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 51 

Abstract 52 

 53 

Background:  Obesity is a major risk factor for cardiovascular diseases, diabetes, and high blood 54 

pressure. The impact of water hardness on these anthropometric and cardiovascular parameters remains 55 

debated. This study aimed to explore the relationship between water hardness, blood pressure, and 56 

obesity in adults from Zarand and Sarbisheh cities. 57 

Methods: A cross-sectional study was conducted in 2024 on 600 adults (18–75 years) from Zarand and 58 

Sarbisheh. Water hardness was measured in urban and rural areas. Demographic data, physical activity, 59 

drinking water supply and filtration status, and medical history were collected through a questionnaire. 60 

Systolic blood pressure (SBP) and diastolic blood pressure (DBP), waist circumference (WC), and body 61 

mass index (BMI) were measured. Data analysis was performed using regression and GLMTree models 62 

to assess moderating factors. 63 

Results:  The mean age was 40.27 ± 14.54 years, and 68.8% were women. The mean water hardness in 64 

Zarand and Sarbisheh was 686.09 and 286.86 mg/L (as CaCO₃), respectively. Regression analysis 65 

revealed significant associations between high water hardness and BMI, as well as medium-to-high 66 

water hardness and SBP (p < 0.05). WC and DBP were lower among individuals using home water 67 

purifiers. The GLMTree model indicated that age, gender, cigarette smoke exposure, hypertension 68 

history, and water type moderated the relationship between water hardness and BMI, WC, SBP, and 69 

DBP. 70 

Conclusions:  High and moderate levels of water hardness may be associated with changes in blood 71 

pressure and anthropometric indices, potentially moderated by demographic and lifestyle factors. To 72 

confirm and further elucidate these associations, additional research, particularly through cohort studies, 73 

is warranted. 74 

 75 

Keywords: Water hardness, Blood pressure, Obesity, BMI 76 
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  103 

1. Introduction 104 

 105 

Obesity is a chronic, progressive disease that has become a global public health challenge (1, 2). Over 106 

the past few decades, its prevalence has risen sharply across all age groups, regardless of geographic 107 

location or socioeconomic status (3, 4). Defined by an increased body mass index (BMI), obesity is a 108 

major risk factor for numerous non-communicable diseases, including cardiovascular diseases, 109 

diabetes, and high blood pressure (5). The primary causes of obesity are linked to high-energy, high-fat 110 

diets, physical inactivity, shifts in transportation methods, urbanization, and exposure to environmental 111 

pollutants (5, 6). 112 

Changes in water quality, particularly variations in mineral content, can lead to the introduction of 113 

environmental pollutants that may influence health outcomes such as obesity and high blood pressure 114 

(7). The hardness of drinking water is determined by the concentration of dissolved minerals, primarily 115 

calcium (Ca) and magnesium (Mg), which commonly occur in combination with bicarbonate (HCO₃⁻), 116 

sulfate (SO₄²⁻), and chloride (Cl⁻) ions (7). In addition to being essential components of food, Ca and 117 

Mg are crucial for various physiological processes (7). Hard water, especially very hard water, serves 118 

as a significant source of these minerals, both of which play vital roles in metabolism and blood pressure 119 

regulation (8). Calcium is necessary for blood clotting, nerve transmission, and muscle contraction, 120 

while Mg contributes to energy transfer and release, as well as heart function (9). However, the impact 121 

of water hardness on metabolic and cardiovascular diseases remains a topic of ongoing debate (10). 122 

