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Abstract 

BACKGROUND: Cardiovascular disease (CVD) is one of the common diseases and today, it is 
considered as not only an important cause of mortality but also a significant aspect of health 
geography. The evidence presented in the literature indicates that hard water may reduce the 
cases of sudden death caused by CVDs because drinking water contains significant amounts of 
calcium and magnesium, which play a crucial role in the electrical activity of heart. Hence, the 
present study aimed at investigating the relationship between water hardness and CVD 
mortality rate in Isfahan, Iran. 

METHODS: In this ecological study, the available data regarding the cardiovascular mortality rate 
and water hardness have been used. Preparation of zoning map has been conducted using the 
Geographic Information System (GIS) software considering Inverse Distance Weighting (IDW) 
interpolation models. Moreover, statistical analysis has been conducted using SPSS software. 

RESULTS: A reverse relationship was observed between cardiovascular mortality rate and water 
hardness. However, the observed relationship was not statistically significant (2013: r = -0.066, 
2014: r = -0.155, 2015: r = -0.051, P > 0.050). 

CONCLUSION: The results of mapping with GIS and statistical analysis with SPSS both indicated 
a non-significant inverse relationship between the water hardness and CVDs. However, lack of a 
significant relationship highlights the necessity of conducting similar studies involving larger 
sample sizes and wider areas of investigation to present a definitive and generalizable result. 
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Introduction 
Cardiovascular disease (CVD) is the leading cause 
of mortality and disability worldwide.1,2 Today, in 
most countries of the world including developing 
countries, it is recognized as one of the most 
significant threats to human health.3 In this regard, 
the World Health Organization (WHO) has 
estimated that if no measure is taken to improve 
cardiovascular health, by 2020, 25% of health years 
will have been lost due to CVD.4,5 

Although CVDs are recognized as the leading 
cause of death in most countries of the world, over 
the past few decades, the rate of mortality resulted 
from these diseases has considerably declined in 
European, American countries, etc. The trend is 
unfortunately increasing in other countries such as 
China, India, Pakistan, and Iran.4-6  

Accordingly, the occurrence of CVDs is different 

in different geographic regions. In this respect, a 
bulk of epidemiologic studies has identified the 
factors that could explain it and identified the 
underlying causes of this disease including diets, 
genetics, and environmental factors.7,8 According to 
the previous studies, one of the environmental 
factors which plays a large and important role in 
CVD is water type, water quality, and its hardness.9-12 

Water hardness is related to magnesium, calcium, 
strontium, iron, and other ions, which are soluble in 
water with bicarbonate anions, carbonate, sulfate, 
and chlorine.13  
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Total water hardness is defined as the temporary 
or carbonate hardness plus permanent or non-
carbonate hardness. A good number of studies have 
been devoted to not only evaluating water hardness 
by separating dissolved salts from hard water but 
also examining its relationship with various diseases 
such as blood pressure disorders, gastric cancer, 
esophagus disorders, CVDs, etc.9-15 Studies have 
shown that magnesium changes can be of great 
importance in hypertension (HTN),16 electrical 
disorders of the heart and arrhythmias,17 and 
cardiovascular system.18 Moreover, dietary calcium 
intake can reduce the risk of cardiovascular events 
associated with high blood pressure, so that the 
higher the calcium, the stronger the muscle 
contractions of the heart will be.17 Hence, as hard 
water can provide up to 9% of the daily calcium 
intake, mineral-rich water can significantly 
contribute to supplementing dietary intake of 
calcium and magnesium.19 

Despite the existence of studies confirming the 
association between water hardness and CVD or its 
mortality rate, many other studies have found no 
significant relationship between the disease and 
water hardness or even the direct relationship 
between water hardness and mortality rate.20,21 
Therefore, it seems that the existence and the 
relationship between hardness and mortality due to 
CVD is still uncertain and further studies in this 
regard is essential, especially in Iran, as one of the 
developing countries with a high rate of mortality 
due to this disease and in areas with specific 
geological climates. 

