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HIGHLIGHTS  

● Individuals who consume more fresh and minimally processed foods had higher average 

potassium intake values. 

● A sample of adult university workers shows a high consumption of ultra-processed foods. 

● Sample of adult university workers does not meet WHO recommendations for sodium (in 

excess) and potassium (in deficit) intake. 
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ABSTRACT  

Introduction: Higher consumption of ultra-processed foods (UPF) had been associated with higher 

risk of non-communicable diseases (NCD) and NCD-promoting nutrient profile such as high sodium 

content and low potassium content. The objective of the study was to evaluate the level of food 

processing according to the NOVA classification and its relationship with sodium and potassium 

intake estimated by 24-hour urinary excretion. 

Methods: This is a cross-sectional study. Data collection included 107 workers from a public 

university (51.4% female; mean age 47 years) participating in an iMC Salt clinical trial). A 24-hour 

urinary collection was used to estimate sodium and potassium intake, validated by the creatinine 

coefficient. The corresponding 24-hour dietary recall was used to assess food intake and foods were 

categorized using the NOVA classification according to the degree and purpose of processing, into 

four groups. Nutri-score was also used to categorize UPF and provide more information about the 

nutritional quality of products. 

Results: The largest energy contribution came from the group of unprocessed or minimally 

processed foods (51.6%), followed by UPF (24%), processed foods (21.8%) and processed culinary 

ingredients (2.6%). Individuals with the lowest caloric contribution of the consumption of UPF had 

higher average values of potassium (K) intake (1438 vs 1136 mg/1000kcal; p=0.007), as 

individuals with the highest weight contribution of the consumption of unprocessed or minimally 

processed foods (1434 vs 1109 mg/1000kcal; p=0.010). For sodium (Na) intake no significant 

results were found between individuals with the lowest and the highest consumption of each NOVA 

group. 

Conclusions: Higher consumption of fresh or minimally processed foods and lower UPF intake 

were associated with higher K intake values. On the other hand, higher UPF intake was not 

associated with higher Na intake values. 

Funding: This work was supported by Fundação para a Ciência e Tecnologia by Grant POCI-01-

0145-FEDER-029269) and by the European Regional Development Fund (ERDF) through NORTE 

2020 (Northern Regional Operational Program 2014/2020) - NORTE-01-0145-FEDER-072687. 

Keywords: Food processed; Sodium; Potassium 

 

RESUMEN 

Introducción: Un mayor consumo de alimentos ultraprocesados (UPF) se ha asociado con un 

mayor riesgo de enfermedades no transmisibles (ENT) y un perfil de nutrientes que promueve las 
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ENT, como un alto contenido de sodio y un bajo contenido de potasio. El objetivo del estudio fue 

evaluar el nivel de procesamiento de los alimentos según la clasificación NOVA y su relación con la 

ingesta de sodio y potasio estimada por la excreción urinaria de 24 horas. 

Metodología: Este es un estudio transversal. La recopilación de datos incluyó a 107 trabajadores 

de una universidad pública (51,4% mujeres; edad media 47 años) que participaron en un ensayo 

clínico iMC Salt NCT03974477). Se utilizó una muestra de orina de 24 horas para estimar la ingesta 

de sodio y potasio, validada por el coeficiente de creatinina. Se utilizó el correspondiente 

recordatorio dietético de 24 horas para evaluar la ingesta de alimentos y los alimentos se 

clasificaron mediante la clasificación NOVA según el grado y finalidad de procesamiento, en cuatro 

grupos. Nutri-score también se utilizó para categorizar UPF y proporcionar más información sobre 

la calidad nutricional de los productos. 

Resultados: El mayor aporte energético provino del grupo de alimentos no procesados o 

mínimamente procesados (51,6%), seguido de UPF (24%), alimentos procesados (21,8%) e 

ingredientes culinarios procesados (2,6%). Los individuos con menor aporte calórico del consumo 

de UPF tuvieron mayores valores promedio de ingesta de potasio (K) (1438 vs 1136 mg/1000kcal; 

p=0,007), que los individuos con mayor aporte de peso del consumo de alimentos no procesados 

o mínimamente procesados. (1434 vs 1109 mg/1000kcal; p=0,010). Para la ingesta de sodio (Na) 

no se encontraron resultados significativos entre los individuos con el consumo más bajo y alto de 

cada grupo NOVA. 

Conclusiones: Un mayor consumo de alimentos frescos o mínimamente procesados y una menor 

ingesta de UPF se asociaron con mayores valores de ingesta de K. Por otro lado, una mayor ingesta 

de UPF no se asoció con mayores valores de ingesta de Na. 

Financiación: Este trabajo fue apoyado por la Fundação para a Ciência e Tecnologia mediante la 

subvención POCI-01-0145-FEDER-029269) y por el Fondo Europeo de Desarrollo Regional (FEDER) 

a través de NORTE 2020 (Programa Operativo Regional del Norte 2014/2020) - NORTE- 01-0145-

FEDER-072687. 

