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Abstract

Chronic kidney disease (CKD) has become a worldwide health problem driven by both identified and obscure
causes. Besides the well-known causes of CKD, such as uncontrolled diabetes and hypertension, the quality
of drinking water, particularly the hardness level, has been suggested by researchers as one of the causes of
CKD. Monitoring and improving drinking water quality and quantity for CKD patients could delay the
progression of kidney impairment. This cross-sectional study aims to evaluate the impact of water quality
and quantity on the progression of CKD by analyzing biochemical parameters, serum electrolytes, and
estimated glomerular filtration rate (e-GFR) in CKD patients. The study includes 106 CKD patients,
comprising 50.9% males and 49.1% females. Among the study participants, over 40% were aged above 60
years. The majority (71.7%) consumed Reverse Osmosis (RO) water, while 28.3% drank well water. Regarding
water intake, 52.8% of participants consumed one to two liters daily. Most participants (68%) had stage 4
CKD based on e-GFR. Urea and creatinine levels were elevated in both water source groups, though without
statistical significance. However, significant differences were observed in serum electrolytes, with higher
sodium (p=0.027), phosphate (p=0.025), and potassium (p=0.001) levels in the well water group. Additionally,
e-GFR levels are significantly associated with water sources and water intake (chi-square = 0.041 and chi-
square = 0.039, respectively). The study revealed that CKD patients consuming RO water and maintaining a
moderate daily water intake (1-2 liters) exhibited better kidney function than those drinking well water or
consuming significantly higher or lower amounts of water. These findings highlight the importance of both
water quality and adequate intake in the clinical management of CKD patients.
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Introduction

Chronic kidney disease (CKD) has become as a worldwide health problem driven by both identified and
unidentified causes [1]. a significant rise in a non-traditional type of CKD known as chronic kidney disease
of “unknown etiology” (CKDu) that is not referred to uncontrolled diabetes and hypertension has been
reported in rural lowland farming communities [2]. Quality of drinking water particularly hardness level,
has been suggested by researchers as one of causes of CKD [3]. Because the quality of drinking water is
crucial for maintaining human health, The WHO and other national organizations have set the standards of
drinking water quality that determine the acceptable chemical, microbial and radiological properties to
ensure water safety [4]. Ensuring access to safe and healthy drinking water is critical issue that constitute
a major challenge for public health system globally [5,6]. Recently, the chemical properties of drinking water
have significantly deteriorated due to the presence of trace amounts of toxic materials, which can lead to
serious health risks [7]. Human health and productivity of life stock are affected by the physical, Chemical,
and microbiological properties of water [8]. Association between high groundwater hardness and the
incidence of CKDu has been frequently observed [9-12]. Groundwater is becoming increasingly
contaminated, and wells are typically considered the most vulnerable source in terms of physiochemical
pollution. This is because the absence of solid concrete base and improper surrounding drainage system
[13]. The primary water source in Libya is groundwater, which represents for more than 98% of the total
water consumption [14]. Abdou et al., 2016 stated that poor quality of drinking water in Tripoli, Zawia, and
Zliten districts in Libya [15]. Recently, waterborne disease is becoming concern, People prefer to use bottled
water instead of tap water [10].

The main goal of drinking water supply is human health protection by providing access to sufficient quantity
to safe water [17]. Insufficient water intake during farming activities and dehydration from direct sun
exposure may have resulted in kidney failure [3]. Previous studies have indicated the sufficient water intake
is essential for healthy kidney function, and dehydration can aggravate kidney disease [18]. Dehydration is
generally seen a short-term, reversible condition linked to acute renal disease and does not cause chronic
kidney disease [19]. Chronic kidney disease on the other hand, is associated with chronic dehydration
particularly in farming societies where prolonged exposure to heat is common [20]. In recent years,
researchers have found that chronic dehydration due to heat stress is likely a risk factor in a baffling
epidemic CKD in Central America [21,22]. The effect of water supply on renal function among general
population and renal patients have been evaluated by earlier studies [10,11]. on the other hand, a
prospective cohort study conducted in Australia demonstrated no major correlation of daily water
consumption and incidence of CKD [23].
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In this study, we investigate the potential impact of different drinking water sources on kidney function
among CKD patients. Also, we analyze additional variables such as daily water consumption and Glomerular
Filtration Rate (GFR) levels and its progress in CKD Patients.

Methods

Study Design and patients

This cross-sectional study was conducted at Zawia Kidney Hospital and Zawia Medical Reference laboratory,
Zawia city, Libya from February 1st 2024 to May 31st 2024. A total of 106 CKD patients were included in
this study. The population was divided into two groups according to the type of water they drink: 76 patients
were consuming Reverse Osmosis water (RO) and 30 patients were drinking well water. The participants in
this study were in the age range of 15 to 85 years. Patients in current study were classified into five age
groups for the purpose of comparison.

