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ABSTRACT

Background and aim: This systematic review aimed to summarise findings from studies investigating the as-

sociation between calcium, magnesium, and drinking water hardness and colorectal cancer mortality.

Methods: A systematic literature search was conducted on PubMed, Scopus, and Web of Science databases. 

The work was carried out according to the Cochrane Handbook and the Preferred Reporting Items for System-

atic Reviews and Meta-Analyses (PRISMA) statement. The protocol was registered in Open Science Frame-

work (OSF) Registries (https://doi.org/10.17605/OSF.IO/5HEVS).

Results: One hundred thirty-three records were identified, and at the end of the selection process, nine studies 

met the inclusion criteria. All the studies were conducted before 2011 in the same geographical area (Taiwan, 

China). All the studies suggested a protective effect of higher calcium concentration in drinking water towards 

colon cancer mortality, whereas the effects on rectal cancer mortality were mixed. High water hardness seems 

to be protective towards mortality from both cancer types.

Conclusions: This systematic review found interesting results on the potential role of calcium-rich water in the 

management of colon cancer. These results, however, should be confirmed in novel, large and preferably longitudi-

nal studies conducted in other parts of the world before drawing definitive conclusions. (www.actabiomedica.it)
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Introduction

Colorectal cancer (CRC) is a malignant disease 
that causes premature death and represents a burden to 
the world population (1). In 2019, CRC was the third 
leading cause of cancer deaths (1.09 million), with 2.17 
million incident cases, and an age-standardised mortal-
ity rate of 13.7 per 100 000 (1). Taken separately, colon 
cancer accounted for over 1.1 million new cases and 
over 0.5 million deaths in 2022 worldwide, whereas 
rectal cancer new cases and deaths were over 0.7 million  
and over 0.3 million, respectively (2,3). Moreover, 
CRC is the second leading cause of disability-adjusted 
life years (DALYs) for cancer worldwide (4). It also 
represents a disease associated with a high rate of 
morbidity and loss of healthy life years (5). Even 
though CRC is a leading cause of cancer mortality, 
it is a curable disease if diagnosed early (6). An in-
dividual’s risk of developing CRC depends on many 
factors, including non-modifiable (e.g., increasing age, 
family history of CRC or colorectal polyps, familial  
adenomatous polyposis, Lynch syndrome, and in-
flammatory bowel diseases, such as Crohn’s disease or 
ulcerative colitis) (7) and lifestyle-related modifiable 
risk factors. According to the World Cancer Research 
Fund (WCRF) International, there is strong evidence 
that consuming red and/or processed meat, alcoholic 
drinks, being overweight or obese, and smoking in-
crease the risk of CRC (8). Moreover, WCRF stated 
that being physically active decreases the risk of co-
lon cancer, and consuming whole grains, other foods 
containing dietary fibre, dairy products and taking cal-
cium supplements decrease CRC risk (8). Calcium is 
the most abundant mineral in the body, with almost 
all of it stored in bones and teeth, giving them struc-
ture and hardness. Its concentration is crucial for the 
subsistence of many physiological processes, such as 
hormone release (calcitonin and parathyroid), vascu-
lar function, muscular contractions and nerve message 
transmission. The D vitamin group of fat-soluble hor-
mones is involved in the body’s calcium absorption (9). 
The daily recommended intake of calcium is approxi-
mately 200 mg for infants (from birth to six months), 
1300 mg for teenagers (from nine to 18 years) and 
1000 mg for adults (from 19 to 70 years) (9). A rel-
evant pair of evidence suggests that consumption of 

