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Magnesium levels in relation to rates of preterm birth: a
systematic review and meta-analysis of ecological,
observational, and interventional studies

Yijia Zhang @ , Pengcheng Xun, Cheng Chen, Liping Lu, Michael Shechter, Andrea Rosanoff, and Ka He

Context: Experimental studies suggest that magnesium levels in pregnant women
may affect the length of gestation, as magnesium affects the activity of smooth
muscle in the uterus. Little is known about the association between magnesium lev-
els or supplementation and the rate of preterm birth. Objective: The aim of this
systematic review was to summarize the data on magnesium soil levels and pre-
term birth rates from ecological, observational, and interventional studies. Data
Sources: Soil magnesium levels were obtained from US Geological Survey data,
and preterm birth rates were acquired from the March of Dimes Foundation.
Relevant epidemiological and clinical studies published until April 2019 in peer-
reviewed journals were retrieved from PubMed, Google Scholar, and related refer-
ence lists. Study Selection: Original studies published in English, conducted in
humans, and in which magnesium (dietary/supplemental intake or biomarkers)
was an exposure and preterm birth was an outcome were included. Data
Extraction: Eleven studies were included in the systematic review. Meta-analysis
was performed on 6 studies. Overall relative risk (RR) and corresponding 95%Cls for
risk of preterm birth in relation to magnesium supplementation were estimated by
a random-effects model. Results: The ecological study revealed an inverse correla-
tion between magnesium content in soil and rates of preterm birth across the
United States (r = —0.68; P < 0.001). Findings from 11 observational studies gener-
ally support an inverse association between serum magnesium levels and rates of
preterm birth. Of the 6 eligible randomized controlled trials, which included 3068
pregnant women aged 20 to 35 years and 352 preterm infants, the pooled RR was
0.58 (95%CI, 0.35—0.96) for women in the magnesium supplementation group
compared with women in the control group. Conclusions: Accumulated evidence
from ecological, observational, and interventional studies consistently indicates that
adequate magnesium intake during pregnancy may help reduce the incidence of
preterm birth.
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INTRODUCTION

Preterm birth, defined as birth before 37 weeks of preg-
nancy, is the leading cause of infant morbidity and
mortality.' In the United States, it is estimated that
more than 1 in 10 infants were born prematurely in
2016." Preterm birth is associated with many long-term
complications in survivors, including cerebral palsy and
delayed development as well as impaired vision and
hearing,"” which may lead to early childhood disabil-
ities.” In addition, costs associated with preterm birth in
the United States are approximately $26.2 billion annu-
ally. These costs are attributed, in part, to medical care,
special education, and loss of labor.* Therefore, it is im-
perative to identify modifiable risk factors to develop
strategies that could potentially reduce the rate of pre-
term birth.

Magnesium is the second most abundant mineral
in the human body and serves as a cofactor for numer-
ous enzymatic reactions.” It is essential for muscle con-
traction, neurological function, energy metabolism, and
synthesis of nucleic acids and proteins.® Studies indicate
that magnesium deficiency is associated with hyperac-
tivity of the muscle cells in the uterus, which may con-
sequently increase the risk of spontaneous abortion,
preeclampsia, and preterm birth.”® Magnesium defi-
ciency has also been linked to endothelial dysfunction,’
which has been shown to present disproportionately in
women who deliver preterm.'’ Of note, magnesium sul-
fate, a calcium antagonist, has been used for decades as
a tocolytic agent to prevent preterm delivery. However,
as its efficacy has not been validated, reversing magne-
sium status through nutritional support (both dietary
and supplemental) may be an alternative method in ob-
stetric care.

Magnesium in the environment, especially in soil,
may contribute to magnesium status in humans, which
is usually a reflection of dietary magnesium intake."'
Since soil harbors living plants, the availability of mag-
nesium in the soil may affect the magnesium content in
vegetables and grains,'> which are major dietary sources
of magnesium."' According to the US Geological
Survey, soil magnesium levels vary widely across the
mainland United States, which may result in geographic
variations in magnesium intake."> The US Department
of Agriculture reported most Americans prefer eating
local produce.'* Another potential pathway of magne-
sium transport from soil to individual dietary intake is
through drinking water, given that the mineral content
of soil may greatly influence the minerals present in
drinking water.!® Furthermore, data from 2016 show
that preterm birth rates vary across the United States
and are disproportionately higher in the Southeast re-
gion.'® Differing levels of magnesium intake among
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pregnant women may be associated with regional dis-
parities in rates of preterm birth. Thus, presumably, the
regional distribution of magnesium content in soil may
be associated with geographic variations in preterm
birth rates through magnesium intake.

