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Myocardial infarction and water hardness
in the WHO myocardial infarction registry network
R. MASIRONI,1 Z. PISA,2 & D. CLAYTON3

The negative association between water hardness and cardiovascular disease found by
several authors in different countries has also been found in the present investigation. All
cases of myocardial infarction were registered in a standardized way at 15 WHO
Collaborating Centres in Europe; information on the hardness of drinking water used by
the population studied was also collected. Higher rates of myocardial infarction were
usually found in towns served by softer water.

Since the initial report by Kobayashi (1) in 1957
on the relationship between the chemical composi-
tion of river water and death rates from cerebral
haemorrhage in Japan, several articles have been
published showing inverse relationships between the
hardness of local water supplies and mortality rates
from cardiovascular diseases in various countries.
Although it has not yet been possible to establish
any relationship between cause and effect, the
existence of an association with mortality cannot be
dismissed. This was also the conclusion of an inter-
national group of experts who met in 1975 under the
auspices of the Commission of the European Com-
munities (2).
The negative association is more evident in studies

covering very wide geographical areas and involving
large numers of people; smaller studies comparing,
for instance, districts within the same town or
counties within the same state often do not reveal
any association. Studies in such small areas are likely
to be influenced by the small population size and by
such factors as the use of water softeners in the
home. Neri & Johansen(3) have recently reviewed
the abundant literature on this subject.
Taking advantage of the WHO Myocardial Infarc-

tion Community Registers in 17 European towns
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and cities, the present investigation was set up to
ascertain whether the negative association between
the harness of municipal water and cardiovascular
pathology was present throughout part of Europe, as
it is in Canada, the United Kingdom, the United
States of America, and other countries. The present
study was undertaken specifically in response to the
suggestions of a group of investigators meeting
under the auspices of WHO in November 1974,a
who considered that it would provide a unique
opportunity for the study of sudden death and
incidence of ischaemic heart disease (IHD) in rela-
tion to water quality.

MATERIALS AND METHODS

Disease frequency
Detailed information on the incidence of acute

myocardial infarction was obtained from collaborat-
ing hospitals located in 17 European towns and
cities, namely Berlin, Boden, Bucharest, Budapest,
Dublin, Gothenburg, Heidelberg, Helsinki, Inns-
bruck, Kaunas, London, Lublin, Nijmegen, Prague,
Sofia, Tampere, and Warsaw. These data were
collected in a standardized way and have been
reported in a WHO publication(4), which also
contains all the details on the rationale, methodolo-

a Report of second meeting of investigators on trace elements in
relation to cardiovascular diseases. WHO unpublished document
CVD/73.4 (1973).
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gy, and operation of these registers. The population
covered by the study was all persons aged 20-64
years of age, giving a total of 3 570 150 subjects.
The methodology used in the present register

allows the calculation of the following measures of
disease frequency:

Attack rate, i.e., the rate of occurrence of heart
attacks in the defined community. It should be noted
that any individual could, and many did, suffer more
than one attack during the period of study.

Table 1. Age standardization of attack and incidence
rates

Age group Males Females Both sexes(years)

45-49 0.145 0.145 0.290

50-54 0.112 0.112 0.224

55-59 0.126 0.126 0.252

60-64 0.117 0.117 0.234

45-64 0.5 0.5 1.0

Incidence rate, i.e., the rate of occurrence of first
attacks in the community. Technically, incidence
rates cannot be calculated from register data since
the appropriate denominator (the number of indi-
viduals at risk who have not suffered previous
attacks) is unknown. In the age group considered,
however, use of the total population as the de-
nominator should be acceptable.

Age-specific attack and incidence rates have been
reported for each collaborating centre(4) but we

chose not to use age-specific rates as the data are too
sparse to provide accurate rates within 5-year age
groups. Age-standardization of results was therefore
chosen. The form of the tabulations available necessi-
tated the use of direct standardized rates, but in view
of the inefficiency of this method of standardization
when dealing with very sparse data, the younger age

groups (<45 years) had to be omitted and the
analysis performed on rates standardized within the
45-64-year age group. Rates were standardized for
the population structure shown in Table 1, both
sexes being assigned the overall age structure of the
total population served by the registers. The stan-
dardized rates used are shown in Table 2.