Data collection

Data were collected through a standard interview questionnaire during face-to-face meetings with the study
population. The survey included the demographic and clinical data necessary for the study, as well as
drinking water sources and daily water intake. Five milliliters of blood samples were collected from all CKD
patients participated in this study for serum separation in clean dried tub without anticoagulant then
centrifuged at 2000 rpm for 15 minutes. The clear non-hemolysis supernatant serum was used for serum
biochemistry analysis kidney function test: urea and creatinine, and lipid profile: cholesterol and triglyceride
using an automatic Hitachi chemistry analyzer of biochemical parameters and EasyLyte PLUS REF 2121
ANALYZER for electrolytes: Na, K, Ph, Cl. Also, e-GFR was calculated for all subjects in the current study to
evaluate the progression of CKD.

Ethical approval
The ethical approval was taken from Zawia kidneys Hospital and Zawia reference laboratory for collecting
and processing of data from the medical laboratory units.

Statistical analysis

Statistical analysis was assessed by using SPSS software version 25.0 (IBM SPSS, NY. USA). Continuous
variables were expressed as Means + SEM. The level of statistical significance was taken as P < 0.01 & P <
0.05. Heterogeneity chi-square test was used to compare categorical variables.

Results

This cross-sectional study was conducted at Zawia Kidneys Hospital and Zawia Medical Reference laboratory,
Zawia city, Libya from February 1st 2024 to May 31st 2024. A total of 106 people, 54 males represent 50.9%
of the participants and 52 females be regarded as 49.1% of participants as showed in table 1.

Table 1 Gender Distribution

Gender Frequency Percentage (%)
Male 54 50.9

Female 52 49.1%
Total 106 100

All the subjects in this study were chronic kidney disease patients. Table 2 shows the mean age of the
participants which was 53.05 years, with a standard deviation of 23.5 years and the mean weight of the
participants was 74.5 kg, with a standard deviation of 28.06 kg.

Table 2. Mean and standard deviation of age and weight

Variables Mean SD+
Age 53.05 23.5
Weight 74.5 28.06

Table 3 illustrates the distribution of age groups among the population of the current study. The majority
of the participants (41.5%) are in the age group above 60 years old, with a significant proportion (22.6%)
being in the age group between 51 and 60 years old. The younger age groups (less than 30 and 30-40 years)
are underrepresented, with only 20 subjects (18.9%) and 4 (3.8%) participants, respectively. The greater
part of participants (71.7%) uses reverse osmosis water as their primary drinking water source and a
significant proportion of participants (28.3%) use well water as represented in table 4.
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Table 3. Distribution of age groups

Age (years) Frequency (n) Percent (%)
Less than 30 20 18.9
30 to 40 4 3.8
41 to 50 14 13.2
51 to 60 24 22.6
>60 44 41.5
Tab 4. Distribution of sample among water source
Water source Frequency Percentage
Reverse Osmosis Water 76 71.7%
Well water 30 28.3%

Table 5 represents the distribution of water intake among the study subjects per day. The majority of study
subjects (52.8%) consume between 1 to 2 liters of water per day. In the same context, a significant proportion
of patients (26.4%) consume less than 1 liter of water per day, while a minor fraction (20.8%) consumes
more than 2 liters of water per day. The bulk of participants 68%, have moderate to severe e-GFR loss,
indicating significant impairment in kidney function, while a significant proportion of the population of
patients in this study, 20.8%, are experiencing normal e-GFR levels. The remaining participants are
distributed across mild loss and mild to moderate loss stages of e-GFR levels, as shown in Table 6.

Table 5. Distribution of sample among water intake per day

Water Intake Per day Frequency Percent
Less than 1 liter 28 26.4%
1 to 2 liters 56 52.8%
More than 2 liters 22 20.8%

Table 6. Prevalence of e-GFR level in the sample

e-GFR Level Frequency (n) Percentage (%)
Normal 22 20.8%
Mild loss 4 3.8%
Mild to moderate loss 8 7.5%
Moderate to severe loss 72 68%

The mean value of urea was higher in males than in females, 81.8 £50 and 68.6 + 42.7, respectively. In both
genders, the mean value of urea was higher than the normal range. Likewise, the mean value of sodium
and phosphate was higher in males than in females (139 SD£3.1, 140 SDx4.4 and 5 SD*1.3, 4.4 SD+1.08),
respectively. On the other hand, the mean values of Creatinine and calcium levels were higher in females
than in males (3.8 SD+3.09, 2.02 SD+2.9, 10.1 SD+11.09, and 8.2 SD=*1.5) respectively. In the same context,
the mean values of potassium, triglyceride, and cholesterol were almost equal in males and females. In
addition to that, the mean values of HbAlc in males were higher than in females (6.9 SD+1.5 and 6.3 SD+1.2).
The analysis reveals that there are no statistically significant differences in the mean values of the
biochemical parameters mentioned between female and male participants (all p-values > 0.05) as shown in
Table 7
Table 7. Comparison of the significance differences in mean values of kidney function
parameters, cholesterol, triglyceride, FBS, HbAlc, and electrolytes among CKD patients in both

genders
Variables Male Female p-value
Mean * SD Mean * SD

Urea mg/dl 81.8+50 68.6+ 42.7 0.31
Creatinine mg/dl 2.9+2.02 3.09+3.8 0.83
NA mEq/1 140.6 +4.4 139+3.1 0.14
K mEq/1 4.8+1 4.7+ 1.02 0.79
CA mg/dl 82+1.5 10.1+11.09 0.37
Ph mg/dl 5+1.3 4.4+ 1.08 0.12
TGR mg/dl 140.3 + 60.4 140.1 + 53.7 0.99
Cholesterol mg/dl 164.7 £57.4 163.5+41.7 0.93
HbAlc % 6.9+1.5 6.3+1.2 0.13

