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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 12 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
(PIGF) 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 a/, 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 ef al, reported sim-
ilar results in both patients and the control
group [9].

However, Golmohammad lou et a/ 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
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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”7 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 «Mg*"»
OR «Mg» OR “Magnesium Compounds”
OR "Romag» OR «Magnesium Sulfate» OR
«Magnesium Supplementation» OR «Mag-
nesium Sulphate» OR «Mg Longoral» OR
«Sulfamag» OR «Sulmetiny» OR «Sulme-
tine» OR «Epsom Salt» OR «Epsom Salts»
OR «Magnesium Sulphate in Dextrose 5”
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OR “Ca(*') Mg(*')-ATPase” OR “Mg*"-AT-
Pase” OR “Mg* ATPase” OR “Mg*-De-
pendent ATPase” OR “Mg?" Dependent AT-
Pase” OR “Calcium Magnesium ATPase”
OR “Ca Mg-ATPase” OR “Ca Mg ATPase”
OR “Ca*-Mg*" ATPase” OR “Ca?" Mg*" 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 lon»
OR «Mg Ion» OR «Magnesium GTP» OR
"Mg GTP» OR «Magnesium GTP” OR "Mag-
nesia» OR “Magnesium Oxide” OR “Magne-
sium Chloride” OR «MgCl12» OR «Calcium»
OR «Ca*» 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
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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 (Cls). 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

Records identified from (n=6713)
Pubmed (n=1717)
Scopus (n=1058)
Cochrane Library (n=1012)
Embase (n=1814)
Google Scholar (n=300)
Web of science (n=730)
ISI (n=82)

i

Records screened by Title and
Abstract (n=5104)

A

Reports assessed for eligibility
by full text (n=159)

Studies included in review
(n=76)

Figure 1. PRISMA flow diagram to study section
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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-

Records removed before screening:
Duplicate records removed
(n=1609)

Records excluded**
(n=4945)

Reports excluded: (n=83)
Reason 1 (n=39)
39 articles were removed due to lack of full
text.
Reason 2 (n=40)
Based on the full text, 40 articles did not
meet the inclusion criteria and were
excluded.
Reason 3 (n=1)
One of the reviewed articles is due to the
measurement of ionized calcium and the
failure to report total calcium was removed.
Reason 4 (n=1)
One of the articles reviewed is due to the
measurement of RBC calcium levels
And the non-reporting of total serum
calcium was removed.
Reason 5 (n=2)
Based on the full text, 2 articles did not
have enough data for extraction.

GM1J.2023;12:e3151
WWW.gmj.ir



23vd jxau uo sanunuoy)

~
S
=
S
=
5]
el
<
=
=
<
i)
4]

8 89 LT 8 6T 6¢ L€ v Se 07/0C  Jomuod-ase)  Aaxuny,  [11](1007) 77 /2 wepy g
L LY 6ST T8 00¢ 60 €8¢ €I 0Lf §€ 68 8¢ ['€C  0p/0F Jonuod-ose)  Aaymp (1202) 1 1o sounn %wm
L §S 0ST L9 §8C TT TLT 6€ €0€  0S/61  [onuod-ase)  ber (410) (@) 10 12 :ﬁé%m
L S 0ST S9 §9T TT T'LT 1T L'8T  0S/I€  [onuod-dse)  benp L£6]

(¥102) (®) 1v 12 1eZRYS]Y
[011(8002)

Salpn}S papnjou Jo soisuajoeIEYD ‘| 3]qel

8 1 L¢¢ Tl LSc 1'l L9¢ 80 Tse IS +¥lIc 0S 9I¢ ¢S/CS  [onuod-asen uel] D 15 N0 PEWILIEYOW[OD)
) (6]

8 SL/yL  [0TU0d-9se) uely (L102) ‘10 12 modiwayse]
L 99 98C ¥9 98T 1 8'9¢ I rLe 1's LT S 6¢ 0S/0S  [onhuod-ase)  uepng 9107) v 12 _Eum:wmm
8 Le L9C 6¢ ¥LC TI oogse 1l ¢se TT 89T TE  I'LC 09/09  [0HU03-a5E) uel] [L2] (T102) 17 12 wizIeq

