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Abstract  

Objective: The objective of the study was to estimate and analyze the Potential Renal Acid Load (PRAL) of the diet in 

patients maintenance hemodialysis who are candidates for transplantation. Methodology: A cross-sectional study was 

conducted. The sample was separated in terciles of the PRAL. For the association between the PRAL and the 

independent variables, non-adjusted multinomial logistic regression and adjusted by potential confounders were 

implemented. It was assumed a p< 0,05 for statistical significance. Results: It was noticed that protein (g), the protein 

/kg of weight (g/kg), % of animal and vegetal protein, the phosphorus (mg), the lipid (g), and the carbohydrate (g) 

showed differences between the terciles (p<0,05). In regression, the greatest consumption of protein (g), protein g/kg 

of weight (g/kg), % of animal protein and lipid (g) was associated with the tercile 3 to tercile 1, whereas the greatest 

consumption of carbohydrate and % vegetal protein showed a protective effect. Conclusion: The results show an 

association between the PRAL and the protein consumption with the difference between the sources. It was not found 

an association between PRAL and the variables of nutritional status. 

Keywords: Kidney transplantation; Renal dialysis; Animal proteins, Dietary; Dietary plant proteins. 

 

Resumo  

Objetivo: O objetivo do estudo foi estimar e analisar o Potential Renal Acid Load (PRAL) da dieta de pacientes renais 

em hemodiálise candidatos ao transplante. Metodologia: Foi realizado um estudo transversal. A amostra foi separada 

em tercis do PRAL. Para a associação entre o PRAL e as variáveis independentes, foi implementada regressão 

logística multinomial não ajustada e ajustada por potenciais confundidores. Assumiu-se p <0,05 para significância 
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estatística. Resultados: Percebeu-se que a proteína (g), a proteína / kg de peso (g / kg),% de proteína animal e vegetal, 

o fósforo (mg), o lipídeo (g) e o carboidrato (g) apresentaram diferenças entre os tercis (p <0,05). Na regressão, o 

maior consumo de proteína (g), proteína g / kg de peso (g / kg),% de proteína animal e lipídio (g) foi associado do 

tercil 3 ao tercil 1, enquanto o maior consumo de carboidrato e % proteína vegetal apresentou efeito protetor. 

Conclusão: Os resultados mostram uma associação entre o PRAL e o consumo de proteína com a diferença entre as 

fontes. Não foi encontrada associação entre PRAL e as variáveis do estado nutricional. 

Palavras-chave: Transplante de rim; Diálise renal; Proteínas animais da dieta; Proteínas vegetais dietéticas. 

 

Resumen  

Objetivo: El objetivo del estudio fue estimar y analizar el Potential Renal Acid Load (PRAL) de la dieta de pacientes 

renales en hemodiálisis candidatos a trasplante. Metodología: se realizó un estudio transversal. La muestra se separó 

en terciles del PRAL. Para la asociación entre el PRAL y las variables independientes, se implementó una regresión 

logística multinomial no ajustada y se ajustó por posibles factores de confusión. Se asumió una p <0,05 para 

significancia estadística. Resultados: Se notó que proteína (g), proteína / kg de peso (g / kg),% de proteína animal y 

vegetal, fósforo (mg), lípidos (g) y carbohidratos (g) mostraron diferencias entre terciles (p < 0,05). En la regresión, el 

mayor consumo de proteína (g), proteína g / kg de peso (g / kg),% de proteína animal y lípidos (g) se asoció del tercil 

3 al tercil 1, mientras que el mayor consumo de carbohidratos y % de proteína vegetal mostró un efecto protector. 

Conclusión: Los resultados muestran una asociación entre PRAL y el consumo de proteínas con la diferencia entre 

fuentes. No se encontró asociación entre PRAL y variables del estado nutricional. 

Palabras clave: Trasplante de riñón; Diálisis renal; Proteínas dietéticas animales; Proteínas dietéticas vegetales. 

 

1. Introduction  

The Chronic Kidney Disease (CKD) is characterized by the slow and gradual loss of renal function. In general, it is 

diagnosed by the reduction of the Glomerular Filtration Rate (GFR) to amounts below 60ml/min/1,73m² or the detection of the 

presence of signs of renal damage for a period of time equal or superior to 3 months. This pathology derives from a series of 

clinical conditions that progress with the worsening of renal function, such as diabetes and arterial hypertension. Among the 

possibilities of treatment are the conservative therapy, dialysis and renal transplant (Webster et al., 2017). 

