REVISTA DE

NUTRICAO

Brazilian Journal of Nutrition

Collective Health

Editor
Maria Angélica Tavares de Medeiros

Support

National Council for Scientific and
Technological Development (CNPq)
(Process No. 302518/2019-3); Espirito
Santo Research and Innovation
Support Foundation CNPq/FAPES
(No. 24/2018).

Data Availability

The research data are available from
the corresponding author upon
reasonable request.

Conflict of interest
The authors declare that there are no
conflicts of interest

Received
July 23,2024

Final version
May 15, 2025

Approved
October 16, 2025

Salt consumption profile and
relationship with blood pressure in
the indigenous population

of Aracruz, Espirito Santo

Perfil de consumo de sal e relacao com
a pressao arterial na populacao
indigena de Aracruz, Espirito Santo

Aline Silva Porto' {2, José Geraldo Mill? {k

1 Universidade Federal do Espirito Santo, Centro de Ciéncias da Satde, Programa de Pés-Graduacdo em Satde
Coletiva. Vitoria, ES, Brasil.

2 Universidade Federal do Espirito Santo, Centro de Ciéncias da Satde, Departamento de Ciéncias Fisioldgicas. Vitéria,
ES, Brasil. Correspondence to: |G MILL. E-mail: <josegmill@gmail.com>.

Article based on the dissertation by AS PORTO, entitled “Determinagédo do consumo de sal e pressdo arterial de
populacdes”. Universidade Federal do Espirito Santo; 2024.

How to cite this article: Porto AS, Mill JG. Salt consumption profile and relationship with blood pressure in
the indigenous population of Aracruz, Espirito Santo. Rev Nutr. 2025;38:€240118. https://doi.org/10.1590/1678-
9865202538e240118

ABSTRACT
Objective
To evaluate salt intake and its relationship with blood pressure among adults living in the
Aracruz indigenous reserve, Espirito Santo.

Methods

This cross-sectional study included 37% of the eligible population. Recruitment was conducted
by invitations from researchers, indigenous leaders, and health agents. Fasting blood and
urine samples were collected. Blood pressure was measured via oscillometry, whereas salt
intake was estimated by the Na/creatinine ratio in urine using the Tanaka equation. The
associations between salt intake and systolic and diastolic blood pressure were determined

by multivariate linear analysis. The study was approved by the Research Ethics Committee
(No. 22563019600005056).

Results

Of the 1,084 participants who were initially recruited, 36 were excluded from the analysis
because of missing urinary data, and 248 were excluded because they were on antihypertensive
medications. Thus, the final analysis included the data of 800 individuals (55.4% women;
age = 37.9+13.4 years). In this sample, the average salt intake was estimated at 10.0g/day and
was higher among men (10.4g/day) than among women (9.7g/day; p<0.01). Multivariable
analysisindicated that age, body mass index and salt intake explained 24% of the variability in
systolic blood pressure in the population, with age being the predominant factor. Anincrease of
0.1TmmHgin the diastolic blood pressure was observed for the intake of each additional gram of salt.

Conclusion
High saltintake in the indigenous population of Aracruz, although modestly affecting systolic
blood pressure, contributes significantly to the development of hypertension.

Keywords: Arterial Pressure. Indigenous Peoples. Salt. Urine.

https://doi.org/10.1590/1678-9865202538e240118 Rev Nutr. 2025;38:€240118


https://doi.org/10.1590/1678-9865202538e240118
http://josegmill@gmail.com
https://doi.org/10.1590/1678-9865202538e240118
https://doi.org/10.1590/1678-9865202538e240118
https://orcid.org/0000-0002-4780-3228
https://orcid.org/0000-0002-0987-368X

AS Porto & |G Mill | Salt consumption and blood pressure

RESUMO
Objetivo
Avaliar o consumo de sal e sua relacdo com a pressdo arterial de adultos residentes na reserva indigena de Aracruz,
Espirito Santo.

Meétodos

Estudo transversal abrangendo 37% dos elegiveis. O recrutamento foi feito mediante convite dos pesquisadores,
liderancas indigenas e agentes de satde. Amostras de sangue e de urina foram coletadas em jejum. A pressédo
arterial foi medida pelo método oscilométrico, enquanto o consumo de sal foi estimado pela relagéio Na/creatinina
na urina utilizando a equagdo de Tanaka. A associacdo entre o consumo de sal e a pressdo arterial sistdlica e
diastdlica foi realizada por andlise linear multivariada. O estudo foi aprovado pelo Comité de Etica em Pesquisa
(No. 22563019600005056).

