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Introduction

Magnesium is involved in hundreds of essential
physiological processes, and adequate levels
are therefore vital for general health. Whilst overt
hypomagnesaemia appears to be relatively rare,
suboptimal levels and inadequate dietary intakes
are common, and may lead to an increased risk
lof chronic disease.

Magnesium deficiency can arise from poor diet,
malabsorption, kidney disease, alcoholism and drug
interactions. Various tests are in use to determine
magnesium levels; however, none of them is
considered particularly accurate. Serum levels are
commonly used and, whilst low serum levels can
accurately reflect magnesium deficiency, normal
serum levels do not exclude low-grade magnesium
deficiency. A combination of serum magnesium,
urinary excretion and dietary intake measures
appears to be the most practical and accurate way
to determine magnesium status.

Good food sources include green leafy vegetables,
cacao, wholegrains, nuts and seeds. Various
dietary components, including certain types of
fibre, phytates and oxalates can hinder absorption,
which needs to be taken into account. In food
supplements, organic formulations appear to

be better absorbed than inorganic ones, and
absorption is also better with several small as
opposed to one large dose.

The most common side-effect of magnesium at
high doses is diarrhoea. Caution is advised in
patients with kidney disease as renal excretion
plays an important part in magnesium homeostasis.
Magnesium can also interact with a number of
pharmaceutical drugs.
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Clinical Summary

There is good evidence for the use of magnesium

in the following:

. Type 2 diabetes mellitus (T2DM);

. Metabolic syndrome;

. Hypertension;

. Bone health;

. Pain (neuropathic pain, dysmenorrhoea,
migraines);

. Constipation.

There is limited but promising evidence
for its use in the following:

. Atherosclerosis;

. Fibromyalgia syndrome (FMS);
. Premenstrual syndrome;

. Sleep.

Evidence is mixed/contradictory, but overall
promising for its use in the following:

. Asthma;
. Depression.

There is weak or no evidence for benefit in the
following:

. Chronic fatigue syndrome (CFS);
. Pre-eclampsia;

. Restless legs syndrome (RLS);

. Leg cramps.

Functions

Magnesium is the fourth most abundant cation in
our bodies (after sodium, potassium and calcium),
and the second most common intracellular cation
(after potassium).! Magnesium is a co-factor for
more than 300 different enzymatic processes, and
therefore plays a role in virtually every process in
the cell.?3

Magnesium is an essential co-factor for various
enzymes involved in glycolysis and the Krebs
cycle,3 and mitochondrial magnesium also appears
to play an important part in regulating mitochondrial
function.* As such, magnesium is essential for
cellular energy production.

Magnesium acts as an antagonist to calcium, for
example in neuromuscular and cardiac function,
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and helps maintain ionic gradients, i.e. keeping
intracellular sodium and calcium low and potassium
high.® In the nervous system, magnesium is also
involved in the regulation of various cell membrane
receptors, including N-methyl-D-aspartate (NMDA)
and y-aminobutyric acid (GABA) receptors.?

Magnesium is involved in DNA, RNA and protein
synthesis, and is an essential component in DNA
and RNA structure.® Magnesium also serves as a
structural component in bones and teeth.

Deficiency

About 60% of magnesium is contained in the
bones, another 30% in muscles. Less than 1% of
total body magnesium is extracellular, i.e. in serum
or plasma, and serum levels are maintained within
a narrow range through homeostatic mechanisms,
mainly renal excretion/reabsorption and
gastrointestinal absorption of magnesium. When
necessary, magnesium can also be released from
bones and muscles to maintain serum levels when
intake is low. Therefore, serum magnesium levels
are not reflective of total body magnesium status,
and normal serum levels do not necessarily rule
out magnesium deficiency.®

A number of tests are used in research and in clinic
to determine magnesium status; however, their
accuracy and reliability is controversial,®” which
impacts on the interpretation and comparability of
study results.

. Retention of an intravenous (IV) magnesium
load (administering IV magnesium followed
by 24-hour urine collection) is considered
the most reliable test, but is invasive and not
practical for routine measurement. This test is
also not reliable in individuals with impaired
kidney function.

. Bone or muscle magnesium content through
biopsy. Again, this is not practical for routine
measurements.

. Urinary excretion.

. Red blood cell (RBC) magnesium. This test is
often considered.

. The most commonly used test is serum
magnesium levels; however, as mentioned
above, this test is not reliable to identify mild
magnesium deficiency as serum magnesium
levels are tightly controlled and will therefore
only drop in severe deficiency.



. Dietary intake of magnesium is commonly
used to assess magnesium status. It is
estimated that 30-50% of dietary magnesium
is absorbed, but this depends on other
nutrients. High intakes of fibre, phytates and
oxalates can reduce magnesium absorption.®

Some authors suggest that a combination of serum
magnesium, urinary excretion and dietary intake
appears to be the most practical and accurate way
to determine magnesium status.’

In clinical practice, RBC magnesium is commonly
considered to be more accurate than serum level
testing. Studies in animals support this method;®
however, studies in humans are contradictory, with
some finding RBC magnesium levels to be superior
to serum levels in determining low magnesium
status,© whilst others find it to be no more
accurate" When choosing tests in clinical practice,
it is important to bear such contradictory findings in
mind, and also to take into account dietary history
and symptoms.