milk-based (dairy) products was associated with lower 
CRC incidence and mortality (10). Due to the high 
calcium content in milk, this could represent one of 
the major nutrients mediating the beneficial effect on 
CRC. However, dairy intake was also associated with 
increased prostate cancer risk (11), raising doubts 
about the massive intake of dairy products as ‘healthy’ 
sources of calcium. Calcium is also present in drinking 
water. Indeed, despite hydration as its main function, 
water constitutes a relevant source of minerals, detect-
able as macro-elements, required in daily ‘mg’ amounts 
(e.g., Ca, P, Na, K, Mg, Cl, S), and micro-elements, 
needed in daily ‘μg’ amounts (e.g., Fe, Cu, Zn, Mn, Se, 
I, Mo, Co). The contribution of drinking water miner-
als to total daily intake is often around 10%, although 
it may vary with water intake and water’s chemical 
composition (12). Nevertheless, even contributions 
lower than 10% may benefit health status, especially if 
mineral intake from food is insufficient or the organ-
ism manifests some deficiency. A protective effect of 
calcium intake on colon cancer development has been 
proposed based on some evidence (13,14); the mecha-
nism underlying this effect has been further elucidated, 
highlighting calcium’s ability to bind free fatty acids 
and unconjugated bile acids, thereby lowering their 
toxic effects on the colorectum. In addition, in vitro 
studies suggested that it might also reduce cancer cell 
proliferation and promote cell differentiation, prob-
ably by influencing different cell-signalling pathways 
(15). However, detailed mechanisms remain unclear. 
Along with calcium, magnesium also represents a key 
element for human health. Almost all total body mag-
nesium (≈ 99%) is in bone, muscles and non-muscular 
soft tissue and acts as a cofactor in more than 300 en-
zymatic reactions. Many pivotal physiologic reactions, 
such as metabolism, muscle contraction-relaxation, 
normal neurological function, and neurotransmitter 
release, are magnesium-dependent (16). Moreover, 
magnesium modulates cell proliferation and insulin 
signal transduction, is crucial for cell adhesion and the 
transmembrane transport of potassium and calcium 
ions, and is essential for maintaining the conforma-
tion of nucleic acids and for the structural function of 
proteins and mitochondria. There is also evidence of 
competition between magnesium and calcium for the 
same binding sites on plasma protein molecules (16).  
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A meta-analysis of cohort studies (17) indicated that 
high intakes of dietary calcium and magnesium were 
negatively associated with CRC risk, and a meta-analysis  
of case-control studies (17) indicated that high in-
takes of dietary calcium, magnesium, and potassium  
were negatively related to CRC occurrence. In addi-
tion, a meta-analysis of prospective cohort studies (18) 
found a statistically significant, nonlinear inverse as-
sociation between dietary magnesium intake and CRC 
risk, with the most significant reduction observed at 
200–270 mg/day. However, whether the association 
is causal or due to confounding factors needs fur-
ther investigation (18). Another study detected that a 
higher dietary magnesium intake was associated with 
a reduced risk of cancer mortality (19). These results 
collectively suggest that consuming magnesium from 
dietary sources may be beneficial for reducing CRC 
mortality, with practical implications for public health. 
Calcium and magnesium contribute to water hard-
ness. Although cations determine hardness, it may be 
discussed in terms of permanent (non-carbonate) and 
temporary (carbonate) hardness. The latter is caused by 
the presence of dissolved bicarbonate minerals, mainly 
calcium and magnesium bicarbonate. When dissolved, 
these minerals yield calcium and magnesium cations 
(Ca2+, Mg2+) and carbonate-bicarbonate anions (CO3

2− 
and HCO3

−). Ca2+ and Mg2+ cations make the water 
hard, with hardness measured by CO3

2− and HCO3
− 

anions. By approximation, hardness is expressed 
as equivalents of calcium carbonate per litre (mg 
CaCO3/L) (20). The World Health Organization (21) 
defined the following hardness grade (mg CaCO3/L) 
for hard and soft water: soft (< 60 mg/L), moderately 
hard (60–120 mg/L), hard (120–180 mg/L), and very 
hard (≥ 180 mg/L). A few studies hypothesised how 
drinking hard water could benefit human health (22). 
Also, the association between hardness levels in drink-
ing water and CRC mortality was investigated, even 
if the evidence is still scarce (23,24), and more stud-
ies need to evaluate the topic further. Considering the 
above, drinking water rich in calcium, magnesium, and 
hardness might benefit CRC. However, some studies 
also reported little benefits, null or non-beneficial ef-
fects (25,26), and there is still limited evidence from 
reviews conducted on their impact on this specific can-
cer type when their intake comes from drinking water. 

Therefore, we conducted a systematic review to explore 
and summarise the impact of calcium, magnesium, and 
water hardness on CRC mortality.

Methods

This work followed the Cochrane Collaboration 
(27) and Handbook (28), and the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
(PRISMA) statement (29–31) (Table S1). The protocol 
was registered in Open Science Framework (OSF) Reg-
istries (https://doi.org/10.17605/OSF.IO/5HEVS).

