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Abstract

Purpose Magnesium sulfate (MgSO,) has been widely used in obstetrics as a mean to help decrease maternal and neonatal
morbidity in various antenatal pathology. As a factor, it seems to regulate immunity and can, thus, predispose to infectious
morbidity. To date, it remains unknown if its administration can increase the risk of chorioamnionitis. In the present meta-
analysis, we sought to accumulate the available evidence.

Methods We systematically searched Medline, Scopus, Clinicaltrials.gov, EMBASE, Cochrane Central Register of Con-
trolled Trials CENTRAL, and Google Scholar databases in our primary search along with the reference lists of electronically
retrieved full-text papers.

Results Eight studies were included that investigated the incidence of chorioamnionitis among parturient that received
MgSO, and control patients. Magnesium sulfate was administered in 3229 women and 3330 women served as controls as
they did not receive MgSO,. The meta-analysis of data revealed that there was no association between the administration
of magnesium sulfate and the incidence of chorioamnionitis (OR 0.98, 95% CI 0.73, 1.32). Rucker’s analysis revealed that
small studies did not significantly influence the statistical significance of this finding (OR 1.12, 95% CI 0.82, 1.53). Trial
sequential analysis revealed that the required number to safely interpret the primary outcome was not reached. Two studies
evaluated the impact of MgSO, in neonates delivered in the setting of chorioamnionitis. Neither of these indicated the pres-
ence of a beneficial effect in neonatal morbidity, including the risk of cerebral palsy, intraventricular hemorrhage, necrotizing
enterocolitis, bronchopulmonary dysplasia, sepsis, stillbirth, or neonatal death.

Conclusion Current evidence indicates that magnesium sulfate is not associated with an increased risk of maternal chorioam-
nionitis. However, it should be noted that its effect on neonatal outcomes of offspring born in the setting of chorioamnionitis
might be subtle if any, although the available evidence is very limited.
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Introduction

Magnesium is an essential metal in human physiology, belong-
ing among the most important cations following potassium,
>4 Aggeliki Papapanagiotou calcium, and sodium, being the second most important cation

scriptamanem @yahoo.gr in the intracellular environment [1]. As an intracellular com-
ponent, its presence is essential for the processes that involve
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kidneys and the bowel [4]. Hypomagnesemia is observed when
the levels of magnesium fall below the limit of 1.8 mg/dl and is
observed in approximately 15% of the adult population.

During pregnancy, magnesium has been administered as a
treatment of several antenatal pathological entities. In the form
of magnesium sulfate, it has been used to prevent eclampsia
in preeclamptic patients and it has been also considered as a
tocolytic agent [5—7]; however, given the limited amount of
evidence and the lack of an evidential association between its
use and actual clinical benefit for these two pathological enti-
ties, current recommendations do not include it as a treatment
option. Currently, the use of magnesium sulfate is strongly
recommended in cases with anticipated preterm birth as an
offspring neuroprotective regimen [8, 9]. It is associated with
a significant reduction of cerebral palsy and substantial gross
motor dysfunction at 2 years of age [10].

To date, it remains unclear if magnesium sulfate intake
during pregnancy may result in adverse maternal and neo-
natal outcomes; however, recent meta-analyses suggest that
there is absence of evidence from randomized trials and that
the risk of neonatal death or other, rarer adverse events as
well as the risk of severe postpartum hemorrhage is rather
small and does not differ compared to that of women that do
not receive magnesium sulfate [11, 12].

Chorioamnionitis is a relatively rare antenatal entity that
is encountered in approximately 9.7 per 1000 live births
[13]. It is a significant factor that is independently associ-
ated with offspring mortality and the use of antibiotics is
strongly supported as the anticipated reduction of neonatal
death reaches 30% [13]. Magnesium is a significant compo-
nent that modulates immunity as it seems that its levels are
directly related to immunometabolism [14] and can therefore
regulate the incidence as well as the outcome of pregnancies
complicated by infectious diseases, including chorioamnion-
itis. Fetuses exposed to antenatal magnesium sulfate express
reduced cytokine production and this effect is thought to be
the principal factors that helps prevent cerebral palsy [15].

Considering these, we sought to investigate the potential
effect of magnesium sulfate on the incidence of chorioam-
nionitis in pregnant women that receive antenatal treatment,
irrespective of the underlying cause. Together, we opted
to gather information relevant to the incidence of adverse
maternal and neonatal events in pregnant women with cho-
rioamnionitis that receive magnesium sulfate and compare
them to patients with chorioamnionitis that do not receive
magnesium sulfate.

