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Abstract

Objective: Our aim was to determine and analyze the
dietary PRAL and food composition pattern in apparent-
ly healthy children from 1 to 6 years of age.

Methods: Parents of 52 children were selected by
convenience, in an outpatient clinic of healthy children.
Dietary quality and pattern was assessed by 24 hour re-
call and food frequency questionnaire. We focused on
the intake of macronutrients and food groups, such as
meats, dairy, fruits and vegetables. Nutrient intake was
compared with national and international recommen-
dations. PRAL was determined according to the method
described by Remer and Manz. Descriptive statistics and
correlations were applied.

Results: Dietary intake of proteins, milk and meat
was high, while fruits and vegetables intake was low.
PRAL was positive in 92% of the children and correla-
ted (p<0.05) with intake of energy, proteins, fat, meat and
dairy products. Protein intake was above 2.5 g/kg/day
in 46.2% of the children. Food groups with the highest
unbalance were meat and dairy products for excessive
intake and fruits and vegetables regarding low intake,
both of which represent risk factors for endogenous acid
production.

Conclusion: The diet of the children studied was cha-
racterized by an excessive acid load with the risk for the
generation of systemic acidosis and its metabolic conse-
quences.
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CARGA ACIDA POTENCIAL RENAL
DE LA DIETA EN NINOS VENEZOLANOS

Resumen

Objetivo: Determinar y analizar la carga acida poten-
cial renal de la dieta (Potential Renal Acid Load PRAL)
y el patrén de alimentacion de nifios entre 1 a 6 afios apa-
rentemente sanos.

Meétodos: Se seleccionaron segiin conveniencia a pa-
dres de 52 nifios asistentes a una consulta de nifios sa-
nos. La calidad de la dieta y el patron de alimentacion se
evalio mediante un recordatorio de 24 horas y un cues-
tionario de frecuencia de alimentos. Se calculé la ingesta
de macronutrientes y grupos de alimentos, como carnes,
lacteos, frutas y verduras. La ingesta de nutrientes se
comparo con las recomendaciones de energia y nutrien-
tes. E1 PRAL se determiné segiin el método de Remer y
Manz, para determinar la carga acida de la dieta. Se apli-
c6 estadistica descriptiva y correlaciones entre el PRAL,
nutrientes y grupos de alimentos.

Resultados: La ingesta de proteinas, de leche y de car-
nes fue elevada, mientras que la ingesta de rutas y horta-
lizas fue baja. El PRAL fue positivo en 92% de los nifios,
se asocio con mayor ingesta de energia, proteinas, grasas,
carne y lacteos. La ingesta de proteinas fue > 2,5 g/kg/
dia en 46,2% de los nifios. Los grupos de alimentos con
mayor desequilibrio debido a exceso fueron la carne y los
productos lacteos, mientras que por déficit fue el grupo
de frutas y hortalizas.

Conclusion: La dieta se caracteriza por una elevada
carga de acido o PRAL, lo que aumenta el riesgo de aci-
dosis sistémica y sus consecuencias metabdlicas.

(Nutr Hosp. 2015;31:2054-2061)
DOI:10.3305/nh.2015.31.5.8187

Palabras clave: Carga dcida potencial renal (PRAL). In-
gesta de proteinas. Ingesta de frutas. Ingesta de verduras.
Niiios.



Introduction

Acid base homeostasis is essential for body metabo-
lism. This delicate balance can be altered by modern
diets, especially by those consumed in western socie-
ties due to their high content in acid producing ele-
ments (sulfur, phosphorus, chloride) provided mostly
by foods of animal origin, in comparison with food
precursors of bicarbonate anions contained particu-
larly as metabolizable and combustible organic acid
anions in fruits and vegetables'. A moderate increase
in blood levels of hydrogen ions as a result of an acidic
composition of the diet may lead to decrease in the
extracellular concentration of bicarbonate, which can
have long-term implications for the development and
progression of various pathological conditions'?. Ex-
cess consumption of animal protein, cereals, and gra-
ins have been shown to have lowering effects on blood
pH, primarily due to the metabolism of sulfur-contai-
ning amino acids, such as cysteine and methionine*.
This increased endogenous acid production can cau-
se a mild form of metabolic acidosis which interferes
with the skeleton homeostatic systems that increase
bone resorption in order to release alkaline salts (cal-
cium and potassium citrate) in defense of acid base
balance. This subclinical low grade metabolic acidosis
may lead — in the long-term - to a progressive and gra-
dual decrease in bone mineral content, growth retarda-
tion in children, risk for osteoporosis and sarcopenia in
adults and elderly people, hypercalciuria, and kidney
stone formation'>1°,