Palabras clave: Alimentos procesados; Sodio; Potasio 

http://creativecommons.org/licenses/by-nc-sa/4.0/


Rev Esp Nutr Hum Diet. 2024; 28(2).  Freely available online - OPEN ACCESS 

doi: 10.14306/renhyd.28.2.2140 [ahead of print] 

 

5 

Esta obra está bajo una licencia de Creative Commons Reconocimiento-NoComercial-CompartirIgual 4.0 Internacional 

INTRODUCTION 

The consumption of ultra-processed food (UPF) has increased globally during the last decades1,2. 

These products are displacing healthy dietary patterns based on meals prepared from 

unprocessed or minimally processed foods and culinary ingredients1.  

A food classification according to level and extent of processing is a complement to current food 

classifications systems and gives us new insight into current dietary patterns.  Several methods to 

group foods according to their processing level have been proposed3. The NOVA classification 

developed by researchers from the University of São Paulo1 was already studied to explore the 

relation between food processing and health4. The NOVA classification categorizes food and food 

products into four distinct groups (unprocessed or minimally processed foods, processed culinary 

ingredients, processed foods and UPF and drink products) according to the nature, extent and 

purpose of the industrial processing1. 

A great part of actual diets includes UPF, which are associated with unbalanced nutritional intakes, 

strongly associated with non-communicable diseases (NCD)-promoting nutrients: a higher content 

of total fat, saturated fat, added sugar, energy density, and sodium and lower in NCD-protective 

nutrients: fibre and potassium5,6.  

The consumption of UPF is a matter of concern in the nutritional quality of the diet and long-term 

health impacts. The evidence has shown that a high dietary intake of UFP is associated with 

multiple adverse health outcomes and NCD7. It is particularly significant, since the prevalence of 

diet-related chronic NCD, such as obesity, type II diabetes, hypertension and cancer, is increasing 

worldwide8. 

Several observational studies have showed that higher proportions of UPF in the diet is associated 

with higher incidences of coronary heart and cerebrovascular diseases9 as well as with a higher 

risk of hypertension10.  

Globally sodium intakes are commonly in excess. High levels of dietary sodium are highly 

associated with increased blood pressure and total CVD mortality Hypertension-related CVD is a 

leading cause of mortality and morbidity worldwide11. In addition, potassium intake may have some 

cardiovascular protective effect. The evidence has shown that increasing current potassium to 

recommended levels may lower blood pressure12. The urine sodium-potassium ratio (Na/K ratio) is 

also considered an important measure as it has been shown to be more strongly associated with 

blood pressure outcomes than sodium or potassium alone13. 

http://creativecommons.org/licenses/by-nc-sa/4.0/
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The objective of the study was to evaluate the level of food processing according to the NOVA 

classification and its relationship with sodium and potassium intake estimated by 24-hour urinary 

excretion. 

 

METHODS  

Study Population 

Cross-sectional study, carried out with the convenience sample from the baseline assessment of 

the iMC SALT study, a clinical study that began in 2019 and ended in September 2020. The study 

methodology has already been published in a protocol14.  

Participants were recruited from the staff of one public Portuguese university in annual 

occupational health appointment carried out by the doctor responsible for the appointment. 

The same eligibility criteria as the clinical study were used in this study. The following were the 

eligibility criteria used by the doctor responsible for the occupational health appointment: adult 

(>18 years), frequently eats home- cooked meals (more than 4 days a week and at least 3 Sundays 

per month), one annual occupational health appointment at the hospital and reports motivation 

to control dietary salt consumption. The following were the exclusion criteria: pregnant, with 

hypotension, kidney disease, active infection that impacts renal function, urinary incontinence, 

acute coronary syndrome, severe liver disease or heart failure, not using salt for cooking, and staff 

member of the faculty that promotes the study14. 

Baseline data collection included 114 participants, however the sample used for this study has 107 

participants (female 51.4%; mean age 47 years), since 7 participants were excluded due to invalid 

urine collection. 

The study was conducted according to the guidelines of the Declaration of Helsinki and approved 

by the Ethics Committee of Centro Hospitalar de São João (Approval Code: 11/2019, Approval Date: 

15 February 2019). 

Sociodemographic and anthropometric variables 

Sociodemographic characteristics (gender, age and education) were assessed using the 

sociodemographic questionnaire based on the WHO STEPS questionnaire and participant then 

undergoes anthropometric measurements. 

http://creativecommons.org/licenses/by-nc-sa/4.0/
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All measurements were performed with participants wearing light clothing and without shoes, 

body composition (body mass index (BMI) and weight) were assessed using Tanita MC180MA body 

composition analyser (Tanita, Illinois, USA). 

Sodium and potassium variables 

Sodium and potassium were assessed trough a 24h urinary collection (by indirect potentiometry), 

validated by the coefficient of creatinine. Samples were excluded when creatinine (mg/day/kg) was 

<10.8 and >25.2 in women and <14.4 and >33.6 in men15. 

Participants received instructions to start the 24-h urinary collection the day before the baseline 

assessment and maintain their usual dietary and physical activity patterns. The first morning urine 

was discarded and afterwards all the urine were collected in an appropriated container during the 

entire day, during the night and including the first morning urine when getting up on the following 

day. 