Nowadays one of those software programs which 
is wildly used to inform health management systems 
in research in addressing the zoning of various 
disease is Geographic Information System (GIS).22  

The selection of Isfahan Province, Iran, as the 
target area of the study was due to its limestone and 
chalky land structure, which has led to variation of 
water hardness level in various areas of this 
province. This problem has been exacerbated due 
to the low level of rainfall and occurrence of 
drought in this region. Hence, the present study 
provided the mortality zoning of CVDs and water 
hardness by GIS and statistical relationships 
between the mentioned variables during the years 
2013-2015 in Isfahan. 

Materials and Methods 

This ecological study was conducted on the rate of 
cardiovascular mortality in the years of 2013-2015 
in 25 cities of Isfahan Province.  

The data required in this study were collected in 
two parts. In the first stage, information on water 
hardness was studied over a period of three years 
from the Urban and Rural Water and Wastewater 
Department of Isfahan Province. To ensure the 
accuracy of the recorded data, the samples of 
drinking water were randomly selected and analyzed 
in three cities and the degree of hardness of water 
and salts (calcium, magnesium) was extracted. As 
the test results did not contradict the information 
recorded in this organization, the water hardness 
assessed in the organization was assured. 

In the second stage, mortality data from CVDs 
were extracted and recorded from the Registration 
Department and Provincial Health Center of 
Isfahan during 2013-2015. In addition, the 
population of these cities was taken over the past 
three years by the Bureau of Statistics and 
Information of Isfahan Province. 

Given the following formula for calculating the 
mortality rate, the mortality rate due to CVD was 
calculated in each of the three years in each of the 
25 cities of Isfahan Province. 

 

The	mortality	rate	due	to	CVD	 =

	
������	��	������	���	��	 !"	#$	���	���#���	%���	

&���'	(�(�'��#�$	��	���	(��)#$*�	+#��#$	���	����	%���
×

1000  
 

The zoning of the mortality frequency of CVDs 
as well as water hardness was prepared in GIS 
software (version 9.9, ESRI, USA) using Inverse 
Distance Weighting (IDW) models. 

According to previous studies, the ideal water 
hardness was 170 mg/l, so that levels above  
170 mg/l had definite relevance for reducing 
CVD.12 Also in this study, water hardness went 
under the rubric of soft, moderate, and hard: soft 
(161-175 mg/l), moderate (175-300 mg/l), and hard 
(> 300 mg/l), which is used for zoning water 
hardness in GIS.23 Furthermore, to prepare the 
zoning map of the cardiovascular mortality rate, the 
total average of mortality rate in the three-year survey 
(2013-2015), which was 5.8 per 1000, was used.  

Collected data were entered into SPSS software 
(version 20, IBM Corporation, Armonk, NY, USA) 
and data were represented as mean ± standard 
deviation (SD). At the level of inferential statistics, 
due to the use of mortality rate and its normal 
distribution, Kolmogorov-Smirnov test (K-S test), 
one-way analysis of variance (ANOVA), and 
Pearson correlation coefficient were used. Finally, 
the results extracted from this software were 
matched with the results of the GIS zoning map. 
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Results 

Mortality rate and water hardness in each of the 
three years in each of the 25 cities of Isfahan 
Province are shown in table 1. 
 
Table 1. Mortality rate of cardiovascular diseases 
(CVDs) in the years 2013-2015 
City Mortality 