The definition of hypomagnesaemia (low

serum levels of magnesium) varies according

to the source, but is commonly described as
serum magnesium levels of less than 0.7 mmol/
2 although, more recently, BMJ Best Practice
considered levels of below 0.9 mmol/l to constitute
hypomagnesaemia” It is generally agreed that
hypomagnesaemia is indicative of low total body
magnesium levels, but that serum levels can
remain stable despite low total body magnesium
stores due to the various regulatory mechanisms
described above.

Acute symptoms of hypomagnesaemia do not
usually become apparent until serum levels

drop below 0.5 mmol/I* As hypomagnesaemia

is commonly associated with other metabolic
abnormalities, in particular, hypokalaemia,
hypocalcaemia and metabolic acidosis, it is difficult
to determine which symptoms are solely due to the
hypomagnesaemia.® Anorexia, nausea, vomiting,
lethargy and weakness are typical early symptoms
of magnesium deficiency.® Symptoms can be
grouped into the following.

. Neuromuscular:

— Muscular weakness, apathy, tremors,
paraesthesia, tetany, vertical nystagmus and
positive Chvostek’s and Trousseau’s signs.
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— Seizures, drowsiness, confusion and coma
occur at magnesium concentrations below
0.4 mmol/l.

Cardiovascular:

— Various electrocardiogram changes.
— Atrial and ventricular arrhythmias.
Metabolic:

— Hypokalaemia, hypocalcaemia, metabolic
acidosis.

Whilst overt magnesium deficiency is

rare, magnesium insufficiency appears

to be common and may have significant
implications for long-term health. Longer-
term complications of magnesium deficiency
that commonly go unrecognised include the
following.2"

Altered glucose metabolism;
Metabolic syndrome;
Hypertension;
Atherosclerosis;
Osteoporosis;

Asthma;

Migraines;

Pre-eclampsia;
Cardiovascular disease (CVD).

These will be discussed in detail below in
Clinical uses.

Possible causes of hypomagnesaemia include
the following.®

Low dietary intake:

— Malnutrition, including anorexia nervosa.
Malabsorption:

— Coeliac disease;

— Inflammatory bowel disease;

— Chronic diarrhoea;

— Steatorrhoea;

— Short bowel syndrome.

Parathyroid disorders.

Chronic alcoholism.

Various medications, including:

— Proton pump inhibitors (PPIs);*®

— Diuretics, including loop and thiazide
diuretics;

— Some antimicrobials, including Amphotericin
B, aminoglycosides, Foscarnet;



— Chemotherapy drugs, such as Cisplatin;

— Immunosuppressants, such as Tacrolimus,
cyclosporine.

Prevalence estimates for hypomagnesaemia

are thought to be in the range of 2.5-15% of the
general population, but as it is often asymptomatic
it may be commonly underdiagnosed.” The
largest prevalence study, conducted with over
16,000 unselected subjects in Germany, found a
prevalence of 14.5%® Interestingly, the authors
used a definition of hypomagnesaemia of < 0.76
mmol/l, and noted that prevalence would only be

2% if they used a more conservative cut-off point of
< 0.7 mmol/l. Prevalence appears to be significantly

higher in specific populations: 65% of patients in

intensive care units; and 30% in a study on subjects

admitted for alcoholism.”

Food Sources

Magnesium is part of the chlorophyll molecule

in plants, which is what gives plants their green
colour. Green leafy vegetables are therefore one
of the best sources of dietary magnesium. Nuts
and seeds, pulses and wholegrains are other
good sources, although these foods are also high
in phytates, which hinder magnesium absorption.
Refined and highly processed foods tend to be
depleted of magnesium.

Table 1: Best food sources of magnesium™

mg per mg per serving
100 g (serving size)

Spinach, cooked 87 157 (1 cup/180 g)
Swiss Chard, cooked 86 150 (1 cup/130 g)
Kale, cooked 25 30 (1 cup/ 118 g)
Quinoa, cooked 64 18 (1 cup/185 g)
\C"g(‘)i'gévheat spaghett, 54 76 (1 cup/140 g)
Brown rice, cooked 39 76 (1 cup/195 g)
White beans, cooked 63 110 (1 cup/175 g)
Red kidney beans, cooked 45 77 (1 cup/172 g)
Pumpkin seeds 592 168 (1 0z/28 g)
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Cocoa powder 499 27 (1tbsp/5 g)
Brazil nuts 376 105 (1 0z/28 g)
Almonds 272 77 (1 0z/28 g)
Dark chocolate 228 65 (1 0z/28 q)

The recommended magnesium intake varies from
country to country, and is also dependent on

age and sex (Table 2).29%' Dietary surveys in both
the UK and USA suggest that a high proportion
of individuals are not getting the recommended
intake through diet.

US National Health and Nutrition Examination
Survey (NHANES) 2013-2016: average intake
for adult men was 344 mg magnesium per
day, and for women 270 mg, with 55% and
51% of adult men and women, respectively, not
getting the recommended intake from food
(fortified and non-fortified) and water alone.??