Fruits and vegetables may be utilized by the body
to improve the dietary acid-base balance, without di-
minishing the consumption of acid forming foods. The
protein/potassium ratio has been suggested as an in-
dicator of the acid base balance of the diet. This ratio
considers one component of each side of acid base me-
tabolism: protein on the acid side and potassium on the
alkaline side''. Another method that estimates the acid
load of food and diet is the calculation of the Poten-
tial Renal Acid Load (PRAL) developed by Manz and
Remer, which estimates endogenous acid production
in excess of the level of alkali produced by a given
amount of food consumed daily'?. Fish, meats, dairy
and grain products have a high PRAL; while fruits and
vegetables have a negative PRAL.

Few studies have been published on the dietary acid
load in healthy people, especially in children'*!¢, The
aim of this study was to determine and analyze the die-
tary PRAL and food composition pattern in apparently
healthy children from 1 to 6 years of age in Caracas,
Venezuela.

Methods

This cross-sectional study was held in an outpatient
clinic of healthy children between 1 to 6 years of age
in Miranda state, Venezuela, between November 2009

and February 2010. Children’ parents were invited to
schedule a nutritional evaluation appointment. They
were informed about the research and were asked to
sign an informed consent form, according to the guide-
lines of Helsinki declaration.

The interview included personal and family history
of the child, dietary intake, and whether or not they
were taking any medication. Children with acute pa-
thologies that could interfere with normal intake or
growth, such as fever or digestive disorders, chronic
pathologies such as diabetes mellitus, heart disease,
hypothyroidism, chronic renal disease, severe mal-
nutrition or cancer were excluded, as well as children
who were receiving medication (antibiotics, anti-
pyretics) that could also interfere with normal intake.
Weight and height were measured in all children. A
non-probabilistic sample of 133 children met the in-
clusion criteria, although 61% did not attend the inter-
view. Our final sample was composed by 52 parents of
apparently 52 healthy children that responded the food
questionnaire and were measured.

Dietary intake. We assessed dietary intake by 24
hour recall (R24H) and food frequency questionnaire
(FFQ). Quantitative data (mean and standard deviation
of energy, macronutrients and food groups) was ob-
tained with the R24H, while the FFQ allowed us to
obtain qualitative information in regard to the usual
intake pattern. To increase memory recall with the
R24H, we used household measures like cups, glasses,
plates and spoons. Three-dimensional wooden forms
of different sizes were used to estimate food serving
sizes. The FFQ included 102 food items with five op-
tions of responses: daily, 3- 4 times a week, every 2
weeks, monthly and never.

The number of servings consumed, the nutrient
adequacy and the number of daily meals were obtai-
ned from the FFQ. Foods included in the FFQ were
grouped in the following food groups: 1.- Breads and
other grain based foods, 2.-Meats and eggs, 3.- Milk
and other dairy products, 4.- Vegetables, 5.- Fruits,
6.- Fats and 7.- Other foods (sweets, snacks, sugared
beverages). Nutrient intake was determined based on
energy, protein, fat and carbohydrate compared to the
reference values of energy and nutrients for the local
population established by the Venezuelan National
Institute of Nutrition (NIN)'7. Nutritional values that
did not appear in the Venezuelan Food Composition
table!® were obtained through the nutrition facts data.
The cut-off points for considering adequacy of the
nutrient intake were: <85% low adequacy, 85% to
115% normal adequacy, and > 115% high adequa-
cy'. The dietary data was compared with the Vene-
zuelan'®, American® and Chilean?' food guides for
children.

