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Abstract

Background: Multiple studies have investigated the serum concentrations of calcium (Ca) and 
magnesium (Mg) in preeclampsia, but the results have been contradictory. The objective of 
this systematic review and meta-analysis was to examine the association between serum calci-
um and magnesium levels in patients with preeclampsia and those in the healthy pregnancies.
Materials and Methods: A comprehensive search was conducted in various online da-
tabases, including PubMed/Medline, Scopus, Embase, Web of Sciences, and Co-
chrane library to identify relevant studies on Ca and Mg levels in preeclampsia up 
to July 2023. Inter-study heterogeneity across the included studies was assessed us-
ing the chi-square test and I2 statistic. Pooled effect size (ES) was calculated as weight-
ed mean differences (WMDs) with corresponding 95% confidence intervals (CI). 
Results: A total of 76 articles (comprising 92 studies) were included, with a combined sample 
size of 10,482 participants (preeclampsia: n=3,991; controls: n=6,491). The random-effects mod-
el revealed significantly lower levels of calcium (WMD=-0.807 mg/dL, 95% CI: -0.983, -0.632, 
P<0.01) and magnesium (WMD=-0.215, 95% CI: -0.338, -0.092, P<0.01) in women with pre-ec-
lampsia compared to the control group. However, the overall pooled WMD for calcium and mag-
nesium levels did not significantly change when individual studies were excluded one by one.
Conclusion: This meta-analysis demonstrates that the circulating levels of calcium and mag-
nesium in patients with preeclampsia are significantly lower than those in the control group.
[GMJ.2023;12:e3151] DOI:10.31661/gmj.v12i.3151
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Introduction

Preeclampsia is an abnormality in pregnan-
cy characterized by an increase in blood 

pressure levels and change in blood trace el-
ements levels. Preeclampsia is commonly de-
fined by a systolic blood pressure≥140 mmHg 
or diastolic pressure≥90 mmHg. 
Additionally, proteinuria may serve as a 
marker for preeclampsia when protein level in 
a sample of urine exceeds 30 mg/dL [1, 2]. 
Preeclampsia can lead to organ disorders such 
as brain, liver and kidney injury [3]. Countries 
with nutritional deficiencies, particularly in 
Asia and Africa, experience a higher incidence 
of preeclampsia, contributing to 10 percent of 
pregnancy-related deaths due to high blood 
pressure [4, 5]. Although the mechanism of 
preeclampsia remains unknown, some evi-
dence suggests a relationship with placenta-
tion and endothelial disorders [3]. 
Underlying conditions, including diabetes, 
hypertension and obesity are risk factors 
for preeclampsia [6]. Studies have indicat-
ed an association between preeclampsia and 
placental ischemia, leading to alterations in 
certain biomarkers and growth factors. For 
example, the plasma placental growth factor 
(PlGF) to sFlt-1 ratio is known to be altered 
in preeclampsia patients compared to healthy 
women [7]. Recent studies have presented 
conflicting findings regarding the relationship 
between serum levels of calcium (Ca) and 
magnesium (Mg) and preeclampsia. Winarno, 
Gatot N. Adhipurnawan et al, discovered that 
patients with preeclampsia exhibit significant-
ly lower levels of Ca and Mg in their serum 
compared to healthy women [8]. 
Similarly, RKD Ephraime et al, reported sim-
ilar results in both patients and the control 
group [9]. 
However, Golmohammad lou et al reported no 
significant difference between the two study 
groups [10].  To the best of our knowledge, no 
systematic review or meta-analysis has been 
conducted on this topic before. The aim of this 
study is to assess the levels of magnesium and 
calcium in preeclampsia patients and healthy 
pregnant women to discovering any relation-
ship between alterations in trace elements and 
the risk of developing preeclampsia, and the 

severity of the disease. 

Materials and Methods 

The current systematic review and meta-anal-
ysis were previously registered in PROSPE-
RO under the code CRD42021251265.

