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The possible association between the risk of kidney cancer development and the levels of
calcium and magnesium in drinking water from municipal supplies was investigated in a
matched cancer case-control study in Taiwan. All eligible kidney cancer deaths (1778 cases)
of Taiwan residents from 1999 through 2008 were compared with deaths from other causes
(1778 controls), and the levels of calcium and magnesium in drinking water of these resi-
dents were determined. Data on calcium and magnesium levels in drinking water throughout
Taiwan were obtained from the Taiwan Water Supply Corporation (TWSC). The control group
consisted of individuals who died from other causes, and the controls were pair-matched
to the cancer cases by gender, year of birth, and year of death. The adjusted odd ratios for
death attributed to kidney cancer for individuals with higher calcium levels in their drink-
ing water, as compared to the lowest tertile, were 0.89 (95% CI = 0.72–1.11) and 0.78 (95%
CI = 0.62–0.98), respectively. The adjusted odd ratios were not statistically significant for the
relationship between magnesium levels in drinking water and kidney cancer development.
The results of the present study demonstrate that there may be a significant protective effect
of calcium intake from drinking water against the risk of death due to kidney cancer.

In Taiwan, kidney cancer is the 14th lead-
ing cause of cancer mortality for males and
the 13th for females (DOH, 2009). The age-
adjusted mortality rate for kidney cancer was
2.5 per 100,000 among males and 2 per
100,000 among females in 2008. There is
substantial geographic variation in incidence
of kidney cancer mortality within the coun-
try (NHRI, 2005). This geographic distribution
pattern is suggestive of the postulation that an
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environmental risk factor may play a role in the
observed disease development.

Renal-cell cancer (RCC) represents 80–85%
of all kidney cancers (Tavani & La Vecchia,
1997), and the incidence of this form of car-
cinoma has been increasing globally (Mathew
et al., 2002). However, little is known regarding
the etiology of kidney cancer. Smoking, obe-
sity, and hypertension are the most consistently
accepted causal risk factors for kidney cancer
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WATER HARDNESS AND KIDNEY CANCER 63

development (Mclaughlin & Lipworth, 2000;
Lipworth et al., 2006).

The hardness of drinking water is deter-
mined predominantly by calcium and mag-
nesium content. Drinking-water hardness is
expressed as the equivalent amounts of cal-
cium and magnesium present in water when
compared to the standard known quantity of
calcium carbonate. Hard water contains higher
levels of calcium and magnesium than soft
water.

Magnesium, which together with calcium is
the main determinant of water hardness, may
protect against deaths from cancer (Durlach
et al., 1986, 1990). Two biologically plausible
mechanisms are considered by which magne-
sium may prevent carcinogenesis. Intracellular
magnesium may enhance the fidelity of DNA
replication, or magnesium at the cell mem-
brane may prevent changes that trigger the car-
cinogenic process (Blondell, 1980). It should be
noted that support for these hypotheses is not
yet conclusive. Wolk et al. (1996) reported that
low intake of magnesium was associated with
increased risk of renal-cell carcinoma develop-
ment. However, this finding was not supported
by other studies (Chow et al., 1994; Prineas
et al., 1997). The association between calcium
intake and risk of kidney cancer development
was also inconclusive in previous epidemio-
logic studies. Two studies reported a significant
protective effect of calcium intake on renal-
cell carcinoma development (Prineas et al.,
1997; Hu et al., 2003); one study noted a
significant positive association between cal-
cium intake and renal-cell carcinoma formation
(Chou et al., 1994); and one study reported
no marked relationship (Mellemgaard et al.,
1996). In our previous studies, a significant
protective association between drinking-water
calcium levels and colorectal (Yang et al.,
1997; Yang & Chiu, 1998), gastric (Yang et al.,
1998), and breast cancer (Yang et al., 2000b)
was noted. In contrast, a correlation between
prostate (Yang et al., 2000a), ovary (Chiu et al.,
2004), and esophageal cancer (Yang et al.,
2002) and drinking-water calcium intake was
not significant. It is of interest that water levels
of magnesium are associated with a protective

effect against gastric (Yang et al., 1998), breast
(Yang et al., 2000b), ovary (Chiu et al., 2004),
esophageal (Yang et al., 2002), and prostate
cancer (Yang et al., 2000a) but not colorectal
cancer (Yang et al., 1997; Yang & Chiu, 1998).
The objective of this study was to examine the
relationship between the levels of calcium and
magnesium in drinking water and risk of death
from kidney cancer.

