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ABSTRACT
Purpose: Since the dietary acid load (PRAL) may affect the acid-base balance of the body, there is an increasing 
interest in its role in sports performance. Typical nutritional requirements of different sports, associated with its phy-
siological demands, might be reflected in the acid load of their diet. Thus, the purpose of this study is to compare the 
dietary acid load between team, endurance, and strength athletes and to determine the associations between PRAL 
and hydration status. Methods: Fifty-one healthy recreational male athletes (age: 18-39 yrs) from team, endurance, 
and strength sports participated in the study. A 3-day food diary was recorded and dietary PRAL values (mEq/day) 
were calculated. Urine pH and specific gravity were measured. One-way ANOVA with Bonferroni post-hoc analy-
sis and Pearson correlation coefficient (r) were used for data analysis. Results: PRAL in endurance athletes (25.34 
mEq/day) was lower compared to team and strength athletes (46.12 and 46.47 mEq/day, respectively) (p= 0.023). 
Percentage of high PRAL diet (≥15 (mEq/day)) was highest in team sports (89.5%), followed by strength (83.3%) 
and endurance sports (60%). PRAL was not associated with hydration status. Conclusion: Typical nutritional requi-
rements of sport disciplines are reflected in the PRAL, thus PRAL should be considered when preparing nutritional 
strategies to improve performance.
Keywords: Acid-base balance; Endurance sports; PRAL; Strength sports; Team sports.
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RESUMEN
Objetivo: Dado que la carga ácida de la dieta (PRAL) puede afectar el equilibrio ácido-base del cuerpo, existe un interés 
creciente en su papel en el rendimiento deportivo. Los requerimientos nutricionales típicos de diferentes deportes, asociados 
con sus demandas fisiológicas, pueden reflejarse en la carga ácida de su dieta. Por lo tanto, el propósito de este estudio fue 
comparar la carga ácida de la dieta entre atletas de equipo, de resistencia y de fuerza, y determinar las asociaciones entre 
PRAL y el estado de hidratación. Métodos: Participaron en el estudio 51 atletas masculinos sanos (edad: 18-39 años) de 
deportes de equipo, de resistencia y de fuerza. Se registró un diario de alimentación de 3 días y se calcularon los valores 
de PRAL dietético (mEq/día). Se midieron el pH y la gravedad específica de la orina. Para el análisis de datos se utilizó 
ANOVA de una vía con análisis post-hoc de Bonferroni y coeficiente de correlación de Pearson (r). Resultados: PRAL en 
los atletas de resistencia (25,34 mEq/día) fue menor en comparación con los atletas de equipo y de fuerza (46,12 y 46,47 
mEq/día, respectivamente) (p= 0,023). El porcentaje de dieta alta en PRAL (≥15 mEq/día) fue más alto en los deportes de 
equipo (89,5%), seguido de los deportes de fuerza (83,3%) y de resistencia (60%). PRAL no se asoció con el estado de 
hidratación. Conclusión: Los requerimientos nutricionales típicos de las disciplinas deportivas se reflejan en el PRAL, por lo 
que se debe considerar el PRAL al preparar estrategias nutricionales para mejorar el rendimiento.
Palabras clave: Equilibrio ácido-base; Deportes de equipo; Deportes de fuerza; Deportes de resistencia; PRAL.

INTRODUCTION
The Western diet, characterized by the consumption of 

high amounts of animal products and an insufficient amount 
of fruits and vegetables, leads to the accumulation of H+ ions 
in the body, increasing systemic acidity1. Systemic acidity 
is associated with health problems such as osteoporosis, 
kidney disorders, obesity, diabetes, hypertension, electrolyte 
imbalances, and bone deterioration2. It also causes fatigue 
in athletes and leads to reduced sports performance3. In 
order to prevent fatigue and thus improve sport performance, 
athletes use ergogenic aids to increase the buffering capacity 
of the body so that the acid-base balance can be regulated 
more effectively4. 

Another way to improve acid-base balance regulation 
capacity is through the modification of dietary composition5. 
Several factors determine the acid-base balance of the 
body, including nutrient content, absorption of nutrients in 
the intestine, metabolic sulphate formation from sulphur-
containing amino acids, the degree of decomposition of 
phosphorus at pH 7.4, and the ionic valence of calcium and 
magnesium6. Potential renal acid load or dietary acid load 
(PRAL) of each food can be calculated by using its protein, 
phosphorus, potassium, calcium and magnesium content7. 
Foods are classified as alkaline and acidic according to 
PRAL value. In general, foods are considered as alkaline if 
they have a negative PRAL value and acidic if they have a 
positive value. Consumption of alkaline and acidic foods 
results in the formation of alkaline or acidic metabolites in 
the body, respectively8. Vegetables and fruits are alkaline, 
while foods such as meat, eggs, cereals and cheese are 
acidic9. The reason for the low PRAL of vegetables and fruits 
is that they contain potassium, calcium and magnesium8.