Assessment of dietary PRAL. To determine die-
tary PRAL we calculated for each child the type and
amount of food consumed as reported in the R24H and
then derived from PRAL values established for each
type of food'. The dietary PRAL was calculated by

PRAL in children’s diet
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the amount of acid equivalents (positive values) or
alkali equivalents (negative values) in each food con-
sumed based on 100 g of cooked or ready to eat foods.
Negative values of PRAL indicate an excess of base
precursors (represented by fruits and vegetables), and
positive values indicate an excess of acid precursors
(represented by meats, fish, dairy and grains)'>.

Assessment of nutritional status in children.
Measures of weight and height were obtained accor-
ding to the guidelines of the International Biological
Program®. By means of these two measurements, the
indicator of body mass index-for-age (BMI-for-age)
was constructed, and categorized using percentiles.
The reference value was based on the growth package
recommended by WHO AnthroPlus®. The categories
of BMI-for-age were: excess =p85, normal >pl5 -
<p85, and deficit <p15%.

Statistical Analysis. Basic descriptive (represen-
ted with mean, standard deviation, maximum and
minimum values, frequencies and percentages) and
bivariate statistics, such as Pearson correlation were
applied. Associations between dietary PRAL and ener-
gy, macronutrients and daily food servings were esta-
blished. Significance level was considered as p< 0.05.
Analysis was performed using SPSS v 20.

Results

The study sample was constituted by 25 boys
(48.1%) and 27 girls (51.9%), with a mean age of 4
years (4.30 = 1.25). According to the WHO standard
for BMI, 75% of children were classified with normal
nutritional status, while the rest were above the 85th

percentile. None of the children were classified with
nutritional deficit. Height for age was adequate in 96
% of the sample (percentiles 15-85) and below the
15th percentile in two boys.

Main demographic and diet characteristics are
shown in Table I. We did not find any statistical di-
fferences between nutrients and selected food groups
across gender. The mean consumption of protein was
44.20 g/day and 2.54 g/kg/day; cereal intake was a-
bove 300 g/day; and dairy products were consumed
daily by eight out of 10 children, with a mean of 87
gr/. These intakes were above the Venezuelan recom-
mendations. Mothers reported that their children (1- 3
y) consumed high quantities of milk, especially throu-
gh formula, chocolate milkshakes and beverages with
cereals (wheat and rice). In children between 4 to 6
years, yogurt and milk intake was even higher, because
they were used in different types of beverages (choco-
late milk, coffee, milk shakes), with cereals, in pan-
cakes or alone. Cheese was one of the most frequently
consumed foods, as 52% of the children consumed it
on a weekly basis.

Red meats and fish were not consumed daily by the-
se children. The highest frequency in weekly intake
was for red meats with 90.4%, 88.5% for chicken, and
65.4% for sausage. Fish was consumed once a week by
25% of the children.

The “arepa” (a traditional maize bread) was consu-
med by all children, followed by cereal based bevera-
ges (48%) and bread (31%). The most frequently con-
sumed foods on a weekly basis, were pasta (96.2%),
rice (82.7%), legumes (78.8%), crackers (65.4%), and
sugared corn cereals (63.4%) (data not showed), all of
these with a high PRAL.

Table I
Sample and dietary characteristics in Venezuelan children (n=52)
Characteristics Girls (n=27) Boys (n=25) All (n=52)

