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ABSTRACT 

Introduction: The urine albumin-creatinine ratio (uACR) 
is a key biomarker for assessing kidney function in patients 
with chronic kidney disease (CKD), with elevated levels indi-
cating kidney damage. Water and protein metabolism signifi-
cantly impact kidney function. Proper hydration influences va-
sopressin feedback and osmolality regulation, while excessive 
protein intake exacerbates kidney stress through hyperfiltra-
tion and increased urea production. This study investigates 
the relationship between daily water and protein intake and 
uACR levels in CKD patients. 

Methods: A cohort study was conducted on 10 non-dialy-
sis CKD patients at Dr. Wahidin Sudirohusodo Hospital, 
Makassar, Indonesia. Demographic and clinical data were col-
lected, and average daily water and protein intake were as-
sessed. The Spearman correlation test analyzed the relation-
ship between water and protein intake and changes in uACR, 
albumin, and creatinine levels. 

Results: A strong negative correlation was found between 
daily water intake and uACR (ρ=-0.891, p=0.001), indicating 
that higher water consumption reduces uACR. Conversely, 
protein intake showed a strong positive correlation with uACR 
(ρ=0.770, p=0.009) and urine albumin levels (ρ=0.806, 
p=0.005), suggesting that higher protein consumption in-
creases both uACR and albumin excretion. No significant cor-
relation was found between water or protein intake and urine 
creatinine levels. 

Conclusion: This study highlights the importance of hy-
dration and dietary protein regulation in managing CKD 
progression. Increased water intake may reduce uACR, 
while excessive protein intake can exacerbate kidney dam-
age, emphasizing the need for dietary management in CKD 
patients. 
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ABBEREVIATION 

BMI: Body Mass Index. 

CKD: Chronic Kidney Disease. 

DM: Diabetes Mellitus. 

eGFR: Estimated Glomerular Filtration Rate. 

uACR: Urine Albumin-Creatinine Ratio. 

INTRODUCTION 

Chronic kidney disease (CKD) is a progressive condition 
that affects millions worldwide, leading to deteriorating renal 
function over time1. Understanding the factors that influence 
the progression of CKD is crucial for developing effective 
management strategies. Two major factors that play a signif-
icant role in kidney function are water and protein intake2. 
Previous studies have explored the impact of hydration and 
dietary protein on kidney health, but the specific relationship 
between these factors and the urine albumin-creatinine ratio 
(uACR), a critical biomarker of kidney function, remains an 
area of ongoing investigation3. 
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In patients with CKD, the urine albumin-creatinine ratio is a 
reliable indicator of kidney damage, with elevated levels re-
flecting compromised renal filtration capabilities4. Water in-
take, through its effect on vasopressin feedback and osmolal-
ity regulation, is thought to influence this marker, potentially 
slowing disease progression5. Similarly, protein consumption 
can exacerbate kidney function decline through hyperfiltration 
and increased intraglomerular pressure, as excess protein 
metabolism byproducts, such as urea, strain the kidney’s fil-
tering capacity6. This study aims to investigate these correla-
tions further, shedding light on the impact of daily water and 
protein intake on the uACR in CKD patients, and providing in-
sights into dietary management for disease control.  

METHODS 

Subject’s and data collections 

A cohort study was conducted on 10 non-dialysis CKD pa-
tients in Dr. Wahidin Sudirohusodo Hospital, Makassar, South 
Sulawesi, Indonesia. This study was approved by the Research 
Ethics Commission of the Faculty of Medicine, Hasanuddin 
University (No: 824/UN4.6.4.5.31/PP36/2022). Demographic 
(age, gender) and clinical (age (years), body mass index 
BMI (kg/m2), smoking status, alcoholic status, hypertension, 
nasopharynx cancer, diabetes mellitus, hyperuricemia dys-
lipidemia) were collected by collecting medical record data 
from patients who were examined in Clinical Laboratory of 
Dr. Wahidin Sudirohusodo Central Hospital. Water (dL/day) 
and protein intake (g/day) were collected by recall. 