rate 2013 
Mortality 
rate 2014 

Mortality 
rate 2015 

Aran and Bidgol 2.4 2.6 2.8 
Ardestan 3.2 3.2 2.8 
Isfahan 1.7 1.6 1.7 
Borkhar 2.8 3.2 3.2 
Boin and Miandasht  2.8 3.6 3.7 
Tiran and Karvan  1.7 1.5 1.9 
Chadegan 2.1 1.5 2.1 
Khomeini Shahr 1.8 1.8 2.4 
Khansar 4.8 4.0 3.4 
Khor and Biabanak   3.0 3.8 4.2 
Dehaqan 3.0 3.0 2.7 
Semirom 3.0 1.8 2.2 
Shahin Shahr 3.6 3.4 3.2 
Shahreza 2.1 2.2 2.0 
Fereidan 1.6 1.6 1.5 
Fereydun Shahr 2.0 1.5 1.7 
Falavarjan 2.4 1.4 1.3 
Kashan 2.2 2.0 1.9 
Golpayegan 2.8 2.6 3.2 
Lanjan 1.5 1.4 1.9 
Meimeh 2.4 3.0 4.4 
Mobarakeh 2.0 1.7 2.1 
Naeen 4.0 2.6 2.6 
Najaf Abad 2.4 1.8 2.0 
Natanz 3.0 3.0 2.5 

 
The results of the evaluation of cardiovascular 

mortality rates in 25 cities of Isfahan Province 
during 2013-2015 indicated that the mean 
cardiovascular mortality rate in 2013, 2014, and 
2015 was 2.57 ± 0.79, 2.39 ± 0.84, and 2.54 ± 0.82, 
respectively, which had no significant difference in 
the three years of study (P > 0.050) (Table 2). 

In addition, comparison of this rate among the 
25 cities of Isfahan Province in a total of three years 
showed that the cities of Lanjan and Fereidan with 
the mean of 1.60 ± 0.26 and 1.57 ± 0.06, 
respectively, had the lowest rate and Khansar and 
Khor and Biabanak with the mean of 4.07 ± 0.70 

and 3.67 ± 0.61, respectively, had the highest 
mortality rates due to CVDs. Statistically, the 
mortality rates were significantly different among 
the cities under study (P < 0.001) (Figure 1). 

In the same vein, in figure 2, the zoning map of 
mortality rate of CVDs in Isfahan Province is 
presented using the IDW model. 

On the other hand, the range of water hardness 
during the years 2013-2015 in total of 25 studied 
cities was 161 mg/l to 800 mg/l and the mean value 
was 280.24 ± 134.73 mg/l, so that 3 cities (12%) 
(Meyme, Borkhar, Shahin Shahr) were in the range 
of water hardness of 161-175 mg/l, 16 cities (64%) 
were in the range of water hardness of 175-300 
mg/l, and 6 cities (24%) (Aran and Bidgol, Natanz, 
Shahreza, Dehaghan, Lanjan, and Falavarjan) were 
in the range of over 300 mg/l (Figures 3a, 3b). 

Moreover, the relationship between 
cardiovascular mortality rate in three years with water 
hardness was reversed and poor, equal to -0.062, 
which was not statistically significant (P = 0.769); in 
addition, in evaluating this relationship in each of the 
three years, it was found that the relationship was 
reversed and negligible (P > 0.050). In fact, it can be 
said that water hardness has a reverse relationship 
with cardiovascular mortality that in this study due to 
the evaluation in a limited area and sample size, this 
relationship is not significant (Table 3). 

Discussion 

The present study investigated the water hardness 
zoning and cardiovascular death. According to 
surveys, the cities with higher water hardness have 
lower rate of cardiovascular death.  

However, there was no significant relationship 
between water hardness and cardiovascular death in 
this study. Matching of the two zoning maps (water 
hardness and cardiovascular death) illustrated that 
Aran and Bidgol, Natanz, Falavarjan, Lanjan, 
Dehaghan, and Shahreza had high water hardness 
(more than 300 mg/l) and cardiovascular mortality 
rates were lower in these areas than in areas where 
water hardness was lower (Meimeh, Borkhar, 
Khomeini Shahr, Khansar). The CVD deaths were 
even low in the cities with medium range of  
water hardness. 

 
Table 2. Determining and comparing the rate of cardiovascular mortality in the years 2013-2015 

Mortality rate  Minimum  Maximum Mean ± SD P 
2013 1.50* 4.80**  2.57 ± 0.79 0.713 
2014 1.40*† 4.00**  2.39 ± 0.84 
2015 1.30† 4.40†† 2.54 ± 0.82 

* Lanjan; ** Khansar; † Falavarjan; †† Meimeh 
SD: Standard deviation 



 

 
 

http://arya.mui.ac.ir 15 Nov. 

