron-dependent cell death. 
Conversely, low Fe levels can be detrimental to fetal health, as they reduce 
oxygen supply to developing cells. Some authors argue that ferroptosis in the 
placenta is commonly observed in PE. This process is driven by elevated  
active Fe ions, which promote excessive formation of ROS as intermediates 
in redox reactions. The accumulation of excess Fe levels leads to cell death 
and the development of various physiological disorders, including PE (Zhang 
et al. 2022).

Elevated maternal serum Fe and ferritin levels compared to normoten-
sive pregnancies have been observed in multiple studies (Wahab et al. 2019, 
ElShahat et al. 2020, Ahmed et al. 2023, Li et al. 2024, Ortega et al. 2024, 
Pyla et al. 2024). Mobeen Rana et al. (2022) suggested that increased Fe and 
Cu levels in serum, along with decreased Zn concentrations, are indicators of PE.

The elevated serum Fe levels observed in preeclampsia are particularly 
concerning due to their role in catalyzing ROS formation via the Fenton  
reaction – a chemical process in which free Fe reacts with hydrogen perox-
ide, producing hydroxyl radicals, a highly reactive type of ROS. This increase 
in oxidative stress is a well-documented contributor to the pathogenesis  
of preeclampsia, exacerbating endothelial dysfunction, inflammation, and 
vascular damage – all key features of the disease (Grzeszczak et al. 2023).

Furthermore, oxidative damage caused by ROS can lead to lipid peroxi-
dation, further impairing placental function and contributing to the clinical 
manifestations of preeclampsia, such as hypertension and proteinuria  
(Grzeszczak et al. 2023).

Elevated ferritin levels are not only a marker of Fe overload but also an 
indicator of ongoing inflammation. In preeclampsia, inflammation and oxida-
tive stress are closely interconnected, with elevated ferritin levels supporting 
the idea that excess Fe contributes to an inflammatory environment, thereby 
worsening disease progression (Zhang et al. 2022).

The regulation of Fe metabolism during pregnancy is complex. Under 
normal conditions, Fe levels are carefully regulated to meet the increased 
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demands of the growing fetus while avoiding toxicity. However, in pre-
eclampsia, this balance is disrupted, leading to Fe overload, which may be 
both a cause and a consequence of the oxidative stress and inflammation 
observed in the condition. The association between high Fe levels and pre-
eclampsia raises concerns about Fe supplementation during pregnancy. For 
instance, excess Fe intake could potentially worsen the disease in susceptible 
women (Petry 2022, Zhang et al. 2022, Dwarkanath et al. 2024, Yang et al. 
2024).

A meta-analysis confirmed higher ferritin and hepcidin levels in pre-
eclamptic women compared to healthy controls (Bandyopadhyay et al. 2022). 
Hepcidin, a key regulator of Fe homeostasis and Fe availability, correlates 
with inflammation, similar to ferritin. In normal pregnancy, maternal hepci-
din expression is suppressed during the second and third trimesters to in-
crease Fe availability in the placenta. However, in PE, hepcidin upregulation 
may occur due to inflammation or oxidative stress (Bandyopadhyay et al. 
2022).

Some authors suggest that increased hepcidin levels in PE may serve as 
a protective mechanism against Fe overload, thereby preventing oxidative 
stress (Shaji Geetha et al. 2022). Current study suggests independent of  
inflammation or oxidative stress, hormonal deregulation of maternal Fe  
bioavailability through decreasing placental erythroferrone (ERFE) that  
regulates Fe mobilization and control Fe transport in placenta to the fetus 
(Masoumi et al. 2023).

Other studies have found that lower Fe levels in the placenta and serum 
are associated with PE development (Uddin et al. 2023, Hao et al. 2024). 
Decreased Fe content in the placenta has been linked to an increased risk of 
PE with fetal growth restriction (Hao et al. 2024). Moreover, studies have 
observed increased expression of angiogenic proteins in Fe-deficient anemic 
pregnant women, leading to placental vascular changes and, consequently, 
preeclampsia (Venkata Surekha et al. 2019).

Zhu et al. (2022) reported that the relationship between ferritin and Fe 
levels in PE depends on the stage of pregnancy. They suggested that  
decreased ferritin levels in early pregnancy or elevated ferritin levels in late 
pregnancy accelerate ferroptosis and exacerbate PE. The authors concluded 
that high Fe status and ferroptosis may contribute to the development of PE 
in later pregnancy (Zhu et al. 2022).

Since many factors influence the Fe-ferritin-preeclampsia relationship, 
some studies have not found an association between Fe, ferritin, hepcidin, 
pro-hepcidin, and the risk of preeclampsia (Duvan et al. 2015, Zhang et al. 
2022, Ahmed et al. 2023).