Although PRAL studies are mainly focused on kidney 
patients and diabetic individuals2, studies in athletes have 
also recently begun to be published in the literature8,9,10,11,12. 
A limited number of studies conducted with athletes have 
focused on the effects of PRAL on aerobic and anaerobic 
performance as well as on running economy. Hietevala et 
al.11 found that a vegetarian diet with low PRAL did not affect 

blood pH significantly and even resulted in more oxigeno 
use during submaximal exercise, indicating a reduced 
running economy. In parallel to these findings, another 
study9 cross-sectionally showed that individuals with a 
low PRAL diet reached a higher RER at maximal exercise 
intensity compared to individuals with a high PRAL diet. 
The authors concluded that alkaline diets may adversely 
affect the accuracy of maximal oxygen consumption (VO2max 
) tests. In another study10 based on these findings, individuals 
receiving dietary intervention consumed either a low PRAL 
(-21) or high PRAL (+33) daily diet. In contrast to the findings 
from the previous study, consumption of a low PRAL diet 
reduced RER and increased anaerobic performance by 
21%10. The strengths of this study11 compared with other 
studies include the dietary intervention and having been 
conducted among active individuals. In addition, Limmer et 
al.8, observed that a 4-day alkaline diet improved 400-meter 
sprint performance (completed in a shorter time) compared 
to the acidic diet consumption. They8 also showed that the 
alkaline diet improved the buffering capacity in blood and 
muscle. However, when the same experimental design 
was applied under hypoxic conditions, it did not improve 
sprint performance12. In the literature, although there is no 
consensus on the effect of PRAL on exercise performance, 
it is assumed that vegetarian diets, an example of alkaline 
nutrition, could improve exercise performance by enhancing 
antioxidant capacity and the replenishment of glycogen 
stores, as well as by reducing body weight, body fat, blood 
pressure, and inflammation13. 

It is known that daily protein intake in high quantities, 
which increases dietary acid load, also increases urinary 
specific gravity, an indicator of dehydration14,15. Since water 
loss as low as 2% of the body weight adversely affects 
performance16, understanding the factors affecting hydration 
and monitoring hydration level in athletes is extremely 
important. Although there is no study showing the relationship 
between dietary renal acid load and hydration parameters, 
it is predicted that high protein intake may cause high PRAL 
and consequently high urine specific gravity. 
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Although there are currently few studies on the 
performance effects of alkaline nutrition in the literature8,9,10,11,12, 
it is likely that the positive effects of this nutritional form will 
be mentioned frequently in the future. On the other hand, it 
is known that athletes in different sport branches naturally 
consume certain foods more frequently, in accordance 
with the physiological demands of that particular sport. 
Consequently, it is reasonable to hypothesize that this may 
affect dietary PRAL in different types of sports. Athletes 
in endurance sports17 (such as medium and long distance 
running, marathon, long distance skiing, swimming, rowing, 
cycling and mountaineering), require a high carbohydrate 
intake which varies from 6-10 g/kg/day to 8-12 g/kg/day 
depending on the intensity and duration of the activity18.
The recommended protein intake in endurance sports is 
1.2-1.4 g/kg. Thus, we hypothesized that their diets might 
have low PRAL content because of the lower protein and 
higher carbohydrate requirements compared with other 
types of sports.

Team sports, such as football, volleyball and basketball, 
are estimated to have higher protein requirements compared 
to the endurance sports and lower protein requirements 
compared to the strength sports, as they require both 
endurance and strength abilities19. One study, conducted 
among team sports athletes, found that they consumed 1.8 
g/kg protein and that the recommended five servings of 
vegetables and two servings of fruit daily were met by 70% 
and 90% of participants, respectively20. In another study, 
the protein consumption of football players was reported 
as high (2.0 g/kg)21. In this context, we hypothesized that 
athletes engaged in team sports may have an average 
PRAL diet due to their high protein as well as high fruit and 
vegetable consumption.

On the other hand, strength sports, which include 
weightlifting and shot put, require 1.4-2.0 g/kg of protein 
daily18. In addition, daily intake may exceed this requirement 
(2.4 g/kg/day)22. In bodybuilders, the percentage of daily 
energy intake from protein is, on average, 25% in contrast 

to 15% in long distance runners23. High consumption of 
protein in power/strength athletes suggests that their diet 
may have higher PRAL. 

In summary, nutritional strategies specific to sport types 
vary and it is predicted that these differences may be reflected 
in the potential acid load of the diet due to the amount of 
phosphorus in the protein sources. In addition, the effect of 
PRAL on hydration is unknown but is important to investigate 
since there may be a relationship between protein intake 
and urine specific gravity. Thus, this study aims to compare 
the dietary acid load (PRAL) between team, endurance, and 
strength sports, and to determine the relationship between 
PRAL and hydration level. We hypothesized that endurance 
athletes will have the lowest dietary PRAL and strength athletes 
will have the highest dietary PRAL. We also hypothesized 
that there will be a positive relationship between PRAL and 
urine specific gravity.