 Water hardness and cardiovascular mortality 

  278    ARYA Atheroscler 2019; Volume 15; Issue 6 

 
Figure 1. Mean mortality rate of cardiovascular disease (CVD) for a total of 3 years in 
25 cities of Isfahan Province, Iran 

 

 
Figure 2. Zoning map of mortality rate of cardiovascular 
diseases (CVDs) in Isfahan Province, Iran, using the 
Inverse Distance Weighting (IDW) model  

The conducted zoning demonstrated that most 
of the regions of the province had hard or very hard 
water. Investigation of the geographical structure 
effects on water hardness showed that 
geomorphological factors such as slope, height, and 
channel directions affected the geographical 
structure of the studied region and resulted in a 
situation in which the water hardness was not high 
in regions with lime soil, because the dissolved lime 
was transferred to underground water of 
downstream regions due to high slope and height of 
the region. That is why in Semirom and Fereydun 
Shahr, the water hardness was lower than the 
downstream regions. 

A study was conducted in Japan which showed a 
significant relationship between the quality of 
drinking water and CVD deaths.24 

 

  
Figure 3. Zoning map of water hardness in various cities of Isfahan Province, Iran; a) According to water 
hardness, b) According to minerals present in water 
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Table 3. The relationship between mortality rate of 
cardiovascular disease (CVD) and water hardness in 
2013-2015 
Mortality  Water hardness 

Correlation P 
2013 -0.066 0.755 
2014 -0.155 0.459 
2015 -0.051 0.807 
Total (in three years) -0.062 0.769 

 
After that, several other studies in different 

countries revealed negative relationship between 
cardiovascular death and water hardness.20 Several 
papers have been published about drinking of hard 
water and its impact on health but none of them 
showed correlation. Most of the studies showed a 
negative and significant relationship between 
magnesium-containing water and CVD death. 
Water hardness may be also associated with CVD 
risk factors; for instance, positive correlations of 
water magnesium and calcium with blood pressure 
is documented.25 In 2003, a study in Sweden 
revealed a significant relationship between calcium 
level and CVDs.26 Another study in the same year 
showed a significant relationship between calcium 
level and CVD, when calcium level was more than 
94 mg/l and the protective effect of magnesium was 
between 4 and 11 mg/l.13 

In Valencia, Spain, it was said that there was a 
relation between the mortality rate of CVD and the 
hardness of drinking water, and this is more related 
to the concentration of magnesium.27 In 2010, it 
was revealed that there was no significant 
relationship between CVD and water hardness; 
however, there existed a reverse relationship 
between consumption of magnesium-containing 
water and death due to cerebral stroke.20 

A study was conducted in Khansar, Iran, and the 
data on water hardness was collected from urban 
and rural centers, and a comparison was made in 
2010 and 2011. It was concluded that the protective 
effects of water hardness with magnesium were 
related to CVDs.19 The results of another showed 
that water hardness might have a protective role 
against the early stages of atherosclerosis in children 
and adolescents.28 

In 2014, a study was conducted in Bosnia and 
Herzegovina (Mostar City) on soft and hard water 
consumers. It was shown that those who used soft 
water had CVD prevalence rate of 21.3%, while this 
rate was 13.7% in hard water consumers.12 In the same 
year, a study in Sweden showed a strong relationship 
between water hardness and CVD and expressed that 
for having preventive effects, magnesium and calcium 

should be considered together.11 

Other study has shown that the relationship 
between magnesium of drinking water and the  
risk of mortality rate of CVD was considerable  
in Scandinavia.29 

Conclusion 

Acording to the results of this study, there was a 
non-significant inverse relationship between water 
hardness and mortality, but it seems that due to the 
geographical conditions and water hardness in this 
area and the results of the other study, more 
advanced studies can produce more accurate results 
in this regard. 

