
DOI: https://doi.org/10.3329/jninb.v10i1.75455

Net Urinary Acid Excretion and its Association with Kidney Disease 
Progression in Different Stages of Chronic Kidney Disease

Abstract
Background: Chronic kidney disease as an important public health issue. Previous studies suggest that 
higher urinary acid excretion is associated with progression of chronic kidney disease, but such relationship 
is not universally proven. Objective: To further assess such relationship between urine net acid excretion and 
renal outcomes in patients with chronic kidney disease, present study was designed to measure net acid 
excretion and to compare it with the changing stages of chronic kidney disease. Methodology: This was a 
cross sectional study conducted in the Department of Nephrology and Department of Biochemistry of 
National Institute of Kidney Diseases and Urology, Dhaka, from July 2020 to August 2021, among chronic 
kidney disease stage 1 to stage 5 patients who had not received dialysis as case and age and sex matched 
control. Patients of both gender with chronic kidney disease (stages 1-5) with urine output at least 500ml/day 
and age ≥ 18 years old, were enrolled in the study. Data collection sheet consisted of patient’s demographics, 
clinical examination and investigation result sheet. Anthropometric parameters like height and weight were 
measured. Systolic and diastolic BP of each patient was recorded at the time of data collection. Blood and 
urine samples were taken for biochemical analysis. Results: As per the selection criteria, 46 case were 
enrolled in the study, along with 13 age and sex matched control. Mean age of the case and control group 
were 51.24 ± 12.80 years and 39.38 ± 10.28 years respectively (p < 0.05). No statistically significant 
difference regarding net acid excretion was noticed between the case and control groups (p = 0.67). Also, no 
statistically significant association was found between net urinary acid excretion and different stages of 
chronic kidney disease. NAE was found to have statistically significant (p<0.05) positive correlation with 
serum phosphorus and total cholesterol. NAE had statistically significant (p<0.05) negative correlation with 
urine pH. Although NAE had positive correlation with serum creatinine, this was not statistically significant 
(p=0.30). Conclusion: In conclusion there is no statistically significant relation between net urinary acid 
excretion and stages of chronic kidney disease. [Journal of National Institute of Neurosciences Bangladesh, 
January 2024;10(1):44-51]
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Introduction 
Chronic kidney disease (CKD) is recognized as an 
important public health issue. CKD is a progressive 

condition that affects more than 10.0% of the general 
population worldwide, amounting to more than 800 
million individuals1. The overall pooled prevalence of 

CKD among Bangladeshi adults is 17.3% cases2. 
Metabolic acidosis is defined as a low arterial pH as well 
as reduction in serum bicarbonate (HCO3-) 
concentration, where the plasma bicarbonate 
concentration falls below 20 mmol/L3 which is a risk 
factor for progression of CKD4-6. Treatment of CKD 
patients showed slowed disease progression by 
increasing the systemic pH or by lowering the amount of 
acid that must be excreted in the urine, also known as the 
urinary acid excretion7-9. Previous studies suggest that 
higher urinary acid excretion is associated with 
progression of CKD; where urinary acid excretion data 
were measured from dietary data rather than direct 
measurements10-12. Excreting the nonvolatile acids (i.e., 
H+) generated during metabolism through urine is 
maintained by the kidneys13-15. Alkali may be ingested in 
the form of alkali supplements or metabolizable organic 
anion salts found abundantly in fruits and vegetables, 
both of which may buffer nonvolatile acids10,16-17. Thus, 
the total load of urinary acid excretion equals the 
difference between acids produced and alkali consumed 
in foods or supplements. 
The kidney excretes the nonvolatile acid load as 
ammonium (NH4+) or as titratable acid bound to anionic 
urinary buffers such as phosphate and creatinine18-20. 
Regulation of urinary acid excretion maintains acid-base 
homeostasis in response to dietary changes or systemic 
acid-base balance21-22. Net Acid Excretion is the sum of 
urinary NH4+ and titratable acid excretion. In the steady 
state, NH4+ accounts for 60% of total acid excretion. 
NAE factors in any bicarbonate excretion that may occur 
(NAE = NH4+ + titratable acid – HCO3−, all units in 
mEq/d)23. Due to the fact that the daily net acid excretion 
approximates the daily nonvolatile acid load, direct 
measurement of urinary net acid excretion is the 
reference standard for measuring acid load16,24. Many 
factors contribute to the development of Metabolic 
Acidosis in patients with CKD including the 
accumulation of organic or inorganic acids due to the 
reduced capacity of the diseased kidney to generate 
ammonia (NH3+) and excrete Hydrogen Ion (H+), lack 
of bicarbonate production and of tubulo-interstitial 
damage through ammonium retention and complement 
deposition25.
Prior study showed a potential association between urine 
net acid excretion and renal outcomes in patients with 
CKD26 but such relationship is not universally proven. To 
further assess such relationship between urine net acid 
excretion and renal outcomes in patients with CKD 
among Bangladeshi population, present study directly 
measured net acid excretion among participants of the 

study and compared it with the changing stages of CKD.

Methodology
Study Settings and Population: This was a cross 
sectional study which was conducted in the Department 
of Nephrology and Department of Biochemistry at 
National Institute of Kidney Diseases and Urology, 
Dhaka, Bangladesh from July 2020 to August 2021, 
among chronic kidney disease stage 1 to stage 5 
patients who had not received dialysis as case and age 
and sex matched control. Patients of both gender with 
chronic kidney disease (stages 1-5) with urine output at 
least 500ml/day and age ≥18 years old, were enrolled in 
the study. Chronic kidney disease patients on dialysis, 
renal allograft recipients, presence of active infection, 
acute MI in last three months, complete heart block, 
atrial fibrillation, abdominal aorta aneurysm, the 
presence of aortic and/or femoral artery prosthesis, 
patients with glomerulonephritis currently on 
immunosuppression, acute renal failure, chronic liver 
disease and urine pH value > 7.4 or < 4.0 were excluded 
from the study. 
Study Procedure: As per the selection criteria, 46 case 
were enrolled in the study, along with 13 age and sex 
matched control. Purposive sampling technique was 
used. A pre-tested data collection sheet and a hand-held 
pH meter was used as research instrument. Data 
collection sheet consisted of patient’s demographics, 
clinical examination and investigation result sheet. 
Anthropometric parameters like height and weight were 
measured. Systolic and diastolic BP of each patient was 
recorded at the time of data collection. Blood and urine 
samples were taken for biochemical analysis and results 
were recorded in data collection sheet. 
Statistical analysis: Statistical analysis was performed 
using Windows® based software program Statistical 
Packages for Social Sciences 25 (SPSS-25) (Chicago, 
IL, USA). After collection, all the data were checked 
and cleaned. Quantitative data were expressed as 
percentage, mean and standard deviation and qualitative 
data were expressed as frequency distribution and 
percentage. To determine statistical significance, chi 
square test, independent sample t test, one-way ANOVA 
and Pearson correlation were considered according to 
applicability. P value of < 0.05 was considered 
statistically significant.
Ethical Consideration: All procedures of the present 
study were carried out in accordance with the principles 
for human investigations (i.e., Helsinki Declaration 
2013) and also with the ethical guidelines of the 
Institutional research ethics. Formal ethics approval was 

granted by the local ethics committee. Participants in 
the study were informed about the procedure and 
purpose of the study and confidentiality of information 
provided. Risks and benefits were also made clear. All 
participants consented willingly to be a part of the study 
during the data collection periods. All data were 
collected anonymously and were analyzed using the 
coding system. 

Results
The mean age of the study population was 48.63±13.17 
years. Among the case group, 45.7% of the respondents 
were from the age group of 51 to 60 years, followed by 
30.8% from the age group of 20 to 30 years and 23.1% 

from 31 to 40 years of age group. Mean age of the case 
group was 51.24 ± 12.80 years and control group was 
39.38 ± 10.28 years. This difference in mean age of the 
case and control group was statistically significant 
(p<0.05). The difference in age group between case and 
control group was also statistically significant (p<0.05). 
CKD patients were male predominant (60.9% male) and 
rural in origin (54.3%). Over half (54.3% of case and 
53.8% of control) of the respondents had monthly 
income between BDT 7,501/- and 15,000 (Table 1).

Anthropometric and biochemical parameters of the 
study population were evaluated. Among the study 
population 65.2% case and 61.5% control were healthy. 
The distribution of the study population by BMI 
category was statistically significance between the two 
groups (p <0.05). Mean systolic and diastolic blood 
pressure was significantly (p < 0.05) higher among the 
cases compared to the control group. According to 
laboratory investigation, fasting blood sugar was 
significantly higher in cases compared to the control 
group (p < 0.05). Both groups were statistically similar 
regarding serum total protein, serum albumin and serum 
calcium concentration (p > 0.05). Moreover, Serum uric 
acid, serum phosphorus, serum potassium, and serum 
chloride levels were significantly higher in cases 
compared to the control group (p < 0.05). The serum 
sodium levels were lower among the cases than the 
control. There was no statistically significant difference 
regarding total cholesterol, triglycerides, and 
high-density lipoprotein concentration (p > 0.05) among 
the case and the apparently healthy population group. 
According to urine parameters, serum creatinine and 
serum urea were significantly higher in cases compared 
to the control group (p < 0.05).  There was no 
statistically significant difference between the case and 

control groups regarding 24 hours urine total volume, 
urine pH, and urea nitrogen appearance (g/day). Urinary 
ammonium and urinary phosphorus were significantly 
lower in cases compared to the control group (p < 0.05). 
There was no statistically significant difference 
regarding urinary creatinine. No statistically significant 
difference was found regarding dietary protein intake 
between case and control groups in this study (p = 
0.50). No statistically significant difference regarding 

net acid excretion was noticed between the case and 
control groups (p = 0.67) (Table 2).

There was no statistically significant association 
between net urinary acid excretion and different stages 
of chronic kidney disease. No statistically significant 
association was also found between net urinary acid 
excretion and BMI category, sex and diabetic status 
(Table 3).

Association between net urinary acid excretion and 
biochemical parameters of the CKD patients were 
assessed. NAE was found to have statistically 
significant (p < 0.05) positive correlation with serum 
phosphorus and total cholesterol. NAE had statistically 
significant (p < 0.05) negative correlation with urine 
pH. Although NAE had positive correlation with serum 
creatinine, this was not statistically significant (p = 
0.30) (Table 4).

Discussion
Metabolic acidosis is a known complication of chronic 
kidney disease (CKD) resulting from an imbalance of 
acid load and excretion that may ultimately contribute 
to disease progression4,9. In previous studies, higher 
acid load has been hypothesized as the mechanism 
which links metabolic acidosis with poor kidney 
outcomes, in part due to associations of higher 
diet-derived acid load and faster chronic kidney disease 
progression11,12,27-28. Net acid excretion is considered as 
the gold standard measure of acid load. This study 
aimed to assess the pattern of net urinary acid excretion 
in patients with chronic kidney disease. 
The kidneys excrete the endogenous non-volatile acid 
load as ammonium and titratable acidity. Previous 
studies demonstrated that the central biologic response 
to nonvolatile acids increases ammonia excretion23,29. 
This process also facilitates bicarbonate generation and 
thus helps to maintain normal systemic bicarbonate and 
pH. But this enhanced NH4+ excretion to maintain 
normal systemic bicarbonate and pH may result in 
further kidney fibrosis, and some chronic kidney 
disease patients with clinically normal acid-base status 
might still have kidney injury because of higher 
ammonia production. Raphael et al29 study showed the 
mean ammonium excretion to be 1.27 ± 0.72 mEq/h in 
chronic kidney disease populations which is much 
higher than the mean urine ammonium of 104.1 ± 
151.7 µmol/d found in present study. 
The NAE is calculated in this study as the sum of urine 
ammonium and titratable acidity in 24-hour urines 
from patients with chronic kidney disease and a healthy 
control group in a cross-sectional study design. The 
mean net acid excretion was 132.0 ± 172.2 mmol/d for 
the individuals with chronic kidney disease, which was 
higher than the control group, with mean value of 110.4 
± 112.1 mmol/d. Both are higher than previous study 
findings showing net acid excretion to be between 30 
to 50 mEq/d for chronic kidney disease patients30.

Patients with chronic kidney disease are at high risk for 
the adverse effects of high BP. Present study showed 
significant (p < 0.05) difference in both systolic and 
diastolic blood pressure between case and control 
group, which is consistent with prior study showing 
similar difference31. Present study showed the mean 
NAE for male to be 143.2 ± 189.7 mmol/d, which is 
higher than the mean NAE for female of 108.4 ± 117.2 
mmol/d. Scialla and Anderson27 showed higher NAE 
among male than in female which is consistent with 
present study findings. Endogenous acid production is 
hypothesized to be increased in diabetes mellitus due to 
altered energy metabolism. Present study found mean 
NAE to be 99.1 ± 108.0 mmol/d for chronic kidney 
disease patients with DM, which is lower than the 
mean NAE of 162.2 ± 213.0 mmol/d for chronic 
kidney disease patients without DM. While this 
difference is not statistically significant, it coincides 
with the findings of Crews et al32 study. In the present 
study, the mean score of dietary protein intake was 36.4 
± 12 (g/day) among chronic kidney disease patients. In 
a prior study, greater dietary acid load, quantified by 
estimated NAE, was associated with albuminuria and 
low eGFR, markers of chronic kidney disease33. 
Present study used urinary nitrogen appearance to 
calculate the dietary protein intake. In this study 
population, the net urinary acid excretion showed no 
statistically significant variation with protein intake. It 
is important to note that the net endogenous acid 
production considers the balance of protein and 
potassium intake in the diet and was more strongly 
associated with GFR decline than either protein or 
potassium intake alone. Current clinical guidelines 
recommend restricted protein intake in chronic kidney 
disease34. This finding was consistent with the previous 
study concluding diet as a minor predictor of NAE32. 
Other factors like dietary potassium load may influence 
NAE than protein intake alone.
BMI is an independent risk factor for chronic kidney 
disease35–37. Present study found negative correlation 
between NAE and BMI, which contradicts prior study 
findings showing higher NAE being associated with 
greater BMI38 which could be due to the smaller sample 
size and demography of the study population. Adequate 
blood pressure control is widely recognized as an 
essential factor in slowing the progression of chronic 
kidney disease39-40. These findings hypothesized with 
the present study as hypertension and diabetes mellitus 
were the most common etiological factors associated 
with chronic kidney disease patients.

The net urinary acid excretion usually increases with 
progression of chronic kidney disease. A previous study 
demonstrated the higher NAE in advanced stages of 
chronic kidney disease16. In present study NAE showed 
no statistically significant variation with different 
stages of chronic kidney disease. The mean value of 
NAE was highest in stage IV chronic kidney disease 
166.1±161.9 mmol/day. From present study we can say 
that NAE is not dependent on stages of chronic kidney 
disease alone, rather the wide variation showed here 
may be a reflection of numbers of residual nephrons, 
degree of tubular dysfunction, high endogenous acid 
production which may vary greatly from person to 
person despite of having similar category of eGFR. 
Close monitoring to adherence to dietary 
recommendations and frequent evaluation of nutritional 
status is fundamental in the management of patients 
with chronic kidney disease since it can affect 
important health outcomes, including chronic kidney 
disease progression, quality of life, morbidity, and 
mortality. Additional nutritional measures to delay 
chronic kidney disease progression, some of them 
considered experimental, may include the limitation of 
phosphate and calorie intake, the increase of fiber 
intake, and the promotion of healthy dietary patterns.
 
Conclusions
Present study showed that there was no statistically 
significant relation between net urinary acid excretion 
and stages of chronic kidney disease, but statistically 
significant correlation with serum phosphorus, total 
cholesterol and urine pH. It also did not demonstrate 
any significant association with sex, BMI, dietary 
protein intake or the presence of diabetes mellitus. 
Further studies with larger population from multiple 
centers are needed to clarify the changes of these 
factors.
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Introduction 
Chronic kidney disease (CKD) is recognized as an 
important public health issue. CKD is a progressive 

condition that affects more than 10.0% of the general 
population worldwide, amounting to more than 800 
million individuals1. The overall pooled prevalence of 

CKD among Bangladeshi adults is 17.3% cases2. 
Metabolic acidosis is defined as a low arterial pH as well 
as reduction in serum bicarbonate (HCO3-) 
concentration, where the plasma bicarbonate 
concentration falls below 20 mmol/L3 which is a risk 
factor for progression of CKD4-6. Treatment of CKD 
patients showed slowed disease progression by 
increasing the systemic pH or by lowering the amount of 
acid that must be excreted in the urine, also known as the 
urinary acid excretion7-9. Previous studies suggest that 
higher urinary acid excretion is associated with 
progression of CKD; where urinary acid excretion data 
were measured from dietary data rather than direct 
measurements10-12. Excreting the nonvolatile acids (i.e., 
H+) generated during metabolism through urine is 
maintained by the kidneys13-15. Alkali may be ingested in 
the form of alkali supplements or metabolizable organic 
anion salts found abundantly in fruits and vegetables, 
both of which may buffer nonvolatile acids10,16-17. Thus, 
the total load of urinary acid excretion equals the 
difference between acids produced and alkali consumed 
in foods or supplements. 
The kidney excretes the nonvolatile acid load as 
ammonium (NH4+) or as titratable acid bound to anionic 
urinary buffers such as phosphate and creatinine18-20. 
Regulation of urinary acid excretion maintains acid-base 
homeostasis in response to dietary changes or systemic 
acid-base balance21-22. Net Acid Excretion is the sum of 
urinary NH4+ and titratable acid excretion. In the steady 
state, NH4+ accounts for 60% of total acid excretion. 
NAE factors in any bicarbonate excretion that may occur 
(NAE = NH4+ + titratable acid – HCO3−, all units in 
mEq/d)23. Due to the fact that the daily net acid excretion 
approximates the daily nonvolatile acid load, direct 
measurement of urinary net acid excretion is the 
reference standard for measuring acid load16,24. Many 
factors contribute to the development of Metabolic 
Acidosis in patients with CKD including the 
accumulation of organic or inorganic acids due to the 
reduced capacity of the diseased kidney to generate 
ammonia (NH3+) and excrete Hydrogen Ion (H+), lack 
of bicarbonate production and of tubulo-interstitial 
damage through ammonium retention and complement 
deposition25.
Prior study showed a potential association between urine 
net acid excretion and renal outcomes in patients with 
CKD26 but such relationship is not universally proven. To 
further assess such relationship between urine net acid 
excretion and renal outcomes in patients with CKD 
among Bangladeshi population, present study directly 
measured net acid excretion among participants of the 

study and compared it with the changing stages of CKD.