MATERIALS AND METHODS
Participants

A total of 51 male athletes, aged 18-39 years participated 
in the study. Athletes who trained at least 3 days a week in 
one of three different sports disciplines (team, endurance, or 
strength sports) with a training history of at least 1 year in the 
sport were included. Athletes with a history of any drug or 
the anabolic steroid use in the last 6 months were excluded. 
Participants were recruited from randomly selected sport 
clubs on a voluntary basis. The team sports group (n= 19) 
consisted of basketball players, the endurance sports group 
(n= 20) consisted of individuals involved in cycling and 
running, and the strength sports group (n= 12) consisted of 
individuals involved in resistance training. Ethical approval 
was obtained from the Institutional Non-Interventional Ethical 
Committee (GO19/819) and the study was conducted in 
accordance with the Helsinki Declaration. Prior to the first 
testing, all participants were informed of the study purpose 
and methods and they signed a written informed consent. 
Participant age, training status, height and body mass were 
determined by self-report and are presented in table 1. 

Table 1. General characteristics of participants.

 Sport Discipline
 Team Endurance Strength Total
 (n= 19) (n= 20) (n= 12) (n= 51)
Variables Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Age (years) 23.7 ± 4.7 25.5 ± 5.7 23.4 ± 5.3 24.4 ± 5.2
Height (m) 1.95 ± 0.01 1.77 ± 0.06 1.81 ± 0.07 1.85 ± 0.11
Body mass (kg) 89.1 ± 10.9 68.1 ± 7.7 81.1 ± 10.2 79.0 ± 13.2
BMI (kg/m2) 23.4 ± 1.20 21.8 ± 1.73 24.7 ± 2.72 23.1 ± 2.2
Training history (year) 4.80 ± 0.50 3.60 ± 2.28 2.75 ± 0.96 3.86 ± 1.72
Training duration (h/w)  3.32 ± 0.58 2.50 ± 0.93 2.00 ± 0.60 2.82 ± 0.89
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Determination of dietary acid load
Participants recorded a 3-day food diary including at least 

one training day. The participants were informed about the 
necessity to clearly record the preparation stage, composition, 
food consumption times and portion sizes of all the foods they 
consumed without changing their daily food consumption 
habits. Nutrient analysis of the diaries was performed with 
BeBis 2.0 (Nutrition Information System, Dr J. Erhardt, Stuttgart, 
Hohenheim, Germany). The dietary PRAL was calculated based 
on the following equation7:

PRAL (mEq/100 g)= 0.49 × Protein (g/100 g) + 0.037 × 
Phosphorus (mg/100 g) - 0.021 × Potassium (mg/100 g) - 0.026 
× Magnesium (mg/100 g) - 0.013 × Calcium (mg/100 g)

According to the diet PRAL, participants were divided into 
low PRAL group (PRAL <15 mEq/day) and high PRAL group 
(PRAL≥15 mEq/day)9. PRAL and its determinants, including 
daily protein, phosphorus, potassium, magnesium and calcium 
intake, were compared between sport disciplines. Percentages 
of daily average intake to recommended dietary allowance 
(RDA) were also calculated. 

Urinary Assessment
Upon completion of the 3-day food diaries, the first urine 

sample in the morning was collected between 8.00-10.00 hours, 
following an overnight fasting. Urine pH was measured to the 
nearest 0.5 pH unit with pH strips (pH 5.0-9.0, Laboquick 

Urinalysis Reagent Strips). Urine pH 6.5 and below were 
categorized as acidic, 7.0 neutral, and 7.5 and above as basic24. 
Urine specific gravity was analyzed using refractometer (Atago 
Digital Urine S. G. UG-α alpha, ATAGO, Bellevue, USA) and 
hydration status of the participants was determined. Urine 
specific gravity ≤1.020 was considered euhydration, 1.020-
1.030 hypohydration, and >1.030 heavy hypophydration25.

Statistical Analysis. Normality assumptions were checked 
on all variables using a one-sample Shapiro-Wilk test. Mean 
differences between sport disciplines were evaluated by one-
way analysis of variance (ANOVA). When the ANOVA revealed 
a significant difference the Bonferroni post-hoc analysis was 
performed. Pearson’s correlation coefficient (r) was used 
to determine the strength and direction of the relationship 
between PRAL, macronutrients and micronutrients of the diet, 
urine pH and specific gravity. All data are shown as mean ± 
standard deviation. Statistical analyses were performed with 
SPSS Statistics software (version 21.0, SPSS Inc., Chicago, IL) 
and the significance level (p) was 0.05.

RESULTS
On average high PRAL values (≥ 15 mEq/day) were found 

in all three sport disciplines (Table 2). PRAL in endurance sports 
(25.34 ± 26.48 mEq/day) was significantly lower compared to 
team and strength sports (46.12 ± 22.43 and 46.47 ± 28.50 
mEq/day, respectively) (p= 0.023; Table 2). With respect to 
urine pH and specific gravity, no significant difference was 

Table 2. Comparison of dietary PRAL, Urine pH and specific gravity values, and the average dietary intake of energy, protein 
and selected micronutrients with RDA coverage percentages.

