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Objective

To investigate the consumption of processed and ultra-processed foods and evaluate its relationship with the
nutritional and metabolic status of hemodialysis patients in a single center in Brazil.

Methods

This cross-sectional study enrolled 73 individuals in hemodialysis (50 men and 23 women, 21-87 years-old).
Clinical and lifestyle variables were assessed by a semi-structured questionnaire and dietary data by food
frequency questionnaire. Anthropometric and metabolic data are collected from medical records.

Results

Processed and ultra-processed foods represented 11.0% of daily caloric intake, 53.0% of trans fatty acid, and
12.5% of salt consumed in the study sample. Individuals who had high intake of this food group (>128.4g/day,
median intake) had higher serum phosphorus and pre-dialysis urea values (p=0.038; p=0.013, respectively).
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Also, individual with higher consumption of processed meat, sausages and ready prepared food had higher
pre-dialysis serum urea (p=0.021), while serum potassium was higher among the subjects who consumed more
sauces and salt-based seasonings (p=0.002).

Conclusion

Higher consumption of processed and ultra-processed foods was associated with important biomarkers
of metabolic control for hemodialysis subjects, probably due to non-health dietary composition. Nutritional
guidelines and intervention strategies must be promoted to reduce consumption of these food-group in this
specific population.

Keywords: Blood urea nitrogen. End stage kidney disease. Food intake. Food-processing industry. Renal dialysis.
Trans fatty acids.

RESUMO

Objetivo

Investigar o consumo de alimentos processados e ultraprocessados e avaliar sua relagdo com o estado nutricional
e metabdlico de pacientes em hemodidlise em um Gnico centro brasileiro.

Meétodos

Este é um estudo transversal com 73 individuos em hemodidlise (50 homens e 23 mulheres, 21-87 anos de
idade). As variaveis clinicas e de estilo de vida foram avaliados por um questionério semi-estruturado, bem
como dados dietéticos por questionario de frequéncia alimentar. Dados antropométricos e metabdlicos foram
coletados de registros médicos.

Resultados

Os alimentos processados e ultraprocessados representaram 11,0% das calorias didrias, 53,0% dos acidos
graxos trans e 12,5% de soédio consumido na amostra estudada. Os individuos que tiveram alta ingestdo deste
grupo alimentar (>128,4 g/dia, ingestdo mediana) apresentaram maiores valores de foésforo sérico e uréia pré-
dialise (p=0,038; p=0,013, respectivamente). Também, individuos com maior consumo de carne processada,
embutidos e refeicbes prontas apresentaram maior ureia sérica pré-dialise (p=0,021), enquanto o potassio sérico
foi maior entre os individuos que consumiram mais molhos e temperos & base de sal (p=0,002).

Conclusao

O maior consumo de alimentos processados e ultraprocessados foi associado a importantes biomarcadores
de controle metabdlico para individuos em hemodialise, provavelmente devido a composicao dietética ndo
saudavel. Orientacbes nutricionais e estratégias de intervencado devem ser promovidas para reduzir o consumo
desses alimentos nessa populacao especifica.

Palavras-chave: Nitrogénio ureico sérico. Faléncia renal crénica. Consumo alimentar. Industria de processamento
de alimentos. Didlise renal. Acidos graxos trans.

INTRODUCTION

The number of individuals with Chronic Kidney Disease (CKD) has gradually increased, and
Hemodialysis (HD) is the most widely used kidney replacement therapy for those individuals requiring
continuing care [1]. The main complications affecting individuals with CKD Stage-5 is the protein-energy
malnutrition and mineral disorders, such as hyperphosphatemia and hypocalcemia, leading to
complications as secondary hyperparathyroidism and bone metabolism disorders [2].

