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ABSTRACT

Low intake of dietary magnesium in typical western diet is associated with magnesium deficiency and its
related diseases. Americans are falling short of dietary intake of magnesium by 27 and 52 mg / day for
men and women respectively. Water supplies only 6-7 % of the daily requirement of magnesium.
Magnesium deficiency is common in normal and hospitalized people (2% & 26% respectively); while
critically sick patients have hypomagnesaemia up to 60 %. Hypomagnesaemia influence the prognosis of
the disease resulting in high mortality in severely sick and hypomagnesaemic patients, as compared to
other hospitalized patients. Magnesium in hard water is known for its cardio protective effect especially
against sudden cardiac death by preventing malignant arrhythmias and coronary vasospasm. Waterborne
magnesium is also known for its protective effect on diabetes, metabolic syndrome, hypertension, stroke,
insulin resistance, preeclampsia, and other chronic diseases. It is so much effective that even a small
amount (6 mg / 1) can prevent the cardiovascular mortality by 10% (a disproportionate response). Hard
water supplies other micronutrients like, calcium, zinc, iodine etc. and it also protects the body against
other harmful chemicals of water like, cadmium, aluminum, beryllium, mercury, and nickel.
Demineralized water produced through reverse osmosis process remove 93-97% of calcium and
magnesium. Such water is stripped of its beneficial elements and produce magnesium deficiency if
consumed for prolonged period.

Keywords: Waterborne magnesium, Prevent chronic diseases. Cardio protective, demineralized water

Introduction recommended daily allowances for male of
350 mg/ day and for females 280 mg /day.’
Thus a short fall of 27 and 52 mg/ day exist
for males and females US population
respectively and therefore, they are marginally
deficient in magnesium intake. Magnesium
deficiency can be strong risk factor for
hypertension, cardiac arrhythmias, ischemic
heart disease, atherogenesis and sudden
cardiac death.” There is an increasing level of
evidence that drinking water hardness which
has elevated concentration of magnesium may
reduce the risk of cardiac death, in particular

There are emerging evidences that habitually
low intake of dietary magnesium is associated
with magnesium deficit and its related
diseases worldwide with the changes taken
place in the food habits. The US Department
of Agriculture Continuing Survey of Food
Intake by Individuals (CSFII) in 1994,
indicated that the mean daily intake of
magnesium in males and females was 323 and
228 mg per day respectively.!  against the
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the risk of sudden cardiac death.* > In spite of
this, magnesium hypothesis has yet to gain
wide  spread acceptance. = Magnesium
deficiency is very subtle and frequently
overlooked by the clinicians.’

Sources of magnesium

Magnesium is widely distributed in plants and
animal foods. Green Leafy vegetables are rich
in magnesium. Foods such as unpolished
cereals, legumes, pulses and nuts have high
magnesium content. Magnesium is primarily
found in bran and germ, 80% of which is
removed from refined grains.” It is likely that
an overall ‘western’ diet (lower in magnesium
containing food but also high in refined
grains, high fat dairy product) is associated
with a pro-inflammatory pattern. While a diet
rich in whole grain, leafy vegetables, legumes
and nuts exert a beneficial effect at least in
part through an anti- inflammatory effect.”
Because of change in food the Americans
were eating in last 90 years, there has been a
progressive fall in magnesium intake from
475-500 mg/day during 1900-1908 to only
225-318mg/day during the years 1978-1985.°

Water is the only marginal and variable source
of magnesium. Typically water with
increased hardness has a higher concentration
of magnesium salts.' Natural surface water
sources typically containing concentration of
up to 10mg/l, such sources rarely contain
more than 100 mg of magnesium per liter, and
it is wusually calcium hardness that
predominant. On the other hand ground waters
contain more hardness and also the more
concentration of magnesium.®  Water with
100 units of hardness contribute 6-7% of the
daily total magnesium intake i.e. about 23 mg
of magnesium per day, and water with 400
units of hardness, which is usually found in
most of the drinking water sources contribute
about 68 mg of additional magnesium per day,
which may be critical to make up deficient

intake through food.” There does not appear
to be any convincing evidence that water
hardness causes adverse health effect in
human. In contrast, the result of a number of
epidemiological studies have suggested that
water hardness may protect against diseases. '’
In North America mineral intake from tap
water is low but important when drinking
from mineral-rich sources. For half of the tap
water sources, adult men may fulfill between
6% and 23% of magnesium daily
recommended intake and adult women may
fulfill between 8% and 31% of their
magnesium daily recommended intake by
drinking 2 liters of water per day."'