Methods

The present systematic review was registered in PROSPERO
(International prospective register of systematic reviews)
prior to its onset (Registration number: CRD42023398579)
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and is designed according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [16]. The review is based on aggregated data that
have been already published in the international literature.
Patient consent and institutional review board approval were,
therefore, waived.

Eligibility criteria, information sources, and search
strategy

The eligibility criteria for the inclusion of studies were pre-
determined. Two correlations between magnesium sulfate
and chorioamnionitis were presumed and investigated. The
first regarded the incidence of chorioamnionitis among
women that received magnesium sulfate and those that did
not. The second aimed to evaluate the incidence of mater-
nal and neonatal adverse events among women with cho-
rioamnionitis that received and did not receive magnesium
sulfate. The reason for administering magnesium sulfate in
pregnancy was anticipated to vary among included stud-
ies and includes, but is not necessarily limited to, neonatal
neuroprotection, prevention of preeclampsia, and prevention
of preterm birth. Due to the anticipated limited number of
studies, we selected to include all cases and perform sub-
group analyses for the different groups, if possible. Case
reports, experimental studies, and conference proceedings
were excluded from the present meta-analysis.

We used the Medline (1966-2023), Scopus (2004-2023),
Clinicaltrials.gov (2008-2023), Cochrane Central Register
of Controlled Trials CENTRAL (1999-2023), and Google
Scholar (2004-2023) databases in our primary search along
with the reference lists of electronically retrieved full-text
papers. The date of our last search was set at April 30 2023.
Our search strategy included the text words “magnesium
sulfate; chorioamnionitis; endometritis” and is briefly pre-
sented in Fig. 1.

Study selection

The process of study selection involved three consecutive
stages. First, deduplication of retrieved articles was per-
formed, and afterward, the titles and abstracts of all elec-
tronic articles were screened by two authors to evaluate if
they provided relevant data. Studies were selected for inclu-
sion following retrieval and review of the full text. Discrep-
ancies that arose in this latter stage were resolved by con-
sensus from all authors.

Data extraction
Outcome measures were predefined during the design of the

present systematic review. Data extraction was performed
using a modified data form that was based on Cochrane’s
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data collection form for intervention reviews for RCTs and
non-RCTs considering the anticipated maternal and neonatal
adverse outcomes in cases with chorioamnionitis [17]. The
primary outcome of our study was to evaluate differences in
the incidence of chorioamnionitis among pregnant women
that received magnesium sulfate during pregnancy and those
that did not. Secondary outcomes included differences in
inflammatory biomarkers (white blood cells, c-reactive pro-
tein levels), differences in the incidence of neonatal sep-
sis, neonatal respiratory distress syndrome, neonatal death,
maternal endometritis, postpartum hemorrhage, and mater-
nal sepsis.

Assessment of risk of bias
The methodological quality of included randomized con-

trolled trials was initially designed to be assessed by two
independent reviewers using the risk of bias 2 (RoB 2) tool.

The quality of non-randomized trials was assessed with Risk
of Bias in non-Randomized Trials (ROBINS-I) tool which
incorporates 7 domains that investigated bias that arises (i)
from confounders, (ii) from selection of participants, (iii)
from selective reporting in intervention measures, (iv) from
deviations from intended interventions, (v) due to missing
data, (vi) from selective reporting in outcome measures, and
(vii) from selective reporting of outcomes.

Data synthesis

Statistical meta-analysis was performed with RStudio using
the meta function [RStudio Team (2015). RStudio: Inte-
grated Development for R. RStudio, Inc., Boston, MA URL
http://www.rstudio.com/]. Statistical heterogeneity was not
considered during the evaluation of the appropriate model
(fixed effects or random effects) of statistical analysis as
the considerable methodological heterogeneity (Table 1)
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did not permit the assumption of comparable effect sizes
among studies included in the meta-analysis [18]. Confi-
dence intervals were set at 95%. We calculated pooled risk
ratios (OR) and 95% confidence intervals (CI) with the
Hartung—Knapp-Sidik—Jonkman instead of the traditional
Dersimonian—Laird random-effects model analysis (REM).
The decision to proceed with this type of analysis was taken
after considering recent reports that support its superiority
compared to the Dersimonian—Laird model when comparing
studies of varying sample sizes and between-study hetero-
geneity [19]. Publication bias was not assessed due to the
small number of included studies [20].