Methodology
Study Settings and Population: This was a cross 
sectional study which was conducted in the Department 
of Nephrology and Department of Biochemistry at 
National Institute of Kidney Diseases and Urology, 
Dhaka, Bangladesh from July 2020 to August 2021, 
among chronic kidney disease stage 1 to stage 5 
patients who had not received dialysis as case and age 
and sex matched control. Patients of both gender with 
chronic kidney disease (stages 1-5) with urine output at 
least 500ml/day and age ≥18 years old, were enrolled in 
the study. Chronic kidney disease patients on dialysis, 
renal allograft recipients, presence of active infection, 
acute MI in last three months, complete heart block, 
atrial fibrillation, abdominal aorta aneurysm, the 
presence of aortic and/or femoral artery prosthesis, 
patients with glomerulonephritis currently on 
immunosuppression, acute renal failure, chronic liver 
disease and urine pH value > 7.4 or < 4.0 were excluded 
from the study. 
Study Procedure: As per the selection criteria, 46 case 
were enrolled in the study, along with 13 age and sex 
matched control. Purposive sampling technique was 
used. A pre-tested data collection sheet and a hand-held 
pH meter was used as research instrument. Data 
collection sheet consisted of patient’s demographics, 
clinical examination and investigation result sheet. 
Anthropometric parameters like height and weight were 
measured. Systolic and diastolic BP of each patient was 
recorded at the time of data collection. Blood and urine 
samples were taken for biochemical analysis and results 
were recorded in data collection sheet. 
Statistical analysis: Statistical analysis was performed 
using Windows® based software program Statistical 
Packages for Social Sciences 25 (SPSS-25) (Chicago, 
IL, USA). After collection, all the data were checked 
and cleaned. Quantitative data were expressed as 
percentage, mean and standard deviation and qualitative 
data were expressed as frequency distribution and 
percentage. To determine statistical significance, chi 
square test, independent sample t test, one-way ANOVA 
and Pearson correlation were considered according to 
applicability. P value of < 0.05 was considered 
statistically significant.
Ethical Consideration: All procedures of the present 
study were carried out in accordance with the principles 
for human investigations (i.e., Helsinki Declaration 
2013) and also with the ethical guidelines of the 
Institutional research ethics. Formal ethics approval was 

granted by the local ethics committee. Participants in 
the study were informed about the procedure and 
purpose of the study and confidentiality of information 
provided. Risks and benefits were also made clear. All 
participants consented willingly to be a part of the study 
during the data collection periods. All data were 
collected anonymously and were analyzed using the 
coding system. 

Results
The mean age of the study population was 48.63±13.17 
years. Among the case group, 45.7% of the respondents 
were from the age group of 51 to 60 years, followed by 
30.8% from the age group of 20 to 30 years and 23.1% 

from 31 to 40 years of age group. Mean age of the case 
group was 51.24 ± 12.80 years and control group was 
39.38 ± 10.28 years. This difference in mean age of the 
case and control group was statistically significant 
(p<0.05). The difference in age group between case and 
control group was also statistically significant (p<0.05). 
CKD patients were male predominant (60.9% male) and 
rural in origin (54.3%). Over half (54.3% of case and 
53.8% of control) of the respondents had monthly 
income between BDT 7,501/- and 15,000 (Table 1).

Anthropometric and biochemical parameters of the 
study population were evaluated. Among the study 
population 65.2% case and 61.5% control were healthy. 
The distribution of the study population by BMI 
category was statistically significance between the two 
groups (p <0.05). Mean systolic and diastolic blood 
pressure was significantly (p < 0.05) higher among the 
cases compared to the control group. According to 
laboratory investigation, fasting blood sugar was 
significantly higher in cases compared to the control 
group (p < 0.05). Both groups were statistically similar 
regarding serum total protein, serum albumin and serum 
calcium concentration (p > 0.05). Moreover, Serum uric 
acid, serum phosphorus, serum potassium, and serum 
chloride levels were significantly higher in cases 
compared to the control group (p < 0.05). The serum 
sodium levels were lower among the cases than the 
control. There was no statistically significant difference 
regarding total cholesterol, triglycerides, and 
high-density lipoprotein concentration (p > 0.05) among 
the case and the apparently healthy population group. 
According to urine parameters, serum creatinine and 
serum urea were significantly higher in cases compared 
to the control group (p < 0.05).  There was no 
statistically significant difference between the case and 

control groups regarding 24 hours urine total volume, 
urine pH, and urea nitrogen appearance (g/day). Urinary 
ammonium and urinary phosphorus were significantly 
lower in cases compared to the control group (p < 0.05). 
There was no statistically significant difference 
regarding urinary creatinine. No statistically significant 
difference was found regarding dietary protein intake 
between case and control groups in this study (p = 
0.50). No statistically significant difference regarding 

net acid excretion was noticed between the case and 
control groups (p = 0.67) (Table 2).

There was no statistically significant association 
between net urinary acid excretion and different stages 
of chronic kidney disease. No statistically significant 
association was also found between net urinary acid 
excretion and BMI category, sex and diabetic status 
(Table 3).

Association between net urinary acid excretion and 
biochemical parameters of the CKD patients were 
assessed. NAE was found to have statistically 
significant (p < 0.05) positive correlation with serum 
phosphorus and total cholesterol. NAE had statistically 
significant (p < 0.05) negative correlation with urine 
pH. Although NAE had positive correlation with serum 
creatinine, this was not statistically significant (p = 
0.30) (Table 4).

Discussion
Metabolic acidosis is a known complication of chronic 
kidney disease (CKD) resulting from an imbalance of 
acid load and excretion that may ultimately contribute 
to disease progression4,9. In previous studies, higher 
acid load has been hypothesized as the mechanism 
which links metabolic acidosis with poor kidney 
outcomes, in part due to associations of higher 
diet-derived acid load and faster chronic kidney disease 
progression11,12,27-28. Net acid excretion is considered as 
the gold standard measure of acid load. This study 
aimed to assess the pattern of net urinary acid excretion 
in patients with chronic kidney disease. 
The kidneys excrete the endogenous non-volatile acid 
load as ammonium and titratable acidity. Previous 
studies demonstrated that the central biologic response 
to nonvolatile acids increases ammonia excretion23,29. 
This process also facilitates bicarbonate generation and 
thus helps to maintain normal systemic bicarbonate and 
pH. But this enhanced NH4+ excretion to maintain 
normal systemic bicarbonate and pH may result in 
further kidney fibrosis, and some chronic kidney 
disease patients with clinically normal acid-base status 
might still have kidney injury because of higher 
ammonia production. Raphael et al29 study showed the 
mean ammonium excretion to be 1.27 ± 0.72 mEq/h in 
chronic kidney disease populations which is much 
higher than the mean urine ammonium of 104.1 ± 
151.7 µmol/d found in present study. 
The NAE is calculated in this study as the sum of urine 
ammonium and titratable acidity in 24-hour urines 
from patients with chronic kidney disease and a healthy 
control group in a cross-sectional study design. The 
mean net acid excretion was 132.0 ± 172.2 mmol/d for 
the individuals with chronic kidney disease, which was 
higher than the control group, with mean value of 110.4 
± 112.1 mmol/d. Both are higher than previous study 
findings showing net acid excretion to be between 30 
to 50 mEq/d for chronic kidney disease patients30.

Patients with chronic kidney disease are at high risk for 
the adverse effects of high BP. Present study showed 
significant (p < 0.05) difference in both systolic and 
diastolic blood pressure between case and control 
group, which is consistent with prior study showing 
similar difference31. Present study showed the mean 
NAE for male to be 143.2 ± 189.7 mmol/d, which is 
higher than the mean NAE for female of 108.4 ± 117.2 
mmol/d. Scialla and Anderson27 showed higher NAE 
among male than in female which is consistent with 
present study findings. Endogenous acid production is 
hypothesized to be increased in diabetes mellitus due to 
altered energy metabolism. Present study found mean 
NAE to be 99.1 ± 108.0 mmol/d for chronic kidney 
disease patients with DM, which is lower than the 
mean NAE of 162.2 ± 213.0 mmol/d for chronic 
kidney disease patients without DM. While this 
difference is not statistically significant, it coincides 
with the findings of Crews et al32 study. In the present 
study, the mean score of dietary protein intake was 36.4 
± 12 (g/day) among chronic kidney disease patients. In 
a prior study, greater dietary acid load, quantified by 
estimated NAE, was associated with albuminuria and 
low eGFR, markers of chronic kidney disease33. 
Present study used urinary nitrogen appearance to 
calculate the dietary protein intake. In this study 
population, the net urinary acid excretion showed no 
statistically significant variation with protein intake. It 
is important to note that the net endogenous acid 
production considers the balance of protein and 
potassium intake in the diet and was more strongly 
associated with GFR decline than either protein or 
potassium intake alone. Current clinical guidelines 
recommend restricted protein intake in chronic kidney 
disease34. This finding was consistent with the previous 
study concluding diet as a minor predictor of NAE32. 
Other factors like dietary potassium load may influence 
NAE than protein intake alone.
BMI is an independent risk factor for chronic kidney 
disease35–37. Present study found negative correlation 
between NAE and BMI, which contradicts prior study 
findings showing higher NAE being associated with 
greater BMI38 which could be due to the smaller sample 
size and demography of the study population. Adequate 
blood pressure control is widely recognized as an 
essential factor in slowing the progression of chronic 
kidney disease39-40. These findings hypothesized with 
the present study as hypertension and diabetes mellitus 
were the most common etiological factors associated 
with chronic kidney disease patients.

The net urinary acid excretion usually increases with 
progression of chronic kidney disease. A previous study 
demonstrated the higher NAE in advanced stages of 
chronic kidney disease16. In present study NAE showed 
no statistically significant variation with different 
stages of chronic kidney disease. The mean value of 
NAE was highest in stage IV chronic kidney disease 
166.1±161.9 mmol/day. From present study we can say 
that NAE is not dependent on stages of chronic kidney 
disease alone, rather the wide variation showed here 
may be a reflection of numbers of residual nephrons, 
degree of tubular dysfunction, high endogenous acid 
production which may vary greatly from person to 
person despite of having similar category of eGFR. 
Close monitoring to adherence to dietary 
recommendations and frequent evaluation of nutritional 
status is fundamental in the management of patients 
with chronic kidney disease since it can affect 
important health outcomes, including chronic kidney 
disease progression, quality of life, morbidity, and 
mortality. Additional nutritional measures to delay 
chronic kidney disease progression, some of them 
considered experimental, may include the limitation of 
phosphate and calorie intake, the increase of fiber 
intake, and the promotion of healthy dietary patterns.
 
Conclusions
Present study showed that there was no statistically 
significant relation between net urinary acid excretion 
and stages of chronic kidney disease, but statistically 
significant correlation with serum phosphorus, total 
cholesterol and urine pH. It also did not demonstrate 
any significant association with sex, BMI, dietary 
protein intake or the presence of diabetes mellitus. 
Further studies with larger population from multiple 
centers are needed to clarify the changes of these 
factors.
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Introduction 
Chronic kidney disease (CKD) is recognized as an 
important public health issue. CKD is a progressive 

condition that affects more than 10.0% of the general 
population worldwide, amounting to more than 800 
million individuals1. The overall pooled prevalence of 

CKD among Bangladeshi adults is 17.3% cases2. 
Metabolic acidosis is defined as a low arterial pH as well 
as reduction in serum bicarbonate (HCO3-) 
concentration, where the plasma bicarbonate 
concentration falls below 20 mmol/L3 which is a risk 
factor for progression of CKD4-6. Treatment of CKD 
patients showed slowed disease progression by 
increasing the systemic pH or by lowering the amount of 
acid that must be excreted in the urine, also known as the 
urinary acid excretion7-9. Previous studies suggest that 
higher urinary acid excretion is associated with 
progression of CKD; where urinary acid excretion data 
were measured from dietary data rather than direct 
measurements10-12. Excreting the nonvolatile acids (i.e., 
H+) generated during metabolism through urine is 
maintained by the kidneys13-15. Alkali may be ingested in 
the form of alkali supplements or metabolizable organic 
anion salts found abundantly in fruits and vegetables, 
both of which may buffer nonvolatile acids10,16-17. Thus, 
the total load of urinary acid excretion equals the 
difference between acids produced and alkali consumed 
in foods or supplements. 
The kidney excretes the nonvolatile acid load as 
ammonium (NH4+) or as titratable acid bound to anionic 
urinary buffers such as phosphate and creatinine18-20. 
Regulation of urinary acid excretion maintains acid-base 
homeostasis in response to dietary changes or systemic 
acid-base balance21-22. Net Acid Excretion is the sum of 
urinary NH4+ and titratable acid excretion. In the steady 
state, NH4+ accounts for 60% of total acid excretion. 
NAE factors in any bicarbonate excretion that may occur 
(NAE = NH4+ + titratable acid – HCO3−, all units in 
mEq/d)23. Due to the fact that the daily net acid excretion 
approximates the daily nonvolatile acid load, direct 
measurement of urinary net acid excretion is the 
reference standard for measuring acid load16,24. Many 
factors contribute to the development of Metabolic 
Acidosis in patients with CKD including the 
accumulation of organic or inorganic acids due to the 
reduced capacity of the diseased kidney to generate 
ammonia (NH3+) and excrete Hydrogen Ion (H+), lack 
of bicarbonate production and of tubulo-interstitial 
damage through ammonium retention and complement 
deposition25.
Prior study showed a potential association between urine 
net acid excretion and renal outcomes in patients with 
CKD26 but such relationship is not universally proven. To 
further assess such relationship between urine net acid 
excretion and renal outcomes in patients with CKD 
among Bangladeshi population, present study directly 
measured net acid excretion among participants of the 

study and compared it with the changing stages of CKD.

Methodology
Study Settings and Population: This was a cross 
sectional study which was conducted in the Department 
of Nephrology and Department of Biochemistry at 
National Institute of Kidney Diseases and Urology, 
Dhaka, Bangladesh from July 2020 to August 2021, 
among chronic kidney disease stage 1 to stage 5 
patients who had not received dialysis as case and age 
and sex matched control. Patients of both gender with 
chronic kidney disease (stages 1-5) with urine output at 
least 500ml/day and age ≥18 years old, were enrolled in 
the study. Chronic kidney disease patients on dialysis, 
renal allograft recipients, presence of active infection, 
acute MI in last three months, complete heart block, 
atrial fibrillation, abdominal aorta aneurysm, the 
presence of aortic and/or femoral artery prosthesis, 
patients with glomerulonephritis currently on 
immunosuppression, acute renal failure, chronic liver 
disease and urine pH value > 7.4 or < 4.0 were excluded 
from the study. 
Study Procedure: As per the selection criteria, 46 case 
were enrolled in the study, along with 13 age and sex 
matched control. Purposive sampling technique was 
used. A pre-tested data collection sheet and a hand-held 
pH meter was used as research instrument. Data 
collection sheet consisted of patient’s demographics, 
clinical examination and investigation result sheet. 
Anthropometric parameters like height and weight were 
measured. Systolic and diastolic BP of each patient was 
recorded at the time of data collection. Blood and urine 
samples were taken for biochemical analysis and results 
were recorded in data collection sheet. 
Statistical analysis: Statistical analysis was performed 
using Windows® based software program Statistical 
Packages for Social Sciences 25 (SPSS-25) (Chicago, 
IL, USA). After collection, all the data were checked 
and cleaned. Quantitative data were expressed as 
percentage, mean and standard deviation and qualitative 
data were expressed as frequency distribution and 
percentage. To determine statistical significance, chi 
square test, independent sample t test, one-way ANOVA 
and Pearson correlation were considered according to 
applicability. P value of < 0.05 was considered 
statistically significant.
Ethical Consideration: All procedures of the present 
study were carried out in accordance with the principles 
for human investigations (i.e., Helsinki Declaration 
2013) and also with the ethical guidelines of the 
Institutional research ethics. Formal ethics approval was 

granted by the local ethics committee. Participants in 
the study were informed about the procedure and 
purpose of the study and confidentiality of information 
provided. Risks and benefits were also made clear. All 
participants consented willingly to be a part of the study 
during the data collection periods. All data were 
collected anonymously and were analyzed using the 
coding system. 

Results
The mean age of the study population was 48.63±13.17 
years. Among the case group, 45.7% of the respondents 
were from the age group of 51 to 60 years, followed by 
30.8% from the age group of 20 to 30 years and 23.1% 

from 31 to 40 years of age group. Mean age of the case 
group was 51.24 ± 12.80 years and control group was 
39.38 ± 10.28 years. This difference in mean age of the 
case and control group was statistically significant 
(p<0.05). The difference in age group between case and 
control group was also statistically significant (p<0.05). 
CKD patients were male predominant (60.9% male) and 
rural in origin (54.3%). Over half (54.3% of case and 
53.8% of control) of the respondents had monthly 
income between BDT 7,501/- and 15,000 (Table 1).