Several studies have explored the impact of water hardness on the incidence or reduction of various 123 

conditions, including diabetes, metabolic syndrome, neurological disorders, high blood pressure, bone 124 

fractures, and bone growth in children (11-13). Research indicates that water hardness may be linked 125 

to a reduced risk of death from heart disease, but its effects on obesity and blood pressure are not yet 126 

fully understood. This might be because soft water is more corrosive than hard water, potentially 127 

causing cadmium, lead, and other toxic metals to dissolve into drinking water (9). The regulatory 128 

mechanism of intestinal absorption, controlled by 1,25-dihydroxyvitamin D, also protects against 129 

excessive calcium intake. However, Ca can inhibit the absorption of iron (Fe), zinc (Zn), Mg, and 130 

phosphorus (P). Since insulin function depends on Mg, low serum Mg levels are common in individuals 131 

with metabolic syndrome and type 2 diabetes. Recent evidence suggests that subclinical Mg deficiency 132 

may play a role in the development of diabetes (8). 133 

Water is essential for all living organisms, and the quality of groundwater directly affects human health. 134 

With the increasing demand for water resources, especially in developing countries, ensuring a safe and 135 

adequate water supply has become critically important. The need for water in regions with unique 136 

climatic and geological conditions, such as Iran, underscores the necessity for further research on the 137 

relationship between water quality and health issues like obesity and blood pressure (14, 15). While 138 

some studies have confirmed a link between water hardness and cardiovascular diseases and mortality, 139 

the precise relationship remains unclear. More research is needed, particularly in Iran, given its specific 140 

climate and high mortality rates (6). Therefore, this study aimed to explore the relationship between 141 

water hardness, blood pressure, and obesity in the adult population (18 to 75 years) of Zarand and 142 

Sarbisheh cities. 143 

 144 

2. Materials and methods 145 

 146 

1.2. Study area 147 
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Zarand is a city in Kerman Province, Iran, covering an area of 11,521 square kilometers. It is situated 148 

at 56°34' east longitude and 30°49' north latitude, with an average elevation of 1,660 meters above sea 149 

level. The city has a semi-desert climate, with average temperatures of 37.8°C in summer and 13°C in 150 

winter. The region receives approximately 140 mm of annual rainfall (16). 151 

Sarbisheh is a border city in South Khorasan Province, eastern Iran, covering an area of approximately 152 

8,199 square kilometers and located 65 kilometers from the provincial center. Geographically, it lies 153 

between 59°32' and 59°58' east longitude and 32°15' and 32°51' north latitude. Sarbisheh has a 154 

temperate and dry climate, which transitions to semi-arid in the highlands. Annual rainfall in the region 155 

ranges from 95 to 375 mm, with an average of 206 mm, and the average temperature is 12.2°C. The 156 

city’s drinking water supply relies entirely on underground sources such as wells, aqueducts, and 157 

springs (17). 158 

 159 

2.2. Study population 160 

This cross-sectional study was conducted in 2024, targeting adults aged 18 to 75 years living in the 161 

cities of Zarand and Sarbisheh. A total of 600 participants were randomly selected, with 296 individuals 162 

from Zarand and 304 from Sarbisheh. Informed consent was obtained from all participants before their 163 

inclusion in the study. The inclusion criteria were residing in Zarand or Sarbisheh for at least one year 164 

and being between 18 and 75 years old (18).  The study protocol was approved by the Ethics Committee 165 

of Shahid Sadoughi University of Medical Sciences, Yazd (IR.SSU.SPH.REC.1402.197), and written 166 

informed consent was obtained from all participants. 167 

 168 

3.2. Questionnaire 169 

Participants were asked to complete a demographic questionnaire covering age, gender, education level 170 

(academic or non-academic), income (low: ≤$192, moderate: $192–384, high: ≥$384), smoking status, 171 

daily physical activity, history of chronic diseases (including cardiovascular disease, hypertension, 172 

diabetes, and kidney problems), medication use, intake of Ca and zinc supplements, type of drinking 173 

water (tap water, home water purifier, or well water), and daily water consumption (low: 1–2 glasses, 174 

moderate: 3–8 glasses, high: >8 glasses) (18, 19). 175 

 176 

4.2. Physical examinations 177 

In this study, physical examinations were conducted, including measurements of height (cm), weight 178 

(kg), waist circumference (WC, cm), systolic blood pressure (SBP, mmHg), and diastolic blood pressure 179 