Clinically, findings from observational studies are
generally consistent that preterm birth is more likely to
occur in women who have hypomagnesemia status dur-
ing the middle stage of their pregnancy.'” >’ However,
data from randomized controlled trials (RCTs) on mag-
nesium supplementation are conflicting. Some stud-
ies,”® " but not all,>>® report that magnesium
supplementation might reduce rates of preterm birth. A
recent Cochrane review on the association between
magnesium supplementation and various pregnancy-
related outcomes concluded that magnesium supple-
mentation might not be necessary to prevent preterm
birth,** though preterm birth was a secondary outcome
in the review and most primary studies (6 of 7) included
were conducted in the 1990s.

The objective of this study is to quantitatively and
qualitatively summarize the data on magnesium and
preterm birth from ecological, observational, and inter-
ventional studies. The PRISMA checklist served as a
guideline during the systematic review and meta-
analysis (see Appendix S1 in the Supporting
Information online).

METHODS

Ecological study

The magnesium levels in soil were obtained from the
US Geological Survey Publications Warehouse. From
2007 to 2010, soil samples collected from 4857 locations
(1 per 1600 km?) in the contiguous United States were
analyzed for magnesium content using inductively cou-
pled plasma-atomic emission spectrometry.’® The me-
dian concentration of soil magnesium for each state was
calculated. Data on soil magnesium content in Alaska
and Hawaii are missing. The rates of preterm birth were
obtained from the 2017 Premature Birth Report Card
issued by the March of Dimes Foundation.”® This re-
port provides the rate of preterm births in 2016 at the
state level. The Spearman correlation coefficient was
computed to determine the relation between magne-
sium content in soil and the preterm birth rates in 48
US states.

Systematic review and meta-analysis
A systematic review was carried out to examine the as-

sociation between magnesium biomarkers and rates of
preterm birth in observational studies, whereas a
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Table 1 PICOS criteria for inclusion and exclusion of studies

Parameter Inclusion criteria

Exclusion criteria

Population

Exposure (or
Intervention)/
Comparators

Pregnant women

For studies that examined the association between serum magnesium concentration
and the risk of preterm birth, the comparators were 2 groups of pregnant women
with different magnesium status (low vs normal). Note: the cutoff point was estab-
lished by taking into consideration the environmental and genetic factors specific to
the target population.

For studies that examined the effect of dietary magnesium intake, the comparators
were a group of pregnant women with higher dietary magnesium intake (those who
met the RDA) and a group of pregnant women whose dietary intake was below the
RDA.

For studies that assessed the effect of oral magnesium supplementation, the compara-
tors were a group of pregnant women who received supplementation and a group

Administration of intra-
venous or intramus-
cular magnesium
sulfate to prolong
labor

of pregnant women who received no supplementation

Outcome
Study design
published in English

Preterm birth (preferably spontaneous preterm birth)
Human studies; original studies (observational studies or randomized controlled trials); Systematic reviews,

meta-analyses,
protocols

Abbreviation: RDA, Recommended Dietary Allowance.

meta-analysis was conducted to assess the effect of mag-
nesium supplementation on preterm birth. Because the
processes of study selection, quality assessment, and
data extraction and management were consistent for
both the meta-analysis and the systematic review, the
descriptions have been combined in the sections below.

Study selection. PubMed was searched for relevant stud-
ies published up to April 2019. The search terms in-
clude “magnesium intake” OR “magnesium status” OR
“magnesium  supplementation” AND  “premature
labo(u)r” OR “premature delivery” OR “premature
birth” OR “preterm labo(u)r” OR “preterm delivery”
OR “preterm birth.” Using the same search terms, addi-
tional studies were identified by hand searching
Embase, Google Scholar, and the reference lists of rele-
vant articles. Detailed search strategies for PubMed and
Embase are available in Table S1 in the Supporting
Information online.