Dietary variables 

Dietary intakes referring to the day of urine collection were collected using one 24-hour dietary 

recall administrated by trained researchers using a photographic book and household measures 

to quantify portion sizes16. 

The nutritional composition of the 24-h dietary recall was assessed using an adapted Portuguese 

version of the nutritional analysis software Food Processor Plus (ESHA Research Inc., Salem, OR, 

USA). Then the food and beverage items were categorized using the NOVA classification according 

to degree and purpose of processing, into four groups: unprocessed and minimally processed 

foods, processed culinary ingredients, processed foods and UPF1,4. 

The first NOVA group is of unprocessed or minimally processed foods include the natural edible 

food parts of plants, animals, fungi, algae and water. The processes they normally undergo have 

the main purpose of preservation1. 

The second NOVA group is of processed culinary ingredients derived directly from nature or from 

group 1 food by pressing, refining, grinding, milling, and spray drying. They are typically used to 

prepare, cook or season unprocessed or minimally processed foods1. Generally, in these group 

quantities are underestimated due to the difficulties that participants have in estimating the 

amounts used for cooking and most often report meals without specifying the ingredients of the 

recipe or report the consumption of ready-to-eat meals and away from home meals. The culinary 

ingredients included in this category were mainly sugar and butter. Discretionary salt was not 

included since it was not reported. 

http://creativecommons.org/licenses/by-nc-sa/4.0/
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The third NOVA group is of processed foods, these are usually made by adding ingredients from 

the second group to foods from the first group to increase the durability or palatability1. Some 

foods included in this group were breads, cheeses, canned fish, beer, cider and wine. 

The fourth NOVA group is of UPF and drink products, these are industrial formulations made from 

processed substances extracted or refined from whole foods and additives, with a small proportion 

or even no group 1 foods1,2,4. These products are attractive, convenient, hyper-palatable, cheap, 

ready-to-consume or to heat, have a long shelf-life, and are highly competitive with foods that are 

naturally ready to consume and freshly prepared meals1,2,4. Ingredients only found in UPF include 

additives whose purpose is to imitate sensory qualities (e.g. ice-cream, chocolate, candies 

margarines and spreads, cookies). 

Whenever possible, the standardised recipes from Portuguese table of food composition17 were 

used to identify and disaggregate homemade food preparations and applied the NOVA 

classification to the ingredients. In case of doubt, the food preparation was categorised according 

to the main constituent ingredient. 

The Nutri-score a five colour (from green/A to red/E) front-of-pack labelling system, was used to 

categorize UPF to provide more information on the nutritional quality of products. Participants 

without consumption of UPF and with the consumption of alcoholic beverages (more than 1.2% 

alcohol) were excluded from this classification, since Nutri-score does not apply to alcoholic drinks 

containing more than 1.2% alcohol18. 

Nutri-score converts the nutritional value of the food and beverages into a score, which represents 

the balance between the content in nutrients to limit (calories, saturated fat, sugars and sodium) 

and the content in nutrients to encourage (fibre, proteins, nuts, fruit and vegetables). The Open 

Food Facts19 (a collaborative and open database of food products) was used to categorize food and 

beverages from green/A (better profile) to red/E(worst profile). When it was not possible to have 

access to the food or beverage brand, products were categorised according to most common 

classification for that group food. Artisanal preparations that were UPF, were categorized using a 

Nutri-score calculation tool20,21. 

Statistical analysis 

For each participant, the proportion of unprocessed and minimally processed foods, processed 

culinary ingredients, processed foods and UPF in total energy (%Kcal/day) and in total weight 

(%g/day) of food and beverages consumed was calculated. The use of these proportion of caloric 

and weight contribution of each NOVA group allows us to assess the quality of the diet, since it 

http://creativecommons.org/licenses/by-nc-sa/4.0/
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reduces the differences in the total energy and weight consumed between individuals. Additionally, 

participants for each NOVA group were split into two groups (lowest and highest intakes) by the 

median. For each participant, the proportion of each Nutri-score group in total energy of UFP was 

calculated. 

The Kolmogorov-Smirnov test was used to assess the assumption of normality. Independent 

Sample T-test or Mann–Whitney U test were performed to compare continuous variables.  

To analyse the association between sodium and potassium excretion and the NOVA classification, 

multiple linear regression was performed, with 95% confidence intervals. 

Data were analysed using IBM SPSS Statistics, Version 27. A p-value <0.05 was considered to 

indicate statistical significance. 

 

RESULTS 

Descriptive characteristics of the sample (n=107) are presented in Table 1, 51.4% were women, 

mean age was 47.4 (10.4) (range 24–69) years, mean BMI was 25.9 (3.9) kg/m2, mean energy 

consumption was 2196±756 kcal and mean weight consumption 2903 (948) g. 

The education level was similar in both sexes, 90.4% of male and 83.6% female have university 

level of education. 

On average, 24h urinary sodium excretion was 3244 (1329) mg/day (corresponding to average 

8.25 g of salt), 24h urinary potassium excretion was 2654 (760) mg/day and Na/K ratio was 2.2 

(1.0). 

The largest energy and weight contribution came from the minimally processed foods group 

(51.6% and 81%, respectively), followed by UPF (24% and 10.1%, respectively), processed foods 

(21.8% and 8.6%, respectively) and processed culinary ingredients (2.6% and 0.3%, respectively).  