P L €5 §IE 65 LIE 60 88 T S9¢ It €¥ TE 9¥T 9y  Jonuod-ased  Aymp  [16] (1207) 7w 12 uesoq

m. 8 8¢ 0 19 ¢S0¢ I'l GLE L€ €9¢E L1/v¢ HoyoH Aoy, [06] (1107) ‘v 12 ueoRqRg

m . . . . . . . . . . . [euonoas edo [81]

2 9 6y 6SC v'S L9T €y Tle 6T 9¢ L't 1Y ¥S geC LE/LE ~$501) JedaN (8107) ‘7 12 LeypNEY)

wn“ [euo1309s )

g 9 001/001 —ssol epup 681 (020T) 77 72 pequiy

z o)

o

W L I'L T0E €9 80¢ Ly 68C § 61¢ 16/CS  [0NU0d-3sen) uel] D1 suvmwwm%%w

=)

2 : : : : . . . : : . : i [88]

w 8 €S 6C ¢S St 8¢ S¥E V¥v v¥IE 6¢ €vC 6% 6'LC 09/09  [0Huod3-asE) uel] (6107) ‘[ 1 UBIUEPAWE]

.m dS ugdw (S uBdW (S UBdW (S UBdW (S UBdW (S uBdW

= (saeak) (sy99m) (toyuod

8 JUDWISSISSY (s1eak) (Spam) (Jonuod) (as®d) PSED) i kon Anuno (reak wonednqny)

& Ayend [o13uos Jsed ul I3e [onuos Jsed u1 d3e Xopur Xopul 9ZIS & dpms HunoD sioyny

= ut a3e BUId)E ut 23e BUONE)SIS  sseul Apo sseuwr Apo drdweg

m [BUIdBIAL l N [euonB)SIF [euoney pod pod

g

=

2

<

O

g

=

@

WWW.gmj.ir

GMJ.2023;12:e3151




=
&
£
L]
8
[0}
£
=
m 23vd jxau uo sanunuo’)
: v'e 8¢ 8L  9¢€¢ 0S/ST  [01u0d-3sE) eIpu| [ye]
..,Wm : (6007) (q) *fv 12 uref °S
Z [t€]
o . . . . 0JJU09-3S¢e, rIpU
m a3 8¢ 8L  9€¢ 0S/ST 1 o) 1pu] (600) (8) 10 1 wieg °g
= ) ) . [1€] (2102
w 9¢ a3 9T  6¢ 0S1/6S Hoyo) BLIDSIN 10 15 TAYNG] D) ]
on [euonoas [og]
. . : eLId31
m LS €s €T/l ss019 LRSIN (L007) ‘17 12 WNSOPL S '
i i l6c] (1661)
m ¢ ¢ ¢ 9¢ 001/0S  [onuod-ose)  ueisnied 1 15 uBssel] [ e[eL
=
O 01JU0D-3SE edo x4
: seEe ) PN (L102) ‘v 12 euRsUNYQ V
Q
? 8'C ) - €€ 0v/0F  [oxuod-ase) eIpu| [12] ($102) 17 12 seq g
] ) | SREN [oz]
9C S¢S 0€/0€ soId BURUD o) o emed O g
S L'L ST 8¢¢ 91/p7  [onuod-dse)  Adpng [91] (6002) ‘1v 12 13210
6'8S L1 8¢  67T¢ 91/91  [onuod-ese)  ueisnjed [s1] ($102) v 12 Z1ZYY
[eUOnOas [¥11 (6007)
0¢/0¢ -SS0I) bert (q) “1v 12 2Keqny-1y
[euonods [+11 (6002)
0¢/0¢ -S$S01D) bexp (®) 'Ip 12 9KeqQUY-1V
) . . . [euond9s [¢1]
6t LS 6'¢ SI¢ 0£/09 SsoIo ysope[3ueg (1102) ‘17 1 TPV °S
BUOI09S
6 'S 9T  T9 ! sy Usopeisued 21l (€100) 710 uesyy
[euor)oes [+9]
001/001 55019 erpuy (1207) ‘11 30 #1004 ]

