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Background Major risk factors do not entirely explain the worldwide variability of morbidity and mortality due to
cardiovascular disease. Environmental exposures, including drinking water minerals may affect cardiovascular disease
risks.
Method We conducted a qualitative review of the epidemiological studies of cardiovascular disease and drinking water
hardness and calcium and magnesium levels.
Results Many but not all ecological studies found an inverse (i.e., protective) association between cardiovascular disease
mortality and water hardness, calcium, or magnesium levels; but results are not consistent. Some case–control studies and
one cohort study found either a reduced cardiovascular disease mortality risk with increased drinking water magnesium
levels or an increased risk with low magnesium levels. However, the analytical studies provide little evidence that cardiovascular risks are associated with drinking water hardness or calcium levels.
Conclusion Information from epidemiological and other studies supports the hypothesis that a low intake of magnesium
may increase the risk of dying from, and possibly developing, cardiovascular disease or stroke. Thus, not removing
magnesium from drinking water, or in certain situations increasing the magnesium intake from water, may be beneficial,
especially for populations with an insufficient dietary intake of the mineral. Eur J Cardiovasc Prev Rehabil 13:495–506
c 2006 The European Society of Cardiology
European Journal of Cardiovascular Prevention and Rehabilitation 2006, 13:495–506
Keywords: drinking water hardness, magnesium, calcium, cardiovascular diseases
Previously presented as Nutrient in drinking water and the potential consequences of long-term consumption of demineralised and remineralised and altered mineral
content drinking waters at WHO Meeting, 11–13 November, 2003, Rome (website: http://www.who.int/water_sanitation_health/dwq/nutconsensus/en/)

Introduction
Cardiovascular diseases (CVD) are among the leading
causes of morbidity and mortality in industrialized
countries. Hypertension, tobacco smoking, diabetes,
dyslipidemia, obesity and physical inactivity are major
risk factors for the disease [1–3], but they do not entirely
explain the worldwide variability of CVD [4]. Environmental exposures including drinking water hardness or
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minerals that contribute to hardness may also affect
CVD risks.
Interest in a ‘water factor’ can be traced to research in
1956 and 1957. Enterline and Stewart [5] called attention
to the marked geographical variation in death rates from
heart disease for the US during 1949–1951, and Kobayashi
[6] associated mortality from apoplexy with the acidity of
river water (i.e., the ratio of sulfates to carbonates) in
Japan. Since then, investigators throughout the world
have reported lower CVD mortality rates in hard water
areas. The hypothesized beneficial effect may be due
to high levels of calcium or magnesium in hard water;
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other constituents in some hard waters (e.g., selenium);
reduced levels of toxics such as lead, which may be
present in soft, low pH water [7–13].

Methods
This review focuses on epidemiological studies published
since 1979, because studies published before that date
have been reviewed extensively and are summarized
briefly here [14–20]. Articles were identified from the
Medline database. References in these articles were
checked for other articles. We excluded articles written
in languages other than English and articles that did not
report a correlation coefficient (r) or quantitative
measure for the association. No attempt was made to
identify unpublished research, but abstracts in recent
epidemiological meeting reports were searched.
A meta-analysis was not performed because of the
heterogeneity of the measures of effect and exposure.
Information from physiological, pathophysiological, and
experimental studies was reviewed to help interpret the
results of the epidemiological studies.
Drinking water hardness, defined as the sum of all
polyvalent cations, is expressed in several ways [21]. We
reported or computed hardness as CaCO3 equivalent
levels in milligrams per litre. The principal hardnesscausing cations are calcium and magnesium.

Results
Epidemiological studies published through 1978

More than 50 ecological (geographical correlation) studies
were published from 1957 to 1978. Studies were
conducted in the US, England and Wales, Canada,
Sweden, the Irish Republic and Northern Ireland, The
Netherlands, Finland, Italy, Romania, Bohemia and
Moravia, Scotland, Germany, Japan, Australia, and Hungary. Populations in 21 cities around the world were also
studied. Comstock [18,19] reviewed these studies based
on size of geographical areas (national or international;
province or state; county, borough, or city).
Most studies reported associations between drinking
water hardness and mortality from all CVD, arteriosclerotic and degenerative heart disease, hypertensive disease,
and stroke [18,19]. Associations were reported for both
men and women but were often statistically significant
for one sex only. A beneficial effect of hardness was found
in most studies involving large geographical areas, but
findings of studies in smaller areas tended to be
inconclusive or non-beneficial [14]. For example, when
all of Canada was considered, decreased CVD mortality
was associated with increased municipal drinking water
hardness, but when the same data were analyzed for
individual provinces, this association was only found in
Quebec and Ontario provinces [16–19,22].

Most studies considered r, which provides no indication
of the strength of the association [18,19]. In fact, r is a
measure of the scatter of the data points around an
underlying linear trend; the greater the spread of the
points, the lower the correlation [23]. Comstock estimated the relative risk (RR) associated with soft water in
several studies (0 mg/l hardness) compared with hard
water (200 mg/l hardness) [18,19,22,24–26]. A 19–25%
higher risk of death from all CVD was associated with soft
water (0 mg/l compared to 200 mg/l hardness) in England
and Wales (RR = 1.19) and the US (RR = 1.25), respectively. For deaths from arteriosclerotic heart disease
(AHD) and stroke in Canada, the RR was 1.07 and
1.15; RRs in Colorado ranged from 1.01 to 1.19 depending
on altitude and river basin.
Sharrett and Voors [20,27] evaluated other water
constituents including chromium, copper, zinc, cadmium,
selenium, silicon and lead. Both concluded that the
evidence was inconsistent and inconclusive in regard to
an association (either protective or detrimental) with
CVD.
Comstock discovered errors in six of seven studies where
investigators evaluated changes in mortality following
changes in hardness either due to softening or replacing a
soft surface water source with a hard groundwater source.
After a reanalysis of five studies, Comstock [18,19]
found that the mortality either remained high or did not
decrease among populations when a soft water source
was replaced with a hard water source. The most
convincing study was conducted in 83 towns in the
United Kingdom; after standardizing for socio-economic
status, investigators found that, in nine of 11 towns where
water hardness changed, mortality changes were consistent with the hypothesis that hard water is beneficial
[28,29].
Epidemiological studies published after 1978:
ecological studies

Eighteen ecological studies were reviewed (Table 1)
[30–47]. Some studies took into account potential confounders such as age, gender, socio-economic status,
income or climate [31,38,40–42,45,46].
Eleven studies reported a statistically significant inverse
(i.e., protective) association between CVD mortality and
either drinking water hardness, magnesium, or calcium
[30,33–35,37,40,41,43–45,47]. Six studies found no
statistically significant association [31,32,36,38,42,46].
In Norway [39] a positive association was reported between
drinking water magnesium and mortality due to IHD and
stroke, but these findings are questionable because
virtually all municipalities in the study had soft water
and magnesium was quite low. Three of these studies
estimated the effect of drinking water hardness. A 7.5%
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Ecological (geographic correlation) studies on the relationship between cardiovascular diseases or stroke and hardness or
calcium/magnesium concentration of drinking water

Table 1
Study

Country, area and population age

Period

Drinking water
parameters

CVD or stroke mortality

Masironi et al. [30]

Europe 17 towns 45–64 years

1974

AMI incidence

M and F r = – 0.46

Pocock et al. [31]

Great Britain 253 municipalities
35–74 years
The Netherlands 30 communities
Z 30 years

1969–1973

Mortality for CVD

M and F r = – 0.67

South Africa 12 districts
All ages
England and Wales 14 areas
45–74 years
Abruzzo, Italy 11 water supplies
in the four provinces
45–64 years
Scotland 56 districts
35–64 years
Sweden 27 municipalities
45–64 years

1978–1982

Total hardnessa
32–354 mg/l
Total hardnessa
10 528 mg/l
Ca concentration
16–117 mg/l
Mg concentration
1–15 mg/l
Mg concentration
1–45 mg/l
Total hardnessa
19–409 mg/l
Total hardnessa
105.6–443.5 mg/l

