1%3 nutrients

Article

Association of Dietary Sodium-to-Potassium Ratio with
Nutritional Composition, Micronutrient Intake, and Diet Quality
in Brazilian Industrial Workers

1

Anissa Melo Souza !, Ingrid Wilza Leal Bezerra 1.2,* Karina Gomes Torres 1, Gabriela Santana Pereira 102,

Raiane Medeiros Costa ! and Antonio Gouveia Oliveira

check for
updates
Academic Editors: James H. Swain

and Salvatore Minisola

Received: 27 June 2025
Revised: 26 July 2025

Accepted: 27 July 2025
Published: 29 July 2025

Citation: Souza, A.M.; Bezerra,
IL.W.L.; Torres, K.G.; Pereira, G.S.;
Costa, R.M.; Oliveira, A.G.
Association of Dietary
Sodium-to-Potassium Ratio with
Nutritional Composition,
Micronutrient Intake, and Diet
Quality in Brazilian Industrial
Workers. Nutrients 2025, 17, 2483.
https:/ /doi.org/10.3390/
nul7152483

Copyright: © 2025 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license

(https:/ /creativecommons.org/
licenses /by /4.0/).

1,3

Postgraduate Program in Nutrition, Health Sciences Center, Federal University of Rio Grande do Norte,
Natal 59078-900, RN, Brazil; anissa.souza.094@ufrn.edu.br (A.M.S.); karina.torres@ufrn.br (K.G.T.);
gabriela.pereira.016@ufrn.edu.br (G.S.P.); raiane.costa.092@ufrn.edu.br (R M.C.);
antonio.gouveia@ufrn.br (A.G.O.)

Nutrition Department, Health Sciences Center, Federal University of Rio Grande do Norte,

Natal 59078-900, RN, Brazil

Pharmacy Department, Health Sciences Center, Federal University of Rio Grande do Norte,

Natal 59078-900, RN, Brazil

Correspondence: ingrid.bezerra@ufrn.br

Abstract

Introduction: The sodium-to-potassium (Na:K) ratio in the diet is a critical biomarker for
cardiovascular and metabolic health, yet global adherence to recommended levels remains
poor. Objectives: The objective of this study was to identify dietary determinants of the
dietary Na:K ratio and its associations with micronutrient intake and diet quality. Methods:
An observational cross-sectional survey was conducted in a representative sample of man-
ufacturing workers through a combined stratified proportional and two-stage probability
sampling plan, with strata defined by company size and industrial sector from the state of
Rio Grande do Norte, Brazil. Dietary intake was assessed using 24 h recalls via the Multiple
Pass Method, with Na:K ratios calculated from quantified food composition data. Diet
quality was assessed with the Diet Quality Index-International (DQI-I). Multiple linear
regression was used to analyze associations of Na:K ratio with the study variables. Results:
The survey was conducted in the state of Rio Grande do Norte, Brazil, in 921 randomly
selected manufacturing workers. The sample mean age was 38.2 £ 10.7 years, 55.9% males,
mean BMI 27.2 £ 4.80 kg/ m?. The mean Na:K ratio was 1.97 + 0.86, with only 0.54%
of participants meeting the WHO recommended target (<0.57). Fast food (+3.29 mg/mg
per serving, p < 0.001), rice, bread, and red meat significantly increased the ratio, while
fruits (—0.16 mg/mg), dairy, white meat, and coffee were protective. Higher Na:K ratios
were associated with lower intake of calcium, magnesium, phosphorus, and vitamins
C, D, and E, as well as poorer diet quality (DQI-I score: —0.026 per 1 mg/mg increase,
p < 0.001). Conclusions: These findings highlight the critical role of processed foods in
elevating Na:K ratios and the potential for dietary modifications to improve both electrolyte
balance and micronutrient adequacy in industrial workers. The study underscores the need
for workplace interventions that simultaneously address sodium reduction, potassium
enhancement, and overall diet quality improvement tailored to socioeconomic and cultural
contexts, a triple approach not previously tested in intervention studies. Future studies
should further investigate nutritional consequences of imbalanced Na:K intake.

Keywords: sodium-to-potassium ratio; 24 h dietary recall; diet quality; food groups; food
serving sizes; micronutrient; manufacturing workers
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1. Introduction

Modern dietary patterns, increasingly characterized by the overconsumption of ultra-
processed foods, refined sugars, and unhealthy fats, have been strongly linked to adverse
health outcomes [1]. Excessive intake of added sugars, particularly fructose and high-
fructose corn syrup, contributes to metabolic dysregulation, promoting insulin resistance,
non-alcoholic fatty liver disease (NAFLD), and type 2 diabetes [2]. Diets high in trans and
saturated fats elevate low-density lipoprotein (LDL) cholesterol, accelerating atherosclero-
sis and cardiovascular disease [3]. Sodium consumption, primarily from processed and
packaged foods, exacerbates hypertension [4], while insufficient dietary fiber disrupts gut
microbiota diversity and impairs metabolic and immune function [5]. Emerging evidence
underscores the deleterious effects of artificial additives [6], excessive alcohol consump-
tion [7], and imbalanced omega-6 to omega-3 fatty acid ratios [8], which collectively foster
chronic low-grade inflammation.

The sodium—potassium (Na:K) ratio in the human diet has emerged as a critical
biomarker for assessing cardiovascular and metabolic health [9]. Sodium (Na) and potas-
sium (K) are essential electrolytes that play interdependent roles in maintaining physio-
logical homeostasis, including fluid balance, nerve transmission, and muscle function [10].
However, modern dietary patterns, characterized by excessive sodium intake and inad-
equate potassium consumption, have disrupted this balance, elevating the Na:K ratio to
levels associated with increased risks of hypertension, cardiovascular disease (CVD), stroke,
and chronic kidney disease (CKD). The World Health Organization (WHO) recommends
a daily sodium intake of less than 2000 mg (5 g of salt) and a potassium intake of at least
3500 mg, translating to a Na:K ratio of approximately 0.57 [11]. Yet, global adherence to
these guidelines remains poor, with populations often consuming ratios exceeding 1.5,
driven by processed and ultra-processed foods and insufficient fruit and vegetable in-
take [12]. This deviation underscores the urgent need to understand dietary contributors to
the Na:K ratio, particularly in occupational groups such as manufacturing workers, whose
demanding schedules and limited access to healthy foods may exacerbate imbalances.

Sodium and potassium exert opposing effects on blood pressure regulation. Sodium
promotes fluid retention and vascular resistance, while potassium enhances vasodilation
and sodium excretion via renal mechanisms [13]. Epidemiological studies consistently
demonstrate that a high Na:K ratio is a stronger predictor of hypertension than either
nutrient alone [14]. For instance, the INTERSALT study, involving over 10,000 participants
across 32 countries, revealed that populations with higher urinary Na:K ratios had signif-
icantly elevated systolic blood pressure [15]. Similarly, a meta-analysis by Ma et al. [16]
found that every unit increase in the Na:K ratio was associated with a 24% greater risk of
CVD mortality. These findings highlight the ratio’s clinical relevance, positioning it as a
target for dietary interventions.