The CKD evolves with various metabolic complications as there is reduction of renal function, among them the 

metabolic acidosis, that encompasses a process in which there is an accumulation of hydrogen ions and/or loss of bicarbonate 

through the urine by specific physio-pathologic mechanisms (Harambat et al., 2017). This complication of the disease, when 

not corrected, may have damaging effects over bone health and protein metabolism, impairing protein synthesis, increasing the 

oxidation of amino acids and reducing the synthesis of albumin. These factors lead to the reduction of mass and muscular 

strength, being the correction of the metabolic acidosis associated with the improvement of the nutritional status of this 

population (Sajgure et al., 2017). 

Furthermore, patients with CKD in terminal state tend to have a systemic chronic inflammatory state of multifactorial 

etiology, including metabolic acidosis, which elevates the losses of protein and energy reserves, condition known as Protein-

Energy Wasting Syndrome (PEWS) (Akchurin & Kaskel, 2015). The compromising of the nutritional state is related to worse 

prognostics and post-transplant complications, such as an increase in the incidence of infections, metabolic complications, high 

cardio-vascular risk and lower life span of the renal graft (Chung et al., 2015).    

The acid-base state is affected by the diet, since animal proteins elevate the endogenous production of hydrogen, 

whereas vegetal proteins increase the production of alkalis (Goraya & Wesson, 2017). From this relation the algorithm of 

Potential Renal Acid Load (PRAL) was created.  It is capable of estimating the acids and bases forming potential of foods and 

diets, in which more negative values are related with a greater ingestion of alkalis (Raphael, 2019).   

A review implemented by Osuna-Padilla et.al. (2019), shows that more acid diets determined by PRAL, Net Acid 

Production (NEAP) and urinary pH may influence the acid-base balance and promote low-grade metabolic acidosis, leading to 

metabolic abnormalities such as osteoporosis, nephrolithiasis, CKD, resistance to insulin action, possibly culminating in 

diabetes mellitus type 2 and non-alcoholic hepatopathy; loss of muscular mass, increase of arterial pressure and higher 

http://dx.doi.org/10.33448/rsd-v10i6.15590
http://dx.doi.org/10.33448/rsd-v10i6.15590
http://dx.doi.org/10.33448/rsd-v10i6.15590


Research, Society and Development, v. 10, n. 6, e12910615590, 2021 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i6.15590 
 

 

3 

cardiovascular risk. 

Considering the influence of the diet in the endogenic production of acids and its impact over the nutritional status on 

patients with CKD, it is of outmost importance to investigate its association with consumption  in order to foment alternatives 

to clinical practice, such as the creation of clinical protocols for dealing with low-grade metabolic acidosis through diet, 

avoiding unnecessary restrictions of vegetables and maintaining a healthy feeding standard for the maintenance of the health of 

the patients after undergoing transplant and contributing with better post-transplant outcomes. Furthermore, the scientific 

literature is short on studies that evaluate the theme. Since studies that involve this theme on patients in waiting lists for 

transplant are scarce in the literature. Therefore, the objective of the study was to estimate and analyze the Potential Renal 

Acid Load (PRAL) of the diet in patients maintenance hemodialysis who are candidates for transplantation. 

 

2. Methodology  

Outlining of the study, population, recruitment and ethical considerations. 

This is an observational, prospective, cross-sectional study, descriptive, with analytical outlining and quantitative 

approach. Realized with patients in the renal transplant ambulatory of a University Hospital in the Northeast of Brazil during a 

nutritional consultation. The sampling occurred in the period of July 2018 to May 2019.  

The sample was non-probabilistic by convenience, being included individuals of both genders adult (≥19 years old e < 

60 years old) and elderly (≥60 years old) on hemodialysis and that were enlisted in a renal transplant waiting list. Patients who 

were in conservative treatment and in peritoneal dialysis, transplant donors, those who were being prepared to be enlisted in 

the waiting list, as well as those who were unable to cooperate or perform any anthropometric technique were excluded.  

The recruitment of participants was conducted by the local nutritionists’ team trained for the execution of 

anthropometric and functional measures and collection of dietary history of renal patients. The team was guided to conduct 

direct analysis of the patients’ promptuaries of the patients waiting for medical care, in order to check whether these patients 

fulfilled the criteria for inclusion in the study, after that the patients were invited to participate in the study and all the 

information about the objective of the study, the volunteer basis of their participation, duration and content of the session of 

data collection was provided to them.  

The interview and data collection were done after the signature of the Informed Consent Form (ICF). This study was 

analysed by the local ethics and research according to the resolution of the national health council 466/12 (Ministério da Saúde 

& Conselho Nacional de Saúde, 2012). 