Nutritional monitoring is important for the prevention, control or treatment of malnutrition,
changes in mineral metabolism, uremic toxicity and other complications that can affect these
individuals [1]. However, the nutritional transition has led to a reduction of the regular consumption
of food rich in fiber, vitamins and minerals in contrast to the increased consumption of processed

Revista de Nutricdo Rev. Nutr. 2020;33:e190138



http://dx.doi.org/10.1590/1678-9865202033e190138 ULTRAPROCESSED FOODS IN HEMODIALYSIS | 3

and ultra-processed food with high levels of saturated and trans fat, sugar and sodium [3]. These
foods are also added to this inorganic phosphorus, which is more easily absorbed, increasing serum
concentrations of this mineral in the bloodstream [4]. In addition, the nutritional composition of
these could negatively modulate the lipid metabolism and other complications already prevalent in
individuals with CKD Stage-5 [5].

Although processed and ultra-processed foods have been associated with chronic diseases
such as obesity and cardiovascular disease [3]; their relationships with metabolic markers in individuals
with CKD Stage-5 have not been apparently reported. The aim of this study was to investigate
the food consumption according to the type of processing (processed and ultra-processed) and its
relation to metabolic markers in hemodialysis subjects.

METHODS

This cross-sectional study enrolled 73 patients with CKD in HD older than 18 years (21 until
87 years-old) and regularly assisted in the HD unit between October and November 2015. Individuals
who did not express interest in participating of the study, with treatment time in HD shorter than a
month, with hearing impairment, newly implanted catheters, hemodynamic instability, assessed by
the medical sector, were not included. This study was approved by the Ethics Committee in Human
Research, according to the Resolution 466/2012 of the National Health Council of the Ministry of
Health, Brazil (Protocol number: 701.796/2014, CAAE: 27364314.8.00005153). All participants read
and signed a written informed consent, in accordance to principles of the Declaration of Helsinki.

Subjects were characterized according to age, sex, weight-status, HD time, clinical data and
life habits. This information was collected from records and interviews during the HD session.

Anthropometric data, clinical and metabolic markers were collected from medical records. In
this sense, the dry weight (kg), measured immediately after the HD section, and height (cm) were
collected and the Body Mass Index (BMI) was calculated, followed by classification according to the
World Health Organization for adults [6] and Lipschitz [7] for elderly.

Serum values of phosphorus, potassium, calcium, pre-dialysis urea, post-dialysis urea, Kt/V,
calcium-phosphorus product, creatinine, hemoglobin, postprandial blood glucose, total cholesterol
and triglycerides were also collected. The reference values were those adopted by dialysis unit,
considering optimal postprandial glucose <7.77mmol/L [8]; serum phosphorus 1.13 to 1.77mmol/L
[9]; serum potassium 3.5 to 5.5mmol/L [10]; triglycerides <2.26mmol/L [11]; total cholesterol
<5.18mmol/L [11]; calcium 2.1 to 2.37mmol/L [9]; pre-dialysis urea 53.5 to 71.4mmol/L [12]; post-
dialysis urea <21.42mmol/L [13]; Kt/V=1.2 [13]; calcium-phosphorus product <55mg#dL? [9];
creatinine 884-1.060.8umol/L [12]; hemoglobin 120g/L for women and 130g/L for men [9].

A food-frequency questionnaire was elaborated with 200 food items, based on a previous
validated food-frequency questionnaire for individuals with CKD [14], in which the foods are divided
into: fresh food or minimally processed (vegetables, tubers, fruits, fresh meats, eggs and pasteurized
milk), processed (canned vegetables in water or brine, fruit in syrup or dehydrated, dried meat and
bacon, sauces and tomato extracts) and ultra-processed food (ice creams, cookies, pasta, refreshment
and soft drinks, breakfast cereals, pizzas, hamburgers, sausages and other meats), according the
classification of the second edition of the Food Guide for Brazilian Population [15]. In addition, food
items were categorized according to nutritional composition and classification of the Food Guide for
Brazilian Population [15], as follows: preserved and canned (palm, olives, pickles, tuna, sardine, fruits
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in syrup, green corn and peas); refined flours (crackers; sweet and stuffed cookie; cake and pie; general
breads; foods rich in simple carbohydrates and that present less amount of fiber and micronutrient
compared to the unrefined ones); dairy products and derivatives (cheese, dairy drinks, yogurts, butter,
cream cheese and grated parmesan cheese); sausages and processed meats (jerked beef, bacon,
hamburger steak, nuggets, steaks, sausages, ham, mortadella and turkey breast); candies (ice cream,
popsicle, chocolate, cereal bar, snack type Cheetos and dehydrated sweet); sauces and seasoning
salt-based (extracts or concentrates of tomato, mustard sauce, ketchup, mayonnaise, Knorr broth,
English and garlic sauce); soft drinks and artificial juices; preparations ready or semi-ready (instant
noodles, pizza, dehydrated powdered soups and sticks potato); and other ultra-processed food
(vegetable cream and breakfast cereals) [16].