Table 1 summarizes the PICOS criteria for eligibil-
ity of studies. The following inclusion criteria were ap-
plied: human studies; original articles; published in
English; and epidemiological studies in which magne-
sium (dietary intake or biomarkers) was an exposure
and preterm birth was an outcome. There were no
restrictions on study design, ie, both RCT's and observa-
tional studies were eligible. Of note, magnesium sulfate
is a tocolytic agent and has been used to prevent pre-
term birth in the hospital setting.>” This meta-analysis
excluded studies that examined the pharmacological ef-
fect of magnesium and focused only on studies that ex-
amined the nutritional impact.

The initial PubMed search generated 150 abstracts,
of which 144 were excluded by screening because they
were not published in English, were not original studies
(eg, reviews, meta-analyses, committee guidelines, or
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letters to the editor), or were not related to magnesium
or the risk of preterm birth. The full texts of the 6
remaining studies were independently reviewed by 2
authors (Y.Z. and P.X.) and were all included. Eleven
additional studies were retrieved from Google Scholar
or from the reference lists of relevant articles (Figure 1).

Data extraction and quality assessment Data were
extracted using tables created specifically to record data.
The following were documented for all studies: first
author’s name, year of publication, country in which
the study was conducted, characteristics of participants,
outcomes assessed, and major findings. In addition, in-
formation about the intervention was recorded for
RCTs, while information about exposure and adjusted
covariates was extracted for observational studies.

Two authors (Y.Z. and P.X.) independently con-
ducted the quality assessment using 3 validated instru-
ments. The quality of RCT's was evaluated using the tool
from the Cochrane handbook, which addresses the risk
for various sources of bias, including selection bias (1
point for random sequence generation and 1 point for
allocation concealment), performance bias (1 point for
blinding of participants and personnel), detection bias
(1 point for blinding of outcome assessment), attrition
bias (1 point if there were no incomplete outcome
data), reporting bias (1 point if there was no selective
reporting), and others (1 point if there were no other
types of bias).”® The total score ranged from 0 (lowest
quality) to 7 (highest quality).

For prospective cohort studies, the Newcastle-
Ottawa Scale was used to assess the quality of the stud-
ies in 3 categories: selection (4 points), comparability (1
point), and exposure (3 points).”” The total score
ranged from 0 (lowest quality) to 8 (highest quality).
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| 150 identified from PubMed search for title and abstract review |

—»{ 19 Excluded: not in English |

| 131 retrieved for abstract review |

123 Excluded:
49 Reviews, meta-analyses, protocols, committee
guidelines, or letters to the editor
13 Not related to nutritional magnesium (related to
magnesium sulfate pharmacological effects)
61 Not a study of the association between magnesium
and risk of preterm birth

A4

8§ selected for full-text review

2 Excluded:
> 1 No comparison of preterm birth and term birth
1 Magnesium sulfate was administered

A,

6 selected after full-text review

11 Added:
: 0 from Embase (242 abstracts screened)
11 from Google Scholar or the reference list

A4

17 included in the meta-analysis and systematic review:
6 randomized clinical trials
11 observational studies

Figure 1 Flow chart of the literature search process.

Lastly, for cross-sectional studies, the 14-item scale
developed by the National Institutes of Health was used
to assess the internal validity of the studies.*” This sys-
tem, which can be used to assess the quality of both
cross-sectional studies and prospective cohort studies,
consisted of 14 rating criteria (Y for positive ratings, N
for negative ratings, and NA for not applicable). The
criteria addressed the following: research question (1
question), study population (2 questions), study recruit-
ment (1 question), sample size (1 question), exposures
(5 questions), outcome assessment (2 questions),
follow-up (1 question), and statistical analyses (1 ques-
tion). At the end, the numbers of Y, N, and NA
responses were counted.