Despite clear guidelines, global sodium consumption averages 3950 mg/day, nearly
double the recommended limit, while potassium intake lags at 2300 mg/ day, well below the
3500 mg threshold [17]. This imbalance is particularly pronounced in industrialized nations,
where processed and convenience foods, which are major sodium sources, dominate
diets. Conversely, potassium-rich foods like fruits, vegetables, legumes, and dairy are
under consumed, often due to cost, accessibility, or cultural preferences. The resultant
elevated Na:K ratios are linked not only to cardiovascular outcomes but also to poorer
diet quality. Diets high in sodium often correlate with low micronutrient density, as
processed foods typically lack essential vitamins and minerals [18]. This duality suggests
that addressing the Na:K ratio could simultaneously improve both electrolyte balance and
overall nutritional adequacy.
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Food groups contributing to the Na:K ratio have been explored in diverse populations.
Processed meats, canned goods, bread, and savory snacks are primary sodium sources,
while leafy greens, bananas, potatoes, and beans are key potassium contributors [19].
However, dietary patterns vary by socioeconomic and occupational factors. For example,
shift workers, including manufacturing employees, often rely on ready-to-eat meals and
vending machine snacks due to time constraints and limited cafeteria options, potentially
exacerbating sodium intake [20]. A study by Leone et al. [21] identified that low-income
populations, akin to many manufacturing workers, consume fewer fresh product items
due to cost barriers, further skewing their Na:K ratios. Yet, few studies have specifically
examined food group associations with the Na:K ratio in blue-collar workers, a gap this
study aims to address.

Existing research on dietary determinants of the Na:K ratio offers mixed insights. A
cross-sectional analysis of NHANES data found that 40% of sodium consumed came from
the top 10 food categories, which included prepared foods with sodium added, such as
deli meat sandwiches and pizza, and 43% of potassium consumed was from other 10 food
categories, which included foods naturally low in sodium, like unflavored milk, fruit,
vegetables, and prepared foods [22]. Conversely, a Japanese cohort study emphasized
soups and sauces as major sodium sources, with potassium intake heavily dependent on
vegetables and fruits, fish, and milk [23]. These discrepancies underscore the influence
of cultural and regional dietary habits, suggesting that interventions must be context
specific. Furthermore, while some studies correlate high Na:K ratios with lower intakes
of calcium, magnesium, and vitamin C, nutrients abundant in fruits and vegetables, the
relationship between Na:K ratios and micronutrient consumption remains underexplored.
Understanding these associations could inform multifaceted dietary guidelines that target
both electrolyte balance and micronutrient sufficiency.

The interaction between a high dietary Na:K ratio and poor diet quality contributes to
adverse health outcomes through synergistic pathways involving electrolyte imbalance,
chronic inflammation, and metabolic dysregulation. Elevated Na:K ratios impair renal
sodium excretion and reduce potassium-mediated vasodilation, increasing blood pressure
and arterial stiffness [24]. Poor diet quality further aggravates this by promoting oxidative
stress and low-grade inflammation, key contributors to atherosclerosis [25]. Epidemiologi-
cal studies demonstrate that populations with high Na:K ratios and low diet quality scores
exhibit higher cardiovascular mortality, with sodium overload potentiating endothelial
damage while potassium deficiency exacerbates cardiac strain [15,26]. Additionally, diets
low in magnesium and calcium, common in poor-quality diets, worsen sodium retention,
further increasing hypertension and chronic kidney disease risk [27]. High Na:K ratios
correlate with insulin resistance and dyslipidemia, particularly when diets lack fiber and
antioxidants [28]. Ultra-processed foods often displace whole foods rich in polyphenols
and short-chain fatty acids, disrupting gut microbiota composition and increasing systemic
inflammation [29]. This microbiota imbalance may further impair electrolyte regulation,
creating a vicious cycle of metabolic dysfunction [30].

This study investigated the dietary determinants of the Na:K ratio among manufactur-
ing workers and explored how this ratio relates to micronutrient consumption. Beyond a
simple nutrient analysis, the study investigated the contribution of traditional food groups
to the Na:K ratio in the diet, estimating the net contribution per serving. In addition,
the study investigated whether there is an association of the Na:K ratio with diet quality.
Manufacturing workers may be particularly at risk of electrolyte imbalance due to occupa-
tional stressors that may compromise dietary habits. Long work shifts, physical labor, and
irregular mealtimes often lead to reliance on convenience foods, which are typically energy-
dense but nutrient-poor [28]. Such patterns likely elevate Na:K ratios while depriving
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individuals of essential micronutrients. However, no study has concurrently examined
food group contributions to the Na:K ratio and its relationship with micronutrient intake in
this population. This dual focus is critical, as sodium reduction and potassium enhance-
ment strategies must not inadvertently compromise overall dietary quality. While previous
studies have established the association between dietary Na:K ratio and cardiovascular
risk factors, several critical gaps remain unaddressed. By focusing specifically on Brazilian
industrial workers, we provide the first comprehensive analysis of how workplace-related
dietary patterns influence Na:K ratios. Unlike previous studies that examined Na:K ratios
in isolation, we employ the Diet Quality Index-International (DQI-I) to simultaneously
evaluate how electrolyte imbalance interacts with overall diet quality, which contributed to
elucidating whether high Na:K ratios serve as a marker for broader nutritional deficiencies.
Moving beyond nutrient-level analyses, we examined traditional food groups to identify
specific groups (e.g., fast food, dairy, fruits) that most significantly impact Na:K ratios in
this population.

By identifying specific food groups associated with elevated ratios, the study aims to
inform targeted interventions tailored to this population’s unique challenges. Additionally,
elucidating links between the Na:K ratio and micronutrients may reveal synergies for
public health strategies that address both electrolyte imbalance and nutritional deficiencies.
Given the paucity of data on occupational dietary patterns, this research contributes novel
insights into how workplace environments shape nutritional health, offering a foundation
for policies that promote accessible, balanced diets in industrial settings.

2. Materials and Methods
2.1. Survey Design

This was an observational, cross-sectional study based on a representative probability
sample of manufacturing workers in the state of Rio Grande do Norte, Brazil. The man-
ufacturing industry stands out as one of the most important segments for the Brazilian
economy. According to data from the Ministry of Development, Industry, Trade, and
Services, it represents 11.3% of Brazil’s GDP and, in 2024, recorded record exports of
US$181.9 billion, justifying the interest of this study in this important market segment. The
sampling strategy employed a stratified proportional two-stage design, with stratification
based on company size (categorized as small for firms with fewer than 50 workers, medium
for 50 to 500 workers, and large for more than 500 workers) and sector of activity (food
and beverages, non-metallic minerals, and textiles), which represented the most prominent
industries in the region.

Ethical approval was obtained from the Research Ethics Committee of the Hospital
Universitario Onofre Lopes (CAAE 2.198.545/2017), and the study adhered to the principles
of the Declaration of Helsinki. All participants provided written informed consent prior to
data collection.

In the first sampling stage, manufacturing companies were selected from each stratum
through simple random sampling, with the number of selected companies proportional
to their representation in the state’s industrial landscape. The sampling frame with the
identification of all companies in the state from each of the three defined sectors of activity
was provided by the Federation of Industries of the State of Rio Grande do Norte (FIERN).
In the second stage, a predetermined number of workers were randomly selected from each
participating company using computer-generated random numbers, drawn from employee
lists supplied by human resources departments.

Eligibility for the study required companies from the three specified sectors to provide
written consent to participate. Workers included in the study were male and female workers



Nutrients 2025, 17, 2483

50f 15

aged 18 years or older with permanent employment contracts, while exclusions applied to
pregnant women, temporary workers, interns, and employees in probationary periods.