Statistical analysis 

Baseline data were descriptively summarized and crosstabu-
lated. Each of the demographic and clinical features was ana-
lyzed. The correlation between average water and protein in-
take with changes in uACR (mg/g from urine albumin mg/dL 
and urine creatinine g/dL) was analyzed using the Spearman 
correlation test. All statistical analyses were performed using the 
Statistical Program for Social Sciences (IBM SPSS 24, IL, USA). 

RESULTS 

A total of 121 patients with chronic kidney disease (CKD) 
were initially screened for the study. Following the screening 
process, 110 patients were excluded based on specific criteria: 
60 patients were at stage 5 CKD, 30 were at stage 4 CKD and 
undergoing hemodialysis (HD), 2 were at stage 3b CKD and 
receiving antidiuretic treatment, and 18 were at stage 2 CKD. 
After these exclusions, 11 patients from the Nephrology and 
Hypertension clinic at Dr. Wahidin Sudirohusodo Central 
Hospital were identified as eligible participants. However, dur-
ing the study, one patient dropped out, leaving a final enroll-
ment of 10 participants. The average age of the patients was 
52.70 (10.26) years, with an average BMI of 23.60 (3.77). The 
majority of patients were employed (70.0%), male (70.0%), 

hypertensive (90.0%), and half of them were smokers as 
mentioned in Table 1. 

Based on the results of the Spearman correlation test, it 
was found that the average daily water intake was strongly 
negatively correlated with the urine albumin-creatinine ratio 
(ρ=-0.891, p-value=0.001), indicating that increased water 
consumption reduces uACR. The average daily protein intake 
was strongly positively correlated with the urine albumin-cre-
atinine ratio (ρ=0.770, p-value=0.009), suggesting that re-
duced protein consumption lowers uACR. Furthermore, the 
average daily protein intake was very strongly positively cor-
related with urine albumin levels (ρ=0.806, p-value=0.005), 
indicating that decreased protein consumption reduces albu-
min levels. No correlation was found between the average to-
tal daily water intake and urine albumin or creatinine levels, 
nor between the average total daily protein intake and urine 
creatinine levels. All results can be seen in Table 2.  

DISCUSSION 

The research findings showed a significant strong negative 
correlation between average daily water consumption and the 
urine albumin-creatinine ratio as mentioned in Table 2 and 
Figure 1. This is consistent with previous studies showing that 
increased water intake of 2 (1.6-2.4) liters accelerates kidney 
function decline, leading to a faster decrease in eGFR. 
However, consumption of less than 1.0 liters per day also  
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Figure 1. Subject enrollment



resulted in a decline in eGFR compared to those 
consuming 1.0-1.5 liters per day. The graph of 
kidney function decline is most evident with 
minimal water intake at 1.0-1.5 liters7. Water in-
take plays a role in the kidney’s ability to con-
centrate urine in non-dialysis-dependent pa-
tients, allowing for tolerance of up to 0.7 liters 
per day, provided there are no signs of fluid 
overload8-10. Increasing water intake in CKD pa-
tients may provide positive effects through va-
sopressin feedback mechanisms, but it must be 
carefully monitored with regular assessments11. 

A significant strong positive correlation was 
found between CKD patients’ daily protein in-
take and urinary albumin levels as mentioned 
in Table 2 and Figure 5. This indicates that in-
creased protein intake leads to higher albumin 
excretion in the urine. This condition is related 
to protein metabolism, where protein is utilized 
as a substrate for albumin, the largest protein 
compartment in the body. In CKD patients, the 
filtration function is impaired due to the loss of 
charge on the glomerular basement mem-
brane, causing albumin to leak into the urine12. 
Protein intake triggers glomerular hyperfiltra-
tion by increasing intraglomerular pressure due 
to elevated urea, a byproduct of protein 
metabolism. Therefore, protein restriction must 
be adjusted according to the patient’s condi-
tion13. Strict protein restriction may lead to re-
duced glucagon and growth hormone levels, 
potentially causing malnutrition due to in-
creased proteolysis within the body14. 