Resultados

Dos 1.084 participantes inicialmente recrutados, 36 foram excluidos da andlise devido a auséncia de dados urindrios
e 248 por estarem em uso de antihipertensivos. Assim, a andlise final foi realizada com 800 individuos (55,4%
mulheres; idade = 37,9+13,4 anos). Nessa amostra, o consumo médio de sal foi estimado em 10,0g/dia, com valores
mais elevados em homens (10,4g/dia) em comparacdo as mulheres (9,7g/dia; p<0,01). A andlise multivariada
indicou que a idade, o indice de massa corporal e o consumo de sal explicam 24% da variabilidade da presséo
arterial sistélica na populacdo, a idade sendo o fator predominante. Observou-se incremento de 0,1immHg na
pressdo arterial sistdlica para cada grama de sal.

Conclusao
A elevada ingestdo de sal na populagdo indigena de Aracruz, embora com impacto modesto na pressdo arterial
sistdlica, contribui significativamente para o desenvolvimento de hipertensdo.

Palavras-chave: Pressdo arterial. Povos indigenas. Sal. Urine.

INTRODUCTION

Chronic noncommunicable diseases, particularly Cardiovascular Diseases (CVD), are
responsible for 63% of deaths worldwide and 72% of deaths in Brazil [1]. Arterial Hypertension (AH)
is the main risk factor for global CVD mortality; thus, efforts to reduce cardiovascular morbidity
and mortality have focused on the control of Blood Pressure (BP) in patients with hypertension. The
prevalence of AH in Brazil is 32.3%, but there are important differences among regions and age
groups [2]. Studies in specific populations, such as civil servants of the Longitudinal Study of Adult
Health (ELSA-Brazil), have also shown differences in prevalence by education and race/color, with
higher values in individuals with lower educational levels and in blacks than in white and brown
individuals [3]. However, few studies on this topic have involved indigenous people. A review of
local studies, most of which focused on the Amazon region, revealed a highly variable prevalence,
mainly because of the degree of acculturation and exchange with the nonindigenous population [4].
Consequently, information on the behavior of BP and its determinants among Brazilian indigenous
people is scarce.

Espirito Santo has only one indigenous group living in a demarcated reserve, located in
the municipality of Aracruz, on the northern coast of the state. The reserve occupies an area of
approximately 18,000 hectares and is home to two indigenous populations with approximately
5,000 people each. Approximately 10% of this population consists of nonindigenous people, and
among the indigenous people, 90% are of the Tupiniquim ethnic group, while the other 10% are of
the Guarani-Mbya ethnic group. A study conducted in adults of this population in 2003 through
2004 revealed a prevalence of AH of 20.8% [5], while that specifically in the Guarani population
was very low (<5%).
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AH is a complex disease whose onset depends on nonmodifiable (family inheritance, sex,
age) and modifiable risk factors, especially those related to diet, including salt intake [6,7]. Diets high
in sodium and low in potassium increase BP and thus facilitate the development of hypertension
[6]. High sodium intake is associated with diets rich in highly processed foods, including ready-to-
eat seasonings [8,9]. The current recommendation of the World Health Organization is that salt
intake should be limited to 5g/day maximum [10]. The consumption pattern of this nutrient in
Brazil is almost double that recommendation, reaching an average value of 9.3g/day, according to
the National Health Survey [11].

In a study conducted with the indigenous population of Aracruz (ES) in 2003 through 2004,
an average salt intake of 13.7g/day was reported on the basis of sodium measurements in the
urine of 12 nocturnal collections [5], a result of the long-standing incorporation of the traditional
eating habits of urban populations. The impact of the adoption of Western diets high in sodium by
indigenous people has rarely been studied in Brazil. The objective of this study was to determine
the profile of sodium and potassium intake in the population of the villages of Aracruz and to verify
its impact on the BP of this population.