 Sport Discipline
 Team Endurance Strength
 (n= 19) (n= 20) (n= 12)
Variables Mean ± SD Mean ± SD Mean ± SD F p

PRAL (mEq/day) 46.1 ± 22.4 25.3 ± 26.4* 46.4 ± 28.5 4.176 0.023
 (1.39; 82.78)a (-6.80; 114.69)a (6.59; 92.59)a

Urine pH 6.50 ± 0.22 6.60 ± 0.30 6.50 ± 0.00 0.665 0.519
USG 1.023 ± 0.005 1.021 ± 0.006 1.023 ± 0.006 0.311 0.735
Energy (kcal) 2651 ± 630** 2304 ± 480 1832 ±570 7.859 0.001
Protein (g) 131 ± 38 107 ± 55 135 ± 56 1.672 0.199
Protein (g/kg) 1.50 ± 0.49 1.59 ± 0.90 1.71 ± 0.84 0.263 0.770
Phosphorus (mg) 1830 ± 459 1472 ± 482 1778 ± 714 2.442 0.098
Calcium (mg) 895 ± 382 746 ± 294 796 ± 368 0.922 0.405
Calcium (%RDA)b (90%) (75%) (80%)
Potassium (mg) 3085± 834 2925 ±649 3144 ± 1118 0.303 0.740
Potassium (%RDA)b (66%) (62%) (67%)
Magnesium (mg) 368 ± 74 406 ± 185 357 ± 154 0.534 0.770
Magnesium (%RDA)b (105%) (116%) (102%)

USG: Urine specific gravity. RDA: Recommended dietary allowance. a Minimum and maximum values in parentheses. b Percentage of 
nutrient daily average intake to RDA in parentheses. * Endurance sports significantly different from team and strength sports (p= 0.023). 
** Team sport significantly different from strength sport (p= 0.001).
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observed between the sports disciplines (p>0.05). Urine pH 
values in team and strength sports were acidic (≤6.5), while 
in endurance sports, it was just above the cutting point for 
acidic urine category (6.60) (Table 2). Average urine specific 
gravity values indicated that athletes in team, endurance and 
strength sports were in a hypohydrated condition (Table 2). 

Bonferroni post-hoc test for paired comparisons of the 
three disciplines revealed that although the dietary PRAL 
value in endurance sport (25.34±26.48 mEq/d) was lower 
compared to both team (46.12±22.43 mEq/d) and strength 
sports (46.47±28.50 mEq/d) the difference was statistically 
significant for team sports (p= 0.043) but not for strength 
sports (p= 0.084). PRAL values in strength and team sports 
were similar (p= 1.00).

When energy, protein, phosphorus, calcium, potassium 
and magnesium amounts were compared between type 
of sport to assess the PRAL content of the diet, significant 
differences were found in energy (p= 0.001; Table 2). Daily 
energy intake was highest for team sports players (2651 ± 
630 kcal), lowest for strength athletes (1832 ± 573 kcal), 
with endurance sport athletes in the middle (2304 ± 480). 

PRAL in strength sports showed a single-peak symmetric 
distribution, while there was a positive skewed distribution 
in team sports and narrow and symmetric distribution with 
outliers in endurance sports (Figure 1).

Figure 2 shows that 23.5% of participants consumed 
low PRAL diet (<15) and 76.5% a high PRAL diet (≥15). Forty 
percent of endurance athletes consumed low PRAL diet, which 
is the highest percentage among the three disciplines. As for 
high PRAL diet consumption, the highest value was found in 
team sports (89.5%), which was followed by strength sports 
(83.3%) and endurance sports (60%), respectively. 

Urine specific gravity or pH was not associated with 
PRAL or any nutrient contributing to PRAL (p>0.05; Table 
3). As expected, PRAL was positively associated with protein 
(r values ranging between 0.86 and 0.92) and phosphorus 
(r values ranging between 0.50 and 0.88) in all sports (p< 
0.05; Table 3). PRAL was significantly and strongly associated 
with calcium (r= 0.60) and magnesium (r= 0.76) in strength 
sports, while it was not significantly associated with calcium, 
potassium, or magnesium in endurance and team sports 
(p>0.05; Table 3). 

Figure 2: Percentages of participants in high 
and low PRAL categories in team, endurance, 
and strength  sports.