Anthropometric and biochemical parameters of the 
study population were evaluated. Among the study 
population 65.2% case and 61.5% control were healthy. 
The distribution of the study population by BMI 
category was statistically significance between the two 
groups (p <0.05). Mean systolic and diastolic blood 
pressure was significantly (p < 0.05) higher among the 
cases compared to the control group. According to 
laboratory investigation, fasting blood sugar was 
significantly higher in cases compared to the control 
group (p < 0.05). Both groups were statistically similar 
regarding serum total protein, serum albumin and serum 
calcium concentration (p > 0.05). Moreover, Serum uric 
acid, serum phosphorus, serum potassium, and serum 
chloride levels were significantly higher in cases 
compared to the control group (p < 0.05). The serum 
sodium levels were lower among the cases than the 
control. There was no statistically significant difference 
regarding total cholesterol, triglycerides, and 
high-density lipoprotein concentration (p > 0.05) among 
the case and the apparently healthy population group. 
According to urine parameters, serum creatinine and 
serum urea were significantly higher in cases compared 
to the control group (p < 0.05).  There was no 
statistically significant difference between the case and 

control groups regarding 24 hours urine total volume, 
urine pH, and urea nitrogen appearance (g/day). Urinary 
ammonium and urinary phosphorus were significantly 
lower in cases compared to the control group (p < 0.05). 
There was no statistically significant difference 
regarding urinary creatinine. No statistically significant 
difference was found regarding dietary protein intake 
between case and control groups in this study (p = 
0.50). No statistically significant difference regarding 

net acid excretion was noticed between the case and 
control groups (p = 0.67) (Table 2).

There was no statistically significant association 
between net urinary acid excretion and different stages 
of chronic kidney disease. No statistically significant 
association was also found between net urinary acid 
excretion and BMI category, sex and diabetic status 
(Table 3).

Association between net urinary acid excretion and 
biochemical parameters of the CKD patients were 
assessed. NAE was found to have statistically 
significant (p < 0.05) positive correlation with serum 
phosphorus and total cholesterol. NAE had statistically 
significant (p < 0.05) negative correlation with urine 
pH. Although NAE had positive correlation with serum 
creatinine, this was not statistically significant (p = 
0.30) (Table 4).

Discussion
Metabolic acidosis is a known complication of chronic 
kidney disease (CKD) resulting from an imbalance of 
acid load and excretion that may ultimately contribute 
to disease progression4,9. In previous studies, higher 
acid load has been hypothesized as the mechanism 
which links metabolic acidosis with poor kidney 
outcomes, in part due to associations of higher 
diet-derived acid load and faster chronic kidney disease 
progression11,12,27-28. Net acid excretion is considered as 
the gold standard measure of acid load. This study 
aimed to assess the pattern of net urinary acid excretion 
in patients with chronic kidney disease. 
The kidneys excrete the endogenous non-volatile acid 
load as ammonium and titratable acidity. Previous 
studies demonstrated that the central biologic response 
to nonvolatile acids increases ammonia excretion23,29. 
This process also facilitates bicarbonate generation and 
thus helps to maintain normal systemic bicarbonate and 
pH. But this enhanced NH4+ excretion to maintain 
normal systemic bicarbonate and pH may result in 
further kidney fibrosis, and some chronic kidney 
disease patients with clinically normal acid-base status 
might still have kidney injury because of higher 
ammonia production. Raphael et al29 study showed the 
mean ammonium excretion to be 1.27 ± 0.72 mEq/h in 
chronic kidney disease populations which is much 
higher than the mean urine ammonium of 104.1 ± 
151.7 µmol/d found in present study. 
The NAE is calculated in this study as the sum of urine 
ammonium and titratable acidity in 24-hour urines 
from patients with chronic kidney disease and a healthy 
control group in a cross-sectional study design. The 
mean net acid excretion was 132.0 ± 172.2 mmol/d for 
the individuals with chronic kidney disease, which was 
higher than the control group, with mean value of 110.4 
± 112.1 mmol/d. Both are higher than previous study 
findings showing net acid excretion to be between 30 
to 50 mEq/d for chronic kidney disease patients30.

Patients with chronic kidney disease are at high risk for 
the adverse effects of high BP. Present study showed 
significant (p < 0.05) difference in both systolic and 
diastolic blood pressure between case and control 
group, which is consistent with prior study showing 
similar difference31. Present study showed the mean 
NAE for male to be 143.2 ± 189.7 mmol/d, which is 
higher than the mean NAE for female of 108.4 ± 117.2 
mmol/d. Scialla and Anderson27 showed higher NAE 
among male than in female which is consistent with 
present study findings. Endogenous acid production is 
hypothesized to be increased in diabetes mellitus due to 
altered energy metabolism. Present study found mean 
NAE to be 99.1 ± 108.0 mmol/d for chronic kidney 
disease patients with DM, which is lower than the 
mean NAE of 162.2 ± 213.0 mmol/d for chronic 
kidney disease patients without DM. While this 
difference is not statistically significant, it coincides 
with the findings of Crews et al32 study. In the present 
study, the mean score of dietary protein intake was 36.4 
± 12 (g/day) among chronic kidney disease patients. In 
a prior study, greater dietary acid load, quantified by 
estimated NAE, was associated with albuminuria and 
low eGFR, markers of chronic kidney disease33. 
Present study used urinary nitrogen appearance to 
calculate the dietary protein intake. In this study 
population, the net urinary acid excretion showed no 
statistically significant variation with protein intake. It 
is important to note that the net endogenous acid 
production considers the balance of protein and 
potassium intake in the diet and was more strongly 
associated with GFR decline than either protein or 
potassium intake alone. Current clinical guidelines 
recommend restricted protein intake in chronic kidney 
disease34. This finding was consistent with the previous 
study concluding diet as a minor predictor of NAE32. 
Other factors like dietary potassium load may influence 
NAE than protein intake alone.
BMI is an independent risk factor for chronic kidney 
disease35–37. Present study found negative correlation 
between NAE and BMI, which contradicts prior study 
findings showing higher NAE being associated with 
greater BMI38 which could be due to the smaller sample 
size and demography of the study population. Adequate 
blood pressure control is widely recognized as an 
essential factor in slowing the progression of chronic 
kidney disease39-40. These findings hypothesized with 
the present study as hypertension and diabetes mellitus 
were the most common etiological factors associated 
with chronic kidney disease patients.

The net urinary acid excretion usually increases with 
progression of chronic kidney disease. A previous study 
demonstrated the higher NAE in advanced stages of 
chronic kidney disease16. In present study NAE showed 
no statistically significant variation with different 
stages of chronic kidney disease. The mean value of 
NAE was highest in stage IV chronic kidney disease 
166.1±161.9 mmol/day. From present study we can say 
that NAE is not dependent on stages of chronic kidney 
disease alone, rather the wide variation showed here 
may be a reflection of numbers of residual nephrons, 
degree of tubular dysfunction, high endogenous acid 
production which may vary greatly from person to 
person despite of having similar category of eGFR. 
Close monitoring to adherence to dietary 
recommendations and frequent evaluation of nutritional 
status is fundamental in the management of patients 
with chronic kidney disease since it can affect 
important health outcomes, including chronic kidney 
disease progression, quality of life, morbidity, and 
mortality. Additional nutritional measures to delay 
chronic kidney disease progression, some of them 
considered experimental, may include the limitation of 
phosphate and calorie intake, the increase of fiber 
intake, and the promotion of healthy dietary patterns.
 
Conclusions
Present study showed that there was no statistically 
significant relation between net urinary acid excretion 
and stages of chronic kidney disease, but statistically 
significant correlation with serum phosphorus, total 
cholesterol and urine pH. It also did not demonstrate 
any significant association with sex, BMI, dietary 
protein intake or the presence of diabetes mellitus. 
Further studies with larger population from multiple 
centers are needed to clarify the changes of these 
factors.

Acknowledgements
None. 

Conflict of interest: Other than technical and logistic support 
from the scientific partner the investigators did not have any 
conflict of interest in any means.

Financial Disclosure 
This research project was not funded by any organization. 

Contribution to authors: Sutapa Das: from protocol preparation 
upto manuscript writing; Md. Abdus Sabur Khan: Data 
Collection, Protocol writing; Md. Abdus Sukur: Data Collection; 
Md. Raquib Morshed, Sumon Das, Dilip Kumar Debnath, Md. 
Zakir Hussain and Sheikh Mohammad Ershad: Protocol writing; 

Ayesha Alom Mita: Data Collection; Ayub Ali Chowdhury, Kazi 
Shahnoor Alam and Babrul Alam: Co-guide; Md. Zahid Hasan: 
Data analysis and interpretation. All authors read and approved 
the final manuscript.

Data Availability
Any inquiries regarding supporting data availability of this study 
should be directed to the corresponding author and are available from 
the corresponding author on reasonable request.

Ethics Approval and Consent to Participate
Ethical approval for the study was obtained from the Institutional 
Review Board. As this was a prospective study the written informed 
consent was obtained from all study participants. All methods were 
performed in accordance with the relevant guidelines and regulations.

How to cite this article: Das S, Khan MAS, Sukur MA, Morshed 
MR, Das S, Debnath DK, Hussain MZ, Ershad SM, Mita AA, 
Chowdhury AA, Alam KS, Alam B. Net Urinary Acid Excretion and 
its Association with Kidney Disease Progression in Different Stages 
of Chronic Kidney Disease. J Natl Inst Neurosci Bangladesh, 
2024;10(1):44-51

Copyright: © Das et al. 2024. Published by Journal of National 
Institute of Neurosciences Bangladesh. This is an open access 
article and is licensed under the Creative Commons Attribution 
Non Commercial 4.0 International License (CC BY-NC 4.0). This 
license permits others to distribute, remix, adapt and reproduce or 
changes in any medium or format as long as it will give 
appropriate credit to the original author(s) with the proper citation 
of the original work as well as the source and this is used for 
noncommercial purposes only. To view a copy of this license, 
please See: https://creativecommons.org/licenses/by-nc/4.0/

ORCID:
Sutapa Das: https://orcid.org/0009-0006-1802-7713 
Md. Abdus Sabur Khan: https://orcid.org/0009-0004-4854-8320 
Md. Abdus Sukur: https://orcid.org/0009-0006-9459-8446 
Md. Raquib Morshed: https://orcid.org/0009-0001-1239-9085 
Sumon Das: https://orcid.org/0009-0005-5064-2858 
Dilip Kumar Debnath: https://orcid.org/0009-0006-3098-8891 
Md. Zakir Hussain: https://orcid.org/0009-0007-5830-6255 
Sheikh Mohammad Ershad: https://orcid.org/0009-0003-4778-8237 
Ayesha Alom Mita: https://orcid.org/0009-0005-6222-2287 
Ayub Ali Chowdhury: https://orcid.org/0009-0008-4712-5763 
Kazi Shahnoor Alam: https://orcid.org/0009-0003-4700-0809 
Babrul Alam: https://orcid.org/0009-0003-4700-0809

Article Info
Received on: 7 April 2023
Accepted on: 24 May 2023
Published on: 1 January 2024

References
1. Kovesdy, C. P. Epidemiology of chronic kidney disease: an 
update 2022. Kidney International Supplements vol. 12 7–11 at 
https://doi.org/10.1016/j.kisu.2021.11.003 (2022).
2. Banik, S. & Ghosh, A. Prevalence of chronic kidney disease in 
Bangladesh: a systematic review and meta-analysis. International 
Urology and Nephrology vol. 53 713–718 at 
https://doi.org/10.1007/s11255-020-02597-6 (2021).
3. Jung, B. et al. Diagnosis and management of metabolic acidosis: 
guidelines from a French expert panel. Annals of Intensive Care 
vol. 9 92 at https://doi.org/10.1186/s13613-019-0563-2 (2019).
4. Dobre, M. et al. Association of serum bicarbonate with risk of 

renal and cardiovascular outcomes in CKD: A report from the 
Chronic Renal Insufficiency Cohort (CRIC) study. Am. J. Kidney 
Dis. 62, 670–678 (2013).
5. Shah, S. N., Abramowitz, M., Hostetter, T. H. & Melamed, M. L. 
Serum Bicarbonate Levels and the Progression of Kidney Disease: 
A Cohort Study. Am. J. Kidney Dis. 54, 270–277 (2009).
6. Raphael, K. L., Wei, G., Baird, B. C., Greene, T. & Beddhu, S. 
Higher serum bicarbonate levels within the normal range are 
associated with better survival and renal outcomes in African 
Americans. Kidney Int. 79, 356–362 (2011).
7. Scialla, J. J. The balance of the evidence on acid-base 
homeostasis and progression of chronic kidney disease. Kidney 
International vol. 88 9–11 at https://doi.org/10.1038/ki.2015.87 
(2015).
8. Mahajan, A. et al. Daily oral sodium bicarbonate preserves 
glomerular filtration rate by slowing its decline in early 
hypertensive nephropathy. Kidney Int. 78, 303–309 (2010).
9. de Brito-Ashurst, I., Varagunam, M., Raftery, M. J. & Yaqoob, 
M. M. Bicarbonate supplementation slows progression of CKD and 
improves nutritional status. J. Am. Soc. Nephrol. 20, 2075–2084 
(2009).
10. Goraya, N., Simoni, J., Jo, C. & Wesson, D. E. Dietary acid 
reduction with fruits and vegetables or bicarbonate attenuates 
kidney injury in patients with a moderately reduced glomerular 
filtration rate due to hypertensive nephropathy. Kidney Int. 81, 
86–93 (2012).
11. Banerjee, T. et al. High dietary acid load predicts ESRD among 
adults with CKD. J. Am. Soc. Nephrol. 26, 1693–1700 (2015).
12. Scialla, J. J. et al. Net endogenous acid production is associated 
with a faster decline in GFR in African Americans. Kidney Int. 82, 
106–112 (2012).
13. Lennon, E. J. & Lemann, J. Influence of diet composition on 
endogenous fixed acid production. Am. J. Clin. Nutr. 21, 451–456 
(1968).
14. LEMANN, J. & RELMAN, A. S. The relation of sulfur 
metabolism to acid-base balance and electrolyte excretion: the 
effects of DL-methionine in normal man. J. Clin. Invest. 38, 
2215–2223 (1959).
15. James, C. M. & Chan, M. D. Urinary organic anions: Clinical 
significance and evaluation of a method for determination and 
preservation. Clin. Biochem. 5, 182–185 (1972).
16. Scialla, J. J. & Anderson, C. A. M. Dietary Acid Load: A Novel 
Nutritional Target in Chronic Kidney Disease? Advances in Chronic 
Kidney Disease vol. 20 141–149 at 
https://doi.org/10.1053/j.ackd.2012.11.001 (2013).
17. Remer, T. Influence of diet on acid-base balance. Semin. Dial. 
13, 221–226 (2000).
18. Koeppen, B. M. The kidney and acid-base regulation. American 
Journal of Physiology - Advances in Physiology Education vol. 33 
275–281 at https://doi.org/10.1152/advan.00054.2009 (2009).
19. SCHIESS, W. A. & AYER, J. L. The renal regulation of 
acid-base balance in man; factors affecting the excretion of 
titratable acid by the normal human subject. J. Clin. Invest. 27, 
57–64 (1948).
20. Lee Hamm, L., Nakhoul, N. & Hering-Smith, K. S. Acid-base 
homeostasis. Clin. J. Am. Soc. Nephrol. 10, 2232–2242 (2015).
21. Packer, R. K., Curry, C. A. & Brown, K. M. Urinary organic 
anion excretion in response to dietary acid and base loading. J. Am. 
Soc. Nephrol. 5, 1624–1629 (1995).
22. Hood, V. L. & Tannen, R. L. Protection of Acid–Base Balance 
by pH Regulation of Acid Production. N. Engl. J. Med. 339, 
819–826 (1998).
23. Raphael, K. L. Metabolic Acidosis and Subclinical Metabolic 
Acidosis in CKD. Journal of the American Society of Nephrology 
vol. 29 376–382 at https://doi.org/10.1681/ASN.2017040422 
(2018).
24. Frassetto, L. A. et al. Standardizing terminology for estimating 

the diet-dependent net acid load to the metabolic system. Journal of 
Nutrition vol. 137 1491–1492 at 
https://doi.org/10.1093/jn/137.6.1491 (2007).
25. Dobre, M. et al. Persistent high serum bicarbonate and the risk 
of heart failure in patients with chronic kidney disease (ckd): A 
report from the chronic renal insufficiency cohort (cric) study. J. 
Am. Heart Assoc. 4, (2015).
26. Moranne, O. et al. Timing of onset of CKD-related metabolic 
complications. J. Am. Soc. Nephrol. 20, 164–171 (2009).
27. Scialla, J. J. & Anderson, C. Dietary acid load: a novel 
nutritional target in chronic kidney disease? Adv Chr Kidney Dis 
20, 141–149 (2013).
28. Rebholz, C. M. et al. Dietary acid load and incident chronic 
kidney disease: results from the ARIC study. Am. J. Nephrol. 42, 
427–435 (2015).
29. Raphael, K. L., Gilligan, S., Hostetter, T. H., Greene, T. & 
Beddhu, S. Association between urine ammonium and urine TGF-β
1 in CKD. Clin. J. Am. Soc. Nephrol. 13, 223–230 (2018).
30. Scialla, J. J. et al. Higher net acid excretion is associated with a 
lower risk of kidney disease progression in patients with diabetes. 
Kidney Int. 91, 204–215 (2017).
31. Kovesdy, C. P. et al. Age and outcomes associated with BP in 
patients with incident CKD. Clin. J. Am. Soc. Nephrol. 11, 821–831 
(2016).
32. Crews, F. T. et al. Mechanisms of Persistent Neurobiological 

Changes Following Adolescent Alcohol Exposure: NADIA 
Consortium Findings. Alcoholism: Clinical and Experimental 
Research vol. 43 1806–1822 at https://doi.org/10.1111/acer.14154 
(2019).
33. Banerjee, T. et al. Dietary acid load and chronic kidney disease 
among adults in the United States. BMC Nephrol. 15, 1–12 (2014).
34. Saunders, W. B. KDOQI clinical practice guidelines and clinical 
practice recommendations for diabetes and chronic kidney disease. 
(2007).
35. Fox, C. S. et al. Predictors of new-onset kidney disease in a 
community-based population. Jama 291, 844–850 (2004).
36. Ejerblad, E. et al. Obesity and risk for chronic renal failure. J. 
Am. Soc. Nephrol. 17, 1695–1702 (2006).
37. Hsu, C., McCulloch, C. E., Iribarren, C., Darbinian, J. & Go, A. 
S. Body mass index and risk for end-stage renal disease. Ann. 
Intern. Med. 144, 21–28 (2006).
38. Lambert, D. C. & Abramowitz, M. K. Obesity and the Risk of 
Low Bicarbonate: A Cohort Study. Kidney Med. 3, 498-506.e1 
(2021).
39. Coresh, J. et al. Prevalence of high blood pressure and elevated 
serum creatinine level in the United States: findings from the third 
National Health and Nutrition Examination Survey (1988-1994). 
Arch. Intern. Med. 161, 1207–1216 (2001).
40. Schillaci, G., Reboldi, G. & Verdecchia, P. High-normal serum 
creatinine concentration is a predictor of cardiovascular risk in 
essential hypertension. Arch. Intern. Med. 161, 886–891 (2001).