WWW.gmj.ir

GMJ.2023;12:e3151

S8IpNIg papn|ou| Jo soisueoeIBY) " d]qeL JO 8NuUo)

~
3
S
=
S
<
[}
<
<
N
g
<
w2
m




~
S
=
S
=
5]
el
<
=
=
<
i)
4]

Serum Calcium and Magnesium Levels in Women with Pre-eclampsia

23vd jxau U0 SINUIIUO))

[6s1(0202)

9 TIE S9 17¢ 9¢ ¢S€€ 6¢€ Peg ¥S/LT  [0nu0d-dse)  BLOJIN 40 12 101030 T L D
BUOTI}I3S

€y €T T9 ¥ST ¥8l 8 10T S¢ 09/02 I mmho ysope[dueq [£6] (0107) ‘v 42 TeqeN 3

001/001  [0Xuod-dse) eIpu| [96] (#102) ‘71v 12 TeNIN °S

. ) ) ) [ss]

S1 €67 TI 16T 9¢11/601 yoyo) epeue) (£661) (q) 70 72 3SSEI £

) ) . ) . ) ) ) ) ) ) ) [s¢]

Ty T9T €v SST LT 9Ll 81 ¥LL €€ 81T €S 6€T  9I11/601 Hoyo) epeue) (c661) (8) ‘1D 12 0SS [

§T/ST  [0Mu0d-3se) eIpuy [es1(s661) 112181 H

) . ) ) [16]

6y 8T €S L9 0€/0¢  Jonuod-ose) Aoyl (£007) ‘10 30 WY -

) . ) . ) } ) ) [0s]

S $LT L9 88T ¥T 8€€ 1T TSE 81/91  [onuod-ase)  AueuLRD (000T) ‘17 39 YOSO3 T

LY 96T 19 €LT €T L€ TT T1S¢ TT/LT  1onuod-ase)  AuewLdD ©661) 17 19 Ezvmm.m

) ) . ) . ) ) ) [s]

I'S L8 €9 SLT TT 9¢€ T  67%¢ §7/0T  [omuod-ase)  Auewdn (8661) 71 10 SIISTY 3

) . ) . ) ) ) i 34

S 8.7 L9 88T vT 8¢ 1T TSE 81/91  [0Nu0d-3se)  AueWISD (000) ‘10 12 SIOWSTS] 51

I'e 61€ 9% 12 TI'T 165 € TIvE €€ €IT 8§ T 0€/6C  10HU0d-dsE)  BAIOY] [zv] (Z102) v 32 Wry [

L'S €0¢ 1L TLT TT T8 9T LLE 08/€y  [01u0d-3se) ELAN | l6€] (2102) 1w 12 Z3©Y O

) . . ) . ) ) ) i [L€]

YT vST L€ 6ST TI €8 LE  €¥¢ 001/001  [oXuod-ase) BIpu| (9002) 71 12 deAyses] SN

) ) . ) . ) ) ) . ) ) . i [o¢]

'€ 6ST €¥ SLT 80 T8 60 69¢ €T 6v¥¢ I't TLT 09/09  [onuod-ase) eIpu| (b10) ‘2 12 [P8eTE A 'Q
BUONIIS

80 S$ST L0 8ST €0 89¢ +v0 €S¢ €0 S€ v0 €ST 0t/0% ! ss019 ueisyed  [6€] (L102) 7v 32 Tewel g

S8IpNIg papn|ou| Jo soisueoeIBY) " d]qeL JO 8NuUo)