METHODS
Population and study site

This study was conducted in the population residing in the Aracruz indigenous reserve, which
is located approximately 80 km from Vitdria, the state capital of Espirito Santo. All the residents of
the 12 reserve villages aged >20 years were considered eligible for the study.

According to data from the indigenous health district, the eligible population as of February
of 2023 was 2,982 individuals, the majority of whom were of the Tupiniquim ethnicity (80%), while
a minority were Guarani Mbya (10%). The remaining 10% of the population was nonindigenous
(in general, married to indigenous people). The population generally subsists on agriculture and
fishing, and approximately 20% of the population are salaried workers in public or private sectors
in the region.

Research planning was conducted through meetings with indigenous leaders and researchers,
and participants were recruited through invitations to those eligible by indigenous leaders, researchers
and health agents of the 5 Basic Indigenous Health Units of the reserve. Data collection was performed
via questionnaires administered in interviews and by clinical and laboratory tests on predetermined
days at the UFES University Hospital in Vitdria (September 2020 to July 2022) for community service.
After accepting theinvitation, all participants signed an informed consent form before data collection
with the assistance of indigenous health agents, when necessary. The project was approved by the
Research Ethics Committee of the Health Sciences Center of Universidade Federal do Espirito Santo
(UFES) (CAAE 22363019.6.0000.5060, Opinion No. 3.655.623) and by the National Research Ethics
Committee (CONEP Opinion No. 3.828.655).

Data collection

The participants visited the examination site (Hospital Universitario da UFES) in the morning
(7-8 am) after fasting for 10-14 hours for blood and urine collection, blood pressure measurements,
anthropometry, electrocardiography, and bioimpedance data collection, as well as questionnaire
administration to obtain sociodemographic data and information concerning lifestyle habits.
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Blood pressure was obtained according to the protocol of the Brazilian Society of Cardiology
[12]. Three consecutive measurements were performed with an interval of 1-2 minutes using an
oscillometric device (Omron HEM 705CPINT) after the bladder was emptied, with the patientin a
seated position and having rested for at least 5 minutes. The final BP was recorded as the mean of the
last two measurements. Anindividual was considered hypertensive when the Systolic Blood Pressure
(SBP) was >140mmHg or the Diastolic Blood Pressure (DBP) was 290mmHg or if the participant
reported using antihypertensive drugs, including diuretics [12].

Body weight was obtained during fasting and after the bladder was emptied, with the
individuals barefoot and wearing the standardized study outfit, using an electronic scale (Toledo,
Brazil) with 0.1kg precision. Height was measured using a wall stadiometer (Seca, Brazil) with a
precision of 0.1cm. Body Mass Index (BMI) was calculated as the ratio of weight to height squared
(kg/m?). Nutritional status was classified according to the standardized protocol; individuals were
classified as underweight (BMI <18.5kg/m?), normal weight (BMI18.5 to 24.9kg/m?), overweight (BMI
from 25.0 to 29.9kg/m?) or obese (BMI =30kg/m?). Diabetes was considered present if self-reported,
if the fasting glucose concentration was >126mg/dL or 2200mg/DL after the glucose tolerance test
(ingestion of 250mL of flavored solution containing 75g of glucose), or if the participant reported
the use of oral hypoglycemic agents or insulin [13].

Estimation of salt intake

A urine sample was collected before the anthropometric measurements were obtained,
typically corresponding to the second urine of the day. An aliquot of the sample was sent to the
laboratory for measurement of creatinine (Jaffé method) and Na and K (selective electrode). The
estimated saltintake was calculated with the Na/creatinine ratio in casual urine and using the Tanaka
formula [14], which was previously validated for the adult Brazilian population [15].

Data analysis

Data were analyzed using IBM®SPSS® (version 21). The Kolmogorov-Smirnov test was used
to test the normality of continuous variables. Comparisons of categorical variables were performed
using the chi-square test, comparisons of two means were performed using Student’s t test for
independent samples, and comparisons of three or more means were performed using one-way
analysis of variance. Post hoc comparisons were performed using Tukey's test. Pearson’s correlation
(r) analysis was used to test the association of SBP and DBP with exposure variables (age, BMI,
salt intake, Na/K and K/creatine ratio in urine), and the correlation was considered significant at
p<0.05. Toidentify independent determinants of SBP and DBP, multivariable analysis was used with
progressive input of independent variables with significant associations in the bivariable analyses.
The significance level adopted was 5%. For each dependent variable (SBP, DBP), the dependent
variables included in the model were age, BMI and salt intake (g/day), in that order.