(DBP, mmHg). Height was measured with a tape measure while the participant stood with their head, 180 

buttocks, and heels in contact with the wall. Weight was recorded using a digital scale, with participants 181 

wearing light clothing and no shoes. WC was measured at the widest point between the chest and pelvis 182 

using a tape measure. Body mass index (BMI) was calculated by dividing weight (kg) by height (m) 183 

squared. SBP and DBP were measured with a digital sphygmomanometer while participants were 184 

seated, with measurements taken on their right arm (18, 20). 185 

 186 

5.2. Water hardness 187 

Drinking water quality data were obtained in collaboration with the Health Centers and the Water and 188 

Wastewater Companies of Zarand and Sarbisheh. In Zarand, drinking water samples were collected 189 

from 23 sampling points (22 villages and one city), and in Sarbisheh, from 28 sampling points (25 190 

villages and three cities). Samples were collected from the main distribution networks according to the 191 

procedures recommended in Standard Methods for the Examination of Water and Wastewater (21). 192 

Each water sample (500 mL) was taken in pre-cleaned polyethylene bottles, which were rinsed three 193 

times with the sample water before collection. Samples were kept in dark containers at 4 °C and 194 

transported to the laboratory within 24 hours to prevent any chemical alteration . 195 



5 

 

All analyses were carried out using standard laboratory methods. Total hardness (as CaCO₃) and 196 

bicarbonate (HCO₃⁻) were measured by titrimetric methods using EDTA and acid-base titration, 197 

respectively. Chloride (Cl⁻) concentration was determined by argentometric titration (Mohr method), 198 

sulfate (SO₄²⁻) by the turbidimetric method using a spectrophotometer, and nitrate (NO₃⁻) by UV 199 

spectrophotometry at 220 nm. Total dissolved solids (TDS) were determined gravimetrically after 200 

evaporation at 180°C, and electrical conductivity (EC) was measured in situ using a calibrated 201 

conductivity meter with ±1 µS/cm accuracy. All instruments were calibrated daily using certified 202 

standard solutions. Duplicate analyses were performed on 10% of the samples to assess precision and 203 

reproducibility. Analytical accuracy was verified using standard reference materials (Merck, Germany), 204 

and the results were within ±5% of the certified values, ensuring the reliability of the measurements. 205 

Water hardness was categorized into three groups: low (≤200 mg/L), medium (200–500 mg/L), and 206 

high (≥500 mg/L) (18). 207 

 208 

6.2. Statistical analysis 209 

Statistical analyses were performed using R software (version 4.3.3). The data were examined both 210 

descriptively and inferentially. For analytical procedures, Chi-square tests, analysis of variance 211 

(ANOVA), correlation analysis, univariate regression, and multivariate regression models were applied, 212 

with a significance level set at 5%. Additionally, the partykit package (version 1.2-20) and the glmtree 213 

function were employed to construct regression tree models. 214 

 215 

 216 

3. Results 217 

Table 1 presents the demographic characteristics of the study population. The results showed that the 218 

mean age of the study population was 40.27 ± 14.54 years, 68.8% of the participants were female, 30% 219 

of the population had an academic education, 54.2% of participants had a job, 50.8% had a low income, 220 

and 95.2% were not smokers. 38.7% of the participants reported engaging in physical activity less than 221 

3 days a week. The mean WC was 83.32±19.31 cm, BMI was 24.92±4.88, SBP was 110.86±13.89 222 

mmHg, and DBP was 71.51±10.17 mmHg. 223 

Table 1. Participant characteristics by water Hardness levels.  

