Clinical Nutrition (2006) 25, 554-562

Clinical
o Nutrition
ELSEVIER
http: //intl.elsevierhealth.com/journals/clnu
REVIEW

Magnesium and diabetes mellitus: Their relation

Cristiane Hermes Sales, Lucia de Fatima Campos Pedrosa®

Universidade Federal do Rio Grande do Norte — UFRN, Centro de Ciéncias da Saude, Departamento de
Nutricdo, Av. General Cordeiro de Farias, s/n — Petrépolis, Natal-RN, 59010-180, Brazil

Received 24 November 2005; accepted 18 March 2006

KEYWORDS Summary The aim of this review was to elaborate a synthesis about the
Magnesium; discussions on magnesium and diabetes mellitus, in the last 14 years. The magnesium
Diabetes mellitus; deficiency has been associated with chronic diseases, amongst them, diabetes
Minerals mellitus. Epidemiological studies had shown low levels of magnesium ingestion in the

general population, as well as a relation between the ingestion of food rich in
magnesium and the reduction of diabetes installation and its complications.
Hypomagnesemia is frequently present in diabetic patients, however there is not
an exact elucidation of the mechanism of magnesium deficiency in diabetes mellitus.
On the other hand, in the presence of this illness, it is observed that inadequate
metabolic control can affect the corporal concentrations of magnesium, developing
hypomagnesemia, which may be still directly related with some micro and
macrovascular complications observed in diabetes, as cardiovascular disease,
retinopathy and neuropathy. This way, the chronic complications of diabetes can
appear precociously. Based on this, the supplementation with magnesium has been
suggested in patients with diabetes mellitus who have proven hypomagnesemia and
the presence of its complications.
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Introduction

Along the years it has been observed, in world-wide
level, a reduction of micronutrients ingestion
among the populations, due to changes on feeding
habits.” Magnesium (Mg), is one of the most
abundant intracellular ions with an essential role
in fundamental biological reactions, whose defi-
ciency provokes biochemical and symptomatic
alterations in the human organism.?3

Diabetes mellitus (DM), characterized by meta-
bolic disorders related to high levels of serum
glucose,* is probably the most associated disease to
Mg depletion in intra and extra cellular compart-
ments.’

Hypomagnesemia has been related as a cause of
insulin resistance, also being a consequence of
hyperglycemia, and when it is chronic leads to
the installation of macro and microvascular com-
plications of diabetes, worsening the deficiency
of Mg.%”

The mechanism involving the DM and hypomag-
nesemia was still unclear, although some metabolic
studies demonstrate that Mg supplementation has a
beneficial effect in the action of insulin and in the
glucose metabolism.""°

The aim of this review was to elaborate a synthesis
about the main discussions in literature on Mg and
DM, in the last fourteen years (1990-2004), ranging
the consensus and controversies.

Magnesium: metabolism, function and
deficiency

Mg is the second predominant component in the
intracellular compartment, an important regulator
of the cellular processes, co-factor of more than
300 essential metabolic reactions, including the
ones that produce or use the MgATP complex.
However, its functionality is related to the synth-
esis of tissue constituents, growth and thermogen-
esis, and with the activity of tyrosine kinase, in the
metabolism of glucose."

The homeostasis of Mg depends on the amount of
ingestion, of the efficiency of absorption and of the
intestinal and renal excretion. The absorption of
this mineral occurs along the whole intestinal tract,

especially in the ileum and colon, and its regulation
is made mainly by the kidney.'® The homeostatic
regulation of Mg is increased by the action of
parathormone (PTH), calcitonin, vitamin D, gluca-
gon, antidiuretic hormone, aldosterone and sexual
steroids. Beyond these, the insulin is involved in
the transport of Mg through the cellular membrane
and in the intracellular supply.>'?