GMJ.2023;12:e3151

WWW.gmj.ir



o=
&
£
i
5
o
M 23pd jxau Uo SanunuUo,)
m /6 0J)u02-3se)) BOLIOWIY [eL]
m ! . (L661) () 17 12 Kojpuers D
W /6 [01u02-3se) BOLIOWIY [eL]
= . (Lo61) (®) 1012 K3puerg
2 ) . . . . . [eUo11998 ) .
. €8C TS LT T9E ST ¥9E 06/06 85017} BOBIN. 221 (6102) 1712 9puds d d
£
=
= [BUOIOS (1.1 (0202)
g 0€/T1 55019 eISoUOpU| (@) 10 30 rndeg v 5
<
m 0€/0€ [EHONDaS eISouUOpu| L]
= -$S0ID) . (0207) (e) /v 12 tundeg v D
£ [
3 ) . . . . i oLl
m I'le Ts L8t 6€e €y TE 81/S1  [0NUOO-3SED  SPUBLOURN (1 (5) 1 1 siopues
£ ) . . . . i loL]
m 867 TS LST A TANNN % A4 OL/ST 10HU0O-3SED  SPUBHAUAN. (1 (a) 1w 1o s1opues
) . . . i loL]
TIE TS L8 € €r  TE 9/ST  0BU0O-3SE)  SPUBHRUION (13 () 11 jo s1opuBS 3
$E/SE  [UONDAS SSOID uelp [69] (1107) 17 12 TweIsOy "
i [89] (+861)
8¢ e 9I/IT  [onuoo-ase) eOLIOUY (q) ‘12 #0 SPIEYOTY A 'S
] (891 (+861)
8¢ S¢ 91/0C  [0Nu0d-ase) BOLIOWY () ‘10 19 SPIFOTY Y S
Yo €v ¥e 81T §9 60 96/96 ~ [01U0-2SE)  BILYY (INOS - mciowc.ﬁwow
) . . . . . [s9] (8002)
96T 0L 95T €8¢ 9¢  T9¢ 9€/€€  [EUONOAS SSOID  PUE[IEY, (q) 10 12 [odewnyung o
) . . . . . [$9] (8002)
96T 08 1'6C €8¢  T¢  €9¢ 9€/SE  [eUONOAS SSOID  PUB[IEY], (@) 10 12 odemnpung ‘o
S1/ST [01u00-3se) Jrewu(J [£9]

(+861) 'Iv 12 UdsIOP g "H

WWW.gmj.ir

GMJ.2023;12:e3151

S8IpNIg papn|ou| Jo soisueoeIBY) " d]qeL JO 8NuUo)

~
3
S
=
S
<
[}
<
<
N
g
<
w2
m




~
S
=
S
=
5]
el
<
=
=
<
i)
4]

Serum Calcium and Magnesium Levels in Women with Pre-eclampsia

23nd jxau UO SaNUIIUO))

[19]

0v/0% [onuoo-ose)  ysope[sueqg (1202) (&) 10 12 UIATEd -
L9 €06 T8 LOE 8€ P9E It €9¢ €S 18T TS 90€ SOI/SEI  [BUONDIIS-SSOI)  BISAUOPU] —_ oamsmmmﬁmpw
€y 1€ € SI1E I'v €¥E  Th  9€€ 0S/0S [01)u0d-3sB)) bery 1012 aooaaammﬁmom
6 6ST ¥S L9T €v TIE 6T 9¢ L€ 1Yl vS €6C LT/LE  [eUONOIS-SSOID) eIpu| [s6] (zz02) 1v 12 Tuey Y
SC  9YT ¥8 SLT 6S 6ST 19 01 LT 9ST ST L9T  SIIWML [onuoo-ase)  ysope[3ueq T — _\mm
6€ 95T 9¢ ¥9C 001/00T  [0X}UOd-3sE) eIpu| (1200 ‘12 qﬁ:@a%m
'S 0f €S L'ST 9¢  €0€ 99 tEg 0€/0€  [eUONDIS-SSOI)  BLIDTIN (2207) ‘[ 1 Suos] WMW
- 3 [zs]
09/09 [04109°958) PHIEIN (£200) "1v 12 QL mY-eANYy
7€ 8€C 8T ST 05/0S [013u00-3s8) eIpu| [e€1 (1202) v 32 urer ' "
6v T8 Tv 8LT ' L8 0T T1I¢g 0t/0t [01)u0d-3sB)) ueisnfeq L P ge— .Wm
6 1'€E 89 S0€ TI SLE IS 9T€ TE LTIT €S L9 Ob/OF  [BUONIS-SSOI)  BISAUOPU] (1200) 0 12 %:EEW.M_
0S/0S [01u0d-3s8) BLIOSIN (@) 1 QW%M wm.w
) 3 (8]
05/0 1002708 FEENC (107) (@) o 10 ozuapn D T
St TLT 9% €8T 9¢ T¥E TE tvEg 7S/9T  [eUONOIS-SSOID) uer| [92]1 (€107) 1v 12 eURARY, 7
8y LT LY v¥8 T T8¢ € ILE L€ €LT €v To¢ 0t/0t [0nu0d-dse)  pue[rey] (5000) 2 2 :asoémmm
) [eL]