2.2. Data Collection

Fieldwork was conducted through scheduled visits by the research team between
Tuesdays and Saturdays. Randomly selected workers were approached during lunch
breaks and invited to participate. Following consent, researchers collected biodemographic
information, including age, sex, marital status, education level, and income. Anthropo-
metric measurements included body mass index (BMI), calculated from weight and height
measurements taken with a digital scale (Inner Scan, Tanita Corp., Tokyo, Japan) and a sta-
diometer (Sanny, Sao Bernardo do Campo, SP, Brazil), respectively, and waist circumference
(WC), measured at the midpoint between the lower rib and iliac crest using a measuring
tape (Cescorf, Porto Alegre, RS, Brazil). All procedures followed the guidelines of the
Brazilian Food and Nutrition Surveillance System-SISVAN [31].

Dietary intake was assessed using the 24 h dietary recall (24HR) method, administered
through the Multiple Pass Method (MPM) to enhance recall accuracy and completeness [32].
The 24HR is a widely employed method in nutritional epidemiology for estimating individ-
ual food and nutrient intakes. Participants were interviewed by trained personnel to recall
all foods and beverages consumed during the previous 24 h period, including detailed
descriptions, preparation methods, and quantities. The MPM structures the interview into
distinct passes, starting with a quick list of consumed items, followed by detailed probing
for forgotten foods (e.g., beverages, snacks, condiments), then a collection of detailed
descriptions and portion sizes using household measures, and finally, a review of the entire
recall for verification and additions.

Diet quality was assessed with the Diet Quality Index-International (DQI-I), a compre-
hensive tool designed to evaluate overall diet quality across diverse populations, facilitating
cross-national comparisons [33]. Developed to address the limitations of region-specific
indices, the DQI-I incorporates four key dimensions (variety, adequacy, moderation, and
overall balance in nutrient intake). The index assesses dietary patterns by scoring food
group diversity (food consumption across major categories), adequacy of nutrient-rich
foods (such as fruits, vegetables, and whole grains), moderation of less desirable compo-
nents (e.g., saturated fats, cholesterol, and empty calories), and macronutrient balance
(evaluating the proportion of energy derived from carbohydrates, fats, and proteins). The
scale total score ranges from 0 to 100 points, the components score from 0 to 20, 40, 30, and
10 points, respectively, with higher scores indicating better diet quality.

2.3. Nutritional Analysis

Food consumption data from the 24HR were quantified by weight and volume using
standardized references, including direct weighing, photographic records, and technical
manuals [34,35]. Nutritional analysis relied on Food Composition Tables [36-38] supple-
mented with information from food labels when necessary.

2.4. Nutritional Composition

Foods were classified according to the Brazilian Food Guide’s grouping system, which
categorizes foods by biological, nutritional, and culinary characteristics. These groups were
further subdivided into 44 subgroups to accommodate the diversity of reported foods and
preparations. Mixed dishes were disaggregated into individual ingredients using Technical
Preparation Sheets, while traditional Brazilian mixed foods, primarily composed of fresh or
minimally processed ingredients, were classified according to their dominant component.
For example, the dish baido-de-dois, typically prepared with a mixture of rice and beans,
but containing a higher proportion of rice according to traditional culinary recipes, was
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classified in the rice group. Similarly, traditional corn-based dishes such as canjica, which
includes culinary ingredients such as sugar and coconut milk, were classified in the corn
group [39]. The serving size estimates established for each food group were based on
specific bibliographic references, which use protocols related to food consumption, such as
directly weighing foods to standardize their size (small, medium, large) and/or defining
them in household measurements (one cup, one tablespoon, one glass, one ladle, one plate,
one handful, etc.) [35,40].

2.5. Statistical Analysis

For sample size calculations, the sampling plan aimed to select 30 companies for the
first stage and 30 workers sampled within each company, to achieve a total sample of
900 participants, according to the widely used 30-by-30 two-stage cluster sampled design
method in population surveys.

Descriptive data are presented as mean + standard deviation or n (%). Univariate and
multivariate linear regression was used to investigate associations of Na:K ratio with food
groups, micronutrient intake, and diet quality, with results presented as partial regression
coefficients with 95% confidence intervals (CI). Statistical significance was assumed for
p < 0.05. Stata 15 (Stata Corp., College Station, TX, USA) was used for statistical analysis.

3. Results

Between September 2017 and July 2018, the study enrolled 921 workers from 33 manu-
facturing companies across three key industrial sectors: food and beverages (14 companies),
non-metallic minerals (6 companies), and textiles (13 companies). The participating com-
panies represented a range of sizes, with 13 classified as small, 14 as medium, and 6 as
large companies. Notably, the study achieved complete participation with no refusals and
no missing or incomplete data, ensuring a robust dataset. Each worker interview was
conducted efficiently, averaging less than 15 min in duration.

The participant demographic profile (Table 1) revealed a mean age of 38.2 + 10.7 years,
with a slight male predominance (55.9%). Most workers (62.7%) reported living with a
partner, while the average income stood at 1.46 times Brazil’s minimum wage. Anthro-
pometric measurements showed an average body mass index (BMI) of 27.2, with weight
distribution categories indicating 34.4% of participants at normal weight, 39.0% overweight,
and 25.4% meeting criteria for obesity.

Table 1. Characteristics of the study population.

Variable Values
Age, years 38.2 + 10.7
Sex, male 515 (55.9%)
Married /Cohabiting 577 (62.7%)
Education > middle school 527 (57.3%)
Income, minimum wages 1.46 £+ 1.61
Body Mass Index, kg/m? 27.2 + 4.80
Waist Circumference, cm 89.7 + 119
Underweight 12 (1.30%)
Normal weight 316 (34.4%)
Overweight 359 (39.0%)
Obesity I 178 (19.4%)
Obesity 11 40 (4.35%)
Obesity 111 15 (1.63%)
Na:K ratio (mg/mg) 1.97 £+ 0.86
Na:K ratio > 0.6 mg/mg 5 (0.54%)

Na:K ratio > 1.0 mg/mg 48 (5.21%)
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The mean Na:K ratio was 1.97 £ 0.86, with only 0.54% (95% confidence interval (CI)
0.17-1.26%) below the WHO recommended value, and only 5.21% (95% CI 3.87-6.85%)
with a Na:K ratio below 1.0.

Table 2 shows which food groups contribute to an increase or decrease in the daily
Na:K ratio. Multivariate analysis shows those food groups independently associated with
the Na:K ratio. The Na:K ratio decreases 0.16 mg/mg (p < 0.001) for each serving of fruit in
the diet, 0.04 mg/mg for each serving of dairy products (p = 0.002), 0.13 for each serving
of white meat (p < 0.001), and 0.21 for each serving of coffee (p < 0.001). Food groups in
the diet that increase the Na:K ratio include rice (0.21, p < 0.001), corn (0.12, p < 0.001),
bread (0.08, p < 0.001), pasta (0.06, p = 0.10), soup (0.11, p < 0.001), red meat (0.12, p < 0.001),
vegetable oil (0.07, p = 0.047) and, above all, fast food (3.29, p < 0.001).

Table 2. Changes in Na:K ratios per one serving of each food group in the diet.