Mortality for IHD
Stroke
Mortality for IHD
Stroke
Mortality for IHD

M: r =
M: r =
M: r =
M: r =
White

Mortality for CVD

M: 7.5% reduction of mortality for 100 mg/l
increase of hardness*
M and F r = – 0.55*
M and F r = – 0.59*
M and F r = – 0.24
M: r = – 0.17

Zielhuis and Haring
[32]

Leary et al. [33]
Lacey and Shaper
[34]
Leoni et al. [35]

Smith and Crombie
[36]
Rylander et al. [37]

Gyllerup et al. [38]

Sweden 259 municipalities
(males only) 40–64 years

1977

1968–1972
1969–1978

1979–1983
1969–1978

1975–1984

Flaten and Bolviken
[39]

Norway 97 municipalities
All ages

1974–1983

Nerbrand et al. [40]

Sweden 76 municipalities
45–74 years

1969–1983

Total hardnessa
0–180 mg/l
Total hardnessa
14.32–370.53 mg/l
Ca concentration
3.4–131 mg/l
Mg concentration
0.57–15.0 mg/l
Total hardnessa
54.3–92.5 mg/l
Mg concentration NR
Ca concentration
0.44–21.7 mg/l
Mg concentration
0.08–2.64 mg/l
Total hardnessb
1–216 mg/l
Ca concentration NR
Mg concentration NR

Yang et al. [41]

Taiwan 227 municipalities

1981–1990

All ages

Maheswaran et al.
[42]

England 305 areas
> 45 years

1990–1992

Sauvant and Pepin
[43]

Puy de Dôme, France 52 districts
All ages

1988–1992

Marque et al. [44]

South-west France 69 areas
> 65 years

1990–1996

Total hardnessb
36.3–315.0 mg/l
Ca concentration NR
Total hardnessa
< 75 mg/l
75–150 mg/l
> 150 mg/l
Ca concentration
5–215 mg/l
Mg concentration
2–111 mg/l
Total hardness NR

Ca concentration
94–146 mg/l

Mg concentration
11–34 mg/l

Nerbrand et al. [45]

Sweden two municipalities in the
west and east 40–59 years

1989–1998

West
Ca: 8.8 mg/l
Mg: 0.74 mg/l
East
Ca: 66 mg/l
Mg: 4.1 mg/l

Mortality for CVD
IHD
Stroke
Mortality for IHD
Mortality for IHD
Mortality for stroke
Mortality for IHD
Mortality for stroke
Mortality for IHD
Mortality for stroke
Mortality for AMI
Mortality for AMI
Mortality for IHD
Stroke
Mortality for IHD
Stroke
Mortality for IHD
Stroke
Mortaliy for: IHD
Stroke
Mortaliy for: IHD
Stroke
Prevalence of: IHD
Prevalence of: IHD
Mortality for IHD

Mortality for AMI

Mortality for: IHD
Stroke
CVD
Mortality for
CVD
IHD
Stroke
Mortality for
CVD
IHD
Stroke
Mortality forc
IHD
CVD
IHD
CVD

Results

M:
M:
M:
M:
M:
M:

r=
r=
r=
r=
r=
r=

– 0.01; F: r = – 0.11
– 0.14; F: r = – 0.12
– 0.19; F: r = – 0.10
– 0.02; F: r = – 0.07
M: r = – 0.68*

– 0.60***
– 0.48*
– 0.47**
– 0.52*
– 0.62**
– 0.16

F:
F:
F:
F:
F:
F:

r=
r=
r=
r=
r=
r=

– 0.45**
– 0.37*
– 0.41*
– 0.32
– 0.45**
– 0.49

Inverse association, with lower relevance
after adjusting for cold climate
NR
NR
NR
NR
M: r = 0.33***
F: r = 0.23*
M: r = 0.22**
F: r = 0.35**
M***
F*
M***
F***
M**
F***
M
F***
M
F
M
F
M: not significant association after
adjusting for major risk factors
RR (95% CI) adjusted for age and
urbanization
1.096 (1.084–1.108)*
1.045 (1.032–1.058)*
Reference
RR (95% CI) for fourfold increase of Ca
and Mg concentration in drinking water
Ca: 0.99 (0.94–1.05)
Mg: 1.01 (0.96–1.06)
M: r = – 0.33*; F: r = – 0.18
M: r = – 0.32*; F: r = – 0.34**
M: r = – 0.34**; F: r = – 0.37**
M and F: RR (95% CI) for highest vs.
lowest tertile adjusted for age:
0.90 (0.84–0.96)**
0.90 (0.84–0.97)**
0.86 (0.77–0.96)*
M and F: RR (95% CI) for highest vs.
lowest tertile adjusted for age:
0.93 (0.86–1.01)
0.96 (0.87–1.05)
0.92 (0.80–1.06)
Mortality rates
M: 21/1000; F: 5/1000
M: 31/1000; F: 11/1000
M: 10/1000; F: 2/1000
M: 20/1000; F: 6/1000
RR (west/east) adjusted for age
IHD M: 2.03****; F: 2.56****
CVD M: 1.56****; F: 1.71****
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Table 1

(continued)

Study

Miyake and Iki [46]

Country, area and
population age

Period

Drinking water
parameters

CVD or stroke
mortality

Results

Japan 44 municipalities

1995

Total hardnessa

Mortality for stroke

RR (95% CI) adjusted for age, sex, SES,
healthcare status
Reference
0.97 (0.91–1.03)
0.93 (0.84–1.02)
Age standardized incidence per 100 000
562.1*
469.5*
437.6*
Overall effect 1% reduction of mortality for
an increase of 20 mg/l of total hardness

All ages

Kousa et al. [47]

Finland Whole country
(males only) 35–74 years

1983, 1988 and
1993

< 46.5 mg/l
46.5–51.9 mg/l
> 51.9 mg/l
Total hardnessa
< 30.6 mg/l
30.6–93.08 mg/l
> 93.08 mg/l

Incidence of AMI
per year

CVD, cardiovascular diseases; AMI = acute myocardial infarction; IHD = ischemic heart diseases; RR = relative risk; 95% CI = confidence interval; M = males;
F = females; SES = socio-economic status; Ca = calcium; Mg = magnesium; r = correlation coefficient; NR = not reported. aTotal hardness in mg/l of CaCO3; btotal
hardness expressed as mg/l of CaCO3 estimate by authors; cstudy of 207 inhabitants found positive association for Ca and systolic blood pressure; inverse association
for Ca in DW and low-density lipoprotein and total cholesterol; no association for Mg and major CVD risk factors. *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.00001;
otherwise P > 0.05; P < 0.10 [30].

reduction of CVD mortality in men for 100 mg/l increased
water hardness was reported in England and Wales [34].
In Finland [47], the risk of acute myocardial infarction
(AMI) decreased 0.56% for each 10 mg/l increase in water
hardness. A 10% increase in the risk of ischemic heart
disease (IHD) mortality was reported in Taiwan municipalities [41] with under 75 mg/l water hardness compared
with those with over 150 mg/l hardness.
Nine studies [32,33,37–40,42,44,45] considered drinking
water magnesium or calcium, but one [40] did not report
the concentrations. Three studies reported a relative risk
(RR) for calcium and magnesium [42,44,45], and two
studies reported a RR for total hardness [41,46]. Marque
et al. [44] found a statistically significant protective effect
for cardiovascular mortality at calcium levels of
94–146 mg/l (RR: 0.90) and at magnesium levels of
4–11 mg/l (RR: 0.90). Maheswaran et al. [42] failed to
find an association between AMI mortality in England
and drinking water calcium and magnesium levels of
5–215 and 2–111 mg/l, respectively. In Taiwan, a significant increase of RR for IHD mortality was associated
with drinking water hardness of less than 150 mg/l [41].
In Japan, no statistically significant decrease in the RR for
stroke mortality was observed with water hardness higher
than 51.9 mg/l [46].