MATERIALS AND METHODS

Study Area and Subject Selection
Taiwan is divided into 361 administrative

districts, which are referred to herein as munici-
palities. Municipalities are the units that will be
subjected to statistical analysis. Excluded from
the analysis were 30 aboriginal townships and
9 islets that had different lifestyles and living
environments. This elimination of unsuitable
municipalities left 322 municipalities for the
analysis.

Data on all deaths of Taiwan residents
from 1999 through 2008 were obtained from
the Bureau of Vital Statistics of the Taiwan
Provincial Department of Health, which is
in charge of the death registration system in
Taiwan. For each death, detailed demographic
information, including gender, year of birth,
year of death, cause of death, place of death
(municipality), and residential district (munici-
pality), was recorded on computer tapes. The
cancer case group consisted of all eligible
kidney cancer deaths occurring in individuals
between 50 and 69 yr of age (International
Classification of Disease, ninth revision [ICD-9],
code 189).

A control group was formed using all other
deaths excluding those deaths that were asso-
ciated with malignant neoplasm of genitouri-
nary organs (codes 179–189) and diseases
of the genitourinary system (codes 580–629).
Subjects who died from malignant neoplasm
of esophagus (code 150) (Yang et al., 2002),
stomach (code 151) (Yang et al., 1998), colon
(code 153) (Yang et al., 1997), rectum (code
154) (Yang & Chiu, 1998), pancreas (code
157) (Yang et al., 1999b), breast (code 174)
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64 H.-F. CHIU ET AL.

(Yang et al., 2000b), ovary (code 183) (Chiu
et al., 2004), and prostate (code 185) (Yang
et al., 2000a) and from those who died from
cardiovascular disease (codes 410–414) (Yang
et al., 1996), cerebrovascular diseases (codes
430–438) (Yang, 1998), diabetes mellitus (code
250) (Yang et al., 1999a), and hypertension
(codes 401–405) (Yang & Chiu, 1999) were
also excluded from the control group because
of previously reported negative correlations
with hardness (calcium or magnesium) levels
in drinking water. Control subjects were pair-
matched to the cancer cases by gender, year of
birth, and year of death. Each matched con-
trol was selected randomly from the set of
possible controls for each case. For controls,
the most frequent causes of death were liver
cancer (15.4%), lung cancer (12.4%), chronic
liver disease and cirrhosis (9.0%), motor vehicle
traffic accident of unspecified nature (4.7%),
and other ill-defined and unknown causes of
morbidity and mortality (2.9%).

Calcium and Magnesium Levels
Information on the levels of calcium and

magnesium in each municipality’s treated drink-
ing water supply was obtained from the Taiwan
Water Supply Corporation (TWSC, 1991), to
which each waterworks is required to submit
drinking-water quality data, including the lev-
els of calcium and magnesium. Four finished
water samples, one for each season, were col-
lected from each waterworks. The samples were
analyzed by the waterworks laboratory office
using standard methods. Since the laboratory
office examines calcium and magnesium lev-
els on a routine basis using spectrophotometric
methods, it was postulated that the problem of
analytical variability was minimal. Among the
322 municipalities, 70 were excluded as they
were supplied by more than one waterworks
and the exact population served by each water-
works could not be determined. Details have
already been described in earlier publications
(Yang et al., 1997, 1998, 2002). The final com-
plete dataset consisted of drinking water quality
information from 252 municipalities. Hardness
(calcium and magnesium) remains reasonably

constant for long periods of time and is a stable
characteristic of a municipality’s water supply
(Bell, 1984). Data collected included the annual
mean levels of calcium and magnesium for the
year 1990. The municipality of residence for all
cancer cases and controls was identified from
the death certificate and assumed to be the
source of the subject’s calcium and magne-
sium exposure via drinking water. The levels
of calcium and magnesium of that municipal-
ity were used as an indicator of exposure to
those substances for an individual residing in
that municipality.