Magnesium Deficiency

Usually, overt magnesium deficiency may be
absent but it may be present in sub clinical
form. Such deficiency over a long period of
time could result in significant problem,
specially when some conditions in which
tissue magnesium level comes down are super
imposed e.g. alcoholism, diabetes,
malabsorption, chronic diarrhea, diuretic
medication, pregnancy, elderly, athletics and
any kind of stress, may it be thermal, surgical
or emotional, '* ' till the deficiency becomes
moderately or severely of advanced stage. The
increasing prevalence of older people raises
prevalence of hypertension, cardiac diseases
and the use of diuretics, which may increase
urinary excretion of magnesium. These three
conditions might contribute both to increase in
obesity and insulin resistance as well as to
magnesium deficiency. Low magnesium level
is also associated with  endothelial
dysfunction, increased vascular reaction,
elevated circulating level of C-reactive protein
and decreased insulin sensitivity. Low
magnesium status has been implicated in
hypertension, coronary artery disease, type 2
diabetes and the metabolic syndrome.'*
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Magnesium is second most abundant
intracellular cation take part in more than 300
enzymatic reactions and so it is impotent for
the body metabolism Out of the total 24 gm
of body magnesium, about half is in the bone
and another half in the soft tissue, namely
skeletal muscles, the nervous system and other
organs with high metabolic rate, like the liver,
myocardium, digestive tube, kidney etc.
Serum magnesium account for only 1% of the
total body magnesium. The normal serum
concentration is 1.8-2.3 mg / dl."> Deficiency
of magnesium is closely linked to
abnormalities in calcium and potassium
metabolism. A fundamental inter action
between magnesium and other ions seems to
occur at the cellular level.'®. Because of
pivotal role of magnesium in electrolyte
homeostasis, hypomagnesaemia is the
common finding among the hospitalized
patients and in general population. In general
population hypomagnesaemia was estimated
to be 2 %."” Hypomagnesaemia was found
more common in critically ill patients. It was
higher, ( about 60% ) in patients admitted to
post operative/intensive care units, as
compared to only 26% in other hospitalized

patients.™® Hypomagnesaemia was found
along with all types of electrolyte
disturbances, but, since magnesium and

potassium work together at various cellular
metabolic processes and so, it was the
commonest among patients had hypokalaemia
(38%) Than in hypokakaemic patients, 25 %.
(P <0.007). The disease out come has always
been found unfavorable in the presence of
hypomagnesaemia, as magnesium deficiency
enhances the stress reaction.”” The mortality
in acutely ill patients admitted in post
operative / ICU was higher (41%) for those
patients with hypomagnesaemia than those
who were eumagnesaemic (13% ) ( P <
0.02)."”

Waterborne magnesium
prevents diseases

There are no known harmful health effects in
the general population associated with the
consumption of calcium and magnesium
within a large range (hard water) and the
nutritional essentiality of calcium and
magnesium is well known. There are
emerging evidences that habitually low intake
of magnesium and resulting abnormal
magnesium metabolism are associated with
etiological factors in various metabolic
diseases.! Body’s low magnesium status has
been implicated in hypertension, coronary
artery disease, type 2 diabetes, insulin
resistance, metabolic syndrome, cardiac
arrhythmias, preeclampsia, atherosclerosis and
many more chronic disease conditions.'* In
addition, limited but suggestive evidence exist
for benefits associated with other diseases
(stroke, renal stone formation, cognitive
impairment in elderly, very low birth weight,
bone fractures among children, pregnancy
complications, and possibly some cancers.”’