Accordant with the data revealed in table 8, which represents the distribution of the age groups according
to levels of e-GFR, the majority of participants (41.5%) are over 60 years’ old each of which (30.2%) were in
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fourth stage (moderate to severe loss stage) as their e-GFR indicates. The prevalence of severe e-GFR loss
and kidney failure increases with age, with the highest rates observed in the over-60 age group. The younger
age groups (less than 30 and 30-40 years) (18.9% and 3.8%), respectively, have a higher proportion of normal
e-GFR levels compared to the older age groups.

Table 8. Distribution of age groups according to level of e-GFR

e-GFR level stages Normal Mild Mild to Moderate to Total
Age group loss Moderate loss | Severe loss
count 10 0 0 10 20
Less than 30 5" 9.4% 0% 0% 9.5% 18.9%
count 0 0 2 2 4
30 to 40 % of total 0% 0% 1.9% 1.9% 3.8%
count 0 0 0 14 14
41 t0 50 % of total 0% 0% 0% 13.2% 13.2%
count 8 2 0 14 24
51 to 60 % of total | 7.5% 1.9% 0% 13.3% 22.6%
~60 count 4 2 6 32 44
% of total 3.8% 1.9% 5.7% 30.2% 41.5%
Total count 22 4 8 72 106
% of total 20.8% 3.8% 7.5% 68% 100.0%

All of the participants in the age group of 41-50 were in the fourth e-GFR stage represents 13.2% of the total
studied sample. Conversely, the 51-60 age group has a more even distribution of e-GFR levels, representing
22.6% of the entire sample that was studied, with participants experiencing various stages of kidney function
impairment. The effect of drinking water sources on kidney function parameters, electrolytes, cholesterol,
triglyceride (TAG), HbAlc, and e-GFR is presented in Table 9. The mean values of urea levels are higher than
normal and similar across both drinking water source groups, including the reverse osmosis water (RO)
consumers and well water consumers, 74.6 mg/dl, 77.3mg/dl, respectively.

Creatinine mean value levels were also higher than normal and varied across the RO drinking water
consumers and well drinking water consumers, with 2.9 mg/dl, 3.2 mg/dl, respectively. For electrolytes;
sodium, potassium, calcium, and phosphate mean values levels among RO water and well water was
139.1mg/dl and 141.7 mg/dl, and 4.48 mmol/l, 5.45 mmol/dl and 9.45mg/dl, 8.54mg/dl and 4.4mg/dl
and 5.3mg/dl, respectively. The mean value of sodium was higher than normal in both RO water and well
water. However, the mean values of potassium and phosphate were higher than the normal range in well
water consumers, while the calcium mean value level was at the lower end of the normal range in well water
drinkers. Since more than half of the study population was diabetic, HbAlc mean values were higher than
normal, at 6.5 and 7.2, among the RO water drinkers and well water drinkers, respectively. The mean values
of e-GFR among the studied groups of drinking water consumers, RO water, and well water drinkers were
50.5 and 41.9, respectively. There are no statistically significant differences in urea, creatinine, calcium,
triglyceride, cholesterol, HbAlc, and e-GFR levels among the water source groups (p-value= 0.76, p-value=
0.92, p-value = 0.70, p-value= 0.64, p-value= 0.36, and p-value= 0.38, respectively). Conversely, a
statistically significant difference appears in sodium, potassium, and phosphate levels in the company of
the water source groups (p-value=0.027, p-value=0.001, and p-value=0.025, respectively).

Table 9. The effect of water source on kidney function parameters.
Variables Osmotic water Well water P- Value
Mean Mean

Urea. mg/dl 74.6 77.3 0.76
Creatinine. mg/dl 2.9 3.2 0.92
Na. mEq/1 139.1 141.7 0.027
K. mmol/1 4.48 5.45 0.001
Ca. mg/dl 9.45 8.54 0.70
Ph. mg/dl 4.4 5.3 0.025
TGR. mg/dl 138 146.2 0.64
Cho. mg/dl 162.5 168.2 0.36
HbAlc % 6.5 7.14 0.38

Table 10 shows the relationship between the measurement of kidney function through e-GFR levels and the
drinking water source. The largest number of the study sample population was patients drinking RO water
in the fourth stage of impaired kidneys, with 48 subjects, followed by 24 subjects in the same stage drinking
well water. Also, 18 of 22 patients in the first stage of impaired kidney function drank RO water, and only 4
patients out of 22 in the same e-GFR stage drank well water. The chi-square test result of 0.041 indicates a
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statistically significant association between e-GFR levels and the water source used by the participants (p-
value < 0.05).
Table 10. Relationship between e-GFR levels and the water source

e-GFR Osmotic water (n) | Well water (n) | Total (n)
Normal 18 4 22
Mild loss 4 0 4
Moderate loss 6 2 8
Moderate/severe loss 48 24 72
Total 76 30 106
Chi-square /significance 0.041