Search strategy and data sources

A thorough literature search was run in January 
2025 using the PubMed®, Scopus®, and the Web of 
Science databases. The literature search was conducted 
using a predetermined combination of keywords, in-
cluding drinking water, calcium, magnesium, hard-
ness, and colon/rectal/colorectal cancer. ‘Text Word’, 
‘Title/Abstract’ and ‘MeSH Terms’ were the options 
used in this step. Keywords were then combined us-
ing Boolean operators AND/OR. The search strategy 
was first developed in PubMed (Table S2) and then 
adjusted for the other databases using SR-Accelerator  
Polyglot Search Translator (https://sr-accelerator.
com/#/polyglot). The reference lists of the retrieved 
articles were also scrutinised to collect further perti-
nent studies.

Inclusion and exclusion criteria

Table S3 reports the inclusion and exclusion cri-
teria in line with the Population, Exposure, Outcomes 
and Study design (PEOS) (32), completed, accord-
ing to the Cochrane Handbook (28), with time and 
language filters. Papers were considered eligible if the 
studies met the following inclusion criteria: (P) adult 
population (≥ 18 years old); (E) higher calcium, mag-
nesium, and hardness in drinking water; (O) colon, 
rectal, or colorectal cancer mortality; (S) observational 
studies. Finally, populations with lower hardness, cal-
cium, or magnesium in drinking water were chosen as 
comparators/controls. Only papers written in English 
were considered eligible.
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records. After excluding articles in languages other 
than English (n = 4), we identified 77 as potentially el-
igible and obtained the full text for 75 reports (reports 
not retrieved, n = 2). After that, 66 reports were ex-
cluded for the following reasons: in vitro/plant/animal 
models (n = 24), reviews and meta-analyses (various 
topics) (n = 13), non-primary data, protocols, let-
ters, position papers, conference proceedings, book 
chapters (n = 6), different cancer type (n = 4) unre-
lated topic, different outcome, or lack of a control group  
(n = 19). At the end of the selection procedure, nine stud-
ies were included in the systematic review (Figure 1).

Characteristics of the included studies

Qualitative and quantitative features of the in-
cluded studies are reported in Tables 1 and 2, respec-
tively. When two studies had the same first author and 
were published in the same year, we marked one study 
with the (a) letter, and the other with the (b) letter. All 
the studies were conducted in Taiwan, China (Asia) 
and were supported by the National Science Council, 
Executive Yuan, Taiwan, China. Data were retrieved 
from the Bureau of Vital Statistics of the Taiwan Pro-
vincial Department of Health in all the studies. The 
case group always consisted of all colon or rectal cancer 
deaths occurring in subjects aged 50–69 years. In con-
trast, the control group consisted of all other deaths, 
excluding those deaths which were associated with co-
lon or rectal cancer.

The first paper was released in 1997 (33), whereas 
the most recent one was published online in 2011 
(34). All the studies were published within two dis-
tinct periods: from 1997 to 1999 and from 2010 to 
2011. In six studies (23–25,33–35), data were obtained 
over four years, whereas in three studies (26,36,37) 
mortality data were retrieved over nine years. In five 
reports (24,26,33,34,37), the study outcome con-
cerned colon cancer mortality, whereas in four reports 
(23,25,35,36), the study outcome concerned rectal 
cancer mortality. The exposure data (calcium and/or 
magnesium levels or total hardness) were always re-
trieved from the Taiwan Water Supply Corporation 
(TWSC) database. Calcium levels were considered 
in two studies (34,37), magnesium levels in one (26), 
whereas four studies retrieved data on both minerals 

Study selection and data extraction

The title and abstract of the retrieved records were 
independently screened by two researchers (M.A. and 
E.F.) to collect potentially pertinent articles. Full text 
was obtained only for selected reports which met the 
inclusion criteria. Data were independently extracted 
from included studies by two authors (M.A. and E.F.) 
and transferred onto a Microsoft Word® (Redmond, 
WA, USA) document. When present, the adjusted 
odds ratio (OR) was preferred over the crude OR. 
When the OR was not reported in the full text, we ob-
tained it (crude OR) by dividing the odds of the event 
(colon, rectal, or colorectal cancer deaths) in the expo-
sure group (higher calcium, magnesium, or hardness in 
drinking water) by the odds of the event in the control 
or non-exposure group (lower calcium, magnesium, 
or hardness in drinking water). When more than two 
thresholds were present, we considered the highest vs. 
the lowest exposure levels. Also, the 95% confidence 
interval (CI) was calculated. Pre-configured tables 
were used to systematically record qualitative and 
quantitative features extracted from the selected re-
ports. If needed, corresponding authors were contacted 
by e-mail. Any disagreement was solved through the 
consultation of a third author (M.M.).