Figure 1: Distribution of PRAL values in team, 
endurance, and strength sports.
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 PRAL USG pH Protein Phosphorus Calcium Potassium Magnesium

Team sports

 PRAL 1   0.86** 0.58** 0.11 -0.15 0.22

 USG -0.42 1  -0.18 0.20 0.14 0.45 0.37

 pH -0.48* 0.07 1 -0,35 -0.44 -0.39 0.05 -024

Endurance sports

 PRAL 1   0.92** 0.50* 0.39 0.41 -0.01

 USG -0.05 1  -0.03 -0.27 -0.31 -0.21 0.25

 pH -0.01 -0.37 1 0.04 0.32 0.62** 0.30 0.14

Strength sports

 PRAL 1   0.87** 0.88** 0.60* 0.53 0.76**

 USG -0.17 1  -0.14 -0.04 -0.06 0.02 -0.01

 pH a a a a a a a a

Total

 PRAL 1   0.89** 0.68** 0.37** 0.37** 0.16

 USG -0.13 1  -0.04 -0.03 -0.06 0.09 0.18

 pH -0.20 -0.20 1 -0.11 -0.03 0.10 0.08 0.07

 PRAL: Dietary acid load, USG: Urine specific gravity, a: All data are fixed and could not be calculated. *p= 0.05; **p= 0.01. 

Table 3. Associations between PRAL, urine specific gravity, urine pH and diet content in team, endurance and strength sports.

DISCUSSION
In this study, PRAL, and macro and micro nutrients 

affecting PRAL were compared between athletes of team, 
endurance, and strength sports. In addition, the associations 
of these macro and micro nutrients with PRAL values, urine 
pH and urine specific gravity were determined. The results 
of the study showed that there were significant differences 
in PRAL between team, endurance, and strength sports 
(p= 0.023). Endurance athletes’ dietary PRAL (25.34 mEq/
day) was lower than team and strength athletes (46.12 
mEq/day and 46.47 mEq/day, respectively) (Figure 1 and 
2), which might be due to the lower daily protein (Team: 
131.4 ± 38.4 g, Endurance: 107.2 ± 54.7 g, Strength: 135.4 
± 55.7 g; p= 0.199) and phosphorus (Team: 1830 ± 459 
mg, Endurance: 1472 ± 482 mg, Strength: 1778 ± 714 mg; 
p= 0.098) intake of endurance athletes compared to team 
and strength sports (Table 2). Although the difference in 
protein and phosphorus intake of endurance sports and the 
other two sports disciplines was not statistically significant, 

possibly due to small sample size, the strong association of 
PRAL with protein and phosphorus (Table 3) support this 
assumption. While the dietary PRAL value in endurance 
sport (25.34 ± 26.48 mEq/d) was lower compared to both 
team (46.12 ± 22.43 mEq/d) and strength sports (46.47 ± 
28.50 mEq/d) the difference was statistically significant only 
for team sports (p= 0.043, Table 2). The reason for failing to 
find significant difference between strength and endurance 
sports (p= 0.084) might be due the large variation in PRAL 
values in strength sports and the small sample size. As for the 
relationships between PRAL and nutrients; the associations 
were very strong for protein (r values; Endurance= 0.917, 
Strength= 0.870, Team= 0.864), moderately strong and very 
strong for phosphorus (r values; Team= 0.576, Endurance= 
0.503, Strength= 0.878). In strength sports, PRAL was 
strongly associated with calcium (r= 0.604) and magnesium 
(r= 0.755) while PRAL was not associated significantly 
with calcium, potassium or magnesium in endurance and 
team sports (p>0.05; Table 3). These findings suggest that 
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lower protein and phosphorus intake in endurance sports 
accounted for the lower PRAL values compared to team 
and strength sports.

It is well known that athletes in team and strength 
sports tend to consume high quantities of protein to increase 
muscle mass. The recommended daily protein intake for 
increasing muscle protein synthesis and preserving muscle 
mass is 1.4-2.0 g/kg26. In our study, total daily protein intake 
was higher in team and strength sports (131.4 ± 38.43 g 
and 135.40 ± 55.66 g, respectively) compared to endurance 
sports (107.22 ± 54.65 g) (Table 2). A systematic review27 

of strength sports revealed that bodybuilders consume 
high amounts of protein ranging from 1.9 g/kg to 4.3 g/kg. 
Relative protein intake of athletes in team sports (1.50 ± 
0.49 g/kg) in the present study was similar to that of female 
soccer players (1.5 g/kg)28, however, it was lower than 
those of elite Australian football players (3.0 g/kg), sub-elite 
Australian football and elite soccer players (2.1 g/kg and 1.9 
g/kg, respectively)29. When considered overall, the relative 
protein intake was sufficient to meet the specific protein 
requirement of team sports. In endurance sports, protein 
intake may differ according to the competition level of the 
athletes. For example, it has been reported that the cyclists 
competing in the Spanish Cycling Tournament consume 3.3 
g/kg protein daily30, while Kenyan elite middle and long-
distance runners consume 2.2 g/kg protein31. In addition, 
it was found that moderately trained triathletes consume 
1.51 ± 0.70 g/kg32, and elite and recreational mountain 
runners consume 1.65 ± 0.31 g/kg protein daily in the pre-
competition period33. In the present study, protein intake 
of endurance athletes was 1.59 ± 0.90 g/kg that has been 
accepted as sufficient protein intake during the training 
period for this population18. It seems that protein intake of 
athletes is in accordance with their competition level and 
the training period. Taking these findings into account, 
alkaline dietary strategies may improve the buffering system 
in athletes participating in strength and team sports where 
the contribution of the anaerobic glycolytic system to total 
energy production is high.