Univariate Analysis Multivariate Analysis
Food Group Coefficient 95% CI p-Value Coefficient 95% CI p-Value
Increase Na:K Ratio
Beans 0.050 0.018 0.082 0.002
Rice 0.210 0.144 0.276 0.000 0.205 0.151 0.258 <0.001
Corn 0.092 0.043 0.140 0.000 0.115 0.076 0.154 <0.001
Bread 0.086 0.048 0.124 0.000 0.077 0.046 0.107 <0.001
Pasta 0.099 0.051 0.148 0.000 0.057 0.014 0.100 0.010
Soups 0.114 0.096 0.131 0.000 0.109 0.094 0.123 <0.001
Red meat 0.189 0.145 0.232 0.000 0.116 0.077 0.156 <0.001
Processed meat 0.162 0.082 0.243 0.000
Fast food 3.332 1.644 5.020 0.000 3.294 1.943 4.645 <0.001
Vegetable oil 0.102 0.036 0.168 0.002 0.065 0.001 0.130 0.047
Salt 0.036 0.021 0.052 0.000
Decrease Na:K Ratio
Grains, integral —0.153 —0.247 —0.058 0.002
Tubercles —0.105 —0.143 —0.067 0.000
Fruits —0.204 —0.254 —0.154 0.000 —0.158 —0.198 -0.117 <0.001
Dairy —0.056 —0.090 —0.022 0.001 —0.042 —0.069 —0.015 0.002
White meat —0.151 —0.206 —0.097 0.000 —-0.129 —-0.179 —0.079 <0.001
Coffee —0.164 —0.222 —0.106 0.000 —0.208 —0.255 —0.161 <0.001
Vitamin supplements —0.205 —0.375 —0.036 0.018

The Na:K ratio of diet is associated with the intake of micronutrients and vitamins.
Table 3 shows the average increase or decrease in micronutrient intake per 1 mg/mg
increase in Na:K ratio in the diet. Diets with increasing Na:K ratio are associated with
decreased intake of several elements (calcium, magnesium, and phosphorus) and increased
intake of iron. In the case of vitamins, the increased Na:K ratio in the diet is associated with
decreased intake of niacin and vitamins C, D, and E.

Increased Na:K ratio in the diet is also associated with diet quality. Table 4 shows
the difference in DQI-I score per 1 mg/mg increase in Na:K ratio in the diet. Total score
decreases an average of 0.026 points per unit increase in Na:K ratio (p < 0.001), reflecting
worse quality of diets with higher Na:K ratios. All DQI-I subscales are also negatively
associated with the diet Na:K ratio, except for Overall Balance probably because this
dimension primarily assesses macronutrient and fatty acid distribution, without accounting
for micronutrient intake or electrolyte ratios.
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Table 3. Association of Na:K ratio in the diet with intake of micronutrients.

Micronutrient Coeficient 95% CI p-Value
Calcium —45.774 —76.059 —15.489 0.003
Copper 0.000 —0.209 0.210 0.99
Iron 1.813 1.151 2.476 <0.001
Magnesium —13.451 —21.820 —5.081 0.002
Manganese 0.070 —0.274 0.413 0.69
Phosphorus —58.971 —99.339 —18.603 0.004
Selenium —3.014 —7.212 1.184 0.16
Zinc 1.069 —0.094 2.232 0.07
Vitamin A —55.447 —267.550 156.656 0.61
Vitamin C —28.809 —46.282 —11.336 0.001
Vitamin D —0.379 —0.679 —0.078 0.013
Vitamin E —0.691 —1.032 —0.350 <0.001
Cobalamin —0.942 —2.144 0.260 0.13
Niacin —1.262 —2.211 —0.313 0.009
Pyridoxine 0.011 —0.055 0.078 0.74
Riboflavin 0.047 —0.034 0.129 0.25
Thiamine 0.044 —0.010 0.098 0.11

Table 4. Change in DQI-I score and its components per 1 mg/mg increase in dietary Na:K ratio.

DQI-I Score Coefficient 95% CI p-Value
Total score (0-100) —0.026 —0.032 —0.020 <0.001
Variety (0-20) —0.046 —0.066 —0.026 <0.001
Adequacy (0-40) —0.022 —0.034 —0.010 <0.001
Moderation (0-30) —0.032 —0.040 —0.024 <0.001
Overall Balance (0-10) 0.018 —0.009 0.045 0.19

The range of scores for the DQI-I and each component is shown in brackets, higher
scores indicating better diet quality.

4. Discussion

This study provides critical insights into the dietary determinants of the sodium-
to-potassium (Na:K) ratio and its broader nutritional implications among manufacturing
workers, a population group of interest given the importance of the workforce to a country’s
economy, with the distinct aspect of assessing the association of the Na:K ratio from a food
perspective, based on the servings consumed, which allowed both the analysis of food
consumption beyond nutrients and the association to diet quality using an international
quality indicator.

4.1. Micronutrient Intake and the Relationship Between Electrolyte Balance and Diet Quality

The mean Na:K ratio observed in this population far exceeds the WHO-recommended
threshold of 0.57, with less than 1% of participants meeting this guideline. This disparity
mirrors global trends of excessive sodium intake and insufficient potassium consump-
tion, particularly in low- and middle-income settings where processed foods dominate
diets [11,17,26]. Notably, the Na:K ratio’s association with specific food groups underscores
the dual burden of industrialization and occupational constraints on dietary habits. Fast
food emerged as the strongest association to elevated Na:K ratios, a finding consistent with
studies linking ultra-processed foods to poor electrolyte balance [22,29,30]. Conversely,
fruits, dairy, white meat, and coffee were protective, aligning with evidence that potassium-
rich foods mitigate sodium’s adverse effects [24]. These results highlight the need to
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contextualize dietary guidelines for blue-collar workers, whose reliance on convenient,
energy-dense meals exacerbates nutritional imbalances [41].

The inverse relationship between the Na:K ratio and micronutrient adequacy further
underscores the interconnectedness of dietary quality and electrolyte balance. Elevated
ratios were associated with reduced intake of calcium, magnesium, and vitamins C, D, and
E, which are nutrients abundant in fruits, vegetables, and minimally processed foods. This
aligns with findings that sodium-dense diets often displace micronutrient-rich options,
compounding cardiovascular risks [25]. The positive association with iron intake may
reflect the prevalence of fortified processed foods or red meat consumption, which, while
iron-rich, also contribute to sodium overload. Such trade-offs emphasize the complexity of
addressing nutritional deficiencies in populations with limited access to fresh produce.

The observed decline in diet quality, as measured by the DQI-I scale, reinforces the
Na:K ratio’s utility as a proxy for overall dietary patterns. An increase in the Na:K ratio is
associated with a reduction in total DQI-I score, driven by poorer variety, adequacy, and
moderation, a pattern consistent with studies linking high sodium intake to monotonous,
nutrient-poor diets [42].

Numerous studies have investigated the association of high Na:K ratios with arterial
hypertension and cardiovascular diseases, but there is limited information on the associ-
ation of the Na:K ratio with food composition, micronutrient intake, and diet quality. A
study based on the Irish Adult Nutrition Survey of a nationally representative sample of the
adult population, with sodium and potassium urinary excretion measured with spot urine
samples, also investigated foods associated with Na:K ratios with findings similar to those
of the present study: fruits, vegetables, potatoes, breakfast cereals, milk, yogurt, and fresh
meat contribute to a higher Na:K ratio, while the foods negatively associated with a lower
Na:K were breads, cured and processed meats, and butter and fat spreads [43]. Another
study conducted in healthy pregnant women also investigated the association of food
groups to Na:K ratios, again with findings similar to those in this study, in which soups and
sauces, cereals and cereal products, and fats and oils were associated with increased Na:K
ratios, while fruit and non-alcoholic beverages were associated with decreased Na:K ra-
tios [44]. However, we have no knowledge of studies investigating the association of Na:K
ratios with micronutrient intake. In addition, although the Na:K ratio is being considered a
proxy for diet quality because of its association with cardiovascular risk, a direct correlation
with a validated measure of diet quality had not been previously studied. Furthermore, we
are unaware of previous studies conducted on the population of manufacturing workers.