7T/6 [onuoo-ase) BOLIOUWY

(L661) (0) 1v 32 Ao[puels D

S8IpNIg papn|ou| Jo soisueoeIBY) " d]qeL JO 8NuUo)

GMJ.2023;12:e3151

WWW.gmj.ir



Serum Calcium and Magnesium Levels in Women with Pre-eclampsia

~
3
S
=
S
<
[}
<
<
N
g
<
w2
m

[¥L]

0JJu02-3se BIDU
oot 2 P (S102) (@) 77 12 eyselng
0S/0b  [0NU0d-3sBD) eIpuj [¥L]

(S102) (2) 1 12 BYIRMNS

Ty 9LT L€ S6r L€ SIT TS VvIT vS TLT 6€ €07 O0p/oy [euondss-ssor)  eASIN  [62] (9107) 7 12 19 em3n
s 6T 0L LT €v  8LT 09 €67 Sh/PS  [EUONIIS-SSOI)  BLTIN 010 @ﬁ:pwwwmo@%w
001/0S  [onu0d-3se) BIpu] [29] (9107) "1 32 1RMIRd ‘N

01/01 [01U02-3sB)) eOLIOWY (9002) 11 12 cmeSmM Ea

) [08]

0¥/0T TOHI0o-a8ED ol (S102) (@) 17 12 19€JeA'H

) [08]

0v/0¢ [04109°958) el (S107) (B) "I 32 198JeA"H

'€ S€ ¥¢€ §7C O0Ov 88 €€ TSE +vT 8§€C I'T 6F¥T 001/00I  [01U0d-9sB) BLIDZIN [8S1 (L10T) “7v 32 WiIpouN ‘[
v9  §LT TS 1T 05/0S [0nuod-ase) uel| 10 bm%womwmm\mw
; [+5]

02/0T [013u00-3s8D) eIpuf (1102) ‘10 12 SULSYEIN S

8T LST 97 197 €1 §9¢ 81 ¢§6¢ 001/001 [eUOROIS-SSOIL)  uBISDYRd [99] (ST102) 7v 72 prysey ‘g
9C 9T TT 8¥T 1T LS8 8T T9E SE/0L  [euondas-sso1)  uelsIyed (1202) () 77 2 UpIg] mm
9C 96T TE 9¥YT 1T L8 9¢ L9¢ GE/0¢  eUOnOds-SSOI)  UBISDE] (1200) (®) .E@Exﬁ.mm
v LT 9 LT 9¢ S8 8¢ L9E TV 19T S€ TIT /Ty [oxuod-ose) erdorpyg - smoééo?m_wwﬁ.mow
[19]

0¥/0%

[onuod-ase))  ysope[3ueq (1202) (q) /v 32 UIAIRq °S

S8IpNIg papn|ou| Jo soisueoeIBY) " d]qeL JO 8NuUo)

GMJ.2023;12:e3151

10

WWW.gmj.ir



Serum Calcium and Magnesium Levels in Women with Pre-eclampsia

Study
D

Hamedanian et al. [2019)
Abbasslizadeh 2t 2l (2019
Ambad et al, (2020)
Chaudheri et 8l 2018)
Bsbacen et al, (2011)
Doganet al. (2021
Fasnetal (2012

Eslamzadeh A, et al.