Case Group
(n = 46)

51.24 ± 12.80 

4 (8.7%)
9(19.6%)
3(6.5%)

21(45.7%)
9(19.6%)

28(60.9%)
18(39.1%)

31(54.3%)
21(45.7%)

6 (13.0%)
11 (23.9%)
11 (23.9%)
11 (23.9%)
7 (15.2%)

11 (23.9%)
8 (17.4%)
8 (17.4%)
7 (15.2%)
12 (26.1%)

12 (26.1%)
25 (54.3%)
9 (19.6%)

Control Group
(n = 13)

39.38 ± 10.28

4 (30.8%)
3 (23.1%)
5 (38.5%)
1 (7.7%)
0(0.0%)

4 (30.8%)
9 (69.2%)

6 (46.2%)
7 (53.8%)

2 (15.4%)
5 (38.5%)
2 (15.4%)
3 (23.1%)
1 (7.7%) 

5 (38.5%)
2 (15.4%)
3 (23.1%)
3 (23.1%)

0

5 (38.5%)
7 (53.8%)
1 (7.7%)

P Value

<0.05a

<0.05b

0.06b

0.76b

0.81b

0.31b

0.50b

Table 1: Descriptive Statistics of the Study Population    
(n = 59)
Variables

Mean ±SD Age (years)
Age Group
• 20 to 30  Years
• 31 to 40 Years
• 41 to 50 Years
• 51 to 60 Years
• 61 to 70 Years
Gender
 • Male
 • Female
Residence
 • Rural
 • Urban
Level of education 
 • No formal education
 • Primary
 • Secondary
 • Higher secondary
 • Graduate and above 
Occupation
 • Housewife
 • Service
 • Business
 • Others
 • Retires 
Monthly income (BDT)
 • < 7500
 • 7501 – 15000
 • ≥ 15001

Data are presented as n (%) or mean ± SD; a Independent Sample 
T-test was done and p values < 0.05 was considered statistically 
significant; b Chi-square test was done and p values < 0.05 was 
considered statistically significant.

Among the 46 CKD patients, 34.8% had CKD Stage 5, followed by 
23.9% with CKD Stage 4, 19.6% with CKD Stage 3B, 15.2% with 
CKD Stage 3A and 6.5% with CKD Stage 2 (Figure I). 
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Introduction 
Chronic kidney disease (CKD) is recognized as an 
important public health issue. CKD is a progressive 

condition that affects more than 10.0% of the general 
population worldwide, amounting to more than 800 
million individuals1. The overall pooled prevalence of 

CKD among Bangladeshi adults is 17.3% cases2. 
Metabolic acidosis is defined as a low arterial pH as well 
as reduction in serum bicarbonate (HCO3-) 
concentration, where the plasma bicarbonate 
concentration falls below 20 mmol/L3 which is a risk 
factor for progression of CKD4-6. Treatment of CKD 
patients showed slowed disease progression by 
increasing the systemic pH or by lowering the amount of 
acid that must be excreted in the urine, also known as the 
urinary acid excretion7-9. Previous studies suggest that 
higher urinary acid excretion is associated with 
progression of CKD; where urinary acid excretion data 
were measured from dietary data rather than direct 
measurements10-12. Excreting the nonvolatile acids (i.e., 
H+) generated during metabolism through urine is 
maintained by the kidneys13-15. Alkali may be ingested in 
the form of alkali supplements or metabolizable organic 
anion salts found abundantly in fruits and vegetables, 
both of which may buffer nonvolatile acids10,16-17. Thus, 
the total load of urinary acid excretion equals the 
difference between acids produced and alkali consumed 
in foods or supplements. 
The kidney excretes the nonvolatile acid load as 
ammonium (NH4+) or as titratable acid bound to anionic 
urinary buffers such as phosphate and creatinine18-20. 
Regulation of urinary acid excretion maintains acid-base 
homeostasis in response to dietary changes or systemic 
acid-base balance21-22. Net Acid Excretion is the sum of 
urinary NH4+ and titratable acid excretion. In the steady 
state, NH4+ accounts for 60% of total acid excretion. 
NAE factors in any bicarbonate excretion that may occur 
(NAE = NH4+ + titratable acid – HCO3−, all units in 
mEq/d)23. Due to the fact that the daily net acid excretion 
approximates the daily nonvolatile acid load, direct 
measurement of urinary net acid excretion is the 
reference standard for measuring acid load16,24. Many 
factors contribute to the development of Metabolic 
Acidosis in patients with CKD including the 
accumulation of organic or inorganic acids due to the 
reduced capacity of the diseased kidney to generate 
ammonia (NH3+) and excrete Hydrogen Ion (H+), lack 
of bicarbonate production and of tubulo-interstitial 
damage through ammonium retention and complement 
deposition25.
Prior study showed a potential association between urine 
net acid excretion and renal outcomes in patients with 
CKD26 but such relationship is not universally proven. To 
further assess such relationship between urine net acid 
excretion and renal outcomes in patients with CKD 
among Bangladeshi population, present study directly 
measured net acid excretion among participants of the 

study and compared it with the changing stages of CKD.

Methodology
Study Settings and Population: This was a cross 
sectional study which was conducted in the Department 
of Nephrology and Department of Biochemistry at 
National Institute of Kidney Diseases and Urology, 
Dhaka, Bangladesh from July 2020 to August 2021, 
among chronic kidney disease stage 1 to stage 5 
patients who had not received dialysis as case and age 
and sex matched control. Patients of both gender with 
chronic kidney disease (stages 1-5) with urine output at 
least 500ml/day and age ≥18 years old, were enrolled in 
the study. Chronic kidney disease patients on dialysis, 
renal allograft recipients, presence of active infection, 
acute MI in last three months, complete heart block, 
atrial fibrillation, abdominal aorta aneurysm, the 
presence of aortic and/or femoral artery prosthesis, 
patients with glomerulonephritis currently on 
immunosuppression, acute renal failure, chronic liver 
disease and urine pH value > 7.4 or < 4.0 were excluded 
from the study. 
Study Procedure: As per the selection criteria, 46 case 
were enrolled in the study, along with 13 age and sex 
matched control. Purposive sampling technique was 
used. A pre-tested data collection sheet and a hand-held 
pH meter was used as research instrument. Data 
collection sheet consisted of patient’s demographics, 
clinical examination and investigation result sheet. 
Anthropometric parameters like height and weight were 
measured. Systolic and diastolic BP of each patient was 
recorded at the time of data collection. Blood and urine 
samples were taken for biochemical analysis and results 
were recorded in data collection sheet. 
Statistical analysis: Statistical analysis was performed 
using Windows® based software program Statistical 
Packages for Social Sciences 25 (SPSS-25) (Chicago, 
IL, USA). After collection, all the data were checked 
and cleaned. Quantitative data were expressed as 
percentage, mean and standard deviation and qualitative 
data were expressed as frequency distribution and 
percentage. To determine statistical significance, chi 
square test, independent sample t test, one-way ANOVA 
and Pearson correlation were considered according to 
applicability. P value of < 0.05 was considered 
statistically significant.
Ethical Consideration: All procedures of the present 
study were carried out in accordance with the principles 
for human investigations (i.e., Helsinki Declaration 
2013) and also with the ethical guidelines of the 
Institutional research ethics. Formal ethics approval was 

granted by the local ethics committee. Participants in 
the study were informed about the procedure and 
purpose of the study and confidentiality of information 
provided. Risks and benefits were also made clear. All 
participants consented willingly to be a part of the study 
during the data collection periods. All data were 
collected anonymously and were analyzed using the 
coding system. 

Results
The mean age of the study population was 48.63±13.17 
years. Among the case group, 45.7% of the respondents 
were from the age group of 51 to 60 years, followed by 
30.8% from the age group of 20 to 30 years and 23.1% 

from 31 to 40 years of age group. Mean age of the case 
group was 51.24 ± 12.80 years and control group was 
39.38 ± 10.28 years. This difference in mean age of the 
case and control group was statistically significant 
(p<0.05). The difference in age group between case and 
control group was also statistically significant (p<0.05). 
CKD patients were male predominant (60.9% male) and 
rural in origin (54.3%). Over half (54.3% of case and 
53.8% of control) of the respondents had monthly 
income between BDT 7,501/- and 15,000 (Table 1).

Anthropometric and biochemical parameters of the 
study population were evaluated. Among the study 
population 65.2% case and 61.5% control were healthy. 
The distribution of the study population by BMI 
category was statistically significance between the two 
groups (p <0.05). Mean systolic and diastolic blood 
pressure was significantly (p < 0.05) higher among the 
cases compared to the control group. According to 
laboratory investigation, fasting blood sugar was 
significantly higher in cases compared to the control 
group (p < 0.05). Both groups were statistically similar 
regarding serum total protein, serum albumin and serum 
calcium concentration (p > 0.05). Moreover, Serum uric 
acid, serum phosphorus, serum potassium, and serum 
chloride levels were significantly higher in cases 
compared to the control group (p < 0.05). The serum 
sodium levels were lower among the cases than the 
control. There was no statistically significant difference 
regarding total cholesterol, triglycerides, and 
high-density lipoprotein concentration (p > 0.05) among 
the case and the apparently healthy population group. 
According to urine parameters, serum creatinine and 
serum urea were significantly higher in cases compared 
to the control group (p < 0.05).  There was no 
statistically significant difference between the case and 

control groups regarding 24 hours urine total volume, 
urine pH, and urea nitrogen appearance (g/day). Urinary 
ammonium and urinary phosphorus were significantly 
lower in cases compared to the control group (p < 0.05). 
There was no statistically significant difference 
regarding urinary creatinine. No statistically significant 
difference was found regarding dietary protein intake 
between case and control groups in this study (p = 
0.50). No statistically significant difference regarding 

net acid excretion was noticed between the case and 
control groups (p = 0.67) (Table 2).

There was no statistically significant association 
between net urinary acid excretion and different stages 
of chronic kidney disease. No statistically significant 
association was also found between net urinary acid 
excretion and BMI category, sex and diabetic status 
(Table 3).

Association between net urinary acid excretion and 
biochemical parameters of the CKD patients were 
assessed. NAE was found to have statistically 
significant (p < 0.05) positive correlation with serum 
phosphorus and total cholesterol. NAE had statistically 
significant (p < 0.05) negative correlation with urine 
pH. Although NAE had positive correlation with serum 
creatinine, this was not statistically significant (p = 
0.30) (Table 4).

Discussion
Metabolic acidosis is a known complication of chronic 
kidney disease (CKD) resulting from an imbalance of 
acid load and excretion that may ultimately contribute 
to disease progression4,9. In previous studies, higher 
acid load has been hypothesized as the mechanism 
which links metabolic acidosis with poor kidney 
outcomes, in part due to associations of higher 
diet-derived acid load and faster chronic kidney disease 
progression11,12,27-28. Net acid excretion is considered as 
the gold standard measure of acid load. This study 
aimed to assess the pattern of net urinary acid excretion 
in patients with chronic kidney disease. 
The kidneys excrete the endogenous non-volatile acid 
load as ammonium and titratable acidity. Previous 
studies demonstrated that the central biologic response 
to nonvolatile acids increases ammonia excretion23,29. 
This process also facilitates bicarbonate generation and 
thus helps to maintain normal systemic bicarbonate and 
pH. But this enhanced NH4+ excretion to maintain 
normal systemic bicarbonate and pH may result in 
further kidney fibrosis, and some chronic kidney 
disease patients with clinically normal acid-base status 
might still have kidney injury because of higher 
ammonia production. Raphael et al29 study showed the 
mean ammonium excretion to be 1.27 ± 0.72 mEq/h in 
chronic kidney disease populations which is much 
higher than the mean urine ammonium of 104.1 ± 
151.7 µmol/d found in present study. 
The NAE is calculated in this study as the sum of urine 
ammonium and titratable acidity in 24-hour urines 
from patients with chronic kidney disease and a healthy 
control group in a cross-sectional study design. The 
mean net acid excretion was 132.0 ± 172.2 mmol/d for 
the individuals with chronic kidney disease, which was 
higher than the control group, with mean value of 110.4 
± 112.1 mmol/d. Both are higher than previous study 
findings showing net acid excretion to be between 30 
to 50 mEq/d for chronic kidney disease patients30.

Patients with chronic kidney disease are at high risk for 
the adverse effects of high BP. Present study showed 
significant (p < 0.05) difference in both systolic and 
diastolic blood pressure between case and control 
group, which is consistent with prior study showing 
similar difference31. Present study showed the mean 
NAE for male to be 143.2 ± 189.7 mmol/d, which is 
higher than the mean NAE for female of 108.4 ± 117.2 
mmol/d. Scialla and Anderson27 showed higher NAE 
among male than in female which is consistent with 
present study findings. Endogenous acid production is 
hypothesized to be increased in diabetes mellitus due to 
altered energy metabolism. Present study found mean 
NAE to be 99.1 ± 108.0 mmol/d for chronic kidney 
disease patients with DM, which is lower than the 
mean NAE of 162.2 ± 213.0 mmol/d for chronic 
kidney disease patients without DM. While this 
difference is not statistically significant, it coincides 
with the findings of Crews et al32 study. In the present 
study, the mean score of dietary protein intake was 36.4 
± 12 (g/day) among chronic kidney disease patients. In 
a prior study, greater dietary acid load, quantified by 
estimated NAE, was associated with albuminuria and 
low eGFR, markers of chronic kidney disease33. 
Present study used urinary nitrogen appearance to 
calculate the dietary protein intake. In this study 
population, the net urinary acid excretion showed no 
statistically significant variation with protein intake. It 
is important to note that the net endogenous acid 
production considers the balance of protein and 
potassium intake in the diet and was more strongly 
associated with GFR decline than either protein or 
potassium intake alone. Current clinical guidelines 
recommend restricted protein intake in chronic kidney 
disease34. This finding was consistent with the previous 
study concluding diet as a minor predictor of NAE32. 
Other factors like dietary potassium load may influence 
NAE than protein intake alone.
BMI is an independent risk factor for chronic kidney 
disease35–37. Present study found negative correlation 
between NAE and BMI, which contradicts prior study 
findings showing higher NAE being associated with 
greater BMI38 which could be due to the smaller sample 
size and demography of the study population. Adequate 
blood pressure control is widely recognized as an 
essential factor in slowing the progression of chronic 
kidney disease39-40. These findings hypothesized with 
the present study as hypertension and diabetes mellitus 
were the most common etiological factors associated 
with chronic kidney disease patients.

The net urinary acid excretion usually increases with 
progression of chronic kidney disease. A previous study 
demonstrated the higher NAE in advanced stages of 
chronic kidney disease16. In present study NAE showed 
no statistically significant variation with different 
stages of chronic kidney disease. The mean value of 
NAE was highest in stage IV chronic kidney disease 
166.1±161.9 mmol/day. From present study we can say 
that NAE is not dependent on stages of chronic kidney 
disease alone, rather the wide variation showed here 
may be a reflection of numbers of residual nephrons, 
degree of tubular dysfunction, high endogenous acid 
production which may vary greatly from person to 
person despite of having similar category of eGFR. 
Close monitoring to adherence to dietary 
recommendations and frequent evaluation of nutritional 
status is fundamental in the management of patients 
with chronic kidney disease since it can affect 
important health outcomes, including chronic kidney 
disease progression, quality of life, morbidity, and 
mortality. Additional nutritional measures to delay 
chronic kidney disease progression, some of them 
considered experimental, may include the limitation of 
phosphate and calorie intake, the increase of fiber 
intake, and the promotion of healthy dietary patterns.
 
Conclusions
Present study showed that there was no statistically 
significant relation between net urinary acid excretion 
and stages of chronic kidney disease, but statistically 
significant correlation with serum phosphorus, total 
cholesterol and urine pH. It also did not demonstrate 
any significant association with sex, BMI, dietary 
protein intake or the presence of diabetes mellitus. 
Further studies with larger population from multiple 
centers are needed to clarify the changes of these 
factors.
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Data are presented as n (%) or mean ± SD; a Independent Sample T-test was done and p values < 0.05 was considered statistically 
significant; b Chi-square test was done and p values < 0.05 was considered statistically significant.