community, Nerbrand et al. [45] also conducted a crosssectional study of the prevalence of CVD risk factors. Tap
water samples, clinical specimens, and dietary information were collected from 207 randomly selected subjects.
Median levels of calcium and magnesium in the household
drinking water of subjects was 12.5 and 3.3 mg/l in the soft
water community and 58 and 5.4 mg/l in the other
community, respectively. Significant associations were
found between major CVD risk factors and drinking water
calcium levels but not for drinking water magnesium or
calcium and magnesium in the diet. The investigators
concluded that drinking water calcium might be a factor in
the complexity of relationships of CVD risk factors.
Household water accounted for small amounts of the daily
intake for calcium and magnesium in both communities.
Paradoxically, total calcium and magnesium intakes were
higher in subjects living in the softer water community due
to a higher intake of food rich in these minerals. There was
no difference between the two populations in mean serum
or urine levels of calcium, and magnesium, and no
association was found between drinking water calcium or
magnesium levels and calcium or magnesium levels in
serum or urine.
Epidemiological studies published after 1978:
case–control studies

Nerbrand et al. [40,45] conducted two studies in Sweden. In
a study of 76 communities in mid-Sweden, IHD and stroke
mortality decreased with increased drinking water hardness
and calcium [40]. No association was found between
drinking water hardness and non-fatal IHD among 14 675
subjects randomly selected from these communities [40];
investigations took into account information about potential
confounders including smoking habits, preference for fatty
foods, use of antihypertensive drugs, physical activity, and a
measure for stress.

Associations between CVD mortality and calcium or
magnesium in drinking water were investigated in
Finland, Taiwan, and Sweden (Table 2) [48–54]. Five of
the seven studies found a statistically significant inverse
association between magnesium levels in drinking water
and mortality risks for AMI, stroke, or hypertension; one
study found a significant inverse association between
AMI and both calcium and magnesium levels [52].
Investigators considered major CVD risk factors in two
studies [53,54]; these were the only studies that found no
significant association with either mineral.

In two rural communities in Sweden where CVD and
IHD mortality was significantly greater in the soft water

In a small study in Finland, Luoma et al. [48] found that
the risk of AMI mortality among 58 men increased as
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Table 2 Case–control studies on the relationship between cardiovascular diseases and hardness or calcium/magnesium concentrations
of drinking water
Study

Luoma et al. [48]

Rubenowitz et al. [49]

Yang [50]

Yang and Chiu [51]

Rubenowitz et al. [52]

Rubenowitz et al. [53]

Country, area, year

Population

Age (years)

Drinking water
parameters (years
of analysis)

Finland; south-eastern
region 1974–1975

58 M with AMI alive or
dead (cases)
58 M (hospital controls)
50 M (population controls)

37–64

Ca concentration

854 M dead for AMI
(cases)
989 M dead for cancer
(controls)

50–69

Southern Sweden
17 municipalities
1982–1989

Taiwan 252 municipali- 17 133 M and F dead for
stroke (cases)
ties with single water
source 1989–1993
17 133 M and F dead for
other causes, excluding
CVD (controls)

Taiwan, 252 municipalities with single water
source 1990–1994

Southern Sweden
16 municipalities
1982–1983

Southern Sweden
18 municipalities
1994–1996

2336 M and F dead for
hypertension (cases)
2336 M and F dead for
other causes, excluding
CVD (controls)

378 F dead for AMI
(cases) 1368 F dead for
cancer (controls)

50–69

50–69

50–69

263 M and F dead for
AMI (cases)
258 M and F dead for
other causes (controls)

50–74

823 M and F surviving
after an AMI (cases)
853 M and F without AMI
(controls)

50–74

(1974–1975)
< 16 mg/l
16–18 mg/l
19–20 mg/l
> 20 mg/l
Mg concentration
(1974–1975)
< 1.2 mg/l
1.2–1.5 mg/l
1.6–3.0 mg/l
> 3.0 mg/l
Ca concentration
(1982–1989)
< 34 mg/l
34–45 mg/l
46–81 mg/l
Z 82 mg/l
Mg concentration
(1982–1989)
< 3.6 mg/l
3.6–6.8 mg/l
6.9–9.7 mg/l
Z 9.8 mg/l
Ca concentration
(1990)
< 24.4 mg/l
24.4–42.3 mg/l
42.4–81.0 mg/l
Mg concentration
(1990)
< 7.3 mg/l
7.4–13.4 mg/l
13.5–41.3 mg/l
Ca concentration
(1990)
4.0–11.3 mg/l
11.4–30.0 mg/l
30.1–37.7 mg/l
37.8–53.4 mg/l
53.5–81.0 mg/l
Mg concentration
(1990)
1.5–3.8 mg/l
3.9–8.2 mg/l
8.3–11.1 mg/l
11.2–16.3 mg/l
16.4–41.3 mg/l
Ca concentration
(1982–1983)
r 31 mg/l
32–45 mg/l
46–69 mg/l
Z 70 mg/l
Mg concentration
(1982–1983)
r 3.4 mg/l
3.5–6.7 mg/l
6.8–9.8 mg/l
Z 9.9 mg/l
Ca concentration
(1996)
0–235 mg/l
Mg concentration
(1996)
0–44 mg/l
Ca concentration
(1996)
0–235 mg/l
Mg concentration
(1996)
0–44 mg/l

Odds ratio (OR) (95% CI)

OR unadjusted:

OR unadjusted:

Hospital controls
Population controls
0.73 (0.22–1.99)
0.56 (0.25–1.28)
0.77 (0.30–1.91)
1.07 (0.48– 2.42)
0.91 (0.35–2.36)
1.64 (0.73–3.85)
Reference
Reference
OR unadjusted
OR unadjusted:
Hospital controls
Population controls
2.00 (0.69–6.52)
4.67 (1.30–25.32)*
1.11 (0.41–3.10)
2.29 (0.88–6.58)
1.00 (0.36–3.08)
1.63 (0.62–4.52)
Reference
Reference
OR age–adjusted:
Reference
0.88 (0.65–1.19)
0.84 (0.64–1.10)
1.06 (0.82–1.38)
OR age–adjusted:
Reference
0.88 (0.66–1.16)
0.70 (0.53–0.93)*
0.65 (0.50–0.84)*
OR adjusted for age and sex:
Reference
1.5 (0.99–1.11)
0.95 (0.88–1.01)
OR adjusted for age and sex:
Reference
0.75 (0.65–0.85)*
0.60 (0.52–0.70)*
OR adjusted for age, sex, urbanization and Mg
Reference
1.23 (0.94–1.62)
1.32 (0.98–1.78)
1.12 (0.83–1.51)
1.26 (0.92–2.02)
OR adjusted for age, sex, urbanization and Ca
Reference
0.73 (0.57–0.93)**
0.66 (0.50–0.87)**
0.67 (0.50–0.89)**
0.63 (0.47–0.84)**
OR adjusted for age and Mg:
Reference
0.61 (0.39–0.94)*
0.71 (0.49–1.02)
0.66 (0.47–0.94)*
OR adjusted for age and Ca:
Reference
1.08 (0.78–1.49)
0.93 (0.64–1.34)
0.70 (0.50–0.99)*
OR adjusted for age and Mg (highest vs. lowest
quartiles)
M and F: 0.89 (0.59–1.33)
OR adjusted for age and Ca (highest vs. lowest
quartiles)
M and F: 0.64 (0.42–0.97)*
OR adjusted for age and Mg (highest vs. lowest
quartiles)
M and F: 0.97 (0.78–1.21)
OR adjusted for age and Ca (highest vs. lowest
quartiles)
M and F: 1.16 (0.93–1.45)
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Table 2

(continued)

Study

Rosenlund et al. [54]

Country, area, year

Population

Age (years)

Drinking water
parameters (years
of analysis)

Odds ratio (OR) (95% CI)