RESULTS

Of the 1,084 study participants, 36 were excluded because their urine was not collected, and
248 reported being on antihypertensive medication. The data presented correspond to a sample
of 800 individuals, among whom 55.4% were women, with a mean age of 37.9+13.4 years. Table 1
shows the sociodemographic and clinical data of the sample, which consisted mostly of young adults
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(up to 40 years old) and nonsmokers and those who consumed alcohol. In the sample, there was a

predominance of Tupiniquins (79.8%) and a lower proportion of Guarani (10.5%) and nonindigenous
(10.9%) individuals.

Table 1 - Sociodemographic characteristics of the sample according to sex in the indigenous community of Aracruz (2021-2022).

Male (n=357) Female (n=443) Total (n=800)
(Variables) p-value
n % n % n %
Age group (%) <0.01
20-39 Years 186 521 296 66.8 482 60.2
40-59.9 Years 132 37.0 122 275 254 31.8
> 60 Years 39 10.9 25 5.6 64 8.0
Ethnicity (%) 0.07
Tupiniquim 293 821 336 75.8 629 78.6
Guarani 29 8.1 55 12.4 84 10.5
Nonindigenous 35 9.8 52 n.7z 87 10.9
Education (%) <0.01
Incomplete elementary education 109 30.5 110 24.8 219 274
Complete elementary/incomplete secondary education 87 244 73 16.5 160 20.0
Complete secondary/incomplete higher education 127 35.6 193 43.6 320 40.0
Complete higher education 34 9.5 67 15.1 101 12.6
Smoking status (%) <0.01
Current 82 23.0 48 10.8 130 16.2
Former 85 23.8 58 131 143 179
Never 190 53.2 337 76.1 527 659
Consumption of alcoholic beverages (%) <0.01
Yes 285 79.8 265 59.8 550 68.8
No 72 28.8 178 40.2 250 31.2

Note: The p-value was calculated with the chi-square test. Numbers in bold correspond to p<0.05.

Table 2 shows the clinical characteristics of the sample according to sex. Men had higher
mean values of weight, height, SBP and DBP and a higher prevalence of AH and overweight (<0.071),
whereas women had higher mean values for BMI, heart rate and prevalence of obesity.

Table 3 shows the urine characteristics of the participants. The concentration of creatinine
was higher in males, as were the concentrations of Na and K. The predicted creatinine excretion

Table 2 - Clinical characteristics of the sample according to sex in the indigenous community of Aracruz (2021-2022).

Variables Male (n=357) Female (n=443) Total (n=800) p-value
Weight (kg) 77.5+15.0 74.0+16.8 75.7£16.0 <0.01
Height (cm) 168.9+7.70 157.0£6.6 162.3£9.2 <0.01
Waist circumference (cm) 91.0£11.9 91.7+15.1 91.4+13.7 0.502
Body mass index (kg/m?) 27.0+4.3 30.0+6.3 28.6+5.7 <0.01
Systolic blood pressure (mmHg) 128+15 119+15 123+16 <0.01
Diastolic blood pressure (mmHg) 76+10 74+9 75+9 <0.01
HR (mmHg) 69+12 75+12 72+12 <0.01
Hypertension (%) 68(19.0) 49(11.7) 17(14.6) <0.01
Diabetes (%) 36(10.1) 67(15.1) 103(12.9) 0.03
Overweight (%) 163(52.1) 150(47.9) 313(39.1) <0.01
Obesity (%) 77(21.6) 196(44.2) 273(34.7) <0.01

Note: The data are presented as the mean+standard deviation for continuous variables or as the number and percentage of individuals (%)
for categorical variables. Continuous variables were compared with the independent-samples Student’s t test, and categorical variables were
compared with the chi-square test. n: Number of individuals; Numbers in bold correspond to p<0.05.
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over 24 hrs, calculated by the Tanaka formula [14], was approximately 18% greater in men (p<0.01).
The relationship between the molar concentrations of Na and Kin the urine was greater than 3 and
similar between the sexes (p>0.05). Only 20 men (5.2%) and 23 women (5.2%) had a Na/K ratio <1,
indicating a balanced diet between these two minerals. The estimated salt intake was on average
10.0+2.7g/day and was slightly greater for men than for women (p<0.01). Only 6 women and 2 men
reported an estimated daily salt intake within the current recommendation (<5g/day).