Critical appraisal

The quality evaluation of the selected articles was 
assessed by two independent researchers (M.A. and 
E.F.) using the Newcastle-Ottawa Scale (www.ohri.ca 
/programs/clinical_epidemiology/oxford.asp). The au-
thor’s disagreement was solved through consultation with 
a third researcher (M.M.). The total score can range from 
0 (the poorest quality) to 9 (the highest quality). Each 
study’s quality score was calculated and reported with the 
other features extracted from the selected papers.

Results

Literature search

Our electronic searches yielded 133 references, of 
which 81 remained after duplicate removal (n = 52).  
First, we screened the titles and abstracts of these 
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Figure 1. Flow diagram of the selection process according to the PRISMA 2020 statement (31).

(25,33,35,36). No study has considered calcium and 
magnesium as co-exposures. Hardness (CaCO3) was 
highlighted in two studies (23,24). When considering 
calcium in drinking water, selected studies considered 
different exposure cut-offs. In one study (35), the cut-
off was set to 20.2 mg/L; in two studies (36,37), the 
cut-off was set to 22 mg/L; in one study (33), the cut-
off was set to 24.0 mg/L; in two studies (25,34), the 
cut-offs were set to higher levels (34.6−34.7 mg/L). 

Also, when considering magnesium in drinking wa-
ter, selected studies considered different exposure cut-
offs. Two studies (26,36) set the cut-off to 5.9 mg/L; 
in one study (35), the cut-off was set to 7.0 mg/mL;  
in one study (33) the cut-off was set to 7.3 mg/mL; in  
one study (25), the cut-off was set to 9.3 mg/mL. 
When considering drinking water hardness (23,24), 
the cut-off between exposed and non-exposed subjects 
was always set to 0–75 mg/mL. The total number of 
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effect was statistically significant, with an OR of 1.23 
[95% CI 1.04–1.45], in the other study (25), it was not 
(OR = 1.11 [95% CI 0.98–1.27]).

Magnesium in drinking water

Five studies evaluated the effect of drinking water 
magnesium on CRC mortality risk. Among them, two 
studies specifically investigated the impact on colon 
cancer: Kuo et al. (26) detected a statistically significant 
protective effect, with an OR of 0.87 [95% CI 0.77–
0.98], whereas Yang et al. (33) showed no effect, with 
an OR of 1.06 [0.85–1.32]. Three studies assessed the 
effect of magnesium in drinking water on rectal can-
cer mortality. One study (36) showed a rise in death 
risk associated with higher magnesium concentrations, 
leading to a statistically significant effect, with an OR 
of 1.20 [95% CI 1.01–1.42], while the other studies 
(25,35) did not present statistical significance (OR = 
0.99 [95% CI 0.87–1.13]; OR = 1.11 [0.80–1.54]).

Drinking water hardness

Only two studies checked drinking water hardness 
on CRC mortality risk. Both detected a statistically 

subjects ranged from 1972 (23,35) to 7414 (34). Ac-
cording to the Newcastle-Ottawa Scale, five studies 
received a quality score of 7 (25,26,34,36,37), whereas 
four of the selected studies received a quality score of 
8 (23,24,33,35).

Findings from the selected studies

Calcium in drinking water

Six studies evaluated the effect of calcium in 
drinking water on CRC mortality risk. Among them, 
three studies (33,34,37) highlighted a statistically sig-
nificant protective effect against colon cancer. In par-
ticular, Yang et al. (33) calculated an OR of 0.58 with 
a 95% CI of [0.47–0.73], whereas results yielded by 
Kuo et al. (b) (37) and Chiu et al. (34) led to an OR 
of 0.81 [95% CI 0.72–0.91] and 0.86 [95% CI 0.79–
0.94], respectively. Three studies (25,35,36) specifi-
cally assessed the effect of calcium in drinking water 
on rectal cancer mortality. One study (35) highlighted 
a statistically significant protective effect, with an OR 
of 0.63 [95% CI 0.45–0.87]. The remaining two stud-
ies showed an increased risk of death associated with 
higher calcium concentrations. In one case (36), the 

Table 1. Main qualitative characteristics of the included studies reported chronologically.