Table 11 represents the association between e-GFR levels and water intake among patients. The results
showed that there is a significant correlation between e-GFR levels and water intake (Chi square = 0.039, p
< 0.05). The data revealed that patients with normal e-GFR levels tend to have a higher water intake, with
8 out of 26 patients consuming more than 2 liters of water per day. On the other hand, patients with severe
e-GFR loss tend to have a lower water intake, with 14 out of 42 patients consuming less than 1 liter of water
per day. While 20 patients out of 42 patients were drinking 1 to 2 liters per day.

Table 11. Relationship between e-GFR levels (a measure of kidney function) and the water intake
(Chi square test)

Water intake per day (in Liters)

e-GFR levels Less than 1 L (n) 1to2L (n) | More than 2 L (n) Total
Normal 4 14 8 26
Mild loss 2 10 0 12
Moderate loss 8 12 6 26
Moderate/severe loss 14 20 8 42
Total 28 56 22 106

Chi square/significance 0.039

Discussion

The present study investigated the possible contribution of drinking water quality to the progression of
chronic kidney disease in CKD patients. The distribution of gender among patients with kidney dysfunction
was analyzed. The results showed that there is a nearly equal distribution of males and females among the
study population, with 50.9% of the patients being males and 49.1% being females. This result is consistent
with a Chinese cross-sectional study that revealed the equivalent CKD incidence among men and women
[24]. On the other hand, several previous studies have presented conflicting results on this matter. For
example, a French epidemiologic study demonstrated that the prevalence of chronic renal failure was higher
in men [25]. However, the US Renal Data System reported that the occurrence of kidney failure between
the years 2007 and 2012 was more common in women than men [26]. These opposing data might be
attributed to geographic differences in how gender affects the prevalence of CKD [27].

Also, the current study examined the demographic characteristics of patients with kidney dysfunction. The
results showed that the mean age of the patients was 53.05 years, with a standard deviation of +23.5 years.
This suggests that the patients in our study were relatively old, with a significant range of ages represented.
As the majority of patients with kidney dysfunction were older than 60 years (41.5%), followed by those
between 51-60 years (22.6%). These findings are in agreement with previous studies that have shown that
the risk of kidney disease rises with age [28, 29]. A study by the National Kidney Foundation found that the
incidence of kidney disease rises significantly after the age of 60 [28]. These findings emphasize the
importance of implementing targeted interventions to prevent and treat kidney disease in older adults.
This study found that the majority of patients with kidney dysfunction (71.7%) used drinking RO water as
their primary water source, while the well water drinkers were 28.3%. This finding is important because
water quality can impact kidney function, with some water sources containing pollutants that can
exacerbate the progression of kidney disease. Previous studies have shown that RO water can serve as a
secure source of water for patients with kidney disease [ 29].

In terms of water intake per day, the current study found that the majority of patients with kidney
dysfunction (52.8%) consumed between 1-2 liters of water per day, while 26.4% consumed less than 1 liter
and 20.8% consumed more than 2 liters. This observation is noteworthy because adequate water intake is
crucial for maintaining kidney function, and inadequate water intake has a bad impact on kidney health
and can exacerbate kidney disease. Previous studies have revealed that increasing water intake can be
beneficial to decrease the progression of kidney disease [30]. However, the optimal water intake for CKD
patients is still unknown and further research is needed on these issues.

The majority of patients with kidney dysfunction in the current study (68%) had moderate to severe e-GFR
loss (fourth stage), followed by normal e-GFR stage with (20.8%), mild to moderate loss e-GFR stage (7.5%),
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and mild loss GFR stage (3.8%). This finding is alarming, as severe e-GFR decline is a strong indicator of
kidney disease progression and mortality [28].

The current study compared biochemical parameters between female and male patients with kidney
dysfunction. The results showed that there were no statistically significant differences between females and
males in terms of urea, creatinine, sodium, potassium, calcium, phosphorus, triglyceride, cholesterol, and
hemoglobin Alc (HbAlc) levels as p-values were > 0.05 for all tested parameters. However, there was a trend
towards higher calcium levels in females compared to males (10.1SD+11.09, and 8.2 SD+ 1.5). In addition,
urea mean values were higher in males compared to females (81.8 SD+50, and 68.6 SD*42.7) and both
values were higher than normal. These findings suggest that laboratory parameters are nearly similar
between female and male patients with kidney dysfunction, and that gender-specific differences may not
play a significant role in the management of kidney disease. These results were coherent with previous study
that revealed the difference in electrolytes levels between gender were not statistically significant [31].
Biochemical laboratory parameters among patients with kidney dysfunction patients drinking well water,
and RO water were compared in this study. This study revealed that there were no statistically significant
in urea and creatinine concentration among two groups. However, both of urea and creatinine were more
than normal in both groups.