Mean SD Min Max  Mean SD Min Max  Mean  SD Min Max
Age (years) 3.99 1.10 140 630 4.64 1.34 .10 6.60  4.30 1.25 1.10  6.60
Weight (Kgs) 1694 408 1040 2750 1944 373 1040 2740 18.14 4.07 1040 27.50
Height (cms) 10196 924 78.00 124.00 108.55 9.89 80.00 125.00 105.13 10.03 78.00 125.00
Calories (Kcal/day) 1267.78 207.61 1040 1450 1342.40 200.85 1080 1490 1303.65 205.85 1040 1490
Proteins (g/day) 4130 1836 11.46 86.76 47.32 1568 2686 73.05 4420 1723 11.46 86.76
Proteins (g/Kg/day) 2.53 1.05 070 540 254 084 120 430 254 094 070 540
Fat (g/day) 4478 2422  9.64 121.22 5249 21.63 1472 109.24 4848 23.11 9.64 121.22
Carbohydrates (g/day) 184.03 80.40 82.61 502.53 212.63 55.84 104.32 302.14 197.78 70.51 82.61 502.53
Cereals, legumes (g/day) 265.91 122.16 0 273 349.52 130.22 110.00 610.00 306.11 131.78 104.75 610.00
Milk dairy (g/day) 95.79 14545 0 615 7813 119.66 0.00 480.00 87.30 132.67 0.00 615.00
Meat (g/day) 94.68 64.30 0 273 118.02 79.88 0.00 315.00 10590 7245 0.00 315.00
Fruits (g/day) 96.22 120.88 0 500 135.06 16397 0.00 695.00 114.89 143.13 0.00 695.00
Vegetables (g/day) 3285 58.74 000 1825 1940 3422 000 110.00 2638 4854 0.00 182.50
2056 Nutr Hosp. 2015;31(5):2054-2061 Mayerling Lopez-Sayers et al.




Table II
Diet adequacy for energy and protein

Nutrient adequacy
Girls (n=27) Boys (n=25) All (n=52)
n Y% n Y% n %

Low
Energy 9 333 3 12.0 12 230
Proteins 10 370 5 20.0 15 28.8
Adequate
Energy 10 370 13 520 23 44.2
Proteins 6 22.2 7 28.0 13 25.0
High
Energy 8 29.6 9 36.0 17 32.7
Proteins 11 40.7 13 52.0 24 46.1

Low adequate intake: < 85%, adequate intake: 85 — 115%, high
intake: > 115% of adequacy.

Fruit intake was below Venezuelan recommenda-
tions in 96.2% of the children, especially in 4-6 year
olds. Only 15% of the children consumed fruits on a
daily basis. Vegetable intake was below the recom-
mendations in 76.9% of the studied children, especia-
Ily in the group of 4 to 6 year olds. Vegetables were
one of the least daily consumed foods: only 12% of the
children reported a daily vegetable intake. Vegetables
intake was limited to once a week and mainly as part
of stews, casseroles, soups and creams. Very seldom
were vegetables consumed as salads, due to their very
low acceptance by most of the children.

Diet adequacy for energy and protein, classified as
low, adequate and high is specified in Table II. For-
ty four percent of the children had an energy intake
within the recommended range, while protein intake

was adequate in 25% and high in 46% of the total po-
pulation.

Table III shows dietary PRAL in Venezuelan chil-
dren compared with the German children in the DO-
NALD study'. Of the 52 children studied, 96.2 %
consumed an acidifying diet. The dietary PRAL was
higher in boys with an average of 16.52+15.68 vs.
12.24 + 7.92 mEg/day in girls (p<0.05). Plantain was
the main contributor to the alkaline load in the chil-
dren’s diet, being one of the most frequently consumed
foods during the week (67.3%), similar to potatoes in
the German study. Pasta and red meat were the acid
contributing foods with highest weekly intake (96.2%
and 90.4% respectively). Dairy products were consu-
med daily by 83% of the children. These include more
alkali rich milk and yogurt and acid equivalent rich
cheeses.

Table IV shows the correlation of dietary PRAL
with energy and nutrients intake, as well as with food
servings. A significant and positive correlation was de-
monstrated between dietary PRAL and energy, protein
(Fig. 1) and fat intake (p < 0.01). A statistically signi-
ficant positive correlation (p <0.01) was demonstrated
between PRAL and consumed meat servings. There
was also a statistically significant positive correlation
(p = 0.01) between dietary PRAL and dairy products
intake. On the other hand there was a negative, al-
though not significant correlation between dietary
PRAL and the consumption of vegetables and fruits.