Acknowledgments 

The authors hereby thank the Civil Registration, 
Urban and Rural Water and Wastewater 
Department, and the Water Laboratory of the 
Health Center in Isfahan, which participated in data 
collection. The present article was extracted from an 
MSc thesis in medical geography (No. 1255308) 
approved by School of Geographical Sciences and 
Planning, University of Isfahan. 

Conflict of Interests 

Authors have no conflict of interests. 

References 

1. Mendis S, Puska P, Norrving B. Global atlas on 
cardiovascular disease prevention and  
control. Geneva, Switzerland: World Health  
Organization; 2011. 

2. Sans S, Kesteloot H, Kromhout D. The burden of 
cardiovascular diseases mortality in Europe. Task 
Force of the European Society of Cardiology on 
Cardiovascular Mortality and Morbidity Statistics 
in Europe. Eur Heart J 1997; 18(8): 1231-48. 

3. Faramand S, Kazemnejad A, Zayeri F, Salehi M, 
Yazdani Cherati J. Preparing the geographical maps 
of the relative death rate out of vaso-cardiac 
diseases in cities of the Mazandaran Province in 
2008. J Mazandaran Univ Med Sci 2012; 22(94): 

63-9. [In Persian]. 
4. Rezaeian M, Dehdarinejad A, Esmaili Nadimi A, 

Tabatabaie S. Geographical epidemiology of deaths 
due to cardiovascular diseases in counties of 
Kerman Province. Iran J Epidemiol 2008; 4(1): 35-
41. [In Persian]. 

5. World Health Organization. World health report 
2013: Research for universal health coverage 
[Online]. [cited 2013]; Available from: URL: 

https://www.who.int/whr/en 
6. Go AS, Mozaffarian D, Roger VL, Benjamin EJ, 



 

 
 

http://arya.mui.ac.ir 15 Nov. 

 Water hardness and cardiovascular mortality 

  280    ARYA Atheroscler 2019; Volume 15; Issue 6 

Berry JD, Blaha MJ, et al. Heart disease and stroke 
statistics--2014 update: A report from the American 
Heart Association. Circulation 2014; 129(3):  
e28-e292. 

7. Sanchis-Gomar F, Perez-Quilis C, Leischik R, 
Lucia A. Epidemiology of coronary heart disease 
and acute coronary syndrome. Ann Transl Med 
2016; 4(13): 256. 

8. Bhatnagar P, Wickramasinghe K, Wilkins E, 
Townsend N. Trends in the epidemiology of 
cardiovascular disease in the UK. Heart 2016; 

102(24): 1945-52. 
9. Calderon RL, Craun GF. Water hardness and 

cardiovascular disease: A review of the 
epidemiological studies, 1957-78 [Online].  
[cited 2005]; Available from: URL:  
https://www.who.int/water_sanitation_health/dwq/n
utrientschap10.pdf 

10. Monarca S, Donato F, Zerbini I, Calderon RL, 
Craun GF. Review of epidemiological studies on 
drinking water hardness and cardiovascular 
diseases. Eur J Cardiovasc Prev Rehabil 2006; 

13(4): 495-506. 
11. Rylander R. Magnesium in drinking water-a case 

for prevention? J Water Health 2014; 12(1): 34-40. 
12. Knezovic NJ, Memic M, Mabic M, Huremovic J, 

Mikulic I. Correlation between water hardness 
and cardiovascular diseases in Mostar city, 
Bosnia and Herzegovina. J Water Health 2014; 

12(4): 817-23. 
13. Kanadhia KC, Ramavataram DV, Nilakhe SP, Patel 

S. A study of water hardness and the prevalence of 
hypomagnesaemia and hypocalcaemia in healthy 
subjects of Surat district (Gujarat). Magnes Res 
2014; 27(4): 165-74. 