Search Strategy
We conducted a comprehensive search of 
online databases, including PubMed/Med-
line, Scopus, Embase, Web of Sciences, and 
Cochrane library, to identify relevant arti-
cles from their inception up to July 2023. 
The search strategy utilized MeSH terms 
and keywords as follows: ("Pre-Eclampsia» 
OR “Pre-eclampsia” OR «Preeclampsia» 
OR “Pregnancy Toxemia” OR “Edema-Pro-
teinuria-Hypertension Gestosis” OR “Edema 
Proteinuria” OR “Hypertension Gestosis” OR 
“Hypertension-Edema-Proteinuria Gestosis” 
OR “Hypertension Edema Proteinuria Gesto-
sis” OR “Toxemia Of Pregnancy” OR “Tox-
emia of Pregnancies” OR “EPH Complex” 
OR”EPH Toxemias” OR “EPH Toxemia” OR 
“EPH Gestosis” OR “Preeclampsia Eclamp-
sia 1” OR “Preeclampsia Eclampsia 1s” OR 
“Proteinuria-Edema-Hypertension Gestosis” 
OR “Proteinuria Edema Hypertension Ges-
tosis” OR Toxemia OR “Pre-eclamptic Tox-
aemia” OR “Pre-eclamptic Toxemia” OR 
“Preclampsia Preeclamptic Toxaemia” OR 
“Preeclamptic Toxemia” OR “Pregnancy-In-
duced Hypertension” OR "Eclampsia» OR 
«Eclampsias» OR “HELLP Syndrome” OR 
“Syndrome HELLP” OR “Hypertension Preg-
nancy” OR “Hypertemsion Preeclampsia” OR 
“Gestational Hypertension” OR “Postpartum 
Hypertension-Preeclampsia” OR “Pregnan-
cy-Related Hypertensive Disorders” OR 
“Toxemia in Pregnancy” OR “Hypertension 
in Pregnancy” OR “High Blood Pressure in 
Pregnancy” OR “Gestational Proteinuric Hy-
pertension”) AND ("Magnesium» OR «Mg2+» 
OR «Mg» OR “Magnesium Compounds” 
OR "Romag» OR «Magnesium Sulfate» OR 
«Magnesium Supplementation» OR «Mag-
nesium Sulphate» OR «Mg Longoral» OR 
«Sulfamag» OR «Sulmetin» OR «Sulme-
tine» OR «Epsom Salt» OR «Epsom Salts» 
OR «Magnesium Sulphate in Dextrose 5” 
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OR “Ca(2+) Mg(2+)-ATPase” OR “Mg2+-AT-
Pase” OR “Mg2+ ATPase” OR “Mg2+-De-
pendent ATPase” OR “Mg2+ Dependent AT-
Pase” OR “Calcium Magnesium ATPase” 
OR “Ca Mg-ATPase” OR “Ca Mg ATPase” 
OR “Ca2+-Mg2+ ATPase” OR “Ca2+ Mg2+ AT-
Pase” OR “Calcium Magnesium Adenosine 
Triphosphatase” OR “Calcium Magnesium 
Adenosine Triphosphatase” OR “Magnesium 
Adenosine Triphosphatase” OR “Magne-
sium ATPase” OR “Magnesium Hydroxide” 
OR “Magnesium Hydrate” OR “Magnesium 
Deficiencies” OR “Magnesium Deficiency” 
OR “Magnesium Phosphate” OR “Magne-
sium Hydrogen Phosphate” OR “Magnesium 
Phosphate” OR «Magnesium Carbonate» OR 
«Magnesite» OR «Anhydrous Magnesium 
Carbonate» OR «Magnesium Carbonate An-
hydrous» OR «Mg++» OR «Magnesium Ion» 
OR «Mg Ion» OR «Magnesium GTP» OR 
"Mg GTP» OR «Magnesium GTP” OR "Mag-
nesia» OR “Magnesium Oxide” OR “Magne-
sium Chloride” OR «MgCl2» OR «Calcium» 
OR «Ca2+» OR «Ca» OR “Blood Coagulation 
Factor IV” OR “Coagulation Factor IV” OR 
«Calcium-40» OR “Calcium 40” OR “Factor 
IV” OR “Calcium Isotopes” OR “Calcium 
Radioisotopes” OR «Hypercalcemia» OR 
«Hypocalcemia» OR «40Ca» OR “Calcium 
Content” OR “Calcium Deposition” OR “Cal-
cium Regulating Agents” OR “Calcium-Reg-
ulating Hormones and Agents” OR “Calcium 
Deposition”). To enhance the sensitivity of 
our search strategy, we also performed a man-
ual search using the Google Scholar search 
engine and reviewed the reference lists of in-
cluded studies and previous reviews.

