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Abstract

Kidney stone disease, also referred to as mephrolithiasis or wurolithiasis, is a
prevalent urinary condition that affects people in both developed and developing countries
[1,27]. The development of kidney stone is influenced by several factors such as age, gender,
diet, water intake, job type, climate, family background, and metabolic issues. In India, the
estimated prevalence of kidney stone disease is about 12%, which is stmilar to the rates found
in other parts of the world. However, there is significant variation in the disease's impact
across different regions, with higher rates reported in the northern regions of the country,
where the prevalence is approximately 15%. This higher rate may be linked to factors like
weather conditions, eating habits, lower fluid consumption, and other social and
environmental influences that contribute to the formation of kidney stones [87]. The current
study seeks to identify and assess the risk factors related to kidney stone disease among the
residents of Raya Block in Mathura District, Uttar Pradesh.
Keywords: Kidney stone disease, Nephrolithiasis, Groundwater, Water intake, Risk
factors, Raya, Mathura, Uttar Pradesh.

Introduction

Kidney stone disease is a complicated health issue that involves the
buildup of hard, crystalline substances within the urinary system. These stones are
commonly composed of materials such as uric acid, calcium oxalate, calcium
phosphate, or other minerals. Stones form when urine becomes too concentrated
with these substances [47]. Previous epidemiological studies indicate that kidney
stone disease is influenced by multiple interacting factors including genetic
predisposition, diet, climate, hydration status, and environmental exposure. India
has been described as having regions with increased kidney stone occurrence, and
northern parts of India are considered vulnerable due to climatic conditions and
dehydration-related risk factors. Low fluid intake, hot climate exposure, dietary
habits, and occupational dehydration have been reported as important contributors
[5]. The overall probability of forming stones differs according to various parts of
the world and is estimated at 5%—19.1% in West Asia, Southeast Asia, South Asia,
as well as some developed countries (South Korea and Japan), whereas, it is only
1%—8% in most part of East Asia and North Asia [67].

The western Indian states of Gujarat, Maharashtra, and Rajasthan are
characterized by extensive groundwater salinity, notably in arid, semi-arid, and
coastal regions. These states also constitute part of India’s “kidney stone belt,”
where the prevalence of urinary stone disease is relatively high [77]. Total harness
of water mainly represents the concentration of calcium (Ca®*) and magnesium
(Mg®") ions usually expressed as calcium carbonate (CaCO3). High calcium intake
through drinking water may influence urinary calcium excretion, which may
contribute to calcium-based stone formation in susceptible individuals. However,
scientific evidence remains mixed. A recent prospective cohort study using UK
Biobank data examined domestic water hardness, calcium, magnesium, and kidney
stone occurrence. It reported no significant overall association between total
harness and kidney stone disease, although subgroup differences were observed.
Other regional studies have investigated correlations between water hardness and
renal stone incidence using community-level water analysis [87]. KSD is a major
health issue, the incidence of which is increasing day by day. A low intake of fluids,
especially water, aggravates the chance of kidney stone formation [97]. An
ecological study from Alwar, Rajasthan found that groundwater with high TDS,
hardness, magnesium, and alkalinity was associated with a higher prevalence of
kidney stone disease. The authors concluded that elevated groundwater TDS and
hardness may increase long term vulnerability to KSD, although the study could
not establish causation [107. Therefore, the present study was designed to evaluate
the epidemiological characteristics of kidney stone disease in wards number 3, 8
and13 in Raya Block, Mathura District.
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Study area

The current study was carried out in Ward No. 3, Ward No. 8, and Ward No. 13 of Raya Nagar
Panchayat, located in Raya Block of Mathura District, Uttar Pradesh, India. Raya is one of the ten administrative
development blocks of Mathura District and forms an important urban settlement within the district. These wards
were selected for a specific purpose, as they represent densely populated residential areas where most households
rely on groundwater for drinking and domestic purposes, have diverse socio-economic characteristics, and have a
high prevalence of kidney stone disease among residents. According to the Census of India, Raya Nagar Panchayat
is administratively divided into several municipal wards, including Ward Nos. 8, 8, and 13, which constituted the
sampling frame for the present investigation. Approximately 88% of the rainfall in Mathura District occurs between
June and September. During this monsoon period, there is ample surplus water that can percolate deeply into
the groundwater. Major soil types are silty, sandy and loamy soils the geology of the district is covered with the
homogenous formation and does not show any significant structural complications [117]. Mathura district of Uttar
Pradesh experiences a warm climatic environment and has a large rural population dependent on agriculture and
outdoor occupations [127].
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Figurel: The location of the sampling sites in Raya block of Mathura district.