The results showed that there were significant differences in sodium levels (p=0.027). Although it was normal
in both groups. Sodium level was higher in patients using well water compared to patients using RO water.
Additionally, there was a significant difference in phosphate levels (p=0.025) and potassium levels (p=0.001)
among the two groups, with patients using well water having higher potassium and phosphate levels
compared to those using osmotic water. Potassium and phosphate concentrations were above the normal
range. It has been established that CKD is linked to significant alterations in electrolyte handling [32]. A
previous study stated that renal patients often have abnormal levels of serum potassium. Therefore,
inadequate dietary potassium intake is a concern for patients with kidney disease [33]. Recently, the 2020
Kidney Disease Improving Global Outcome (KDIGO) Controversies Conference issued that the link between
dietary intake and serum potassium levels is not significant in CKD, there for restricting dietary potassium
is not required in renal patients [34]. Another study concluded that the effect of dietary potassium on the
progression of CKD remains uncertain [32]. In non-dialysis-CKD patients, a tight association between serum
phosphate levels and CKD progression [35]. Experimental studies have demonstrated that a high
phosphorus diet results in a decrease in glomerular filtration rate and raises the mortality rate [36, 37]. Our
study adds to the existing literature by highlighting the importance of considering water source in the
management of kidney disease and suggests that patients using well water may be at higher risk of
electrolyte imbalances.

This study examined the association between water source and e-GFR levels among patients with kidney
dysfunction. The results showed that there was a significant association between water source and e-GFR
levels (chi-square =0.041. Specifically, 48 out of 76 patients are in the fourth stage of e-GFR drinking RO
water, regarded is 63% of the osmotic water consumers group, in meantime 24 out of 30 patients in the
same e-GFR stage are drinking well water, representing about 80% of the well water consumers group. These
findings suggest that the water source may play a role in kidney function and disease progression. RO water,
in particular, may be associated with better kidney function compared to well water. This is consistent with
previous studies that have shown that RO water is linked to better kidney function and slower advancement
of the disease [28, 29], and switching to RO water has yielded positive outcomes and decreased the
progression of CKD [38]. Furthermore, another previous study has established a strong link between well
water consumption and kidney function decline [39].

The current study highlights the importance of considering water source in the management of kidney
disease and suggests that RO water may be a preferred option for patients with kidney dysfunction.
Meanwhile, this study examined the association between water intake per day and e-GFR levels among
patients with kidney dysfunction. The results showed that there was a significant association between water
intake and e-GFR levels (Chi square = 0.039, p < 0.05). Specifically, patients who consumed 1-2 liters of
water per day had higher e-GFR levels compared to those who consumed less than 1 liter or more than 2
liters per day. In fact, 24 patients out of 38 who consumed 1-2 liters of water per day had normal or mild e-
GFR loss, compared to 6 out of 38 patients who consumed less than 1 liter and 8 out of 38 patients who
consumed more than 2 liters. On the other hand, patients with severe e-GFR loss tend to have a lower water
intake, with 14 out of 42 patients consuming less than 1 liter of water per day. These findings indicate that
moderate water intake may be linked to kidney function compared to both low and high water intake. Many
evidences indicate that high water intake may benefit the kidneys [40-42]. In addition, two Australian cross-
sectional studies demonstrated that there is a negative correlation between fluid intake and the incidence
of CKD [43]. However, it has been established that both low and high-water intake might not be
advantageous for individuals with chronic kidney disease, and high risk was noted for patients who consume
the lowest and highest amounts of water [44].

Previous studies among CKD patients revealed that poor kidney outcomes are associated with lower water
intake [45,46]. While others showed worse kidney consequences with higher water intake [47,28]. A
prospective cohort study conducted on patients with moderate and severe stages of chronic kidney disease
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observed that higher water consumption may not be useful for patients with moderate or severe CKD [44].
Although the National Kidney Foundation sets adequate levels for total water intake per day at 3 L for men
and 2.2 L for women with CKD, French health authorities suggest 1.5 L, to be regulated according to thirst
and excretion [29]. Also, Sandra Wagner et al. (2022) concluded that 1 to 2 L/day is the ideal range of water
intake for CKD patients [44]. All the above previous studies are in line with our study, which emphasizes
the importance of encouraging moderate water intake as a possible approach for slowing kidney disease
progression.

Conclusion

This study has demonstrated a significant association between the source of drinking water and kidney
function in chronic kidney disease patients. These findings revealed that patients who consume RO water
tend to have better kidney function, as indicated by higher e-GFR levels, compared to those who consume
well water. This suggests that RO water may have a protective effect on kidney health, potentially due to its
lower content of harmful contaminants. Moreover, the study highlighted the importance of adequate water
intake in maintaining kidney function. Patients who consumed moderate amounts of water (1-2 liters per
day) showed improved kidney function, emphasizing the role of both water quality and quantity in managing
kidney disease are crucial. Further research is necessary to explore the underlying mechanisms by which
different water sources affect kidney health and to develop comprehensive guidelines for optimal water
consumption in this patient population.