Sweden 1992–1994

497 M and F with AMI
(cases)
677 M and F without AMI
(controls)

45–70

Ca intake from
tap water
< 42.4 mg/day
> 42.3 mg/day
Mg intake from
tap water
< 6.9 mg/day
> 6.9 mg/day

OR adjusted for age, sex, smoking, hypertension,
DM, SES, physical activity, BMI, job stress (95% CI)
1.00
1.07 (0.62–1.85)

1.00
1.07 (0.63–1.82)

AMI, acute myocardial infarction; CVD, cardiovascular diseases; M, males; F, females; DM, diabetes mellitus; SES, socio-economic status; BMI, body mass index; CI,
confidence interval. *P < 0.05; ***P < 0.001; all others not statistically significant.

drinking water magnesium decreased. Both hospital and
population control series were included. A statistically
significant greater than fourfold increased risk was found
among men at the lowest drinking water magnesium
levels (< 1.2 mg/l) as compared with those at the highest
magnesium levels (> 3.0 mg/l) only using population
controls. The risk estimates may have been underestimated, as the study included subjects with prolonged
chest pain without definitive evidence of AMI. Tap water
samples were collected and analyzed for individual
exposure estimates; 60–70% of participants had used
the same water for more than 10 years.
In Taiwan [50,51], a statistically significant decreased risk
of stroke and hypertension mortality among men and
women was associated with increased drinking water
magnesium. For stroke, a decreased risk (OR range 0.75–
0.60) was associated with drinking water magnesium
levels over 7.4 mg/l. An exposure–response relationship
was found for drinking water magnesium levels and
hypertension mortality risks (P < 0.001); a decreased risk
(OR range 0.73–0.63) was associated with magnesium
levels over 3.8 mg/l. Exposure assessment in both studies
was ecological. Using the most recent water quality
analyses for municipal water systems, calcium and
magnesium exposures were estimated for each person
based on their residence. Historically, calcium, and
magnesium levels were reasonably stable over time and
season for these water systems.
Rubenowitz et al. [49,52,53] studied AMI mortality and
morbidity in southern Sweden. A significantly decreased
risk of AMI mortality among both men and women was
associated with increased drinking water magnesium
[49]. Water calcium was not associated with fatal AMI
in men, but a significant reduced mortality in women
was associated with increased drinking water calcium
levels [49,52]. An exposure–response relationship was
observed between magnesium, but not calcium, levels in
drinking water and risk of death [49,52]. For men, a

decreased risk (OR range 0.70–0.65) was associated with
magnesium levels above 6.8 mg/l; for women, a decreased
risk (OR = 0.70) was associated with magnesium levels
above 9.8 mg/l [52]. Exposure measures were based on
water quality data obtained from the appropriate municipal
water systems for calcium and magnesium, and study
participants were grouped into exposure quartiles based on
the median levels during the studied time period.
Rubenowitz et al. [53] conducted a separate study of
persons dying from AMI and AMI survivors. Information
was collected about major CVD risk factors, and household water levels of calcium and magnesium were
measured. A statistically significant, reduced risk of
death for AMI (OR = 0.64) was found for the highest
(> 8.3 mg/l) with respect to the lowest (< 3.6 mg/l)
quartile of drinking water magnesium concentration. No
association was found between calcium levels in drinking
water and death for AMI. For surviving cases, however,
neither magnesium nor calcium levels in drinking water
were associated with AMI after adjusting for the major
risk factors for CVD. Investigators concluded that
magnesium prevents AMI deaths rather than incidence.
Rosenlund et al. [54] studied the association between AMI
risk and the average daily intake of drinking water
constituents in a subset of individuals from a large Swedish
population-based case–control study. After adjusting for
major risk factors, no association was found. The authors
noted some limitations to their study particularly the
relatively low levels of calcium and magnesium in drinking
water; two-thirds of study participants received a drinking
water with mean values of 4.4 and 24.5 mg/l of magnesium
and calcium, respectively.
Epidemiological studies published after 1978: cohort
studies

Neither of the two cohort studies [55,56] considered
major CVD risk factors (Table 3). Punsar and Karvonen
[55] conducted a 15-year follow-up of 1711 resident men
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AHD
1963–1975 (12 years
of follow-up)
> 25
30, 534 (M and F)
Washington County,
Maryland, USA
Comstock et al. [56]

CHD, coronary heart disease; AHD, arteriosclerotic heart disease; M, males; F, females; RR, relative risk. aMean values of magnesium in the drinking water of men who died in the study period or were still alive in 1974. bDuration
of residence prior to the 1963 census (beginning of the study). **P < 0.01 (computed by the authors) otherwise P > 0.05.

West Finland
died of CHD (n = 49/504; 9.7%)
died of other causes (n = 89/504;
17.7%)
13.6 mg/l
survivors (n = 366/504; 72.6)
East Finland
3.3 mg/l
died of CHD (n = 95/622; 15.3%)
died of other causes (n = 100/622;
3.2 mg/l
16.1%)
3.6 mg/l
survivors (n = 427/622; 68.6%)
RR for east vs. west CHD death 15.3/
9.7 = 1.6*
M: 7 + yearsb
RR
Water hardness 0 vs. 200 mg/l
0.69
< 7 yearsb
of CaCO3
F: 7 + yearsb
(1971)
0.86
< 7yearsb
1.06
1.73

Mg concentrationa (1970)
12.7 mg/l
14.2 mg/l
CHD, others
49–59
Finland two rural regions
(west Finland and east
Finland)
Punsar and Karvonen
[55]

504 in the west, 622 in the
east area with drinking water
Mg data (M)

1959–1974 (15 years
of follow-up)

Drinking water
parameters (years of
analysis)
Cause of death
Period
Age (years) at
recruitment
Population
Country and area
Study

Table 3

Cohort studies of the relationship between cardiovascular diseases and drinking water hardness or magnesium levels

Outcome measure
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in two rural areas of Finland; all used private well water.
Mortality due to CHD was almost twice (14.7 versus
8.7%) as high in the area with lower drinking water
magnesium. Among 1126 men who submitted a household water sample for analysis, those who died of CHD
had significantly lower mean levels of drinking water
magnesium than those alive at the end of the study.
In Washington County, Maryland, Comstock et al. [56]
found no consistent association between water hardness
and CVD mortality. Water samples from 1569 households
were analyzed for total hardness. An analysis that
accounted for socio-economic characteristics and cigarette smokers showed no significant trend of CVD
mortality with water hardness [21]. A reduced risk of
mortality for AHD was found in men but not women.

Discussion
Because calcium is the primary constituent that contributes to water hardness, investigators who only measured
hardness have tended to attribute associations to calcium.
The ratio of magnesium to calcium in hard water, however,
often differs depending upon geography, and the inconsistent results from the early studies that considered only
hardness may be due to the different levels of magnesium
in drinking water. Furthermore, calcium and magnesium
act differently in human cells and may play different roles
in CVD development and evolution. Thus, calcium and
magnesium require separate evaluations when attempting
to interpret these associations.
Total water hardness and cardiovascular disease

Eight of the 18 recent ecological studies reported that
CVD mortality significantly decreased with increased
drinking water hardness. In the three studies that
estimated the risk, CVD mortality risk was decreased
by 6–10% in areas with higher hardness depending on the
specific outcome. In the two ecological studies that
considered major CVD risk factors [40,45], no significant
association was found between drinking water hardness
and CVD mortality or non fatal IHD.
Calcium concentrations and cardiovascular disease