Author (year) Study period Study design Disease Exposure

Chiu et al. (2011) (34) 2003-2007 Case-control
(mortality)

Colon cancer Calcium

Kuo et al. (2011) (26) 1998-2007 Case-control
(mortality)

Colon cancer Magnesium

Chang et al. (2010) (25) 2003-2007 Case-control
(mortality)

Rectal cancer Calcium
Magnesium

Kuo et al. (2010a) (36) 1998-2007 Case-control
(mortality)

Rectal cancer Calcium
Magnesium

Kuo et al. (2010b) (37) 1998-2007 Case-control
(mortality)

Colon cancer Calcium

Yang et al. (1999) (23) 1990-1994 Case-control
(mortality)

Rectal cancer Hardness

Yang and Chiu (1998) (35) 1990-1994 Case-control
(mortality)

Rectal cancer Calcium
Magnesium

Yang and Hung (1998) (24) 1989-1993 Case-control
(mortality)

Colon cancer Hardness

Yang et al. (1997) (33) 1989-1993 Case-control
(mortality)

Colon cancer Calcium
Magnesium
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also drawn for diets high in calcium. Still, the relation-
ship was only significant for dairy calcium (43), raising 
doubts about the large intake of dairy products as 
‘healthy’ sources of calcium. Considering magnesium 
exposure on colon and rectal cancer outcomes, the re-
sults of the studies were mixed and non-concordant, 
with only one study showing a protective effect in co-
lon cancer. Intestinal magnesium absorption occurs 
predominantly in the small intestine via a paracellular 
pathway. Smaller amounts of magnesium are absorbed 
in the colon, mainly via a transcellular pathway (44), 
whereas it is not substantially absorbed from the distal 
colon and rectum (in rats) (41). Analogously to what 
we observed for calcium, such mechanisms might un-
derlie the results obtained in the selected studies. Con-
sidering the above and daily water intake 
recommendations (45–47), an intake of water rich in 
calcium strongly contributes to a remarkable percent-
age of one’s physiological daily needs. In addition, it 
provides a readily available, healthy, and low-cost cal-
cium source, preventing consumers from relying on 
other, less healthy, more expensive, and fat-rich food 
sources. Finally, we also investigated the effect of water 
hardness on CRC mortality risk. According to the se-
lected studies, the positive effect of hardness exposure 
on colon (n = 1) and rectum (n = 1) cancer outcomes is 
statistically significant. Overall, water calcium expo-
sure showed a protective effect on colon cancer mor-
tality, suggesting that these water intake features 
benefit colon cancer outcomes. Conversely, rectal can-
cer did not appear to benefit from high calcium and 
magnesium water intake. Water hardness seemed to 
have protective effects on both colon and rectal cancer 
outcomes; however, only two studies were available for 
this specific exposure; thus, results should be inter-
preted with caution. Some evidence allows us to spec-
ulate about the mechanisms which act behind the 
effects of such minerals on colon and rectal cancer. The 
interaction between nitrate-nitrogen (NO3-N) and 
calcium in drinking water could be a relevant factor, 
given that, at high NO3-N levels, low calcium expo-
sure was linked to a higher risk of death from colon 
(34) and rectal (25) cancer. Similarly, low magnesium 
levels and high NO3-N levels in water were linked to a 
rise (non-significant) in death risk by rectal cancer 
(25), suggesting that such minerals might partially 

significant protective effect against CRC: data col-
lected by Yang and Hung (24) resulted in an OR of 
0.63 [95% CI 0.54–0.75] for colon cancer, and those 
obtained by Yang et al. (23) resulted in an OR of 0.66 
[95% CI 0.53–0.82] for rectal cancer.