The potential presence of small-study effects was evalu-
ated with Riicker’s Limit Meta-Analysis and the possibility
of p-hacking with inspection of the results of the p-curve
analysis.

Prediction intervals

Prediction intervals (PI) were also calculated, using the meta
function in RStudio, to evaluate the estimated effect that is
expected to be seen by future studies in the field. The estima-
tion of prediction intervals considers the inter-study varia-
tion of the results and expresses the existing heterogeneity
at the same scale as the examined outcome.

Trial sequential analysis

To evaluate the information size, we performed trial sequen-
tial analysis (TSA) which permits investigation of the type
I error in the aggregated result of meta-analyses performed
for primary outcomes that were predefined in the present
meta-analysis. A minimum of 3 studies was considered as
appropriate to perform the analysis. Repeated significance
testing increases the risk of type I error in meta-analyses
and TSA has the ability to re-adjust the desired significance
level using the O® Brien—Flemming a-spending function.
Therefore, during TSA, sequential interim analyses are per-
formed that permit investigation of the impact of each study
in the overall findings of the meta-analysis. The risk for type
I errors was set at 5% and for type II errors at 20%. The TSA
analysis was performed using the TSA v. 0.9.5.10 Beta soft-
ware (http://www.ctu.dk/tsa/).

Results

Incidence of chorioamnionitis

Overall, 8 studies investigated the incidence of chorioam-
nionitis among parturient that received MgSO, and con-

trol patients [21-27]. Of those, 5 had a randomized design
and 4 were observational studies. Magnesium sulfate was
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administered in 3229 patients and 3330 women served as
controls as they did not receive MgSO*. Patient characteris-
tics are depicted in the Appendix and did not differ among
the two groups. Significant differences were observed in the
indications for the administration of MgSO, with 5 studies
including fetal neuroprotection as the primary indication,
3 studies including MgSO* as a tocolytic regimen, and 1
study introducing MgSO* as a measure against preeclampsia
(Table 1). As a result, inclusion and exclusion criteria as
well as investigated primary outcomes also differed among
the studies included.

The methodological quality of included randomized
trials revealed minor problems with selective reporting of
clinical chorioamnionitis being the main issue encountered
(Fig. 2). On the other hand, observational studies had more
issues leaving apart the reporting of chorioamnionitis, which
included concerns in the classification of interventions.

The meta-analysis of data revealed that there was no asso-
ciation between the administration of magnesium sulfate and
the incidence of chorioamnionitis (OR 0.98, 95% CI 0.73,
1.32) (Fig. 3). Rucker’s analysis revealed that small studies
did not significantly influence the statistical significance of
this finding (OR 1.12, 95% CI 0.82, 1.53). Moreover, there
were no significant outliers detected; hence, the findings of
individual studies should be considered homogeneous. As
none of the included studies included significant results,
analysis of p-hacking was not possible. Trial sequential
analysis revealed that the required number to safely interpret
the primary outcome was not reached.

Neonatal adverse effects in neonates receiving
MgSO, in the presence of chorioamnionitis

Two studies evaluated the impact of MgSO4 in neonates
delivered in the setting of chorioamnionitis [26, 28]. Nei-
ther of these indicated the presence of a beneficial effect
in neonatal morbidity, including the risk of cerebral palsy,
intraventricular hemorrhage, necrotizing enterocolitis,
bronchopulmonary dysplasia, sepsis, stillbirth, or neonatal
death. Of note, Edwards et al. observed that children receiv-
ing MgSO, in the absence of chorioamnionitis had a sig-
nificantly lower incidence of cerebral palsy and moderate/
severe cerebral palsy at 2 years, indicating that the effect
of the regimen might be more significant in the absence of
intrauterine infection.

Discussion

The findings of our study suggest that magnesium sulfate
does not affect the risk of developing chorioamnionitis when
administered antenatally as a mean to prevent maternal and
neonatal pathology. Moreover, intake by pregnant women
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Table 1 (continued)

(5

Indication for MgSO,

Rates of delivery within 48 h and 7 days Fetal neuroprotection
from randomization (latency)