Table 3 — Characteristics of the sampled urine according to sex in the indigenous community of Aracruz, 2021-2022.

Variables Male (n=357) Female (n=443) Total (n=800) p-value
Creatinine (mg/dL) 120.8+52.7 104.0+51.2 1M.4+52.5 <0.01
Na+ (mmol/L) 146.8+58.5 126.8+57.5 135.7+58.8 <0.01
K+ (mmol/L) 54.7+29.8 49.0+32.3 51.5+31.3 <0.01
Na+/K+ (unitless) 3.6%3.5 3.3+25 3.4+3.0 0.227
Creatinine 24 h (mg) 1552.5+320.9 1317143134 1422143375 <0.01
Salt (g/day) 10.4+3.0 9.7+2.5 10.0+2.7 <0.01

Note: The data are presented as the mean and (+) standard deviation. Student’s t test for independent groups. n: Number of individuals;
Na+: sodium; K+: potassium. Numbers in bold correspond to p<0.05.

Table &4 shows the characteristics of salt intake as a function of sociodemographic and health
variables. Consumption was similar across age groups and for different levels of education. It was
lower, however,among the Guarani. There was a progressive increase in salt intake as BMl increased.
When the eutrophic group was used as a reference (average intake of 9.4g/day), the estimated salt
intake was greater in both overweight and obese patients. We detected no difference in salt intake
in relation to the presence or absence of AH.

Table 4 — Estimated salt intake stratified by subgroup according to sociodemographic and health characteristics in the indigenous
community of Aracruz, 2021-2022.

Variables n Salt (g/day) p-value
Age group 0.06
20-39 Years 482 10.2£3.0
40-59.9 Years 254 9.7¢2.3
> 60 Years 64 9.9+2.2
Ethnicity <0.01
Tupiniquim (Ref) 629 10.2+2.7
Guarani 84 9.3+3.6#
Non indigenous 87 9.7£2.3%
Education 017
Incomplete elementary education 219 9.94£3.0
Complete elementary/incomplete secondary education 160 9.9+23
Complete secondary/incomplete higher education 320 10.3+2.8
Complete higher education 101 9.6+2.5
Nutritional Status <0.01
Malnutrition 12 9.0+3.0
Eutrophy (Ref) 202 9.429
Overweight 313 10.0+2.5#
Obesity 273 10.5+2.8#
Normotensive 683 10.0+2.8 0.23
Hypertensive n7 10.3£2.7

Note: The data are presented as the mean and (+) standard deviation. One-way ANOVA with Tukey's post hoc test or Student’s t test was
used for independent samples. #(p<0.05) according to the Tukey test compared with the reference group (Ref). n: Number of individuals.
Numbers in bold correspond to p<0.05.
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The results of the multivariable regression analysis between salt intake and BP are shown
in Figure 1. In the simple correlation analysis, SBP was significantly associated (p<0.05) with age
(r=0.468) (r=0.47), BMI (r=0.104) (r=0.07) and salt intake (r=0.100) (r=0.11), whereas DBP was only
significantly associated with age (r=0.285) (r=0.28) and BMI (r=0.278). The model including age, BMI
and salt intake explained 24% of the total variability in SBP; 22% of the total variability was due to
age, while BMI and salt intake each contributed approximately 1% of the total variability. For DBP,
the multivariable model thatincluded age and BMI explained 16% of the total variability; specifically,
8% was explained by age and the other 8% by BMI. The same analytical model was used to assess
the correlations for SBP and DBP among only the 248 individuals who were using antihypertensive
drugs. From a qualitative point of view, the values are the same, but the models lost strength, as
age, BMI and salt intake explained 23% of the variability in SBP but only 9% of the variability in DBP.

220 1
I Systolic Blood Pressure (p<0.07)
200 | y = 0.1 x salt (g/day) + 0.47 x age (years) + 0.07 BMI (kg/m?) +117
180
160
=
T 140 {
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y = 0.02 x salt (g/day) + 0.28 x age (years) + 0.27 BMI (kg/m?) + 73
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0 g 10 15 20 25 30
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Figure 1- Relationships between salt intake and blood pressure in the village population in Aracruz, ES, 2021-2022.