The elevation of serum Fe and ferritin levels in preeclamptic women  
remains inconsistent across studies. However, Fe has been shown to contri- 
bute to the pathogenesis of PE, primarily by promoting oxidative stress and 
inflammation. Further research is needed to fully understand the implica-
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tions of these findings and to develop targeted strategies, particularly  
regarding Fe supplementation during pregnancy. Optimal management of Fe 
levels in pregnant women, especially those at risk for preeclampsia, is crucial 
for maternal and fetal health.

Ca and preeclampsia
Ca is essential for maintaining vascular tone and intracellular signaling. 

Hypocalcemia in preeclampsia, as observed in various studies, can impair 
smooth muscle function, contributing to hypertension. Ca levels are consis-
tently found to be lower in preeclamptic women compared to healthy controls 
(Duvan et al. 2015, Khaing et al. 2017, Maduray et al. 2017, Woo Kinshella 
et al. 2022, Dwarkanath et al. 2024, Jaiswal et al. 2024).

Tabandeh et al. (2018) found significantly lower Ca levels in serum and 
higher levels in urine in preeclamptic women during the second trimester, 
suggesting increased Ca excretion during pregnancy. Reduced Ca levels may 
also hinder vasodilation, potentially exacerbating hypertension in preeclamp-
sia. This physiological function of Ca suggests that Ca supplementation could 
help reduce the risk of preeclampsia in cases of Ca deficiency. This aligns 
with research showing that Ca supplementation in populations with low  
dietary Ca intake can significantly reduce the incidence of preeclampsia and 
its complications (Khaing et al. 2017, Woo Kinshella et al. 2022, Dwarkanath 
et al. 2024, Jaiswal et al. 2024).

Additionally, Ca levels are inversely correlated with preeclampsia sever-
ity, suggesting that hypocalcemia might predict the onset and progression of 
the condition (Vanaja et al. 2021). In an experimental model, low Ca intake 
was associated with an increased risk of preeclampsia development. Con-
versely, low-dose Ca supplementation was found to reduce the incidence of 
the condition by approximately 60% (Gatford et al. 2020).

A meta-analysis by Tang et al. (2015) confirmed the effectiveness of Ca 
supplementation in reducing PE incidence in women at risk of the condition 
and with low baseline Ca intake. Moreover, Ca may enhance the effectiveness 
of low-dose aspirin in preventing PE. Chen and Sun (2023) found in their me-
ta-analysis that low-dose aspirin combined with Ca can effectively prevent PE, 
reduce preterm birth, and lower the risk of postpartum hemorrhage.

However, some studies have found no significant differences in serum Ca 
concentrations between preeclamptic and healthy pregnant women (Vafaei et 
al. 2015, Masoumi et al. 2023, Wadhwani et al. 2023).

In a large randomized placebo-controlled trial (RCT), Hofmeyr et al. 
(2018) found no significant reduction in PE incidence with Ca supplementa-
tion before and during early pregnancy. The effectiveness of Ca supplemen-
tation for PE prevention remains controversial. Results from multiple recent 
studies suggest that the impact of Ca on PE depends on several factors,  
including the stage of pregnancy, Ca intake, dosage, and timing of supple-
mentation. However, the most critical factor appears to be Ca status in women 
before and during pregnancy.
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The available evidence underscores the importance of monitoring Ca 
levels during pregnancy, particularly in women at risk of developing PE.  
Ca supplementation may provide a simple intervention to help mitigate pre-
eclampsia risk, especially in populations with inadequate dietary Ca intake.

Mg and preeclampsia
In addition to Ca, Mg is another element essential for reproductive 

health. Mg is involved in over 300 enzymatic reactions, supporting neuro-
muscular function, cellular signaling, and vascular tone. Numerous studies 
have linked low Mg status in pregnant women to an increased risk of PE 
(Maduray et al. 2017, Eslamzadeh et al. 2023, Wadhwani et al. 2023, Hao  
et al. 2024, Pyla et al. 2024).

It is suggested that low Mg levels induce hypoxia and inflammatory  
responses, which are associated with the release of platelet-activating factor 
(PAF). PAF stimulates endothelial cell migration and angiogenesis and may 
also modulate blood pressure. Increased PAF levels and decreased Mg levels 
have been observed in pregnant women with PE (Chawla et al. 2023). More-
over, studies have found that Mg serum levels correlate negatively with 
maternal age and positively with gestational age (Pyla et al. 2024). This 
correlation suggests that Mg deficiency may increase the risk of PE, particu-
larly in older pregnant women, as the risk of PE is known to increase with 
maternal age (Pyla et al. 2024). Liu et al. (2023) suggested that higher  
dietary intake of Mg (along with Ca, Fe, and Zn) during pregnancy is asso- 
ciated with lower odds of developing PE. Similarly, higher Mg levels in whole 
blood during the second trimester have been associated with a reduced risk 
of PE (Chen et al. 2022). Mg supplementation is beneficial in reducing the 
pathophysiological consequences of PE (Gatford et al. 2020, Vanaja et al. 
2021).