Variables Hardness (Level) 

p-value* Total Low Moderate High 

N (%) 

Gender      

Female 413 (68.8) 15 (3.6) 233 (56.4) 165 (40.0) 
<0.001* 

Male 187 (31.2) 19 (10.2) 118 (63.1) 50 (26.7) 

Education      

Academic 180 (30.0) 3 (1.7) 93 (51.7) 84 (46.7) 

<0.001* Non-

academic 

420 (70.0) 31 (7.4) 258 (61.4) 131 (31.2) 

Job      

Yes 325 (54.2) 14 (4.3) 187 (57.5) 124 (38.2) 
0.175 

No 275 (45.8) 20 (7.3) 164 (59.6) 91 (33.1) 

Incomea      

Low 305 (50.8) 20 (6.6) 201 (65.9) 84 (27.5) 

<0.001* Moderate 248 (41.3) 14 (5.6) 123 (49.6) 111 (44.8) 

High 47 (7.8) 0 27 (57.4) 20 (42.6) 

Smoking      
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Yes 29 (4.8) 4 (13.8) 17 (58.6) 8 (27.6) 
0.127 

No 571 (95.2) 30 (5.3) 334 (58.5) 207 (36.3) 

Body activity (day)     

None 105 (17.5) 3 (2.9) 58 (55.2) 44 (41.9)  

<3 232 (38.7) 7 (3.0) 126 (54.3) 99 (42.7) 

<0.001* 3-7 161 (26.8) 21 (13.0) 104 (64.6) 36 (22.4) 

Every day 102 (17.0) 3 (2.9) 63 (61.8) 36 (35.3) 

 Mean ±SD  

Age (year) 40.27±14.54 46.38±17.82 38.72±14.65 41.84±13.41 0.002* 

WC (cm) 83.32±19.31 85.67±15.17 80.98±19.59 86.78±18.93 0.002* 

BMI 24.92±4.88 23.64±4.98 24.50±4.73 25.80±5.01 0.003* 

SBP 

(mmHg) 

110.86±13.89 111.47±12.70 110.68±12.79 111.06±15.74 
0.919 

DBP 

(mmHg) 

71.51±10.17 66.76±6.72 71.25±9.34 72.67±11.61 
0.005* 

aLow: ≤192$, Moderate: 192-384$, and High: ≥384$ 
* Chi-square test or ANOVA, p-value<0.05 

 224 

Figure 1 presents the mean concentrations of selected chemical parameters in drinking water samples 225 

from Zarand and Sarbisheh, compared with the permissible limits set by the Iran National Standards 226 

Organization (INSO, 6th Revision, 2025; Standard No. 1053) and the World Health Organization 227 

(WHO, 2022) guidelines.  The results indicate that the mean concentrations of total hardness, fluoride, 228 

and sulfate (SO₄²⁻) in Zarand are higher than those in Sarbisheh (p > 0.05), whereas the mean 229 

concentration of nitrate (NO₃⁻) is significantly lower in Zarand compared to Sarbisheh (p < 0.001).  230 

Figure 1 also shows that the mean water hardness in Zarand is 686.09 mg/L (as CaCO₃), significantly 231 

higher than the permissible limits set by both INSO (300 mg/L) and WHO (200 mg/L). In contrast, the 232 

mean water hardness in Sarbisheh is 286.86 mg/L (as CaCO₃), which exceeds the WHO guideline of 233 

200 mg/L. 234 

 235 

 236 

 237 

 238 

 239 

 240 

 241 

 242 

 243 

 244 

 245 

 246 

 247 
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Figure 1. Mean concentration of water chemical parameters: (a) Total Hardness (mg/L (CaCO3)), 

(b) Fluoride (mg/L), (c) EC (µmhos/cm), (d) TDS (mg/L), (e) SO4
2-(mg/L), (f) NO3

- (mg/L), (g) 

HCO3
- (mg/L), and (h) CL- (mg/L) in Zarand and Sarbisheh city with Iranian and WHO standards 

 248 
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In Table 2, the prevalence of chronic diseases among the participants is shown based on water hardness 249 

levels (low, moderate, and high). The results indicated that 4.3% of participants had a history of 250 

cardiovascular diseases. The results indicate that 17.2% of participants had a history of hypertension, 251 

47.6% of participants with a history of hypertension lived in areas with High water Hardness 252 

concentration, whereas only 33.4% of participants who did not have a history of hypertension lived in 253 

areas with High water hardness concentration (p-value=0.007). 254 

Table 2. Chronic disease status of the participants based on water hardness 
concentration. 

