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Introduction
Selenium seems to have protective effect on muscle function, contribute to healthy aging and longevity, however, in older adults this relationship has not been well studied. Objective: To evaluate the nutritional status of selenium in very old adults and its relationship with muscle strength, muscle mass and physical performance.
Methods
A cross-sectional observational study investigating functionally independent individuals aged ≥80 years was conducted. Appendicular skeletal mass was determined by electrical bioimpedance, and physical performance and hand-grip strength were evaluated. Selenium intake and status in plasma and erythrocytes were evaluated. For statistical analysis. Poisson multivariate analysis was performed, and prevalence ratio used as a measure of effect.
Results
A total of 72 older adults with a median age of 84 years were evaluated. Median Selenium intake was 71.58 mcg, and adequacy 73.5% overall, with a higher rate among men. In the total sample, 87.5% had optimal selenium plasma concentrations and no participants were deficient. All participants had adequate erythrocyte selenium levels. Gait speed was associated and correlated with selenium intake, even in the adjusted model The prevalence of low adequacy on the gait test was reduced by 3%–5% for every 1 mg increase in selenium consumption (PR 0.95; 95% CI: 0.93, 0.98).
Conclusion
The gait speed results reinforce the hypothesis of an antioxidant role of selenium in muscle function. The very old adults studied demonstrated that homeostatic mechanisms control circulating selenium levels, highlighting the need for a specific reference value for the oldest-old population, besides the importance of analyzing blood markers associated with food intake and dietary patterns, since supplementation may prove iatrogenic.
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1 INTRODUCTION
Aging is a biological process associated with increased oxidative stress, one of the most important mechanisms of cellular senescence (Martemucci et al., 2022). Although aging is inexorable, the way in which it occurs determines the vitality of the older person (Moraes, et al., 2016). Robust older adults have high intrinsic capacity and functional ability and are an example of healthy aging. Successful aging is a vector of the interaction among physical and mental health, economic independence, daily activities, social integration and family support (Depp and Jeste, 2006).
Studies on the aging process have identified mechanisms by which healthy lifestyle habits contribute to healthy aging, resulting in increased longevity (World Health Organization, 2015). In this context, nutrition is considered one of the hallmarks of aging (López-Otín et al., 2013). Several nutrients have been associated with increased quality of life and longevity (Ter Borg et al., 2016; Verlaan et al., 2017; Van Dronkelaar et al., 2023). However, studies evaluating the nutritional status of minerals are scarce (Van Dronkelaar et al., 2023; Seo et al., 2013; Ter Borg et al., 2016; Verlaan et al., 2017). Furthermore, there is a dearth of studies on the nutritional status of older adults aged 80 or over, the fastest growing strata of the population in Brazil and currently representing 14.6% of the Brazilian older population (Instituto Brasileiro de Geografia e Pesquisa, 2023). Studying this oldest-old group can help reveal new approaches for promoting healthy aging.
Selenium (Se) status is considered an important factor for maintaining health in older adults (Giovannini et al., 2018), where low plasma Se levels seem to be associated with a lower survival rate in this population (Alehagen et al., 2016; Giovannini et al., 2018), regardless of age or other clinical and functional parameters (Giovannini et al., 2018). The role of Se in aging and in the prevention of chronic diseases depends on its intake, differences in selenoprotein (Selp) genes, Selp expression, and the regulation of metabolic pathways, such as those related to the inflammatory response (Zhang et al., 2018; Ghashut et al., 2016).
Skeletal muscle is one of the main storage sites for Se (30%–45% of total pool) and deficiency in this mineral is believed to be associated with myopathy. Selp have a protective effect on muscle function (Castets et al., 2012; García-Esquinas et al., 2021), predominantly due to the action of glutathione peroxidase (GPx), which can neutralize reactive oxygen species (ROS) (Ighodaro and Akinloye, 2018). In addition, suboptimal levels of Selp also upregulate inflammatory cytokines, such as interleukin 6 (IL-6), causing muscle weakness, fatigue, pain and oxidative damage (Huang et al., 2012).
The association between selenium and sarcopenia, defined by loss of strength and muscle mass, is typically investigated in studies of individuals that are frail, present multiple comorbidities, are institutionalized, or in home care (Van Dronkelaar et al., 2023). However, few studies have explored the relationship between selenium and muscle health in older people exhibiting successful aging. Some studies have found that older adults with sarcopenia have lower selenium intake than those without sarcopenia (Ter Borg et al., 2016; Verlaan et al., 2017).
Thus, based on the hypothesis that the nutritional status of Se in very old adults with successful aging contributes to physical and muscular health, this study evaluated the nutritional status of Se in this oldest-old group and its relationship with muscle strength, muscle mass and physical performance, variables characterizing sarcopenia.