Case Group
(n = 46)

2 (4.3%)
30 (65.2%)
12 (26.1%)

2 (4.3%)

127.2±22.4
80.0±11.7

5.7 ± 2.72
7.7 ± 0.96
4.2 ± 0.55
6.8 ± 2.52
9.2 ± 1.22
4.5 ±1.34

139.2 ± 8.7
5.94 ± 0.5
115.0 ± 6.2
2102 ± 509

5.8 ± 0.4
3.86 ± 3.13
46.1 ± 15.1

3.9 ± 1.9
104.1 ± 151.7

8.1 ± 6.0
37.9 ± 22.7

174 ± 45
209 ± 113

41 ± 11

36.4 ± 12

132.0 ± 172.2

Control Group
(n = 13)

3 (23.1%)
8 (61.5%)
0(0.0%)

2 (15.4%)

107.7± 13
71.2 ± 9.2

4.3 ± 0.66
7.9 ± 0.34
4.5 ± 0.42
4.6 ± 1.1
9.4 ± 0.72
3.8 ± 0.4

140.0 ± 3.9
4.04 ± 0.3
102.0 ± 3.2
2485 ± 672

6.0 ± 0.4
0.85 ± 0.15
22.7 ± 3.2
5.9 ± 5.8

148.4 ± 124.6
16.7 ± 15.3
35.0 ± 34.5

180 ± 42
190 ± 124

42 ± 6

47 ± 37

110.4 ± 112.1

P value

< 0.05b

< 0.05a

< 0.05a

< 0.05a

0.50a
0.30a

< 0.05a

0.30a

< 0.05a

< 0.05a

< 0.05a

< 0.05a

0.08
0.10

< 0.05a

< 0.05a

0.05
0.34

< 0.05a

0.72

0.60
0.05
0.50

0.50

0.67

Table 2: Anthropometric and Biochemical Parameters of the Study Population (n = 59)

Variables

BMI category
 • Underweight (< 18.5 kg/m2)
 • Healthy (18.5 – 24.9 kg/m2)
 • Overweight (> 25.0 – 29.9 kg/m2)
 • Obese (≥ 30.0 kg/m2)
Blood Pressure Levels
 • Systolic BP (mmHg)
 • Diastolic BP (mmHg)
Biomedical Parameters
 • Fasting Blood sugar (mmol/L)
 • S. Total protein (g/dL)
 • S. Albumin (g/dL)
 • S. Uric Acid (mg/dL)
 • S. Calcium (mg/dL)
 • S. Phosphorus (mg/dL)
 • S. Sodium (mEq/L)
 • S. Potassium (mmol/L)
 • S. Chloride (mmol/L)
 • 24-hour urine total volume (ml)
 • Urine pH
 • S. Creatinine (mg/dL)
 • S. Urea (mg/dL)
 • Urea nitrogen appearance (g/day)
 • U. Ammonium (μmol/day)
 • U. Phosphorus (mmol/day)
 • U. Creatinine (mg/dl)
Lipid profiles
 • Total cholesterol (mg/dl)
 • Triglycerides (mg/dl)
 • HDL-C (mg/dl)
Estimated dietary protein intake
 • DPI (g/day)
Net urinary acid excretion
 • NAE (mmol/day)
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Introduction 
Chronic kidney disease (CKD) is recognized as an 
important public health issue. CKD is a progressive 

condition that affects more than 10.0% of the general 
population worldwide, amounting to more than 800 
million individuals1. The overall pooled prevalence of 

CKD among Bangladeshi adults is 17.3% cases2. 
Metabolic acidosis is defined as a low arterial pH as well 
as reduction in serum bicarbonate (HCO3-) 
concentration, where the plasma bicarbonate 
concentration falls below 20 mmol/L3 which is a risk 
factor for progression of CKD4-6. Treatment of CKD 
patients showed slowed disease progression by 
increasing the systemic pH or by lowering the amount of 
acid that must be excreted in the urine, also known as the 
urinary acid excretion7-9. Previous studies suggest that 
higher urinary acid excretion is associated with 
progression of CKD; where urinary acid excretion data 
were measured from dietary data rather than direct 
measurements10-12. Excreting the nonvolatile acids (i.e., 
H+) generated during metabolism through urine is 
maintained by the kidneys13-15. Alkali may be ingested in 
the form of alkali supplements or metabolizable organic 
anion salts found abundantly in fruits and vegetables, 
both of which may buffer nonvolatile acids10,16-17. Thus, 
the total load of urinary acid excretion equals the 
difference between acids produced and alkali consumed 
in foods or supplements. 
The kidney excretes the nonvolatile acid load as 
ammonium (NH4+) or as titratable acid bound to anionic 
urinary buffers such as phosphate and creatinine18-20. 
Regulation of urinary acid excretion maintains acid-base 
homeostasis in response to dietary changes or systemic 
acid-base balance21-22. Net Acid Excretion is the sum of 
urinary NH4+ and titratable acid excretion. In the steady 
state, NH4+ accounts for 60% of total acid excretion. 
NAE factors in any bicarbonate excretion that may occur 
(NAE = NH4+ + titratable acid – HCO3−, all units in 
mEq/d)23. Due to the fact that the daily net acid excretion 
approximates the daily nonvolatile acid load, direct 
measurement of urinary net acid excretion is the 
reference standard for measuring acid load16,24. Many 
factors contribute to the development of Metabolic 
Acidosis in patients with CKD including the 
accumulation of organic or inorganic acids due to the 
reduced capacity of the diseased kidney to generate 
ammonia (NH3+) and excrete Hydrogen Ion (H+), lack 
of bicarbonate production and of tubulo-interstitial 
damage through ammonium retention and complement 
deposition25.
Prior study showed a potential association between urine 
net acid excretion and renal outcomes in patients with 
CKD26 but such relationship is not universally proven. To 
further assess such relationship between urine net acid 
excretion and renal outcomes in patients with CKD 
among Bangladeshi population, present study directly 
measured net acid excretion among participants of the 

study and compared it with the changing stages of CKD.

Methodology
Study Settings and Population: This was a cross 
sectional study which was conducted in the Department 
of Nephrology and Department of Biochemistry at 
National Institute of Kidney Diseases and Urology, 
Dhaka, Bangladesh from July 2020 to August 2021, 
among chronic kidney disease stage 1 to stage 5 
patients who had not received dialysis as case and age 
and sex matched control. Patients of both gender with 
chronic kidney disease (stages 1-5) with urine output at 
least 500ml/day and age ≥18 years old, were enrolled in 
the study. Chronic kidney disease patients on dialysis, 
renal allograft recipients, presence of active infection, 
acute MI in last three months, complete heart block, 
atrial fibrillation, abdominal aorta aneurysm, the 
presence of aortic and/or femoral artery prosthesis, 
patients with glomerulonephritis currently on 
immunosuppression, acute renal failure, chronic liver 
disease and urine pH value > 7.4 or < 4.0 were excluded 
from the study. 
Study Procedure: As per the selection criteria, 46 case 
were enrolled in the study, along with 13 age and sex 
matched control. Purposive sampling technique was 
used. A pre-tested data collection sheet and a hand-held 
pH meter was used as research instrument. Data 
collection sheet consisted of patient’s demographics, 
clinical examination and investigation result sheet. 
Anthropometric parameters like height and weight were 
measured. Systolic and diastolic BP of each patient was 
recorded at the time of data collection. Blood and urine 
samples were taken for biochemical analysis and results 
were recorded in data collection sheet. 
Statistical analysis: Statistical analysis was performed 
using Windows® based software program Statistical 
Packages for Social Sciences 25 (SPSS-25) (Chicago, 
IL, USA). After collection, all the data were checked 
and cleaned. Quantitative data were expressed as 
percentage, mean and standard deviation and qualitative 
data were expressed as frequency distribution and 
percentage. To determine statistical significance, chi 
square test, independent sample t test, one-way ANOVA 
and Pearson correlation were considered according to 
applicability. P value of < 0.05 was considered 
statistically significant.
Ethical Consideration: All procedures of the present 
study were carried out in accordance with the principles 
for human investigations (i.e., Helsinki Declaration 
2013) and also with the ethical guidelines of the 
Institutional research ethics. Formal ethics approval was 

granted by the local ethics committee. Participants in 
the study were informed about the procedure and 
purpose of the study and confidentiality of information 
provided. Risks and benefits were also made clear. All 
participants consented willingly to be a part of the study 
during the data collection periods. All data were 
collected anonymously and were analyzed using the 
coding system. 

Results
The mean age of the study population was 48.63±13.17 
years. Among the case group, 45.7% of the respondents 
were from the age group of 51 to 60 years, followed by 
30.8% from the age group of 20 to 30 years and 23.1% 

from 31 to 40 years of age group. Mean age of the case 
group was 51.24 ± 12.80 years and control group was 
39.38 ± 10.28 years. This difference in mean age of the 
case and control group was statistically significant 
(p<0.05). The difference in age group between case and 
control group was also statistically significant (p<0.05). 
CKD patients were male predominant (60.9% male) and 
rural in origin (54.3%). Over half (54.3% of case and 
53.8% of control) of the respondents had monthly 
income between BDT 7,501/- and 15,000 (Table 1).

Anthropometric and biochemical parameters of the 
study population were evaluated. Among the study 
population 65.2% case and 61.5% control were healthy. 
The distribution of the study population by BMI 
category was statistically significance between the two 
groups (p <0.05). Mean systolic and diastolic blood 
pressure was significantly (p < 0.05) higher among the 
cases compared to the control group. According to 
laboratory investigation, fasting blood sugar was 
significantly higher in cases compared to the control 
group (p < 0.05). Both groups were statistically similar 
regarding serum total protein, serum albumin and serum 
calcium concentration (p > 0.05). Moreover, Serum uric 
acid, serum phosphorus, serum potassium, and serum 
chloride levels were significantly higher in cases 
compared to the control group (p < 0.05). The serum 
sodium levels were lower among the cases than the 
control. There was no statistically significant difference 
regarding total cholesterol, triglycerides, and 
high-density lipoprotein concentration (p > 0.05) among 
the case and the apparently healthy population group. 
According to urine parameters, serum creatinine and 
serum urea were significantly higher in cases compared 
to the control group (p < 0.05).  There was no 
statistically significant difference between the case and 

control groups regarding 24 hours urine total volume, 
urine pH, and urea nitrogen appearance (g/day). Urinary 
ammonium and urinary phosphorus were significantly 
lower in cases compared to the control group (p < 0.05). 
There was no statistically significant difference 
regarding urinary creatinine. No statistically significant 
difference was found regarding dietary protein intake 
between case and control groups in this study (p = 
0.50). No statistically significant difference regarding 

net acid excretion was noticed between the case and 
control groups (p = 0.67) (Table 2).

There was no statistically significant association 
between net urinary acid excretion and different stages 
of chronic kidney disease. No statistically significant 
association was also found between net urinary acid 
excretion and BMI category, sex and diabetic status 
(Table 3).

Association between net urinary acid excretion and 
biochemical parameters of the CKD patients were 
assessed. NAE was found to have statistically 
significant (p < 0.05) positive correlation with serum 
phosphorus and total cholesterol. NAE had statistically 
significant (p < 0.05) negative correlation with urine 
pH. Although NAE had positive correlation with serum 
creatinine, this was not statistically significant (p = 
0.30) (Table 4).

Discussion
Metabolic acidosis is a known complication of chronic 
kidney disease (CKD) resulting from an imbalance of 
acid load and excretion that may ultimately contribute 
to disease progression4,9. In previous studies, higher 
acid load has been hypothesized as the mechanism 
which links metabolic acidosis with poor kidney 
outcomes, in part due to associations of higher 
diet-derived acid load and faster chronic kidney disease 
progression11,12,27-28. Net acid excretion is considered as 
the gold standard measure of acid load. This study 
aimed to assess the pattern of net urinary acid excretion 
in patients with chronic kidney disease. 
The kidneys excrete the endogenous non-volatile acid 
load as ammonium and titratable acidity. Previous 
studies demonstrated that the central biologic response 
to nonvolatile acids increases ammonia excretion23,29. 
This process also facilitates bicarbonate generation and 
thus helps to maintain normal systemic bicarbonate and 
pH. But this enhanced NH4+ excretion to maintain 
normal systemic bicarbonate and pH may result in 
further kidney fibrosis, and some chronic kidney 
disease patients with clinically normal acid-base status 
might still have kidney injury because of higher 
ammonia production. Raphael et al29 study showed the 
mean ammonium excretion to be 1.27 ± 0.72 mEq/h in 
chronic kidney disease populations which is much 
higher than the mean urine ammonium of 104.1 ± 
151.7 µmol/d found in present study. 
The NAE is calculated in this study as the sum of urine 
ammonium and titratable acidity in 24-hour urines 
from patients with chronic kidney disease and a healthy 
control group in a cross-sectional study design. The 
mean net acid excretion was 132.0 ± 172.2 mmol/d for 
the individuals with chronic kidney disease, which was 
higher than the control group, with mean value of 110.4 
± 112.1 mmol/d. Both are higher than previous study 
findings showing net acid excretion to be between 30 
to 50 mEq/d for chronic kidney disease patients30.

Patients with chronic kidney disease are at high risk for 
the adverse effects of high BP. Present study showed 
significant (p < 0.05) difference in both systolic and 
diastolic blood pressure between case and control 
group, which is consistent with prior study showing 
similar difference31. Present study showed the mean 
NAE for male to be 143.2 ± 189.7 mmol/d, which is 
higher than the mean NAE for female of 108.4 ± 117.2 
mmol/d. Scialla and Anderson27 showed higher NAE 
among male than in female which is consistent with 
present study findings. Endogenous acid production is 
hypothesized to be increased in diabetes mellitus due to 
altered energy metabolism. Present study found mean 
NAE to be 99.1 ± 108.0 mmol/d for chronic kidney 
disease patients with DM, which is lower than the 
mean NAE of 162.2 ± 213.0 mmol/d for chronic 
kidney disease patients without DM. While this 
difference is not statistically significant, it coincides 
with the findings of Crews et al32 study. In the present 
study, the mean score of dietary protein intake was 36.4 
± 12 (g/day) among chronic kidney disease patients. In 
a prior study, greater dietary acid load, quantified by 
estimated NAE, was associated with albuminuria and 
low eGFR, markers of chronic kidney disease33. 
Present study used urinary nitrogen appearance to 
calculate the dietary protein intake. In this study 
population, the net urinary acid excretion showed no 
statistically significant variation with protein intake. It 
is important to note that the net endogenous acid 
production considers the balance of protein and 
potassium intake in the diet and was more strongly 
associated with GFR decline than either protein or 
potassium intake alone. Current clinical guidelines 
recommend restricted protein intake in chronic kidney 
disease34. This finding was consistent with the previous 
study concluding diet as a minor predictor of NAE32. 
Other factors like dietary potassium load may influence 
NAE than protein intake alone.
BMI is an independent risk factor for chronic kidney 
disease35–37. Present study found negative correlation 
between NAE and BMI, which contradicts prior study 
findings showing higher NAE being associated with 
greater BMI38 which could be due to the smaller sample 
size and demography of the study population. Adequate 
blood pressure control is widely recognized as an 
essential factor in slowing the progression of chronic 
kidney disease39-40. These findings hypothesized with 
the present study as hypertension and diabetes mellitus 
were the most common etiological factors associated 
with chronic kidney disease patients.

The net urinary acid excretion usually increases with 
progression of chronic kidney disease. A previous study 
demonstrated the higher NAE in advanced stages of 
chronic kidney disease16. In present study NAE showed 
no statistically significant variation with different 
stages of chronic kidney disease. The mean value of 
NAE was highest in stage IV chronic kidney disease 
166.1±161.9 mmol/day. From present study we can say 
that NAE is not dependent on stages of chronic kidney 
disease alone, rather the wide variation showed here 
may be a reflection of numbers of residual nephrons, 
degree of tubular dysfunction, high endogenous acid 
production which may vary greatly from person to 
person despite of having similar category of eGFR. 
Close monitoring to adherence to dietary 
recommendations and frequent evaluation of nutritional 
status is fundamental in the management of patients 
with chronic kidney disease since it can affect 
important health outcomes, including chronic kidney 
disease progression, quality of life, morbidity, and 
mortality. Additional nutritional measures to delay 
chronic kidney disease progression, some of them 
considered experimental, may include the limitation of 
phosphate and calorie intake, the increase of fiber 
intake, and the promotion of healthy dietary patterns.
 