Statistical analysis in meta-analysis Because the relative
risks (RRs) for the risk of preterm birth relative to mag-
nesium supplementation status were not directly
reported in most of the RCTs included, they were de-
rived from the original data by creating a dataset that
included the number of participants and events in both
the magnesium supplementation group (treatment
group) and the control group, using the intention-to-
treat principle. The RR and 95%ClIs were then calcu-
lated for each study, and a pooled RR and 95%CI were
estimated using a random-effects model. Cochran’s Q
test was used to test the heterogeneity among studies,

Nutrition Reviews® Vol. 79(2):188-199

and I* was calculated to quantify the inconsistency
across studies. The Egger asymmetry test was used to
assess publication bias. To test the robustness of the
findings, sensitivity analysis was performed by exclud-
ing 1 primary study at a time from the pooled analysis.

All analyses were performed using STATA statisti-
cal software (version 13.0, STATA Corp, College
Station, TX). P < 0.10 was considered statistically sig-
nificant for evaluation of heterogeneity and publication
bias. P < 0.05 was considered statistically significant for
all other tests.

RESULTS

Evidence from the ecological study

The Spearman correlation coefficient (r) between mag-
nesium content in soil and the preterm birth rate in the
United States was —0.68 (P<0.001). As shown in
Figure2,® nonparametric regression analysis also
revealed an inverse correlation.

Evidence from observational studies

Tables S2 and S3 in the Supporting Information online
show the results of quality assessment of all observa-
tional studies. The systematic review consisted of 2 pro-
spective cohort studies and 9 cross-sectional studies
(Table 2'77%7). The prospective cohort studies included
a total of 310 individuals (68 cases of preterm birth),
aged between 20 and 35years. The study participants
were recruited in the middle of the second trimester or
early in third trimester and were followed until delivery.
Cross-sectional studies included a total of 1397 individ-
uals at delivery (620 in the preterm birth group), aged
between 16 and 40 years.

Two prospective cohort studies recruited 150
women (75 in the hypomagnesemia or normal group)
and 160 women (80 in the hypomagnesemia or normal
group), respectively, who had begun the second trimes-
ter of pregnancy and for whom serum magnesium con-
centrations were measured at baseline.'”'® Both studies
found, after controlling for potential confounding varia-
bles (eg, age, parity, social class, and body mass index),
that the rate of preterm birth in the hypomagnesemia
group was significantly higher than that in the normal
magnesium group.

Of the 9 cross-sectional studies, the 8 con-
ducted in developing countries (ie, India, Bangladesh,
Iran, Iraq, and Nigeria), consistently demonstrated
lower serum magnesium levels in the preterm birth
group than in the full-term birth group (P < 0.05). One
study conducted in Nigeria showed that the rate of pre-
term birth in the hypomagnesemia group was 1.83

19-27
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Grade

& AE1% orkess
A BB202%
B C:9.3-10.3%
4+ 10114

B F11.5% or greater

Preterm birth rates (%)

e [ ]

Median level of soil magnesium (ppm), individual US states

Figure 2 Association between median levels of magnesium in soil and preterm birth rates in 49 US states. The x-axis indicates the soil
magnesium concentration (ppm), which was measured using inductively coupled plasma—atomic emission spectrometry. The y-axis denotes
state-level preterm birth rates (%) in 2016. The symbols represent data for each state (designated by the 2-letter abbreviation for each US
state name) and were categorized by the grade of preterm birth rates. The solid line is the LOESS (locally estimated scatterplot smoothing) re-
gression line, which models the association of interest, and the shaded area stands for its 95% confidence band. The term grade is explained
as follows: “Grade ranges were established in 2015 based on standard deviations of final 2014 state and District of Columbia preterm birth

rates away from the March of Dimes goal of 8.1% by 2020. Grades were determined using the following scoring formula: (preterm birth rate

of each jurisdiction —8.1%)/standard deviation of final 2014 state and District of Columbia preterm birth rates.

times higher than that in the control group.”® The
authors noted that no statistically significant differences
were identified with regard to age, previous pregnancy,
or socioeconomic status between the preterm and term
groups. Their findings were also supported by a study
conducted in Bangladesh, which showed a 220% in-
crease in risk of preterm birth among women with hy-
pomagnesemia compared with those who had normal
magnesium  levels  (serum
1.9 mg/dL).”’