Of the seven case–control studies that considered
drinking water calcium, only one [52] found a protective
association; there was no evidence for an exposure–
response relationship. Recent cohort studies of dietary
calcium intake and CVD have reported contrasting
results. For instance, one study [57] found no protective
effect of dietary calcium intake on the risk of developing
either fatal or non-fatal IHD among men, whereas
another one [58] found a protective effect for IHD
mortality among postmenopausal women.
In evaluating possible biological plausibility for a calcium
association, there is evidence [59] that calcium may play
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a role in the development and control of primary
‘essential’ hypertension in humans. Although current
evidence supports recommendations of an adequate
dietary intake of calcium to prevent or treat hypertension,
a recent meta-analysis of 42 randomized controlled trials
found only a small, clinically modest, reduction in both
systolic (mean reduction of 1.44 mmHg) and diastolic
(mean reduction of 0.84 mmHg) blood pressure by
dietary and non-dietary calcium supplementation
[60,61]. Alternatively, the drinking water calcium association may be indirect. Soft waters dissolve lead and other
contaminants from water pipes, storage tanks, and
plumbing materials. The presence of lead, even at low
blood levels, has been associated with hypertension and
also with stroke [11,12]. Water with high calcium levels
has an anticorrosive effect that can prevent leaching of
toxic metals from pipes and tanks [62].
Magnesium concentrations and cardiovascular disease

Epidemiological studies provide some evidence that
drinking water that is high in magnesium protects against
CVD and stroke mortality. Ecological studies reported
contrasting results. Five of seven case–control studies,
however, found a statistically significant protective
association between magnesium in drinking water and
mortality risks for AMI, stoke, or hypertension. Two of
these analytic studies measured drinking water magnesium at the individual level and took into account major
risk factors for CVD [53,54]. One of them [53] found a
significant protective effect of drinking water magnesium
level on CVD mortality, with evidence for a linear
exposure–response trend, whereas the other one [54]
found no association between magnesium concentration
and AMI.
Magnesium exerts many different biological functions
[63], including structural roles by complexing negatively
charged groups (i.e. phosphates in nucleic acids, catalytic
roles in enzyme activation or inhibition), regulatory
roles by modulating cell proliferation, and cell cycle
progression and differentiation. Magnesium is needed
to maintain the normal gradient of potassium and
calcium over the cell membranes [53]. Magnesium
deficiency accelerates the development of atherosclerosis and the induction of thrombocyte aggregation
and has been described as a risk factor for AMI
and cerebrovascular disease [64,65]. Magnesium is also
known to protect against soft tissue calcification,
particularly for myocytes, and its role in AMI has been
documented [8,66].
Studies in experimental animals provide support for a
causal association between magnesium intake and IHD.
Experimentally-induced magnesium deficiency changes
the blood lipid composition in a more atherogenic
direction [67,68]. Magnesium-fortified water reduced

atherogenesis in low-density lipoprotein (LDL) receptordeficient mice compared with those receiving distilled
water, with and without a high-cholesterol diet [69–71].
Magnesium supplementation in drinking water also
significantly inhibited atherogenesis in female but not
male apolipoprotein-E-deficient mice not receiving a
high-fat diet [72].
Findings by Rubenowitz et al. [53] suggest that magnesium may reduce the fatalities among those who develop
CVD (secondary prevention) rather than prevent the
onset of disease (primary prevention). In addition, a
cohort study found that increased serum magnesium
levels were associated with decreased CHD mortality but
not with incidence, and clinical studies found that
magnesium is useful in treating patients with AMI and
other acute CVD [73,74]. Furthermore, oral magnesium
therapy in CHD patients has been shown to have
beneficial effects [75,76].
A diet rich in vegetables, fruit and whole grains not only
provides more magnesium than the common diet in
industrialized countries but also significantly reduces
blood pressure and CVD incidence [77–80]. Many
observational studies have reported a protective role of
magnesium in reducing the incidence of hypertension
[81]. A recent prospective study [82] found a lower risk
of hypertension in subjects with high magnesium serum
levels among people free of the diseases at baseline.
Magnesium may also be involved in CVD development by
other ways [83]. For instance, a recent in-vitro experimental study demonstrated a direct role of low magnesium in promoting endothelial dysfunction by generating
a pro-inflammatory, pro-thrombotic and pro-atherogenic
environment [84].
Recent dietary cohort studies reported a protective effect
of magnesium intake on CVD risk, both fatal and nonfatal [85,86]. Cross-sectional, case–control, and cohort
studies found that, subjects with low magnesium serum
levels have an increased risk of CHD compared with
people with high levels when all major risk factors were
considered [73,87–90]. A recent study [91] of postmenopausal women maintained in a metabolic unit for
81 days found that an adequate, ordinary diet low in
magnesium (160 mg/day) disrupted magnesium homeostasis and increased myocardial irritability. A recent
study of participants in a nationally representative survey
found that those who consumed less than the current
recommended daily allowance (RDA) of magnesium were
more likely to have elevated C-reactive protein (CRP), a
marker of vascular inflammation that is associated with
increased risk of CVD [92]. Adults who consumed under
50% the RDA were almost twice as likely to have an
elevated CRP than those who consumed at the RDA
(OR = 1.75; 95% CI 1.08–2.87).
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Drinking water magnesium can be important in areas
where magnesium intake is low. The daily intake of
magnesium in industrialized countries does not reach the
RDA in many people, and marginal magnesium deficiencies are common. A national survey among US adults
found that 68% consume less than the RDA [92] and
about 23% have magnesium serum concentrations under
0.80 mmol/l (19.44 mg/l), levels considered as hypomagnesemia [73]. Two liters of water rich in magnesium
(40 mg/l) would provide about 25% of an adult’s total
requirement, and magnesium may be more bioavailable in
drinking water than food [40].
Interpreting the epidemiological evidence

Epidemiologists evaluate the causality of observed
associations by considering Hill’s criteria [93]. Current
studies satisfy temporality concerns and provide reasonable evidence of biological plausibility, consistency, and
specificity especially for drinking water magnesium.
There is also limited evidence of a magnesium exposure–response relationship. The strength of the association is, however, relatively weak. Recent studies suggest
that less than15% of CVD mortality may be attributed to
drinking water hardness and that at least 80% of major
CHD events in middle-aged men can be attributed to the
most common risk factors: serum total cholesterol,
cigarette smoking, diabetes, blood pressure, obesity and
sedentary lifestyle [1–3,94]. Morris et al. [95] reported
that a large part of the geographical variation observed in
CHD incidence in British towns was reduced after
adjustment for the main risk factors. It follows that the
contribution of any drinking water constituent to CHD
incidence or mortality is modest. The benefit can be
considerable, however, because of large populations
affected.
All the studies conducted before 1979 and most
conducted afterwards were ecological. Since health,
exposure, and demographic statistics in ecological studies
characterize population groups, some observed relationships in these studies may be merely coincidental [21].
Studies conducted by Nerbrand et al. [40,45] provide an
example of the ecological fallacy; no association was found
between drinking water calcium or magnesium and CVD
mortality at the individual level in spite of an apparent
geographical correlation. Ecological studies can, however,
provide valuable information about population-based risks
and often provide the stimulus for more expensive case–
control and cohort studies in which information is
collected for individual exposures and disease risks.
In terms of study design, an important concern is
exposure misclassification. Imprecision in assessing
exposure usually causes non-differential misclassification,
reducing the chance of detecting an association should it
really exist or underestimating the magnitude of an

effect. Various factors may contribute to mistakes in
exposure measurement. First, retrospective studies
usually relied on relatively current water hardness
measures, and prospective studies usually had only one
measure, at the beginning of the study. Unless water
sources or treatment are changed, however, drinking
water hardness is generally stable over time. Second,
almost all of these studies classified exposure by the
finished water quality at the treatment plant. Except for
several analytical studies, little regard was given to tap
water quality. Not considering the use of home softeners
may be important in hard water areas, and this may be a
reason for inconsistent results. For example, the market
saturation for softeners in the US was 60–70% in 1970
[18,19]. Third, not considering water consumption may
also be important, as Gillies and Paulin [96] point out
there can be a large variation (tenfold or greater) in the
amount of water people drink daily. In addition, mineral
levels in 24-h samples can vary markedly from those in
water collected from the water system or household tap.
Bottled water consumption may also cause misclassification, especially in areas where mineral waters have been
available for many years. Some mineral-rich waters
provide an important contribution to the total calcium
and magnesium intake. Depending upon the brand,
mineral water may contribute 25% of the total daily
calcium intake and 6–17% of the magnesium intake [97].
It should also be recognized that soft water, when
used for cooking, can cause substantial losses of these
minerals [98].
Few drinking water CVD studies collected information
about possible confounders. Major CVD risk factors may
confound the relationship if they are also associated with
drinking water hardness, calcium, or magnesium levels.
There is, however, no a priori reason for such an
association. In one study [45], several CVD risk factors
were found to be associated with water hardness and
calcium levels, but in another study [53] there was no
change in the estimated risks of death for AMI when the
major confounders were controlled for. It seems unlikely
that confounding alone can completely explain the many
associations found among different populations and at
different times.
An important limitation of several studies is that they
compared populations or individuals with little differences in drinking water hardness, calcium, and magnesium levels. This may help explain the inconsistent
results, especially among the case–control studies.
For example, the lack of an association observed by
Rosenlund et al. [54] may be due to a low intake of
drinking water magnesium; drinking water magnesium
intake was under 3.5 mg per day for 70% of the
participants. In comparison, Rubenowitz et al. [49,52,53]
found a protective effect only when the daily intake of
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drinking water magnesium was over 13.8 mg (based on a
daily consumption of two litres).
Conclusion