Conclusions
Present study showed that there was no statistically 
significant relation between net urinary acid excretion 
and stages of chronic kidney disease, but statistically 
significant correlation with serum phosphorus, total 
cholesterol and urine pH. It also did not demonstrate 
any significant association with sex, BMI, dietary 
protein intake or the presence of diabetes mellitus. 
Further studies with larger population from multiple 
centers are needed to clarify the changes of these 
factors.
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NAE
(mmol/day)

166.7 ± 189.3
108.1 ± 151.9
109.8 ± 135.3
166.1 ± 161.9
125.1 ± 214.5

133.4 ± 104.0
114.9 ± 133.8
180.6 ± 257.4
77.1 ± 43.3

143.2 ± 189.7
108.4 ± 117.2

99.1 ± 108.0
162.2 ± 213.0

P value 

0.94c

0.59c

0.41a

0.22a

Table 3: Net Urinary Acid Excretion in Different Stages 
of CKD
Variables

CKD stage 
 • Stage 2
 • Stage 3A
 • Stage 3B
 • Stage 4
 • Stage 5
BMI category
 • Underweight (< 18.5 kg/m2)
 • Healthy (18.5 – 24.9 kg/m2)
 • Overweight (> 25.0 – 29.9 kg/m2)
 • Obese (≥ 30.0 kg/m2)
Gender
 • Male
 • Female 
Diabetic status 
 • Present 
 • Absent 

r value
0.133
0.031
-0.026
-0.131
0.215
0.148
0.353
0.210
0.052
0.076
-0.721
-0.205
0.105
0.184
0.019
0.059
0.293
0.151
0.059
0.108
-0.051

P value 
0.38
0.84
0.86
0.39
0.15
0.33

< 0.05d

0.16
0.73
0.61

< 0.05d

0.17
0.49
0.22
0.90
0.70

< 0.05d

0.32
0.70
0.48
0.74

Table 4: Correlation with Net Urinary Acid Excretion and 
Biochemical Parameters of the CKD Patients (n = 46)
Variables
Serum Creatinine (mg/dL)
Fasting Blood sugar (mmol/L)
Serum Total protein (g/dL)
Serum Albumin (g/dL)
Serum Uric Acid (mg/dL)
Serum Calcium (mg/dL)
Serum Phosphorus (mg/dL)
Serum Sodium (mEq/L)
Serum Potassium (mmol/L)
Serum Chloride (mmol/L)
Urine pH 
S. Urea (mg/dL)
Urea nitrogen appearance (g/day)
U. Ammonium (μmol/day)
U. Phosphorus (mmol/day)
U. Creatinine (mg/dl)
Total cholesterol (mg/dl)
Triglycerides (mg/dl)
HDL-C (mg/dl)
Dietary protein intake (g/day)  
eGFR (mL/min/1.73m2)

Data are presented as n (%) or mean ± SD; a Independent Sample 
T-test was done and p values < 0.05 was considered statistically 
significant; c One-way ANOVA was done and p values < 0.05 
was considered statistically significant.

d Pearson Correlation was done and p values < 0.05 was 
considered statistically significant.
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Introduction 
Chronic kidney disease (CKD) is recognized as an 
important public health issue. CKD is a progressive 

condition that affects more than 10.0% of the general 
population worldwide, amounting to more than 800 
million individuals1. The overall pooled prevalence of 

CKD among Bangladeshi adults is 17.3% cases2. 
Metabolic acidosis is defined as a low arterial pH as well 
as reduction in serum bicarbonate (HCO3-) 
concentration, where the plasma bicarbonate 
concentration falls below 20 mmol/L3 which is a risk 
factor for progression of CKD4-6. Treatment of CKD 
patients showed slowed disease progression by 
increasing the systemic pH or by lowering the amount of 
acid that must be excreted in the urine, also known as the 
urinary acid excretion7-9. Previous studies suggest that 
higher urinary acid excretion is associated with 
progression of CKD; where urinary acid excretion data 
were measured from dietary data rather than direct 
measurements10-12. Excreting the nonvolatile acids (i.e., 
H+) generated during metabolism through urine is 
maintained by the kidneys13-15. Alkali may be ingested in 
the form of alkali supplements or metabolizable organic 
anion salts found abundantly in fruits and vegetables, 
both of which may buffer nonvolatile acids10,16-17. Thus, 
the total load of urinary acid excretion equals the 
difference between acids produced and alkali consumed 
in foods or supplements. 
The kidney excretes the nonvolatile acid load as 
ammonium (NH4+) or as titratable acid bound to anionic 
urinary buffers such as phosphate and creatinine18-20. 
Regulation of urinary acid excretion maintains acid-base 
homeostasis in response to dietary changes or systemic 
acid-base balance21-22. Net Acid Excretion is the sum of 
urinary NH4+ and titratable acid excretion. In the steady 
state, NH4+ accounts for 60% of total acid excretion. 
NAE factors in any bicarbonate excretion that may occur 
(NAE = NH4+ + titratable acid – HCO3−, all units in 
mEq/d)23. Due to the fact that the daily net acid excretion 
approximates the daily nonvolatile acid load, direct 
measurement of urinary net acid excretion is the 
reference standard for measuring acid load16,24. Many 
factors contribute to the development of Metabolic 
Acidosis in patients with CKD including the 
accumulation of organic or inorganic acids due to the 
reduced capacity of the diseased kidney to generate 
ammonia (NH3+) and excrete Hydrogen Ion (H+), lack 
of bicarbonate production and of tubulo-interstitial 
damage through ammonium retention and complement 
deposition25.
Prior study showed a potential association between urine 
net acid excretion and renal outcomes in patients with 
CKD26 but such relationship is not universally proven. To 
further assess such relationship between urine net acid 
excretion and renal outcomes in patients with CKD 
among Bangladeshi population, present study directly 
measured net acid excretion among participants of the 

study and compared it with the changing stages of CKD.

Methodology
Study Settings and Population: This was a cross 
sectional study which was conducted in the Department 
of Nephrology and Department of Biochemistry at 
National Institute of Kidney Diseases and Urology, 
Dhaka, Bangladesh from July 2020 to August 2021, 
among chronic kidney disease stage 1 to stage 5 
patients who had not received dialysis as case and age 
and sex matched control. Patients of both gender with 
chronic kidney disease (stages 1-5) with urine output at 
least 500ml/day and age ≥18 years old, were enrolled in 
the study. Chronic kidney disease patients on dialysis, 
renal allograft recipients, presence of active infection, 
acute MI in last three months, complete heart block, 
atrial fibrillation, abdominal aorta aneurysm, the 
presence of aortic and/or femoral artery prosthesis, 
patients with glomerulonephritis currently on 
immunosuppression, acute renal failure, chronic liver 
disease and urine pH value > 7.4 or < 4.0 were excluded 
from the study. 
Study Procedure: As per the selection criteria, 46 case 
were enrolled in the study, along with 13 age and sex 
matched control. Purposive sampling technique was 
used. A pre-tested data collection sheet and a hand-held 
pH meter was used as research instrument. Data 
collection sheet consisted of patient’s demographics, 
clinical examination and investigation result sheet. 
Anthropometric parameters like height and weight were 
measured. Systolic and diastolic BP of each patient was 
recorded at the time of data collection. Blood and urine 
samples were taken for biochemical analysis and results 
were recorded in data collection sheet. 
Statistical analysis: Statistical analysis was performed 
using Windows® based software program Statistical 
Packages for Social Sciences 25 (SPSS-25) (Chicago, 
IL, USA). After collection, all the data were checked 
and cleaned. Quantitative data were expressed as 
percentage, mean and standard deviation and qualitative 
data were expressed as frequency distribution and 
percentage. To determine statistical significance, chi 
square test, independent sample t test, one-way ANOVA 
and Pearson correlation were considered according to 
applicability. P value of < 0.05 was considered 
statistically significant.
Ethical Consideration: All procedures of the present 
study were carried out in accordance with the principles 
for human investigations (i.e., Helsinki Declaration 
2013) and also with the ethical guidelines of the 
Institutional research ethics. Formal ethics approval was 

granted by the local ethics committee. Participants in 
the study were informed about the procedure and 
purpose of the study and confidentiality of information 
provided. Risks and benefits were also made clear. All 
participants consented willingly to be a part of the study 
during the data collection periods. All data were 
collected anonymously and were analyzed using the 
coding system. 

Results
The mean age of the study population was 48.63±13.17 
years. Among the case group, 45.7% of the respondents 
were from the age group of 51 to 60 years, followed by 
30.8% from the age group of 20 to 30 years and 23.1% 

from 31 to 40 years of age group. Mean age of the case 
group was 51.24 ± 12.80 years and control group was 
39.38 ± 10.28 years. This difference in mean age of the 
case and control group was statistically significant 
(p<0.05). The difference in age group between case and 
control group was also statistically significant (p<0.05). 
CKD patients were male predominant (60.9% male) and 
rural in origin (54.3%). Over half (54.3% of case and 
53.8% of control) of the respondents had monthly 
income between BDT 7,501/- and 15,000 (Table 1).

Anthropometric and biochemical parameters of the 
study population were evaluated. Among the study 
population 65.2% case and 61.5% control were healthy. 
The distribution of the study population by BMI 
category was statistically significance between the two 
groups (p <0.05). Mean systolic and diastolic blood 
pressure was significantly (p < 0.05) higher among the 
cases compared to the control group. According to 
laboratory investigation, fasting blood sugar was 
significantly higher in cases compared to the control 
group (p < 0.05). Both groups were statistically similar 
regarding serum total protein, serum albumin and serum 
calcium concentration (p > 0.05). Moreover, Serum uric 
acid, serum phosphorus, serum potassium, and serum 
chloride levels were significantly higher in cases 
compared to the control group (p < 0.05). The serum 
sodium levels were lower among the cases than the 
control. There was no statistically significant difference 
regarding total cholesterol, triglycerides, and 
high-density lipoprotein concentration (p > 0.05) among 
the case and the apparently healthy population group. 
According to urine parameters, serum creatinine and 
serum urea were significantly higher in cases compared 
to the control group (p < 0.05).  There was no 
statistically significant difference between the case and 

control groups regarding 24 hours urine total volume, 
urine pH, and urea nitrogen appearance (g/day). Urinary 
ammonium and urinary phosphorus were significantly 
lower in cases compared to the control group (p < 0.05). 
There was no statistically significant difference 
regarding urinary creatinine. No statistically significant 
difference was found regarding dietary protein intake 
between case and control groups in this study (p = 
0.50). No statistically significant difference regarding 

net acid excretion was noticed between the case and 
control groups (p = 0.67) (Table 2).

There was no statistically significant association 
between net urinary acid excretion and different stages 
of chronic kidney disease. No statistically significant 
association was also found between net urinary acid 
excretion and BMI category, sex and diabetic status 
(Table 3).

Association between net urinary acid excretion and 
biochemical parameters of the CKD patients were 
assessed. NAE was found to have statistically 
significant (p < 0.05) positive correlation with serum 
phosphorus and total cholesterol. NAE had statistically 
significant (p < 0.05) negative correlation with urine 
pH. Although NAE had positive correlation with serum 
creatinine, this was not statistically significant (p = 
0.30) (Table 4).

Discussion
Metabolic acidosis is a known complication of chronic 
kidney disease (CKD) resulting from an imbalance of 
acid load and excretion that may ultimately contribute 
to disease progression4,9. In previous studies, higher 
acid load has been hypothesized as the mechanism 
which links metabolic acidosis with poor kidney 
outcomes, in part due to associations of higher 
diet-derived acid load and faster chronic kidney disease 
progression11,12,27-28. Net acid excretion is considered as 
the gold standard measure of acid load. This study 
aimed to assess the pattern of net urinary acid excretion 
in patients with chronic kidney disease. 
The kidneys excrete the endogenous non-volatile acid 
load as ammonium and titratable acidity. Previous 
studies demonstrated that the central biologic response 
to nonvolatile acids increases ammonia excretion23,29. 
This process also facilitates bicarbonate generation and 
thus helps to maintain normal systemic bicarbonate and 
pH. But this enhanced NH4+ excretion to maintain 
normal systemic bicarbonate and pH may result in 
further kidney fibrosis, and some chronic kidney 
disease patients with clinically normal acid-base status 
might still have kidney injury because of higher 
ammonia production. Raphael et al29 study showed the 
mean ammonium excretion to be 1.27 ± 0.72 mEq/h in 
chronic kidney disease populations which is much 
higher than the mean urine ammonium of 104.1 ± 
151.7 µmol/d found in present study. 
The NAE is calculated in this study as the sum of urine 
ammonium and titratable acidity in 24-hour urines 
from patients with chronic kidney disease and a healthy 
control group in a cross-sectional study design. The 
mean net acid excretion was 132.0 ± 172.2 mmol/d for 
the individuals with chronic kidney disease, which was 
higher than the control group, with mean value of 110.4 
± 112.1 mmol/d. Both are higher than previous study 
findings showing net acid excretion to be between 30 
to 50 mEq/d for chronic kidney disease patients30.

Patients with chronic kidney disease are at high risk for 
the adverse effects of high BP. Present study showed 
significant (p < 0.05) difference in both systolic and 
diastolic blood pressure between case and control 
group, which is consistent with prior study showing 
similar difference31. Present study showed the mean 
NAE for male to be 143.2 ± 189.7 mmol/d, which is 
higher than the mean NAE for female of 108.4 ± 117.2 
mmol/d. Scialla and Anderson27 showed higher NAE 
among male than in female which is consistent with 
present study findings. Endogenous acid production is 
hypothesized to be increased in diabetes mellitus due to 
altered energy metabolism. Present study found mean 
NAE to be 99.1 ± 108.0 mmol/d for chronic kidney 
disease patients with DM, which is lower than the 
mean NAE of 162.2 ± 213.0 mmol/d for chronic 
kidney disease patients without DM. While this 
difference is not statistically significant, it coincides 
with the findings of Crews et al32 study. In the present 
study, the mean score of dietary protein intake was 36.4 
± 12 (g/day) among chronic kidney disease patients. In 
a prior study, greater dietary acid load, quantified by 
estimated NAE, was associated with albuminuria and 
low eGFR, markers of chronic kidney disease33. 
Present study used urinary nitrogen appearance to 
calculate the dietary protein intake. In this study 
population, the net urinary acid excretion showed no 
statistically significant variation with protein intake. It 
is important to note that the net endogenous acid 
production considers the balance of protein and 
potassium intake in the diet and was more strongly 
associated with GFR decline than either protein or 
potassium intake alone. Current clinical guidelines 
recommend restricted protein intake in chronic kidney 
disease34. This finding was consistent with the previous 
study concluding diet as a minor predictor of NAE32. 
Other factors like dietary potassium load may influence 
NAE than protein intake alone.
BMI is an independent risk factor for chronic kidney 
disease35–37. Present study found negative correlation 
between NAE and BMI, which contradicts prior study 
findings showing higher NAE being associated with 
greater BMI38 which could be due to the smaller sample 
size and demography of the study population. Adequate 
blood pressure control is widely recognized as an 
essential factor in slowing the progression of chronic 
kidney disease39-40. These findings hypothesized with 
the present study as hypertension and diabetes mellitus 
were the most common etiological factors associated 
with chronic kidney disease patients.

The net urinary acid excretion usually increases with 
progression of chronic kidney disease. A previous study 
demonstrated the higher NAE in advanced stages of 
chronic kidney disease16. In present study NAE showed 
no statistically significant variation with different 
stages of chronic kidney disease. The mean value of 
NAE was highest in stage IV chronic kidney disease 
166.1±161.9 mmol/day. From present study we can say 
that NAE is not dependent on stages of chronic kidney 
disease alone, rather the wide variation showed here 
may be a reflection of numbers of residual nephrons, 
degree of tubular dysfunction, high endogenous acid 
production which may vary greatly from person to 
person despite of having similar category of eGFR. 
Close monitoring to adherence to dietary 
recommendations and frequent evaluation of nutritional 
status is fundamental in the management of patients 
with chronic kidney disease since it can affect 
important health outcomes, including chronic kidney 
disease progression, quality of life, morbidity, and 
mortality. Additional nutritional measures to delay 
chronic kidney disease progression, some of them 
considered experimental, may include the limitation of 
phosphate and calorie intake, the increase of fiber 
intake, and the promotion of healthy dietary patterns.
 
Conclusions
Present study showed that there was no statistically 
significant relation between net urinary acid excretion 
and stages of chronic kidney disease, but statistically 
significant correlation with serum phosphorus, total 
cholesterol and urine pH. It also did not demonstrate 
any significant association with sex, BMI, dietary 
protein intake or the presence of diabetes mellitus. 
Further studies with larger population from multiple 
centers are needed to clarify the changes of these 
factors.
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Introduction 
Chronic kidney disease (CKD) is recognized as an 
important public health issue. CKD is a progressive 

condition that affects more than 10.0% of the general 
population worldwide, amounting to more than 800 
million individuals1. The overall pooled prevalence of 

CKD among Bangladeshi adults is 17.3% cases2. 
Metabolic acidosis is defined as a low arterial pH as well 
as reduction in serum bicarbonate (HCO3-) 
concentration, where the plasma bicarbonate 
concentration falls below 20 mmol/L3 which is a risk 
factor for progression of CKD4-6. Treatment of CKD 
patients showed slowed disease progression by 
increasing the systemic pH or by lowering the amount of 
acid that must be excreted in the urine, also known as the 
urinary acid excretion7-9. Previous studies suggest that 
higher urinary acid excretion is associated with 
progression of CKD; where urinary acid excretion data 
were measured from dietary data rather than direct 
measurements10-12. Excreting the nonvolatile acids (i.e., 
H+) generated during metabolism through urine is 
maintained by the kidneys13-15. Alkali may be ingested in 
the form of alkali supplements or metabolizable organic 
anion salts found abundantly in fruits and vegetables, 
both of which may buffer nonvolatile acids10,16-17. Thus, 
the total load of urinary acid excretion equals the 
difference between acids produced and alkali consumed 
in foods or supplements. 
The kidney excretes the nonvolatile acid load as 
ammonium (NH4+) or as titratable acid bound to anionic 
urinary buffers such as phosphate and creatinine18-20. 
Regulation of urinary acid excretion maintains acid-base 
homeostasis in response to dietary changes or systemic 
acid-base balance21-22. Net Acid Excretion is the sum of 
urinary NH4+ and titratable acid excretion. In the steady 
state, NH4+ accounts for 60% of total acid excretion. 
NAE factors in any bicarbonate excretion that may occur 
(NAE = NH4+ + titratable acid – HCO3−, all units in 
mEq/d)23. Due to the fact that the daily net acid excretion 
approximates the daily nonvolatile acid load, direct 
measurement of urinary net acid excretion is the 
reference standard for measuring acid load16,24. Many 
factors contribute to the development of Metabolic 
Acidosis in patients with CKD including the 
accumulation of organic or inorganic acids due to the 
reduced capacity of the diseased kidney to generate 
ammonia (NH3+) and excrete Hydrogen Ion (H+), lack 
of bicarbonate production and of tubulo-interstitial 
damage through ammonium retention and complement 
deposition25.
Prior study showed a potential association between urine 
net acid excretion and renal outcomes in patients with 
CKD26 but such relationship is not universally proven. To 
further assess such relationship between urine net acid 
excretion and renal outcomes in patients with CKD 
among Bangladeshi population, present study directly 
measured net acid excretion among participants of the 

study and compared it with the changing stages of CKD.