Table 1. Characterization of participants by gender (age, body mass index, dietary intake, and 

urinary excretion). 

 All 
(n= 107) 

Male 
(n= 52) 

Female 
(n= 55) 

p 

Age (y) a,c 47.4 (10.4) 49.2 (11.0) 45.8 (9.6) 0.091 
BMI (kg/m2) a,c 25.9 (3.9) 27.0 (3.6) 24.9 (4.0) 0.006 

Energy consumption 
(kcal) a,c 

2196 (756) 2430 (761) 1976 (688) 0.002 

http://creativecommons.org/licenses/by-nc-sa/4.0/


Rev Esp Nutr Hum Diet. 2024; 28(2).  Freely available online - OPEN ACCESS 

doi: 10.14306/renhyd.28.2.2140 [ahead of print] 

 

10 

Esta obra está bajo una licencia de Creative Commons Reconocimiento-NoComercial-CompartirIgual 4.0 Internacional 

Weight consumption 
(g) b,d 

2800 (2324, 3365) 2960 (2443, 3554) 2743 (2300, 3090) 0.191 

Na (mg/day) a,c 3244 (1329) 3876 (1340) 2646 (1012) <0.00
1 

Na (mg/1000kcal) b,d 1472 (1019, 2146) 1498 (1153, 2363) 1410 (815, 1970) 0.100 
K (mg/day) a,c 2654 (760) 2957.3 (789.0) 2368.4 (613.0) <0.00

1 
K (mg/1000kcal) b,d 1308 (914, 1585) 1287 (890, 1645) 1324 (922, 1497) 0.980 

Na/K ratio b,d 2.0 (1.5, 2.6) 2.1 (1.6, 3.1) 1.8 (1.4, 2.4) 0.028 
NOVA1 (%kcal/day)a,c 51.6 (19.7) 53.8 (18.8) 49.5 (20.5) 0.256 
NOVA2 (%kcal/day)b,d 1.6 (0.0, 2.9) 0.4 (0.0, 2.3) 2.1 (0.0, 4.3) 0.008 
NOVA3 (%kcal/day)b,d 20.2 (10.8, 31.6) 21.7 (9.6, 36.7) 16.5 (11.1, 26.8) 0.273 
NOVA4 (%kcal/day)b,d 19.1 (12.3, 35.4) 16.9 (11.6, 29.4) 24.0 (12.3, 39.4) 0.216 

NOVA1 (%g/day) b,d 84.5 (76.3, 90.4) 84.5 (71.9, 89.9) 84.5 (78.9, 90.8) 0.229 
NOVA2 (%g/day) b,d 0.2 (0.0, 0.4) 0.1 (0.0, 0.3) 0.3 (0.0, 0.4) 0.017 
NOVA3 (%g/day) b,d 5.9 (3.0, 10.8) 7.8 (3.2, 18.3) 5.3 (2.9, 9.5) 0.063 
NOVA4 (%g/day) b,d 7.0 (2.9, 14.2) 6.9 (2.7, 13.2) 7.1 (2.9, 14.8) 0.879 

 (n=97) (n=48) (n=49)  
Nutri-score A 

(%kcal/day) b,d 
0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 3.5) 0.281 

Nutri-score B 
(%kcal/day) b,d 

0.0 (0.0, 9.8) 0.0 (0.0, 0.0) 0.0 (0.0, 42.5) 0.059 

Nutri-score C 
(%kcal/day) b,d 

0.0 (0.0, 41.6) 0.0 (0.0, 42.4) 0.0 (0.0, 42.5) 0.753 

Nutri-score D 
(%kcal/day) b,d 

33.4 (0.8, 67.1) 51.0 (20.3, 86.6) 19.4 (0.0, 44.8) 0.005 

Nutri-score E 
(%kcal/day) b,d 

0.0 (0.0, 33.4) 0.0 (0.0, 20.3) 0.0 (0.0, 42.7) 0.644 

Note: Nutri-Score is a front-of-pack nutritional label based on a scale of letters A the best 
nutritional quality to E the lowest. BMI, Body mass index; Na, Sodium; K, Potassium. a Analysis 
by Student t test for continuous variables. b Analysis by Mann-Whitney U test. c Values are mean 
(standard deviation). d Values are median (P25, P75). 

 

As shown in Table 2 individuals with the lowest caloric contribution of UFP to daily intake had higher 

average values of potassium excretion (mg/1000kcal) (p=0.007). To sodium and ratio sodium-

potassium was not found significant differences between the UPF bigger and lower eaters. 
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Table 2. Characterization of the study participants. 

Estimated intake 

Ultra-processed foods (% kcal/ day) 

Lower intake 
(0.0% to 19%)e 

Higher intake 
(19% to 71%)e p 

Na mg/day a,c 3279 (1236) 3210 (1426) 0.788 
Na mg/1000kcal b,d 1605 (1026, 2398) 1318 (981, 1897) 0.100 

Na/K ratio b,d 1.9 (1.4, 2.6) 2.0 (1.5, 2.9) 0.485 
K mg/day a,c 2800 (853) 2512 (634) 0.051 

K mg/1000kcal b,d 1438 (1053, 1765) 1136 (845, 1419) 0.007 
Na, Sodium; K, Potassium. a Analysis by Student t test for continuous variables. b Analysis by 

Mann-Whitney U test. c Values are mean (standard deviation). d Values are median (P25, P75). e 
Median: 19.12; Minimum: 0.00; Maximum: 70.71. 