Acknowledgments

We would like to express our deepest gratitude to the staff of Zawia Medical Reference Laboratory for their
unwavering support and invaluable assistance throughout this research. Their expertise, dedication, and
willingness to provide resources were instrumental in the successful completion of this work.

Conflicts of Interest
The authors declared no conflicts of interest.

References

1. JhaV, Garcia-Garcia G, Iseki K, Li Z, Naicker S, Plattner B, et al. Chronic kidney disease: global dimension and
perspectives. Lancet. 2013;382(9888):260-72.

2. Lunyera J, Mohottige D, Von Isenburg M, Jeuland M, Patel UD, Stanifer JW. CKD of uncertain etiology: a
systematic review. Clin J Am Soc Nephrol. 2016;11(3):379-85.

3. Jayasumana C, Paranagama P, Agampodi S, Wijewardane C, Gunatilake S, Siribaddana S. Drinking well water
and occupational exposure to herbicides is associated with chronic kidney disease in Padavi-Sripura, Sri Lanka.
Environ Health. 2015;14:6.

4. Jayasekara JM, Dissanayake DM, Adhikari SB, Bandara P. Geographical distribution of chronic kidney disease
of unknown origin in North Central Region of Sri Lanka. Ceylon Med J. 2013;58(1):6-10.

5. Nicol F, His I, Jauneau A, Vernhettes S, Canut H, Hofte H. A plasma membrane-bound putative endo-1,4-3-D-
glucanase is required for normal wall assembly and cell elongation in Arabidopsis. EMBO J. 1998;17(19):5563-
76.

6. Mohamed SA, Nyerere A, Sang WK, Ngayo M. Bottled water brands are contaminated with multidrug-resistant
bacteria in Nairobi, Kenya. F1000Res. 2020;9:1337.

7. lkem A, Odueyungbo S, Egiebor NO, Nyavor K. Chemical quality of bottled waters from three cities in eastern
Alabama. Sci Total Environ. 2002;285(1-3):165-75.

8. Beede DK. What will our ruminants drink? Anim Front. 2012;2(2):36-43.

9. Nanayakkara S, Senevirathna STMLD, Abeysekera T, Chandrajith R, Ratnatunga N, Gunaratne ED, et al. An
integrative study of the genetic, social and environmental determinants of chronic kidney disease characterized
by tubulointerstitial damages in the North Central Region of Sri Lanka. J Occup Health. 2014;56(1):28-38.

10. Balasooriya S, Munasinghe H, Herath AT, Diyabalanage S, lleperuma OA, Manthrithilake H, et al. Possible links
between groundwater geochemistry and chronic kidney disease of unknown etiology (CKDu): an investigation
from the Ginnoruwa region in Sri Lanka. Expo Health. 2019;12(1):1-12.

11. Wickramarathna S, Balasooriya S, Diyabalanage S, Chandrajith R. Tracing environmental aetiological factors
of chronic kidney diseases in the dry zone of Sri Lanka—a hydrogeochemical and isotope approach. J Trace
Elem Med Biol. 2017;44:298-306.

12. Dissanayake CB, Chandrajith R. Fluoride and hardness in groundwater of tropical regions—review of recent
evidence indicating tissue calcification and calcium phosphate nanoparticle formation in kidney tubules. Ceylon
J Sci. 2019;48(3):197-207.

13. Reza R, Singh G. Physico-chemical analysis of groundwater in Angul-Talcher region of Orissa, India. J Am Sci.
2009;5(5):53-8.

14. Shahin M. Hydrology and water resources of Africa. New York: Kluwer Academic Publishers; 2003. 529 p.

15. Abdou KhA, Moselhy WA, Mohammed AN, Abulgassm MA, Ahmed KI. Monitoring the hygienic quality of
underground water in different localities in Egypt and Libya. J Vet Med Res. 2016;23(2):249-58.

16. Pant ND, Poudyal N, Bhattacharya SK. Bacteriological quality of bottled drinking water versus municipal tap
water in Dharan municipality, Nepal. J Health Popul Nutr. 2016;35(1):6.

17. UNICEF, WHO. Progress on drinking water and sanitation: special focus on sanitation. Geneva: World Health
Organization; 2008.

Copyright Author (s) 2025. Distributed under Creative Commons CC-BY 4.0
Received: 01-03-2025 - Accepted: 29-04-2025 - Published: 05-05-2025 807


https://doi.org/10.54361/ajmas.258236

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Algalam Journal of Medical and Applied Sciences. 2025;8(2):801-809
https://doi.org/10.54361/ajmas.258236

Levey AS, Coresh J, Balk E, Kausz AT, Levin A, Steffes MW, et al. The definition, classification, and prognosis
of chronic kidney disease: a KDIGO Controversies Conference report. Kidney Int. 2003;80(1):17-28.
Roncal-Jdimenez C, Lanaspa MA, Jensen T, Sanchez-Lozada LG, Johnson RJ. Mechanisms by which dehydration
may lead to chronic kidney disease. Ann Nutr Metab. 2015;66(3):10-3.