4.2. Methodological Considerations

For this research, we elected a single 24 h recall for estimating usual nutrient con-
sumption because, although it may not fully capture habitual intake, it offers significant
advantages when deployed in large-scale epidemiological surveys such as the present one.
First, its administration is relatively quick and cost-effective per participant, compared to
methods like food diaries, making it feasible for large samples. Second, it does not require
participant literacy, thus reducing non-respondent bias. Third, it minimizes the long-term
recall bias inherent in food frequency questionnaires by not relying on memory beyond the
immediate past. On the other hand, although a single 24HR per individual captures only
a snapshot of intake, which may not reflect habitual dietary patterns due to substantial
day-to-day variation, particularly for episodically consumed foods and nutrients, the main
consequence of such measurement error is to increase the variance of the distribution of
daily intakes. While this may have significant impact on the estimation of individual-level
intake, which is particularly worrisome in studies estimating the fraction of the population
with usual intake above or below some standard [45], it may not be significant in studies
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estimating group-level usual intakes. This is supported by several studies in low-income
countries, comparing weighted food records with a single 24 h recall, that have found no
significant underreporting of intakes estimated at group level [46]. The effect in analyses
involving regression is mostly an attenuation of the regression coefficients and the increase
in their standard errors, which may lead to loss of statistical power and possibly to missing
some significant associations.

Another methodological option was to estimate individual Na:K ratios from 24HR.
While 24 h urinary excretion is considered the gold standard for estimating sodium and
potassium intake, in large-scale surveys, spot urine measurements and 24HR are often
used as alternatives due to practical constraints (such as the challenge of obtaining 24 h
urine collections, the dependency on participant compliance, and complex logistics of
storage, transportation and analysis), while improving participation rates and decreasing
self-selection bias, although its limitations in accuracy are acknowledged.

Regarding the use of the DQI-I to evaluate diet quality, validation studies have demon-
strated that the DQI-I correlates with biomarkers of nutritional status and health outcomes,
supporting its construct validity [47]. Its adaptability allows for application in different
cultural and dietary contexts while maintaining a standardized scoring system, enhancing
comparability in epidemiological research [33]. However, like all diet quality indices, the
DQI-I relies on accurate dietary intake data, typically obtained through 24HR or food
frequency questionnaires, and may be influenced by measurement errors. Despite this limi-
tation, its structured approach provides a useful framework for assessing dietary patterns
in relation to public health goals, making it a valuable tool in nutritional surveillance and
intervention studies.

4.3. Public Health Implications

The findings of this study carry significant public health implications. Manufacturing
workers, often constrained by irregular schedules and limited meal options, face structural
barriers to achieving dietary balance. Workplace interventions targeting sodium reduction,
such as subsidized healthy meals, nutrition education, and restrictions on fast-food vendors,
could mitigate these disparities [48]. Additionally, promoting potassium-rich foods like
fruits and dairy through onsite cafeterias may counteract sodium’s effects. However, such
strategies must account for socioeconomic realities, as cost and accessibility remain key
determinants of food choice in this demographic group [49,50]. The regional specificity of
dietary patterns, exemplified by the prominence of rice and corn as sodium contributors,
further underscores the need for culturally tailored guidelines. For instance, traditional
Brazilian dishes like feijoada, though nutrient-dense, may require modifications to reduce
hidden sodium without compromising cultural acceptability [51].

4.4. Limitations and Strengths

This study has some limitations. Because it is based on a cross-sectional design, causal
relationships between dietary patterns and nutritional outcomes cannot be inferred, but we
did not make such inferences. Furthermore, dietary intake was self-reported, which may
introduce recall bias, and focusing on the single Brazilian state limits generalizability to
other occupational or cultural contexts. As previously discussed, the 24 h recall method
has limitations in estimating habitual nutrient intake and sodium and potassium intake.
However, to mitigate this limitation, we employed the Multiple Pass Method (MPM), a
structured and validated approach known to improve the accuracy and completeness of
dietary recall data.

Despite these limitations, the study presents several methodological strengths that
increase the robustness and credibility of the results. The use of a probability sampling
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strategy ensured that the sample was representative of the working adult population
across the state. The large sample size increases statistical power and the precision of
the estimates. Moreover, data collection was conducted prospectively through in-person
interviews conducted by trained nutritionists, minimizing potential measurement errors.
It is important to highlight that the absence of non-response and the negligible risk of
self-selection bias reinforce the internal validity of the study. Together, these aspects
corroborate the reliability of our findings and reinforce their relevance for informing dietary
interventions and public health policies focused on workforce nutrition.

5. Conclusions

This study investigated dietary Na:K ratio and its associations with diet composition,
micronutrient intake, and overall diet quality among industrial workers. Less than 1% of
workers met the WHO-recommended threshold for Na:K ratio. Key dietary contributors to
elevated ratios included fast food, rice, bread, and red meat, while fruits, dairy, white meat,
and coffee were protective. Higher Na:K ratios were associated with reduced intake of
essential micronutrients such as calcium, magnesium, phosphorus, and vitamins C, D, and
E, as well as poorer diet quality, as evidenced by lower Diet Quality Index-International
scores. These findings underscore the dual burden of excessive sodium and inadequate
potassium intake in this population, driven largely by processed and convenience foods.
By demonstrating its inverse relationship with micronutrient adequacy and diet quality,
this research reinforces the interconnectedness of electrolyte balance and nutritional health.

In conclusion, this study elucidates the multifactorial drivers of elevated Na:K ratios
in manufacturing workers and their downstream effects on micronutrient intake and
diet quality. By demonstrating its inverse relationship with micronutrient adequacy and
diet quality, this research reinforces the interconnectedness of electrolyte balance and
nutritional health.

Methodologically, estimating the change in Na:K ratio per serving of a food group
(rather than per gram or kilocalorie) represents a meaningful methodological innovation
that enhances the practical evaluation of dietary contributions to electrolyte balance. By
linking Na:K ratios to standardized serving sizes, the findings become more interpretable
and actionable for both public health messaging and individual dietary guidance. In
addition, estimating the change in Na:K ratio per serving of a food group captures the
combined effects of the multiple ingredients or processing steps in a single serving of a
food item that collectively influences its sodium and potassium content. Another benefit
of the approach is that it facilitates direct comparisons across food groups in a way that
echoes dietary guidelines, which often recommend servings, simplifying the translation of
study findings into interventions, such as promoting specific serving substitutions.

By identifying actionable dietary targets, such as reducing fast food and refined grain
consumption while increasing fruits and dairy, these findings offer a roadmap for policies
aimed at improving both electrolyte balance and nutritional adequacy in high-risk pop-
ulations. Addressing these dual challenges is essential to curbing the growing burden of
diet-related chronic diseases in industrial settings. In addition, to improve the unfavor-
able Na:K ratios observed among industrial workers, targeted nutritional interventions
are needed at both the individual and environmental levels. Strategies could include
reformulating commonly consumed processed and convenience foods to reduce sodium
content and /or increase potassium density, along with workplace-based programs that
promote the consumption of potassium-rich foods such as fruits, vegetables, legumes,
and dairy products. In parallel, nutrition education campaigns tailored to this workforce
could emphasize the benefits of replacing sodium-rich items (e.g., fast food, processed
meats, white bread) with protective alternatives (e.g., whole foods, minimally processed
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options), using portion-based guidelines to align with the study’s methodological frame-
work. These efforts could be further supported by institutional policies that improve the
availability and accessibility of healthier options in workplace cafeterias and surrounding
food environments, ultimately contributing to improved electrolyte balance and overall
diet quality in this population. Future studies should further investigate nutritional con-
sequences of imbalanced Na:K intake, particularly on micronutrient composition of diets,
as well as on vascular, renal, hormonal, and metabolic functions, and on gut microbiota
composition. Also, additional information is needed on the food groups with greater contri-
bution to Na:K balance, while intervention trials could test the efficacy of workplace-based
dietary programs.