 
In Table 3 are presented the contribution of NOVA groups in weight, individuals with the highest 

weight contribution of the consumption of unprocessed or minimally processed foods had higher 

average values of potassium excretion (mg/1000kcal) (p=0.010) and individuals with the lowest 

weight contribution of the consumption of processed culinary ingredients had higher average 

values of potassium excretion (mg/day) (p=0.009). 
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Table 3. Urinary data on sodium and potassium excretion by lowest or highest intakes of minimally 

processed foods, processed culinary ingredients, processed foods, and ultra-processed foods 

(%g/day). 

Estimated 
intake 

Unprocessed or 
minimally 

processed foods 
(%g/day) 

Processed 
culinary 

ingredients 
(%g/day) 

Processed foods  
(%g/day) 

Ultra-processed 
foods (%g/day) 

LI HI p LI HI p LI HI p LI HI p 
Na mg/day 

a,c 

318
1 

330
7 

0.62
5 

345
4 

303
9 

0.10
6 

311
5 

337
2 

0.32
0 

326
8 

322
1 

0.85
5 

Na 
mg/1000kc
al b,d 

131
6 

158
6 

0.08
0 

160
5 

139
1 

0.63
1 

148
4 

139
1 

0.78
9 

156
1 

135
9 

0.29
8 

Na/K ratio b,d 

2.0 1.9 
0.66

7 
1.8 2.0 

0.33
7 

1.8 2.0 
0.08

3 
1.9 2.0 

0.53
5 

K mg/day a,c 256
2 

274
6 

0.21
1 

284
8 

246
5 

0.00
9 

266
2 

264
8 

0.92
5 

273
8 

257
3 

0.26
2 

K 
mg/1000kc
al b,d 

110
9 

143
4 

0.01
0 

130
8 

131
0 

0.36
3 

135
9 

108
6 

0.05
8 

135
9 

128
4 

0.13
2 

LI, Lowest intakes; HI, Highest intakes; Na, Sodium; K, Potassium. a Analysis by Student t test 
for continuous variables. b Analysis by Mann-Whitney U test. c Values are mean. d Values are 

median. 
 

Table 4 presents the possible degrees of processing of the NOVA classification associated with the 

excretion of sodium and potassium. 

Potassium excretion was associated with the consumption of fresh or minimally processed foods 

(B=0.205, 95% CI =0.012-0.327). 

Multiple linear regression analyzes indicated that all other possible degrees of processing of the 

NOVA classification were not significantly associated with potassium excretion. There was no 

association between sodium excretion and the degree of processing according to the NOVA 

classification. 
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Table 4. Analysis of the association between sodium and potassium excretion and the nova 

classification according to its degree of processing. 

  B 95% CI 

Sodium (mg/day) 

Model 1 
NOVA1 (%g/day) 
NOVA2 (%g/day) 
NOVA3 (%g/day) 
NOVA4 (%g/day) 

 
-0.018 
-0.108 
0.083 
0.024 

 
[-0.311; 0.260] 

[-44.582; 12.990] 
[-0.653; 1.608] 
[-0.716; 0.913] 

Potassium (mg/day) 

Model 1 
NOVA1 (%g/day) 
NOVA2 (%g/day) 
NOVA3 (%g/day) 
NOVA4 (%g/day) 

 
0.205 
-0.137 
0.169 
0.002 

 
[0.012; 0.327] 

[-27.406; 4.325] 
[-0.066; 1.180] 
[-0.444; 0.453] 

B, Standardized Coefficients Beta; 95% CI, 95,0% Confidence Interval for B 

Finally, UPF (n=97 participants) were categorized by Nutri-score (Figure 1) and the largest energy 

contribution came from group D (39.7%), followed by C (21.2%), E (17.9%), B (13%) and A (8.2%).  

Figure 1. Relative contribution (%) of each Nutri-score group to consumption of ultra-processed 

food in diet. 

 

 

DISCUSSION  

The purpose of this study was to better understand the contribution of foods according to their 

level of processing and the relationship with the subjects' sodium and potassium excretion. 

A. 8%

B. 13%

C. 21%

D. 40%

E. 18%

Nutri-score groups contribuition to 
total ultraprocessed foods 

A B C D E
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In this sample from the staff of one public Portuguese university, 77.6% of the participants exceed 

the WHO recommendations for daily sodium intake (2000 mg/day), 84.1% did not meet WHO 

recommendations for daily potassium intake (3510 mg/day) and 98.1% were largely above the 

Na/K ratio recommended. A previous study in the Portuguese population22 also shown that 

averages intakes of sodium and potassium were far from meeting the daily WHO 

recommendations.  

