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Drinking water is not just H2O !

Natural water (incl. DW) is not pure H2O, but 
complex system of natural (essential) minerals 
and gases dissolved in water

Although most people are not aware, too low 
or too high content of these natural minerals 
can influence health of consumers

The minerals are important also for good taste 
of water
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Dose-response relationships

C … Carcinogenic substances (non-threshold effect)
T … Toxic substances (threshold effect)
E … Essentials substances
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History of research
on water Ca/Mg and health

Natural mineral waters (since 19th c.), Ca/Mg 
not much important elements (only Epsom 
salt…)

Drinking waters (since about 1960), boom of 
epidemiological (ecological) studies

 Evidence of human health effects (generally)?
Cases (observations), experiments with 
volunteers (clinical studies), epidemiological 
studies (non infectious diseases) – different 
types, different evidence
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Four primary types of epid. studies

1. Cohort studies — A cohort (group) of individuals with exposure 
to a chemical and a cohort without exposure are followed over 
time to compare disease occurrence.

2. Case control studies — Individuals with a disease (such as 
cancer) are compared with similar individuals without the disease 
to determine if there is an association of the disease with prior 
exposure to an agent.

3. Cross-sectional studies — The prevalence of a disease or 
clinical parameter among one or more exposed groups is studied, 
such as: the prevalence of respiratory conditions among furniture 
makers.

4. Ecological studies – The incidence of a disease in one 
geographical area is compared to that of another area, such as:
cancer mortality in areas with hazardous waste sites as compared 
to similar areas without waste sites.
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Ca and Mg as essential nutrients, functions

Calcium: key structural element (bones and 
teeth) + signal for vital physiological processes, 
including vascular contraction, blood clotting, 
muscle contraction and nerve transmission.

Inadequate intakes of Ca have been associated with 
increased risks of osteoporosis and fracture risk, 
nephrolithiasis, colorectal cancer, hypertension and 
stroke, coronary artery disease, insulin resistance and 
obesity. 

Recommended daily intake for adults ranges 
between 1000 and 1200 mg.
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Ca and Mg as essential nutrients, functions

Magnesium: cofactor for some 350 cellular 
enzymes, involved in energy metabolism and
protein and nucleic acid synthesis; needed for 
normal vascular tone and insulin sensitivity. 

Low magnesium levels are associated with endothelial 
dysfunction, increased vascular reactions, elevated 
circulating levels of C-reactive protein and decreased 
insulin sensitivity. Low Mg status has been implicated in 
hypertension, coronary heart disease, type 2 diabetes 
mellitus and metabolic syndrome. 

Recommended magnesium daily intake for 
adults is about 250-350 mg.
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Epidemiological studies 1960 – 2000

Very most epidemiological studies until 1990 
only of ecological design (lower validity). Mostly 
hardness measured, not Ca or Mg.

New epidemiological studies from 1990s using 
modern advanced design (case-control and 
cohort studies).
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Review ordered by the Drinking Water 
Inspectorate (DWI), UK

University of East Anglia (UoEA):

Review of evidence for relationship between 
incidence of cardiovascular disease and 
water hardness

Final report for contract DWI/70/2/176
Date: 21st October 2005

Available at: www.dwi.gov.uk
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UoEA review

Of 2,906 papers on water hardness and human 
health (CVD) have been found (in English). 115 
analytical studies reviewed in detail.

Experimental animal studies and human dietary studies 
were excluded from this review – just epidemiological 
evidence. 

General conclusion found by most of the studies:
Inverse association exists = lower Mg 
(Ca, hardness)  higher risk of death 
from cardiovascular disease (CVD)
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UoEA review – ecological studies

The majority of studies reviewed were of an ecological 
study design.

Further study quality criteria were applied to categorise the 
ecological studies by high, medium or low quality.

A total of 60 such papers were evaluated, of 
which 44 met the minimum quality criteria. Of 
the 12 high quality studies, 9 presented 
evidence for a significant inverse association 
between water hardness, Ca and/or Mg levels 
and cardiovascular mortality. The remaining 
three studies found no significant association.