Methodology
Study Settings and Population: This was a cross 
sectional study which was conducted in the Department 
of Nephrology and Department of Biochemistry at 
National Institute of Kidney Diseases and Urology, 
Dhaka, Bangladesh from July 2020 to August 2021, 
among chronic kidney disease stage 1 to stage 5 
patients who had not received dialysis as case and age 
and sex matched control. Patients of both gender with 
chronic kidney disease (stages 1-5) with urine output at 
least 500ml/day and age ≥18 years old, were enrolled in 
the study. Chronic kidney disease patients on dialysis, 
renal allograft recipients, presence of active infection, 
acute MI in last three months, complete heart block, 
atrial fibrillation, abdominal aorta aneurysm, the 
presence of aortic and/or femoral artery prosthesis, 
patients with glomerulonephritis currently on 
immunosuppression, acute renal failure, chronic liver 
disease and urine pH value > 7.4 or < 4.0 were excluded 
from the study. 
Study Procedure: As per the selection criteria, 46 case 
were enrolled in the study, along with 13 age and sex 
matched control. Purposive sampling technique was 
used. A pre-tested data collection sheet and a hand-held 
pH meter was used as research instrument. Data 
collection sheet consisted of patient’s demographics, 
clinical examination and investigation result sheet. 
Anthropometric parameters like height and weight were 
measured. Systolic and diastolic BP of each patient was 
recorded at the time of data collection. Blood and urine 
samples were taken for biochemical analysis and results 
were recorded in data collection sheet. 
Statistical analysis: Statistical analysis was performed 
using Windows® based software program Statistical 
Packages for Social Sciences 25 (SPSS-25) (Chicago, 
IL, USA). After collection, all the data were checked 
and cleaned. Quantitative data were expressed as 
percentage, mean and standard deviation and qualitative 
data were expressed as frequency distribution and 
percentage. To determine statistical significance, chi 
square test, independent sample t test, one-way ANOVA 
and Pearson correlation were considered according to 
applicability. P value of < 0.05 was considered 
statistically significant.
Ethical Consideration: All procedures of the present 
study were carried out in accordance with the principles 
for human investigations (i.e., Helsinki Declaration 
2013) and also with the ethical guidelines of the 
Institutional research ethics. Formal ethics approval was 

granted by the local ethics committee. Participants in 
the study were informed about the procedure and 
purpose of the study and confidentiality of information 
provided. Risks and benefits were also made clear. All 
participants consented willingly to be a part of the study 
during the data collection periods. All data were 
collected anonymously and were analyzed using the 
coding system. 

Results
The mean age of the study population was 48.63±13.17 
years. Among the case group, 45.7% of the respondents 
were from the age group of 51 to 60 years, followed by 
30.8% from the age group of 20 to 30 years and 23.1% 

from 31 to 40 years of age group. Mean age of the case 
group was 51.24 ± 12.80 years and control group was 
39.38 ± 10.28 years. This difference in mean age of the 
case and control group was statistically significant 
(p<0.05). The difference in age group between case and 
control group was also statistically significant (p<0.05). 
CKD patients were male predominant (60.9% male) and 
rural in origin (54.3%). Over half (54.3% of case and 
53.8% of control) of the respondents had monthly 
income between BDT 7,501/- and 15,000 (Table 1).

Anthropometric and biochemical parameters of the 
study population were evaluated. Among the study 
population 65.2% case and 61.5% control were healthy. 
The distribution of the study population by BMI 
category was statistically significance between the two 
groups (p <0.05). Mean systolic and diastolic blood 
pressure was significantly (p < 0.05) higher among the 
cases compared to the control group. According to 
laboratory investigation, fasting blood sugar was 
significantly higher in cases compared to the control 
group (p < 0.05). Both groups were statistically similar 
regarding serum total protein, serum albumin and serum 
calcium concentration (p > 0.05). Moreover, Serum uric 
acid, serum phosphorus, serum potassium, and serum 
chloride levels were significantly higher in cases 
compared to the control group (p < 0.05). The serum 
sodium levels were lower among the cases than the 
control. There was no statistically significant difference 
regarding total cholesterol, triglycerides, and 
high-density lipoprotein concentration (p > 0.05) among 
the case and the apparently healthy population group. 
According to urine parameters, serum creatinine and 
serum urea were significantly higher in cases compared 
to the control group (p < 0.05).  There was no 
statistically significant difference between the case and 

control groups regarding 24 hours urine total volume, 
urine pH, and urea nitrogen appearance (g/day). Urinary 
ammonium and urinary phosphorus were significantly 
lower in cases compared to the control group (p < 0.05). 
There was no statistically significant difference 
regarding urinary creatinine. No statistically significant 
difference was found regarding dietary protein intake 
between case and control groups in this study (p = 
0.50). No statistically significant difference regarding 

net acid excretion was noticed between the case and 
control groups (p = 0.67) (Table 2).

There was no statistically significant association 
between net urinary acid excretion and different stages 
of chronic kidney disease. No statistically significant 
association was also found between net urinary acid 
excretion and BMI category, sex and diabetic status 
(Table 3).

Association between net urinary acid excretion and 
biochemical parameters of the CKD patients were 
assessed. NAE was found to have statistically 
significant (p < 0.05) positive correlation with serum 
phosphorus and total cholesterol. NAE had statistically 
significant (p < 0.05) negative correlation with urine 
pH. Although NAE had positive correlation with serum 
creatinine, this was not statistically significant (p = 
0.30) (Table 4).

Discussion
Metabolic acidosis is a known complication of chronic 
kidney disease (CKD) resulting from an imbalance of 
acid load and excretion that may ultimately contribute 
to disease progression4,9. In previous studies, higher 
acid load has been hypothesized as the mechanism 
which links metabolic acidosis with poor kidney 
outcomes, in part due to associations of higher 
diet-derived acid load and faster chronic kidney disease 
progression11,12,27-28. Net acid excretion is considered as 
the gold standard measure of acid load. This study 
aimed to assess the pattern of net urinary acid excretion 
in patients with chronic kidney disease. 
The kidneys excrete the endogenous non-volatile acid 
load as ammonium and titratable acidity. Previous 
studies demonstrated that the central biologic response 
to nonvolatile acids increases ammonia excretion23,29. 
This process also facilitates bicarbonate generation and 
thus helps to maintain normal systemic bicarbonate and 
pH. But this enhanced NH4+ excretion to maintain 
normal systemic bicarbonate and pH may result in 
further kidney fibrosis, and some chronic kidney 
disease patients with clinically normal acid-base status 
might still have kidney injury because of higher 
ammonia production. Raphael et al29 study showed the 
mean ammonium excretion to be 1.27 ± 0.72 mEq/h in 
chronic kidney disease populations which is much 
higher than the mean urine ammonium of 104.1 ± 
151.7 µmol/d found in present study. 
The NAE is calculated in this study as the sum of urine 
ammonium and titratable acidity in 24-hour urines 
from patients with chronic kidney disease and a healthy 
control group in a cross-sectional study design. The 
mean net acid excretion was 132.0 ± 172.2 mmol/d for 
the individuals with chronic kidney disease, which was 
higher than the control group, with mean value of 110.4 
± 112.1 mmol/d. Both are higher than previous study 
findings showing net acid excretion to be between 30 
to 50 mEq/d for chronic kidney disease patients30.

Patients with chronic kidney disease are at high risk for 
the adverse effects of high BP. Present study showed 
significant (p < 0.05) difference in both systolic and 
diastolic blood pressure between case and control 
group, which is consistent with prior study showing 
similar difference31. Present study showed the mean 
NAE for male to be 143.2 ± 189.7 mmol/d, which is 
higher than the mean NAE for female of 108.4 ± 117.2 
mmol/d. Scialla and Anderson27 showed higher NAE 
among male than in female which is consistent with 
present study findings. Endogenous acid production is 
hypothesized to be increased in diabetes mellitus due to 
altered energy metabolism. Present study found mean 
NAE to be 99.1 ± 108.0 mmol/d for chronic kidney 
disease patients with DM, which is lower than the 
mean NAE of 162.2 ± 213.0 mmol/d for chronic 
kidney disease patients without DM. While this 
difference is not statistically significant, it coincides 
with the findings of Crews et al32 study. In the present 
study, the mean score of dietary protein intake was 36.4 
± 12 (g/day) among chronic kidney disease patients. In 
a prior study, greater dietary acid load, quantified by 
estimated NAE, was associated with albuminuria and 
low eGFR, markers of chronic kidney disease33. 
Present study used urinary nitrogen appearance to 
calculate the dietary protein intake. In this study 
population, the net urinary acid excretion showed no 
statistically significant variation with protein intake. It 
is important to note that the net endogenous acid 
production considers the balance of protein and 
potassium intake in the diet and was more strongly 
associated with GFR decline than either protein or 
potassium intake alone. Current clinical guidelines 
recommend restricted protein intake in chronic kidney 
disease34. This finding was consistent with the previous 
study concluding diet as a minor predictor of NAE32. 
Other factors like dietary potassium load may influence 
NAE than protein intake alone.
BMI is an independent risk factor for chronic kidney 
disease35–37. Present study found negative correlation 
between NAE and BMI, which contradicts prior study 
findings showing higher NAE being associated with 
greater BMI38 which could be due to the smaller sample 
size and demography of the study population. Adequate 
blood pressure control is widely recognized as an 
essential factor in slowing the progression of chronic 
kidney disease39-40. These findings hypothesized with 
the present study as hypertension and diabetes mellitus 
were the most common etiological factors associated 
with chronic kidney disease patients.

The net urinary acid excretion usually increases with 
progression of chronic kidney disease. A previous study 
demonstrated the higher NAE in advanced stages of 
chronic kidney disease16. In present study NAE showed 
no statistically significant variation with different 
stages of chronic kidney disease. The mean value of 
NAE was highest in stage IV chronic kidney disease 
166.1±161.9 mmol/day. From present study we can say 
that NAE is not dependent on stages of chronic kidney 
disease alone, rather the wide variation showed here 
may be a reflection of numbers of residual nephrons, 
degree of tubular dysfunction, high endogenous acid 
production which may vary greatly from person to 
person despite of having similar category of eGFR. 
Close monitoring to adherence to dietary 
recommendations and frequent evaluation of nutritional 
status is fundamental in the management of patients 
with chronic kidney disease since it can affect 
important health outcomes, including chronic kidney 
disease progression, quality of life, morbidity, and 
mortality. Additional nutritional measures to delay 
chronic kidney disease progression, some of them 
considered experimental, may include the limitation of 
phosphate and calorie intake, the increase of fiber 
intake, and the promotion of healthy dietary patterns.
 
Conclusions
Present study showed that there was no statistically 
significant relation between net urinary acid excretion 
and stages of chronic kidney disease, but statistically 
significant correlation with serum phosphorus, total 
cholesterol and urine pH. It also did not demonstrate 
any significant association with sex, BMI, dietary 
protein intake or the presence of diabetes mellitus. 
Further studies with larger population from multiple 
centers are needed to clarify the changes of these 
factors.
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Introduction 
Chronic kidney disease (CKD) is recognized as an 
important public health issue. CKD is a progressive 

condition that affects more than 10.0% of the general 
population worldwide, amounting to more than 800 
million individuals1. The overall pooled prevalence of 

CKD among Bangladeshi adults is 17.3% cases2. 
Metabolic acidosis is defined as a low arterial pH as well 
as reduction in serum bicarbonate (HCO3-) 
concentration, where the plasma bicarbonate 
concentration falls below 20 mmol/L3 which is a risk 
factor for progression of CKD4-6. Treatment of CKD 
patients showed slowed disease progression by 
increasing the systemic pH or by lowering the amount of 
acid that must be excreted in the urine, also known as the 
urinary acid excretion7-9. Previous studies suggest that 
higher urinary acid excretion is associated with 
progression of CKD; where urinary acid excretion data 
were measured from dietary data rather than direct 
measurements10-12. Excreting the nonvolatile acids (i.e., 
H+) generated during metabolism through urine is 
maintained by the kidneys13-15. Alkali may be ingested in 
the form of alkali supplements or metabolizable organic 
anion salts found abundantly in fruits and vegetables, 
both of which may buffer nonvolatile acids10,16-17. Thus, 
the total load of urinary acid excretion equals the 
difference between acids produced and alkali consumed 
in foods or supplements. 
The kidney excretes the nonvolatile acid load as 
ammonium (NH4+) or as titratable acid bound to anionic 
urinary buffers such as phosphate and creatinine18-20. 
Regulation of urinary acid excretion maintains acid-base 
homeostasis in response to dietary changes or systemic 
acid-base balance21-22. Net Acid Excretion is the sum of 
urinary NH4+ and titratable acid excretion. In the steady 
state, NH4+ accounts for 60% of total acid excretion. 
NAE factors in any bicarbonate excretion that may occur 
(NAE = NH4+ + titratable acid – HCO3−, all units in 
mEq/d)23. Due to the fact that the daily net acid excretion 
approximates the daily nonvolatile acid load, direct 
measurement of urinary net acid excretion is the 
reference standard for measuring acid load16,24. Many 
factors contribute to the development of Metabolic 
Acidosis in patients with CKD including the 
accumulation of organic or inorganic acids due to the 
reduced capacity of the diseased kidney to generate 
ammonia (NH3+) and excrete Hydrogen Ion (H+), lack 
of bicarbonate production and of tubulo-interstitial 
damage through ammonium retention and complement 
deposition25.
Prior study showed a potential association between urine 
net acid excretion and renal outcomes in patients with 
CKD26 but such relationship is not universally proven. To 
further assess such relationship between urine net acid 
excretion and renal outcomes in patients with CKD 
among Bangladeshi population, present study directly 
measured net acid excretion among participants of the 

study and compared it with the changing stages of CKD.

Methodology
Study Settings and Population: This was a cross 
sectional study which was conducted in the Department 
of Nephrology and Department of Biochemistry at 
National Institute of Kidney Diseases and Urology, 
Dhaka, Bangladesh from July 2020 to August 2021, 
among chronic kidney disease stage 1 to stage 5 
patients who had not received dialysis as case and age 
and sex matched control. Patients of both gender with 
chronic kidney disease (stages 1-5) with urine output at 
least 500ml/day and age ≥18 years old, were enrolled in 
the study. Chronic kidney disease patients on dialysis, 
renal allograft recipients, presence of active infection, 
acute MI in last three months, complete heart block, 
atrial fibrillation, abdominal aorta aneurysm, the 
presence of aortic and/or femoral artery prosthesis, 
patients with glomerulonephritis currently on 
immunosuppression, acute renal failure, chronic liver 
disease and urine pH value > 7.4 or < 4.0 were excluded 
from the study. 
Study Procedure: As per the selection criteria, 46 case 
were enrolled in the study, along with 13 age and sex 
matched control. Purposive sampling technique was 
used. A pre-tested data collection sheet and a hand-held 
pH meter was used as research instrument. Data 
collection sheet consisted of patient’s demographics, 
clinical examination and investigation result sheet. 
Anthropometric parameters like height and weight were 
measured. Systolic and diastolic BP of each patient was 
recorded at the time of data collection. Blood and urine 
samples were taken for biochemical analysis and results 
were recorded in data collection sheet. 
Statistical analysis: Statistical analysis was performed 
using Windows® based software program Statistical 
Packages for Social Sciences 25 (SPSS-25) (Chicago, 
IL, USA). After collection, all the data were checked 
and cleaned. Quantitative data were expressed as 
percentage, mean and standard deviation and qualitative 
data were expressed as frequency distribution and 
percentage. To determine statistical significance, chi 
square test, independent sample t test, one-way ANOVA 
and Pearson correlation were considered according to 
applicability. P value of < 0.05 was considered 
statistically significant.
Ethical Consideration: All procedures of the present 
study were carried out in accordance with the principles 
for human investigations (i.e., Helsinki Declaration 
2013) and also with the ethical guidelines of the 
Institutional research ethics. Formal ethics approval was 

granted by the local ethics committee. Participants in 
the study were informed about the procedure and 
purpose of the study and confidentiality of information 
provided. Risks and benefits were also made clear. All 
participants consented willingly to be a part of the study 
during the data collection periods. All data were 
collected anonymously and were analyzed using the 
coding system. 

Results
The mean age of the study population was 48.63±13.17 
years. Among the case group, 45.7% of the respondents 
were from the age group of 51 to 60 years, followed by 
30.8% from the age group of 20 to 30 years and 23.1% 

from 31 to 40 years of age group. Mean age of the case 
group was 51.24 ± 12.80 years and control group was 
39.38 ± 10.28 years. This difference in mean age of the 
case and control group was statistically significant 
(p<0.05). The difference in age group between case and 
control group was also statistically significant (p<0.05). 
CKD patients were male predominant (60.9% male) and 
rural in origin (54.3%). Over half (54.3% of case and 
53.8% of control) of the respondents had monthly 
income between BDT 7,501/- and 15,000 (Table 1).

Anthropometric and biochemical parameters of the 
study population were evaluated. Among the study 
population 65.2% case and 61.5% control were healthy. 
The distribution of the study population by BMI 
category was statistically significance between the two 
groups (p <0.05). Mean systolic and diastolic blood 
pressure was significantly (p < 0.05) higher among the 
cases compared to the control group. According to 
laboratory investigation, fasting blood sugar was 
significantly higher in cases compared to the control 
group (p < 0.05). Both groups were statistically similar 
regarding serum total protein, serum albumin and serum 
calcium concentration (p > 0.05). Moreover, Serum uric 
acid, serum phosphorus, serum potassium, and serum 
chloride levels were significantly higher in cases 
compared to the control group (p < 0.05). The serum 
sodium levels were lower among the cases than the 
control. There was no statistically significant difference 
regarding total cholesterol, triglycerides, and 
high-density lipoprotein concentration (p > 0.05) among 
the case and the apparently healthy population group. 
According to urine parameters, serum creatinine and 
serum urea were significantly higher in cases compared 
to the control group (p < 0.05).  There was no 
statistically significant difference between the case and 

control groups regarding 24 hours urine total volume, 
urine pH, and urea nitrogen appearance (g/day). Urinary 
ammonium and urinary phosphorus were significantly 
lower in cases compared to the control group (p < 0.05). 
There was no statistically significant difference 
regarding urinary creatinine. No statistically significant 
difference was found regarding dietary protein intake 
between case and control groups in this study (p = 
0.50). No statistically significant difference regarding 

net acid excretion was noticed between the case and 
control groups (p = 0.67) (Table 2).