However, 1 study from Austria, conducted in
women who had not yet reached the 18th week of preg-
nancy and who did not consume any magnesium sup-

magnesium  above

plementation, demonstrated no significant difference in
serum magnesium concentrations between preterm
birth and full-term birth groups.'” Serum magnesium
concentrations were measured at baseline and every 4
to 6 weeks thereafter. Of note, nearly one-third of the
study population was excluded from the final analysis
because of various medical considerations.

Evidence from clinical trials

The meta-analysis included 6 independent RCTs that
examined the effects of magnesium supplementation on
the rate of preterm birth (Table3*>*!). The dataset
comprised 3068 individuals (352 preterm cases)
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n36

between the ages of 20 and 35years. One trial, from
Iran, was conducted recently (in 2016), while the other
5, all from Western countries, were conducted between
1981 and 1994. The study populations varied in size,
ranging from 54 to 1766. On average, interventions
were started between the end of the first trimester and
the middle of second trimester of pregnancy. Overall,
the quality of these trials was good, ie, all received more
than 4 points when assessed with the 7-point tool from
the Cochrane handbook® (see Table S4 in the
Supporting Information online).

After pooling data from the 6 identified RCTs,
magnesium supplementation was significantly associ-
ated with a reduced rate of preterm birth. When
intention-to-treat analysis was performed, the pooled
RR was 0.58 (95%CI, 0.35-0.96), indicating a beneficial
effect of magnesium supplementation on preterm birth,
though there was significant heterogeneity among stud-
ies (I°=60%; P=0.03) (Figure 329334y However,
results from the Egger test showed no small-study effect
(P=0.62). By excluding 1 study at a time, the pooled
RRs ranged from 0.50 (95%CI, 0.32-0.75) after exclud-
ing Sibai et al® t0 0.66 (95%CI, 0.40-1.09) after exclud-
ing Kuti et al.”»*' In addition, the pooled RR was
recalculated by using per-protocol analysis. The result
was attenuated and became marginally significant
(RR =0.58; 95%CI, 0.32-1.05; P=0.073).
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Reference Country RR (95% CI) Treatment Contral  Weight
(n/N}  (n/N)  (MH]
|
Zarean & Tarjan (2017)”  Iran g . 0.38 (0.16, 0.89) &/60 16/60 15.85
, |
Zarcone et al (1994)" Italy < + . 0.25 (0.03, 2.18) 1/50 4/50 3.96
1
El :
Martin et al (1992) USA , — 1.07 (0.67, 1.69) 18/27 15/27 14.86
:
Sibai et al (1989)" USA % 0.93 (0.45, 1.92) 13/200 14/200  13.87
1
Spatling & Spétling (1988)" Switzerland e 0.48 (0.25, 0.94) 12/278 26/290  25.21
1
Kuti et al (1981)" Hungary -+ : 0.32 (0.13,0.77) 5113 88/637 26.26
1

M-H Overall (l-squared = 59.8%, p = 0.029)

D+L Overall

0.56 (0.41, 0.77) 53/728 163/1264 100.00

0.58 (0.35, 0.96)

125 .25 5

Figure 3 Pooled relative risks (RRs) and 95%Cls of incident preterm birth using intention-to-treat analysis. A random-effects model
was used to estimate the pooled RRs. The solid diamonds indicate the RRs from individual randomized controlled trials; RRs were calculated
by comparing magnesium supplementation with placebo. The size of the shaded square is proportional to the percent weight of each study.
The horizontal lines represent 95%(Cls, and the arrows indicate the truncated ends. The hollow diamonds indicate the pooled RRs.

Abbreviations: D+L, DerSimonian and Laird; M-H, Mantel-Haenszel.
DISCUSSION
Main findings

In the present study, data from ecological, observa-
tional, and interventional studies were synthesized
through meta-analysis and systematic review. The accu-
mulated evidence supports a significant inverse associa-
tion between magnesium levels and preterm birth rates.