Diseases 

Hardness (Level) 
p-value* 

Total Low Moderate High 

N (%)  

Hypertension      

Yes 103(17.2) 8(7.8) 46(44.7) 69(47.6) 0.007* No 497(82.8) 26(5.2) 305(61.4) 166(33.4) 
Cardiovascular       

Yes 26(4.3) 1(3.8) 11(42.3) 14(53.8) 0.147 No 574(95.7) 33(5.7) 340(59.2) 201(35.0) 
Diabetes      

Yes 40(6.7) 5(12.5) 22(55.0) 13(32.5) 0.153 No 560(93.3) 29(5.2) 329(58.8) 202(36.6) 
Kidney       

Yes 26(4.3) 1(3.8) 17(65.4) 8(30.8) 0.751 No 574(95.7) 33(5.7) 334(58.2) 207(36.1) 
* Chi-square test, p-value is significant at the 0.05 level. 

Table 3 presents the correlation between anthropometric indices and blood pressure and water hardness 255 

levels, categorized as low, moderate, and high, analyzed using four models: Crude, adjusted model 1, 256 

model 2, and model 3. In model 1, the adjusted parameters include age, gender, educational level, 257 

exposure to cigarette smoke, and physical activity. In model 2, the adjusted parameters include the 258 

history of hypertension, cardiovascular disease, diabetes, and kidney problems, and in model 3, the 259 

adjusted parameters include the drinking water supply and filtration status. The results showed that, in 260 

all models, the correlation between high/low water hardness levels is significant with BMI, and in all 261 

models, the correlation between (high and moderate)/Low water hardness levels is significant with SBP 262 

(p-value<0.05). However, in the model that was run only on Zarand data, no significant correlation was 263 

identified (p-value>0.05), and only Sarbisheh data showed a significant correlation between 264 

moderate/low water hardness levels and DBP (p-value=0.005). Although at the 10% error level, in 265 

Zarand data, the negative correlation between high/low water hardness levels is significant with SBP 266 

(p-value=0.075), and in Sarbisheh data, the negative correlation between moderate/low water hardness 267 

levels is significant with SBP (p-value=0.081). 268 

Table 3. Correlation between anthropometric indices, blood pressure, and water hardness levels in 

crude and adjusted models 

Models 

Water 

Hardness 

(Ref=Low) 

 BMI  WC (cm)  
SBP 

(mmHg) 
 

DBP 

(mmHg) 
 

 β(SE)  β(SE)  β(SE)  β(SE)  

Crude High  2.16(0.89)*  1.10(3.52)  -0.41(2.56)  5.90(1.85) *  
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Moderate  0.86(0.87)  -4.69(3.43)  -0.79(2.49)  4.48(1.81)*  

Model 1 
High  1.78(0.91)*  4.07(3.51)  0.72(2.54)  5.59(1.92)*  

Moderate  0.83(0.86)  -1.87(3.34)  1.12(2.42)  4.68(1.83)*  

Model 2 
High  2.34(0.88)*  1.19(3.48)  -0.48(2.28)  6.03(1.77)*  

Moderate  1.20(0.86)  -3.71(3.39)  0.80(2.22)  5.29(1.72)*  

Model 3 
High  2.08(0.91)*  3.11(3.60)  -0.98(2.63)  4.85(1.90)*  

Moderate  0.80(0.88)  -3.19(3.47)  -1.23(2.53)  3.71(1.83)*  

Zarand 
High  0.32(0.60)  2.16(2.36)  3.25(1.80)  1.43(1.38)  

Moderate  -  -  -  -  

Sarbisheh 
High  -0.48(3.45)  -12.3(13.8)  -1.47(9.48)  5.73(6.43)  

Moderate  0.50(0.86)  -6.05(3.46)  0.22(2.37)  4.49(1.61)*  

 * p-values ≤ 0.05 are considered statistically significant. 