The food-frequency questionnaire was applied in the dialysis unit, by trained researchers, in
the days of routine HD sessions. For patients unable to respond, or who resided in special nursing
homes, the questions were addressed to those in charge of them. During the application of the food-
frequency questionnaire a photographic album with similar portions was used during the interview
so that the interviewee chose the categories of portions of the food groups that corresponded to
their usual intake.

Nutrient intake was estimated using an ad hoc Microsoft Excel Sheet (Chicago, lllinois, United
States of America, version 2010) specifically developed for this aim. A dietitian updated the nutrient
data bank using the latest available information included in the food composition tables for Brazil
(Family Budget Survey/Pesquisa de Orcamento Familiares 2008-2009) [17]. Nutrient intake was
calculated as frequency x nutrient composition of each portion size for each consumed food item.
Frequencies were measured in four frequency categories (daily, weekly, monthly and yearly), while
portion sizes were based on first edition of the Food Guide for Brazilian population [18] for each
food item. The nutritional information of foods not found in the nutritional composition table was
recorded from their labels.

The results are presented as means (standard deviation) or median (interquartile range),
according to distribution of the variables, determined by the Shapiro-wilk test. The qualitative
variables were described by relative frequency (%). The Student t test was applied for parametric
variables, while Mann Whitney U-test was used for the non-parametric variables. To evaluate the
distribution among the groups the Chi-square test (x?) was applied. All nutrients evaluated in this
study were adjusted by the daily caloric intake by residual method before performing the analyses
[19]. To assess the associations of processed and ultra-processed food consumption with studied
variables, we categorized the participants by median of food-group consumption, being the sample
divided into low (<128.4g/day) and high consumption (>128.4g/day). The median cutoff criteria have
been previously applied [20] and are based on a valid and reliable method to assign two or more
groups of risk in nutritional epidemiology studies [21]. Statistical analyses were processed using the
Statistical Package for the Social Sciences® (IBM®, New York, version 20.0). The p-value <0.05 was
considered statistically significant.

RESULTS

Most participants were men (68.5%) and the mean age was 62.4+13.5 years. Regarding
the anthropometric evaluation 49.3% of the subjects were normal-weight, 23.3% overweight and
27.4% underweight. When compared by sex, women had longer dialysis time and higher BMI,
while high serum phosphorus concentration occurred only among men. Furthermore, there was a
difference in post-dialysis urea (p=0.013) and Kt/V (p=0.001) compared between sex (Table 1).
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Table 1. Demographic, clinical, metabolic and nutritional characteristics of hemodialysis individuals, according to sex (n=73). Vicosa,
(MG), Brazil, 2015.