There is little evidence that supports an association
between drinking water hardness, as such, and CVD
mortality. There is limited evidence of an association
between increased calcium levels in drinking water and a
decreased risk of CVD mortality. The available information does, however, support the hypothesis that a low
intake of magnesium from drinking water increases the
risk of dying from, and possibly developing, CVD or
stroke. Others have reached similar conclusions about the
benefits of magnesium in drinking water [4,64,65,99]. A
recent intervention study showed that daily consumption
of at least 1 l of natural mineral water with a magnesium
concentration of 84 mg/l reduced blood pressure significantly at 4 weeks [100].
Additional evidence supporting this conclusion about
drinking water magnesium includes the following: Invitro studies show that low magnesium level in the media
determines endothelial cell dysfunction, the initiating
event leading to the formation of the atherosclerotic
plaque. Animal studies show that a low-magnesium diet
causes inflammation and high serum cholesterol levels,
particularly LDL, favouring the development of atherosclerosis. High magnesium intake protects against the
atherosclerotic effects of oxidative stress and hypercholesterolemia-inducing diets. In patients with CHD,
magnesium in pharmacological doses can reduce endothelial lesions and is a useful anti-ischemic and antiarrhythmic agent. Cohort studies show that people with
low serum magnesium levels are at a higher risk of
hypertension, CHD, and stroke. Dietary studies show
that a diet rich in magnesium reduces the risk of CVD.

home. Research should be conducted to determine the
feasibility of returning magnesium to demineralized or
softened water, and health officials should consider
epidemiological studies to assess changes in cardiovascular risks when municipalities soften public water
supplies.

References
1

2

3

4
5
6

7
8
9
10
11

12
13

14
15
16

Results from the numerous epidemiological studies of
drinking water hardness and CVD do not completely
satisfy all of the suggested criteria for a causal association,
and some scientists may argue that additional information
is needed to establish causality. It should, however, be
recognized that effective public health actions may be
taken even with incomplete knowledge or certainty about
causality. Increased magnesium intake from water used
for drinking and cooking may be beneficial especially in
populations with an insufficient dietary intake and would
be a relatively easy way in which sufficiency can be
maintained for the entire population. With the increased
use of softening and other home water treatment devices,
it is important that the public be aware that they may be
reducing or removing minerals such as calcium and
magnesium from drinking water. With that in mind,
softening and demineralization units can be installed to
provide untreated water for drinking and cooking while
softened or treated water is delivered to the rest of the

17
18
19

20

21
22
23
24
25
26

Magnus P, Beaglehole R. The real contribution of the major risk factors to
the coronary epidemics: time to end the ‘only-50%’ myth. Arch Intern Med
2001; 161:2657–2660.
Khout UN, Khout MB, Bajzer CT, Sapp SK, Ohman EM, Brener SJ, et al.
Prevalence of conventional risk factors in patients with coronary heart
disease. JAMA 2003; 290:898–904.
Greenland P, Knoll MD, Stamler J, Neaton JD, Dyer AR, Garside DB, et al.
Major risk factors as antecedents of fatal and nonfatal coronary heart
disease events. JAMA 2003; 290:891–897.
Sauvant MP, Pepin D. Drinking water and cardiovascular disease. Food
Chem Toxicol 2002; 40:1311–1325.
Enterline P, Stewart W. Geographic patterns in deaths from coronary heart
disease. Public Health Rep 1956; 71:849–855.
Kobayashi J. On geographical relationship between the chemical nature of
river water and death-rate from apoplexy. Ber Ohara Inst Landwirtsch Biol
Okayama Univ 1957; 11:12–21.
Geochemistry of water in relation to cardiovascular disease. Washington,
DC: National Academy of Sciences; 1979.
Eisenberg MJ. Magnesium deficiency and sudden death. Am Heart J 1992;
124:544–549.
Rylander R. Environmental magnesium deficiency as a cardiovascular risk
factor. J Cardiovasc Risk 1996; 3:4–10.
Marx A, Neutra RR. Magnesium in drinking water and ischemic heart
disease. Epidemiol Rev 1997; 19:258–272.
Pirkle JL, Schwartz J, Landis JR, Harlan WR. The relationship between
blood lead levels and blood pressure and its cardiovascular risk
implications. Am J Epidemiol 1985; 121:246–258.
Perry HM, Roccella EJ. Conference report on stroke mortality in the
Southeastern United States. Hypertension 1998; 31:1206–1215.
Report of a Working Group. Health effects of the removal of substances
occurring naturally in drinking-water, with special reference to
demineralized and desalinated water (EURO Reports and Studies 16).
Copenhagen: World Health Organization, Regional Office for Europe;
1979. pp. 1–24.
Comstock GW. The epidemiologic perspective: water hardness and
cardiovascular disease. J Environ Pathol Toxicol 1980; 4:9–25.
Punsar S. Cardiovascular mortality and quality of drinking water. Work
Environ Health 1973; 10:107–125.
Neri LC, Hewitt D, Schreiber GB. Can epidemiology elucidate the water
story? Am J Epidemiol 1974; 99:75–88.
Sharrett AR, Feinleib M. Water constituents and trace elements in relation
to cardiovascular disease. Prev Med 1975; 4:20–36.
Comstock GW. Water hardness and cardiovascular diseases. Am J
Epidemiol 1979; 110:375–400.
Comstock GW. The association of water hardness and cardiovascular
diseases: An epidemiological review and critique. In: Geochemistry of
water in relation to cardiovascular disease. Washington, DC: National
Academy of Sciences; 1979.
Sharrett AR. The role of chemical constituents of drinking water in
cardiovascular diseases. In: Geochemistry of water in relation to
cardiovascular disease. Washington, DC: National Academy of Sciences;
1979.
APHA. Standard methods for the examination of water and wastewater.
20th ed. Maryland: APHA; 1998. pp. 2–37.
Neri LC, Mandel JS, Hewitt D. Relation between mortality and water
hardness in Canada. Lancet 1972; 1:931–934.
Altman DG. Practical statistics for medical research. 1st ed. London:
Chapman & Hall; 1991.
Muss DL. Relationship between water quality and deaths from
cardiovascular disease. J Am Water Works Assoc 1962; 54:1371–1378.
Morton WE. Hypertension and drinking water constituents in Colorado.
Am J Public Health 1971; 61:1371–1378.
Morris JN, Crawford MD, Heady JA. Hardness of local water supplies and
mortality from cardiovascular disease in the county boroughs of England
and Wales. Lancet 1961; 1:860–862.

from cpr.sagepub.com
at UNIV OF HAWAII AT HILO
on April 4, 2014
Copyright © European Society ofDownloaded
Cardiology.
Unauthorized
reproduction
of this article is prohibited.