Statistics
In the analysis, the subjects were divided

into tertiles according to the levels of cal-
cium and magnesium in their drinking water.
Conditional logistic regression was used to esti-
mate the relative risk (RR) in relation to the cal-
cium and magnesium levels in drinking water.
Odds ratios (OR) and their 95% confidence
intervals (95% CI) were calculated using the
group with the lowest exposure as the refer-
ence group (Breslow & Day, 1980). Coefficients
whose p values were <.05 were considered
statistically significant.

RESULTS

In total, 1778 kidney cancer cases with
complete records were collected for the period
1999–2008. Of the 1778 cases, 1034 were
males and 744 females. The mean calcium
concentration in the drinking water of the can-
cer cases was 34.3 mg/L (SD = 19.7). Controls
had a mean calcium exposure of 35.5 mg/L
(SD = 19.7). The mean magnesium concen-
tration in the drinking water was 11.2 mg/L
(SD = 7) for cancer cases, and 11.6 mg/L
(SD = 7.5) for controls. Both cancer cases
and controls had a mean age of 61.7. Cancer
cases lived in municipalities in which 92.7%
of the population was served by a water-
works. For controls this number was 91.5%.
Cancer cases had a higher rate (43.6%) of liv-
ing in metropolitan municipalities than controls
(38.1%) (Table 1).
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WATER HARDNESS AND KIDNEY CANCER 65

TABLE 1. Characteristics of the Study Population

Characteristics Cancer cases Controls

Total subjects 1778 1778
Enrollment municipality 252 252
Gender (%)

Male 1034 (58.2) 1034 (58.2)
Female 744 (41.8) 744 (41.8)

Mean age in years (SD) 61.7 ± 5.7 61.7 ± 5.7
Mean calcium concentration (mg/L) (SD) 34.3 ± 19.7 35.5 ± 19.7
Mean magnesium concentration (mg/L) (SD) 11.2 ± 7.0 11.6 ± 7.5
Drinking water served by waterworks (%) 92.7 ± 15.7 91.5 ± 16.5
Marital status (%)

Single 84 (4.6) 112 (6.1)
Married 1463 (79.6) 1368 (74.4)
Ever married 291 (15.8) 358 (19.5)

Urbanization level of residence (%)a

Metropolitan 776 (43.6) 678 (38.1)
City 382 (21.5) 346 (19.5)
Town 376 (21.2) 489 (27.5)
Rural 244 (13.7) 265 (14.9)

Note. SD, standard deviation.
aThe urbanization level of each municipality was based on the urban-rural classification

scheme of Tzeng and Wu (1986).

TABLE 2. Odds Ratios (OR) and 95% Confidence Intervals (CI) for Kidney Cancer Death by Calcium Levels in Drinking
Water, 1999–2008

Calcium, mg/L (median)

Parameter ≤24.0 (7.5) 24.4–42.6 (34.6) 43.0–81.0 (57.0)

Number of cancer cases 575 652 551
Number of controls 517 662 599
Crude ORa 1.0 0.89 (0.76–1.05) 0.83 (0.71–0.98)
Adjusted ORb 1.0 0.89 (0.72–1.11) 0.78 (0.62–0.98)

aOdds ratio adjusted for age and gender.
bAdjusted for age, gender, marital status, urbanization level of residence, and magnesium levels in drinking water.

Table 2 shows the numbers of cancer cases
and controls and OR in relation to calcium
levels in their drinking water. The crude OR
for death from kidney cancer was significantly
lower for the group with the highest lev-
els of calcium (0.83, 95% CI = 0.71–0.98).
Adjustments for possible confounders only
slightly altered the OR. The adjusted OR
(95% CI) was 0.78 (0.62–0.98) for the group
with water calcium levels of 43 mg/L or greater.

The OR in relation to magnesium levels
in drinking water are shown in Table 3. The
crude OR were lower than 1 for the two
groups with high levels of magnesium in drink-
ing water, but this inverse association was not
statistically significant. However, when adjust-
ments were made for potential confounders,

magnesium intake from drinking water was
positively, although not significantly, associ-
ated with increased risk for kidney cancer
development.

DISCUSSION

This investigation used a death-certificate-
based cancer case-control study and a
drinking-water quality ecology study to
examine the relationship between mortality
attributed to kidney cancer and exposure to
calcium and magnesium in drinking water
in Taiwan. The results of the present study
showed that elevated calcium intake from
drinking water may exert a protective effect on
the risk of death due to kidney cancer.
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66 H.-F. CHIU ET AL.