 

Sociodemographic, clinical and physical activity data 

Aiming at better describing the population studied, data was collected during the nutritional interview by applying a 

semi-structured pre-defined form, as well as consultation to their promptuary. Sociodemographic data was collected (age, 

gender, income, country of birth, level of education, history of elitism and smoking habits), level of physical activity and 

clinical data as well (etiology of the CKD, time of diagnosis, time of hemodialysis and biochemical exams: urea (mg/dL), 

creatinine (mg/dL), albumin (g/L), potassium (mEq/L) and alkaline reserve (mEq/L)).  

The biochemical exams were conducted by the transplantation center itself and consulted in the promptuary. From the 

serum creatinine was realized the calculation of an estimative of the Glomerular Filtration Rate (GFR) by the equation of 

Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) (Stevens et.al., 2010).  

Intending to categorize the level of physical activity, the participants were classified as active when they exercised for 

a minimum period of 150 minutes a week in a moderate intensity or at least 75 minutes in a vigorous intensity (World Health 

Organization, 2010). 
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Anthropometric and functional data 

For the evaluation of the nutritional status of the subjects, the following anthropometric data were used: post-dialysis 

weight (Kg) and height (m). For functional evaluation Hand Grip Strength was used – HGS (Kg). The patients were enquired 

about their post-dialysis weight of their last hemodialysis session. The height was determined through the use of a stadiometer 

with a precision of 0,1cm attached to a platform digital scale (Filizola®, Brazil), for that the patients were requested to step 

onto the scale with their back turned to it, so that their posterior part of the body would be touch the equipment, barefoot, 

without hair ornaments, in anatomic position and with their head positioned in the “Frankfurt plane” (Brasil, 2011). The Body 

Mass Index (BMI) was calculated from the ratio between post-dialysis weight and height [BMI = Post-dialysis weight 

(Kg)/height² (m)]. 

The patients that were classified as undernourished presented BMI <23Kg/m², eutrophic with BMI ≥23Kg/m², as 

recommended by the International Society in Renal Nutrition and Metabolism (Fouque et.al., 2008) and overweight above 

30Kg/m², according to the World Health Organization (1997).  

The HGS was measured according to the protocol of the American Society of Hand Therapists (ASHT) (Fess, 1992). 

The patients were kept seated in a way that their feet would touch the ground, with the arm opposite to the Arteriovenous 

Fistula (AVF) beside the thorax and flexed elbow in a 90º position with the forearm, the patient were asked to press the hand-

held dynamometer (Lafayette®, Brazil) with maximum force, this measure was taken in triplicate, attaining to 1 minute of 

interval between measurements, in which the highest value was considered. The individuals were classified with low muscular 

strength with HGS <27Kg for men and <16Kg for women, as proposed by the European Working Group on Sarcopenia in 

Older People 2 (EWGSOP2) (Cruz-Jentoft, 2019). 

 

Dietary data and PRAL 

The dietary history was collected from two 24-hour dietary recalls (Rc24h) because it is a more recent and of faster 

application food intake measurement. They were conducted for two days over the telephone: one day of the weekend and 

another of hemodialysis. For the analysis of the dietary recalls the software Dietwin® Profissional 2011 of dietary evaluation 

was used, in order to obtain the average of two days in relation to the consumption of total calories (kcal), Carbohydrates (g), 

Lipids (g), Animal Protein (%), Vegetal Protein (%), Proteins/kg of weight (g/Kg), Proteins (g), Phosphorus (mg), Potassium 

(mg), Calcium (mg) and Magnesium (mg).  

All the nutrients intakes were adjusted for total energy intake according to the Willet's residual method (Willett, 

1997). The amount of proteins, phosphorus, potassium, calcium and magnesium were subsequently used to determine the 

Potential Renal Acid Load (PRAL) through the algorithm created by Remer and Manz (1995), where: 

 

PRAL (mEq/d) = 0,4888 x protein (g/day) + 0,0366 x phosphorus (mg/day) - 0,0205 x potassium (mg/day) - 0,0125 

x calcium (mg/day) - 0,0263 x magnesium (mg/day). 

 

Negative or near zero values of PRAL were considered more alkaline diets, on the other hand, more positive values 

are responsible for the increase on the production of acids, characterizing a more acidic diet (Remer & Manz, 1995). 

Statistical analysis 

Exploratory analysis was conducted through tables and graphs. The dependent variable was the PRAL and the 

independent variables related to food intake were classified in dietary data; the biochemical exams, estimate of GFR and time 

of hemodialysis were classified as clinical data, and lastly the BMI and HGS were classified as nutritional evaluation. Shapiro-

wilk statistical tests were conducted to verify normality and Levene tests to check homogeneity.  
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The numerical variables were expressed in average and standard-deviation (SD) of the average, and the categorical 

variables in frequency and percentage.  For statistical analysis of the data the software Statistical Package for the Social 

Sciences - SPSS 22.0 was used and the graphics were developed using the GraphPad Prism version 8.0. For the categorical 

variables the Pearson Chi-Squared and the Fisher Exact Tests were conducted. For better characterization of the sample, it was 

distributed in terciles of PRAL. For comparison of average variation in the terciles, ANOVA one-way e Kruskal-Wallis 

statistical tests were used. For association between the Potential Renal Acid Load and the independent variables, non-adjusted 

multinomial logistic regression and adjusted by gender, age, time of diagnosis and time of hemodialysis were implemented. 