The average ingestion of Mg, in a world-wide
level, has diminished along the vyears, being
frequently below the Recommended Dietary Allo-
wances—RDA, this induces the development of Mg
deficiency.” However, the specific clinical manifes-
tations of hypomagnesemia are difficult to be
diagnosed, due to the frequent associations of this
deficiency with biochemical abnormalities as hypo-
kalemia, hypocalcemia and metabolic alkalosis.
Patients with hypomagnesemia can present cardi-
ovascular alterations, as ischemic cardiac insuffi-
ciency, vascular complications of DM and
hypertension. Neurological, hormonal, renal, gas-
trointestinal and muscular dysfunction also have
been associated to hypomagnesemia.'®'*

There were speculations about a possible rela-
tion between Mg deficiency and climatic variations,
contributing for the increase of the heart deaths
and diabetes. High temperatures would increase
sweat losses and, consequently, among the miner-
als, Mg would be the most affected, because the
losses would not be compensated by the diet and
water intake, increasing so the risk for these
diseases. '

Diabetes and dietary ingestion of
magnesium

The alimentary source of Mg include the milky
products, whole grains, the most of the green leafy
vegetables, nuts, seeds, meats, poultries, fishes, dry
beans, peas, lentils and products derived from soy."

The Dietary Reference Intakes (DRIs) for Mg
varies according to the gender, physiological state
and life stage. However, it is important to stand out
that these recommendations are for healthful
individuals (Table 1).

Epidemiological and multicentric studies have
registered an inverse relationship between the
ingestion of food rich in Mg and the risk of diabetes.'®
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Table 1  DRIs for magnesium according to the gender, physiologic state and life state.”
Gender/physiologic state Life stage EAR (mg/d) RDA (mg/d) Al (mg/d) UL* (mg/d)
Male and female 0-6 months — — 30 Not certain
7-12 months — — 75 Not certain
1-3 years 65 80 — 65
4-8 years 110 130 — 110
Male 9-13 years 200 240 — 350
Female 200 240 — 350
Male 14-18 years 340 410 — 350
Female 300 360 — 350
Male 19-30 years 330 400 — 350
Female 255 310 — 350
Male 31-50 years 350 420 — 350
Female 265 320 — 350
Male 51-70 years 350 420 — 350
Female 265 320 — 350
Male >70 years 350 420 — 350
Female 265 320 — 350
Pregnancy 14-18 years 335 400 — 350
19-30 years 290 350 — 350
31-50 years 300 360 — 350
Lactation 14-18 years 300 360 — 350
19-30 years 255 310 — 350
31-50 years 265 320 — 350

*UL of magnesium was established for magnesium supplementation, of nonfood source.

The lowa Women’s Healthy Study, a cohort of
postmenopausal women, showed a significant reduc-
tion in the relative risk of diabetes, in women with
increased intake of whole grains and other food
sources of Mg."” The Framingham Offspring Study,
notified a reduction of the metabolic risk factors for
the development of diabetes, associated to the whole
grains intake, still demonstrating an inverse associa-
tion in these grains consumption and fasting insulin.'®

Other cohort studies carried out with men and
women, had also verified an inverse association
involving the Mg intake and the risk of type 2 DM;
however, in the Women’s Health Study, only the
women with Body Mass Index (BMI) over 25kg/m?
had demonstrated this association.”' Positive
correlation between insulin sensitivity and the Mg
intake, has been detected, suggesting that the Mg
can delay the development of type 2 DM."%2°

On the other hand, the relation between inges-
tion of Mg and the risk of type 2 DM, was not
evidenced in ARIC Study, considering blacks and
white American individuals?'; nor in another case-
control study accomplished in Switzerland using
different methodological procedure.?