Table 2. Standardized attack and incidence rates per 1000 persons per year aged 45-64 years

Weighted water Age-standardized Age-standardized:
city hardness attack rate incidence rateAgansestdriz:

(mg/I CaCO3) M F M F attack rate incidence rate

Boden 32 9.93 3.67 7.01 2.54 6.80 4.78

Tampere 44 14.99 2.95 8.98 1.85 8.97 5.42

Gothenburg 45 6.48 1.52 4.02 0.94 4.00 2.48

Dublin 46 11.56 3.27 8.01 2.29 7.42 5.15

Helsinki 91 17.75 4.13 10.31 2.71 10.94 6.51

Prague 116 8.45 1.56 5.31 1.10 5.01 3.21

Bucharest 146 3.72 1.17 2.45 0.83 2.45 1.64

Innsbruck 147 6.56 1.35 3.05 0.92 3.96 1.99

Nijmegen 159 11.45 2.35 7.84 1.82 6.90 4.83

Warsaw 221 7.13 2.37 4.94 1.71 4.75 3.33

Budapest 273 6.79 2.02 4.77 1.61 4.41 3.19

London 291 9.62 2.77 5.84 1.91 6.20 3.88

Berlin 300 6.26 2.33 2.75 1.44 4.30 2.10

Lublin 336 6.10 1.31 4.14 0.86 3.71 2.50

Heidelberg 354 6.09 0.89 4.07 0.67 3.49 2.37
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Water hardness
The principal investigators of the collaborating

centres were asked to supply WHO with information
on the average hardness of the drinking water. Since
such information could not be obtained from two of
the centres, the calculations have been made relative
to only fifteen of the centres. Some of the centres
also provided additional information on water com-
position, such as pH, concentrations of calcium,
magnesium, sodium, and potassium, and occasional
trace element analyses. However, this kind of infor-
mation was too sparse to be of any use statistically.
Of the fifteen centres that replied to the enquiries,

not one represented a community that was supplied
with water from only one source. A major problem,
therefore, was how best to combine information
concerning various sources to achieve an average
value for the whole community. In most cases, where
sources of markedly different levels of hardness
were involved, the principal investigator supplied
approximate data on the size of the population
receiving water from each source. These populations
were used as weights in calculating an average value.
Such information was not available for Innsbruck,
but we were supplied with estimated volumes pro-
duced by each source and these were used as
weights. (This involves some risk in that some
sources can supply large volumes for industrial use,
but this is probably not a problem in Innsbruck.) In
most communities, the various sources did not differ
in hardness sufficiently for weighting to have very
much effect and a straightforward average value was
used. In Heidelberg, of the twelve water supplies,
only one had water of a much lower harness than the
others, and it served only a few thousand people.
Hardness values for Heidelberg were weighted both
by the populations served and by the approximate
sizes of town districts with a given water hardness.
Table 2 shows the water hardness values.
Water hardness data thus obtained were corre-

lated with sex and with attack and incidence rates by
least-squares regression analysis. Both variables
(disease rate and water hardness) were log-trans-
formed for better clarity of graphic display.

RESULTS

Association between disease frequency and water
hardness
Table 3 shows the product-moment correlation

coefficients, together with the parameters of the
fitted regression lines. Since the regression slopes

were very similar for both sexes, the average of the
male and female rates was taken to give age- and
sex-standardized attack and incidence rates (Fig. 1
and 2). The associations were significant at the 0.1 %
level.

Table 3. Regression lines: log (rate) versus log (water
hardness)

Correlation Slope Intercept. Signifi-cance

Attacks, males' -0.428 -0.211 1.360 N.S.

Attacks, females' -0.468 -0.251 0.843 P<0.10

Incidence, males" -0.442 -0.234 1.203 P<0.10

Incidence, females' -0.397 -0.211 0.597 N.S.

