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Introduction

Depression is a common but serious disease affecting
more than 151 million people worldwide.! Approxi-
mately 30% of all patients with depression attempt
suicide, and half of them, unfortunately, die by suicide.?
Despite antidepressant therapy, up to 50% of depressed
patients fail to respond completely with treatment.’
Recent studies have emphasised the important role of

Abstract

Background: The reported risk of depression in patients with hypomagnesaemia is
controversial.

Aim: The objective of this meta-analysis was to assess the association between depres-
sion and hypomagnesaemia.

Methods: A literature search was performed using MEDLINE, EMBASE, Cochrane
Database and clinicaltrials.gov from inception through October 2014. Studies that
reported odds ratios, relative risks or hazard ratios comparing the risk of depression in
patients with hypomagnesaemia were included. Pooled risk ratios (RR) and 95% con-
fidence interval (CI) were calculated using a random-effect, generic inverse variance
method.

Results: Six observational studies (three cohort studies, two cross-sectional studies
and a case—control study) with a total of 19 137 patients were identified and included
in the data analysis. The pooled RR of depression in patients with hypomagnesaemia
was 1.34 (95% CI, 1.01-1.79, I*> = 33%). The association between depression and
hypomagnesaemia was marginally insignificant after the sensitivity analysis including
only cohort and case—control studies, with a pooled RR of 1.38 (95% CI, 0.92-2.07, I
=24%).

Conclusion: Our study demonstrates a potential association between hypomagnesae-
mia and depression. Further studies assessing the benefits of treatment of hypomagne-
saemia in patients with depression are needed.

inherent relationship. However, the results in prior
studies of hypomagnesaemia and the risk of depression
have been inconsistent. Several studies have shown an
association between hypomagnesaemia and depres-
sion.®” Conversely, a few studies have demonstrated no
significant risk of depression in hypomagnesaemic
individuals.!#1°

The aim of this meta-analysis was to examine the asso-

. ciation between depression and hypomagnesaemia.

trace elements in the function of the nervous system.
Magnesium is a coenzyme for more than 300 intracellu-
lar reactions,’ and it has been proposed that hypomagne-
saemia might be associated with significant adverse
impacts on the central nervous system, leading to depres-
sion.* Thus, investigators have attempted to study this

Methods

Two investigators (WC and CT) independently searched
published studies indexed in MEDLINE, EMBASE, the
Cochrane Database and clinicaltrials.gov from inception
through October 2014. A manual search for additional
relevant studies using references from retrieved articles
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was also implemented. Conference abstracts and unpub-
lished studies were excluded. Detailed search strategy is
available in Appendix S1.

Inclusion criteria

The inclusion criteria were as follows: (i) randomised
controlled trials (RCT) or observational studies (cohort
studies, case—control or cross-sectional) published as
original studies to evaluate the risk of depression in
patients with hypomagnesaemia; (ii) odds ratios, relative
risks or hazard ratios with 95% confidence intervals (CI)
were presented; and (iii) a reference group composed of
participants who did not have hypomagnesaemia.

Study eligibility was independently determined by
the two investigators noted above. Differing decisions
were resolved by mutual consensus. The quality of each
study was independently assessed by each individual
investigator using the Newcastle-Ottawa quality assess-
ment scale'' for observational studies and Jadad quality
assessment scale'? for RCT.

Data extraction

A standardised data collection form was used to extract
the following information: last name of the first author,
study design, year of study, country of origin, year of
publication, sample size, characteristics of included par-
ticipants, definition of depression, method used to diag-
nose hypomagnesaemia and adjusted effect estimates
with 95% CI. The two investigators independently per-
formed this data extraction.

Statistical analysis

The Review Manager 5.2 software from Cochrane Col-
laboration was used for data analysis. Point estimates and
standard errors were extracted from individual studies
and were combined by the generic inverse variance
method of DerSimonian and Laird.">'* Given the high
likelihood of between-study variances, we used a
random-effect model rather than a fixed-effect model.
heterogeneity was assessed using the
Cochran’s Q test. This statistic is complemented with the
I? statistic, which quantifies the proportion of the total
variation across studies that is due to heterogeneity
rather than chance. A value of I? of 0-25% represents
insignificant heterogeneity, 26-50% low heterogeneity,
51-75% moderate heterogeneity and >75% high hetero-
geneity.'>!® The presence of publication bias was assessed
by funnel plots of the logarithm of odds ratios versus their
standard errors.'”

Statistical

438

Results

Our search strategy yielded 2450 potentially relevant
articles. There were 2274 articles excluded based on title
and abstract for certainly not fulfilling inclusion criteria
on the basis of the type of article, study design, popula-
tion or outcome of interest. One hundred and seventy-six
articles underwent full-length article review. One
hundred and seventy articles were excluded (49 articles
were not observational studies or RCT and 121 articles
did not report the outcomes of interest). Six observa-
tional studies with a total of 19 137 patients were iden-
tified and included in the data analysis. Figure S1
outlines our search methodology and selection process.

Risk of depression in
hypomagnesaemic patients

Six observational studies (three cohort studies, two cross-
sectional studies and a case-control study) with
atotal of 19 137 patients were included in the data analy-
sis for the risk of depression in patients with hypo-
magnesaemia. Table 1 describes the detailed characteris-
tics and quality assessment of the included studies. The
pooled risk ratio (RR) of depression in patients with
hypomagnesaemia was 1.34 (95% CI, 1.01-1.79). The
statistical heterogeneity was low with I? of 33%. Figure 1
shows the forest plot of the included studies. The pooled
RR of depression in patients with hypomagnesaemia
became marginally insignificant with an RR of 1.38 (95%
CI, 0.92-2.07, I = 24%) after the sensitivity analysis
included only cohort and case—control studies, as shown
in Figure 2.