Regression was conducted respecting the suppositions of non-multicolinearity and quality testing of the adjustment by the 

Hosmer and Lemeshow test. A sample calculation was performed posteriori using the G*Power software 3.1.9.7, the effect 

size (d=0.35), significance level (0.05) and power of the study (0,99) were observed. A p< 0,05 for statistical significance was 

accepted. 

 

3. Results  

The sample was composed of 98 patients, being 53,1% (n=52) of female gender, with an average age of 44,80 

(SD=12,77) years old, ranging from 19 to 74 years old. In relation to life style, the majority of the studied population was 

sedentary (90,8%, n= 89) and did not show history of smoking habits (66,3%, n=65). Considering the genders, it is observed 

only a significant statistical difference between the elitism (p<0,01), in which the male gender presents a superior history 

(78,3%). Other variables of characterization of the sample are present in Table 1.  
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Table 1 – Sociodemographic characteristics and life style of patients committed with CKD in hemodialysis listed for transplant 

in a university hospital in the northeast of Brazil. (2019). 

Characteristics 
Total Male Female 

p 
n % n % n % 

Age range        

≤60 88 89,8 40 87,0 48 92,3 
0,508£ 

>60 10 10,2 6 13,0 4 7,7 

Place of birth        

Northeast 88 89,8 39 84,8 49 94,2 
0,182£ 

Other regions 10 10,2 7 15,2 3 5,8 

Income        

≤ 3 wages 84 85,7 40 87,0 44 84,6 
0,781‡ 

> 3 wages 14 14,3 6 13,0 8 15,4 

Education        

Illiterate/middle school 44 44,9 21 47,7 23 52,3 

0,398‡ High school 36 36,7 19 52,8 17 47,2 

Undergraduate 18 18,4 6 33,3 12 66,7 

History of alcohol consumption        

No 46 46,9 10 21,7 36 69,2 
<0,01‡ 

Has consumed alcohol 52 53,1 36 78,3 16 30,8 

History of Smoking        

No 65 66,3 27 58,7 38 73,1 
0,253£ 

Has smoked 33 33,7 19 41,3 14 26,9 

Physical activity        

Sedentary 89 90,8 41 89,1 48 92,3 
0,730£ 

Active 9 9,2 5 10,9 4 7,7 

n – frequency; £ Fisher exact test; ‡ Pearson chi-square test; p value – p<0,05. Source: Authors. 

 

There was statistical difference between genders for creatinine, albumin and HGS (p<0,05), in which the male gender 

presented significantly higher averages. There was not a perceivable difference between genders in relation to dietary data, 

other clinical data and BMI, as described in Table 2.  
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Table 2 – Comparison of dietary and clinical data and nutritional evaluation according to the genders of patients committed 

with CKD undergoing hemodialysis listed for transplant in a university hospital in the northeast of Brazil. (2019) 

Variables 
Total Male Female  

Average SD Average SD Average SD p 

Dietary data (energy-adjusted)        