Attacks b -0.477 -0.228 1.195 P<0.10

Incidenceb -0.460 -0.228 0.999 P<0.10

a Age standardized, 45-64 years.
b Age & sex standardized, 45-64 years.
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Fig. 1. Age- and sex-standardized attack rates in per-
sons aged 45-64 years.
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latitude (below the regression line). The incidence of
myocardial infarction in most of the populations
studied appeared to be higher than average from
February to June and lower from July to October.
An investigation was made into the likelihood of the
latitude effect and the seasonal variation in inci-
dence of myocardial infarction having a common
cause. The results are shown in Table 4, where the
degree of seasonal swing in incidence rate is related
to latitude. The association observed was statistically
significant but was not in the expected direction, the
more northerly towns with the highest incidence
(and attack) rates having the smallest seasonal
swings in such rates. Indeed, the three cities above
latitude 600 north were among those with the
smallest seasonal swings in incidence. A preliminary
attempt to correlate yearly mean minimum tempera-
tures for the areas under study (as taken from atlases
and statistical yearbooks) revealed a significant
negative trend (r= -0.57) with latitude and a weak

50 100 200 400
Water hardness mgI CaCo3 WO 78112

Fig. 2. Age- and sex-standardized incidence rates in
persons aged 45-64 years.

To check further the significance of the observed
association, a rank-correlation analysis (Spearman's
Q) was also performed. With this analysis, the
association between water hardness and attack rate
was significant at the 5 % level.
From these results, it appears that there is an

inverse association between the occurrence of myo-
cardial infarction in these communities and the
hardness of their water supplies.

Latitude and temperature
There was a strong relationship between the

frequency of myocardial infarction and latitude.
Both attack and incidence rates were higher, and
water softer, at more northerly latitudes.

Fig. 3 shows the relationship between attack rate
and latitude; the fitted regression relationship was

consistent with the attack rate doubling for each 15°
of latitude. Fig. 3 also indicates the water hardness
for the 15 communities studied and shows that the
associations with latitude and with hardness were the
same. Towns with high attack rates for their latitude
(above the regression line) differed little in water
hardness from towns with low attack rates for their

8

6

5

t-

HELSINKI

r = +0.711
TAMPERE

p = + 0.707 T

NIJMEGEN BODEN

O *DUBLIN
LONDON

PRAGUE

BUDAPEST / WARSAW
0

0

BERLIN GOTHENBURG
INNSBRUCK

HEIDELBERG
0 LUBLIN

0

BUCHAREST
O

TOWNS WITH WATER:

* SOFT (c 100 mg/I Ca C03)

O INTERMEDIATE (100-250 mgAl)

O HARD (> 250 ffg/l)

45 50 55
Latitude 0 N

60 65
WHO 78113

Fig. 3. Age- and sex-standardized attack rates in rela-
tion to latitude.

HELSINKI
0

TAMPERE
0
O DUBLIN

r= - 0.460
p = - 0.464

NDON
0

c

IV

NIJMEGEN
0

LOI

WARSAW
0

OPRPRAGUE

INNSBRUCK
0

0
BERLIN

BUCHAREST
0

-

,5

294

7



MYOCARDIAL INFARCTION AND WATER HARDNESS

Table 4. Seasonal variations in myocardial infarction
incidence rates in relation to latitude'

Latitude
City Ratio' Incidencec (Rank) (degrees (Rank)

north)

Tampere 0.84 5.42 (13) 61.5 (13)

Lublin 1.02 2.50 (3) 51.2 (6)

Helsinki 1.07 6.51 (14) 60.3 (12)

Boden 1.10 4.78 (10) 65.9 (14)

Heidelberg 1.19 2.37 (2) 49.4 (4)

Nijmegen 1.23 4.83 (11) 51.8 (8)

Innsbruck 1.27 1.99 (4) 47.2 (2)

Prague 1.33 3.21 (8) 50.1 (5)

Budapest 1.34 3.19 (6) 47.5 (3)

London 1.34 3.88 (9) 51.5 (7)

Warsaw 1.52 3.33 (7) 52.1 (9)

Gothenburg 1.59 2.48 (5) 57.7 (11)

Dublin 1.59 5.15 (12) 53.4 (10)

Bucharest 2.98 1.64 (1) 44.4 (1)

Spearman's Q -0.297 -0.336

a From Myocardial Infarction Community Registers. Copenhagen,
WHO Regional Office for Europe, 1976, Table 66 and Fig. 27.

b Ratio of daily incidence in high-incidence months to daily incidence
in low-incidence months (seasonal swing).