. UK National Diet and Nutrition Survey (NDNS):
average intake of magnesium from food was
302 mg for men aged 19-65 years, and 238
mg for women in this age group, which is
below the reference nutrient intake (RNI)® for
women. Fourteen percent of men and 11%
of women were getting less than the lower
reference nutrient intake (LRNI), which is
190 mg for men and 150 mg for women. The
average intake in those aged over 65 years
was 242 mg, with 16% having a magnesium
intake of less than the LRNI.%

Table 2: UK RNI and US recommended daily
allowance (RDA) for magnesium

UK RNI
Men 19-49 years 300 mg
Women 19-49 years 270 mg
Men 50+ years 300 mg
Women 50+ years 270 mg

RN, reference nutrient intake.



US RDA
Men 19-30 years 400 mg
Men 31-50 years 420 mg
Men 51+ years 420 mg
Women 19-30 years 310 mg
Women 31-50 years 320 mg
Women 51+ years 320 mg

RDA, recommended daily allowance.

Supplements

Magnesium is mostly absorbed via both saturable
and non-saturable active transport pathways in the
small intestine; smaller amounts are absorbed in
the colon. Magnesium is absorbed as Mg2+ ions.
Absorption rates depend on the magnesium status
of the person, and are usually between 30% and
50%, but can be as high as 80% and as low as
20%.%

Due to serum magnesium levels being tightly
controlled within a narrow range, absorption

and bioavailability studies are fraught with
methodological difficulties, which may explain the
sometimes conflicting results. Overall, it appears
that organic magnesium formulations are slightly
better absorbed than inorganic ones.?* In particular,
a number of studies found magnesium citrate to
be better absorbed than magnesium oxide. 252’
Despite these findings, many clinical trials have
used inorganic formulations of magnesium, mostly
oxide and chloride, and have shown benefits in a
range of conditions (see below, Clinical uses).

Other factors play important roles in magnesium
absorption, for example:

- Dietary factors:?® high doses of other minerals,
partly fermentable fibres (e.g. hemicellulose),
non-fermentable fibres (e.g. cellulose, lignin),
phytates and oxalates hinder, whilst protein,
medium-chain-triglycerides, resistant starch,
oligosaccharides, inulin, mannitol and
lactulose enhance absorption.

«  Magnesium dose:?° several small doses are
better absorbed than one large dose.

Transdermal magnesium has a long tradition of
use, such as in Epsom salt (magnesium sulphate)
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and Dead Sea salt (which is high in magnesium)
baths. However, good-quality evidence that
magnesium is absorbed transdermally is lacking.
A small safety study on a magnesium-containing
barrier cream showed no significant increase in
serum magnesium levels after 4 days of repeated
administration.*® A couple of small trials suggest
that magnesium can be absorbed through the skin.
A small pilot study suggests that a magnesium
cream may increase serum magnesium levels
over the course of 2 weeks.®' Another small pilot
study found that a magnesium chloride spray
significantly increased magnesium levels in six
out of nine subjects over 12 weeks by using hair
mineral analysis to evaluate magnesium levels.®?
[t should be noted that hair mineral analysis is not
a generally recognised and standardised method
of determining magnesium status, and that the
evidence base for benefits of magnesium in clinical
use (see Clinical uses) has been built on oral, and
to a lesser extent IV, supplementation, rather than
transdermal.

Clinical Uses

Metabolic syndrome

The term metabolic syndrome refers to a cluster of
signs and symptoms, including insulin resistance,
obesity, abnormal blood lipids and hypertension,
which increase the risk of developing CVD and
diabetes. The exact definition has changed

over the years, and varies depending on the
organisation.®

Epidemiological studies have shown consistently
that metabolic syndrome is associated with low
magnesium levels,?*3¢ and that those with low
intakes of magnesium are at increased risk of
developing metabolic syndrome 36738

A 2016 review of 27 double-blind clinical trials
investigating the effects of supplementation

with magnesium on components of metabolic
syndrome (insulin resistance, hyperglycaemia,
hypertension, dyslipidaemia) found that all six of
the trials that looked at insulin resistance showed
an improvement in the Homeostatic Model
Assessment for Insulin Resistance (HOMA-IR).*®
Results were mixed, with some studies showing
improvements for hyperglycaemia, hypertension,
triglycerides and low-density lipoprotein (LDL)-
cholesterol, but others not.*® The types of studies
included in this review varied considerably with
regards to study population, formulation and dose



of magnesium, length of intervention and baseline
magnesium levels.

Only one of the 27 studies included in the review
mentioned above® investigated the effects of
magnesium in patients with metabolic syndrome.*°
This double-blind, placebo-controlled trial found no
significant improvements in any of the laboratory
parameters tested in the magnesium (400 mg of
magnesium chelate per day for 12 weeks) versus
placebo group. Interestingly, 23% of participants
were found to have hypomagnesaemia, and 36%
had signs of cellular magnesium depletion at
baseline, and magnesium status did not improve
with supplementation.*® The authors of this study
hypothesise that insulin resistance, which was
present in the majority of the patients, may have
impaired magnesium entrance into the cells, and
suggest that higher dosages may be necessary for
patients with insulin resistance.