Primary outcome

nancies/Suspected chorioamnionitis/

Cervical dilatation >4 cm/Twin preg-
Previous administration of magne-

Exclusion criteria

of gestational age/PPROM/No evi-

Singleton pregnancies/24-31+ 6 weeks
dence of labor

Inclusion criteria

Study type

RCT

Year; author
2014; Horton

Springer

sium sulfate/Delivery within 1 h after

randomization

CS cesarean section, N/ICU neonatal intensive care unit, RCT randomized clinical trial, PE preeclampsia, PPROM preterm premature rupture of membranes, TORCH toxoplasma, rubella, cyto-

megalovirus, herpes

with chorioamnionitis does not help decrease the risk of neo-
natal death or the severe composite neonatal morbidity that
is encountered during postpartum hospitalization. It should
be noted, however, that these latter observations are based on
limited data from two studies that involved a small number
of parturient and neonates that does not suffice to consider
them for practice recommendations. The actual neonatal
benefit of MgSO4 in the presence of chorioamnionitis is
questionable, although this observation might be attributed
to the lack of adequately powered sample sizes.

The hypothetical linkage of MgSO, and chorioamnio-
nitis relies on evidence that seem to relate magnesium to
the pathophysiology of immunomodulation in infectious
diseases [29]. Magnesium is considered a fundamental ion
for the human body that is strongly related to the innate
and acquired immune responses [30]. Specifically, it has
been linked to immunoglobulin synthesis, immune cell
adherence, macrophage responses to cytokines, and T- and
B- helper cells adherence to antigens. Experimental stud-
ies have shown that magnesium deprivation may increase
proinflammatory proteins [31]. Similar findings have been
shown in elderly patients that consume diets with low mag-
nesium levels [32]. One could, therefore, speculate that mag-
nesium intake might attenuate the severity of infectious dis-
eases and this has been indeed proved in the clinical setting
[30, 33, 34]. To date, unfortunately, in the field of obstetrics
and particularly in cases with preterm premature rupture of
the membranes, the beneficial effect of magnesium sulfate
remains speculative as there is no evidence to support the
pathophysiology behind this association.

The potential association between corticosteroid intake
and chorioamnionitis should be considered as well. In the
present systematic review, we observed significant discrep-
ancies in the rates of corticosteroid administration among
the studies that reported it with two of them noting a sig-
nificant difference even among cases receiving MgS0O4 and
those that did not [22, 25]. One can assume, therefore, that
this parameter may constitute a potential bias that deserves
further attention in the future.

Concerning the neuroprotective effect of magnesium sul-
fate against cerebral palsy, it should be noted that one of the
largest studies that was included in the present systematic
review suggested that it is evident only among cases that
do not develop chorioamnionitis (OR 0.52, CI 0.31-0.86),
whereas its effect in cases with chorioamnionitis seems to
be modest and rather insignificant (OR 0.76, CI 0.19-2.76)
[26]. This particular difference should be taken into account
when one considers the actual benefit of magnesium sulfate
in preterm deliveries that are likely to result in neurode-
velopmental deficiency and must be included in the patient
counseling scheme. The actual linking mechanism between
chorioamnionitis and offspring cerebral palsy has not been
fully elucidated, and to date, the evidence linking these two
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Fig.2 Upper section depicts
the assessment of included
non-Randomized Trials with
the Risk of Bias (ROBINS-I)
tool. Lower section depicts the
assessment of included Rand-
omized Trials with the Risk of
Bias (RoB 2) tool
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entities seems to be particularly underpowered and biased
[35]. Studies involving key factors that may provide evi-
dence to support the correlation of chorioamnionitis with
perinatal brain injury are still missing and most of the evi-
dence dates more than 20 years ago speculating the devel-
opment of a fetal inflammatory response syndrome that
results in an inflammatory cascade that ultimately results
in recruitment of immune cells and the release of growth
factors in the developing brain [36]. The involved proteins
disrupt the normal maturation of the central nervous system
as well as the development of white matter and the effect is
particularly aggravated in early preterm fetuses [37-40]. In
the clinical setting, novel evidence suggests that intrauterine
exposure to chorioamnionitis may provoke significant neu-
roanatomical alterations in the white matter, pallidum, and
nucleus accumbens that can disrupt the physiology of the
central nervous system [41]. These in turn result in cognitive
dysfunction as white matter and the limbic system regulate
behavior, motivation, long-term memory, as well as the abil-
ity to process novel information [42]. It remains unknown
whether magnesium sulfate may help limit the side effects of
chorioamnionitis or not; however, it is believed that magne-
sium intake, at least in adults, exerts a beneficial effect that
limits neurodegeneration and cerebrovascular damage [43].