PRAL (mEq/day) 15,46 17,22 12,92 16,53 17,72 17,67 0,564£ 

Proteins (g) 64,17 22,38 63,19 17,86 65,03 25,87 0,688‡ 

Proteins/kg of weight (g/Kg) 1,07 0,46 0,92 0,29 1,20 0,55 0,009£ 

Phosphorus (mg) 782,79 286,11 753,93 210,77 808,33 339,23 0,350‡ 

Potassium (mg) 1735,86 595,47 1790,56 669,96 1687,48 522,75 0,654£ 

Calcium (mg) 382,59 225,91 362,35 219,50 400,50 232,08 0,407‡ 

Magnesium (mg) 157,15 49,85 162,79 49,91 152,16 49,74 0,294‡ 

Animal protein (%) 73,16 14,00 71,87 12,94 74,32 14,92 0,391‡ 

Vegetable protein (%) 26,40 13,72 28,07 12,95 24,94 14,34 0,262‡ 

Carbohydrates (g) 189,15 35,97 192,10 32,16 186,55 39,15 0,449‡ 

Lipids (g) 55,95 11,60 57,05 10,24 54,98 12,70 0,381‡ 

Total calories (kcal) 1648,36 739,75 1710,37 566,73 1593,51 866,53 0,438‡ 

Clinical data        

Urea (mg/dL) 107,66 32,75 110,51 35,36 105,14 30,39 0,421‡ 

Creatinine (mg/dL) 8,89 0,08 10,23 3,26 7,71 2,38 <0,001‡ 

Potassium (mEq/L) 5,20 0,70 5,17 0,69 5,22 0,71 0,751‡ 

Albumin (g/L) 4,30 0,40 4,43 0,36 4,18 0,39 0,002‡ 

Alkaline reserve (mEq/L) 20,36 3,36 20,43 3,22 20,30 3,51 0,847‡ 

GFR (mL/min) 6,79 3,44 6,40 2,96 7,11 3,81 0,330‡ 

Hemodialysis time (years) 4,36 3,93 4,20 3,64 4,50 4,19 0,704‡ 

Nutritional evaluation        

BMI (kg/m2) 24,48 4,12 24,91 3,35 24,11 4,70 0,201£ 

HGS (Kg) 22,18 10,38 29,64 9,92 15,58 4,86 <0,001£ 

SD – Standard Deviation; PRAL - Potential Renal Acid Load; GFR – Glomerular Filtration Rate; BMI – Body Mass Index; HGS – Hand 

Grip Strength; ‡ - Test t of Student for independent samples; £ - Mann Whitney test; p value – p<0,05. Source: Authors. 

 

When comparing the averages of dietary data, clinical data and nutritional evaluation between the terciles of PRAL 

distribution, the protein (g), the protein g/kg of weight (g/kg), % of animal and vegetable protein, the phosphorus (mg), the 

lipid (g) and the carbohydrate (g) presented difference among terciles (p<0,05) (Table 3). After multiple comparisons, apart 

from the % of vegetal protein, higher averages were observed in tercile 3 when compared to tercile 1, while the average % of 

vegetal protein decreased with the increase of the tercile (Figure 1).  
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Table 3 – Comparison of dietary and clinical data and nutritional evaluation according to the tertiles of distribution of PRAL 

of patients committed with CKD in hemodialysis listed for transplant in a university hospital in the northeast of Brazil. (2019) 

PRAL - Potential Renal Acid Load; SD – Standard deviation; GFR – Glomerular Filtration Rate; BMI – Body Mass Index; HGS – Hand 

Grip Strength; ‡ - ANOVA one-way test; £ - Kruskal-Wallis; p value – p<0,05. Source: Authors. 

 

Variables 

PRAL (mEq/day) 

  Total  
         Tercile 1  

      (T1 ≤ 8,59) 

          Tercile 2 

 (8,60 ≤T2≤ 19,16) 

         Tercile 3  

(T3≥ 19,17) 
 

Average SD Average SD Average SD Average SD p 

Dietary data (energy-adjusted)          

Protein (g) 64,17 22,38 50,91 10,61 58,80 13,13 82,63 26,02 <0,001‡ 

Protein/kg of weight (g/Kg) 1,07 0,46 0,85 0,25 0,99 0,32 1,38 0,58 <0,001£ 

Phosphorus (mg) 782,79 286,11 665,49 192,81 725,38 243,01 955,77 324,68 <0,001‡ 

Potassium (mg) 1735,86 595,47 1927,52 711,40 1629,24 525,54 1647,61 493,86 0,255£ 

Calcium (mg) 382,59 225,91 374,64 212,56 389,21 224,56 384,13 246,09 0,966‡ 

Magnesium (mg) 157,15 49,85 170,27 50,70 150,36 45,64 150,62 51,73 0,179‡ 

Animal protein (%) 73,16 14,00 68,55 14,90 69,70 13,44 81,13 9,91 <0,001‡ 

Vegetable protein (%) 26,40 13,72 31,48 14,87 30,24 13,45 17,61 7,30 <0,001£ 

Carbohydrate (g) 189,15 35,97 204,89 35,08 195,20 23,91 167,56 36,94 <0,001‡ 

Lipid (g) 55,95 11,60 50,65 11,14 55,41 8,63 61,79 12,12 <0,001‡ 

Total calories (kcal) 1648,36 739,75 1651,62 938,76 1614,69 611,98 1677,75 642,37 0,943‡ 