Men (n=50) Women (n=23) Men (n=50) Women (n=23)
Variables

M +SD M +5D N % N %
BMI (kg/m2)? 23.0 3.4 24.9* 4.1* R R B ~
HD time (months)® 66.0 50.0 88.0" 50.0" - . . B
Alcohol consumers® - - - - 8.0 16.0 1.0 43
Smokers® - - - - 9.0 18.0 2.0 8.7
Physical activity® - - - - 10.0 20.0 6.0 26.1
Ktve 1.4 0.3 1.7 0.4* - - - -
Pre-dialysis urea® 115.0 30.0 111.0 310 B ; B )
Post-dialysis urea® 36.6 12.2 29.4 10.9* . B B ;
Hyperglycemia® - - - - 18.0 56.3 9.0 45.0
Diabetes Mellitus® type 1 and 2 - - - - 20.0 40.0 8.0 39.1
Hypertriglyceridemia© - - - - 14.0 28.0 8.0 34.8
Hypercholesterolemia® - - - - 3.0 6.0 3.0 13.0
Calcium (mg/dL)? 8.8 0.7 8.8 08 - - - _
Phosphorus (mg/dL)? 4.2 1.3 47 1.1 . - N _
Hyperphosphatemia® - - - - 12.0 24.0 0.0 0.0*
Hyperkalemia® - - - - 20.0 40.0 8.0 34.8

Note: *: p-value: p<0.05; %: Relative frequency; 2 Student t test; ®: Mann Whitney U-test; < Pearson’s Chi-square test; Kt/V: Dialysis efficiency;
Hypercholesterolemia: Cholesterol >5.18mmol/L; Hyperglycemia: Postprandial glucose >7.77mmol/L; Hyperkalemia: Serum potassium
>5.5mmol/L; Hyperphosphatemia: Serum phosphorus >1.77mmol/L; Hypertriglyceridemia: Triglycerides >2.26mmol/L.

BMI: Body Mass Index; HD: Hemodialysis; M: Mean; SD: Standard Deviation.

With respect to dietary consumption, the median caloric intake of individuals in HD was 2,526kcal
per day (937-6,385kcal/d), being 11.0% of daily caloric intake from processed and ultra-processed
foods. The most consumed foods were the type “refined flours”.

Figure 1 shows the contributions of processed and ultra-processed food nutrients relative to
the total intake of some nutrients. Trans fatty acids from processed and ultra-processed food were
the main contributors in the total daily intake, representing 53.0% of total consumption. Moreover,
individuals with higher consumption of processed and ultraprocessed showed higher energy intake
of macro and micronutrients daily, except for carbohydrates and polyunsaturated fat, as shown in
Table 2.

Moreover individuals who had higher food consumption of processed and ultra-
processed (>128.4g/day; 3.3-837), had higher pre-dialysis urea and serum phosphorus
values, when compared to those of lower consumption (Table 3). Interestingly, pre-dialysis
serum urea was also higher (p=0.021) among individuals with higher consumption of processed
meats, sausages and ready preparations (Figure 2 a). The same was observed in consumption
of sauces and seasoning salt-based in relation to serum potassium (p=0.002), as shown in
Figure 2 b.
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Figure 1. Contribution (% daily intake) of specific nutrients from processed and ultra-processed foods among hemodialysis individuals
(n=73).

Table 2. Daily consumption of calories, macro and micronutrients of individuals according to the consumption of processed and
ultra-processed foods. Vicosa, (MG), Brazil, 2015.

Low consumption High consumption

Daily intake <128.4 (g/day) (n=36) >128.4 (g/day) (n=37)

My (P,sPs) My (P,sPys)
Calories (day) 1921.0 937.0-3798.0 2989.0 1251.0-6385.0*
Protein (g/kg dry weight) 1.0 0.4-2.9 1.4 0.5-3.0*
Lipids (%Cl) 31.0 5.8-41.5 32.0 22.3-36.0"
Carbohydrates (%Cl) 52.0 27.0-92.0 48.0 45.0-58.0"
Cholesterol (mg/day) 198.0 14.0-683.0 301.0 55.0-760.0"
Saturated fat (%Cl) 8.0 5.0-15.0 9.6 6.0-10.4"
Monounsaturated fat (%Cl) 9.8 5.7-15.0 10.5 7.0-11.0%
Polyunsaturated fat (%Cl) 12.0 3.8-16.0 11.0 4.3-10.4"
a-Linolenic acid (g/day) 4.8 0.8-16.0 8.0 3.0-18.0%
Linoleic acid (g/day) 20.0 0.0-60.0 27.0 4.0-61.0"
Trans fatty acid (g/day) 2.5 0.4-16.0 4.3 1.4-16.0°
Phosphorus (mg/day) 778.0 323.0-2809.0 1265.0 528.0-2783.0%
Sodium (mg/day) 3135.0 1251.0-7327.0 4747.0 1685.0-9655.0