DISCUSSION

The main findings of this study are that saltintake by villagers is high, at 10g/day — approximately
2 times higher than the current recommendation — and has a positive effect on SBP values. This
impact, however, is small, corresponding to 0.11mmHg/gram of salt in the diet. For DBP, the impact of
saltintake was not statistically significant. Considering that salt intake is normally distributed in the
population, it can be estimated that almost half of the exposed population has a salt intake above
the limit of 10g/day and that only a tiny portion has an intake within the current recommendation
of up to 5g/day. The high consumption of salt, combined with the low consumption of fruits and
vegetables, which are the main food sources of potassium, resulted in high Na+/K+ ratios in the
urine of this population (>3), suggesting a low-quality diet, which contributes to high levels of AH in
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the community, as well as to other comorbidities, such as overweight, obesity and diabetes, which
also contribute to increased blood pressure.

The high values of salt intake observed in this study were also found in the Brazilian adult
populationin the National Health Survey (2013-2015), where a mean value of 9.7g/day was found using
the same technique, i.e., casual urine and calculation of salt intake using the Tanaka formula [16]. The
values suggest, therefore, that the mean salt intake in the indigenous population is approximately
10% higher than that in the Brazilian population in general. A previous study conducted in this
same indigenous community approximately 20 years ago indicated even higher salt intake
(13.7g/day) than that currently reported [5]. However, in the evaluation conducted in 2003/2004, salt
consumption was estimated from a 12-hour urine collection at night. Considering that the Tanaka
formula underestimates salt intake by approximately 1g/day [15], it can be considered that salt
intake in this community is declining slightly, which likely reflects the actions implemented by the
government to reduce the salt content in processed foods, the consumption of which is apparently
high in the studied population.

This hypothesis is supported by the fact that the mean urine sodium concentration decreased
from 154.0+59.7mEq/L in 2003-2004 to 135.7+ 58.8mEq/L in 2020-2022 (p<0.001). If we consider
water consumption and urine production similar in the two periods, it can be estimated that in the
interval between the two studies, there was a reduction of between 1and 2g in daily salt intake.
Notably, a high Na+/K+ ratio is a stronger predictor of cerebral ischemic events than high salt intake
is [17]. High levels of salt intake and a high Na+/K+ ratio in casual urine have also been reported
in other studies using the same methods of assessment of salt intake used in this study (casual
urine [18,19].

A possible confounding factor in the analysis of the association between salt intake and BP is
the fact that overweight and obese individuals consume relatively high amounts of salt, as shownin
this and other studies [20]. That is, part of the effect of BMI on blood pressure may be secondary to
a diet with higher salt content in these individuals. In the multivariable analysis, however, BMI and
saltintake contributed independently to SBP but not to DBP, where excess fat plays an important role
in determining higher blood pressure levels, as already demonstrated in several population-based
studies [21,22]. Studies that relate salt intake and blood pressure in populations are well established,
such as the one published by Mente et al. [23], in which, in individuals over 55 years, salt intake
above 5 g/day was associated with a systolic pressure 2.5mmHg higher than that in individuals
whose consumption was lower than 5g/day. A study in the Japanese population indicated that after
adjusting for age, sex, BMI and smoking status, each 2.5g/day increase in salt in the diet increased
the systolic blood pressure by 0.9mmHg [24], which is greater than that reported in our study, where
adjustment for age or BMI showed an increase of 0.11mmHg/g of salt, which was identical to that
following adjustment for both age and BMI. The impact of salt intake on blood pressure, however,
does not seem to be uniform, because this association was not found in the Vietnamese population
after adjustment for age, smoking status and alcohol consumption [25]. A possible reason for these
apparently nonuniform results could be that the blood pressure in different populations could have
different degrees of sensitivity to salt. If this is the case, the indigenous population could present
a lower blood pressure response to salt than other populations for whom sensitivity to salt would
be greater. Notably, our sample includes a small portion (approximately 10%) of nonindigenous
people. However, the exclusion of this group from the analyses did not affect the results (data not
shown). Alternatively, the greater or lesser impact of salt intake on blood pressure may be due to
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the intake of other nutrients, such as K+, and the efficiency of pressure diuresis, whereby a higher
sodium intake would lead, at first, to greater water intake and increased extracellular volume,
followed by stimulation of diuresis, causing the body to eliminate the excess sodium ingested
[26,27]. In such cases, increased salt intake would not contribute to increased extracellular volumes
or, consequently, to increased blood pressure. The lack of association between salt intake and
diastolic pressure is because fat accumulation, and not extracellular volume, is the most important
factor in its determination [28,29].