In this line, novel evidence focusing on neurogenic
inflammation which is frequently associated with infec-
tion, toxin exposure, or traumatic brain injury [41] sug-
gests that the process results in magnesium depletion which
in turn triggers a cascade that results in secondary brain
injury. Experimental studies involving rats have shown that
Mg2+ deficient specimens have significantly larger cortical
loss compared to animals with normal magnesium levels
[44]. The neuroprotective effect of magnesium seems to be
related to maintenance of the membrane potential as well
as the capacity of cells to maintain their repair mechanisms
[45]. Experimental studies in rodents suffering from menin-
gitis have also implied the ability of magnesium therapy to
improve the clinical outcome by attenuation of pneumolysin-
triggered pathogenic effects on the brain [46]. In humans,
cerebrospinal fluid levels of magnesium seem to increase
compared to serum levels in children with pyogenic and
tubercular meningitis, indicating its detrimental function in
the inflammatory process that targets the resolution of the
disease [47].

Implications for clinical practice and future research

Current evidence does not support the use of magnesium
sulfate as a mean that may help reduce the risk of maternal
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chorioamnionitis, neither as an effective treatment that can
limit the adverse neurodevelopmental effects that may be
triggered in fetuses of patients with chorioamnionitis at
risk of preterm delivery. It should be noted, however, that
most of the data are drawn from retrospective series and the
actual indications for the use of magnesium sulfate were par-
ticularly heterogeneous. In this line, we believe that future
studies are needed to clarify if cases with histologic and/or
clinical chorioamnionitis can be prevented in selected cases
at risk of preterm delivery (particularly those with preterm
premature rupture of the membranes) and if its use can
help alleviate the associated neonatal adverse effects from
the central nervous system. Predetermination of the actual
groups of patients may be particularly useful as it is antici-
pated that the effect of magnesium may be more important in
cases at risk of early preterm delivery as well as those with
clinical signs of infection. Considering this information,
we believe that it would be prudent to also determine the
clinical factors that may be associated with increased risk of
neonatal adverse effects in the presence of maternal chorio-
amnionitis and to closely monitor these patients. Recently,
Brun et al. investigate the predictive accuracy of wearable
sensors on the early detection of intraamniotic infection in
the presence of preterm premature rupture of membranes
[48]. Future studies might help evaluate if MgSO4 results in
different fluctuations in these wearable sensors and whether
it can actually determine the clinical course of patients with
ruptured membranes.

Conclusion

Magnesium sulfate intake does not correlate with chorioam-
nionitis in women treated for various antenatal pathologies.
However, it remains unknown whether selected populations,
including women with preterm premature rupture of the
membranes, as well as neonates exposed to chorioamnioni-
tis may benefit from its administration. Further studies are
needed to guide clinical practice.

Appendix

See Table2.
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Table 2 Patient characteristics (MgSO4 and incidence of chorioamnionitis)

PPROM CS

PPROM

Antibiotics Gestational

Corticoster-
oids

Smoking

Race (White/ DM Nulliparous Parity

Black/Other)

BMI

Age

Year;

age

author

30 vs 27

n/a

n/a

n/a 38.4 vs

0.8vs0.9 n/a n/a

n/a

n/a n/a

109vs 113 22vs21.9 n/a

2003; Liv-

38.5
28.3 vs

ingston
2008; Rous

417 vs 448

947 vs 995 252 vs

n/a

299 vs 319 1062 vs

391 vs414 n/a

26 vs 26.4  404/483/209 n/a

26.1 vs

1096 vs

28.2 244

1116

Vs
418/495/232

n/a

259

1145

75 vs 73

n/a

77 vs 108

29.7+3.2

n/a

n/a n/a 43 vs 28

n/a

n/a

n/a

n/a

103 vs 118

2005; Deer-

Vs

ing

31.3+29

28.2vs

n/a

n/a

49 vs 92

n/a n/a 182 vs 130 136 vs 95

n/a

n/a n/a

n/a

190vs 211 30vs31.4

2002; Elim-

293
29.4 vs 28
28.5vs

ian
2017; Jung

2014;

51vs 18
n/a

n/a

143 vs 41
621 vs 638 25.3 vs

n/a

114 vs 18

n/a n/a
186 vs 182 602 vs 622

75 vs 7

n/a
n/a

n/a

n/a

32vs 327

143 vs 41

n/a

n/a

195 vs 213

238/275/16

26.3 vs

621 vs 638 26.8 vs

24.9

28.3

vs
238/286/16

26.6

26.1
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