Note: *: p<0.05 according to Mann Whitney U-test; CI: Caloric Intake; HD: Hemodialysis; M, Median.
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Table 3. Demographic, clinical, nutritional and metabolic characteristics of Hemodialysis individuals, according to the consumption of
processed and ultra-processed foods. Vicosa, (MG), Brazil, 2015.

Low consumption <128.4 (g/day) (n=36)

High consumption >128.4 (g/day) (n=37)

Variables

Sex?

Male 67.6 69.4
Female 3255 30.6
Age?

Adult 24.3 47.2"
Elderly 75.7 52.8
Weight-status?

Normal-weight 48.6 50.0
Underweight 21.6 333
Overweight 29.7 16.7

Metabolic markers

Low consumption <128.4 (g/day) (n=36)

High consumption >128.4 (g/day) (n=37)

M/M, SD/P,-P. M/M, SD/P,-P.
Serum calcium (mmol/L)® 2.20 0.3 2.20 0.20
Calcium-phosphorus product® 42.00 11.0 37.00 11.00
Serum phosphorus(mmol/L)¢ 1.32 0.8-2.5 1.58 0.60-2.40"
Potassium(mmol/L)P 5.30 1.0 5.50 0.70
Glucose(mmol/L)® 8.15 6.6-9.8 7.54 5.10-10.00
Hemoglobin (g/L)b 116.00 16.0 110.00 24.00
Hematocrit(ratio of 1.0)® 0.36 0.04 0.34 0.07
Kt/\vb 1.50 0.40 1.60 0.30
Total cholesterol(mmol/L)® 3.78 0.98 3.85 0.95
Triglycerides(mmol/L)¢ 1.69 1-2.45.0 2.20 1.20-2.60
Creatinine (mmol/L)® 760.00 212.0 804.00 238.00
Pre-dialysis urea(mmol/L)¢ 37.10 32.0-41.0 47.10 34.00-40.00"
Post-dialysis urea(mmol/L)® 10.40 8.5-13.5 11.40 9.20-17.50

Note: *: p<0.05. %: 2 Pearson’s Chi-square test; ®: Student ¢ Test; & Mann Whitney U-test; Adults <59 years and elderly >60 years.

HD: Hemodialysis; Kt/V: Dialysis efficiency; M: Mean; M : Median; SD: Standard Deviation.

A
140,01
130,04

120,01

Pre-dialysis urea

110,01

100,04

T
Low median

High median

Consumption of processed meats, sausages and ready meals

Figure 2. Metabolic markers according to the consumption of processed and ultra-processed foods

Serum potassium

T
Low median

High median

Consumption of spices and processed sauces

Note: Serum pre-dialysis urea (a) and potassium (b), according to specific processed and ultra-processed foods; p-values from Mann Whitney
U-test; Values are presented as median and 95% Confidence Interval; Low (n=36) and high (n=37) consumers, according median values as cutoff
(319 for consumption of processed meats, sausages and ready meals; and 2,2g for consumption of spices and processed sauces, respectively).
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DISCUSSION

In this cross-sectional study, HD subjects who consumed more processed and ultra-processed
foods had higher serum concentrations of pre-dialysis urea and phosphorus, important metabolic
biomarkers in the CKD Stage-5. According to our literature search, apparently, this is the first study
to evaluate the consumption of processed and ultra-processed food in HD individuals and its relation
with metabolic markers. Processed and ultra-processed food, defined as industrialized products added
sodium, sugar, fats and artificial substances, has been linked with poor diet quality due to increased
consumption of these food additives [15]. Ultra-processed foods are attractive to the population
because of their convenience (ready for consumption); pleasant taste; low cost, which makes them
profitable and easy to find and transport. In addition, these products are advertised by the media with
advertisements that influence the choices of the population [3].

