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ABSTRACT

Hypothesis: Although mineral deficiency in par-
ticular magnesium is a known risk factor for car-
diovascular disease intervention experiments with
magnesium show only modest results. Previously
published data suggest that there may be parti-
cular risk groups in the population. The study was
undertaken to investigate if such risk groups could
be identified. Experimental design: Subjects (n =
31) were 50 - 79 years old with no disease. The 24
hour urinary excretion of urea (proxy for acidity),
magnesium, calcium, and potassium was measu-
red at two week intervals, with and without inter-
vention with mineral water. Intervention with mine-
ral water comprised 75 mL daily, supplying 3.1
mmol Mg, 2.3 Ca, and 0.02 K. Major results: There
was a significant relation between acidity and ex-
cretion of magnesium, calcium, and potassium,
both at one occasion and regarding changes over
time. Among subjects with a high secretion of
urea there was an inverse relation between the
excretion of magnesium and systolic blood pres-
sure. After intervention with mineral water, there
was a strong tendency to a decrease in the sy-
stolic blood pressure among those with an initial
high excretion of urea and a low excretion of mag-
nesium. Conclusions: The results demonstrate the
importance of acid-base conditions for mineral
homeostasis and suggest the presence of risk
groups in the population, related either to a low
intake or to a disorder in the reabsorbtion mecha-
nisms. Mineral water decreased the systolic blood
pressure in that particular risk group.

Keywords: Acid-Base; Magnesium; Calcium;
Mineral Water

1. INTRODUCTION

Cardiovascular diseases are a large public health problem
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particularly in Western countries and preventive actions
have a high priority from a public health point of view.
There is considerable evidence that various minerals, par-
ticularly magnesium play an important role in the patho-
genesis of these diseases through an influence on myocar-
dial function [1-3]. Low serum levels of magnesium have
been related to an increased risk of sudden death [4]. Se-
veral studies have shown a relation between drinking water
magnesium and risk of cardiovascular disease, particularly
death in heart infarction [5,6]. The relevant literature was
subject to a meta-analysis which concluded “the evidence
from this review supports an association between cardio-
vascular mortality and magnesium levels in water” [7].
Several studies have been performed where the influ-
ence on blood pressure of an oral administration of mag-
nesium was studied [review in 8]. Although some studies
report a beneficial effect, it is relatively small and not con-
sistent. In a previous study a significant decrease in blood
pressure was found after intervention with mineral water
but only among subjects with an initial low urinary excre-
tion of magnesium [9]. This suggests the presence of a risk
group in the population with regard to magnesium home-
ostasis and blood pressure increase. This risk group con-
cept is supported by a study in the Netherlands, where a
relation was found between stroke mortality and the mag-
nesium content in drinking water but only among males
with a dietary inadequate intake of magnesium [10]. Fur-
ther support comes from a study with magnesium inter-
vention for blood pressure [11]. A study on British adults
found that the normal dietary sources in that population
were inadequate for magnesium, suggesting that there could
be particular risk groups in the population related to die-
tary habits, akin to the findings in the Netherlands study
[10]. The outcome of studies on the effect of magnesium
on cardiovascular disease could thus depend upon the pre-
sence and the size of risk groups in the studied population.
The magnesium homeostasis in the body is, apart from
intake through food and water, regulated by acid-base con-
ditions. A study on a population sample demonstrated a
close association between the net acid excretion (NAE)
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and the amounts of magnesium and calcium in the urine
[13]. These data suggest that mineral deficiency may de-
velop, not only because of an insufficient intake, but also
because of acid conditions in the body, which prevent reab-
sorption of minerals in the kidneys. The results from a study
comparing different age groups suggest that the elderly are
a risk group for mineral deficiency due to acid conditions
in the body [14].

The present study represents an attempt to identify a risk
group for magnesium deficiency in relation to acid-base
conditions. The aims were to

1) further explore the relation between the acid-base
balance and urinary excretion of minerals in a randomly
chosen population group;

2) explore the presence of particular groups at risk for
high blood pressure;

3) assess the possibility to intervene in these groups
with mineral rich water.