Two more recent double-blind, placebo-controlled
studies in patients with metabolic syndrome

and hypomagnesaemia at baseline found that
magnesium supplementation improved not only
magnesium status but also insulin sensitivity in
both trials*? as well as blood pressure (BP) and
triglycerides in one of the trials.*?> The studies used
magnesium oxide solution (385 mg elemental
magnesium per day for 3 months)* and magnesium
chloride solution (382 mg magnesium per day for
16 weeks),*? respectively.

Another double-blind, placebo-controlled study

in overweight, insulin-resistant but non-diabetic
individuals with normal magnesium levels showed
that 6 months of supplementation with magnesium
aspartate hydrochloride, 365 mg per day, improved
insulin sensitivity.*?

The evidence overall supports the use of
magnesium in patients with metabolic syndrome,
in particular with regards to improving insulin
sensitivity. Dosages used in clinical trials have
ranged largely from 300 to 450 mg per day,

and the most commonly used formulations were
magnesium chloride, oxide and aspartate.

Type 2 diabetes mellitus

There has been a significant increase in T2DM
over the past decades. In 2018, it was estimated
that 13% of all US adults had diabetes, with 90-95%
of these having T2DM,** whilst in the UK the
prevalence of diabetes was estimated to be 7% in
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2018/2019.%6 Both low dietary magnesium intake
and low serum magnesium levels have been
shown in epidemiological studies to increase the
risk of developing T2DM,*%"as well as increase
the risk of complications in those with T2DM due to
poor glycaemic control 5253

In 2017, a systematic review and meta-analysis

of 28 randomised controlled trials (RCTs)
including 1694 diabetic subjects found that
magnesium supplementation improved a number
of cardiovascular risk factors, including fasting
glucose, high-density lipoprotein (HDL)- and LDL-
cholesterol, triglycerides and diastolic BP. The
authors noted that effects were more pronounced
in patients with low magnesium levels.>

For example, one RCT showed that 360 mg
magnesium (as lactate) for 3 months did not change
glycaemic control or blood lipids in diabetics with
normal serum magnesium levels, ‘normal’ defined
as > 0.74 mmol/l. It is noteworthy that mean serum
magnesium levels at baseline were 0.92 mmol/l,
which might be considered ‘optimal’.®®

A recent double-blind, placebo-controlled clinical
trial showed that supplementing with 250 mg
magnesium per day (as oxide) for 24 weeks
improved glycaemic control, LDL- and total
cholesterol, and carotid intima-media thickness,

in diabetics receiving haemodialysis.*®In another
more recent randomised trial, 250 mg magnesium
per day (as oxide, gluconate, lactate) improved
glycaemic control in patients with T2DM after 3
months of supplementation.®’

Magnesium has also been investigated as a
supplement alongside other nutrients: 250 mg
magnesium per day (as oxide) for 4 months as

part of a comprehensive multivitamin and mineral
supplement improved neuropathic symptoms,

but not glycaemic control, capillary blood flow

or electrophysiological measures in diabetics.®®
Concomitant supplementation of magnesium,

500 mg per day as oxide, and choline has been
shown to improve inflammation, endothelial factors
and coagulation biomarkers.5%° Meanwhile,
supplementation with a honey fortified with
magnesium, cinnamon and chromium led to a
significant reduction in total and LDL-cholesterol,
but no improvements in glycaemic control. The
dose of magnesium in this trial was low: 120 mg per
day (as citrate).”!



The evidence shows that diabetics can benefit
from magnesium supplementation in terms of
improved glycaemic control and cardiovascular
risk factors, especially in patients who are low in
magnesium. Dosages used in studies showing
benefits have generally ranged from 250 to 638
mg per day in a variety of formulations.

Hypertension

Magnesium is important for relaxation of the
smooth muscles of the vascular system as well as
other functions that are important in the regulation
of BP.® Two meta-analyses of prospective cohort
studies showed that BP was inversely related

to magnesium levels and intake.*92 A number

of cross-sectional studies also found an inverse
relationship between magnesium intake and/or
levels and BP,53%8 although some cross-sectional
studies do not confirm an association.®®

A meta-analysis of 34 double-blind, placebo-
controlled trials assessing the effectiveness of
magnesium supplementation to lower BP in both
subjects with and without hypertension showed a
significant benefit of magnesium supplementation,
and suggested that a dose of 300 mg elemental
magnesium for 1 month was sufficient to increase
serum magnesium levels and lower BP’° There was
significant heterogeneity within the study results
that may be explained by the theory that certain
subsets of patients may benefit more than others. A
meta-analysis of RCTs including only hypertensive
patients with a systolic BP of > 155 mmHg and
who had previously used antihypertensive drugs
showed a particularly strong effect of magnesium
supplementation, with a mean decrease in systolic
BP of 18.7 mmHg and in diastolic BP of 10.9
mmHg.”" A 2017 meta-analysis of 11 RCTs found
that magnesium supplementation significantly
lowered both systolic and diastolic BP in a subset
of patients with prediabetes, insulin resistance or
other chronic conditions.”