 269 

In Figure 2, the mean WC in people who used home-water purifiers was 82.03 cm, which was lower 270 

than that of people who used tap water, which was 85.19 cm (p-value=0.040). Also, the mean DBP in 271 

people who used home-water purifiers was 72.55 mmHg, which was lower than that of people who 272 

used tap water, which was 70.00 mmHg (p-value=0.001). 273 

  

  
Figure 2. Mean anthropometric parameters and blood pressure by type of water consumed 

Figure 3 shows the association of water hardness with BMI, WC, SBP, and DBP using the GLMtree 274 

model, after adjusting for the effect of influential variables. For BMI, among people over 28 years of 275 

age and with SBP over 90, there was a stronger association between water hardness and BMI 276 

(𝛽Hardness = 0.003). For WC, there was also a stronger association between water hardness and WC 277 

(𝛽Hardness = 0.016) among people with SBP above 116 and over 28 years of age (compared to people 278 
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with blood pressure above 116 but under 28 years of age (𝛽Hardness = 0.004)). For SBP, the association 279 

between water hardness and SBP is negative in people with a BMI below 21.75 (𝛽Hardness =-0.011), 280 

while it is positive in people above 21.75, especially in people with a WC above 115 (𝛽Hardness = 0.023). 281 

In people with a BMI below 21 and a WC above 115, the association between water hardness and SBP 282 

is stronger in males (𝛽Hardness = 0.004) than in females (𝛽Hardness = 0.001). Finally, for DBP, Water 283 

hardness is positively correlated with DBP in people with EC levels higher than 2320 284 

(𝛽Hardness =0.011) and negatively correlated in people with lower EC levels (𝛽Hardness = −0.007). 285 

variables 
GLMtree Models 

Node2: 𝛽Hardness = 0.001, Node4: 𝛽Hardness = 0.002, Node5: 𝛽Hardness = 0.003 

BMI 

 

WC 

Node2: 𝛽Hardness = 0.010, Node4: 𝛽Hardness = 0.004, Node5: 𝛽Hardness = 0.012 

 

SBP 

Node2: 𝛽Hardness =-0.011, Node5: 𝛽Hardness = 0.001, Node6: 𝛽Hardness = 0.004, 

Node7: 𝛽Hardness = 0.023 

 

DBP Node2: 𝛽Hardness =0.011, Node5: 𝛽Hardness = −0.007 
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Figure 3. Investigating the relationship between water hardness and BMI, WC, SBP, and DBP variables by 

adjusting for the effect of influential variables using a tree model. 

 286 

 287 

 288 

4. Discussion 289 

 290 

In this study, the associations between varying levels of water hardness and anthropometric indices, 291 

blood pressure, and demographic factors in the adult population were examined. The results showed 292 

that the mean total hardness in Zarand city exceeds both the INSO (6th revision, 2025) limit (300 mg/L) 293 

and the WHO 2022 guideline (200 mg/L). In Sarbisheh, the mean total hardness is lower than the Iranian 294 

standard but still higher than the WHO guideline. Additionally, the mean levels of TDS, SO₄²⁻, and Cl⁻ 295 

in both cities were found to be higher than the permissible limits set by INSO and WHO. The climatic 296 

conditions of the study areas are arid to semi-arid, with a heavy reliance on groundwater resources, 297 

particularly in these regions, contributing to changes in water quality. The chemical composition of 298 

groundwater is influenced by various factors, including the infiltration of agricultural wastewater and 299 

fertilizers, pollutant seepage, land use changes, and natural processes such as rainfall, aquifer geology, 300 

water flow pathways, and groundwater retention time (22). The high total hardness in Zarand city may 301 

be attributed to natural processes such as oxidation-reduction, mineral decomposition, and water-rock 302 

interactions. For instance, certain minerals like carbonates dissolve rapidly in water, altering its 303 

chemical composition, whereas silicates dissolve more slowly, exerting a lesser impact on water 304 