Discussion

The majority of the children in this study presen-
ted a dietary acid-base imbalance with a predomi-
nance of acidifying diets, which was associated with
the high consumption of acid forming foods, such
as meat, chicken, grains and pasta, and the very low
consumption of alkali-forming foods such as fruits

Table III
Diet Potential Renal Acid Load (PRAL in mEq/day) in Venezuelan children and for reasons of comparison also in
German children*. Given values are means + SD (Min-Max)

PRAL (mEgq/day)
Venezuelan children German children (DONALD study)
1-6 years 3-7 years 8-14 years
(95% CI Min-Max) (519 children) (220 boys, 225 girls)
Boys (n=25) 16.52 + 15.68 - 133+ 124
(-8.88-62.83)
Girls (n=27) 12.24 +7.92 - 9.5+10.3
(1.20 — 29.72)
Total 14.29 +12.34 59+8.6 -
(-8.88-62.83)

*Participants of the DONALD study according to Alexy et al.'.

PRAL in children’s diet
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Table IV
Pearson’s correlation between dietary PRAL, nutrients intake and food servings consumed daily in children (n=52).

Nutrients and group foods Boys Girls Toral
r p r p r p
Energy 0.59 =0.01 0.11 0.59 0.32 =0.01
Protein 0.62 =0.01 0.47 =0.01 0.54 =0.01
Fat 0.43 0.03 0.38 0.05 0.42 =0.01
Carbohydrates 0.36 0.07 -0.14 0.49 0.16 0.27
Meats 0.44 0.03 0.33 0.08 0.41 =0.01
Dairy 0.42 0.03 0.38 0.05 0.35 =0.01
Vegetables -0.17 0.42 -0.05 0.77 -0.11 0.45
Fruits -0.19 0.36 -0.33 0.09 -0.22 0.12
Cereals 0.22 0.29 0.17 0.41 0.19 0.18
Oils 0.32 0.12 0.05 0.78 0.25 0.07
Refined sugars 0.16 0.45 -0.18 0.38 0.09 0.53

and vegetables. Dietary PRAL was higher in boys
than in girls, similar to what has been observed in a
group of children and adolescents 6 to 18 years of age
who participated in the German Dortmund Nutritional
and Anthropometric Longitudinally Designed (DO-
NALD) study'®, which collects detailed data on diet
and growth in healthy subjects from childhood to adul-
thood. Interestingly, dietary PRAL in the Venezuelan
children was markedly, i.e. about 10 mEq/day, higher
than in similar age (3-7 years) German children, and
even still higher than in the older German DONALD

study participants (age: 8-14 years), demonstrating a
clearly more acidifying nutrition in these low-middle
class children from Venezuela compared to Germany.
At a comparable protein intake level, this average 10
mEg/day difference between our and the German chil-
dren would translate into a difference of about 300 g
fruit and vegetable intake/day to compensate for this
unequal acid load levels'.

A significant positive correlation was found be-
tween dietary PRAL and daily meat and dairy products
servings. There was also a statistically significant po-

Fig. 1.—Pearson’s correlation be-
tween dietary PRAL and protein in-
take (r=0.54; p<0.01).
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sitive correlation between dietary PRAL and energy,
protein and fat intake. On the other hand, we found a
negative, although not significant association between
dietary PRAL and the consumption of vegetables and
fruits. Our data show similar results as those reported
by the German DONALD study, which presented a
negative, albeit not significant association between
dietary PRAL and the consumption of fruits and ve-
getables, and a significant positive association with
the consumption of dairy, cereals and meats. The daily
average of PRAL in that study was positive in all ages
and both genders. Another study with similar results
was conducted in Chinese adolescents. It showed a
significant positive correlation between net endoge-
nous acid excretion and meat intake, whereas this co-
rrelation was negative with the consumption of fruits,
vegetables and dairy*.

Protein intake in this study was high when compa-
red with protein requirements recommended for both
genders regardless of their age. The average consump-
tion of protein in g/kg/day was within the ranges set
forth in the reference values of energy and nutrients for
the Venezuelan population in 2000'. However a sig-
nificant number of children had protein intakes much
higher than these recommendations. In this regard, it
is important to note that the protein requirements sug-
gested by the NIN in 2000 were practically double as
high as the international recommendations. Therefore
we have to state that both the adequacy of protein in-
take as well as the number of children who consumed
high protein diets in this study would have been twice
as high as what we have reported, if we had compared
protein intake with international recommendations.
The above mentioned study in Chinese adolescents
also reveals that protein intake was above recommen-
ded requirements®, which adds to the evidence that
protein intake is becoming high even in populations
with traditionally low protein intake.