Discussion

The current systematic review examined the effect 
of calcium, magnesium, and water hardness on CRC 
mortality risk. The results pointed to interesting con-
siderations regarding the effects of exposure to drink-
ing water calcium, magnesium, and water hardness on 
colon and rectal cancer mortality. Considering calcium 
exposure on colon cancer outcome, all the studies 
showed a statistically significant protective effect on 
the exposed population, whereas calcium exposure did 
not positively affect rectal cancer mortality outcome 
(mixed and non-concordant results). Thus, water cal-
cium exposure showed a relevant protective effect on 
colon cancer taken separately. About 90% of calcium 
absorption occurs in the small intestine, especially the 
ileum. However, recent evidence indicates that the co-
lon is a significant site of calcium absorption, contrib-
uting to overall calcium homeostasis, particularly when 
dietary calcium intake is low (38). Indeed, intestinal 
epithelial calcium channels (transient receptor poten-
tial vanilloid 6, TRPV6) have been detected in the hu-
man colon (39). Most of the absorption in the large 
bowel seems to be limited to the cecum and the as-
cending colon (40), whereas a small or absent calcium 
absorption has been reported in the distal colon and 
rectum in both humans and rats (41,42). This differ-
ence might explain the decrease in the protective effect 
when moving from colon to rectum cancer. Calcium 
has previously been shown to affect such diseases. In-
deed, our results partially align with WCRF, which 
stated that there is strong evidence that consuming 
dairy products – among the most common sources of 
calcium – and taking calcium supplements decreases 
the risk of CRC (8). WCRF pointed out some evi-
dence showing that higher consumption of dairy prod-
ucts might simultaneously increase the risk of prostate 
cancer, as well (43). This was also confirmed by a recent 
meta-analytic study (11). The same conclusion was 
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Table 2. Main quantitative characteristics of the included studies reported chronologically.

Author 
(year)

Sample size sex
age in years (range) Disease Exposure(s)

Cases
(n.)

Controls
(n.) OR [95% CI]

Quality score 
(Newcastle-

Ottawa Scale)

Chiu et al. 
(2011)
(34)

7414 subjects
M: 4174 (56.3%)
F: 3240 (43.7%)
50-69 years old

Colon 
cancer

[Ca2+] (mg/L)
< 34.6
≥ 34.6

2009
1698

1872
1835

0.86 [0.79–0.94] 7/9

Kuo et al. 
(2011)
(26)

4360 subjects
M: 2478 (56.8%)
F: 1882 (43.2%)
50-69 years old

Colon 
cancer

[Mg2+] (mg/L)
< 5.9
≥ 5.9

1202
978

1126
1054

0.87 [0.77–0.98] 7/9

Chang et al. 
(2010)
(25)

3676 subjects
M: 2240 (60.9%)
F: 1436 (39.1%)
50-69 years old

Rectal 
cancer

[Ca2+] (mg/L)
< 34.7
≥ 34.7

862
976

911
927

1.11 [0.98–1.27] 7/9

[Mg2+] (mg/L)
< 9.3
≥ 9.3

805
1033

802
1036

0.99 [0.87–1.13]

Kuo et al. 
(2010a)
(36)

2212 subjects
M: 1358 (61.4%)
F: 854 (38.6%)
50-69 years old

Rectal 
cancer

[Ca2+] (mg/L)
< 22.0
≥ 22.0

488
618

545
561

1.23 [1.04–1.45] 7/9

[Mg2+] (mg/L)
< 5.9
≥ 5.9

495
611

545
561

1.20 [1.01–1.42]

Kuo et al. 
(2010b)
(37)

4360 subjects
M: 2478 (56.8%)
F: 1882 (43.2%)
50-69 years old

Colon 
cancer

[Ca2+] (mg/L)
< 22.0
≥ 22.0

1227
953

1114
1066

0.81 [0.72–0.91] 7/9

Yang et al. 
(1999)
(23)

1972 subjects
M: 1204 (61.1%)
F: 768 (38.9%)
50-69 years old

Rectal 
cancer

[CaCO3] 
(mg/L)
< 75.0
75.0-150.0
> 150.0

321
322
343

258
312
416

0.66 [0.53–0.82] 8/9

Yang and 
Chiu (1998)
(35)

1972 subjects
M: 1204 (61.1%)
F: 768 (38.9%)
50-69 years old

Rectal 
cancer

[Ca2+] (mg/L)
≤ 20.2
22.0-40.8
40.9-79.2

374
311
301

288
332
366

0.63 [0.45–0.87] 8/9

[Mg2+] (mg/L)
≤ 7.0
7.3-11.6
11.7-41.3

340
326
320

297
320
369

1.11 [0.80–1.54]