Author Contributions: Conceptualization, AM.S., LW.L.B. and A.G.O.; data curation, AM.S,,
ILW.L.B., K.G.T. and A.G.O.; formal analysis, A.G.O.; funding acquisition, A.G.O.; investigation,
AMS,ILWLB., K.GT, GS.P and RM.C.; methodology, AM.S., LW.LB., K.G.T. and A.G.O.; project
administration, LW.L.B.; supervision, LW.L.B.; writing—original draft, AM.S., LW.L.B. and A.G.O.;
writing—review and editing, A.M.S., LW.L.B., K.G.T. and A.G.O. All authors have read and agreed to
the published version of the manuscript.

Funding: This study was partially financed by the Coordination for the Improvement of Higher
Education Personnel—Brazil (CAPES)—Finance Code 001. No additional external funding was
received for this study.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of the Onofre Lopes University Hospital (2.198.545,
approved 2 August 2017).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The study data is available from the corresponding author upon
reasonable request. Data are not publicly available due to ethical reasons as data requests will have
to be reviewed by the Institutional Review Board.

Acknowledgments: We acknowledge the support of the undergraduate students engaged in scientific
initiation activities, whose collaboration was instrumental during the data collection and investigation
stages of this research: Andréa Medeiros, Daionara Sousa, Heloisa Gurgel, Rafaella Bezerra, Roberta
Carvalho, Nathanael Aratjo, Isabel Muniz, Rodrigo Santos, and Noeme Viana.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations

The following abbreviations are used in this manuscript:

Na:K  Sodium-to-potassium

DQI-I  Diet Quality Index-International
BMI Body Mass Index

24HR 24 h dietary recall

MPM  Multiple Pass Method

1.  Elizabeth, L.; Machado, P.; Zinocker, M.; Baker, P.; Lawrence, M. Ultra-Processed Foods and Health Outcomes: A Narrative
Review. Nutrients 2020, 12, 1955. [CrossRef] [PubMed] [PubMed Central]

2. Malik, V.S.; Hu, EB. The role of sugar-sweetened beverages in the global epidemics of obesity and chronic diseases. Nat. Rev.
Endocrinol. 2022, 18, 205-218. [CrossRef]

3. Mozaffarian, D.; Clarke, R. Quantitative effects on cardiovascular risk factors and coronary heart disease risk of replacing partially
hydrogenated vegetable oils with other fats and oils. Eur. J. Clin. Nutr. 2021, 63, 22-33. [CrossRef]

4.  He, EJ,; Tan, M.; Ma, Y.; MacGregor, G.A. Salt reduction to prevent hypertension and cardiovascular disease: JACC state-of-the-art
review. J. Am. Coll. Cardiol. 2020, 75, 632—647. [CrossRef]


https://doi.org/10.3390/nu12071955
https://www.ncbi.nlm.nih.gov/pubmed/32630022
https://pmc.ncbi.nlm.nih.gov/articles/PMC7399967
https://doi.org/10.1038/s41574-021-00627-6
https://doi.org/10.1038/sj.ejcn.1602976
https://doi.org/10.1016/j.jacc.2019.11.055

Nutrients 2025, 17, 2483 13 of 15

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Sonnenburg, E.D.; Sonnenburg, ].L. The ancestral and industrialized gut microbiota and implications for human health. Nat. Rev.
Microbiol. 2019, 17, 383-390. [CrossRef]

Suez, J.; Cohen, Y.; Valdés-Mas, R.; Mor, U.; Dori-Bachash, M.; Federici, S.; Zmora, N.; Leshem, A.; Heinemann, M.; Linevsky, R.;
et al. Personalized microbiome-driven effects of non-nutritive sweeteners on human glucose tolerance. Cell 2022, 185, 2565-2586.
[CrossRef] [PubMed]

GBD 2016 Alcohol Collaborators. Alcohol use and burden for 195 countries and territories, 1990-2016: A systematic analysis for
the Global Burden of Disease Study 2016. Lancet 2018, 392, 1015-1035. [CrossRef]

Simopoulos, A.P. An increase in the omega-6/omega-3 fatty acid ratio increases the risk for obesity. Nutrients 2016, 8, 128.
[CrossRef] [PubMed]

Mosallanezhad, Z.; Jalali, M.; Bahadoran, Z.; Mirmiran, P.; Azizi, F. Dietary sodium to potassium ratio is an independent
predictor of cardiovascular events: A longitudinal follow-up study. BMC Public Health 2023, 23, 705. [CrossRef] [PubMed]
[PubMed Central]

Gateska, E.; Wrzeciniska, M.; Kowalczyk, A.; Araujo, J.P. Reproductive Consequences of Electrolyte Disturbances in Domestic
Animals. Biology 2022, 11, 1006. [CrossRef]

World Health Organization. Guideline: Sodium Intake for Adults and Children; World Health Organization: Geneva, Switzerland, 2012.
Juul, E; Vaidean, G.; Parekh, N. Ultra-processed Foods and Cardiovascular Diseases: Potential Mechanisms of Action. Adv. Nutr.
2021, 12, 1673-1680. [CrossRef] [PubMed] [PubMed Central]

Grillo, A.; Salvi, L.; Coruzzi, P,; Salvi, P.; Parati, G. Sodium Intake and Hypertension. Nutrients 2019, 11, 1970. [CrossRef]
[PubMed] [PubMed Central]

Perez, V.; Chang, E.T. Sodium-to-potassium ratio and blood pressure, hypertension, and related factors. Adv. Nutr. 2014,
5,712-741. [CrossRef] [PubMed] [PubMed Central]

Stamler, ].; Rose, G.; Elliott, P.; Dyer, A.; Marmot, M.; Kesteloot, H.; Stamler, R. Findings of the International Cooperative
INTERSALT Study. Hypertension 1991, 17, 19-115. [CrossRef]

Ma, Y;; He, EJ.; Sun, Q.; Yuan, C.; Kieneker, L.M.; Curhan, G.C.; MacGregor, G.A.; Bakker, S.J.L.; Campbell, N.R.C.; Wang, M.;
et al. 24-Hour Urinary Sodium and Potassium Excretion and Cardiovascular Risk. N. Engl. ]. Med. 2022, 386, 252-263. [CrossRef]
[PubMed]

Mozaffarian, D.; Fahimi, S.; Singh, G.M.; Micha, R.; Khatibzadeh, S.; Engell, R.E.; Lim, S.; Danaei, G.; Ezzati, M.; Powles, ].; et al.
Global sodium consumption and death from cardiovascular causes. N. Engl. ]. Med. 2014, 371, 624-634. [CrossRef] [PubMed]
Louzada, M.L.; Martins, A.P;; Canella, D.S.; Baraldi, L.G.; Levy, R.B.; Claro, R.M.; Moubarac, J.C.; Cannon, G.; Monteiro, C.A.
Impact of ultra-processed foods on micronutrient content in the Brazilian diet. Rev. Saude Publica 2015, 49, 45. [CrossRef]
Levings, ].L.; Gunn, J.P. The imbalance of sodium and potassium intake: Implications for dietetic practice. J. Acad. Nutr. Diet.
2014, 114, 838-841. [CrossRef]