Cardiovascular diseases

According to WHO, in 2002 there were 7.20
million deaths from CHD globally.21
cardiovascular diseases are the leading cause
of death in western countries. Among all the
cardiovascular disease risk factors,
magnesium now assumed first place as judged
by the epidemiological, pathophysiological,
clinical, experimental and therapeutic data.””
Geographical variation in cardiovascular
deaths has been correlated with hardness and
magnesium content of drinking water in
various studies. In a study by Rubinowitz
cardiovascular mortality was found to
inversely related with the deferent grades of
magnesium in drinking water. The adjusted
OR for age and calcium was 0.88 ( 95 % CI
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0.66-1.16)for group with water magnesium
levels between 3.6 and 6.8 mg /1 and 0.70 9 (
95 % CI 0.53 — 0.93) , for group with
magnesium levels between 6.9 and 9.7 mg / 1
the and OR was 0.65 ( 95 % CI1 0.50 — 84 )
for group with water magnesium levels of 9.8
mg /1 or more.”> In an another study by Kousa
et al, the age standardized incidence was
highest, 622/100,000 / year, ( 95% CI, 591-
649) in lowest tertile of magnesium <2.28 mg/
1 of well water as compared with higher
magnesium level of >3.12 /1 i.e. 463 (95 %
CL 454 — 474 ).** Magnesium rather than
calcium has been clearly demonstrated to be
the critical” protective factor” in hard
waters.”” In studies carried out to quantify
the effect of waterborne magnesium on human
morbidity and mortality in several region of
the world indicated a consistent pattern that,
waterborne magnesium could be the critical
protective “Water factor”. In humans, there is
evidence for an inverse (protective)
relationship between magnesium and coronary
heart disease. Magnesium is actively involved
in the maintenance of normal cardiovascular
functions as well as in the etiology of
cardiovascular diseases.”®

Sudden cardiac death

Sudden death is a significant cause of
cardiovascular death, and many of these
deaths are related to arrhythmia and coronary
artery vasospasm.®  Among 728,743 cardiac
disease deaths that occurred during 1999 in
U.S. a total of 462,340 (63.4%) were sudden
cardiac deaths.”” Most convincing findings to
date have been the relationships between the
occurrence of sudden cardiac death and
deficient magnesium intake through food. The
heart with its high metabolic activities is
particularly ~ vulnerable to  magnesium
deficiency, and magnesium deficiency
interferes with potassium retention in heart
muscles. Loss of myocardial potassium that
results ~ from  magnesium  deficiency
contributes to electrophysiological changes

and produces malignant arrhythmias and
sudden cardiac death.” Arrhythmias are more
frequent, 47% in patients of AMI without
magnesium therapy as compared to those with
magnesium therapy, 21 % ( P =0.003).**
Anderson et al in 1971 found the proportion of
sudden cardiac deaths was higher by 20-30%
in northern city of Port Arthur (soft water
area) as compared to Southern city of
Kichener (hard water area) of Ontario,
Canada. (P <0.05).”’ Further, Anderson et al
in 1989 found in the province of Ontario as a
whole the deaths rate due to sudden IHD was
almost twice as high in soft water areas as to
the hard water areas. In this study the evidence
in favour of cause-and- effect relationship was
reasonably strong and where the magnesium
appeared to be the cause of such high cardiac
mortality.®  Further a new finding with
magnesium deficiency reported was the
provoked coronary artery spasm in more than
half of the Japanese patients with a recent
AMI, suggesting a closed association between
magnesium deficiency and AML>'!

Autopsy studies

Study by Anderson et al in Ontario, Canada
indicated that hearts of patients who died of
accidental deaths from soft water areas
exhibited 7% deficit of magnesium in
myocardial cells as compared with those who
lived in hard water areas and died ( t=2.43, P
<0.01). The mean myocardial magnesium of
those who died from IHD was 22% lower than
age adjusted mean of those who died
accidentally. Those who died from IHD were
also characterized by relative low magnesium
concentration in both the diaphragm and
pectoris muscles.’® In a case control study
involving patients died of AMI and acute
trauma, Speich et al reported a significantly
lower potassium ( P < 0.05 ) and magnesium
( P < 0.01 ) concentration in necrosed tissue
area of left ventricle than that of non necrosed
tissue of left ventricle and that of those who
died of acute trauma.® An interesting finding
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was that on autopsy, the patients with history
of angina exhibited both magnesium and
potassium were significantly depressed ( P <
0.05 and P < 0.025 respectively ) whereas
patient without history of angina appears to
exhibit near normal myocardial magnesium
content.>

There were more cases of myocardial scaring
(healed infarcts) more confluent atheroma and
lumen stenoses in the young age of 30-44
years, who died in accident and lived in soft
water area than in those who died in accidents
and lived in hard water area ( P < 0.02 ). Low
concentration of calcium and magnesium in
coronary arteries was found in area where
disease appears earlier and is more lethal, but
when the disease is established, the calcium
gets precipitated and is deposited in the
advanced lesion. In general population also,
there were more cases of ischemic heart
disease in soft water area than in hard water
area.”®> multivariate analysis in a case control
study of 120,852 men and women in
Netherland, Leurs et al observed no
relationship between tap water hardness and
IHD mortality(hard vs. soft water hazard ratio
( HR ) =1.03; 95 % confidence interval ( CI ),
0.85-1.28 for men and HR =0.93;95 %
CL0.71-1.21 and HR =0.86; 95% CL0.62 -
1.20, respectively). It was quiet interesting to
note that for men with the 20% lowest dietary
magnesium intake, an inverse association was
observed between tap water intake and stroke
mortality ( HR) per one mg/ | intake = 0.75;
95 % CI, 0.61 — 91 ), whereas for women with
the 20 % lowest dietary magnesium intake the
opposite was observed.*