In this study, the average consumption of these foods was 128.4g/day. The consumption of
calories, sodium and phosphorus was higher among individuals with high consumption of processed
and ultra-processed. Thus, the phosphorus intake of these subjects was above the recommendation
[22], as the processed foods are added this mineral with high bioavailability [22,23]. Since phosphorus
retention is a risk factor for developing cardiovascular events and secondary hyperparathyroidism in
CKD [23], this group of foods should be avoided, besides avoiding other food sources, using correctly
phosphate binders and having a proper HD time.

Regarding lipid intake, the results were similar to those of Vaz et al. [24], Who assessed the fat
intake of HD individuals. The consumption of total lipids was adequate [17] but cholesterol, saturated
fat and trans fatty acids intake was above recommended [22], reflecting the low quality of dietary
fat profile.

Another interesting result of this study was the contribution of processed and ultra-processed
food in relation to total calories. In fact, individuals with higher consumption of processed and
ultra-processed food presented higher caloric intake, since these foods had high energy density
[15]. Another Brazilian research [25] had a lower mean intake of this food-group, compared to our
study, but this survey had been not conducted with HD patients. In turn, the sodium intake in our
population was higher than recommendation established for HD individuals [10]. Sodium intake from
processed and ultra-processed food represented 12.5% of the total sodium consumed. As found in
other studies the main source of this mineral is the addition salt [26].

However, individuals with higher consumption of processed and ultra-processed had higher
intake of this mineral, showing the importance of the reduction sodium intake by controlling the
consumption of these foods [26]. The current work also found a significant relationship between the
consumption of processed and ultra-processed foods and metabolic markers. Individuals with higher
consumption of these foods and the group of processed meats, sausages and ready preparations
showed higher values of pre-dialysis serum urea. These foods are recognized as protein sources [25]
and urea is directly related to the protein intake and endogenous degradation of proteins [12].

Thus, the higher the consumption of foods rich in protein, the higher the serum urea. Another
study that examined the phosphorus and protein content of the processed foods most consumed
by HD individuals noted that the amount of protein consumed in these foods was greater than in
the fresh food, due to the presence of food additives rich in nitrogen, such as nitrites and nitrates
[4]. Our results suggest that the consumption of these foods can interfere with uremic control of HD
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individuals, which is crucial for life quality and retarding morbidity and mortality in these patients.
In turn, the serum potassium values were higher in individuals with a higher intake of ready sauces
and seasoning salt-based. The sauces and tomato extracts should be avoided for containing large
amounts of this nutrient [27], explaining the cause of elevated serum potassium.

Although there has been no difference among individuals with hyperkalemia and the
consumption of processed and ultra-processed foods, hyperkalemia is a major cause of cardiac
complications, because it increases the excitability of the nervous and cardiac systems [28,29].
However, our study is the first to report that these associations need more studies to establish factors
and mechanisms involved.

Our study had certain limitations. First, since the nature of this study is cross-sectional, we
cannot prove that the reported associations are causal because residual confounding may have
affected the observed associations. Second, dietary exposures can be misclassified despite the good
correlation between food frequency questionnaires and usual diet, but the dietary questionnaire
has been successfully applied to investigate the relationship between food-groups consumption and
metabolic markers [20,30]. Third, although the sample size is adequate from the standpoint of initial
association discovery, further replication in independent and larger samples will be convenient for a
future translational application at population level.

CONCLUSION

In conclusion, this cross-sectional study found an important consumption of processed and
ultra-processed foods among HD individuals, being related to phosphorus and serum urea, which are
important metabolic markers in this population. In addition, the content of trans fatty acids and salt
of these foods may also be involved in this relationship, so the consumption of processed and
ultra-processed foods should be discouraged.
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