A strong positive correlation was also found 
between CKD patients’ daily protein intake and 
the urine albumin-creatinine ratio as mentioned 
in Table 2 and Figure 4. This occurs because al-
bumin increases in the numerator, with no sig-
nificant change in creatinine levels, leading to 
an increase in the albumin-creatinine ratio. 
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Table 1. Patient’s Demographic Data

Variable Mean (SD) Median (min-max) n%

Age (years) 52.70 (10.26) 54.00 (40.00-67.00)

BMI (kg/m2) 23.60 (3.77) 23.80 (17.20-30.30)

Profession
Employee 7 (70.0) 

Unemployed 3 (30.0)

Sex
Male 7 (70.0)

Female 3 (30.0)

Smoking 
status

Yes 5 (50.0)

No 5 (50.0)

Alcoholic
Yes 2 (20.0)

No 8 (80.0)

Hypertension
Yes 9 (90.0)

No 1 (10.0)

Nasopharynx 
cancer

Yes 1 (10.0)

No 9 (90.0)

Diabetes 
mellitus

Yes 3 (30.0)

No 7 (70.0)

Hyperuricemia
Yes 1 (10.0)

No 9 (90.0) 

Dyslipidemia
Yes 1 (10.0)

No 9 (90.0)

 n number, SD standard of deviation, min minimum, max maximum.

Table 2. Correlation between variables and changes in the urine albumin-creatinine ratio (uACR) based on the Spearman correlation

Variable Δ uACR (ratio mg/g) Δ albumin (mg/dL) Δ creatinine (g/dL)

Average of water 
(dL/day) consumption

ρ -0.891 -0.564 -0.055

p-value 0.001* 0.090 0.881

Average of protein 
(gr/day) consumption

ρ 0.770 0.806 0.224

p-value 0.009* 0.005* 0.533

Spearman correlation test, *significant.
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Figure 1. Correlation between average daily water intake and the urine albumin-creatinine ratio (uACR)

Figure 2. Correlation between average daily water intake and urine albumin levels
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Figure 3. Correlation between average daily water intake and urine creatinine levels

Figure 4. Correlation between average daily protein intake and the urine albumin-creatinine ratio (uACR)
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Figure 5. Correlation between average daily protein intake and urine albumin levels

Figure 6. Correlation between average daily protein intake and urine creatinine levels



Increased protein intake increases protein metabolism waste 
products such as urea excretion. This correlation indicates the 
progressive decline in kidney function associated with protein 
consumption15-17. 

No correlation was found between water consumption and 
urine albumin or creatinine levels, nor was there a correlation 
between protein consumption and urine creatinine levels. This 
is because water intake is not directly related to kidney func-
tion decline, and excessive restriction can cause the kidney to 
lose its ability to concentrate urine through the vasopressin 
feedback mechanism. Another mechanism that contributes to 
kidney function improvement is the reduction of urea metabo-
lites, which lowers intraglomerular pressure, thus reducing al-
bumin leakage during filtration. All these effects are related to 
protein intake and not to water consumption. Although previ-
ous studies suggested that water intake is associated with al-
buminuria, the patient population in those studies followed a 
strict protein diet18. Nevertheless, excessive protein con-
sumption is the most closely related factor to kidney function 
decline19. 

Water and protein intake differ in their mechanisms of reg-
ulating kidney filtration. Water consumption is linked to vaso-
pressin feedback mechanisms, osmolality regulation, and im-
proved kidney function at appropriate volumes. Protein 
intake, on the other hand, is associated with urea metabolism 
and glomerular hyperfiltration7,13,18. 

Using the urine albumin-creatinine ratio as a monitoring 
tool for kidney function is crucial for assessing short-term CKD 
progression, as it is directly linked to the control of protein 
and water consumption. Therefore, controlling kidney func-
tion should be the basis for dietary protein regulation and 
fluid monitoring20,21. 

The limitations of this study include the relatively small 
number of patients, and the absence of analysis on critical 
factors such as diabetes mellitus and hypertension, which 
may influence the outcomes. Furthermore, the study was 
conducted over a short period, thus failing to provide data on 
long-term disease progression in the patients studied. 

CONCLUSION 

There is a correlation between water intake and the urine 
albumin-creatinine ratio, indicating that hydration levels 
may influence this key biomarker in patients with chronic 
kidney disease. Additionally, protein intake has been shown 
to correlate with both urine albumin levels and the albumin-
creatinine ratio, suggesting that dietary protein may play a 
role in kidney function and albumin excretion. These rela-
tionships highlight the importance of both hydration and di-
etary management in controlling the progression of kidney 
disease. 
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