Quantification of effect of hard water on
mortality

Many studies indicate that small increase in
magnesium intake may result in reduced risk
of sudden cardiac death. Therefore, it is
possible that relatively modest increases in
water magnesium levels might result in
considerable benefits with minimum risk of

any adverse effect.’ Different workers
attempted to quantify the effect of waterborne
magnesium in preventing the cardiovascular
mortality in different areas. Rubinowitz et al
estimated that magnesium is as effective as 6
mg/l in decreasing ischemic heart disease
mortality by approximately 10 percent, > a
disproportionate response. The estimation of
incidence of myocardial infarction in study
population is if everyone were to drink water
containing magnesium 9.8mg /1 or more, the
decrease in mortality from AMI would be
about 19%. The decrease in incidence of AMI
per one mg/l magnesium could be
approximately 10/100,000 population. While
Kousa et al in their study in rural Finland
found that with every one mg/l increment in
magnesium level in drinking well water
decreases the risk of AMI by 4.9%.>* Marier
& Neri have also quantified the effect of hard
water and its magnesium concentration on the
cardiovascular  disease = mortality. They
concluded from the study by Schroeder who
reported the chemical composition of drinking
water throughout the continental USA, that
total hardness of 100 containing magnesium at
the level of 8.3% would confer 10% reduction
in cardiovascular mortality. Similarly, on the
basis of the study conducted in South Africa
by Leary, they calculated that a 10% reduction
in IHD mortality would be conferred by
waterborne magnesium of approximately 6
mg/1.*

Diabetes mellitus

Magnesium plays an important role in glucose
metabolism and in release of insulin, and
therefore, there is a strong relationship
between serum magnesium and diabetes. Low
serum magnesium is one of the risk factors of
diabetes mellitus and its complications, at the
same time diabetes is one of the common
causes of hypomagnesaemia.*® Several studies
have documented an inverse relationship
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between  magnesium intake and risk of
developing type 2 diabetes, and development
of insulin resistance.”* Hypomagnesaemia is
a common feature in patients with type 2
diabetes and was reported to occur in 37.6%
of patients, as compared to 10.9% of non-
diabetic control subjects. (P < 0.001).”
Again, magnesium intake was associated
inversely, in a dose response manner, with the
risk of incidence of metabolic syndrome
magnesium intake associated inversely with
incidence of metabolic syndrome. Risk was 31
% low in patients of highest quartile than
those in lowest quartile (HR, 0.69 (95 % CI,
0.52-0.91; P < 0.001). In addition,
magnesium intake was also inversely related
to individual components of the metabolic
syndrome and fasting insulin level ( P for
trend < 0.01).*® It has been hypothesized by
Takaya et al that infants with intrauterine
growth retardation induced by magnesium
deficiency are at higher risk for metabolic
syndrome in childhood or adulthood.*

Cerebrovascular disease

Annually 15 million people worldwide suffer
from stroke. Of these 5 million die and
another 5 million are left permanently
disabled.”  In China alone there were 7.0
million cases of stroke in 2007 with a very
high disability rate of 80 percent and
recurrence rate of about 41 percent.'' A
significant negative correlation between
mortality due to stroke with magnesium
content of drinking water has reported the
protective effect of waterborne magnesium on
the risk of cerebrovascular disease.”” The
adjusted odd ratio ( 95% confidence interval)
were 0.75 ( 0.65 to 0.85) for the group with
water magnesium levels between 7.4 and 13.4
mg/l and 0.60 ( 0.52 to 0.70) for the group
with magnesium level of 13.5 mg / 1 and
more.”  In another study in Spain, Ferrandiz
et al studied the mortality due to

cerebrovascular disease and IHD separately
for men and women at two different period
e.g. 1991-94 and 1995-98 with two covariates
calcium and magnesium. The relationship was
stronger between cerebrovascular disease (all
P < 0.001) than for IHD (all P values were
between 0.001 and 0.05) and was more
pronounced in women than in men and is
more apparent with Magnesium than with
calcium.”