I Age and sex standardized.

negative trend (r= -0.33) with attack rate (Table
5). The weak positive (r= + 0.44) correlation be-
tween temperature and water hardness confirmed
the finding that the more northerly areas usually
have lower temperatures and also softer water.
These associations are similar to those found in the
United Kingdom by Crawford et al. (6, 7), who
reported positive correlations between death rates
from cardiovascular diseases and latitude
(r= + 0.27) and negative ones between water hard-
ness and latitude (r= -0.37) and, of course, be-
tween death rates and water hardness (r= -0.61).

Diet
Previous studies have clearly shown relationships

between aspects of the diets of various European
countries and death rates from IHD (8). In particu-
lar, the percentage of calories obtained from fats has
been implicated. By applying national dietary data
to the subjects in the present study, a moderately
strong (r= + 0.55) positive correlation was obtained
between fat consumption (g/day/person) and attack
rate (Table 5). A positive correlation (r= + 0.50)
was also found between fat consumption and
latitude, but not water hardness (r= -0.11). A
weak correlation was found between fat consump-

tion and mean lowest yearly temperatures
(r= +0.21).

Table 5a. Correlation between myocardial infarction rates, geographical parameters, and fat consumption
Myocardial infarction Mean lowest Consumption of

city attack rate in Latitude Water hardness yearly temperature animal fatmales 50-54 years (degrees north) (mg/l CaCO3) ay/eroaof age 'IC K (/a/esn

Boden 9.0 65.9 33 -8.6 264.5 94.9

Tampere 13.3 61.5 62 -7.8 265.3 101.5

Helsinki 14.5 60.3 93 -6.1 260.9 101.5

Gothenburg 5.5 57.7 45 -4.3 268.8 94.9

Berlin 3.6 52.5 313 -0.7 272.4 101.8

Dublin 10.9 52.4 64 +4.0 277.1 115.3

Warsaw 5.9 52.2 220 -4.9 268.2 73.1

Nijmegen 9.9 51.8 153 +2.2 275.3 99.7

London 8.0 51.5 291 +5.0 278.1 116.3

Lublin 5.5 51.2 327 -4.2 268.9 73.1

Prague 7.5 50.1 150 -2.8 270.3 67.8

Heidelberg 4.4 49.4 353 + 1.4 274.5 91.0

Budapest 6.1 47.5 323 -1.3 271.8 84.3

Innsbruck 5.6 47.2 160 -6.2 266.9 80.4

Bucharest 3.1 44.4 146 -1.8 271.3 39.5
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Table 5b. Correlation coefficients of parameters in Table 5a

Attack rate Animal fat Latitude Temperature Hardness

Attack rate - +0.55' +0.64b -0.33 -0.57'

Animal fat +0.55' - +0.50C +0.21 -0.11

Latitude +0.64b +0.50c - -0.57c -0.59a

Temperature -0.33 +0.21 _0.57c - +0.44

Hardness -0.57 -0.11 -0.59'a +0.44 -

a P 0.025.
b P<o.01.
c P 0.05.

DISCUSSION

The present study revealed a significant negative
association between the frequency of myocardial
infarction in the communities studied and the hard-
ness of the water supplies serving those com-
munities, thus confirming a preliminary analysis
carried out previously by one of the authors.b In that
preliminary study, water hardness values were not
weighted for population as in the present study and,
therefore, some of the hardness values reported
there differ from those shown in Table 2. However,
there were no differences between the previous and
the present analyses as to the tertile of the distribu-
tion into which each town fell. This association was
in the direction found in other studies (soft water
being associated with high infarction rates) (5-7, 9,
10) and of approximately the same order of mag-
nitude as has been found in the United Kingdom (6,
7). Of course, it is well understood that water
hardness is to be considered only as an indicator of
some other factor, either in the water (e.g., the
presence. of beneficial minerals or the absence of
harmful ones) or in the environment, which in turn is
associated with water hardness. However, since
hardness is a convenient factor to use and it is
routinely determined, most studies use this indi-
cator.
Taken in isolation, the body of data provided by

the present investigation is not quite convincing of a
causal relationship, since increasing incidence of
myocardial infarction is also associated with more
northerly latitudes. In other words, the more north-
erly countries have both a higher rate of car-
diovascular mortality and softer water. However,

bMASIRONI, R. Report of the first meeting of the WHO
Reference Centre Advisory Committee on Studies of Cardiovascu-
lar Diseases in Relation to Water Quality, Ottawa, 14-15 May
1976. WHO unpublished document.

latitude in itself cannot be causal and must be
reflecting other environmental (e.g., temperature),
behavioural (e.g., diet), or genetic factors that may
be causal. These points are discussed below.