Although the underlying mechanisms between
magnesium levels and preterm birth are not fully un-
derstood, it is well known that the relation between
these 2 is bidirectional. During pregnancy, low magne-
sium levels may be caused by fetal needs, changes in
maternal tissue, or increased renal loss; thus, low mag-
nesium levels should not be mistaken for dilution
effects alone.® By contrast, higher serum magnesium in
pregnant women has been associated with lower rates
of preeclampsia, hypertension, and gestational diabe-
tes. The present review of the cross-sectional studies
suggests that the serum magnesium concentration
might be a useful predictor of the onset of preterm
birth. Serum magnesium levels were compared between
women who delivered preterm (cases) and women who
delivered term (control). Most studies indicated that se-
rum magnesium levels were significantly lower among
the cases (differences ranging from 0.17 to 0.54 mg/dL),
though not necessarily reaching a state of deficiency.
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The exact serum magnesium levels of the cases vary
across studies, which is presumably attributable to di-
verse food cultures, environmental factors, or
bioavailability.

In addition, results from the 2 prospective studies
in the present review, although limited, generally show
that magnesium deficiency, as measured by serum mag-
nesium levels, may lead to a higher rate of preterm
birth.'”'® Notably, the cutoff points used to define mag-
nesium deficiency status were inconsistent between
these 2 studies. Although the normal range of serum
magnesium levels defined by the laboratory kit (manu-
factured in the USA) is 1.6 to 3.0mg/dL, this cutoff
point set in the United States may not be appropriate
for other populations, especially relatively disadvan-
taged populations that may have a suboptimal nutrition
status. Thus, in the study conducted in Nigeria, the cut-
off point was 1.25 mg/dL (calculated using the formula
of “mean minus 2 x standard deviation”)."” Prospective
cohort studies in general provide stronger evidence
than cross-sectional studies, as the exposure, magne-
sium, precedes the outcome, preterm birth.** They are
also ideal to study magnesium status measured by bio-
markers such as serum magnesium levels since RCTs
are not feasible.

Previously, magnesium adequacy has been linked
to a reduced rate of several pregnancy-related out-
comes, including preeclampsia, intrauterine growth
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restriction, and preterm birth.**’ This meta-analysis of
RCTs provides evidence to help elucidate the relation
between magnesium and preterm birth. The pooled
analysis demonstrates a lower rate of preterm birth
among women who took antenatal magnesium supple-
mentation. It is possible that decreased magnesium lev-
els during pregnancy may be resolved by oral
supplementation.® Nevertheless, the effects of dietary
magnesium intake on the outcome of preterm birth
could not be determined because the source of dietary
magnesium may have been different from that of sup-
plemental magnesium. Thus, the conclusions about
magnesium consumption are based solely on prophy-
lactic supplementation. Notably, the findings from the
ecological study included in this systematic review may
shed light on the understanding of how dietary magne-
sium impacts preterm birth rates, since the mineral
content of soil has been strongly linked to dietary min-
eral intake and consequent human health.** Heavy
metal accumulation in soil, coupled with soil erosion,
can lead to a soil magnesium deficit, which in turn can
lead to magnesium deficit in plants.'>** For example, a
dramatic decrease in the magnesium levels in wheat has
been noted since the 1960s.** Because humans consume
magnesium mainly from leafy greens and whole grains,
it is believed that the depletion of magnesium in the soil
may lead to magnesium deficiency in the human
body.** This ecological study included in this systematic
review shows a significant inverse correlation between
soil magnesium content and the rate of preterm birth,
which provides additional evidence in support of a link
between magnesium status and preterm birth, though
the ecological data are subject to confounding.

Strengths and limitations

To the best of knowledge, this is the first review to com-
prehensively assess the current literature on the overall
association between magnesium status and supplemen-
tation and the risk of preterm birth reported in ecologi-
cal, observational, and interventional studies.
Nevertheless, the current review is subject to several
limitations.

Meta-analysis

The meta-analysis of 6 RCTs showed a beneficial effect
of magnesium supplementation on the rate of preterm
birth. A stratified analysis to test any potential effect
modifiers was not performed because of the limited
number of primary studies. Notably, although the de-
sign of RCT's can largely reduce various biases by ran-
domization, there is no guarantee that the RCTs in this
meta-analysis were immune to postrandomization

Nutrition Reviews® Vol. 79(2):188-199

biases, such as noncompliance and censoring, which
were not well addressed in the primary studies.
However, the findings from the per-protocol analysis
were generally consistent with those from intention-to-
treat analysis, which may, at least partially, relieve this
concern. In addition, further examination of the racial
differences in relation to magnesium and preterm birth
was not performed because studies were sporadic in
certain regions.