Souza, R.V.; Sarmento, R.A.; de Almeida, J.C.; Canuto, R. The effect of shift work on eating habits: A systematic review. Scand. J.
Work Environ. Health 2019, 45, 7-21. [CrossRef]

Leone, L.A.; Beth, D.; Ickes, S.B.; Macguire, K.; Nelson, E.; Smith, R.A ; Tate, D.F.; Ammerman, A.S. Attitudes Toward Fruit and
Vegetable Consumption and Farmers” Market Usage Among Low-Income North Carolinians. J. Hunger Environ. Nutr. 2012,
7,64-76. [CrossRef]

Woodruff, R.C.; Zhao, L.; Ahuja, ] K.C.; Gillespie, C.; Goldman, J.; Harris, D.M.; Jackson, S.L.; Moshfegh, A.; Rhodes, D.; Sebastian,
R.S.; et al. Top Food Category Contributors to Sodium and Potassium Intake—United States, 2015-2016. MMWR Morb. Mortal.
WEkly. Rep. 2020, 69, 1064-1069. [CrossRef] [PubMed]

Okuda, N.; Okayama, A.; Miura, K.; Yoshita, K.; Miyagawa, N.; Saitoh, S.; Nakagawa, H.; Sakata, K.; Chan, Q.; Elliott, P; 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, 787. [CrossRef]

Filippini, T.; Naska, A.; Kasdagli, M.I; Torres, D.; Lopes, C.; Carvalho, C.; Moreira, P.; Malavolti, M.; Orsini, N.; Whelton, P.X,;
et al. Potassium Intake and Blood Pressure: A Dose-Response Meta-Analysis of Randomized Controlled Trials. ]. Am. Heart Assoc.
2020, 9, e015719. [CrossRef]

Karppanen, H.; Karppanen, P; Mervaala, E. Why and how to implement sodium, potassium, calcium, and magnesium changes
in food items and diets? J. Hum. Hypertens. 2005, 19 (Suppl. 3), S10-519. [CrossRef]

Webster, J.; Waqanivalu, T.; Arcand, J.; Trieu, K.; Cappuccio, EP.,; Appel, L.J.; Woodward, M.; Campbell, N.R.C.; McLean,
R. Understanding the science that supports population-wide salt reduction programs. J. Clin. Hypertens. 2017, 19, 569-576.
[CrossRef]

Vinson, J.A.; Dabbagh, Y.A.; Serry, M.M.; Jang, J. Plant flavonoids, especially tea flavonols, are powerful antioxidants using an
in vitro oxidation model for heart disease. J. Agric. Food Chem. 2020, 43, 2800-2802. [CrossRef]

Previdelli, A.N.; Lipi, M.; Castro, M. A.; Marchioni, D.M. Dietary quality and associated factors among factory workers in the
metropolitan region of Sao Paulo, Brazil. . Am. Diet. Assoc. 2010, 110, 786-790. [CrossRef]


https://doi.org/10.1038/s41579-019-0191-8
https://doi.org/10.1016/j.cell.2022.07.016
https://www.ncbi.nlm.nih.gov/pubmed/35987213
https://doi.org/10.1016/S0140-6736(18)31310-2
https://doi.org/10.3390/nu8030128
https://www.ncbi.nlm.nih.gov/pubmed/26950145
https://doi.org/10.1186/s12889-023-15618-7
https://www.ncbi.nlm.nih.gov/pubmed/37072769
https://pmc.ncbi.nlm.nih.gov/articles/PMC10111692
https://doi.org/10.3390/biology11071006
https://doi.org/10.1093/advances/nmab049
https://www.ncbi.nlm.nih.gov/pubmed/33942057
https://pmc.ncbi.nlm.nih.gov/articles/PMC8483964
https://doi.org/10.3390/nu11091970
https://www.ncbi.nlm.nih.gov/pubmed/31438636
https://pmc.ncbi.nlm.nih.gov/articles/PMC6770596
https://doi.org/10.3945/an.114.006783
https://www.ncbi.nlm.nih.gov/pubmed/25398734
https://pmc.ncbi.nlm.nih.gov/articles/PMC4224208
https://doi.org/10.1161/01.HYP.17.1_Suppl.I9
https://doi.org/10.1056/NEJMoa2109794
https://www.ncbi.nlm.nih.gov/pubmed/34767706
https://doi.org/10.1056/NEJMoa1304127
https://www.ncbi.nlm.nih.gov/pubmed/25119608
https://doi.org/10.1590/S0034-8910.2015049006211
https://doi.org/10.1016/j.jand.2014.02.015
https://doi.org/10.5271/sjweh.3759
https://doi.org/10.1080/19320248.2012.651386
https://doi.org/10.15585/mmwr.mm6932a3
https://www.ncbi.nlm.nih.gov/pubmed/32790654
https://doi.org/10.3390/nu12030787
https://doi.org/10.1161/JAHA.119.015719
https://doi.org/10.1038/sj.jhh.1001955
https://doi.org/10.1111/jch.12994
https://doi.org/10.1021/jf00059a005
https://doi.org/10.1016/j.jada.2010.02.002

Nutrients 2025, 17, 2483 14 of 15

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Steele, E.M.; Popkin, B.M.; Swinburn, B.; Monteiro, C.A. The share of ultra-processed foods and the overall nutritional quality of
diets in the US: Evidence from a nationally representative cross-sectional study. Popul. Health Metr. 2017, 15, 6. [CrossRef]
Cediel, G.; Reyes, M.; Corvalan, C.; Levy, R.B.; Uauy, R.; Monteiro, C.A. Ultra-processed foods drive to unhealthy diets: Evidence
from Chile. Public Health Nutr. 2021, 24, 1698-1707. [CrossRef] [PubMed]

Brasil, Ministério da Satde; Secretaria de Atengao a Satide; Departamento de Atencao Béasica. Orientagoes Para a Coleta e Andlise
de Dados Antropométricos em Servigos de Saiide: Norma Técnica do Sistema de Vigildncia Alimentar e Nutricional SISVAN; Série G;
Estatistica e Informagao em Satide; Ministério da Satde: Brasilia, Brazil, 2011.

Raper, N.; Perloff, B.; Ingwersen, L.; Steinfeldt, L. An overview of USDA’s dietary intake data system. J. Food Compos. Anal. 2004,
17, 545-555. [CrossRef]

Kim, S.; Haines, P.S.; Siega-Riz, A.M.; Popkin, B.M. The Diet Quality Index-International (DQI-I) provides an effective tool for
cross-national comparison of diet quality as illustrated by China and the United States. J. Nutr. 2003, 133, 3476-3484. [CrossRef]
Moshfegh, A.].; Rhodes, D.G.; Baer, D.J.; Murayi, T.; Clemens, ].C.; Rumpler, W.V,; Paul, D.R; Sebastian, R.S.; Kuczynski, K.J.;
Ingwersen, L.A.; et al. The US Department of Agriculture automated multiple-pass method reduces bias in the collection of
energy intakes. Am. J. Clin. Nutr. 2008, 88, 324-332. [CrossRef]

Fisberg, R.M.; Marchioni, D.M.L.; Previdelli, A.N.; Carvalho, A.M.; Mendes, A.; Timm, A.S.; Gorgulho, B.M.; Verly Junior, E.;
Steluti, J.; Brunacio, K.H.; et al. Manual de Avaliacdo do Consumo Alimentar em Estudos Populacionais: A Experiéncia do
Inquérito de Satide em Sao Paulo (ISA); FSP/USP: Sao Paulo 2012. Available online: http://colecoes.sibi.usp.br/fsp/files/
original /8b36141af4e756cbfb889b895b541890.pdf (accessed on 24 June 2025).