Inclusion and Exclusion Criteria
We included all observational studies con-
ducted in humans and published in English 
that met the following criteria: 1) included 
pregnant women of any gestational age; 2) 
compared serum calcium or magnesium lev-
els between two groups (group 1: women pre-
senting with pre-Eclampsia, group 2: women 
with a healthy pregnancy); and 3) reported at 
least one of the outcomes of interest related to 
calcium or magnesium. 
We excluded studies such as previous review 
articles, case reports, case series, in vitro, in 

vivo studies, letters to the editor, commentar-
ies, abstracts without full text, or studies with 
insufficient data.

Data Extraction 
Two investigators (A.E & Z-K.M) inde-
pendently extracted relevant data, including 
participant and outcome characteristics, using 
an Excel software spreadsheet for data ab-
straction. A third author (Sh.R) cross-checked 
the data to ensure accuracy. The extracted in-
formation included author names, study loca-
tion, publication year, study method, sample 
size (in pre-eclamptic and healthy pregnant 
women), main participants’ characteristics, 
mean maternal age (in pre-eclamptic and 
healthy pregnant women), and key outcome 
data on mean and standard deviation (SD) of 
calcium and magnesium levels in both groups. 
Co-variables such as gestational age and body 
mass index (BMI) were also extracted. In 
some cases, articles were extracted multiple 
times due to the availability of subset data.

Risk of Bias (Quality) Assessment
Two investigators (A.E. and P.N.) inde-
pendently assessed the quality of the includ-
ed studies using the Newcastle-Ottawa Scale, 
which evaluates selection, comparability, 
and exposure/outcome aspects. Studies with 
a Newcastle-Ottawa Scale score of ≥5 for 
cross-sectional designs or a score of 7 or 
higher for case-control or cohort designs were 
considered to have good study quality (Suppl. 
Table-1s).

Statistical Analysis 
The mean changes in serum calcium and mag-
nesium levels in women with pre-eclampsia 
were estimated by calculating the weighted 
mean differences (WMDs) and 95% confi-
dence intervals (CIs). Effect sizes were pooled 
using a random-effects model with the DerSi-
monian-Laird method for the meta-analysis. 
Heterogeneity among studies was assessed 
using Cochran’s Q and I-square tests. A Co-
chran’s Q test P-value of less than 0.1 and 
I-square value above 50% indicated signifi-
cant heterogeneity. Sensitivity analysis was 
performed to evaluate the influence of indi-
vidual studies on the final results. Publication 
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bias among the included studies will be as-
sessed using the Egger test and visual funnel 
plots. All statistical analyses were conducted 
using STATA software version 16.0 (Stata 
Corp., College Station, TX). 

Results

Characteristics of Included Studies
Figure-1 illustrates the PRISMA flowchart 
depicting the step by step literature search 
and study selection process. After removing 
irrelevant and duplicate studies, we obtained 
the full-text papers of 159 articles out of 5104 

for further evaluation based on the inclusion 
criteria. Among these, 83 articles did not ad-
equately address the desired outcome and 
were therefore excluded. Ultimately, the me-
ta-analysis was conducted based on 76 eligi-
ble articles (comprising 92 studies) [1, 2, 5, 
11-82]. Of these, 61studies were designed as 
case-control studies, 27 utilized a cross-sec-
tional design, and 4 employed a cohort design. 
These studies included data from 10,482 preg-
nant women, with 3,991 in the pre-eclampsia 
group and 6,491 in the healthy pregnant wom-
en group. The included articles were pub-
lished between 1984 and 2023. The key char-

Figure 1. PRISMA flow diagram to study section
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Figure 2A. The forest plot of meta-analysis of the association between calcium (A) and magnesium (B) 
levels with pre-eclampsia.
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Figure 2B. The forest plot of meta-analysis of the association between calcium (A) and magnesium (B) 
levels with pre-eclampsia.
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Figure 3A-B. The funnel plots to visual assess of publication bias for calcium (A) and magnesium (B) 
levels across included studies.

acteristics of these studies are summarized in 
Table-1.