The high saltintake observed in this study is due to the adoption of westernized eating habits
by indigenous populations. The community that inhabits the Aracruz reserve does not function
as a closed community but is open and has a high degree of interaction with the rural and urban
surroundings of the municipality of Aracruz. Approximately 20% of adults are regularly employed
in the public or private sector, and food is purchased in regular commercial establishments, such
as bakeries and supermarkets, some of which exist within the reserve itself. Although they live in
arural area, the cultivation of food for their own consumption (including vegetables and fruits) is
very rare, resulting in a low-quality diet profile that results in a high Na+/K+ ratio in the urine due
to the consumption of processed and ultra-processed foods, which currently account for 30% of
the diet of the Brazilian population [30].

Excess body fatis closely related to increased blood pressure. In this study, we clearly showed
that overweight and obese individuals have higher salt intake. Multivariable analysis revealed that
both factors contribute to increased systolic blood pressure. Thus, high salt intake contributes,
albeit indirectly, to the onset of metabolic syndrome and insulin resistance and, consequently, type
2 diabetes [28,31], which was also highly prevalent in this population. It should be noted, however,
that the prevalence of hypertension and diabetes described in this study are underestimated with
respect to the actual prevalence of these conditions in the study population because, in order to
relate pressure to salt intake, all individuals who were using antihypertensive drugs, many of whom
also have diabetes, were excluded from the analysis.

Our study has several limitations, including the lack of evaluation of sodium excretion by
the method considered the gold standard, 24-hrs urinary excretion. However, estimation of salt
intake from the Na+/creatinine ratio in casual urine is easier to perform in large population groups,
as previously reported in population-based studies in Brazil, including the National Health Survey
[16]. The Tanaka formula, in turn, is adequate for estimating the average consumption in a group of
individuals butis inadequate for accurately estimating individual consumption [14,15]. The validity of
the application of this formula was tested in an urban population in the same age group as the sample
in the current study, and it showed adequate performance with respect to 24-hour urine collection
[15]. Given the cross-sectional nature of the current study, it is not possible to establish a cause and
effect relationship. Another point to be considered is that the study was conducted on volunteers
and not on a random sample of the population. However, the project covered approximately 37%
of the entire population eligible for the study, and the demographic data of the sample are similar
to those of the population as a whole in terms of age groups. There was a predominance of women,
asis common in studies with volunteer samples. The adjustment for sex in the regression analyses
did not affect the quality of the analytical model or the conclusions. Therefore, it can be inferred
that the study data are representative of the population of the villages and should reflect, to a large
extent, the characteristics of the indigenous population in view of the large predominance of this
segment in the sample studied.
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CONCLUSION

Salt intake in the indigenous population of Aracruz is high, with an average of 10g/day,
double the recommended value established by the World Health Organization (5g/day). Although
the association between salt intake and SBP was statistically significant, the observed impact was
modest, with anincrease of 0.11lmmHg for each gram of salt consumed. This effect was more strongly
observed in overweight and obese individuals, suggesting a complex interaction among diet and
risk factors for hypertension. Additionally, the high Na/K ratio observed indicates a low-quality diet
characterized by excessive consumption of processed and ultraprocessed foods, which contributes
to the high prevalence of hypertension and other comorbidities, such as type 2 diabetes.

Nutritional education programs that address the importance of a balanced diet and a
reduction in salt intake, as well as the continuous monitoring of blood pressure and eating habits
of the indigenous population, should be implemented. In addition, public health policies should
be promoted to encourage the production and consumption of fresh and healthy foods to reduce
dependence onindustrialized products. This integrated approach could contribute to mitigating the
risks associated with excessive salt intake and promoting cardiovascular health in the indigenous
population of Aracruz.
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