composition (22-24). The geological structure of Zarand also contributes to these processes. The upper 305 

crustal rocks consist of Cambrian-age fossil sediments, including dolomite, limestone, sandstone, and 306 

shale (25), which can serve as primary sources of increased water hardness. Additionally, the depletion 307 

of groundwater resources and insufficient rainfall in recent years may have led to a higher concentration 308 

of salts in the water, further increasing its hardness (26). Conversely, the low nitrate levels in both cities 309 

are likely due to reduced agricultural and urban pollutant input into groundwater or natural nitrate 310 

reduction processes occurring in the underground environment. 311 

The results of the present study indicated that the majority of individuals with a history of high blood 312 

pressure lived in areas with high water hardness. A direct relationship was also observed between high 313 

and moderate water hardness and SBP compared to areas with low water hardness. Furthermore, the 314 

findings revealed that factors such as age, gender, and type of water consumed could moderate the 315 

effects of water hardness on blood pressure. These results align with some previous studies while 316 

contrasting with others in certain aspects. 317 

Several studies have explored the relationship between water hardness and cardiovascular health, with 318 

varying results. For instance, Yousefi et al. (2018) found that excessive consumption of hard water was 319 

associated with a reduced prevalence of hypertension (18). Similarly, a prospective study by Morris et 320 

al. (2008), conducted across 24 British cities with varying levels of drinking water hardness, reported a 321 

weak inverse relationship between water hardness and the incidence of cardiovascular disease after 322 

adjusting for age. Additionally, they observed a significant positive association between individual Mg 323 

intake and the incidence of coronary heart disease (27).  Conversely, a study by Nerbrand et al. reported 324 
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a positive correlation between water Ca content and SBP, while no association was found between water 325 

Mg content and cardiovascular risk factors (28). In contrast, other studies have found no significant 326 

association between water hardness and blood pressure or cardiovascular disease (29-31). Interestingly, 327 

some research has even suggested that reduced water hardness may be linked to an increased risk of 328 

cardiovascular disease (32).  These conflicting findings may be attributed to differences in geographical 329 

conditions, water chemistry, lifestyle, and the genetic factors of the studied populations (33). 330 

The relationship between water hardness, obesity, and blood pressure remains unclear, with several 331 

hypotheses proposed, though none have been fully validated. One theory suggests that high levels of 332 

Mg in hard water may have protective effects against heart disease. Mg plays a crucial role in regulating 333 

energy metabolism, vascular tone, and ion transport by activating the Na+/K+ ATPase enzyme. Mg 334 

deficiency may lead to increased blood vessel constriction, whereas adequate Mg levels can promote 335 

vasodilation by stimulating the secretion of endothelial prostacyclin (32). Ca and Mg serve as opposing 336 

enzyme activators in the body; Ca plays a crucial role in nerve transmission, muscle contraction, and 337 

blood coagulation, while Mg is essential for cardiac function and is involved in over 300 enzymatic 338 

reactions. Hard water is a natural source of both Ca and Mg. One potential explanation for the 339 

association between very hard water and atherosclerosis is the role of hypercalcemia as a risk factor. 340 

Elevated Ca levels may contribute to arterial calcification and narrowing of the lumen, particularly in 341 

the presence of hypercholesterolemia (34). 342 

The results of the present study indicate that at higher levels of water hardness, there was a direct 343 

relationship with BMI; however, no association was found between water hardness and WC at any of 344 

the tested levels. Furthermore, the findings suggest that factors such as age, smoking exposure, and a 345 

history of high blood pressure may moderate the impact of water hardness on anthropometric indices. 346 

Only a limited number of studies have explored the link between water hardness and obesity. Consistent 347 

with the findings of the present study, a large cohort study reported that moderate water hardness (121–348 

180 mg/L) was associated with a lower risk of atrial fibrillation, heart failure, coronary heart disease, 349 

and stroke, while very soft (≤ 60 mg/L) and very hard (> 180 mg/L) water were linked to higher risk 350 