Yang and 
Hung 
(1998)
(24)

3428 subjects
M: 1874 (54.7%)
F: 1554 (45.3%)
50-69 years old

Colon 
cancer

[CaCO3] 
(mg/L)
< 75.0
75.0-150.0
> 150.0

518
545
651

394
539
781

0.63 [0.54–0.75] 8/9
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none of the studies included in this systematic review 
considered calcium and magnesium as co-exposures. 
Calcium and magnesium share the same homeostatic 
regulating system and interact with each other in some 
physio-pathological pathways (55–59). Moreover, in 
addition to absolute mineral intake, the calcium-to-
magnesium intake ratio has been suggested to play a 
role in CRC onset, treatment, and mortality risk  
(60–65). For these reasons, future research should also 
take these aspects into account when examining the 
effects of exposure to drinking water with varying 
hardness levels. Furthermore, only two studies (33,35) 
directly reported OR adjusted for age, sex, and urbani-
sation level of residence (in (33), the authors also ad-
justed for magnesium levels in drinking water when 
analysing calcium exposure and for calcium levels in 
drinking water when analysing magnesium exposure). 
Other confounding factors (e.g., dietary calcium and 
magnesium intake, socioeconomic status, healthcare 
access, and other environmental exposures) were not 
considered. In the other cases, due to a lack of indi-
vidual data, we calculated crude ORs without adjust-
ing for confounding factors. To date, there are no 
cohort studies or randomised controlled trials (RCTs) 
investigating these associations, suggesting a research 
gap that should be addressed with further studies of 
greater design complexity. Finally, all the studies were 
conducted in the same geographical area, namely, Tai-
wan, China. This feature, along with the high hetero-
geneity, made the implementation of the meta-analysis 
illogical, as extending the cumulative effects to the 
general population would be somewhat incoherent. 
We did not perform the Risk of Bias assessment be-
cause, to date, ROBINS-E tool for the Risk of Bias 

modify the effects of nitrate exposure on the risk of 
mortality from such diseases. In addition, an interac-
tion between drinking water total trihalomethanes 
(TTHM) and water calcium-magnesium intake was 
hypothesised. When high levels of TTHM in drinking 
water occurred, low calcium and magnesium exposure 
were linked to a rise in death risk from colon (26,37) 
and rectal (36) cancer, suggesting a similar effect to 
that observed with co-exposure to nitrates. These data, 
which allow us, at least partially, to formulate hypoth-
eses about the above findings, suggest that water disin-
fection by-products, in addition to inducing genotoxic 
effects (48), may also interact with other components, 
potentially worsening the situation. Some pieces of 
evidence found a significant inverse relationship be-
tween the content of calcium and magnesium in drink-
ing water and the risk of death from breast cancer (49). 
While successive research on the association between 
dietary magnesium and the risk of breast cancer led to 
inconclusive results (50), diets high in calcium are sup-
posed to possibly decrease the risk of premenopausal 
breast cancer (51). With the above in mind, it sounds 
reasonable to include calcium-rich drinking water 
within the nutritional assessment and in nutrition edu-
cation programs addressed to breast cancer patients, 
which might also contribute to a further improvement 
of existing projects (52–54). The present study is af-
fected by some limitations. First, we only included 
studies published in English, so reporting bias (i.e., 
language bias) cannot be excluded. No recent studies 
have investigated these topics, as the most recent was 
conducted in 2011. Another limitation lies in the vary-
ing thresholds that different studies used to define 
‘high’ and ‘low’ levels of calcium and magnesium. Then, 

Author 
(year)

Sample size sex
age in years (range) Disease Exposure(s)

Cases
(n.)

Controls
(n.) OR [95% CI]

Quality score 
(Newcastle-

Ottawa Scale)

Yang et al. 
(1997)
(33)

3428 subjects
M: 1874 (54.7%)
F: 1554 (45.3%)
50-69 years old

Colon 
cancer

[Ca2+] (mg/L)
≤ 24.0
24.4-42.3
42.4-81.0

649
576
489

488
568
658

0.58 [0.47–0.73] 8/9

[Mg2+] (mg/L)
≤ 7.3
7.4-13.3
13.4-41.3

632
567
515

555
527
632

1.06 [0.85–1.32]
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GLOBOCAN estimates of incidence and mortality world-
wide for 36 cancers in 185 countries. CA Cancer J Clin. 
2024 May-Jun;74(3):229-263. doi: 10.3322/caac.21834.