Nrtcleo de Estudos e Pesquisas em Alimentagao-NEPA; Universidade Estadual de Campinas. Tabela Brasileira de Composigio de
Alimentos—-TACO. 4. Ed. Rev. e Ampl. Campinas: NEPA-UNICAMP 2011. Available online: https://www.cfn.org.br/wp-content/
uploads/2017/03/taco_4_edicao_ampliada_e_revisada.pdf (accessed on 24 June 2025).

Brasil. Ministério do Planejamento, Orgamento e Gestao; Instituto Brasileiro de Geografia e Estatistica (IBGE); Diretoria de
Pesquisas.; Coordenacao de Trabalho e Rendimento. Pesquisa de Orcamentos Familiares (POF) 2008—-2009: Tabelas de Composigdo
Nutricional dos Alimentos Consumidos no Brasil; IBGE: Rio de Janeiro, Brazil, 2011.

United States Department of Agriculture. Agricultural Research Service, Nutrient Data 2024. Available online: https://fdc.nal.
usda.gov/ (accessed on 24 June 2025).

Souza, A.M.; Bezerra, LW.L.; Pereira, G.S.; Torres, K.G.; Costa, R.M.; Oliveira, A.G. Relationships between motivations for food
choices and consumption of food groups: A prospective cross-sectional survey in manufacturing workers in Brazil. Nutrients
2020, 12, 1490. [CrossRef] [PubMed]

Philippi, S.T. Nutrigdo e Técnica Dietética, 4th ed.; Manole: Barueri, Brazil, 2019.

Wronska, M.D.; Coffey, M.; Robins, A. Determinants of nutrition practice and food choice in UK construction workers. Health
Promot. Int. 2022, 1, 37. [CrossRef] [PubMed]

Centers for Disease Control and Prevention (CDC). Vital signs: Food categories contributing the most to sodium consumption—
United States, 2007-2008. MMWR Morb. Mortal. Wkly Rep. 2012, 61, 92-98.

Morrissey, E.; Giltinan, M.; Kehoe, L.; Nugent, A.P.; McNulty, B.A.; Flynn, A.; Walton, J. Sodium and Potassium Intakes and Their
Ratio in Adults (18-90 y): Findings from the Irish National Adult Nutrition Survey. Nutrients 2020, 12, 938. [CrossRef]

Vulin, M.; Magusi¢, L.; Metzger, A.-M.; Muller, A.; Drenjancevi¢, I.; Juki¢, I.; éijanovié, S.; Luki¢, M.; Stanojevi¢, L.; Davidovi¢
Cvetko, E.; et al. Sodium-to-Potassium Ratio as an Indicator of Diet Quality in Healthy Pregnant Women. Nutrients 2022, 14, 5052.
[CrossRef]

French, C.D.; Arsenault, J.E.; Arnold, C.D.; Haile, D.; Luo, H.; Dodd, K.W.; Vosti, S.A.; Slupsky, C.M.; Engle-Stone, R.; Variance
Components of Nutrient Intakes Data Working Group. Within-Person Variation in Nutrient Intakes Across Populations and
Settings: Implications for the Use of External Estimates in Modeling Usual Nutrient Intake Distributions. Adv. Nutr. 2021,
12,429-451. [CrossRef]

Gibson, R.S.; Charrondiere, U.R.; Bell, W. Measurement Errors in Dietary Assessment Using Self-Reported 24-Hour Recalls in
Low-Income Countries and Strategies for Their Prevention. Adv. Nutr. 2017, 8, 980-991. [CrossRef]

Najibi, N.; Jahromi, M.K,; Teymoori, F; Farhadnejad, H.; Salehi-Sahlabadi, A.; Mirmiran, P. International diet quality index and
revised diet quality index relationship with non-alcoholic fatty liver disease: A case-control study. BMC Gastroenterol. 2023,
23, 441. [CrossRef]

Lassen, A.D.; Beck, A.; Leedo, E.; Andersen, E.-W.; Christensen, T.; Mejborn, H.; Thorsen, A.V.; Tetens, 1. Effectiveness of offering
healthy labelled meals in improving the nutritional quality of lunch meals eaten in a worksite canteen. Appetite 2014, 75, 128-134.
[CrossRef] [PubMed]

Ares, G.; Machin, L.; Girona, A.; Curutchet, M.R.; Giménez, A. Comparison of motives underlying food choice and barriers to
healthy eating among low medium income consumers in Uruguay. Cad. Saude Publica 2017, 33, e00213315. [CrossRef] [PubMed]


https://doi.org/10.1186/S12963-017-0119-3
https://doi.org/10.1017/S1368980019004737
https://www.ncbi.nlm.nih.gov/pubmed/32338229
https://doi.org/10.1016/j.jfca.2004.02.013
https://doi.org/10.1093/jn/133.11.3476
https://doi.org/10.1093/ajcn/88.2.324
http://colecoes.sibi.usp.br/fsp/files/original/8b36141af4e756cbfb889b895b541890.pdf
http://colecoes.sibi.usp.br/fsp/files/original/8b36141af4e756cbfb889b895b541890.pdf
https://www.cfn.org.br/wp-content/uploads/2017/03/taco_4_edicao_ampliada_e_revisada.pdf
https://www.cfn.org.br/wp-content/uploads/2017/03/taco_4_edicao_ampliada_e_revisada.pdf
https://fdc.nal.usda.gov/
https://fdc.nal.usda.gov/
https://doi.org/10.3390/nu12051490
https://www.ncbi.nlm.nih.gov/pubmed/32443781
https://doi.org/10.1093/heapro/daac129
https://www.ncbi.nlm.nih.gov/pubmed/36166265
https://doi.org/10.3390/nu12040938
https://doi.org/10.3390/nu14235052
https://doi.org/10.1093/advances/nmaa114
https://doi.org/10.3945/an.117.016980
https://doi.org/10.1186/s12876-023-03082-x
https://doi.org/10.1016/j.appet.2013.12.005
https://www.ncbi.nlm.nih.gov/pubmed/24373732
https://doi.org/10.1590/0102-311x00213315
https://www.ncbi.nlm.nih.gov/pubmed/28538799

Nutrients 2025, 17, 2483 15 of 15

50. Darmon, N.; Drewnowski, A. Contribution of food prices and diet cost to socioeconomic disparities in diet quality and health: A
systematic review and analysis. Nutr. Rev. 2015, 73, 643-660. [CrossRef] [PubMed]

51. Oliveira, M.S.D.S.; Santos, L.A.D.S. Dietary guidelines for Brazilian population: An analysis from the cultural and social
dimensions of food. Cienc. Saude Colet. 2020, 25, 2519-2528. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1093/nutrit/nuv027
https://www.ncbi.nlm.nih.gov/pubmed/26307238
https://doi.org/10.1590/1413-81232020257.22322018
https://www.ncbi.nlm.nih.gov/pubmed/32667536

	Introduction 
	Materials and Methods 
	Survey Design 
	Data Collection 
	Nutritional Analysis 
	Nutritional Composition 
	Statistical Analysis 

	Results 
	Discussion 
	Micronutrient Intake and the Relationship Between Electrolyte Balance and Diet Quality 
	Methodological Considerations 
	Public Health Implications 
	Limitations and Strengths 

	Conclusions 
	References