Almaguer M, Herrera R, Orantes CM. Chronic kidney disease of unknown etiology in agricultural communities.
MEDICC Rev. 2014;16(2):9-15.

Brooks DR, Ramirez-Rubio O, Amador JJ. CKD in Central America: a hot issue. Am J Kidney Dis.
2012;59(4):481-4.

Peraza S, Wesseling C, Aragon A, Leiva R, Garcia-Trabanino RA, Torres C, et al. Decreased kidney function
among agricultural workers in El Salvador. Am J Kidney Dis. 2012;59(4):531-40.

Palmer SC, Wong G, Iff S, Yang J, Jayaswal V, Craig JC, et al. Fluid intake and all-cause mortality,
cardiovascular mortality and kidney function: a population-based longitudinal cohort study. Nephrol Dial
Transplant. 2014;29(7):1377-84.

Zhang L, Wang F, Wang L, Wang W, Liu B, Liu J, et al. Prevalence of chronic kidney disease in China: a cross-
sectional survey. Lancet. 2012;379(9818):815-22.

Jungers P, Chauveau P, Descamps-Latscha B, Labrunie M, Giraud E, Man NK, et al. Age and gender-related
incidence of chronic renal failure in a French urban area: a prospective epidemiologic study. Nephrol Dial
Transplant. 1996;11(8):1542-6.

United States Renal Data System. 2015 USRDS annual data report: Epidemiology of kidney disease in the
United States. Bethesda: National Institutes of Health, National Institute of Diabetes and Digestive and Kidney
Diseases; 2015.

Campbell S. Dietary reference intakes: water, potassium, sodium, chloride, and sulfate. Clin Nutr Insight.
2004;30(6):1-4.

Lee MJ, Chang TI, Lee J, Kim YH, Oh KH, Ahn C, et al. Urine osmolality and renal outcome in patients with
chronic kidney disease: results from the KNOW-CKD. Kidney Blood Press Res. 2019;44(5):1089-100.

Haute Autorité de Santé. Maladie rénale chronique de ’adulte. Paris: HAS; 2012.

Sontrop JM, Dixon SN, Garg AX, Buendia-Jimenez I, Dohein O, Huang SH, et al. Association between water
intake, chronic kidney disease, and cardiovascular disease: a cross-sectional analysis of NHANES data. Am J
Nephrol. 2013;37(5):434-42.

Mehmood HR, Khan Z, Jahangir MS, Hussain A, Elahi A, Askari SMH. Assessment of serum biochemical
derangements and associated risk factors of chronic kidney disease. J Taibah Univ Med Sci. 2022;17(3):376—
83.

Mazzaferro S, de Martini N, Cannata-Andia JB, Cozzolino M, Messa P, Rotondi S, et al. Focus on the possible
role of dietary sodium, potassium, phosphate, magnesium, and calcium on CKD progression. J Clin Med.
2021;10(5):958.

DuBose TD Jr. Inadequate dietary potassium and progression of CKD. Clin J Am Soc Nephrol. 2019;14(3):319-
20.

Clase CM, Carrero JJ, Ellison DH, Grams ME, Hemmelgarn BR, Jardine MJ, et al. Potassium homeostasis and
management of dyskalemia in kidney diseases: conclusions from a Kidney Disease: Improving Global Outcomes
(KDIGO) Controversies Conference. Kidney Int. 2020;97(1):42-61.

Da J, Xie X, Wolf M, Disthabanchong S, Wang J, Zha Y, et al. Serum phosphorus and progression of CKD and
mortality: a meta-analysis of cohort studies. Am J Kidney Dis. 2015;66(2):258-65.

Roman-Garcia P, Carrillo-Lopez N, Fernandez-Martin JL, Naves-Diaz M, Ruiz-Torres MP, Cannata-Andia JB.
High phosphorus diet induces vascular calcification, a related decrease in bone mass and changes in the aortic
gene expression. Bone. 2010;46(1):121-8.

Cannata-Andia JB, Roman-Garcia P, Carrillo-Lopez N, Dusso AS. Clinical and preclinical evidence of the skeletal
and vascular adverse health effects of high dietary phosphorus. In: Uribarri J, Calvo MS, editors. Dietary
phosphorus: health, nutrition, and regulatory aspects. Boca Raton: CRC Press; 2017.

de Silva MWA. Drinking water and CKD of unknown etiology in Sri Lanka: a community perspective. Ann Nutr
Metab. 2021;76(Suppl 1):37-42.

Vlahos P, Schensul SL, Anand S, Shipley E, Diyabalanage S, Hu C, et al. Water sources and kidney function:
investigating chronic kidney disease of unknown etiology in a prospective study. npj Clean Water. 2021;4:50.
Clark WF, Sontrop JM, Huang SH, Moist L, Bouby N, Bankir L. Hydration and chronic kidney disease
progression: a critical review of the evidence. Am J Nephrol. 2016;43(4):281-92.