The evidence suggests a significant BP-lowering
effect of magnesium, especially in those with
hypertension or other chronic conditions, at a dose
of 300 mg per day.

Cardiovascular disease

A 2013 meta-analysis of 19 prospective cohort
studies concluded that both dietary magnesium
intake and serum magnesium levels were inversely
related to CVD risk, including coronary heart
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disease, death from CVD and stroke.”> However,

a more recent meta-analysis of 40 prospective
cohort studies found a benefit of higher
magnesium intakes only for heart failure and stroke,
but not total CVD. It also found a lower risk of all-
cause mortality in those with higher magnesium
intakes.*

Atherosclerosis

Magnesium deficiency can cause calcification of
soft tissues, and may promote the development
and progression of atherosclerosis.® A number
of epidemiological studies have shown an
inverse relationship of atherosclerosis with serum
magnesium levels’>7® and dietary magnesium
intake’ in patients with both high and low
cardiovascular risk.

A case series of 80 patients reports that a
combination of injected and oral magnesium
improved (non-vascular) soft tissue calcification in
75% of patients.®® Also, a 6-month double-blind
magnesium supplementation study showed that
magnesium chelate, 600 mg per day, not only
lowered BP, but also improved endothelial function
and attenuated subclinical atherosclerosis in
hypertensive women on magnesium-depleting anti-
hypertensive medication.®

Although the evidence for benefits of magnesium
in atherosclerosis is limited, the fact that
magnesium also appears to improve many

other cardiovascular risk factors suggests that
recommending magnesium supplementation to
patients with atherosclerosis seems warranted, at a
dose dependent on other risk factors present.

Osteoporosis

Osteoporosis is characterised by a loss of bone
mass that leads to a weakening of the bone and an
increased risk of fractures. As mentioned above,
magnesium forms a structural part of bones, and
bones also serve as a reservoir for magnesium.®

Magnesium is intricately involved with vitamin

D metabolism: magnesium is necessary for the
synthesis and conversion of vitamin D, whilst
vitamin D is also important for magnesium
absorption.#? Magnesium has been used to reverse
vitamin D-resistant rickets.®

Epidemiological studies have shown lower
bone mass density and an increased incidence
of osteoporosis in people with low magnesium



levels® and low magnesium intakes in both
adults®>® and adolescents.®® A meta-analysis

of seven case—control studies including 1349
women showed that low magnesium levels are a
risk factor for osteoporosis, although there were
regional/racial differences.®® Both high and low
magnesium levels and intakes have shown harmful
effects on bone health,®° although the evidence is
inconsistent.®

Evidence for the benefits of magnesium in bone
health from supplementation studies is limited.
Two short-term (30 days), open-label, controlled
magnesium supplementation trials showed

that magnesium decreased markers of bone
turnover in healthy young men,®? as well as in
post-menopausal women.* The daily dosages
were 365 mg (as carbonate and oxide) and 1830
mg magnesium citrate (it is not stated in the
article whether this refers to elemental weight),
respectively. A 12-month double-blind, placebo-
controlled study on magnesium supplementation
(300 mg as magnesium oxide) in children and
adolescents with low magnesium intake showed
an increase in bone mineral content.®* An open-
label, controlled trial of post-menopausal women
with osteoporosis showed that magnesium
supplementation (250-750 mg per day as
magnesium hydroxide) for 2 years significantly
improved bone density. Serum magnesium
levels significantly increased during magnesium
supplementation in this study.®®

Based on the clinical evidence available,
magnesium appears to be of benefit for bone
health in children and adolescents as well as
in healthy adults and post-menopausal women
at a dosage of 300 mg per day in children and
250-750 mg per day in adults.

Asthma

Lower magnesium levels have been reported

in asthmatics, but results from epidemiological
studies are heterogenous. A recent metanalysis
found an increased susceptibility for asthma with
low magnesium levels only for Asians, whilst
Caucasian and African population-pooled results
did not show statistical significance.®® There is
evidence that in patients with asthma, the condition
appears to be less well controlled in those with low
magnesium levels,® %% although other studies did
not find an association between magnesium levels
and severity of asthma?% |t is noteworthy that
individuals in the latter two studies had magnesium
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levels within the normal range, whilst in the

former studies asthmatics with worse pulmonary
function/poorer control were considered to have
magnesium levels below normal range, suggesting
that asthmatics with low levels of magnesium are
more likely to benefit from supplementation.