Magnesium and diabetes mellitus

DM is a metabolic disease of multiple etiology,
characterized by hyperglycemia resulting from
defects in the insulin secretion and/or the insulin
action. According to the American Diabetes
Association—ADA, this syndrome is classified as:

1. Type 1 DM—characterized by the f-cells de-
struction, usually leading to the absolute insulin
deficiency, can be of auto-immune or idiopathic
nature;

2. Type 2 DM—ranging from predominantly of
insulin resistance with relative insulin deficiency
to predominantly an insulin secretory defect
with insulin resistance;

3. Gestational DM—the most common clinical
disturbance that affects pregnancy, character-
ized by glucose intolerance, which onset or first
recognition during pregnancy;

4. Other specific types of diabetes as: iatrogenic,
specific genetic defects of pancreatic f-cells or
insulin action, exocrine diseases of the pancreas,
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endocrinopathies, induction by drugs or chemical
reagents, infectious, uncommon forms of auto-
immune diabetes, and other genetic syndromes
associated as, for example, Down syndrome.

Hypomagnesemia in diabetic is usually observed
in patients with deficient metabolic control, or
associated to the DM chronic complications, ac-
cording to clinical and epidemiological studies.®?°

The responsible mechanisms for Mg deficiency in
patients with diabetes have still not been clarified,
mainly about the impact in the insulin resistance, in
the development of diabetes and its chronic compli-
cations.'>%32* |t is speculated as triggering factors
the increase urinary excretion of Mg, specially in
patients with unsatisfactory metabolic control, diet-
ary deficiency or absorption reduction.?>%’

The scientific evidences indicate the role of the
calcium and Mg as mediators of the insulin action. In
the DM occur chronic alterations of homeostasis of Mg
intracellular, unchained by the unbalance between
calcium and Mg. The effects result in damages on the
tyrosine kinase activity, in level of receptors unchain-
ing the outlying insulin resistance.?®

Other studies had demonstrated positive effect
in the administration of insulin over intracellular
Mg concentrations. One of them, demonstrated an
improvement of the intracellular Mg concentration
in obese children and patients with type 1 and 2
DM, after the stimulation with 100mU/mL of
insulin.?’

The hyperglycemia, independent of insulin, or
other responses due to oral glucose ingestion has
potential role in cellular ionic changes of free Ca
and Mg. The hyperglycemia per se elevated
intracellular Ca and suppressed intracellular Mg in
normal human red cells.*

In experimental DM has been related alterations
in the tissue redistribution of Mg. Spontaneous
diabetic rats showed increased urinary excretion of
Mg, correspondent to 1,5 times, compared with
controls. It was also evidenced an increasing of Mg
in the pancreas and reduction in the lungs, kidneys,
testicles and adipocytes, in the early stages of the
diabetes.?'

Despite of the deduction that the hypomagnese-
mia is caused by the diabetes and not the opposite,
the Mg deficiency also can influence in the onset of
this disease. This was demonstrated in one pro-
spective study (ARIC), predominantly in the white
participants.?' The Mg deficit interferes on enzy-
matic reactions that use or produce adenosine
triphosphate (ATP), in consequence modifies the
enzymatic cascade that involves the carbohydrates
metabolism, triggering DM. In the same way as
observed by Delva et al.,®> in hyperglycemia,

existing ionic alterations in the cells, there is an
increase of the intracellular ATP concentration,
that induce a reduction of the intracellular ionized
Mg levels.

Magnesium and macrovascular chronic
complications of diabetes

The chronic complications of diabetes are devel-
oped when cells or cellular components are
chronically exposed to the high concentrations of
glucose. The non-enzymatic glycosylation of pro-
teins and the accumulation of polyol as the
sorbitol, result in the formation of end products
of the advanced glycosylation in the tissues,
causing irreversible changes. This process culmi-
nate in cellular damage, being able to trigger
macrovascular complications as dyslipidemia and
hypertension, associated to the DM; and micro-
vascular as neuropathy, retinopathy and nephro-
pathy.?®

Abou-Seif and Yousse observed lower Mg
concentrations in the plasma of patients with type
2 DM and reduction of antioxidative protection in
the two types of diabetes, which can be an
increasing factor of the chronic complications.
The vascular complications mostly associated to
the deficiency of Mg are: heart ischemic disease,
atherosclerosis,?® hypercholesterolemia,® hyper-
triglyceridemia’ and hypertension,3*3> and prob-
ably the mechanisms of metabolic syndrome.>3¢