Clinical data          

Urea (mg/dL)  107,66 32,75 111,01 33,01 106,36 37,39 105,57 28,11 0,783‡ 

Creatinine (mg/dL) 8,89 3,08 8,61 3,50 9,06 3,12 8,99 2,64 0,829‡ 

Potassium (mEq/L) 5,20 0,70 5,22 0,73 5,23 0,71 5,13 0,68 0,848‡ 

Albumin (g/L) 4,30 0,40 4,17 0,43 4,39 0,38 4,33 0,35 0,072‡ 

Alkaline reserve (mEq/L) 20,36 3,36 20,23 3,07 20,90 3,14 19,96 3,85 0,497‡ 

GFR (mL/min) 6,79 3,44 7,48 3,69 6,17 2,37 6,68 3,98 0,279‡ 

Hemodialysis (years) 4,36 3,93 4,97 5,07 3,87 3,39 4,21 3,03 0,502‡ 

Nutritional evaluation          

BMI (kg/m2) 24,48 4,12 24,02 2,99 24,98 5,02 24,46 4,18 0,621‡ 

HGS (Kg) 22,18 10,38 22,52 9,54 23,90 11,13 20,17 10,41 0,536£ 
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Figure 1 - PRAL - Potential Renal Acid Load ; T1 – Tercil 1 (T1 ≤ 8,59); T2 – Tercil 2 (8,60 ≤T2≤ 19,16); T3 – Tercil 3 (T3≥ 

19,17); ANOVA one-way with Tukey post-test or Kruskal-Wallis Dunn post-test; * p < 0,05; ** p < 0,001. 

 

Source: Authors. 

 

In the analysis of multinomial logistical regression, the greatest consumption of protein (g), protein/kg of weight 

(g/kg), % of animal protein, % of vegetal protein, carbohydrate (g) and lipid (g) were associated with tercile 3 of PRAL 

distribution in relation to tercile 1. It is possible to observe, in the adjustment model, that the greatest consumption of vegetal 

protein (%) (OR: 0,87 RI95%: 0,88 – 0,93) and carbohydrate (g) (OR: 0,96 RI95%: 0,94 – 0,98) were protective factors for a 

less acidic diet. The increase of protein intake (g) and the decrease of albumin (g/L) were associated to tercile 2 in comparison 

to tercile 1, regardless of gender, age, time of diagnosis and time of hemodialysis (Table 4).  
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Table 4 – Association of dietary and clinical data and nutritional evaluation among tertiles of distribution of PRAL of patients committed with CKD in hemodialysis listed for transplant 

in a university hospital in the northeast of Brazil. (2019) 

Variables 

PRAL 

Non-adjusted Adjusted 

Tertile 

1 
Tertile 2 p Tertile 3 p Tertile 1 Tertile 2 p Tertile 3 p 

 OR (RI95%)  OR (RI95%)   OR (RI95%)  OR (RI95%)  

Dietary data (energy-adjusted)           

Protein (g) Ref. 1,04 (1,01 - 1,07) 0,020 1,10 (1,08 - 1,20) <0,001 Ref. 1,05 (1,01 – 1,10) 0,021 1,15 (1,08 – 1,22) <0,001 

Protein/kg of weight (g/kg) Ref. 1,05 (1,01 – 1,10) 0,060 1,14 (1,08 – 1,20) <0,001 Ref. 5,29 (0,78 – 35,79) 0,087 75,63 (8,47 – 675,07) <0,001 

Phosphorus (mg) Ref. 1,00 (0,99 - 1,00) 1,001 1,01 (1,01 – 1,02) <0,001 Ref. 1,01 (1,00 – 1,02) 0,261 1,02 (1,01 – 1,04) <0,001 

Potassium (mg) Ref. 1,00 (0,99 - 1,01) 0,060 1,00 (1,00 - 1,01) 0,074 Ref. 1,00 (1,00 – 1,02) 0,052 1,00 (1,00 – 1,02) 0,064 

Calcium (mg) Ref. 1,00 (0,99 - 1,01) 0,794 1,00 (0,99 - 1,01) 0,862 Ref. 1,00 (0,99 – 1,00) 0,761 1,01 (1,00 – 1,02) 0,782 

Magnesium (mg) Ref. 0,99 (0,98 - 1,00) 0,119 1,00 (0,99 - 1,01) 0,121 Ref. 1,00 (0,98 – 1,00) 0,118 0,99 (0,98 – 1,00) 0,115 

Animal protein (%) Ref. 1,01 (0,98 - 1,04) 0,746 1,04 (1,04 - 1,16) <0,001 Ref. 1,01 (0,97 -1,04) 0,691 1,10 (1,04 – 1,16) <0,001 

Vegetable protein (%) Ref. 0,99 (0,96 - 1,02) 0,718 0,91 (0,86 - 0,96) <0,001 Ref. 0,99 (0,96 – 1,03) 0,697 0,87 (0,88 – 0,93) <0,001 

Carbohydrate (g) Ref. 0,98 (0,97 – 1,00) 0,186 0,96 (0,95 – 0,98) <0,001 Ref. 0,98 (0,97 – 1,00) 0,161 0,96 (0,94 – 0,98) <0,001 