There was no statistically significant association 
between net urinary acid excretion and different stages 
of chronic kidney disease. No statistically significant 
association was also found between net urinary acid 
excretion and BMI category, sex and diabetic status 
(Table 3).

Association between net urinary acid excretion and 
biochemical parameters of the CKD patients were 
assessed. NAE was found to have statistically 
significant (p < 0.05) positive correlation with serum 
phosphorus and total cholesterol. NAE had statistically 
significant (p < 0.05) negative correlation with urine 
pH. Although NAE had positive correlation with serum 
creatinine, this was not statistically significant (p = 
0.30) (Table 4).

Discussion
Metabolic acidosis is a known complication of chronic 
kidney disease (CKD) resulting from an imbalance of 
acid load and excretion that may ultimately contribute 
to disease progression4,9. In previous studies, higher 
acid load has been hypothesized as the mechanism 
which links metabolic acidosis with poor kidney 
outcomes, in part due to associations of higher 
diet-derived acid load and faster chronic kidney disease 
progression11,12,27-28. Net acid excretion is considered as 
the gold standard measure of acid load. This study 
aimed to assess the pattern of net urinary acid excretion 
in patients with chronic kidney disease. 
The kidneys excrete the endogenous non-volatile acid 
load as ammonium and titratable acidity. Previous 
studies demonstrated that the central biologic response 
to nonvolatile acids increases ammonia excretion23,29. 
This process also facilitates bicarbonate generation and 
thus helps to maintain normal systemic bicarbonate and 
pH. But this enhanced NH4+ excretion to maintain 
normal systemic bicarbonate and pH may result in 
further kidney fibrosis, and some chronic kidney 
disease patients with clinically normal acid-base status 
might still have kidney injury because of higher 
ammonia production. Raphael et al29 study showed the 
mean ammonium excretion to be 1.27 ± 0.72 mEq/h in 
chronic kidney disease populations which is much 
higher than the mean urine ammonium of 104.1 ± 
151.7 µmol/d found in present study. 
The NAE is calculated in this study as the sum of urine 
ammonium and titratable acidity in 24-hour urines 
from patients with chronic kidney disease and a healthy 
control group in a cross-sectional study design. The 
mean net acid excretion was 132.0 ± 172.2 mmol/d for 
the individuals with chronic kidney disease, which was 
higher than the control group, with mean value of 110.4 
± 112.1 mmol/d. Both are higher than previous study 
findings showing net acid excretion to be between 30 
to 50 mEq/d for chronic kidney disease patients30.

Patients with chronic kidney disease are at high risk for 
the adverse effects of high BP. Present study showed 
significant (p < 0.05) difference in both systolic and 
diastolic blood pressure between case and control 
group, which is consistent with prior study showing 
similar difference31. Present study showed the mean 
NAE for male to be 143.2 ± 189.7 mmol/d, which is 
higher than the mean NAE for female of 108.4 ± 117.2 
mmol/d. Scialla and Anderson27 showed higher NAE 
among male than in female which is consistent with 
present study findings. Endogenous acid production is 
hypothesized to be increased in diabetes mellitus due to 
altered energy metabolism. Present study found mean 
NAE to be 99.1 ± 108.0 mmol/d for chronic kidney 
disease patients with DM, which is lower than the 
mean NAE of 162.2 ± 213.0 mmol/d for chronic 
kidney disease patients without DM. While this 
difference is not statistically significant, it coincides 
with the findings of Crews et al32 study. In the present 
study, the mean score of dietary protein intake was 36.4 
± 12 (g/day) among chronic kidney disease patients. In 
a prior study, greater dietary acid load, quantified by 
estimated NAE, was associated with albuminuria and 
low eGFR, markers of chronic kidney disease33. 
Present study used urinary nitrogen appearance to 
calculate the dietary protein intake. In this study 
population, the net urinary acid excretion showed no 
statistically significant variation with protein intake. It 
is important to note that the net endogenous acid 
production considers the balance of protein and 
potassium intake in the diet and was more strongly 
associated with GFR decline than either protein or 
potassium intake alone. Current clinical guidelines 
recommend restricted protein intake in chronic kidney 
disease34. This finding was consistent with the previous 
study concluding diet as a minor predictor of NAE32. 
Other factors like dietary potassium load may influence 
NAE than protein intake alone.
BMI is an independent risk factor for chronic kidney 
disease35–37. Present study found negative correlation 
between NAE and BMI, which contradicts prior study 
findings showing higher NAE being associated with 
greater BMI38 which could be due to the smaller sample 
size and demography of the study population. Adequate 
blood pressure control is widely recognized as an 
essential factor in slowing the progression of chronic 
kidney disease39-40. These findings hypothesized with 
the present study as hypertension and diabetes mellitus 
were the most common etiological factors associated 
with chronic kidney disease patients.

The net urinary acid excretion usually increases with 
progression of chronic kidney disease. A previous study 
demonstrated the higher NAE in advanced stages of 
chronic kidney disease16. In present study NAE showed 
no statistically significant variation with different 
stages of chronic kidney disease. The mean value of 
NAE was highest in stage IV chronic kidney disease 
166.1±161.9 mmol/day. From present study we can say 
that NAE is not dependent on stages of chronic kidney 
disease alone, rather the wide variation showed here 
may be a reflection of numbers of residual nephrons, 
degree of tubular dysfunction, high endogenous acid 
production which may vary greatly from person to 
person despite of having similar category of eGFR. 
Close monitoring to adherence to dietary 
recommendations and frequent evaluation of nutritional 
status is fundamental in the management of patients 
with chronic kidney disease since it can affect 
important health outcomes, including chronic kidney 
disease progression, quality of life, morbidity, and 
mortality. Additional nutritional measures to delay 
chronic kidney disease progression, some of them 
considered experimental, may include the limitation of 
phosphate and calorie intake, the increase of fiber 
intake, and the promotion of healthy dietary patterns.
 
Conclusions
Present study showed that there was no statistically 
significant relation between net urinary acid excretion 
and stages of chronic kidney disease, but statistically 
significant correlation with serum phosphorus, total 
cholesterol and urine pH. It also did not demonstrate 
any significant association with sex, BMI, dietary 
protein intake or the presence of diabetes mellitus. 
Further studies with larger population from multiple 
centers are needed to clarify the changes of these 
factors.

Acknowledgements
None. 

Conflict of interest: Other than technical and logistic support 
from the scientific partner the investigators did not have any 
conflict of interest in any means.

Financial Disclosure 
This research project was not funded by any organization. 

Contribution to authors: Sutapa Das: from protocol preparation 
upto manuscript writing; Md. Abdus Sabur Khan: Data 
Collection, Protocol writing; Md. Abdus Sukur: Data Collection; 
Md. Raquib Morshed, Sumon Das, Dilip Kumar Debnath, Md. 
Zakir Hussain and Sheikh Mohammad Ershad: Protocol writing; 

Ayesha Alom Mita: Data Collection; Ayub Ali Chowdhury, Kazi 
Shahnoor Alam and Babrul Alam: Co-guide; Md. Zahid Hasan: 
Data analysis and interpretation. All authors read and approved 
the final manuscript.

Data Availability
Any inquiries regarding supporting data availability of this study 
should be directed to the corresponding author and are available from 
the corresponding author on reasonable request.

Ethics Approval and Consent to Participate
Ethical approval for the study was obtained from the Institutional 
Review Board. As this was a prospective study the written informed 
consent was obtained from all study participants. All methods were 
performed in accordance with the relevant guidelines and regulations.

How to cite this article: Das S, Khan MAS, Sukur MA, Morshed 
MR, Das S, Debnath DK, Hussain MZ, Ershad SM, Mita AA, 
Chowdhury AA, Alam KS, Alam B. Net Urinary Acid Excretion and 
its Association with Kidney Disease Progression in Different Stages 
of Chronic Kidney Disease. J Natl Inst Neurosci Bangladesh, 
2024;10(1):44-51

Copyright: © Das et al. 2024. Published by Journal of National 
Institute of Neurosciences Bangladesh. This is an open access 
article and is licensed under the Creative Commons Attribution 
Non Commercial 4.0 International License (CC BY-NC 4.0). This 
license permits others to distribute, remix, adapt and reproduce or 
changes in any medium or format as long as it will give 
appropriate credit to the original author(s) with the proper citation 
of the original work as well as the source and this is used for 
noncommercial purposes only. To view a copy of this license, 
please See: https://creativecommons.org/licenses/by-nc/4.0/

ORCID:
Sutapa Das: https://orcid.org/0009-0006-1802-7713 
Md. Abdus Sabur Khan: https://orcid.org/0009-0004-4854-8320 
Md. Abdus Sukur: https://orcid.org/0009-0006-9459-8446 
Md. Raquib Morshed: https://orcid.org/0009-0001-1239-9085 
Sumon Das: https://orcid.org/0009-0005-5064-2858 
Dilip Kumar Debnath: https://orcid.org/0009-0006-3098-8891 
Md. Zakir Hussain: https://orcid.org/0009-0007-5830-6255 
Sheikh Mohammad Ershad: https://orcid.org/0009-0003-4778-8237 
Ayesha Alom Mita: https://orcid.org/0009-0005-6222-2287 
Ayub Ali Chowdhury: https://orcid.org/0009-0008-4712-5763 
Kazi Shahnoor Alam: https://orcid.org/0009-0003-4700-0809 
Babrul Alam: https://orcid.org/0009-0003-4700-0809

Article Info
Received on: 7 April 2023
Accepted on: 24 May 2023
Published on: 1 January 2024

References
1. Kovesdy, C. P. Epidemiology of chronic kidney disease: an 
update 2022. Kidney International Supplements vol. 12 7–11 at 
https://doi.org/10.1016/j.kisu.2021.11.003 (2022).
2. Banik, S. & Ghosh, A. Prevalence of chronic kidney disease in 
Bangladesh: a systematic review and meta-analysis. International 
Urology and Nephrology vol. 53 713–718 at 
https://doi.org/10.1007/s11255-020-02597-6 (2021).
3. Jung, B. et al. Diagnosis and management of metabolic acidosis: 
guidelines from a French expert panel. Annals of Intensive Care 
vol. 9 92 at https://doi.org/10.1186/s13613-019-0563-2 (2019).
4. Dobre, M. et al. Association of serum bicarbonate with risk of 

renal and cardiovascular outcomes in CKD: A report from the 
Chronic Renal Insufficiency Cohort (CRIC) study. Am. J. Kidney 
Dis. 62, 670–678 (2013).
5. Shah, S. N., Abramowitz, M., Hostetter, T. H. & Melamed, M. L. 
Serum Bicarbonate Levels and the Progression of Kidney Disease: 
A Cohort Study. Am. J. Kidney Dis. 54, 270–277 (2009).
6. Raphael, K. L., Wei, G., Baird, B. C., Greene, T. & Beddhu, S. 
Higher serum bicarbonate levels within the normal range are 
associated with better survival and renal outcomes in African 
Americans. Kidney Int. 79, 356–362 (2011).
7. Scialla, J. J. The balance of the evidence on acid-base 
homeostasis and progression of chronic kidney disease. Kidney 
International vol. 88 9–11 at https://doi.org/10.1038/ki.2015.87 
(2015).
8. Mahajan, A. et al. Daily oral sodium bicarbonate preserves 
glomerular filtration rate by slowing its decline in early 
hypertensive nephropathy. Kidney Int. 78, 303–309 (2010).
9. de Brito-Ashurst, I., Varagunam, M., Raftery, M. J. & Yaqoob, 
M. M. Bicarbonate supplementation slows progression of CKD and 
improves nutritional status. J. Am. Soc. Nephrol. 20, 2075–2084 
(2009).
10. Goraya, N., Simoni, J., Jo, C. & Wesson, D. E. Dietary acid 
reduction with fruits and vegetables or bicarbonate attenuates 
kidney injury in patients with a moderately reduced glomerular 
filtration rate due to hypertensive nephropathy. Kidney Int. 81, 
86–93 (2012).
11. Banerjee, T. et al. High dietary acid load predicts ESRD among 
adults with CKD. J. Am. Soc. Nephrol. 26, 1693–1700 (2015).
12. Scialla, J. J. et al. Net endogenous acid production is associated 
with a faster decline in GFR in African Americans. Kidney Int. 82, 
106–112 (2012).
13. Lennon, E. J. & Lemann, J. Influence of diet composition on 
endogenous fixed acid production. Am. J. Clin. Nutr. 21, 451–456 
(1968).
14. LEMANN, J. & RELMAN, A. S. The relation of sulfur 
metabolism to acid-base balance and electrolyte excretion: the 
effects of DL-methionine in normal man. J. Clin. Invest. 38, 
2215–2223 (1959).
15. James, C. M. & Chan, M. D. Urinary organic anions: Clinical 
significance and evaluation of a method for determination and 
preservation. Clin. Biochem. 5, 182–185 (1972).
16. Scialla, J. J. & Anderson, C. A. M. Dietary Acid Load: A Novel 
Nutritional Target in Chronic Kidney Disease? Advances in Chronic 
Kidney Disease vol. 20 141–149 at 
https://doi.org/10.1053/j.ackd.2012.11.001 (2013).
17. Remer, T. Influence of diet on acid-base balance. Semin. Dial. 
13, 221–226 (2000).
18. Koeppen, B. M. The kidney and acid-base regulation. American 
Journal of Physiology - Advances in Physiology Education vol. 33 
275–281 at https://doi.org/10.1152/advan.00054.2009 (2009).
19. SCHIESS, W. A. & AYER, J. L. The renal regulation of 
acid-base balance in man; factors affecting the excretion of 
titratable acid by the normal human subject. J. Clin. Invest. 27, 
57–64 (1948).
20. Lee Hamm, L., Nakhoul, N. & Hering-Smith, K. S. Acid-base 
homeostasis. Clin. J. Am. Soc. Nephrol. 10, 2232–2242 (2015).
21. Packer, R. K., Curry, C. A. & Brown, K. M. Urinary organic 
anion excretion in response to dietary acid and base loading. J. Am. 
Soc. Nephrol. 5, 1624–1629 (1995).
22. Hood, V. L. & Tannen, R. L. Protection of Acid–Base Balance 
by pH Regulation of Acid Production. N. Engl. J. Med. 339, 
819–826 (1998).
23. Raphael, K. L. Metabolic Acidosis and Subclinical Metabolic 
Acidosis in CKD. Journal of the American Society of Nephrology 
vol. 29 376–382 at https://doi.org/10.1681/ASN.2017040422 
(2018).
24. Frassetto, L. A. et al. Standardizing terminology for estimating 

the diet-dependent net acid load to the metabolic system. Journal of 
Nutrition vol. 137 1491–1492 at 
https://doi.org/10.1093/jn/137.6.1491 (2007).
25. Dobre, M. et al. Persistent high serum bicarbonate and the risk 
of heart failure in patients with chronic kidney disease (ckd): A 
report from the chronic renal insufficiency cohort (cric) study. J. 
Am. Heart Assoc. 4, (2015).
26. Moranne, O. et al. Timing of onset of CKD-related metabolic 
complications. J. Am. Soc. Nephrol. 20, 164–171 (2009).
27. Scialla, J. J. & Anderson, C. Dietary acid load: a novel 
nutritional target in chronic kidney disease? Adv Chr Kidney Dis 
20, 141–149 (2013).
28. Rebholz, C. M. et al. Dietary acid load and incident chronic 
kidney disease: results from the ARIC study. Am. J. Nephrol. 42, 
427–435 (2015).
29. Raphael, K. L., Gilligan, S., Hostetter, T. H., Greene, T. & 
Beddhu, S. Association between urine ammonium and urine TGF-β
1 in CKD. Clin. J. Am. Soc. Nephrol. 13, 223–230 (2018).
30. Scialla, J. J. et al. Higher net acid excretion is associated with a 
lower risk of kidney disease progression in patients with diabetes. 
Kidney Int. 91, 204–215 (2017).
31. Kovesdy, C. P. et al. Age and outcomes associated with BP in 
patients with incident CKD. Clin. J. Am. Soc. Nephrol. 11, 821–831 
(2016).
32. Crews, F. T. et al. Mechanisms of Persistent Neurobiological 

Changes Following Adolescent Alcohol Exposure: NADIA 
Consortium Findings. Alcoholism: Clinical and Experimental 
Research vol. 43 1806–1822 at https://doi.org/10.1111/acer.14154 
(2019).
33. Banerjee, T. et al. Dietary acid load and chronic kidney disease 
among adults in the United States. BMC Nephrol. 15, 1–12 (2014).
34. Saunders, W. B. KDOQI clinical practice guidelines and clinical 
practice recommendations for diabetes and chronic kidney disease. 
(2007).
35. Fox, C. S. et al. Predictors of new-onset kidney disease in a 
community-based population. Jama 291, 844–850 (2004).
36. Ejerblad, E. et al. Obesity and risk for chronic renal failure. J. 
Am. Soc. Nephrol. 17, 1695–1702 (2006).
37. Hsu, C., McCulloch, C. E., Iribarren, C., Darbinian, J. & Go, A. 
S. Body mass index and risk for end-stage renal disease. Ann. 
Intern. Med. 144, 21–28 (2006).
38. Lambert, D. C. & Abramowitz, M. K. Obesity and the Risk of 
Low Bicarbonate: A Cohort Study. Kidney Med. 3, 498-506.e1 
(2021).
39. Coresh, J. et al. Prevalence of high blood pressure and elevated 
serum creatinine level in the United States: findings from the third 
National Health and Nutrition Examination Survey (1988-1994). 
Arch. Intern. Med. 161, 1207–1216 (2001).
40. Schillaci, G., Reboldi, G. & Verdecchia, P. High-normal serum 
creatinine concentration is a predictor of cardiovascular risk in 
essential hypertension. Arch. Intern. Med. 161, 886–891 (2001).