Our results show that in this sample about one-quarter of daily energy intake came from UPF. The 

NOVA group that contributed the most to the total energy and weight was unprocessed and 

minimally processed foods, followed by UPF, processed foods and processed culinary ingredients. 

These pattern is consistent with the previous reported in studies Belgium23, Canada24 and Brazil25. 

The UPF and beverages are usually recognized as products with a lower nutritional quality4,6. As 

predictable in our results the largest energy and weight contribution of UPF came from the Nutri-

score groups with the lowest nutritional quality (C, D and E). 

The participants that ingest more unprocessed and minimally processed foods had higher average 

values of potassium (mg/1000kcal) excretion (in g). These results can be explained by the dietary 

food sources of potassium, since national data shows that fruits, vegetables and pulses were the 

main sources of population’s potassium intake  (19,9%)26. Previous studies in Japan27 shown that 

individuals with a higher dietary potassium intake consumed more vegetables, fruits, fish, and 

milk. Another study in Poland28, shows that around 82% of dietary potassium intake mostly came 

from unprocessed or minimally processed foods. 

In the line with main sources of potassium be fruits, vegetables and pulses, the results also shows 

that participants that showed lowest energy contributions of UPF had higher average values of 

potassium intake (mg/1000kcal). These results are consistent with a previous study in Canada 

that shown that potassium intake (mg/1000kcal) decreased with the increase of dietary share of 

UPF6, similar results were found in a sample of USA adults29, in SUN prospective cohort study30, in 

Brazil5,31 and in UK32. 

The results shown that individuals with the lowest weight contribution of the consumption of 

processed culinary ingredients had higher average values of potassium (mg/day). This finding may 

be explained by the fact that the quantification of foods from the second group of NOVA (e.g. 

discretionary salt and olive oil) cannot be estimated accurately and the foods included in this group 

aren’t used in food preparation and cooking (e.g. butter and sugar).  
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UPF are usually products with higher content in sodium, so it was expected that participants high 

dietary share of UPF presented high intake of sodium. However, our results shown no significant 

differences in average intakes of sodium between highest and lowest consumptions of UPF. This 

pattern of results is also found in other studies25,29,33. One interpretation of these findings is that 

dietary sodium derives from three sources: the sodium found naturally in food, the salt added to 

processed and UPF by food industry and the salt added to food during cooking and food 

preparations (discretionary salt), since in our study discretionary dietary salt cannot be correctly 

estimated this could affect the results. This fact could be relevant, since data from Portuguese 

population shown that the main source of salt consumption is the salt added during food 

preparation and cooking (29.2%)26. 

Our data suggest that highest dietary intakes of foods from NOVA group 1 could have higher 

intakes of sodium (p=0.080) and a possible explanation is that cooked meals (already seasoned) 

was included in the group 1 of unprocessed and minimally processed food and in that way 

discretionary salt was not accounted for in group 2 of processed culinary ingredients. 

Our study was the first study in occupational set that explore the association between UPF and 

sodium and potassium intake and is strengthened by the 24-hour urine collection, considered the 

clinical gold standard, to assess sodium and potassium intake. Conversely, the use of a 24-h dietary 

recall can be a limitation in our study, the success of the recall depends on the memory, 

cooperation and communication ability of the participants and also a single recall cannot describe 

a typical diet. Although, 24-hour recalls were administered by trained researchers using a 

photographic book and household measures to quantify portion sizes, which minimized this 

potential limitation. Additionally, salt added to food and food preparations cannot be accurately 

estimated since it was not reported and was not included in the second NOVA group. Furthermore, 

our sample is small, recruited from university staff and the majority of sample has superior 

education and consequently our results are of limited generalizability. 

Our results show that in our sample the consumption of ultra-processed foods is not associated 

with sodium consumption. In the future, it will be important to carry out more studies on this 

relationship to direct efforts towards the strategy to be used to reduce targeted sodium 

consumption according to the population. 
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CONCLUSIONS  

It is concluded that individuals who eat more fresh and minimally processed foods had higher 

average potassium intake values. No differences were found between UPF consumption and 

sodium. 

Reducing the dietary consumption of UPF and increasing the consumption of unprocessed or 

minimally processed foods can be an effective way to significantly improve the nutritional quality 

of diets and contribute to the prevention of CVD and other chronic diet related NCDs. 

 

AUTHORS’ CONTRIBUTIONS 

Study Design: CG, PM and OP; Data analysis and drafting of the manuscript: IA, TS-S and CG; 

Critical revision of the manuscript: CG, OP, PP, PM and TS-S; Approval of the final version for 

publication: all coauthors. 

 

FUNDING 

This work was supported by Fundação para a Ciência e Tecnologia by Grant POCI-01-0145-FEDER-

029269) and by the European Regional Development Fund (ERDF) through NORTE 2020 (Northern 

Regional Operational Program 2014/2020) - NORTE-01-0145-FEDER-072687. 

 

CONFLICTS OF INTEREST 

The authors declare that they have no conflicts of interest. 