WND{35%C) muniry

0.00(-0.18,0.18)  kan
0.14{-017, -0.11) Iran
0.89(040,0.98) India
-1.44{-199 0. rﬁa
-1, 54{133 1%
4310{4331 011‘% Tirkey
-1.12{-208, 0.18) k

Elmugahi =t al. {2015) 0.50{-187, 0.87) Suckn
Hashemipar et al {217 [ 0.20{-0:33 0.0 kan
Golmchammad Lou etal. (2008) I = 0.27{-D48, -0.06) kran
Alghazzli et 8l {) {2014) & -1.76{-201, -1.51) kraq
Alghazsli et al [b) {2014) - | -1.81{-213, -1.4% kaq

M. E Gunes et al. {2021) e 0.24{059 0.11) Turkey

L Poonia et &l {2021) =+ -1.84{-208, -1.60) India
Ahsanet al, (2013 | —— 0.16(-029,0.61) Bangaiesh
S, Akhter et al, {2011) - 0.89{-124, -0.54) Bangaiesh
AlRubayeetal :r_s-:r_z)nﬂn -+ 4130{419& 064} Frag
AbRubaye et al. {5 (2009 & -1.20{-138 -1.01} Iraq

R. Azizetd, (2014) + . 232456 -0.08) Pekistan

E O. Darkwa etal. {2017} |—— 0.00(-066,0.85) Ghare

A Dhungana et al. {2017) - , -1.48{-177,-1.21) Nepal

Talet . Hessan et al, {1991) —_— 073(-182 0.96) Pakitan
E S Idogun &t =l (2007) —— 0.80{-1:30, 0.10) Migeria
I C. leechuewy et . (2012) - ; -257(-254 -2 20) Migeria
5. Jsin et al. {=) (2002) -, -1.32{-163, -1.01) India
S Jain et al. (&) (2008 - -204{-228, -1.80) Inia
0. V. Kansgsl et al. [2014) -¢-: -1.13{-141, -0.85) India
WK Kashysp e sl. [2005) —_ 204{148, 260)  India
J.Km el (2013) —_— 2080152, -0.08) Hores
K Kisters et al (2000) - 4195{-1.31, 061) Germany
K Kisters =t sl {1998) — 0/56{-129, -0.63) Germany
M. Kes ch =t sl {2000} — 0.86(-131, -0.61) Germany
S, Wurmmu =t al. (2005) -~ 0.84(-112 0.76) Turkey
H. Lslet ol (1955 —— 020{076, 0.36) India
J. Messeet al. =) [1993) e 0.04{-002 0.10) Canada
. Messeet al, () (1952 [T 0.12{006, 0.20) Canads
5. Mittsl et sl [ Z14) + 0.79(-058, -0.70) Inia
C.E M. Choror et al. (2020) — -1.44(-195, -0.93) Migeria
C. Funthumepol t &l (=) (2008) | 0.06(-0.14, 0.26) Thailand
C. Funthumepol et al {5} {2008) | = 0.29(-052 0.06) Thailand
D.G D. Richerdk &t al. {izm.. P 4112{4322 0.02) South Africa
S. R Richards etal. (=) 1 | —— 0.20{053 0.13) Ameica
5. R Richards et al. (b} [1384) 0.40{09, 0.11) America
M. Fiostam &t al, (2011) - 0.83{-103, 0.83) Fan
F.P. Sendect al. (2013) -, -1.36(-168, -1.04) Nigeria
C. Standley et &l (3) (1557) - 021012 0.30) Ameica
€. Sandleyet al {5) (1587) ) . 0.08(-013, 0.01) Ameica
C. Standley et sl {c) (1997} * 0.02{-007, 0.03) Ameica
K. Suinpan et al (2005) = 0.70{-055 -0.45 Thailand
1. Uderze et al. () (2014) —— 0.12{-067,0.43 Nigeria
I.C Uderzeetal (b} (2014) —L -1.19{-174, -0.84) Nigeria
T, Eachilshet al, (2021) —— 0.82{-121, 0.55) Indonesia
D.D. Jain et al (221} ol -1.33{-1.&5\-1.11 India
Wuye-Huu TO et s, (2023 g -0.56{-088, -0.26) Migeria
M. Chahan et al. (2021) L -1.31{-180, -1.02) India
SN M. Uddinet al. (2022) —_—— -1.40{-229, 0.51) Bangaesh
R. Rani &t =l. [2022) —_— 1AT{-177, 0.57) Indla
W. , Abdulhalesm e sl {2022) -~ -1.28{-150, -1.03)
G. M. A Winane et l, (2021) 1 0.40{-066, 0.14) Indonesia
S, Pann et al. {3 (2021) - -0.80{-057, -0.63) Bangaiesh
S, Panin et al. (&) (2021) i -1.40{-158, -1.2%) Bangaiesh
R. D. Gebreychannes etal, (2021) —_— -0.80{-130, -0.30) Ehlupta
F. F. Khicri et al. (=) (2021) — 0.79(-115, -0.43) Pak
F.F. Khidriet al. {5} [2021) o, -1.18{-133 0. Patstm
B. Fashid et gl (2015 * - {G{-HE-DB’I Paicistan
f. Viahicr aods ary et al, (2007) - 031{0730.17) Fan
J. Nnodimet al. (2017) + ; -3.41(-352 -3.30) Migeria
j. bringman et sl. (2006 e -1.57{-283, -0.21) Ameica
M. Pstri et =, [2016] - A.14{-1.41, -0.87) India
0. A Onyeghule et sl (2014) - -1.85(-217. -1.73) Migexia
Ugaujs Bl 2 al. (2018) 4 0.10{-214, 1.94) Migeria
Overdl| (|-squered = 55.9%, p =0.000) ¢' 0.81 {058, 0,63