Of the 32 medium and low quality studies, 22 
found a significant inverse association. 
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Systematic review (meta-analysis)

Consequent meta-analysis by the team of authors (Paul 
Hunter at al.) 

Catling et al. A systematic review of analytical 
observational studies investigating the association 
between cardiovascular disease and drinking water 
hardness. J Water Health 6(4): 433-442; 2008.

14 high quality studies (nine case control and five cohort)
included

A pooled odds ratio showed a statistically 
significant inverse association between 
magnesium and cardiovascular mortality
(OR 0.75 (95%CI 0.68, 0.82), p < 0.001) 
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Systematic review (meta-analysis)

People consuming DW with Mg 8.3 – 19.4 mg/l 
had by 25 % lower risk of CV mortality in 
comparison with people using DW with Mg 
content of 2.5 – 8.2 mg/l
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Systematic review (meta-analysis)

Only two studies reported a statistically significant effect 
for calcium. Role of water Ca in CVD (mortality) 
prevention is not clear, not proved by epidemiological 
data.
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New meta-analysis (2016)

Jiang L. et al.: Magnesium levels in drinking water and coronary heart 

disease mortality risk: a meta-analysis. Nutrients, 2016, 8, 1.

Relative risk (risk ratio)
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Other new meta-analysis (2017)

Gianfredi V. et al.: Cardiovascular diseases and hard drinking waters: 

implications from a systematic review with meta-analysis of case-

control studies. J Water Health, 2017, 31-40.

6 high quality studies on Ca – CVD,     7 studies on Mg – CVD

(3 Sweden, 3 Taiwan; 1996-2006) (4 Swe, 3 Tai; 1996-2006)

Effect size: 0.82 (0.70-0.95) 0.75 (0.66-0.86)

Suggest: Mg ≥ 20 mg/l most responsible factor of CVD decrease; Ca 

49-80 mg/l only extra protection
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European Cardiovascular Disease Statistics 2017

 Each year cardiovascular disease (CVD) causes 
3.9 million deaths in Europe and over 1.8 million 
deaths in the European Union (EU).

 CVD accounts for 45% of all deaths in Europe and 37% 
of all deaths in the EU.

 CVD is the main cause of death in men in all but 12 
countries of Europe and is the main cause of death in 
women in all but two countries.

 http://www.ehnheart.org/cvd-statistics/cvd-statistics-
2017.html
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Low level of magnesium in DW is common 

•Mg

72 %

21 %

4 %
3 %

 <  10 mg/l 10  ≤  20 mg/l

20 – 30 mg/l  > 30 mg/l

Czech Republic: Distribution of population according to concentration 
of Mg of distributed drinking water in public supplies. 2017
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Summary: Ca/Mg in water and CVD

Good epidemiological evidence for protective 
role of water Mg

 Effect relatively small, but still with possible big 
population impact due to the role of CVD in 
death causes and years of life lost

Water Mg seems to be much more important for 
health than water Ca, but…
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Alternative hypothesis: bicarbonates

Water with low mineral content (including low 
Ca+Mg) has also lower content of hydrogen 
carbonate, lower buffer capacity and more 
acidic character.

Its regular consumption alters acid-base conditions 
(shift to acid side) which  influence the mineral 
homeostasis: higher acidosis means higher 
losses of minerals with urine.

The hypotheses well supported by other studies (incl. old 1957 
Kobayashi study!)

Each nutrient in food has an influence on the renal acid load and 
acid-base balance of the organism – extensive research (20 years)
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Alternative hypothesis: bicarbonates
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Other health effects (next to CVD)?

Magnesium also proved to have other beneficial 
effects, e.g. higher content of water magnesium 
correlated with 

…lower incidence of some neurological 
disturbances, incl. stroke

…lower incidence preeclampsia

…lower blood pressure

…lower mortality of several types of cancer

…lower incidence of Type 2 diabetes 

However, scientific evidence for these Mg-associated 
outcomes (non CVD) is much lower than for CVD (fewer 
studies, mostly ecological design)
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Other health effects (next to CVD)?