There is a reasonably large body of evidence for
the use of IV magnesium sulphate in acute asthma
attacks as an adjunct to other treatments, including
bronchodilators and corticosteroids. The evidence
is more consistent for children’'® than for
adults°4% Nebulised, inhaled magnesium sulphate
has also been used in acute asthma exacerbations,
alongside other treatments, but results from clinical
trials are inconsistent, and systematic reviews and
meta-analyses on the whole do not find enough
evidence for significant benefits 102106107

A recent meta-analysis of seven RCTs evaluated
the benefits of oral supplementation of magnesium
in mild to moderate asthmatics. Whilst there

were improvements in all outcome parameters,
they were only statistically significant for one
parameter, which led the authors to the conclusion
that at present there is not enough evidence to
recommend oral magnesium supplementation

for asthmatics.°® The authors point out that there
was significant heterogeneity amongst the studies
with regards to dose, formulation and length

of treatment, and no sub-group analysis was
performed to potentially identify those patients

for whom magnesium supplementation may be

of benefit. Looking at the studies individually, five
out of the seven studies found a benefit of oral
magnesium supplementation, possibly more so in
those studies where magnesium levels were found
to be low at baseline s

Although the evidence for use of oral magnesium
for asthma is mixed, overall it suggests a benefit,
especially in those patients with low magnesium
levels at baseline. Dosages in studies showing
benefits have ranged from 200 to 300 mg per day
in children and adolescents, and 340 to 450 mg
per day in adults.

Pain

A systematic review and meta-analysis of 27 RCTs
supports the use of IV magnesium sulphate as an
adjunct to anaesthesia in reducing pain scores and
analgesia use post-operatively™ Oral magnesium
lozenges have also been shown to reduce post-
operative sore throat™



Two double-blind, placebo-controlled trials looked
at the benefits of magnesium in neuropathic pain,
one of which showed that IV magnesium, followed
by oral magnesium, 500 mg per day, significantly
reduced pain scores and increased motility in
patients with chronic lower back pain™ However,
another double-blind, placebo-controlled trial failed
to show a significant benefit of magnesium, 330 mg
as chloride per day, over placebo in neuropathic
pain, although there was a significant improvement
with regards to the frequency of pain paroxysms
(attacks) and emotional impact in the magnesium
group.™ It is noteworthy that in the latter trial there
were significant improvements in neuropathic pain
in both the magnesium and the placebo groups.

A 2001 Cochrane review and meta-analysis based
on three RCTs concluded that magnesium was
more effective than placebo to provide pain relief
in dysmenorrhoea.™ A recent RCT in women with
dysmenorrhoea also showed that IV magnesium
alongside opium and buprenorphine reduced pain
and improved quality of life”

Magnesium levels tend to be lower in migraine
sufferers, and there are a number of possible
mechanisms by which magnesium may be involved
in the pathogenesis of migraines™ A 2016 review
and meta-analysis evaluated the use of magnesium
in migraines, and found IV magnesium to be
efficacious in acute attacks, and oral magnesium to
reduce both frequency and intensity of migraines.
These findings have been confirmed by more
recent clinical trials, one in adults, one in children,
using 1000 mg per day (as oxide) and 75-375 mg
per day depending on body weight (as oxide or
glycinate), respectively?0™2

An interesting series of case studies also shows
potential for high-dose oral magnesium to alleviate
the pain caused by erythromelalgia,””? a rare
condition characterised by episodes of burning
pain, usually in the extremities, and it is mentioned
as a treatment option on the NHS website.>?

Magnesium appears to be of benefit in a number
of painful conditions, including neuropathic pain,
dysmenorrhoea and migraines, with dosages used
ranging from 500 to 1000 mg per day in adults, and
75 to 375 mg per day in children.

Fibromyalgia syndrome

Fibromyalgia syndrome is a complex pain
syndrome that is also associated with insomnia,
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irritable bowel syndrome and other symptoms, and
there is some overlap with CFS. There is limited
evidence for the effectiveness of magnesium
supplementation in FMS.

Two cross-sectional studies did not find a
correlation between serum magnesium levels and
FMS, but patients with FMS tend to have lower
dietary magnesium intake?*'2> An intervention
study found women with FMS to have lower serum
and erythrocyte magnesium levels, and compared
the effectiveness of treatments with magnesium,
300 mg per day as citrate, amitriptyline, and
magnesium plus amitriptyline. Whilst magnesium
reduced some symptoms, amitriptyline on its own
reduced almost all symptoms, with the combination
being most effective.?®

A double-blind, placebo-controlled trial of
magnesium with malic acid showed no benefits
during the 4-week blinded phase with a low dose
of 150 mg magnesium and 600 mg malic acid, but
showed significant benefits in the severity of pain
and tenderness scores in an open-label extension
of the study after 2 and 6 months, with a dose in
excess of 400 mg magnesium and 1600 mg malic
acid.”’

Whilst the evidence is limited, magnesium at a
dose of at least 300 mg per day could be trialled
in patients with FMS.

Chronic fatigue syndrome

Mitochondrial dysfunction is thought to be an
important factor in CFS, and magnesium is
therefore commonly used in clinical practice in
patients with CFS.

An early clinical trial found magnesium levels to be
lower in people with CFS, and weekly magnesium
sulphate injections to improve symptoms of

pain, energy and emotional state.”® However, no
further research appears to have confirmed these
promising results.?