- i i L
[
-4.58 o 456

Figure 2A. The forest plot of meta-analysis of the association between calcium (A) and magnesium (B)
levels with pre-eclampsia.

GM1J.2023;12:e3151 11
WWW.gmj.ir



Eslamzadeh A, et al.

Serum Calcium and Magnesium Levels in Women with Pre-eclampsia

Study
] WMD(35%Cl)  country
-
Ambad et al, {2020) 1# 0.05(-0.01, 0.11) India
Chaudhari et al (2016 E D17(0.2, 0.
Dogan et al. (2021) | = 0.20{-0.02 0.42) T
Farzin etal (2012) - D27(0.3, 0.18) ran
Elmugsbil et sl (2016 e u.su{nm,n. Sudan
Golmohammad Louet al. (2008) I 0.00{-0.10,0.10) kan
Alghzsli et sl () (2014) e I 121 {-1.35 -1.07) rag
Alghazali et al. {b) [2014) = 112{-1.%7, 0.57) raq
B. Adam et l, (2001) 1| = ﬂ.ﬂﬂ{ﬂﬂﬂ,{l. Turk
Arsan etal (2013) i 0.01(-0.35, 0.37) Bangladesh
AlRubaye et al. :fla;- ;EDDE;- L 0.51(-0.58 0.48) rag
AFRubaye et al (b (2009 * | 40.78 |-0.88, -0.70) raq
R. Aziz étl. (20 4 — 058(-1.32 0.1% Pekstan
Boredid et al. {2009) ) 023(0.38 0.20) Tukey
E. O. Darlowa et al, {2017) -+ 0.15({-0.33, 0.03) Ghana
B. Das et al. {2014} #‘ 023{0.30, 0.18) India
A Dhungana et al ;ﬂzml. * 020{0.28, -0.11) Nepal
E. 5. Idogun et al, (2007) - 0.05{-0.26, 0.18) Nigeria
5. Jain etal. (g) (2009) =+~ 0.29{0.45, -0.13) India
S, Jain etal. {b) (2009) sl 041 {055, -0.%7) India
B. Jamal et sl (2017) * 1 -202{-2.09, -1.95) Pakistan
0.V, Kanagal et gl (2014) - 014{0.37, 0.09 India
ME Kas hyap et al. iﬁme.;. -+ 009{0.%7, 0.09) India
0. Katz etal. (2012) 1] 183(151, 215 lsrael
K Kisters et al. (2000) = 0.05(0.15 0.25) Germany
K. Kisters et ol {1998) I 0.17(000,034) Germany
K. Kisters et g, {1580 1 0.19(003, 035 Germany
H.Lsl etal (1985) - I -159(-1.87, -1.31) India
J Masseetal ;a;- :11993} | 001 (-0.08, 0.04) Canada
J. Masse etal. (b (1998) I'* 0.01{-0.05, 0.07) Canada
5. Mttal et al (2014) L] 0.05(0.08, -0.01) India
K. Mahar et al. [2010) I = 0.08 (-0.05, MEE Bangladesh
C.E M. Ckoror et al. (2020) - 006 (0.20, 0.05) Nigeria
C. Punthumapal et &l. {g) (2008) :-r 0.00{-0.08, 0.09) Thailand
C. Punthumapal et &l. (b) (2008) 0.20(-0.02 0.42 Thailand
0.G.D. Himadsaal.g:blag Irr 0.15 13.*1*1,11.152j South Africa
3. R Richards et . (g) (1984) I 0.00{-0.12 0.12 America
5. R Richards et al. (b} {1864) I = 0.37(000,074) Ameica
R. Sanders et al. g) (1999) I | 0.19(008,0.30) Metherlands
R. Sanders et al (b) rL15:5'9:. % 0.24(015033 Netherlands
R. Sanders et al. {5 (1959 I | 0.19(0.11,0 Netherlands
C.A Sepurietal.(a) (2020) ——! .76 (-1.1, -0.33) Indonesia
C. A Saputietal. (b) (2020) — 0.48(-1.05 n.n’q Indonesia
K. Sukonpan et 3l (2005 +* 020 (0.23 -0.11) Thailand
Z Tavana et al, (2013) -~ 048 &41?1, .25} ran
| ¢ Udenz=stsl (3] 2014 | = 0.34(004 084 Nigeria
L €. Udenze etal (b) (2014) I —t— 0.97 (054, 1.40 w&
M. |. Khatisk =t al, (2021) —t— 1 -227(-253 -201) Pk stan
D.D. Jainet ol. (2021) + 022048 -ﬂ.‘ﬂ India
eKuu TO et al, (2023) -+ 0.66({-0.90, 0.42) Nigeria