  

http://creativecommons.org/licenses/by-nc-sa/4.0/


Rev Esp Nutr Hum Diet. 2024; 28(2).  Freely available online - OPEN ACCESS 

doi: 10.14306/renhyd.28.2.2140 [ahead of print] 

 

17 

Esta obra está bajo una licencia de Creative Commons Reconocimiento-NoComercial-CompartirIgual 4.0 Internacional 

REFERENCES  
(1) Monteiro CA, Cannon G, Levy R, Moubarac J-C, Jaime P, Paula Martins A, et al. NOVA. The star shines 

bright. World Nutrition. 2016;7(1-3):28-38. 

(2) Monteiro CA, Moubarac JC, Cannon G, Ng SW, Popkin B. Ultra-processed products are becoming 

dominant in the global food system. Obes Rev. 2013;14 Suppl 2(S2):21-8, doi: 10.1111/OBR.12107. 

(3) Moubarac J-C, Parra DC, Cannon G, Monteiro CA. Food Classification Systems Based on Food 

Processing: Significance and Implications for Policies and Actions: A Systematic Literature Review and 

Assessment. Curr Obes Rep. 2014;3(2):256-72, doi: 10.1007/S13679-014-0092-0. 

(4) Monteiro CA, Cannon G, Moubarac JC, Levy RB, Louzada MLC, Jaime PC. The UN Decade of Nutrition, 

the NOVA food classification and the trouble with ultra-processing. Public Health Nutr. 2018;21(1):5-

17, doi: 10.1017/S1368980017000234. 

(5) Costa Louzada ML, Ricardo CZ, Steele EM, Levy RB, Cannon G, Monteiro CA. The share of ultra-

processed foods determines the overall nutritional quality of diets in Brazil. Public Health Nutr. 

2018;21(1):94-102, doi: 10.1017/S1368980017001434. 

(6) Moubarac JC, Batal M, Louzada ML, Martinez Steele E, Monteiro CA. Consumption of ultra-processed 

foods predicts diet quality in Canada. Appetite. 2017;108:512-20, doi: 10.1016/J.APPET.2016.11.006. 

(7) de Araújo TP, de Moraes MM, Magalhães V, Afonso C, Santos C, Rodrigues SSP. Ultra-Processed Food 

Availability and Noncommunicable Diseases: A Systematic Review. Int J Environ Res Public Health. 

2021;18(14), doi: 10.3390/IJERPH18147382. 

(8) Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H, et al. A comparative risk assessment 

of burden of disease and injury attributable to 67 risk factors and risk factor clusters in 21 regions, 

1990-2010: a systematic analysis for the Global Burden of Disease Study 2010. Lancet. 

2012;380(9859):2224-60, doi: 10.1016/S0140-6736(12)61766-8. 

(9) Srour B, Fezeu LK, Kesse-Guyot E, Allès B, Méjean C, Andrianasolo RM, et al. Ultra-processed food 

intake and risk of cardiovascular disease: prospective cohort study (NutriNet-Santé). BMJ. 2019;365, 

doi: 10.1136/BMJ.L1451. 

(10) Mendonça R, Souza Lopes AC, Pimenta AM, Gea A, Martinez-Gonzalez MA, Bes-Rastrollo M. Ultra-

Processed Food Consumption and the Incidence of Hypertension in a Mediterranean Cohort: The 

Seguimiento Universidad de Navarra Project. Am J Hypertens. 2017;30(4):358-66, doi: 

10.1093/AJH/HPW137. 

(11) He FJ, Li J, MacGregor GA. Effect of longer term modest salt reduction on blood pressure: Cochrane 

systematic review and meta-analysis of randomised trials. BMJ. 2013;346(7903), doi: 

10.1136/BMJ.F1325. 

(12) Aburto NJ, Hanson S, Gutierrez H, Hooper L, Elliott P, Cappuccio FP. Effect of increased potassium 

intake on cardiovascular risk factors and disease: systematic review and meta-analyses. BMJ. 

2013;346(7903), doi: 10.1136/BMJ.F1378. 

(13) Iwahori T, Miura K, Ueshima H, Tanaka-Mizuno S, Chan Q, Arima H, et al. Urinary sodium-to-potassium 

ratio and intake of sodium and potassium among men and women from multiethnic general 

http://creativecommons.org/licenses/by-nc-sa/4.0/


Rev Esp Nutr Hum Diet. 2024; 28(2).  Freely available online - OPEN ACCESS 

doi: 10.14306/renhyd.28.2.2140 [ahead of print] 

 

18 

Esta obra está bajo una licencia de Creative Commons Reconocimiento-NoComercial-CompartirIgual 4.0 Internacional 

populations: the INTERSALT Study. Hypertens Res. 2019;42(10):1590-8, doi: 10.1038/S41440-019-

0263-1. 

(14) Gonçalves C, Silva-Santos T, Abreu S, Padrão P, Graça P, Oliveira L, et al. Innovative equipment to 

monitor and control salt usage when cooking at home: iMC SALT research protocol for a randomised 

controlled trial. BMJ Open. 2020;10(5), doi: 10.1136/BMJOPEN-2019-035898. 

(15) Ljungman S, Granerus G. The evaluation of kidney function in hypertensive patients. In: Larah JH, 

Brenner BM. Hypertension: pathophysiology, diagnosis, and management. New York: Raven Press. 

1995. 