In type 2 diabetic patients with essential hyper-
tension, have been detected reduced cytosolic free
Mg concentrations, when compared to normoten-
sive or non-diabetic individuals. The inverse rela-
tion between intracellular ionic disturbs of Mg and
the metabolic compensation has been questioned
in relation to develop rise of arterial pressure and
insulin resistance.?83437

According to the hypothesis suggested by Paolisso
and Barbagallo,’ the low availability of intracellu-
lar Mg diminishes the tyrosine kinase activity and
increases the vascular constriction mediated by
calcium, hindering the relaxation of cardiac and
smooth muscles; and this way, interfering in the
usage of the cellular glucose. Such mechanisms
contribute to raise the blood pressure and periph-
eral insulin resistance, suggesting secondary etio-
logical factors of hypertension and type 2 diabetes
(Fig. 1).

The Atherosclerosis Risk in Communities (ARIC)
Study, indicated that the serum and dietary Mg may
be related to the etiology of cardiovascular
diseases, hypertension and diabetes. Serum Mg

f32



558

v Mgi .
—> ¢ Tyrosine-Kinase

activity
I * Cai

v

v
f Blood ———» f

Insulin
Pressure Resistance
HYPERTENSION TYPE 2 DM

Figure 1 Overall hypothesis in which intracellular Mg
deficiency may mediate the relationship between insulin
resistance, type 2 DM and hypertension (from Paolisso
and Barbagallo,’ with permission).

was significantly lower in the participants with
cardiovascular disease, hypertension and/or dia-
betes, than in the healthful individuals, registering
the lower concentrations in the diabetic patients
with hypertension. Moreover, it was observed that
patients with cardiovascular disease, the serum Mg
was also inversely associated to insulin, fasting
serum glucose, systolic arterial pressure and smok-
ing. The Mg dietary ingestion was positively
associated to the high density lipoprotein choles-
terol (HDL-c) and inversely associated to the fasting
insulin, systolic and diastolic pressure.?®

Sasaki et al.>® not verified significant difference
to the Mg assessed in patients with cardiovascular
diseases and in the individuals presenting risk
factors for these diseases. Even so, patients with
DM and those with cardiac arrhythmia had lower
serum levels of ionized Mg, than the healthful
controls. On the other hand, the patients with
essential hypertension demonstrated higher ery-
throcyte Mg concentration than control group,
which thwart the hypothesis of the Mg deficiency
in these patients. It can be deduced however, that
serum Mg concentration as a single parameter of
evaluation must be carefully interpreted in this
kind of study.

Mg deficiency has also been argued as a probable
causal factor of dyslipidemias,®® what constitutes
an alert for the chronic complications of DM, as the
atherosclerosis. In patients with type 1 diabetes,
was demonstrated that the improvement of the
metabolic control seems to reduce the renal
excretion of Mg, increase HDL-c level and reduce
the serum triglycerides. Supplementation with Mg

resulted in a negative correlation between serum
total Mg and triglycerides concentration; and
between the ionized Mg concentration and serum
total cholesterol and apolipoprotein A1. These
results suggest a probable relation involving the
serum Mg concentrations and the lipidic profile.”

High concentrations of total cholesterol and low
density lipoprotein cholesterol (LDL-c), and low
concentrations of HDL-cholesterol had been ob-
served in patients with type 2 diabetes with
decompensate fasting glycemia. The HDL-c was
positively correlated to serum Mg indicating that
hypomagnesemia associates to low levels of HDL-c
even in pre-diabetic states.3®

Magnesium and microvascular chronic
complications of diabetes

Experimental researches have shown that patients
with diabetic retinopathy present low concentra-
tions of plasma Mg, disposing to a higher risk of
advanced retinopathy.®

In a prospective study with 61 diabetic patients
using insulin (33 type 1 and 28 type 2), it was
observed a significant negative correlation be-
tween plasma Mg concentration and the retino-
pathy progression, however, there are doubts if the
plasma Mg concentration can be considered a
causal factor for the retinopathy development.>’
A transversal study carried out in Brazil with type 1
and type 2 diabetic, did not demonstrate a
significant correlation between the severity of
retinopathy and Mg concentration in the plasma.’