2. METHODS AND MATERIALS
2.1. Population Sample

The population sample studied comprised voluntary sub-
jects aged 50 - 79 years without disease. Exclusion criteria
were medication regulating the cardiovascular or kidney
function. There were 31 subjects (mean age 62 years, 62%
females, no smokers). The test sessions were two weeks
with examinations before and after this period. In the
mineral water sessions, 18 subjects participated once and
10 had two sessions, at least 2 months apart.

The study was conducted according to the guidelines
laid down in the Declaration of Helsinki and all procedures
involved were approved by the Ethical Committee of Go-
thenburg, Sweden (Dnr 600-06). Verbal information con-
sent was obtained from all subjects, witnessed, and for-
mally recorded.

2.2. Sampling

Measurements were made of the 24 h urinary excretion
of urea (as proxy for acid-base balance) [15] and of mag-
nesium, calcium, and potassium. The subjects collected
urine samples in their homes and the analyses were per-
formed at an accredited hospital laboratory (Boras, Swe-
den) using standard techniques.

Systolic and diastolic blood pressures were taken by the
same person throughout the study, using an automatic re-
cording devise (Boso, Bosch + Sohn, Jungigen, Germany)
in the subject’s home with the subjects seated after 5 mi-
nutes resting. Two readings were taken and the mean of
those was recorded. The measurements were taken at
baseline and after 14 days, with and without intervention
with mineral water.
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2.3. Intervention

The mineral water intervention comprised five doses,
daily evenly spread over the day and with no specific
relation to mealtimes. The total daily dose was about 75
mL. The content of the mineral per daily dose in mmol
was 3.1 Mg, 0.65 Ca, and 0.02 K.

2.4. Statistical Evaluation

The statistical evaluation was made using non-parame-
tric tests in view of the non-normal distribution of the mea-
sured data. Differences between groups were evaluated
using the Mann-Whitney test. Relationships between para-
meters were evaluated using Spearman’s test. A p-value of
0.05 was considered statistically significant.

3. RESULTS
3.1. Baseline Conditions

The relationships between the baseline acidity (excre-
tion of urea) and different minerals was evaluated in 65 ob-
servations—17 from sessions with no mineral water in-
tervention and 38 as initial values from sessions with in-
tervention.

The relations between the urinary excretion of urea and
all minerals were significant (calcium p = 0.015, magne-
sium 0.020 and potassium <0.001). There were no rela-
tionships between the urea excretion and systolic or dia-
stolic blood pressure.

The relation between urea and potassium is illustrated
in Figure 1.

A further analysis was made of the subjects with a urea
excretion in excess of the 2nd quartile (393 mmol/24h). In
this group there was an inverse relation between the ex-
cretion of magnesium and systolic blood pressure (corr
coeff—0.469, p < 0.016). There were no relations for
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Figure 1. Relation between urinary excretion of urea and po-
tassium.
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calcium or potassium. The relationship is illustrated in Fi-
gure 2.

A lower excretion of magnesium was related to a hi-
gher blood pressure. There was no relationship for the
group with a low excretion of urea (<2nd quartile).

3.2. Changes over Time without Intervention

The relationships between the changes in excretion of
urea and different minerals between two sampling occa-
sions in sessions without mineral water intervention were
significant for urea and calcium and potassium (p = 0.001
for both) and close to significance for magnesium (p =
0.070). There were no relationships between the changes
in urinary secretion and the changes in systolic or diasto-
lic blood pressure.

3.3. Intervention with Mineral Water—Minerals

Table 1 reports the mineral excretion before and after
intervention with mineral water.

In the group receiving mineral water there was a small
and almost significant increase in the secretion of magne-
sium and calcium (p = 0.051 and 0.075 respectively, Wil-
coxon signed rank test). The increase in calcium in the con-
trol group was not significant (p = 0.107).