High protein as well as high phosphorus intake are 
obtained from sources such as meat and dairy products34 

(Table 2). In a systematic review27 examining the nutritional 
habits of bodybuilders, a high phosphorus intake (140-154% 
of RDA) has been reported in accordance with the findings 
of our study. It is known that high protein and phosphorus 
intake are positively associated with PRAL. As a matter 
of fact, in our study, high PRAL was obtained due to the 
statistically non-significant higher protein and phosphorus 
intake in team and strength sports.

No significant difference was found between the team, 
endurance, and strength sports in terms of calcium, potassium 
and magnesium intake which are the other micronutrients 
affecting PRAL in addition to phosphorus and protein. Of 
note, calcium and potassium intakes were lower than the 
RDA in all sports disciplines (Table 2). The calcium and 
potassium intake corresponded to 81% and 65% the RDA, 

respectively. In the literature, it has been reported that even 
professional soccer players cannot fully meet Estimated 
Average Requirements (EAR) (calcium 83.5%, magnesium 
90.5%)35 and that young athletes from Kenya consume only 
47% of Adequate intake (AD), while magnesium intake was 
sufficient (247%)36. In our study, the daily calcium intake 
(895.33 ± 381.86 mg) of the basketball team constituting 
the team sports was found to be similar to the calcium 
intake (948 ± 419 mg) of the Spanish basketball team37. 
The inadequacy of calcium, potassium and magnesium 
intake may be mainly due to the inadequate consumption 
of vegetables and fruits. As a matter of fact, there are 
findings that only 48.3% of male runners consume sufficient 
vegetables and fruits before a marathon38. Further studies 
are needed to determine the adequate intake of nutrients 
in all sport disciplines.

In the study by Aerenhuts et al.39, which is the only study 
to determine the dietary PRAL of athletes in the literature, 
food diaries of sprint athletes were recorded twice a week 
for three years and the PRAL values were determined. The 
results of the study39 showed that PRAL of the diet varied 
between -10 and +14 mEq/day in sprint athletes. However, 
in our study, the diets of the strength athletes had PRAL 
values between +6.59 and +92.59 mEq/day. It should be 
taken into consideration that the competition level of the 
athletes in our study may be different than the athletes in the 
study by Aerenhuts et al.39 and that although these sports 
disciplines use similar energy systems, their nutritional 
strategies will vary because they have different goals. In 
addition, Aerenhuts et al.39, reported that the PRAL of 
approximately 6 mEq/day may be associated with daily 
protein intake of 1.5 g/kg, but this finding does not match 
our results. Studies determining the dietary acid load of 
athletes in different sports are needed.

In our study, although PRAL values were significantly 
different between team, endurance, and strength athletes, 
this was not reflected in the urine pH. Urine pH was similar 
between the three sports (team, 6.5 ± 0.22; endurance, 6.60 
± 0.30; strength, 6.5 ± 0.00) (p= 0.519; Table 2). However, 
the results of a dietary intervention study by Limmer et al.8 

showed that urine pH, measured using the same method used 
in our study, was 7.0 ± 0.7 in the alkaline diet group and 5.5 
± 0.7 in the acidic group. Following a dietary intervention 
Caciano et al.10 have also reported a significant difference 
in urine pH values of alkaline and acidic diet groups (7.1 ± 
0.1 and 5.8 ± 0.1, respectively). Acidic and alkaline dietary 
interventions in these studies8,10 led to positive and negative 
PRAL values (for example in the study by Caciano 33 ± 8 
mEq/day and -21 ± 4 mEq/day, respectively) and resulted 
in significant differences in urine pH.

We hypothesized that the PRAL of the diet affects urine 
specific gravity as well as urine pH. It is known that high 
protein intake, which has a direct influence on diet PRAL, 
negatively affects hydration by affecting kidney function 
and leading to increased urine output14. In fact, when the 
other factors affecting hydration are controlled, increased 
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dietary protein intake results in increased urine specific 
gravity15. However, factors such as water consumption and 
sodium intake have a more significant effect on hydration 
compared to the dietary protein intake. In our study, when 
the urine specific gravity was compared according to sports 
branches, the mean urine specific gravity was found to be in 
the range of 1.021-1.030 in all branches and the participants 
were dehydrated (team; 1023.47 ± 5.16; endurance; 1021.95 
± 6.89 and strength; 1023. 08 ± 6.55) (Table 2). The fact 
that individuals in all branches were dehydrated indicates 
that their fluid intake was below the requirements. This 
resulted in dehydration independent of protein intake, so 
no positive correlation was found between urine specific 
gravity and PRAL (r= -0.415). Another reason for failing to 
find a correlation between the two was the small sample size 
of the study. Thus, it is worth investigating the associations 
between PRAL and hydration status by controlling for all 
other factors affecting hydration with a larger sample size.