Meta-analysis Outcomes
Based on the inclusion of 71 and 64 studies, 
respectively, the meta-analysis results, us-
ing a random-effects model, for the associ-

ation between calcium and magnesium lev-
els with pre-eclampsia are depicted in Fig-
ure-2A-B. The pooled analysis demonstrates 
a significant decrease in the levels of calci-
um (WMD=-0.807 mg/dL, 95% CI: -0.983, 
-0.632, P<0.01) and magnesium (WMD=-
0.215, 95% CI: -0.338, -0.092, P<0.01) in 
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women with pre-eclampsia compared to con-
trols. Considering the observed heterogene-
ity among the included studies, a sensitivity 
analysis was conducted. However, excluding 
individual studies one by one did not result in 
any significant changes in the overall pooled 
WMD for calcium and magnesium levels.

Publication Bias
The funnel plots displaying calcium and mag-
nesium levels are shown in Figure-3A-B. 
Statistical confirmation using Egger’s tests 
revealed no evidence of publication bias, as 
indicated by P-values of 0.63 and 0.25 for cal-
cium and magnesium levels, respectively.

Discussion

To the best of our knowledge, this is the first 
systematic review and meta-analysis to assess 
the relationship between serum calcium (Ca) 
and magnesium (Mg) levels and preeclamp-
sia. The results of our study demonstrated 
that patients with preeclampsia had signifi-
cantly lower levels of calcium (WMD=-0.807 
mg/dL, 95% CI: -0.983, -0.632, P<0.01) and 
magnesium (WMD=-0.215, 95% CI: -0.338, 
-0.092, P<0.01) compared to the healthy con-
trol group. Recent studies have also reported 
alterations in some trace elements in pre-
eclampsia. Our findings support the concept 
that serum calcium and magnesium levels 
are lower in preeclampsia compared to the 
healthy control group. Ephraim et al conduct-
ed a study involving 380 pregnant women 
and reported high blood pressure and lower 
serum levels of calcium and magnesium in 
preeclampsia patients [25]. 
Similarly, El-Maghraby et al recently revealed 
that both magnesium and calcium levels were 
decreased in preeclampsia patients [83]. Var-
ious theories have been proposed to explain 
the relationship between trace elements, par-
ticularly calcium and magnesium, and pre-
eclampsia. The first theory is that some trace 
elements such as Ca and Mg can help alleviate 
oxidative stress by scavenging free radicals. 
Endothelial damage by oxidative stress is a 
key factor in the occurrence of preeclampsia. 
According to this, Ca and Mg have inevitable 
role in prevention of preeclampsia [84]. The 

second theory is that lower intake of calcium 
and magnesium is linked to increased blood 
pressure and the risk of preeclampsia due to 
the stimulation of hormonal system. The bal-
ance between calcium and magnesium serum 
levels is crucial for blood pressure control [5, 
85]. 
The third theory is that intracellular calcium 
concentration is increased in preeclampsia 
due to enhancement of absorbance by cells 
and the level of serum calcium is decreased, 
disturbance in the balance of intracellular and 
serum level of calcium lead to vasoconstric-
tion and hypertension during pregnancy [43]. 
Therefore, it is important to maintain a bal-
ance in both serum and intracellular levels of 
Ca and Mg.
In conclusion, the prescription of calcium and 
magnesium supplements or multivitamins is 
recommended during pregnancy, especially 
for women at high risk of preeclampsia [86]. 
According to previous reports, the mean se-
rum magnesium and total calcium levels in 
preeclampsia patients were 0.70±0.15 and 
2.13±0.30 mmol/L, respectively, while in 
healthy pregnancies they were 0.76±0.14 and 
2.13±0.35 mmol/L, respectively [87]. Due to 
endothelial dysfunction in preeclampsia, it is 
important to consider the role of interleukins 
and other inflammatory cytokines, which can 
be explored in future studies. 

Conclusion

In conclusion, our study, along with recent 
evidence, highlights the association between 
altered blood pressure and decreased levels of 
magnesium and calcium in preeclampsia. We 
found that the mean serum levels of magne-
sium and calcium were lower in patients with 
preeclampsia compared to the healthy control 
group. However, further studies are needed to 
investigate the levels of all trace elements in 
preeclampsia.
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