Drinking water hardness Monarca et al. 505

27 Voors AW. The association of trace elements and cardiovascular diseases:
A selected review of positive findings. In: Geochemistry of water in relation
to cardiovascular disease. Washington, DC: National Academy of
Sciences; 1979.
28 Crawford MD, Gardner MJ, Morris JN. Changes in water hardness and
local death rates. Lancet 1971; 2:327–329.
29 Crawford MD, Gardner MJ, Morris JN. Water hardness, rainfall, and
cardiovascular mortality. Lancet 1972; 1:1396–1397.
30 Masironi R, Pisa Z, Clayton D. Myocardial infarction and water hardness in
the WHO myocardial infarction registry network. Bull WHO 1979;
57:291–299.
31 Pocock SJ, Shaper AG, Cook DG, Packham RF, Lacey RF, Powell P, et al.
British Regional Heart Study: geographic variation in cardiovascular
mortality, and the role of water quality. BMJ 1980; 280:1243–1249.
32 Zielhuis RL, Haring BJ. Water hardness and mortality in The Netherlands.
Sci Total Environ 1981; 18:35–45.
33 Leary WP, Reyes AJ, Lockett CJ, Arbuckle DD, Van der Byl K. Magnesium
and deaths ascribed to ischaemic heart disease in South Africa. A
preliminary report. S Afr Med J 1983; 64:775–776.
34 Lacey RF, Shaper AG. Changes in water hardness and cardiovascular
death rates. Int J Epidemiol 1984; 13:18–24.
35 Leoni V, Fabiani L, Ticchiarelli L. Water hardness and cardiovascular
mortality rate in Abruzzo, Italy. Arch Environ Health 1985; 40:
274–278.
36 Smith WC, Crombie IK. Coronary heart disease and water hardness in
Scotland. Is there a relationship? J Epidemiol Community Health 1987;
41:227–228.
37 Rylander R, Bonevik H, Rubenowitz E. Magnesium and calcium in drinking
water and cardiovascular mortality. Scand J Work Environ Health 1991;
17:91–94.
38 Gyllerup S, Lanke J, Lindholm H, Schersten B. Water hardness does not
contribute substantially to the high coronary mortality in cold region of
Sweden. J Intern Med 1991; 230:487–492.
39 Flaten TP, Bolviken B. Geographical associations between drinking water
chemistry and the mortality and morbidity of cancer and some other
diseases in Norway. Sci Total Environ 1991; 102:75–100.
40 Nerbrand C, Svardsudd K, Ek J, Tibblin G. Cardiovascular mortality and
morbidity in seven counties in Sweden in relation to water hardness and
geological settings. Eur Heart J 1992; 13:721–727.
41 Yang CY, Chiu JF, Chiu HF, Wang TN, Lee CH, Ko YC. Relationship
between water hardness and coronary mortality in Taiwan. J Toxicol
Environ Health 1996; 49:1–9.
42 Maheswaran R, Morris S, Falconer S, Grossinho A, Perry I, Wakefield J,
Elliot P. Magnesium in drinking water supplies and mortality from
acute myocardial infarction in north west England. Heart 1999; 82:
455–460.
43 Sauvant MP, Pepin D. Geographic variation of the mortality from
cardiovascular disease and drinking water in a French small area (Puy de
Dome). Environ Res 2000; 84:219–227.
44 Marque S, Jacqmin-Gadda H, Dartigues JF, Commenges D. Cardiovascular
mortality and calcium and magnesium in drinking water: an ecological study
in ederly people. Eur J Epidemiol 2003; 18:305–309.
45 Nerbrand C, Agreus L, Lenner RA, Nyberg P, Svardsudd K. The influence of
calcium and magnesium in drinking water and diet on cardiovascular risk
factors in individuals living in hard and soft water areas with differences in
cardiovascular mortality. BMC Public Health 2003; 3:21–29.
46 Miyake Y, Iki M. Ecological study of water and cerebrovascular mortality in
Japan. Arch Environ Health 2003; 58:163–166.
47 Kousa A, Moltchanova E, Viik-Kajander M, Rytkonen M, Tuomiletho J,
Tarvainen T, Karvonen M. Geochemistry of ground water and the incidence
of acute myocardial infarction in Finland. J Epidemiol Community Health
2004; 58:136–139.
48 Luoma H, Aromaa A, Helminem S, Murtomaa H, Kiviluoto L, Punsar S,
Knekt P. Risk of myocardial infarction in Finnish men in relation to fluoride,
magnesium and calcium concentration in drinking water. Acta Med Scand
1983; 213:171–176.
49 Rubenowitz E, Axelsson G, Rylander R. Magnesium in drinking water
and death from acute myocardial infarction. Am J Epidemiol 1996; 143:
456–462.
50 Yang CY. Calcium and magnesium in drinking water and risk of death from
cerebrovascular disease. Stroke 1998; 29:411–414.
51 Yang CY, Chiu HF. Calcium and magnesium in drinking water and the risk
of death from hypertension. Am J Hypertens 1999; 12:894–899.
52 Rubenowitz E, Axelsson G, Rylander R. Magnesium and calcium in drinking
water and death from acute myocardial infarction in women. Epidemiology
1999; 10:31–36.

53

54

55
56

57

58

59
60

61

62
63
64

65

66
67

68

69

70

71

72

73
74

75

76

77

78

Rubenowitz E, Molin I, Axelsson G, Rylander R. Magnesium in drinking
water in relation to morbidity and mortality from acute myocardial infarction.
Epidemiology 2000; 11:416–421.
Rosenlund M, Berglind N, Hallqvist J, Bellander T, Bluhm G. Daily intake of
magnesium and calcium from drinking water in relation to myocardial
infarction. Epidemiology 2005; 16:570–576.
Punsar S, Karvonen MJ. Drinking water quality and sudden death:
observations from West and East Finland. Cardiology 1979; 64:24–34.
Comstock GW, Cauthen GM, Helsing KJ. Water hardness at home and
deaths from arteriosclerotic heart disease in Washington County, Maryland.
Am J Epidemiol 1980; 112:209–216.
Al-Delaimy WK, Rimm E, Willett WC, S tampfer MJ, Hu FB. A prospective
study of calcium intake from diet and supplements and risk of ischemic
heart disease among men. Am J Clin Nutr 2003; 77:814–818.
Bostick RM, Kushi LH, Wu Y, Meyer KA, Sellers TA, Folsom AR. Relation of
calcium, vitamin D, and dairy food intake to ischemic heart disease
mortality among postmenopausal women. Am J Epidemiol 1999;
149:151–161.
Resnik LM. The role of dietary calcium in hypertension. Am J Hypertens
1999; 12:99–112.
Joint National Committee. The sixth report of the Joint National Committee
on prevention, detection, evaluation, and treatment of high blood pressure.
Arch Intern Med 1997; 157:2413–2446.
Griffith LE, Guyatt GH, Cook RJ, Bucher HC, Cook DJ. The influence of
dietary and nondietary calcium supplementation on blood pressure: an
update meta-analysis of randomized controlled trials. Am J Hypertens
1999; 12:84–92.
Hopps HC, Feder GL. Chemical qualities of water that contribute to human
health in a positive way. Sci Tot Environm 1986; 54:207–216.
Hartwig A. Role of magnesium in genomic stability. Mutat Res 2001;
475:113–121.
Altura BM, Altura BT. Magnesium and cardiovascular biology: an important
link between cardiovascular risk factors and atherogenesis. Cell Mol Biol
Res 1995; 41:347–359.
Saris NE, Mervaala E, Karppanen H, Khawaja JA, Lewenstam A.
Magnesium. An update on physiological, clinical and analytical aspects.
Clin Chim Acta 2000; 294:1–26.
Durlach J, Bara M, Guiet-Bara A. Magnesium level in drinking water and
cardiovascular risk factor: a hypothesis. Magnesium 1985; 4:5–15.
Altura BT, Brust M, Bloom S, Barbour R, Stempak J, Aktura BM.
Magnesium dietary intake modulates blood lipid levels and atherogenesis.
Proc Natl Acad Sci U S A 1990; 87:1840–1844.
Yamaguchi Y, Kitagawa S, Kunitomo M, Fujiwara M. Preventive effects of
magnesium on raised serum lipid peroxide level and aortic cholesterol
deposition in mice fed an atherogenic diet. Magnes Res 1994; 7:31–37.
Sherer Y, Shaish A, Levkovitz H, Keren P, Janackovic Z, Shoenfeld Y,
Hatats D. Magnesium fortification of drinking water suppresses
atherogenesis in male LDL-receptor-deficient mice. Pathobiology 1999;
67:207–213.
Sherer Y, Shoenfeld Y, Shaish A, Levkovitz H, Bitzur R, Harats D.
Suppression of atherogenesis in female low-density lipoprotein receptor
knockout mice following magnesium fortification of drinking water: the
importance of diet. Pathobiology 2000; 68:93–98.
Cohen H, Sherer Y, Shaish A, Shoenfeld Y, Levkovitz H, Bitzur R, Harats D,
et al. Atherogenesis inhibition induced by magnesium-chloride fortification
of drinking water. Biol Trace Elem Res 2002; 90:251–259.
Ravn HB, Korsholm TL, Falk E. Oral magnesium supplementation induces
favourable antiatherogenic ApoE-deficient mice. Arterioscler Thromb Vasc
Biol 2001; 21:858–862.
Ford ES. Serum magnesium and ischaemic heart disease: findings from a
national sample of US adults. Int J Epidemiol 1999; 28:645–651.
Reinhart RA. Clinical correlates of the molecular and cellular actions of
magnesium on the cardiovascular system. Am Heart J 1991; 121:
1513–1521.
Shechter M, Sharis M, Labrador MJP, Forrester J, Silver B, Merz NB. Oral
magnesium therapy improves endothelial function in patients with coronary
artery disease. Circulation 2000; 102:2353–2358.
Shechter M, Merz CN, Rude RK, Paul Labrador M, Meisel SR, Shah PK,
Kaul S. Low intracellular magnesium levels promote platelet-dependent
thrombosis in patients with coronary artery disease. Am Heart J 2000;
140:212–218.
Appel LJ, Moore TJ, Obarzanek E, ollmer WM, Svetkey LP, Sacks FM, et al.
A clinical trial of the effects of dietary patterns on blood pressure. N Engl J
Med 1997; 336:1117–1124.
Conlin PR, Chow D, Miller ER, Svetkey LP, Lin PH, Harsha DW, et al.
The effect of dietary patterns on blood pressure control in hypertensive