Furthermore, in one RCT,*' there was insufficient
information to determine whether the preterm cases
were spontaneous preterm births or induced preterm
births (the outcome variable is usually delivery before
36 weeks). This can be problematic because the latter
can result from a variety of maternal, fetal, and placen-
tal complications. However, in this meta-analysis, an ef-
fort was made to consistently include the studies that
reported spontaneous preterm birth only, which is dif-
ferent from the previous Cochrane review.”*

Systematic review

Previous studies suggest that various factors such as age,
socioeconomic status, diet, and parity may confound
the association between magnesium status and the risk
of preterm birth.*> Since the cross-sectional studies in
this systematic review failed to adjust for these factors,
they may be prone to confounding.

The cross-sectional design of some studies repre-
sents another major limitation. The lack of temporal as-
sociation limited the ability to establish any causal
relationship between serum magnesium levels and the
risk of preterm birth. In addition, these studies mea-
sured serum magnesium levels at different times during
pregnancy. For example, 2 studies measured serum
magnesium levels at delivery, while 3 other studies mea-
sured serum magnesium levels before delivery. Of note,
the serum magnesium concentration tends to decrease
over the course of pregnancy,'”'®?* likely reaching its
lowest point as delivery approaches. Differences in the
time at which the magnesium concentration is mea-
sured may confound the results to some extent.

In all studies, serum magnesium concentrations
were measured as the proxy for magnesium levels in the
body, which can lead to inaccurate measurements,
given that less than 1% of magnesium is in the serum."’
Nevertheless, because intracellular magnesium levels
can be technically difficult and expensive to mea-
sure,'"*® serum magnesium concentrations are com-
monly used to evaluate the magnesium status in the
human body."" Additionally, hypomagnesemia status
was not defined consistently across studies, and cutoff
values in some studies were not in concordance with
the value commonly used to establish magnesium
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deficiency (< 1.8 mg/dL). This can create a problem be-
cause women at risk of magnesium deficiency may be
confused about which serum magnesium level is con-
sidered adequate to avoid adverse pregnancy-related
outcomes, including preterm birth. However, as dis-
cussed above, the exact cutoff for magnesium deficiency
should be established by taking into consideration a va-
riety of environmental and genetic factors that can con-
tribute to wide variations in average serum magnesium
concentrations among populations.

Interpretation

To date, 2 formats of magnesium therapy have been
used to prolong pregnancy.” The first is the injection of
magnesium sulfate (tocolytic agent) during labor, which
is a short-term pharmacological method for the preven-
tion of preterm birth.*’ It is a common practice in ob-
stetrics, and its effect has been examined in 5 large-scale
prospective clinical trials.’”**™>' However, a review of
current clinical trials suggests that magnesium sulfate
may not be efficient in preventing preterm birth or
providing neuroprotection to the fetus, as suggested
previously.”> The second format is long-term supple-
mentation with magnesium, the purpose of which is to
reverse magnesium deficiency. The nutritional effect of
magnesium was less noticeable than that of magnesium
sulfate, but it is relatively inexpensive and can poten-
tially be used to reach broader at-risk populations.
Currently, it is recommended that women over 18 years
of age consume 310 to 320 mg of magnesium per day.
However, fewer than half of the women in the United
States meet the Recommended Dietary Allowance for
magnesium,” >° let alone the pregnant population.
Since magnesium deficiency may be asymptomatic in
the early stages,® it might be of clinical importance to
advise pregnant women to consume more magnesium-
rich foods prior to pregnancy or during the early stages
of pregnancy.

CONCLUSION

Accumulated evidence from ecological, observational,
and interventional studies consistently supports an in-
verse association between higher magnesium levels or
magnesium supplementation during pregnancy and a
lower incidence of preterm birth. This review further
supports the dietary recommendation of foods rich in
magnesium, such as whole grains, nuts, and seeds, for
pregnant women. For those pregnant women with low
magnesium status, supplementation may be considered.
Additional, well-designed, large-scale RCT's are needed
to confirm the findings from this review and to estab-
lish causal inference.
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