CONCLUSION
In this study, we aimed to compare the dietary acid 

load (PRAL) and its determinants between athletes of 
team, endurance, and strength sports, and to determine 
the associations of PRAL with hydration status and urine 
pH. In the literature, there is no study examining dietary 
PRAL in athletes except sprinters. Indeed, this is the first 
study comparing dietary acid load between different sport 
disciplines. The findings of the study revealed that team and 
strength athletes had higher PRAL values. In contrast to our 
hypothesis, non-significant negative associations were found 
between PRAL and urine specific gravity. However, this 
study has several limitations which should be considered 
when interpreting the findings: small sample size and 
the small number of athletes per group, the low weekly 
training hours of the athletes, the fact that participants were 
recreational, not elite, athletes, and the low sensitivity of 
the urine pH measurement (0.5 unit sensitivity instead of 
0.1 unit). Future studies including more participants from 
different competitive levels as well as female athletes are 
recommended to elucidate the dietary acid load characteristics 
of different sport disciplines. 

Founding Source. This research did not receive any 
specific grant from a funding agencies in the public, 
commercial, or not-for-profit sectors.

REFERENCES
1. Adeva MM, G Souto. Diet-induced metabolic acidosis. Clin 

Nutr. 2011; 30: 416-421.
2. Cupisti A, D’Alessandro C, Gesualdo L, Cosola C, Gallieni M, 

Egidi MF, et al. Non-traditional aspects of renal diets: Focus 
on fiber, alkali and vitamin K1 intake. Nutrients. 2017; 9: 444.

3. Cairns SP. Lactic acid and exercise performance: Culprit or 
friend? Sports Med. 2006; 36: 279-291.

4. Junior AHL, de Salles Painelli V, Saunders B, Artioli GG. 
Nutritional strategies to modulate intracellular and extracellular 
buffering capacity during high-intensity exercise. Sports Med. 

2015; 45: 71-81.
5. Applegate C, Mueller M, Zuniga KE. Influence of dietary acid 

load on exercise performance. Int J Sport Nutr Exerc Metab. 
2017; 27: 213-219.

6. Remer T. Influence of diet on acid-base balance. Semin Dial. 
2000; 13: 221-226.

7. Remer T, Manz F. Potential renal acid load of foods and its 
influence on urine pH. J Am Diet Assoc. 1995; 95: 791-797.

8. Limmer M, Eibl AD, Platen P. Enhanced 400-m sprint 
performance in moderately trained participants by a 4-day 
alkalizing diet: A counterbalanced, randomized controlled 
trial. J Int Soc Sports Nutr. 2018; 15: 25.

9. Niekamp K, Zavorsky GS, Fontana L, McDaniel JL, Villareal DT, 
Weiss EP. Systemic acid load from the diet affects maximal-
exercise RER. Med Sci Sports Exerc. 2012; 44: 709-715.

10. Caciano SL, Inman CL, Gockel-Blessing EE, Weiss EP. Effects 
of dietary acid load on exercise metabolism and anaerobic 
exercise performance. J Sports Sci Med. 2015; 14: 364-371.

11. Hietavala EM, Puurtinen R, Kainulainen H, Mero AA. Low-
protein vegetarian diet does not have a short-term effect on 
blood acid-base status but raises oxygen consumption during 
submaximal cycling. J Int Soc Sports Nutr. 2012; 9: 50.

12. Limmer M, Sonntag J, de Marées M, Platen P. Effects of an 
alkalizing or acidizing diet on high-intensity exercise performance 
under normoxic and hypoxic conditions in physically active 
adults: A randomized, crossover trial. Nutrients. 2020; 12: 
688. 

13. Barnard ND, Goldman DM, Loomis JF, Kahleova H, Levin 
SM, Neabore S. Plant-based diets for cardiovascular safety 
and performance in endurance sports. Nutrients. 2019; 11: 
130.

14. Miller M, Price JW, Longley LP. Effect of varying intake of 
protein and salts on the composition and specific gravity of 
urine. J Clin Invest. 1941; 20: 31-38.

15. Martin WF, Cerundolo LH, Pikosky MA, et al. Effects of 
dietary protein intake on indexes of hydration. J Am Diet 
Assoc. 2006; 106: 587-589.

16. Sawka MN, Noakes TD. Does dehydration impair exercise 
performance? Med Sci Sports Exerc. 2007; 39: 1209-1217.

17. Mcardle WD, Katch FI, Katch VL. Exercise physiology-nutrition, 
energy and human performance. Lippincott Williams & Wilkins. 
Vol.7th ed., Philadelphia, 2010.

18. Thomas DT, Erdman KA, Burke LM. American College of 
Sports Medicine joint position statement. Nutrition and athletic 
performance. Med Sci Sports Exerc. 2016; 48: 543-568.