from cpr.sagepub.com
at UNIV OF HAWAII AT HILO
on April 4, 2014
Copyright © European Society ofDownloaded
Cardiology.
Unauthorized
reproduction
of this article is prohibited.

506 European Journal of Cardiovascular Prevention and Rehabilitation 2006, Vol 13 No 4

79

80

81

82

83

84

85

86

87

88

patients: results from the dietary approaches to stop hypertension (DASH)
Trial. Am J Hypertens 2000; 13:949–955.
Singh RB. Effect of dietary magnesium supplementation in the prevention
of coronary heart disease and sudden cardiac death. Magnes Trace Elem
1990; 9:143–151.
Singh RB, Rastogi SS, Verma R, Laxmi B, Singh R, Ghosh S, Niaz MA.
Randomised controlled trial of cardioprotective diet in patients with recent
acute myocardial infarction: result of one year follow up. BMJ 1992;
304:1015–1019.
Laurant P, Touyz RM. Physiological and pathophysiological role of
magnesium in the cardiovascular system: implication in hypertension.
J Hypertens 2000; 18:1177–1191.
Peacock JM, Folsom AR, Arnett DK, Eckfeldt JH, Szklo M. Relationship of
serum and dietary magnesium to incident hypertension: the atherosclerosis
risk in communities (ARIC) study. Ann Epidemiol 1999; 9:159–165.
Chakraborti S, Chakraborti T, Mandal M, Mandal A, Das S, Ghosh S.
Protective role of magnesium in cardiovascular disease: a review. Mol Cell
Biochem 2002; 238:163–179.
Maier JAM, Malpuech-Brugere C, Zimowska W, Rayssiguer Y, Mazur A.
Low magnesium promotes endothelial cell dysfunction: implications for
atherosclerosis, inflammation and thrombosis. Biochimica et Biophysica
Acta 2004; 1689:13–21.
Abbott RD, Ando F, Masaki KH, Tung KH, Rodriguez BL, Pterovitch H.
Dietary magnesium intake and the future risk of coronary heart disease
(the Honolulu Heart Program). Am J Cardiol 2003; 92:665–669.
Al-Delaimy WK, Rimm EB, Willett WC, Meir JS, Hu FB. Magnesium intake
and risk of coronary heart disease among men. J Am Coll Nutr 2004;
23:63–70.
Ma J, Folsom AR, Melnick SL, Eckfeldt JH, Sharrett R, Nabulsi AA, et al.
Associations of serum and dietary magnesium with cardiovascular disease,
hypertension, diabetes, insulin, and carotid arterial wall thickness: the ARIC
study. J Clin Epidemiol 1995; 48:927–940.
Singh RB, Niaz MA, Moshiri M, Gaoli Z, Shoumin Z. Magnesium status and
risk of coronary artery disease in rural and urban populations with variable
magnesium consumption. Magnes Res 1997; 10:205–213.

89

90

91
92
93
94

95

96

97

98

99
100

Singh RB, Gupta UC, Mittal N, Niaz MA, Ghosh S, Rastogi V.
Epidemiologic study of trace elements and magnesium on risk of coronary
artery disease in rural and urban Indian population. J Am Coll Nutr 1997;
16:62–67.
Liao F, Folsom AR, Brancati FL. Is low magnesium concentration a risk
factor for coronary heart disease? The atherosclerosis risk in communities
(ARIC) study. Am Heart J 1998; 136:480–490.
Klevay LM, Milne DB. Low dietary magnesium increases supraventricular
ectopy. Am J Clin Nutr 2002; 75:550–554.
King DE, Mainous AG, Geesey MS, Woolson RF. Dietary magnesium and
C-reactive protein levels. J Am Coll Nutr 2005; 24:166–171.
Rothman KJ, Greenland S. Modern epidemiology. 2nd ed. Philadelphia:
Lippincott-Raven Publishers; 1998.
Emberson JR, Whincup PH, Morris RW, Walker M. Re-assessing the
contribution of serum total cholesterol, blood pressure and cigarette
smoking to the aetiology of coronary heart disease: impact of regression
diluition bias. Eur Heart J 2003; 24:1719–1726.
Morris RW, Wincup PH, Lampe FC, Walker M, Wannamethee SG,
Shaper AG. Geographic variation in incidence of coronary heart disease
in Britain: the contribution of established risk factors. Heart 2001; 86:
277–283.
Gillies ME, Paulin HV. Variability of mineral intakes from drinking water:
a possible explanation for the controversy over the relationship of water
quality to cardiovascular disease. Int J Epidemiol 1983; 12:45–50.
Galan P, Arnaud MJ, Czernichow S, Delabroise AM, Preziosi P, Bertrais S,
et al. Contribution of mineral waters to dietary calcium and magnesium in a
French adult population. J Am Diet Assoc 2002; 102:1658–1662.
Haring BS, Van Delft W. Changes in the mineral composition of food as a
result of cooking in hard and soft waters. Arch Environ Health 1981;
36:33–35.
Maier JA. Low magnesium and atherosclerosis: an evidence-based link.
Mol Aspects Med 2003; 24:137–146.
Rylander R, Arnaud MJ. Mineral water intake reduces blood pressure
among subjects with low urinary magnesium and calcium levels. BMC
Public Health 2004; 4:56–61.

from cpr.sagepub.com
at UNIV OF HAWAII AT HILO
on April 4, 2014
Copyright © European Society ofDownloaded
Cardiology.
Unauthorized
reproduction
of this article is prohibited.