(16) Marques M, Pinho O, de Almeida MDV. Ingredientes e valor nutricional de porções do Manual de 

Quantificação de Alimentos. Revista de Alimentação Humana 5(1): 37-58, 1999. 

(17) Instituto Nacional de Saúde. Tabela de Composição de Alimentos. 2007. Available from: 

http://www.insa.pt/. 

(18) Santé Publique France. Nutri-Score frequently asked questions scientific & technical. 2021. Available 

from: https://www.santepubliquefrance.fr/en/nutri-score. 

(19) Open Food Facts. 2024. Available from: https://world.openfoodfacts.org/. 

(20) Santé Publique France. Nutri-Score calculation tool. 2024. Available from: 

https://www.santepubliquefrance.fr/en/nutri-score. 

(21) van der Bend DLM, van Eijsden M, van Roost MHI, de Graaf K, Roodenburg AJC. The Nutri-Score 

algorithm: Evaluation of its validation process. Front Nutr. 2022;9, doi: 10.3389/FNUT.2022.974003. 

(22) Polonia J, Martins L, Pinto F, Nazare J. Prevalence, awareness, treatment and control of hypertension 

and salt intake in Portugal: changes over a decade. The PHYSA study. J Hypertens. 2014;32(6):1211-21, 

doi: 10.1097/HJH.0000000000000162. 

(23) Vandevijvere S, De Ridder K, Fiolet T, Bel S, Tafforeau J. Consumption of ultra-processed food products 

and diet quality among children, adolescents and adults in Belgium. Eur J Nutr. 2019;58(8):3267-78, 

doi: 10.1007/S00394-018-1870-3. 

(24) Nardocci M, Leclerc BS, Louzada ML, Monteiro CA, Batal M, Moubarac JC. Consumption of ultra-

processed foods and obesity in Canada. Can J Public Health. 2019;110(1):4-14, doi: 10.17269/S41997-

018-0130-X. 

(25) Cattafesta M, Petarli GB, Zandonade E, de Paula Alves Bezerra OM, Ribeiro de Abreu SM, Salaroli LB. 

Energy contribution of NOVA food groups and the nutritional profile of the Brazilian rural workers’ 

diets. PLoS One. 2020;15(10), doi: 10.1371/JOURNAL.PONE.0240756. 

(26) Lopes C, Torres D, Oliveira A, Severo M, Alarcão V, Guiomar S, et al. Inquérito Alimentar Nacional e de 

Atividade Física, IAN-AF 2015-2016: Relatório metodológico Parte I. 2017. 

(27) Okuda N, Okayama A, Miura K, Yoshita K, Miyagawa N, Saitoh S, et al. Food Sources of Dietary 

Potassium in the Adult Japanese Population: The International Study of Macro-/Micronutrients and 

Blood Pressure (INTERMAP). Nutrients. 2020; 12(3):787, doi: 10.3390/nu12030787. 

(28) Górska-Warsewicz H, Rejman K, Laskowski W, Kowalcze K. Food Sources of Potassium in the Average 

Polish Diet. Nutrients. 2019;11(12), doi: 10.3390/NU11122905. 

http://creativecommons.org/licenses/by-nc-sa/4.0/


Rev Esp Nutr Hum Diet. 2024; 28(2).  Freely available online - OPEN ACCESS 

doi: 10.14306/renhyd.28.2.2140 [ahead of print] 

 

19 

Esta obra está bajo una licencia de Creative Commons Reconocimiento-NoComercial-CompartirIgual 4.0 Internacional 

(29) Kim H, Hu EA, Rebholz CM. Ultra-processed food intake and mortality in the USA: results from the Third 

National Health and Nutrition Examination Survey (NHANES III, 1988-1994). Public Health Nutr. 

2019;22(10):1777-85, doi: 10.1017/S1368980018003890. 

(30) Rico-Campà A, Martínez-González MA, Alvarez-Alvarez I, De Deus Mendonça R, De La Fuente-Arrillaga 

C, Gómez-Donoso C, et al. Association between consumption of ultra-processed foods and all cause 

mortality: SUN prospective cohort study. BMJ. 2019;365, doi: 10.1136/BMJ.L1949. 

(31) Costa Louzada ML da C, Martins APB, Canella DS, Baraldi LG, Levy RB, Claro RM, et al. Ultra-processed 

foods and the nutritional dietary profile in Brazil. Rev Saude Publica. 2015;49, doi: 10.1590/S0034-

8910.2015049006132. 

(32) Rauber F, Louzada ML da C, Steele EM, Millett C, Monteiro CA, Levy RB. Ultra-Processed Food 

Consumption and Chronic Non-Communicable Diseases-Related Dietary Nutrient Profile in the UK 

(2008−2014). Nutrients. 2018;10(5), doi: 10.3390/NU10050587. 

(33) Moubarac JC, Martins APB, Claro RM, Levy RB, Cannon G, Monteiro CA. Consumption of ultra-

processed foods and likely impact on human health. Evidence from Canada. Public Health Nutr. 

2013;16(12):2240-8, doi: 10.1017/S1368980012005009. 

  

http://creativecommons.org/licenses/by-nc-sa/4.0/