TABLE 3. Odds Ratios (OR) and 95% Confidence Intervals (CI) for Kidney Cancer Death by Magnesium Levels in Drinking
Water, 1999–2008

Magnesium, mg/L (median)

Parameter ≤7.8 (3.8) 8.1–13.3 (9.3) 13.4–41.3 (17.3)

Number of cancer cases 595 596 587
Number of controls 587 594 597
Crude ORa 1.0 0.99 (0.84–1.16) 0.97 (0.83–1.14)
Adjusted ORb 1.0 1.08 (0.87–1.33) 1.21 (0.96–1.52)

aOdds ratio adjusted for age and gender.
bAdjusted for age, gender, marital status, urbanization level of residence, and calcium levels in drinking water.

Before any firm conclusion based on such
a mortality analysis is made, the completeness
and accuracy of the death registration system
need to be evaluated. Since it is mandatory
to register death certificates at local house-
hold registration offices, the death registration
in Taiwan is complete. Although causes of
death may be misdiagnosed and/or misclassi-
fied, the problem has been minimized through
the improvement in the verification and classifi-
cation of causes of death in Taiwan since 1972.
Furthermore, malignant neoplasms, including
kidney cancer, were found to be one of the
most unequivocally classified causes of death
in Taiwan (Chen & Wang, 1990). Because
of the fatal outcome, it is believed that
all kidney cancer cases exposed to either
high or low levels of calcium and magne-
sium in drinking water currently have access
to medical care regardless of geographical
location.

Data on water hardness were supplied
by the Water Quality Research Center of the
Taiwan Water Supply Corporation, which con-
ducts routine water analyses to assess the suit-
ability of water for drinking from several water
sources and at various points in the distribu-
tion system. No municipalities were excluded
because of changes in treatment practice (e.g.,
the use of water softeners) during the past
decade. It was felt that the hardness (cal-
cium and magnesium) levels in drinking water
remained reasonably stable. It was therefore
assumed that calcium and magnesium levels in
1990 were a reasonable indicator of historical
calcium and magnesium exposure concentra-
tions in drinking water.

Migration from a municipality of high cal-
cium and magnesium exposure to one of low
calcium and magnesium exposure or vice versa
might have introduced misclassification bias
and bias in the OR estimates (Gladen & Rogan,
1979; Polissar, 1980). Mobility is age depen-
dent, and diseases usually occur with a higher
incidence among older groups and closer to the
location of the environmental “cause” (Polissar,
1980). However, neighboring water sources
tend to possess similar chemical composition,
and hence even if an individual moved, the
change in exposure to calcium and magnesium
in drinking water would probably not be signif-
icant provided that the old and new residences
were relatively close to one another, which also
reduces the uncertainty created by the fact that
some residents consume water at their work-
places or elsewhere. Further, all subjects used
in the present study were at least 50 yr of
age. It is generally presumed that the elderly
are more likely to remain in the same resi-
dence for a significant portion of their life span.
Furthermore, urbanization levels were included
as a control variable in the analysis. Since it
is conceivable that municipalities with similar
urbanization levels may have similar migration
rates, this probably minimized the migration
issue in our study.

Since the measure of effect in this inves-
tigation was mortality rather than incidence,
migration during the interval between cancer
diagnosis and death also needs to be con-
sidered. During this period, cancer diagnosis
may influence a decision to migrate and pos-
sibly introduce bias. Data are not available
for the differences in survival rates of kidney
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WATER HARDNESS AND KIDNEY CANCER 67

cancer patients between high and low calcium
and magnesium exposure areas. If there was a
trend toward migration to more urban areas
or lower calcium and magnesium exposure
areas because of proximity to medical care,
for example, a spurious association between
calcium and magnesium exposure and death
due to kidney cancer would have been noted.
Three aspects of this study presumably min-
imized this possibility. First, migration due to
kidney cancer diagnosis would be unlikely,
since for this cohort of decedents the sub-
ject’s occupational status would weigh against
a move requiring a job change late in life.
Second, urbanization level was included as a
control variable in the analysis. Finally, the sub-
jects in the present study were between the
ages of 50 and 69 yr, and it was postulated
that individuals in this age group are more likely
to remain in the same residence and therefore
that most of their life span was spent at the
address as listed on the death certificate.