(35).  However, this finding contrasts with a study by Shimoda et al. (2020), which reported a significant 351 

inverse relationship between water hardness and obesity  (36). A study by Moghimani et al. in Mashhad, 352 

Iran, where the mean total water hardness was 261.40 mg/L, found no association between total water 353 

hardness and cardiovascular risk factors in adults aged 25–65, which is not consistent with the findings 354 

of the present study (37). 355 

 Water hardness, caused by the presence of minerals like Mg and Ca, can impact obesity. Mg plays a 356 

key role in regulating glucose metabolism, activating vitamin D, and modulating the function of 357 

essential enzymes. Mg deficiency, which is more common in obese individuals, can lead to increased 358 

fat storage and an imbalance between Ca and Mg, raising the risk of insulin resistance, high blood 359 

pressure, and metabolic syndrome. Therefore, consuming hard water as a natural source of Mg may 360 

help mitigate these risks (38). Additionally, the high hardness of water has prompted some homeowners 361 

to use water purification systems, particularly ion exchange devices. 362 

In addition, high water hardness has led some homeowners to use water purification devices, 363 

particularly ion exchange systems. The results of the present study showed that the mean WC and DBP 364 

in individuals who used home water purifiers were lower than those who relied on tap water. In 365 

household water softening systems (using ion exchange), divalent ions such as Ca²⁺ and Mg²⁺ are 366 

replaced by sodium ions. These systems are usually installed to prevent scale buildup in pipes and 367 

appliances, but they are not typically used for drinking water. In contrast, common household 368 

purification units like reverse osmosis systems remove almost all minerals, including Ca²⁺ and Mg²⁺, 369 

without adding sodium (7, 39, 40). 370 

The strengths of this study are as follows: It provides more reliable evidence by analyzing water 371 

consumption in urban and rural areas with varying levels of hardness (low, medium, and high) and 372 

comparing it to the INSO (2025) and WHO (2022) guidelines. The use of a large sample of the adult 373 
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population and a structured questionnaire ensured sufficient statistical power to detect effects and 374 

enhanced the accuracy of the results. Unlike previous studies, this research accounted for several 375 

confounding factors, including demographic characteristics, history of chronic disease, type of water 376 

consumed, and physical activity levels. The application of advanced statistical methods and adjustment 377 

models allowed for a more thorough examination of the relationships between variables, while the 378 

geographical diversity of the study areas improved the generalizability of the findings. 379 

One limitation of this study is that it only measured total water hardness without separately examining 380 

other ions such as Na⁺, K⁺, Cl⁻, and SO₄²⁻, which may have influenced the results. Additionally, 381 

collecting questionnaire data through self-report may introduce recall bias. Another limitation is the 382 

lack of a detailed analysis of the type of water consumed; specifically, water samples were not collected 383 

from the inlet and outlet of water purification devices, and the specific type of device used by each 384 

individual was not accurately recorded, which could impact the accuracy of the findings. Furthermore, 385 

geographical and cultural differences, along with the limitation of the sample population to specific 386 

regions, make it difficult to generalize the results. As the study was cross-sectional, it was unable to 387 

examine causal relationships, and confirmation of the findings would require longitudinal studies. 388 

 389 

 390 

5. Conclusion 391 

 392 

The findings of this study suggest a possible association between exposure to water with hardness levels 393 

exceeding the INSO (2025) and WHO (2022) standards and increased BMI and SBP in adults. However, 394 

these associations should be interpreted with caution, as they may be influenced by confounding factors 395 

such as age, gender, smoking status, and the drinking water supply and filtration status. Given the cross-396 

sectional design of the study, causal inferences cannot be made. Therefore, further cohort and 397 

experimental research is necessary to better understand and verify the potential effects of water hardness 398 

on anthropometric indicators and blood pressure. Moreover, in light of population growth, increasing 399 

water demand, and declining groundwater resources, sustainable water resource management and more 400 

comprehensive research in this area are strongly encouraged. 401 

 402 
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