Table 1: Physiochemical characteristics of Groundwater in study area

Latitudes and Parameter

Longitudes TDS EC TH
27.55656083682747,
77.7894027158618
27.5550258503812,
77.78654515743256
s Dixit Nursing Home (Raya Railway 27.5545240198631686,
P2 | Station Road) 77.78956767171621

S. No. Sampling Sites

pl. | Katra Bazar (Raya) 2400 | 4100 1960

p2. Near Momin Mosque (Sultan Ganj) 1750 | 2650 1300

1710 2850 1310

Materials And Methods
Sample Collection and Analysis

The study based on primary data. Groundwater samples were collected from 3 government handpumps
sites that were being used for drinking purpose for at least 10 years, in 500-mL high-density, clean and sterile
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polyethylene bottles from 3 particular sites. The groundwater characterization has been carried out for the
parameters like Electrical Conductivity (EC), total hardness (TH), total dissolved solids (TDS) by following the
standard methods prescribed as per Bureau of Indian Standard 10500 (BIS 2012) and WHO (2017). Total hardness
For TDS Each of the analysis in the study was repeated twice until concordant values were obtained, and all the
tests were carried out according to the standard methods (APHA, 2005), and also case-control study was conducted
among 100 patients with confirmed kidney stone disease and 100 without kidney stones in May, 2025 in Raya Block,
Mathura District, U.P.

Data on demographic characteristics like education status, daily water intake, and gutkha/ tobacco were
collected using a structured questionnaire. Data were analyzed using frequency distribution, with the Phi (@)
correlation coefficient used to assess the strength and direction of association between binary categorical variables.
Statistical significance was evaluated using the corresponding p-values from the 2x2 association test (Pearson’s chi-
square test), with p < 0.05 considered statistically significant.

Result and discussions:
The distribution of Electrical Conductivity (EC), Total Dissolved Solids (TDS), and Total Hardness (TH) at
sampling sites p1, p2, and p3 is presented in Table 1 and illustrated in Figure 1.

Electrical Conductivity:

Electrical conductivity (EC) reflects the concentration of dissolved ions in groundwater. Higher EC values
indicate increased mineralization and salinity, often resulting from rock—water interaction, agricultural activities, or
anthropogenic contamination. Elevated EC is commonly associated with higher total dissolved solids (TDS),
influencing groundwater quality and its suitability for drinking purposes [14]. Electrical Conductivity (EC) is an
important indicator of the ionic content and salinity of water. Although the Bureau of Indian Standards (BIS) IS
10500:2012 does not prescribe a specific acceptable or permissible limit for EC in drinking water, higher EC values
generally indicate increased concentrations of dissolved ions and are often positively correlated with Total
Dissolved Solids (TDS). Therefore, EC is widely used as a rapid indicator for assessing groundwater quality.
Electrical conductivity (EC) and total dissolved solids (TDS) were determined using a Hanna digital EC/TDS
meter.

Total Dissolved Solids (TDS) represent the combined concentration of dissolved inorganic salts (such as
calcium, magnesium, sodium, potassium, chlorides, sulfates, and bicarbonates) and small amounts of organic matter
present in water. According to BIS IS 10500:2012, the acceptable limit of TDS in drinking water is 500 mg/L,
whereas the permissible limit is 2000 mg/L in the absence of an alternate source. TDS values exceeding these limits
indicate poor water quality and may require appropriate treatment before the water is considered suitable for
drinking. The groundwater samples from sites p1, p2, and p3 exhibited total hardness values of 2400, 1750, and
1710 mg/L, respectively.

Total hardness (TH) is a measure of the concentration of dissolved calcium (Ca®*) and magnesium (Mg?")
ions in water, expressed as mg/L as CaCOg3. It is an important indicator of groundwater quality, influencing
domestic usability, scaling potential, and water suitability for drinking and industrial applications [167]. Total
hardness is determined by the EDTA complexometric titration method. A measured water sample is buffered to pH
10, Eriochrome Black T indicator is added, and titrated with standard EDTA until the color changes from wine-red
to blue. Hardness is expressed as mg/L CaCO3z [17]. According to the Bureau of Indian Standards (BIS) IS
10500:2012, the acceptable limit for total hardness in drinking water is 200 mg/L, while a permissible limit of up to
600 mg/L is allowed in the absence of an alternate source [137]. The total hardness values recorded at sampling
sites p1, p2, and p3 were 1960, 1300, and 1310 mg/L, respectively. These values exceeded the BIS permissible limit
of 600 mg/L for drinking water, indicating that the groundwater samples were unsuitable for direct consumption
without appropriate treatment.