Wang CJ, Grantham JJ, Wetmore JB. The medicinal use of water in renal disease. Kidney Int. 2013;84(1):45-
53.

Lo JA, Kim JS, Jo MJ, Cho EJ, Ahn SY, Ko GJ, et al. Impact of water consumption on renal function in the
general population: a cross-sectional analysis of KNHANES data (2008-2017). Clin Exp Nephrol.
2021;25(4):376-84.

Strippoli GF, Craig JC, Rochtchina E, Flood VM, Wang JJ, Mitchell P. Fluid and nutrient intake and risk of
chronic kidney disease. Nephrology (Carlton). 2011;16(3):326-34.

Wagner S, Merkling T, Metzger M, Bankir L, Laville M, Frimat L, et al. Water intake and progression of chronic
kidney disease: the CKD-REIN cohort study. Nephrol Dial Transplant. 2022;37(4):730-9.

Torres VE, Grantham JJ, Chapman AB, Mrug M, Bae KT, King BF Jr, et al. Potentially modifiable factors
affecting the progression of autosomal dominant polycystic kidney disease. Clin J Am Soc Nephrol.
2011;6(3):640-7.

Plischke M, Kohl M, Bankir L, Sharma AM, Wiecek A, Szymczak A, et al. Urine osmolarity and risk of dialysis
initiation in a chronic kidney disease cohort—a possible titration target? PLoS One. 2014;9(4):93226.
Tabibzadeh N, Wagner S, Metzger M, Flamant M, Haymann JP, Boffa JJ, et al. Fasting urinary osmolality, CKD
progression, and mortality: a prospective observational study. Am J Kidney Dis. 2019;73(5):596-604.

Copyright Author (s) 2025. Distributed under Creative Commons CC-BY 4.0
Received: 01-03-2025 - Accepted: 29-04-2025 - Published: 05-05-2025 808


https://doi.org/10.54361/ajmas.258236

Algalam Journal of Medical and Applied Sciences. 2025;8(2):801-809
https://doi.org/10.54361/ajmas.258236

etk
15 Jo ccrapall SN (2500 A9 el Olesdl il ) &uanle (65519 dbgpmn Cliwsls ds giue dualle duonso ASCiin a3all (S (210 s
O 0y a3l I (250 Gl A>E e Sgians Aol (il oo B3gr O9iWl 81 cpull Lass $lah)lg basaiall pe (§,Sull
6 o J) deaaiall dyll 04 Bugh . S Cha yakal 25 ) pasell (S (250 (5250) LSy ol olio B35 (reuxdy Aidlye (252
(e~ @5._&1! Tl Jdang cJanll Dlgg cdiguodd! A8kl polaadl Judod ISy (poiall (SSII (250 Hglas e LgiuaS oleall B39
o o -BU| 74919 5553 750.9 o (el (S poye o0 Ol (920 106 dwhudl Cdo—is . eiall (I 1500 (9250 (SWIGFR)
o ole 728.3 o s ¢ (RO).L?»&’J‘ ool o (£71.7) dudeYl cSlgiwl ale 60 o (B0 Z40 o0 AST O eyl 3 Sy Ll
d>yall § a3l S 250 (%68) (xS)l—inal! ebaro G 08 Lagy (pA JI A (0 ISl (30 %52.8 cllgiwl csladl Joliy 3lan Leud
4)3’.) [KYOIK) QSA pj U‘ﬁ ‘DLAJ‘).,\_,«,AA LS\.C}AN L/Jng uu.ul.\)ﬁb L\_)}J‘ ubj./._‘wo Mﬂ.})‘ _)J.D.A.“ LS\MSJ‘ GJ_M:_;\J‘ du\.sm ul.c ;Lu @JJ\
(p=0.025) wlawgally (p=0.027) ﬁya},al\ Olgiwe &Ln.Ul X ¢l Oilidg i) ,3 Al Yo ild (39,8 ula.>3.‘ TGk 2oy - Aslas|
dgl.uj OLLAJ\)JLQAMJ«SM)Ml LS"“SJ‘ Ga_wjd\ J.J.:.A ubjw .Ia.u).) TG dl 4.9L4a)jb )b}’\ DLuo 4.(:5.4;:90 Lg (p 0. 001) eﬁ.u.ub}«.”j
(5“&;]‘ c.pl.uJ\ olua stl@w ol esedl (S (500 S20 ol Ayl wS L;\yJ\ e ¢0.039 = 65&5&@ 0.041 = 66&:}‘») olal!
L}s\jlf.fl ub&gujﬂ@._‘wgl‘)b)” olao Ogorio oyl ol RY Jadi L il b_).@.]a\ (A 2-1) Bogo slodl (o Jiae J9US (e (9hadlg
Ol (S oy (9250) Doy ad) Byl0Y1 L; A 4SS Jglidg oluall 839> (pe S dunnl e s9all sl oda Ll el o A8

Copyright Author (s) 2025. Distributed under Creative Commons CC-BY 4.0
Received: 01-03-2025 - Accepted: 29-04-2025 - Published: 05-05-2025 809



https://doi.org/10.54361/ajmas.258236