In type 2 diabetic patients with microalbuminuria
or clinical proteinuria showed a significant de-
crease in serum ionized Mg levels. Moreover, it was
also observed a significant negative correlation
between serum ionized Mg and HbA1c and trigly-
cerides, in both microalbuminuria and clinical
proteinuria groups. According these results it is
possible to associate metabolic control and lipidic
profile disturbances with alterations in Mg metabo-
lism in these patients.*°

In a multicentric study with type 1 diabetic
patients it was evidenced that the erythrocyte Mg
was in a lesser concentration in the patients with
polyneuropathy than in the diabetics without this
complication. After intervention with Mg supplemen-
tation it was observed an improvement in the nervous
conduction, mainly in the young patients who had
initial signals of neurological complications.*’

De Leeuw et al.** observed in type 1 diabetic
with chronic Mg depletion (supplemented and
not supplemented) that the polyneuropathy was
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determined by the duration of diabetes and by the
low erythrocyte Mg concentration. The supplemen-
tation with Mg increased the erythrocyte Mg
concentration, as well as reduced the incidence
of polyneuropathy.

It has also been suggested that hypomagnesemia
is associated with feet ulcers in patients with
type 2 DM.2

Diabetes and others complications
(pregnancy, aging, bone metabolism,
hormones)

Some researches involving Mg concentrations have
been developed in pregnant women; however the
findings are still not consistent.

Bardicef et al.** observed lesser ionized and total
Mg concentrations in pregnant patients in the third
trimester of pregnancy in relation to non-pregnant
normal patients, being more accentuated in the
gestational diabetes. Beyond this, it was evidenced
lower intracellular free Mg levels in pregnancy
diabetic women compared with non-pregnant and
normal pregnant women. It has been argued that
the pregnancy itself induces the losses of this
mineral, which are increased in presence of
diabetes. On the other hand, none alteration in
the ionized Mg concentration was observed in the
first trimester of pregnancy of women with and
without gestational diabetes.**

Beyond pregnancy, aging can also be associated
with the reduction of blood Mg concentrations.
Patients with type 2 DM, over 65 years old, had
presented alterations in the metabolism and
compartmentation of Mg, especially in platelets,
when compared to plasma and erythrocytes of
healthful elderly and young with type 2 DM and
healthful young.*

Some studies are being developed in the attempt
of demonstrating the relation between Mg and the
alterations of bone metabolism, common in dia-
betes. An experiment lead in animals by Yamini
et al.,* speculated disorders in bone mineral con-
tent and in bone bio-mechanism in male rats type
spontaneous hypertensive/NIH corpulent—SHR/N-
cp (model of rodent that shows many similar
characteristics of type 2 DM) obese and thin,
submitted to dietary intervention during a period
of 8 months. Urinary excretion of Mg was higher in
obese rats with bone growth disorders, and before
alterations in the concentration of bone Mg.

In humans, the increase of urinary calcium and
Mg excretion in relation to the glycemic control of
type 1 diabetic patients was verified, mainly in the

female gender. This is worried due to the damages
on bone mass, predisposing even more the trigger-
ing of diabetic osteopenia.*’

Supplementation with magnesium

In patients with diabetes, the supplementation
with micronutrients must be individualized, based
on dietary history, clinical features and laboratorial
evaluation of the nutritional state.*®

Even so the oral supplementation with Mg
improves the secretion and sensitivity to insulin in
type 1 and 2 diabetic patients, there are still
controversies based on human and animal studies
accomplished. In elapsing of investigations with
humans, the oral supplementation with Mg was
related to insulin sensitivity and the metabolic
control in patients with type 2 DM.%°