Hypertension

The estimated total number of adults with
hypertension in 2000 was 972 million.**
Magnesium deficiency has been implicated in
the pathogenesis of hypertension. Some
epidemiological and experimental studies
demonstrating a negative correlation between
blood pressure and serum magnesium level."
The protective role of waterborne magnesium
in reducing incidence of hypertension has
been reported. Ragnar et al found that intake
of mineral water among persons with low
urinary excretion of magnesium may decrease
the blood pressure significantly (P < 0.05).%*

Waterborne magnesium

Minerals are important parts of drinking water
and are of both direct and indirect health
significance. Sufficient evidence is now
available to confirm that a certain minimum
amount of mineral in water is desirable, since
their deficiency have many negative health
effects and possible aggression from toxic
elements and bacteria.*®

Quantitatively, water provides magnesium and
calcium both as nutrients, the water borne
magnesium contribution may represent the
amount of magnesium required to bring an
insufficient dietary magnesium level to a
correct level.”
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Qualitatively too, the contribution of water
borne magnesium is also interesting. Study
conducted by Lowik et al showed that
magnesium in drinking water is 30 per cent
better absorbed than dietary magnesium,
possibly because of magnesium cations are in
ionic form and so it is more available for
quick absorption.”” The net absorption of
dietary magnesium in a typical diet is
approximately 50 percent.' Again higher
bioavailability is observed when a given
amount of magnesium is distributed over a
day than been consumed in a single bolus.*®
Consequently a regular water intake
distributed throughout the day would be
expected to lead to a higher absorption of
magnesium. Quickly and better absorbed
water magnesium would avoid neuro-
endocrinal control of the magnesium
homeostasis problems. It may also protect the
nephrocardiovascular apparatus because of its
qualitative mode of action.”” This particular
bioavailability of magnesium might help to
understand why an adequate water magnesium
level may determine a better state of health,
even without any deficiency.”

The chemical substances in water that
provides positive contribution to human health
act mainly in two ways.*’

1. Nutritionally by supplying essential micro
and macro elements that the diet may not
provide e.g. Mn, Zn, I and,

2. Provide macro and micro elements that
inhibit the absorption and/ or effect of toxic
elements such as Hg, Pb, and Cd, Al
beryllium and nickel.

Demineralized water

Because of various sound reasons people all
over the world are consuming water purified
through reverse osmosis process. Such waters
are generally demineralized (and not

remineralized), and in all types of reverse
osmosis process bulk of calcium and
magnesium are removed to the extent of 93-
97% during the purification process and are
the poorest water sources of magnesium and
calcium.®  Such waters are commercially
available as bottled water or through system
installed at home. In India such purified
bottled water supply magnesium in the range
of only 1-5.5 mg/1.*>!

North American tap and bottle waters
generally contain low mineral levels.
European bottled water contains higher
mineral levels than North American tap and
bottled waters. Calcium and Magnesium
levels are highest among moderate
mineralized European waters, and sodium
levels are highest among high mineralized
European waters. In North America nearly
20% of households use bottled water for
drinking purposes, all of which supply
magnesium in the range of 0-10 mg/l except
few selected brands, which supply higher
magnesium content.''

Drinking demineralized water for long time
may create problems e.g. among Czech and
Slovak population who started to use reverse
osmosis based system for final treatment of
drinking water at their home outlet in 2000-
2002 and several weeks later reported
different health complaints suggestive of acute
magnesium deficiency. e.g. cardiovascular
disorders, tiredness, weakness or muscular
cramps.*

Several authors have suggested that reduced
cardiovascular mortality and other health
benefits would be associated with minimum
levels of approximately 20-30 mg/l calcium
and 10 mg/l magnesium in drinking water.*®
The result of a number of epidemiological
studies have suggested that water hardness
may protect against diseases.”° A major
benefit of drinking hard water is decrease risk
of dying from cardiovascular diseases.*’

Tamboli BL, Singh Dp, Sharma, MK

Vol. 3 No. 1 (2011)



85 International Journal of Collaborative Research on Internal Medicine & Public Health

Conclusion

Drinking water containing magnesium is
qualitatively and quantitatively useful and
therefore, drinking and cooking water should
not be softened .It is tempting to have it
enriched in order to get 30 mg/ 1 magnesium.
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