I K. P lsong et &l (2122) - 029(0.8, n.cﬁ Nigeria
R. Rani et al, {2022} s D703, -ﬂ.ﬁ India
W. R, Abdulhalesm et gl (2022) — 051 (0.80, -0.27) raq
G N A Winamo et ol | 2021) 1| 0.76(0:42 1.10) " Indonesia
5. Meksane et al. (2011) ——| DET(-1.37, 0.37) India
f. Vahidroodsary et al. (2007) - 037 (0.5, -0.15) kan
H\Vafeei et sl (g) (2015) l'e n.u:z{-n.{& 0.1[13 ian
HVafaei e al. (k) {2015) _:_1._ 0.01{-0.04, 0.08) fran
j. bringman et al. (2008) 0.13(-0.32 0.58) America
fi Patvari &t ol (2018) —_— 080 -1.ﬁ’|.{l.411 India

A DEEgbuIEEtaI. (2014 = I -338 (374 -302) Nigeria
Ugwuja El & sl (2018) — | -1.00 {-1.42, -0.58) Nigeria
R. Sujath et al. (3| 52315- — 0.41(-1.00, 0.18) India
R. Sujgtha et al {b) {2015 I * 135(122 148 India
Overall {|-squared = 98.5%, p=0.000) ? 022(0.34 009
HNOTE: 'l.l".l'Egth._E[ efrom ram'msﬂam_aua]mh 1

-3.74 0 374

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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acteristics of these studies are summarized in ation between calcium and magnesium lev-
Table-1. els with pre-eclampsia are depicted in Fig-

ure-2A-B. The pooled analysis demonstrates
Meta-analysis Outcomes a significant decrease in the levels of calci-
Based on the inclusion of 71 and 64 studies, um (WMD=-0.807 mg/dL, 95% CI: -0.983,
respectively, the meta-analysis results, us- -0.632, P<0.01) and magnesium (WMD=-

ing a random-effects model, for the associ- 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 a/ 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, EI-Maghraby et a/ 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

Serum Calcium and Magnesium Levels in Women with Pre-eclampsia

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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