Several mechanisms have been proposed to explain Mg’s role in regulat-
ing blood pressure and placental angiogenesis. Studies indicate that Mg can 
reduce the concentrations of sFlt-1 and endoglin, block the activity of the 
brain N-methyl-D-aspartate receptors, decrease the extent of inflammation 
mediators, activate nitric oxide synthases, block the activity of arginases and 
limit the formation of free radicals and improve uterine blood flow and  
reduce fetal growth restriction (Chiarello et al. 2018, Fondjo et al. 2023).

Preventive and therapeutic effects of Mg salts in preeclamptic women 
confirm the potential role of Mg in blood pressure regulation in PE. However, 
some randomized clinical trials have shown that Mg supplementation does 
not prevent PE, even in women with hypomagnesemia (De Araújo et al. 
2020). It has been suggested that Mg supplementation may be more benefi-
cial in severe PE than in mild PE (Fondjo et al. 2023) and that its effects are 
more pronounced in late gestational weeks (30-34 weeks) compared to earlier 
weeks (26-30 weeks) – Xing et al. 2024.

Other studies indicate that a low Ca-to-Mg ratio in serum may serve  
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as a significant indicator of PE risk, as it is associated with nerve damage, 
impaired smooth muscle function in blood vessels, and vasoconstriction 
(Adhipurnawan Winarno et al. 2021). 

Table 1 
Association between Zn, Cu, Fe, Ca and Mg and preeclampsia

Sample Zn Cu Fe Ca Mg References
Serum ↓ X X X X (Ma et al. 2015)
Serum ↓ ↑ ↑ ↓ - (Pyla et al. 2024)
Placenta ↓ ↓ ↓ ↓ ↓ (Hao et al. 2024)
Plasma ↓ ↑ X X X (Kurlak et al. 2023)
Urine ~ ↑ X X X (Zhu et al. 2016)
Plasma ↓ ↓ X X X (Keshavarz et al. 2017)
Serum ↓ ↑ ↓ ↓ ↓ (Al-Jameil et al. 2017)
Serum ~ ~ X ↓ ↑ (Elmugabil et al. 2016)
Serum ↓ ↑ X X X (Lewandowska et al. 2019)
Serum ~ ↑ X X X (Gul et al. 2022)
Serum ~ ↑ X X X (He et al. 2024)
Serum X ↑ X X X (Sak et al. 2020)
Serum ~ X X X X (Chababa et al. 2016)
Serum ↓ ↓ ↑ X X (Al-Hilli and Hasan 2015)
Serum ~ ↑ X X X (Rafeeinia et al. 2014)
Serum X X ↑ X X (Wahab et al. 2019)
Serum X X ~ X X (Ahmed et al. 2023)
Serum ↓ X ↓ ↓ X (Uddin et al. 2023)
Serum ↓ ↑ ↑ X X (Mobeen Rana et al. 2022)
Serum X X ↑ X X (Jana et al. 2018)
Serum X X ↑ X X (ElShahat et al. 2020)
Serum X X X ↓ ↓ (Vanaja et al. 2021)
Serum X X X ↓ ↓ (Wadhwani et al. 2023)
Serum ~ X X ↓ ~ (Vafaei et al. 2015)
Serum ↑ ↓ X ↓ ↓ (Maduray et al. 2017)
Hair ↑ ~ ~ ~ ~ (Maduray et al. 2017)
Serum X X X ↓ ↓ (Eslamzadeh et al. 2023)
Serum X X X ↓ ↓ (Adhipurnawan Winarno et al. 2021)
Diet X X X ↓ ↓ (Kinshella et al. 2022)
Serum X ↑ X X X (Song et al. 2017)
Urine ↓ X X ↑ X (Tabandeh et al. 2018)
Urine ↓ ↓ X ↓ ↓ (Yu et al. 2019)
Plasma ↑ ↑ X X X (Salima et al. 2022)
Plasma ↓ X X X X (Ilechukwu et al. 2021)

Data are presented as: (↑) increase significant; (↓) decrease significant; (∼) no differences; (X) not 
analyzed 
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CONCLUSIONS

The available studies indicate that the role of minerals in PE develop-
ment is complex and depends on health, nutritional, and environmental fac-
tors. The relationship between trace elements and PE is influenced by geo-
graphic location, race, disease stage, gestational age, maternal age, diet, and 
element ratios. It appears that adequate mineral intake and optimal mater-
nal nutritional status may play a crucial role in reducing PE risk. Recent 
studies provide further support for this hypothesis.
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