Climate
The climatic hypothesis has never been very

clearly specified. Its proponents point to seasonal
variations in mortality from IHD as demonstrating
that climate affects disease frequency, and assume
that climate is an obvious explanation of geographic
differences. In the United Kingdom, however, the
maximum seasonal fluctuation in mortality from
IHD is smaller than the area differences observed
and yet the variation in climate across the United
Kingdom is very modest (6). Data reported previ-
ously (4) and in the present paper fail to show that
temperature and other weather variables are con-
nected in a clear-cut way with the occurrence of
myocardial infarction. Elwood et al. (11) also found
practically no association between IHD and temper-
ature, although they did find an association with
water hardness.
As the present data show, climate is not necessari-

ly more extreme at more northerly latitudes; For
instance Bucharest, the southernmost city of the
register network, has a much lower myocardial
infarction rate, but also a lower minimum average
yearly temperature, than Dublin. Innsbruck is no
warmer than Helsinki (Table 5), yet its myocardial
infarction rate is much lower. Indeed, only a weak
and nonsignificant association was found between
lowest mean yearly temperature and the occurrence
of IHD.
The relationship between water hardness and

latitude arises from the geological trends across the
continent. The geographical distribution of car-
diovascular diseases in Europe as a function of
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latitude, geochemical environment, and water hard-
ness has been studied by Masironi (12, 13). North-
ern countries with a higher cardiovascular death rate
are underlain by very old geological substrata; these
are poor sources of minerals essential to life and the
waters there are, as a consequence, soft. In Europe,
this pattern occurs in a north-south direction, but a
similar association of higher cardiovascular mortality
with lower levels of trace elements in soils and water
is present in the United States in an east-west
direction (9, 14, 20). Latitude, therefore, does
not seem to play the same role in cardiovascular
mortality in western Europe and North America,
whereas water hardness always shows the same type
of relationship with cardiovascular mortality in both
continents.

Dietary factors
The positive correlation (+0.55) found between

national daily fat consumption per person and IHD
rates might suggest that higher attack rates in
northern areas are really due to higher fat consump-
tion rather than to water softness. Dietary differ-
ences must therefore be considered as a possible
alternative. There is a relatively clear biological
mechanism involved in the relationship between fat
consumption and IHD, whereas this is one of the
great weaknesses of the water hardness hypothesis.
However, diet cannot be the explanation within the
United Kingdom, where mortality rates across the
country may differ by as much as 2 to 1 and the
communities with high mortality rates have diets
with a lower percentage of calories obtained from
fats (15). Similarly, it is unlikely that marked dietary
differences exist within the United States or Canada
to explain the marked geographical differences in
cardiovascular mortality rates that occur across
those countries in association with water hardness.
In other words, while the dietary fat hypothesis may
hold true on an international basis to explain in part
national differences in cardiovascular mortality
rates, it does not seem to apply within countries,
whereas the water hardness hypothesis is valid both
internationally and intranationally in different
studies.

Genetic factors
Mitchell (16) found an association between higher

IHD mortality and the frequency of occurrence of
blood group 0 in the United Kingdom and also
internationally, which seems to be similar to the

association between IHD mortality and water hard-
ness. This is an avenue of research worthy of
consideration.
Clayton (15), considering various explanations for

the very considerable variation in mortality rates
from cardiovascular diseases in the United King-
dom, e.g., water hardness (7), climate (17), diet,
including dietary calcium (18) and hardened fats
(19), and socioeconomic (7) and genetic factors
(16), concluded that all these are basically alterna-
tive explanations of a smooth northwest-to-south-
east gradient of mortality rates in that country, and
that anything that varies along this axis will be
automatically related to mortality. The data do not
discriminate between rival hypotheses and inves-
tigators have retreated into multiple regression
analysis and vigorous argument as to the interpreta-
tion of the resultant coefficients. However, it is
unlikely that the same interrelationships that tend to
confound the link between water hardness and
cardiovascular disease in the United Kingdom exist
to a comparable degree in other countries where
soft-water areas have higher mortality than hard-
water areas.
The question is really a broader one-has the

disease the same pathology in areas where it is
common as in areas where it is rarer? In other
words, is it simply more of the same disease process
or a different process ? This is the traditional difficul-
ty for the water hardness hypothesis in the way it has
been investigated so far: water hardness is a geog-
raphical variable and varies according to broad
geographical patterns. Unfortunately, other factors
also vary in a similar manner.