Lipid (g) Ref. 1,04 (0,99 - 1,09) 0,079 1,10 (1,04 - 1,10) <0,001 Ref. 1,06 (1,00 – 1,12) 0,033 1,13 (1,06 – 1,20) <0,001 

Clinical data           

Urea (mg/dL) Ref. 0,99 (0,98 - 1,01) 0,613 0,99 (0,98 - 1,01) 0,503 Ref. 0,99 (0,97 – 1,00) 0,401 0,99 (0,97 – 1,00) 0,321 

Creatinine (mg/dL) Ref. 1,05 (0,89 - 1,23) 0,554 1,04 (0,88 - 1,22) 0,615 Ref. 1,08 (0,98 – 1,30) 0,431 1,04 (0,86 – 1,25) 0,687 

Potassium (mEq/L) Ref. 1,01 (0,50 – 2,03) 0,976 0,83 (0,41 - 1,66) 0,598 Ref. 0,99 (0,47 – 2,08) 0,988 0,83 (0,39 – 1,75) 0,632 

Albumin (g/L) Ref. 4,40 (1,11 – 17,51) 0,035 2,68 (0,73 – 9,83) 0,137 Ref. 5,38 (1,10 – 26,28) 0,037 2,74 (0,63 – 11,97) 0,179 

Alkaline reserve (mEq/L) Ref. 1,06 (0,91 - 1,23) 0,418 0,98 (0,84 - 1,13) 0,739 Ref. 1,08 (0,93 – 1,27) 0,305 1,00 (0,86 – 1,16) 0,998 

GFR (mL/min) Ref. 0,89 (0,76 – 1,03) 0,141 0,94 (0,82 - 1,07) 0,375 Ref. 0,87 (0,74 – 1,02) 0,090 0,93 (0,93 – 1,07) 0,308 

Nutritional evaluation           

http://dx.doi.org/10.33448/rsd-v10i6.15590
http://dx.doi.org/10.33448/rsd-v10i6.15590
http://dx.doi.org/10.33448/rsd-v10i6.15590


Research, Society and Development, v. 10, n. 6, e12910615590, 2021 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i6.15590 
 

 

11 

BMI (kg/m²) Ref. 1,05 (0,94 - 1,19) 0,350 1,05 (0,94 - 1,19) 0,659 Ref. 1,07 (0,94 – 1,22) 0,271 1,04 (0,92 – 1,19) 0,477 

HGS (Kg) Ref. 1,01 (0,97 - 1,06) 0,603 0,97 (0,92 - 1,02) 0,917 Ref. 1,03 (0,96 – 1,11) 0,343 0,95 (0,86 – 1,02) 0,177 

PRAL - Potential Renal Acid Load; OR – Odds Ratio; RI95% - reliability interval de 95%; GFR – Glomerular Filtration Rate; BMI – Body Mass Index; HGS – Hand Grip Strength; Gross multinomial 

logistical regression and adjusted by gender, age, time of diagnosis and time of hemodialysis; p value – p<0,05. Source: Authors. 
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4. Discussion 

In this study, we can see that more acidic diets, evaluated by PRAL, are associated with higher protein consumption, 

with a difference between types (animal and vegetable), where the highest vegetable protein consumption was a protective 

factor. Although this algorithm does not specify the source of protein, because it does not distinguish the sulfured amino acids, 

that are abundant in the proteins of animal source (Mafra et al., 2018). Another finding was that low carbohydrate consumption 

was related to the highest PRAL tercile. It was not possible to observe association between PRAL and the nutritional status of 

these patients. 

It is well stablished in the literature that a high protein intake may harm renal function in a CKD scenario, what has 

been studied in the past years is what is the source of protein that may in fact develop and promote the deterioration of renal 

function (Rodrigues Neto Angéloco et al., 2018). The last studies show that the reduced consumption of fruits and vegetables 

increases endogenous formation of acids and may intensify the worsening of disease-related complications in these patients 

(Toba et al., 2019). This is due to the fact that the majority of amino acids coming from greenery, fruits and legumes when 

metabolized produce alkali that neutralize the acids, for these foods contain organic acids, such as citric acids, and organic 

salts, such as potassium citrate (Passey, 2017).  

The average of PRAL in the diet of patients in hemodialysis listed for renal transplant was of 15,46 mEq/day. In other 

studies, conducted in different countries a lower average is observed (Halil et al., 2016, Vezzoli et al., 2015, Mirmiran et al., 

2016). When comparing the population of origin to the average of PRAL, it was superior to the consumption of the ordinary 

diet of the northeastern Brazilian population (11,7 mEq/day) (Carnauba et al., 2015). Considering the nutritional transition, it is 

verified that the composition of Brazilian diet has an important acidic potential, given the elevated consumption of protein. An 

unbalance is observed between protein sources, in which there is an increase of animal protein at the expense of vegetal protein 

(Carnauba et al., 2015).  