Excessive protein intake by children and adolescents
has particular connotations nowadays because modern
society follows a paradigm that encourages protein
consumption above other nutrients and assigns them
an overvalued importance as growth determinants.
Local and international studies, both in adults and in
children, have reported that in most of the industriali-
zed countries and in many developing countries, pro-
tein intake exceeds international recommendations®-°.
Studies published in our country report adequacy per-
centages for protein intake between 121 and 209% as
compared with the requirements recommended for
different ages®3°. Even in low-income populations,
some authors have reported that more than 50% of
children consume high protein diets®'. These diets are
usually accompanied by lower fruit and vegetable in-
takes, which was quite obvious in our children whom
consumed these alkalinizing foods in amounts well be-
low national and international recommendations. This
pattern was similar to that reported in a previous study
conducted in children aged 4 to 14 years in a low in-

come urban community north of Valencia—Venezuela
which reported that fruits and vegetables were among
the least consumed foods®2. Intake of fruits and vege-
tables is an evidence-based strategy that improves die-
tary acid base balance without reducing the consump-
tion of acid forming foods. Fruits and vegetables are
considered as protective factors in the diet because of
their high content of potassium and magnesium, which
are alkali forming nutrients*3,

Metabolic effects of acidifying diets derived from
high protein, high sodium chloride and insufficient
plant foods intake are quite variable in nature, inclu-
ding subclinical low grade metabolic acidosis and
disorders of bone metabolism, renal and endocrine
function such as alterations in the efficiency of growth
hormone, IGF-1, insulin, steroids, thyroid hormone,
parathyroid hormone and vitamin D**. We could not
demonstrate these metabolic effects in this sample due
to the cross-sectional nature of our research. Moreover
longitudinal studies are necessary to evidence causali-
ty of acidifying diets and its deleterious consequences
in growth.

The clinical consequences of these unfavorable me-
tabolic responses can, in the long-term, include growth
disorders in children, loss of bone and muscle mass in
adults, hypercalciuria, hyperuricosuria and urolithiasis
in adulthood as well as in childhood. Alterations in
bone and muscle metabolism may occur despite only
slightly diminished serum bicarbonate levels, within
the ranges accepted as normal®“, The association be-
tween high PRAL and reduced bone anabolism and
bone mass has been confirmed in recent studies*'*?,
and with regard to children it may be present in those
with urinary calcium in the upper normal values®. Al-
though it could be speculated that a high PRAL could
be associated with some degree of growth retarda-
tion due to low grade metabolic acidosis, preliminary
analysis in the present study did not show associations
between PRAL and height or weight for age. Probably
larger samples or the availability of more particularly
characterized control data for specific sample compa-
risons would be necessary to demonstrate such asso-
ciation.

Several interventional studies have shown that
many of the disorders mentioned above may be pre-
vented and reversed by increasing the dietary alkaline
content. Nowadays, due to the phenomenon of indus-
trialization and the adoption of unhealthy lifestyles,
alkali-rich fruits and vegetables have been replaced
by cereal grains and nutrient-poor foods, leading to a
dietary acid load that can reach an average of 50-100
mEq/day for western diets. There is a consensus that
diet can greatly affect the acid base status of the body
and several studies have shown that the acid burden
of a person can be manipulated by dietary interven-
tion'$1333:344447 "With the exchange of only a few pro-
tein rich or alkali poor food products for others with
high alkali content, it is possible to markedly reduce
the dietary acid load.

PRAL in children’s diet
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We conclude that most of the children in this study
had inadequate eating habits characterized mainly
by high intake of proteins, fats and carbohydrates,
combined with poor consumption of fruits and ve-
getables, all of which generate a dietary acid-base
imbalance with a predominance of a positive PRAL.
The consequences of this acidic load could be pre-
vented and treated with a balanced and varied diet
with adequate amounts of all food groups. In this
sense, education in nutrition plays a key role at very
early ages, when the acid-base imbalance that occurs
in apparently healthy individuals could be caused by
inadequate feeding habits.
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