Since it is practically impossible to investigate the
influence of water hardness by a controlled experi-
ment with sufficient replication of communities,
progress may only be achieved by "experiments of
nature ". Two types of such experiment are relevant:
(a) cross-sectional studies of area variation in water
hardness versus geographical pathology; and (b)
prospective studies of communities experiencing
changes in water hardness. It is highly unlikely that
prospective studies could be arranged on a suffi-
ciently large scale and in sufficient numbers to test
the causal hypothesis. Therefore, the former type of
study, which has been carried out by several inves-
tigators in the past and of which the present investi-
gation is an example, has considerable utility, al-
though it cannot provide any direct answer as to
whether the association is a causal one. Large
retrospective studies can, however, be of use if a
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large enough number of them consistently show an proof that it is not merely a casual statistical
inverse association between water hardness and association and may possibly contribute to the
cardiovascular mortality, as this could be indirect geographical variation in cardiovascular diseases.
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RJSSUMIt

INFARCTUS DU MYOCARDE ET DURETt DE L'EAU: ENQUtE DANS LE CADRE DU RtSEAU OMS DE REGISTRES
DE L'INFARCTUS DU MYOCARDE

Quinze centres etablis dans de grandes villes euro-
peennes ont collabore a une etude coordonnee par l'OMS
sur l'incidence et la distribution geographique de l'infarctus
du myocarde. II s'agit des villes suivantes: Berlin, Boden,
Bucarest, Budapest, Dublin, Goteborg, Heidelberg,
Helsinki, Innsbruck, Londres, Lublin, Nimegue, Prague,
Tampere et Varsovie. La distribution de l'infarctus du
myocarde n'est pas uniforme et on constate generalement
une incidence plus 6lev6e dans les villes dont la situation est
plus septentrionale. Les donne'es recueillies sur la durete de
l'eau de boisson consommee par les populations dtudiees
ont et ponderees en fonction de la taille de chaque
population. Une correlation negative significative (r =
- 0,5) a et trouvee entre la duret6 de l'eau et l'incidence
standardisee selon l'age et le sexe du premier accident
cardiaque ainsi que des accidents ulterieurs. Les constata-
tions faites corroborent les rapports de plusieurs autres
auteurs qui avaient d6ja signalI des associations negatives
du meme ordre dans divers pays. Dans la presente enquete,
l'interpretation des resultats est rendue delicate par le fait
que la plus forte incidence d'infarctus est constatee dans les
villes du nord oii coincident une latitude plus 6levee et une
plus faible durete de l'eau. La consommation de matieres
grasses est aussi plus elevee dans ces villes. Il faut cepen-
dant noter que l'analyse des donn6es recueillies, comme

celle d'autres rapports, ne permet pas de conclure que les
taux plus eleves d'infarctus dans les villes septentrionales
sont lies aux temperatures qui y regnent (la moyenne de
celles-ci etant d'ailleurs parfois plus basse dans certaines
villes au sud du reseau). On est inevitablement en presence,
dans les enquetes de cette nature, de tout un ensemble de
facteurs pouvant jouer un r6le contribuant - tels que la
latitude, la temperature, la pluviosit6, le regime alimentaire
et les conditions socio-6conomiques. On peut aussi consi-
derer que la composition geologique des sols puisse
influencer a son tour la durete de l'eau. L'un des types
d'etude possible porte sur la variation respective de la
durete de l'eau et de la pathologie cardio-vasculaire selon
la r6gion. C'est a ce type d'etude transversale que se
rattache la pr6sente enquete, les etudes longitudinales
(evolution dans le temps de la durete de l'eau) etant plus
difficiles a realiser a grande echelle. En depit du nombre
des facteurs contribuants qui sont presents et qui varient
dans les diverses enquetes transversales, on constate que la
durete de l'eau est celui qui joue le r6le le plus constant
dans toutes les etudes, et l'importance de ce facteur, c'est-
a-dire de la composition chimique de l'eau, ne saurait etre
sous-estimee dans l'etiologie des maladies cardio-vas-
culaires.
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