14. Ward MH, Heineman EF, Markin RS, 
Weisenburger DD. Adenocarcinoma of the stomach 
and esophagus and drinking water and dietary 
sources of nitrate and nitrite. Int J Occup Environ 
Health 2008; 14(3): 193-7. 

15. Eichelberger L, Murphy G, Etemadi A, Abnet 
CC, Islami F, Shakeri R, et al. Risk of gastric 
cancer by water source: Evidence from the 
Golestan case-control study. PLoS One 2015; 

10(5): e0128491. 
16. Altura BM, Altura BT. Cardiovascular risk factors 

and magnesium: relationships to atherosclerosis, 
ischemic heart disease and hypertension. Schriftenr 
Ver Wasser Boden Lufthyg 1993; 88: 451-73. 

17. Touyz RM. Magnesium in clinical medicine. Front 
Biosci 2004; 9: 1278-93. 

18. Davies BE. The UK geochemical environment and 
cardiovascular diseases: Magnesium in food and 

water. Environ Geochem Health 2015; 37(3): 411-27. 
19. Momeni M, Gharedaghi Z, Amin MM, Poursafa P, 

Mansourian M. Does water hardness have 
preventive effect on cardiovascular disease? Int J 
Prev Med 2014; 5(2): 159-63. 

20. Leurs LJ, Schouten LJ, Mons MN, Goldbohm RA, 
van den Brandt PA. Relationship between tap water 
hardness, magnesium, and calcium concentration 
and mortality due to ischemic heart disease or 
stroke in The Netherlands. Environ Health Perspect 
2010; 118(3): 414-20. 

21. Kooshki A, Yaghoubi Far MA, Behnam Vashani 
HR. Study of the relationship between the hardness 
of drinking water and the blood pressure of rural 
residents of 30-60 years of age in Sabzevar. J 
Sabzevar Univ Med Sci 2003; 10(3): 23-8.  
[In Persian]. 

22. Pocock SJ, Shaper AG, Cook DG, Packham RF, 
Lacey RF, Powell P, et al. British regional heart 
study: geographic variations in cardiovascular 
mortality, and the role of water quality. Br Med J 
1980; 280(6226): 1243-9. 

23. Park JE. Textbook of preventive and social 
medicine: A treatise on community health. Madhya 
Pradesh, India: Banarsidas Bhanot; 1972. 

24. Kobayashi J. On geographical relationship between 
the chemical nature of river water and death-rate 
from apoplexy. Berichte d Ohara Inst f landwirtsch 
Biologie 1957; 11(1): 12-21. [In Japanese]. 

25. Sauvant MP, Pepin D. Drinking water and 
cardiovascular disease. Food Chem Toxicol 2002; 

40(10): 1311-25. 
26. Nerbrand C, Agreus L, Lenner RA, Nyberg P, 

Svardsudd K. The influence of calcium and 
magnesium in drinking water and diet on 
cardiovascular risk factors in individuals living in 
hard and soft water areas with differences in 
cardiovascular mortality. BMC Public Health 2003; 

3: 21. 
27. Ferrandiz J, Abellan JJ, Gomez-Rubio V, Lopez-

Quilez A, Sanmartin P, Abellan C, et al. Spatial 
analysis of the relationship between mortality from 
cardiovascular and cerebrovascular disease and 
drinking water hardness. Environ Health Perspect 
2004; 112(9): 1037-44. 

28. Poursafa P, Kelishadi R, Amin MM, Hashemi M, 
Amin M. First report on the association of drinking 
water hardness and endothelial function in children 
and adolescents. Arch Med Sci 2014; 10(4): 746-51. 

29. Jiang L, He P, Chen J, Liu Y, Liu D, Qin G, et al. 
Magnesium levels in drinking water and coronary 
heart disease mortality risk: A meta-analysis. 
Nutrients 2016; 8(1). 

 



© 2019. This work is published under
https://creativecommons.org/licenses/by-nc/4.0(the “License”).

Notwithstanding the ProQuest Terms and Conditions, you may use this
content in accordance with the terms of the License.