Water calcium seems to have other beneficial 
effects, e.g. higher content of water calcium 
correlated with 

…higher bone density in women (prevention of 
osteoporosis)

…lower prevalence of dental carries in children

…lower incidence of bone fractures in children

…lower incidence of some neurological diseases

…lower blood pressure

…lower mortality of several types of cancer

Epid. evidence much lower than for Mg and CVD (few 
studies, mostly ecological design), but some support 
from nutritional and clinical studies…
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Water calcium and dental caries

E. Arvin, M. Bruvo et al. (Univ. of Copenhagen) – study on 52000 
children in Denmark; both Ca and F have the effect to protect 
carries; recommendation: Ca 40-50 mg/l; F 0.75 mg/l

Calculation based on a Danish case study: reduction of Ca from 120 
mg/L to 33 mg/L by softening, may increase the average caries 
experience by 46% (Arvin et al 2018)

Figure: Bruvo M. et al. J 
Dent Res 87(4): 340-343, 
2008
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RO water and child development

 Recent Chinese studies; school children; school 
with and without RO water treatment (Ca 2.3 v 
52.9 mg/l; Mg 0.7 v 9.9 mg/l)

 After 4 years children (age 10-13) drinking RO 
water had lower height and height increase and 
bone mineral content

 Biochemical markers showed osteoblast 
inhibition, bone resorption activation, bone 
modelling repressions in RO children…

Huang et al. Environ. Int. 2018, 115: 104-109.

Huang et al. J. Nutr. 2019 (in print)
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Additional health benefits of Ca and Mg

Both elements can provide some protective effect 
against toxic metals in water and food, 
because:

 formation of less soluble and less absorbable species 
(complexes) of calcium or silica with some metals (e.g. 
aluminium);

 similarity in chemical structure or “molecular mimicry”:
 competition in transport mechanism of absorption in 

intestine (e.g. Ca  Pb)
 competition in binding site in function (target) place 

(e.g. enzymes or transport mechanisms in cell 
membranes; example: Mg  Pb, Mg  Al) 
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Additional aesthetic benefits of Ca and Mg

Certain minimum content of minerals, the most 
crucial of which are calcium and magnesium 
salts, is essential for the pleasant and 
refreshing taste of drinking water.

X

Higher water hardness may worsen aesthetic (organoleptic) 
characteristics of drinking water or drinks and meals 
prepared with such water: formation of a layer on the 
surface of coffee or tea, loss of aromatic substances 
from meals and drinks (bonding to CaCO3) unpleasant 
taste of water itself for some consumers (Ca > 200-500
mg/l, Mg > 170 mg/l)
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Health risks from high water Ca or Mg (1)

There is no evidence about any harmful health 
effects if calcium is present in drinking water 
below 200 mg/l and magnesium below 100 
mg/l

High water Mg (> 100 mg/l) + sulphate = diarrhea 
with possible adaptation

High water Ca (> 500 mg/l) – rare cases of 
urolithiasis (renal stones) in neonates fed by 
food prepared from mineral water;
risk for adults with Ca-type of stones
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Health risks from high water Ca or Mg (2)

High levels of hardness ΣCa+Mg (> 5 mmol/l): 
higher incidence rates of cholelithiasis, 
urolithiasis, arthrosis and arthropathies ?? 
(older Soviet ecological studies, influence of 
high hardness or high TDS??)

High level of water hardness: increase in the risk 
for atopic eczema in school children? (higher 
drying effect of hard water on the skin?)
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Water role in disease prevention

 Water – naturally or artificially – low in Mg and 
Ca has bigger negative population impact (just 
due to CVD mortality) in Europe than all other 
currently regulated chemical parameters in 
drinking water together

 + other negative health effects with lower 
scientific evidence…

 Still not enough to use precautionary principle?
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Future development ?

 Situation will be worse as desalination and 
softening is more and more commonly used in 
developed countries

 Studies from Israel…