3.4. Intervention with Mineral Water—Blood
Pressure

In the whole material there were no differences in sys-
tolic or diastolic blood pressure after intervention with mi-
neral water (data not shown). Among subjects with a high
urea excretion and an excretion of magnesium less than
2.7 mmol/24h (3rd quartile, see Figure 2) receiving min-
eral water (n = 5), four subjects decreased their diastolic
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Figure 2. Relation between urinary excretion of magnesium
and systolic blood pressure among subjects with a urea excre-
tion >393 mmol (2nd quartile).
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Table 1. Mineral excretion (mmol) before and after interven-
tion with mineral water. Mean and standard error of the mean.

Intervention none Water
n 17 38
. Before 3.5(0.2) 3.5(0.2)
Magnesium
After 3.6 (0.3) 3.9(0.2)
. Before 3.1(0.4) 3.3(0.3)
Calcium
After 3.7(0.5) 3.7(0.5)
. Before 89 (6.1) 97 (5.0)
Potassium
After 86 (5.7) 93 (4.0)

blood pressure with the average decrease in the group
from 78.0 to 73.8.

4. COMMENTS

The results confirm observations from previous studies
that acid-base conditions in the body are related to the
mineral homeostasis. Also changes in the acid-base bal-
ance over a short time period, reflecting variations in the
diet, influenced the secretion of magnesium and calcium.
There was an inverse relation between magnesium ex-
cretion and systolic blood pressure among those with
high acidity and indications of an effect of mineral water
on the blood pressure in this group.

There are some methodological drawbacks in the study.
Acid-base conditions were estimated using the excretion
of urea. This excretion, although significantly related to
the acid-base balance [15] is not a determinant there off.
Changes in the acid-base balance induced by an interven-
tion would not alter the excretion of urea which is deter-
mined by metabolism of nutrients, particularly proteins
[16]. None of the subjects had kidney disease and the acid
conditions, illustrated by the urea secretion, would thus be
determined by dietary factors, principally the consumption
of proteins.

Another drawback is the population sample. In studies
of this kind with voluntary participation, there is a bias in
selection as the participants are often health conscious and
have a balanced diet. This is reflected by the absence of
smokers in the material and the low number of persons
with a high urea excretion (Figure 1). No data on subjects’
dietary habits etc. were collected as the aim was to in-
vestigate a population sample comprising individuals
with normal variations in the daily diet. That changes did
occur was demonstrated in the changes in excreted uri-
nary minerals on two occasions two weeks apart.

The result that a higher excretion of minerals is present
at higher levels of acidity is in agreement with previous
studies [13,15]. The present study also demonstrated that
changes in the system appear within weeks.

There was no general decrease in the excretion of cal-
cium and magnesium after the mineral water intervention.
This implies that the effect on the acid-base balance in-
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duced by the mineral water was less than the influence of
dietary factors.

Although the number of subjects was low, the data sug-
gest that intervention with mineral water decreased the dias-
tolic blood pressures in the group with a high secretion
of urea and a low secretion of magnesium. This is consis-
tent with the presence of a risk group and confirms the
findings from a previous study where an effect on blood
pressure was seen after mineral water intervention but only
in a group with an initial low urinary excretion of magne-
sium and calcium [9]. This existence of risk groups could
also explain the inconsistent outcome of previous inter-
vention studies with magnesium where the presence of
such individuals was not controlled for [8].

From a public health point of view, the results suggest
that an adjustment of dietary components that decrease
the acid load is beneficial for mineral homeostasis and that
intervention with an alkaline and magnesium rich mineral
water could decrease a slightly elevated blood pressure
among subjects with a deficiency in magnesium or with an
inadequate magnesium supply.

In conclusion, the study demonstrated a relation between
the acid-base balance and the excretion of magnesium,
calcium, and potassium and an inverse relation between
urinary excretion of magnesium and systolic blood pres-
sure among subjects with a high acid load. The results in-
dicate that intervention with mineral water could decrease
the blood pressure in a specific risk group.
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