Pre-eclampsia and pregnancy-induced
hypertension (PIH)

Pre-eclampsia is a complication of pregnancy
characterised by high BP, proteinuria and oedema.
It can progress to eclampsia, which is a significant
cause for perinatal and maternal morbidity and
mortality. IV or intramuscular magnesium is
recommended for women with pre-eclampsia by
the World Health Organisation°



Epidemiological studies suggest that women
affected by pre-eclampsia or PIH have lower
levels of magnesium.*™™*However, a Cochrane
review and meta-analysis in 2014 found no
statistically significant reduction in pre-eclampsia
with magnesium supplementation.®™ The authors
pointed out that only two of the 10 studies
reviewed were of high quality. A more recent
RCT including 180 pregnant women showed that
magnesium supplementation (200 mg per day)
reduced the incidence of a number of pregnancy
complications, including pre-eclampsia.®®

The currently available evidence for benefits of
magnesium to prevent pre-eclampsia is weak.

Depression

Two reviews and meta-analyses suggest an inverse
relationship between magnesium levels or intake
and the risk of depression.®*®*” This association has
been confirmed in two more recent studies, 83
whilst in another study an association did not reach
statistical significanceM°

Whether oral magnesium supplementation is of
benefit in patients with depression appears to
depend on the dose and/or whether patients

are magnesium-deficient: a 2018 double-blind,
placebo-controlled trial showed no benefit of
magnesium alongside fluoxetine Magnesium
dosage was low (120 mg) compared with other
clinical trials. A trial in post-partum depression did
not find a benefit of magnesium at a dose of 64.5
mg (elemental, as sulphate)*? On the other hand,
500 mg of magnesium (as oxide) was shown in a
double-blind, placebo-controlled study to decrease
depression scores in depressed patients with low
magnesium levels! Another RCT showed that 450
mg of magnesium (as chloride) was as effective

as the tricyclic antidepressant imipramine in
treating depression in elderly type 2 diabetics with
hypomagnesaemia.

Although the evidence is mixed, at a dose of
450-500 mg per day, magnesium appears to be of
benefit in patients with depression who have low
magnesium levels.

Anxiety

The authors of a 2017 review on magnesium and
anxiety concluded that magnesium may have

a positive effect on mild to moderate anxiety,
although they state that the current evidence base
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is poor. Only one of the eight trials reviewed in this
article looked at magnesium on its own, the other
studies included other botanicals or vitamin B6.4*

Pre-menstrual syndrome (PMS)

The above review"* also looked at the effects of
magnesium on anxiety as a symptom of PMS, and
found that four out of the seven relevant studies
showed a positive effect of magnesium either on
its own or in combination with vitamin B6, but also
noted a number of methodological issues with the
clinical trials reviewed.

A review and meta-analysis of observational
studies looking at magnesium levels and PMS
showed no significant association, although there
was significant heterogeneity amongst the 13
studies reviewed; in particular, studies conducted
outside of USA showed an inverse relationship
between magnesium levels and PMS

A double-blind trial comparing magnesium,

250 mg per day (formulation not reported),
magnesium plus vitamin B6, and placebo
demonstrated that magnesium plus vitamin B6
was the most and placebo the least effective in
relieving PMS symptoms#® The same research
group also compared magnesium, 250 mg per
day (formulation not reported), and vitamin B6
alone against placebo in subjects with PMS in
another double-blind trial, and found a significant
improvement in PMS scores in all three groups
but more so in both the magnesium only and the
vitamin B6 only groups than with placebo*” An
open-label RCT also found significant benefits

of magnesium, 250 mg per day as a modified-
release formulation, in women with PMS but, due
to lack of a placebo, results have to be interpreted
with caution as there appears to be a significant
placebo effect in PMS .8

Clinical research of magnesium for PMS is limited
but promising, with a dose of 250 mg per day
showing benefits.

Sleep

Lower intakes of magnesium are associated with
shorter sleep time*® and magnesium appears to be
involved in regulating circadian rhythms®® A small
study in infants showed that serum magnesium
levels were associated with sleep behaviour™

However, evidence from clinical trials for the use
of magnesium supplementation to improve sleep
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is limited. A double-blind, placebo-controlled study
in elderly subjects with primary insomnia found
that supplementing 500 mg magnesium (as oxide)
improved both subjective and objective sleep
parameters!®? Baseline dietary magnesium intakes
were low in this patient group. Another double-
blind, placebo-controlled trial of magnesium,

225 mg per day (formulation not mentioned), in
combination with melatonin and zinc also showed
benefits in elderly subjects with insomnia®?

Although clinical research into magnesium and
sleep is limited, a dose of 225-500 mg magnesium
has been shown to improve sleep.

RLS/periodic limb movement in sleep (PLMS)

Low magnesium levels are associated with an
increased incidence of PLMS,** and anecdotal
evidence suggests magnesium supplementation

to be of benefit®® However, there is only one

open pilot trial published that reports benefits of
oral magnesium, 301 mg per day (formulation not
mentioned), for RLS and PLMS.® A double-blind,
placebo-controlled trial of 28 patients, which
formed the basis of a doctoral thesis, failed to show
significant benefits of magnesium in RLS."®’

At present there is insufficient evidence to show a
benefit of magnesium for RLS.