A significant protective effect against kid-
ney cancer development was correlated with
calcium intake from drinking water in the group
with the highest levels of elemental intake, sug-
gesting that only subjects with calcium intake
via drinking water above a certain thresh-
old received a beneficial effect with respect
to risk of kidney cancer development. This
finding is in agreement with previous stud-
ies in which calcium from food and dietary
supplements was measured and shown to pro-
tect against renal carcinogenesis (Prineas et al.,
1997; Hu et al., 2003). Epidemiologic studies
reported that dietary calcium is inversely asso-
ciated with blood pressure (McCarron et al.,
1982, 1984; Ackley et al., 1983). In a meta-
analysis, Cappuccio et al. (1995) showed that
high dietary calcium intake lowered blood
pressure. Dietary calcium is the main source
of calcium intake; thus, it would seem reason-
able to expect that intake of dietary calcium
could reduce the risk of kidney cancer devel-
opment, which is commonly associated with
hypertension. In Taiwan, the mean daily intake
of dietary calcium is 507 mg. This value is
only 81.9% of the recommended daily intake
(Lee et al., 1991). One may postulate that

waterborne calcium may provide an important
contribution to the total daily intake for subjects
with insufficient calcium intake. The mean cal-
cium concentration in Taiwan’s drinking water
is 33.3 mg/L. This value would contribute, on
average, 13.1% to an individual’s total dietary
calcium intake, given a daily consumption of 2
L water. Another reason why calcium in water
might play a critical role is its higher bioavail-
ability. Calcium may be similar to magnesium,
which in water appears as hydrated ions and
therefore is more easily absorbed from water
than from food (Durlach, 1989; Theophanides
et al., 1990). Our study appears to be the
first investigation to report a possible protec-
tive effect of calcium intake via drinking water
against kidney cancer development.

In the general population, the major por-
tion of magnesium intake is via food, and
to a lesser extent drinking water (Rubenowitz
et al., 1996). There are no available data in
the present study for assessing the percent-
age that drinking water contributes to the
total magnesium intake. Nonetheless, in the
modern-day world, intake of dietary magne-
sium is often lower than the recommended
dietary amounts of 6 mg/kg/d (Durlach, 1989).
For individuals at the borderline of magne-
sium deficiency, waterborne magnesium is an
important contribution to their total intake. In
addition, the loss of magnesium from food is
lower when food is cooked in magnesium-rich
water (Haring & Delft, 1981). Another reason
why magnesium in water may play a criti-
cal role is its higher bioavailability. Magnesium
in water appears as hydrated ions, which are
more easily absorbed than magnesium in food
(Durlach, 1989; Theophanides et al., 1990).
The contribution of water magnesium among
individuals who drink water with high magne-
sium levels could thus be crucial in the pre-
vention of magnesium deficiency. Our results
do not support the notion that magnesium
exerts a protective effect against cancer devel-
opment (Blondell, 1980). In fact in this study,
magnesium intake from drinking water was
positively, although not significantly, associated
with higher risk of kidney cancer development,
with an OR of 1.08 (0.87–1.33) and 1.21
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68 H.-F. CHIU ET AL.

(0.96–1.52), respectively, for the two higher
magnesium levels. The reason for not finding a
protective effect of magnesium on risk of kid-
ney cancer development may be due to the
fact that calcium and magnesium in drinking
water are highly correlated (correlation coeffi-
cient is .68). This may create collinearity in the
regression model, making it difficult to detect
an independent effect of magnesium.

Smoking, obesity, and hypertension rep-
resent possibly important confounders in the
present study. There is unfortunately no infor-
mation available on these variables for indi-
vidual study subjects and they could not be
adjusted for directly in the analysis. However,
there is no reason to believe that there would
be any correlation between these confounders
and the levels of calcium and magnesium of the
water (Rylander et al., 1991).

In conclusion, the results of the present
study demonstrate that drinking calcium-rich
water regularly may exert a protective effect
against development of kidney cancer. Future
studies should increase the precision of the
estimation of the individual’s intake of cal-
cium, via both food and water, and control
for confounding factors, especially personal risk
factors such as smoking, obesity, and hyperten-
sion, in attempting to correlate renal cancer risk
development with drinking-water calcium and
magnesium.
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