19. Fink HH, Mikesky EA. Practical Applications in Sports Nutrition. 
Jones and Bartlett Publishers. Burlington, 2017.

20. Jenner SL, Trakman G, Coutts A, Kempton T, Ryan S, Forsyth 
A, et al. Dietary intake of professional Australian football 
athletes surrounding body composition assessment. J Int Soc 
Sports Nutr. 2018; 15: 43.

21. Jenner SL, Buckley GL, Belski R, Devlin BL, Forsyth AK. 
Dietary intakes of professional and semi-professional team 
sport athletes do not meet sport nutrition recommendations-a 
systematic literature review. Nutrients. 2019; 11: 1160.

22. Serairi Beji R, Ksouri WM, Ali RB, Saidi O, Ksouri R, Jameleddine 
S. Evaluation of nutritional status and body composition of 
young Tunisian weightlifters. Tunis Med. 2016; 94: 112-117.

23. Jang LG, Choi G, Kim SW, Kim BY, Lee S, Park H. The 
combination of sport and sport-specific diet is associated with 
characteristics of gut microbiota: An observational study. J 
Int Soc Sports Nutr. 2019; 16: 21.

24. Welch AA, Mulligan A, Bingham SA, Khaw KT. Urine pH is 



317

A comparison of dietary acid load between team, endurance, and strength sports

an indicator of dietary acid-base load, fruit and vegetables 
and meat intakes: Results from the European prospective 
investigation into cancer and nutrition (epic)-Norfolk population 
study. Br J Nutr. 2008; 99: 1335-1343.

25. Casa DJ, Armstrong LE, Hillman SK, Montain SJ, Reiff RV, 
Rich BS, et al. National athletic trainers’ association position 
statement: Fluid replacement for athletes. J Athl Train. 2000; 
35: 212-224.

26. Jager R, Kreider RB, Ziegenfuss T, Cribb PJ, Wells SD, Skwiat, 
TM, et al. International society of sports nutrition position 
stand: protein and exercise. J Int Soc Sports Nutr. 2017; 14: 
20.

27. Spendlove J, Mitchell L, Gifford J, Hackett D, Slater G, Cobley 
S, et al. Dietary intake of competitive bodybuilders. Sports 
Med. 2015; 45: 1041-1063.

28. Condo D, Lohman R, Kelly M, Carr A. Nutritional intake, 
sports nutrition knowledge and energy availability in female 
Australian rules football players. Nutrients. 2019; 11: 971.

29. Devlin BL, Leveritt MD, Kingsley M, Belski R. Dietary intake, 
body composition, and nutrition knowledge of Australian 
football and soccer players: Implications for sports nutrition 
professionals in practice. Int J Sport Nutr Exerc Metab. 2017; 
27: 130-138.

30. Muros JJ, Sánchez-Muñoz C, Hoyos J, Zabala M. Nutritional 
intake and body composition changes in a UCI world tour 
cycling team during the tour of Spain. Eur J Sport Sci. 2019; 
19: 86-94.

31. Fudge BW, Westerterp KR, Kiplamai FK, Onywera VO, Boit, 
MK, Kayser B, et al. Evidence of negative energy balance using 

doubly labelled water in elite Kenyan endurance runners prior 
to competition. Br J Nutr 2006; 95: 59-66.

32. Koehler K, Braun H, De Marées M, Fusch G, Fusch C, Mester 
J, et al. Parallel assessment of nutrition and activity in athletes: 
Validation against doubly labelled water, 24-h urea excretion, 
and indirect calorimetry. J Sports Sci 2010; 28: 1435-1449.

33. Carlsohn A, Muller W. Anthropometry and dietary intake 
before and during a competition in mountain runners. J Nutr 
Metab. 2014; 2014: 893-1090.

34. McClure ST, Chang AR, Selvin E, Rebholz CM, Appel LJ. 
Dietary sources of phosphorus among adults in the United 
States: Results from NHANES 2001-2014. Nutrients. 2017; 
9: 95.

35. Bescos Garcia R, Rodriguez Guisado FA. Low levels of 
vitamin D in professional basketball players after wintertime: 
Relationship with dietary intake of vitamin D and calcium. 
Nutr Hosp. 2011; 26: 945-951.

36. Christensen DL, Jakobsen J, Friis H. Vitamin and mineral intake 
of twelve adolescent male Kalenjin runners in Western Kenya. 
East Afr Med J. 2005; 82: 637-642.

37. Raizel R, da Mata Godois A, Coqueiro AY, Voltarelli FA, Fett 
CA, Tirapegui J, et al. Pre-season dietary intake of professional 
soccer players. Nutr Health. 2017; 23: 215-222.

38. Orzel, D, Kosendiak A, Bronkowska M. Comparison of 
vegetables and fruit consumption frequency by athletes 
before and after marathon. Rocz Panstw Zakl Hig. 2018; 69: 
267-272.

39. Aerenhouts D, Deriemaeker, P, Hebbelinck, M, Clarys P. 
Dietary acid-base balance in adolescent sprint athletes: A 
follow-up study. Nutrients. 2011; 3: 200-211.