Evaluation of public bias

A funnel plot to evaluate publication bias for the risk of
depression in patients with hypomagnesaemia was sum-
marised in Figure S2. The plot was suggestive of a small
publication bias in studies with positive correlation
between depression and hypomagnesaemia.

Discussion

Our meta-analysis results indicate a potential association
between hypomagnesaemia and depression, with an
overall 1.34-fold increased risk of hypomagnesaemia
compared with those who did not have hypomagnesae-
mia with low level of heterogeneity. Despite marginal
insignificance, the trend of this association still exists
after sensitivity analysis with exclusion of cross-sectional
studies.

© 2015 Royal Australasian College of Physicians
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Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Young efal. ™" 0173953 0.432601 95% 1.19[0.51,2.78] 1996 —_—pr—
Barragan-Rodriguez et a/. ¢ 0582216 0.468421 8.3% 1.79[0.71,4.48] 2007 =
Jacka et al.? 014842 01133 421% 1.16[0.93,1.45] 2009
Jung etal’ 1.366092 064349 47% 3.982[1.11,13.84] 2010 _E—
Derom et al.'® 010436 0184974 29.7% 1.11[0.77,1.60] 2012
Camardese et al.® 1.226712 0586448 56% 3.41[1.08,10.76] 2012
Total (95% Cl) 100.0% 1.34[1.01, 1.79] &
Heterogeneity. Tau®= 0.04, Chi*=7.49, df=5(P=0.19), F=33% b0 o1 e 100

Test for overall effect: Z=2.00 (F = 0.05)

Normal Mg HypoMg

Figure 1 Forest plot of the included studies comparing risk of depression in patients who had hypomagnesaemia and those who did not; square data
markers represent risk ratios (RR); horizontal lines, the 95% confidence interval (Cl) with marker size reflecting the statistical weight of the study using
random-effects meta-analysis. A diamond data marker represents the overall RR and 95% Cl for the outcome of interest. IV, inverse variance; SE, standard

error.

Physiologically, magnesium is a calcium antagonist and
voltage-dependent blocker of N-methyl-D-aspartate
(NMDA) channel, which plays an important role in
calcium entry into the neuron."'” High levels of calcium
and glutamate in magnesium deficient environments
may dysregulate neural synaptic function, especially in
the hippocampus, leading to depression or other psychi-
atric illnesses.! Hypomagnesaemia can result in hypocal-
caemia by lowering parathyroid hormone levels due to
altered activation of the calcium-sensing receptor. A few
mental health issues have been reported in patients with
abnormal serum calcium in addition to hypomagnesae-
mia.? In animal models, magnesium has been shown to
have antidepressant effects in mice,*' as well as adjunc-
tive effects with other treatments for depression.?> Derom
et al. recently provided an elegant review and showed
that abnormalities in magnesium metabolism might be
linked to depression.! Our meta-analysis confirmed the
potential increase in risk of depression in patients with
hypomagnesaemia.

Although almost all included studies were of moder-
ate to high quality (as evaluated by Newcastle-Ottawa
scale), there are a few limitations. First, there are small

statistical heterogeneities in the complete analysis. The
potential sources of these heterogeneities include the
variation for exposure definition (hypomagnesaemia),
confounder-adjusted methods (e.g. age, obesity, medical
comorbidities and psychotropic medication), follow-up
duration and method for outcome ascertainment of
depression. Second, the data on treatment response
are limited. Thus, we were unable to assess the treat-
ment effects of magnesium supplementation in depressed
hypomagnesaemic patients. Lastly, this is a meta-analysis
of observational studies with its inherent limitations.
Therefore, our meta-analysis can at best demonstrate
an association but not a causal relationship. Depress-
ion may also impede dietary intake and gastrointest-
inal function, potentially causing or contributing to
hypomagnesaemia.

Conclusion

Our study shows a potential association between
hypomagnesaemia and depression. Further studies are
required to investigate the treatment benefits for depres-
sion in patients with hypomagnesaemia.

Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight [V, Random, 95% CI IV, Random, 95% CI
Barragan-Rodriguez ef a/.® 0582216 0468421 16.3% 1.79[0.71, 4.48) = e
Camardese et al.'® 1.226712 0586448 111% 3.41[1.08,10.76)
Derom et al'® 0. 436 0184974 541% 1.11[0.77,1.60) =
Young ef al'° 0173953 0432601 18.5% 1.19[0.51, 2.78) —_—r
Total (95% CI) 100.0% 1.38[0.92, 2.07] 'P
Heterogeneity: Tau®= 0.05;, Chi*=3.93,df=3(P=0.27),F=24% 001 01 ] 10 100

Testfor overall effect. Z=1.54 (F=0.12)

Normal Mg HypoMg

Figure 2 Forest plot of the sensitivity analysis including only cohort and case—control studies comparing risk of depression in patients who had
hypomagnesaemia and those who did not; square data markers represent risk ratios (RR); horizontal lines, the 95% confidence interval (Cl) with marker
size reflecting the statistical weight of the study using random-effects meta-analysis. A diamond data marker represents the overall RR and 95% ClI for the

outcome of interest. IV, inverse variance; SE, standard error.
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Additional Supporting Information may be found in the online version of this article at the publisher’s web-site:

Figure S1 Studies identification.

Figure S2 Funnel plot of all studies included in the meta-analysis for the risk of depression in patients with hypomag-
nesaemia and those without hypomagnesaemia. RR, risk ratio; SE, standard error.

Appendix S1 Literature search strategy for database: Ovid, MEDLINE, Cochrane Database of Systematic Reviews and
Cochrane Central Register of Controlled Trials.
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