Regarding the association between PRAL and carbohydrate intake, other studies have observed a difference between 

carbohydrate consumption and PRAL terciles, in which lower consumption was observed in the highest tercile in another 

population (Xu et al., 2014, Moghadam et al., 2016, López et al., 2020). Iwase et al. (2015) found that in patients diagnosed 

with type 2 diabetes, there is a positive correlation between the consumption of carbohydrates and fibers with vegetal protein. 

These patients with higher consumption of vegetable proteins and with a lower PRAL score are less likely to develop 

metabolic syndrome. 

This association observed in this study may result from the quality of carbohydrates. High fiber consumption is 

related to several benefits in the control of chronic non-communicable diseases (Reynolds et al., 2019). In renal patients, 

adequate fiber consumption helps to modulate the intestinal microbiota and the acid-base balance (Cupisti et al., 2017). 

Being the proteins of animal source one of the contributions of phosphorus in the diet (Noori et al., 2010, Kalantar-

Zadeh et al., 2010), we observed that a more acidic diet was related to a greater amount of phosphorus when comparing the 

averages among terciles, which was also observed by Garcia-Torres et al. (2020). The elevated consumption of lipids was also 

associated with diets with a greater presence of acids (tercile 3). This is probably due to the elevated consumption of animal 

proteins which are also a source of fats (Mafra et al., 2018). 

Another important finding was the significant statistical difference among the creatinine, albumin and HGS between 

genders, being the superior averages noticed in men. The creatinine is a relevant marker of muscular mass preservation in 

individuals undergoing hemodialysis (Sakao et al., 2016, Antón-Pérez et al., 2018). Furthermore, the albumin is one of the 

markers for identification of undernourishment in these patients (Fouque et al., 2008) and the low HGS is an indicator for 

diagnosing sarcopenia (Cruz-Jentoft, 2019). Two other studies noticed that the serum creatinine combined with other markers 
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of renal function is associated with lower muscular strength with CKD patients (Lin et al., 2019, Poppe et al., 2020). The 

women undergoing hemodialysis tend to have less muscular strength when comparing to men (Poppe et al., 2020), as observed 

in the general population, this is due to the renovation of muscular cells, content and proliferation of satellite cells, hormonal 

interactions and mitochondrial differences between women and men (Rosa-Caldwell & Greene, 2019). 

This study is the first to evaluate the acidic charge of the habitual diet of patients in substitutive renal therapy in 

waiting lists for transplant with a relevant sampling number. Another positive aspect of the research is the homogeneity of the 

studied population accounting for origin and feeding habits. However, some limitations must be pondered to improve the 

interpretation of the presented, such as the use of Rc24h and predictive formula to stimulate the acidic charge in the diets, 

besides that the team of recruitment was trained to apply the Rc24h and to analyze the variables of consumption that influence 

the estimative of acidic charge, with the intend of diminishing bias.  Moreover, the sectional outlining of the study limits itself 

to affirm with certainty about the acidic charge of the diet and the impact in the renal disease and nutritional status of patients 

in hemodialysis who are in waiting list for transplant. Non-probabilistic sample of convenience does not allow to extrapolate 

the results aside from the population studied. 

 

5. Conclusion 

In synthesis, the PRAL showed association with protein consumption, being possible to observe a positive effect of 

the vegetal protein sources over the acidic charge in the diet. Just like vegetal protein, the carbohydrate showed a protective 

effect. In what the nutritional status is concerned, there was not association among PRAL, BMI and muscular strength, 

however it was possible to observe that the women in this population show fewer markers of mass and muscular strength than 

men. 

Given the limitations of the study, the urgency, and the importance of the theme, it is relevant that researches are 

developed with adequate outlining for real inferences. Studies with a longitudinal design, as well as interventional studies, 

using acid-base status markers (urine pH, serum bicarbonate, and Net Endogenous Acid production from urine) and evaluating 

food patterns can enrich the knowledge about the impact of the dietary acid load on the nutritional status and outcomes in 

kidney disease and post-transplantation of these patients.  

Studies within this context may foment more assertive actions towards diet therapies, seeking balance between both 

animal and vegetable protein sources, avoiding excessive feeding restrictions in terms of vegetal food sources, with the intent 

of diminishing metabolic acidosis, preserving muscular mass, lowering the impact of the disease in the quality of life  and in 

the nutritional status of these patients, besides promoting healthier feeding habits that are essential for the maintenance of good 

health after a renal transplant. 
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