Muscle cramps

Two reviews and meta-analyses found that
magnesium did not help with leg cramps in the
general population, but may have a small effect
in pregnant women, although the evidence was
considered weak.®8"*® A more recent trial on
magnesium for nocturnal leg cramps in elderly
subjects also found magnesium, 520 mg per
day (as oxide), to have no benefits over placebo,
although there was a strong placebo effect®°

The currently available evidence suggests that
magnesium has no benefit for leg cramps.

Constipation

Magnesium salts act as osmotic laxatives,® and
are used for both bowel clearance in preparation
for procedures such as colonoscopies and in the
management of chronic constipation. Low intake of
magnesium has been shown to be associated with
an increased risk of constipation independent of
fibre intake .2

Magnesium and sulphate-rich mineral water
has been shown in a number of double-blind,
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placebo-controlled clinical trials to be beneficial

in chronic/functional constipation®%6 A recent
double-blind, placebo-controlled trial also reports
good results with supplementation of magnesium
oxide (1.5 g per day, equivalent to 915 mg
elemental magnesium) in patients with functional
constipation!®” Another trial in elderly patients with
constipation showed benefits of supplementation
with magnesium hydroxide '8

Magnesium salts have also been shown to help
with constipation in children and infants in a
number of clinical trials, both on their own and in
combination with other compounds.69172

Prolonged use of high doses of magnesium,

as commonly used in constipation, can lead to
hypermagnesaemia, especially in those with kidney
disorders, and monitoring of serum magnesium
levels is advised.”3"4

Whilst there is good evidence for the use of
magnesium in constipation, the dosages needed
are high and could cause harm with prolonged use.

Dyspepsia

Magnesium salts, in particular magnesium
hydroxide, carbonate and trisilicate, are commonly
used in antacids, either on their own or in
combination with aluminium salts and/or alginates
(which coats the surface of the stomach). The
magnesium salts can help relieve symptoms of
indigestion, gastro-oesophageal reflux, gastritis
and gastric ulcers. They tend to work quickly, but
are not recommended for long-term use as they do
not deal with the underlying cause, and can have
side-effects and drug interactions.”s™”

Dose Recommendations

The mineral content of fruit and vegetables has
declined significantly over past decades,”8"®

and processing of foods further reduces their
magnesium content. Surveys show that significant
proportions of the population are not getting
adequate levels of magnesium through their

diet (see above). Supplementing magnesium on

a daily basis to reduce the risk of developing
chronic disease appears to be prudent. The Linus
Pauling Institute, Oregon State University, USA,
recommends a supplemental dose of 100 mg per
day, alongside a magnesium-rich diet™°In view of
the likely shortfall, this seems to be a reasonable
dose for preventive purposes.

1



Clinical studies that looked at therapeutic use of
magnesium in various conditions have used a

range of dosages, but the most commonly used
doses were between 300 and 400 mg per day.

Safety

The most common side-effects of excessive
magnesium intake are gastrointestinal
disturbances, in particular diarrhoea.
Hypermagnesaemia, defined as a serum
magnesium level above 2.6 mg/dl, is rare and
is most commonly seen in patients with kidney
disease. Caution is therefore advised for the
use of magnesium supplements in patients with
kidney disease. Excessive use of magnesium,
usually as a laxative or antacid, can also cause
hypermagnesaemia at intakes over 2500 mg
magnesium (elemental). Symptoms include
weakness, hypotension, respiratory depression,
and can lead to cardiac arrest.®"83

Magnesium from food does not induce diarrhoea
or other side-effects. The upper tolerable limit (UTL)
of magnesium from supplements is based on the
amount that does not induce diarrhoea, and is in
addition to intakes from food.

. The European Food Safety Agency (EFSA) set
a UTL for magnesium of 250 mg for adults,
including pregnant and lactating women, and
children from 4 years®3

. The US Food and Nutrition Board, Institute for
Medicine, set a UTL for magnesium of 350 mg
for adults, including pregnant and lactating
women, and children from 9 years, 110 mg
for children aged 4-8 years, and 65 mg for
children aged 1-3 years.?'

Magnesium supplements can interact with a
number of medications:?'

Bisphosphonates (drugs to treat osteoporosis):
magnesium can decrease absorption. Magnesium
should be administered at least 2 hours apart.

Tetracycline and quinolone antibiotics: these
can form complexes with magnesium, and should
therefore be administered at least 2 hours before
or 4-6 hours after the magnesium supplement.

Diuretics: loop and thiazide diuretics, including
furosemide and bumetanide, hydrochlorothiazide
and ethacrynic acid, can deplete magnesium and
lead to hypomagnesaemia. Potassium-sparing
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diuretics, such as amiloride and spironolactone, on
the other hand, also have a magnesium-sparing
effect and can therefore raise magnesium levels.

PPIs: long-term use of PPIs can lead to
hypomagnesaemia, and magnesium levels should
be monitored in such patients.

Levodopa/carbidopa: a recent study showed
that magnesium oxide may significantly reduce
absorption of levodopa/carbidopa.®

Digoxin: magnesium-based antacids interfere with
the absorption of digoxin.®®

Sulphonylureas (type of anti-diabetic drug):
magnesium-based antacids alter intestinal pH,
and can therefore lead to an increased absorption
of sulphonylurea drugs, potentially leading to
hypoglycaemia 66’
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