3.	International Agency for Research on Cancer. Global 
Cancer Observatory: Cancer Today 2024. Available from: 
https://gco.iarc.who.int/today.

4.	Vos T, Lim SS, Abbafati C, et al. Global burden of 369 
diseases and injuries in 204 countries and territories,  
1990–2019: a systematic analysis for the global burden of 
disease study 2019. Lancet. 2020;396:1204–22. doi: 10.1016 
/S0140-6736(20)30925-9.

5.	Arnold M, Sierra MS, Laversanne M, Soerjomataram I, 
Jemal A, Bray F. Global patterns and trends in colorec-
tal cancer incidence and mortality. Gut. 2017;66:683–91.  
doi: 10.1136/gutjnl-2015-310912.

6.	Smith RA, Fedewa S, Siegel R. Early colorectal cancer 
detection—current and evolving challenges in evidence, 
guidelines, policy, and practices. In: Berger FG, Boland CR, 
eds. Adv. Cancer Res. Academic Press; 2021. p. 69–107.  
doi: 10.1016/bs.acr.2021.03.005.

7.	Centers for Disease Control and Prevention. What are the 
risk factors for colorectal cancer? 2023. Available from: 
https://www.cdc.gov/cancer/colorectal/basic_info/risk 
_factors.htm

8.	World Cancer Research Fund. Colorectal cancer – what 
causes colorectal cancer? 2018. Available from: https://
www.wcrf.org/diet-activity-and-cancer/cancer-types 
/colorectal-cancer/

9.	National Institutes of Health. Calcium – fact sheet for 
consumers. 2022. Available from: https://ods.od.nih.gov 
/factsheets/Calcium-Consumer/

10.	Jin S, Kim Y, Je Y. Dairy consumption and risks of colorec-
tal cancer incidence and mortality: a meta-analysis of pro-
spective cohort studies. Cancer Epidemiol Biomark Prev. 
2020;29:2309–22. doi: 10.1158/1055-9965.EPI-20-0127.

11.	Zhao Z, Wu D, Gao S, et al. The association between dairy 
products consumption and prostate cancer risk: a systematic 
review and meta-analysis. Br J Nutr. 2023;129:1714–31. 
doi: 10.1017/S0007114522002380.

12.	Rosborg I, Nihlgård B. Health consequences of acid rain in 
south west Sweden. J Geosci Environ Prot. 2018;6:126–42. 
doi: 10.4236/gep.2018.62009.

13.	Lipkin M, Newmark H. Calcium and the prevention of 
colon cancer. J Cell Biochem Suppl. 1995;22:65–73. doi: 
10.1002/jcb.240590810.

14.	Pence BC. Role of calcium in colon cancer prevention: 
experimental and clinical studies. Mutat Res. 1993;290: 
87–95. doi: 10.1016/0027-5107(93)90036-f.

15.	World Cancer Research Fund. Vitamins, minerals and other 
nutrients and cancer risk. 2018. Available from: https://www 
.wcrf.org/diet-activity-and-cancer/risk-factors/vitamins 
-minerals-and-other-nutrients-and-cancer-risk/

16.	Jahnen-Dechent W, Ketteler M. Magnesium basics. Clin 
Kidney J. 2012;5:i3–14. doi: 10.1093/ndtplus/sfr163.

assessment in observational studies only considers co-
hort studies and is not suitable for case-control studies 
(66). Although some studies seem to involve the same 
population ((24) and (33); (23) and (35); (26) and 
(37)), data have been checked − and results have been 
reported − considering distinct exposures (Ca, Mg and 
CaCO3) taken individually.

Conclusions

In conclusion, this systematic review suggested 
that higher calcium concentrations in drinking water 
protect against colon cancer mortality, whereas the ef-
fects on rectal cancer mortality seem to be mixed. High 
water hardness seems to protect against mortality from 
both cancer types. Before drawing definitive conclu-
sions, further novel, large observational (preferably 
longitudinal) studies and RCTs should be conducted 
in other parts of the world to investigate such effects 
in different ethnic groups, to support the benefits or 
address inconclusive results.
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