In a clinical randomized study with 128 diabetic
patients with unsatisfactory metabolic control
(HbA1c>8.0%), which had been divided into three
groups: placebo, supplemented with 20.7 mmol/d
of magnesium oxide (MgO) and with 41.4 mmol/d of
MgO; it was not verified alterations in plasma and
intracellular levels of Mg, nor in the improvement
of glycemic control in the group supplemented with
the lower dose. Already to the supplemented with
41.4mmol/d of MgO, it was evidenced a tendency
to increase the plasma and urinary Mg, causing a
significant decrease in fructosamine.”® Later, no
beneficial effect was demonstrated in the glycemic
control of diabetic patients in the studies evaluated
by Valk."°

Barbagallo et al.’' demonstrated that the sup-
plementation with Mg improved the circulating
glucose levels and the oxidation of the tissue
glucose in patients with type 2 DM, besides favoring
in the action of the peripheral insulin. Contrary
results were verified in type 2 diabetic patients
with hypomagnesemia after supplementation with
600 mg of Mg oxide daily. The only beneficial effect
observed in this study was on the lipidic profile.>?

Type 2 diabetics supplemented with nature water
with a high Mg content had a significant increase of
total serum, urinary and excretion Mg levels.
Positive clinical effects was showed by significant
decrease of the insulin resistance and fasting
immunoreactive insulin.>?

Still in type 2 diabetics, the Mg associated with
Zn, vitamin C and E improved the values of HDL-c
and apolipoprotein A; fact not observed when Mg
was offered only with zinc.>* Previously this had
been evidenced in humans increasing the positive
effect in the carbohydrates metabolism, besides
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being co-adjuvant in the treatment of hyperten-
sion.>” It is worth to stand out that, in rats, Baydas
et al.”® had not verified adding beneficial effects of
supplementation with zinc, only with Mg.

Although Mg supplementation seems to have
beneficial effect in diabetic patients, no rule about
dosage and duration of the treatment with this
mineral has been established until the moment. In
1992, the ADA>” suggested the evaluation of serum
Mg and supplementation, in cases of proven
hypomagnesemia, in diabetic patients with high
risk of hypomagnesemia, as, for example, in the
case of congestive heart failure, coronarian arterial
disease, excessive alcoholic consumption, long
term parenteral nutrition, or pregnancy. Nowadays,
ADA recommends the replacement of Mg based on
the reduction of serum concentrations of this
element.*>®

Conclusions

According point out the results of epidemiological
studies, there are contradictions with relation the
low dietary ingestion of Mg to be a predictor factor
for type 2 diabetes.

The hypomagnesemia is the mainly focus in
studies performed with DM. The diabetic state
interferes in the maintenance of the normal
concentrations on body Mg, being able to trigger
hypomagnesemia easily, mainly in poor metabolic
control, which leads more spontaneously the out-
come of diabetic chronic complications. Moreover,
the hypomagnesemia also to be able to develop DM
and its complications, especially when exist other
associate risk factors.

About the macrovascular complications, the ARIC
study indicated the deficiency of Mg as a etiological
factor of the cardiovascular diseases, diabetes and
hypertension. So much in this study as in others of
clinical base, the mechanisms were interpreted
considering the negative effect of the hypomagne-
semia in the dyslipidemias and in the metabolic
control.

It does not still have epidemiological studies that
demonstrate the relation between the hypomagne-
semia and microvascular complications of the DM,
however, the clinical studies that detected nega-
tive correlation between this deficiency and the
presence of retinopathy and polyneuropathy, shall
be considered in speculations about consequences
of alterations on Mg status in diabetes. If the
supplementation is responsive in these situations, it
is important to do adjustments of clinical manage-
ment of diabetes.

There are still no consensus regarding of the
benefits that Mg supplementation can take to the
DM patient with and without complication, how-
ever the major of clinical studies had demonstrated
positive effects on the insulin resistance and lipidic
profile. In this context it is rational to indicate the
supplementation to these patients.

It is necessary to accomplish more studies for us to
understand better the relation of Mg with the DM.
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