To assess the factors associated with kidney stone formation, data were collected from 100 patients with
kidney stone disease (cases) and 100 individuals without kidney stone disease (controls) in the study area. The
distribution of the study participants and the investigated risk factors is presented in table 2.

Table 2: Distribution of Respondents by Age, Water Intake, Education, and Tobacco/Gutkha

Consumption.
Cases Controls
. . i i Correlation .
Variables Categories (kldpey stone | (No Kl.dney Stone p-value Interpretation
disease) disease) (¢ / Pearsonr)
n=100 n=100
. Illiterat 58 62
Education Status S orate -0.054 0.451 Yery yveak, not
Literate 42 36 significant
Use of Yes 59 65 —0.062 0.85 Very weak, not
Tobacco/Gutkha No 41 35 ) ) significant
Average Daily 1-2.5 82 15 Strong positive
Water Intake +0.670 <0.001 2%
>2.5 18 85 association
(L/day)

Note: “Phi correlation (equivalent to Pearson’s correlation for dichotomous variables) was used to assess the
association between kidney-stone disease status and categorical risk factors.”
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The findings of Table 2 demonstrate that average daily water intake was significantly associated with
kidney stone disease. Most cases (82%) reported consuming 1-2.5 L of water per day, compared with only 15% of
controls, while >2.5 L/day intake was reported by 18% of cases and 85% of controls. This association was strong
and statistically significant (¢ = 0.670, p < 0.001). In contrast, education status (¢ = —0.054, p = 0.446) and
tobacco/gutkha consumption (¢ = —0.062, p = 0.382) showed very weak and statistically non-significant
associations with kidney stone disease. Overall, the results suggest that inadequate daily water intake was the most
prominent factor associated with kidney stone disease in the present study population.

Conclusion:

The current study demonstrates that the kidney stone disease is a complex health issue subjected to
numerous behavioral, environmental, socio-demographic, and lifestyle-related causes and contributing factors.
Although the role of gutkha chewing in the development of the disease was not explicitly stated, it appears to be a
risk factor due to certain harmful qualities that could increase the probability of stones formation. The correlation
needs to be confirmed by additional research, and the possible causes explored are dehydration, oxidative stress, and
reduced kidney function.

Hard water is another probable culprit and is suspected to be involved in the disease’s origins. Research
proves calcium and magnesium salts’ direct effect on the urinary tract, but it has not yet been detected in hard water.
Thus, water’s high total dissolved solids and other chemicals like fluoride, combined with diet and lifestyle, may
trigger kidney stones formation. Moreover, the evidence found shows a connection between low water intake and an
increased risk of kidney stones, while a high fluid intake percentage decreases the chances of the disease.
Conclusively, the study indicates that kidney stone disease should be tackled by encouraging people to take more
fluids, increase health awareness, and embrace healthy lifestyles such as avoiding the use of tobacco and gutkha and
ensuring drinking water is not contaminated. Nevertheless, the observed association does not necessarily a causal
relationship.

Suggestions for Future Research

1. Longitudinal studies should be undertaken to establish temporal and causal relationships between gutkha
consumption, water quality, hydration, and kidney stone formation.

2. Dose-response studies on gutkha/tobacco use should examine whether frequency, duration, and quantity of
consumption are associated with increasing stone risk.

3. Future studies should assess the chemical composition of kidney stones to determine whether calcium, uric acid,
struvite, or other stone types are associated with specific environmental and behavioral factors.

4. Detailed assessment of drinking-water quality should include hardness, TDS, calcium, magnesium, fluoride,
nitrate, pH, and other relevant parameters.

5. Urinary biochemical investigations such as urinary calcium, oxalate, uric acid, citrate, phosphate, and urine
volume should be incorporated to clarify the mechanisms underlying stone formation.

6. Larger case-control and cohort studies covering multiple blocks or districts should be conducted to improve the
generalizability of findings.

7. Further research should investigate the combined effects of hard water, TDS, fluoride, dietary habits, and
tobacco/gutkha consumption, rather than examining these factors independently.

8. Geospatial analysis using GIS and remote sensing may be used to identify spatial clusters of kidney stone
prevalence and their relationship with groundwater quality, land use, and environmental conditions.
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