2 MATERIALS AND METHODS
2.1 Study design and setting
A cross-sectional, observational study of baseline data from a prospective, analytical open cohort study entitled “Mineral profile of older adults and relationship with healthy aging” was conducted. The study took place at the Multidisciplinary Care Clinic for Robust Elderly People and at Risk of Fragility of the Geriatrics and Gerontology Service of the Jenny de Andrade Faria Institute of the Hospital das Clínicas of the Federal University of Minas Gerais (HC/UFMG). The Geriatrics and Gerontology Service at the HC/UFMG is a Referral Center for Elderly Care in the State of Minas Gerais, Brazil.
The study was conducted in accordance with ethical guidelines and previously approved by the Ethics Committee of the same university under permit number 85566218.0.0000.5149. All participants signed a Free and Informed Consent Form.
2.2 Participants
The sample included all older adults evaluated between December 2018 and March 2023 who agreed to take part in the study. The inclusion criteria were individuals aged ≥80 years and functionally independent (robust) according to the multidimensional frailty model proposed by Moraes et al. (2016) in which the Functional Clinical Classification is systematized using the Visual analogue scale of frailty (VAS-Frailty). The use of this method is consistent with the International Classification of Functioning (ICF) of the World Health Organization (WHO), whose emphasis should be on functioning (Moraes et al., 2016). Centenarians were included in the study, regardless of the presence of frailty, as these individuals were considered models of successful aging (Borras et al., 2020).
The exclusion criteria were institutionalized older adults, diabetics, those with chronic alcoholism and in use of furosemide, valproic acid or digitalis. Individuals who refused to take part in the study were also excluded. The sample selection process is presented in Figure 1.
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The characteristics of the older adults determined were age, gender, years of education, per capita income, Pfeffer test score (Pfeffer et al., 1982), number of comorbidities, Charlson comorbidity index calculated (Charlson et al., 1987) by MD + Calc. (Quan et al., 2011), number of drugs, cognitive ability as measured by the Mini-Mental State Examination (MMSE) (Folstein et al., 1975), where 30 points was the maximum score and cut-off scores for no cognitive decline were defined as ≥13 points for subjects who were illiterate, ≥18 for those with low or medium education (elementary and secondary <8 years), and ≥26 for subjects with higher education (>8 years) (Bertolucci et al., 1994). Data for the variables physical activity and exercise (World Health Organization, 2018), nutritional status and physical capacity where also collected.
Nutritional status was evaluated by measuring weight on Filizola® scales (PL 200 LED, Filizola®, São Paulo (SP) Brazil), and height using a stadiometer on the same equipment, according to the WHO recommendations (World Health Organization, 1995). Body Mass Index (BMI) was calculated, and the cut-off points used for classification were underweight (≤23 kg/m2), normal weight (>23 to <28 kg/m2), overweight (≥28 to <30 kg/m2) and obese (≥30 kg/m2) (Organización Panamericana de la Salud, 2002).
Body composition was assessed by an electrical bioimpedance test. A Biodynamics® model 310 (Biodynamics corporation, United States) portable device with four poles was used, which emits an electric current of 800 microamps with 50 kHz intensity and frequency, respectively. The older adults were instructed to avoid strenuous physical exercise 12 h before the test, remove any metal objects and to fast for 8 h, according to the recommendations of Kyle et al. (2004).
The resistance (R) and reactance (Xc) data provided by the device were used to calculate fat free mass according to the equation of Kyle et al. (2001):
FFM=−4.104+0.518 × height²/R+0.231 × weight+0.130 × Xc+4.229 × sex:men=1,women=0,where height is in centimeters
Fat mass was obtained by subtracting body fat in kg from total body weight. Appendicular skeletal muscle mass (ASM) was calculated as proposed by Peniche et al. (2015):
ASM=−0.05376+0.2394 × height²/R+2.708 × sex+0.065 * weight,where height is in centimeters and sex for men=1 and women=0.
As recommended by the European sarcopenia consensus, ASM was divided by height2 to adjust for body size, and the cut-off point adopted was ≥7.0 kg/m2 and ≥5.5 kg/m2 for men and women, respectively (Gould et al., 2014).
Physical ability was evaluated using the Short Physical Performance Battery (SPPB) test validated for use in the Brazilian population (Nakano, 2007), including the assessment of static balance, lower limb muscle strength, and 4-m gait speed test. Good ability was defined as an SPPB score >8 (eight) points (Cruz-Jentoft et al., 2019). The 4-m gait speed test alone was also applied, with performance considered adequate for a mean value of >0.8 m/s (Cruz-Jentoft et al., 2019).
Hand-grip strength was measured using a Jamar® dynamometer (BL5001, Lafayette, Indiana, United States) based on the highest of three measurements of both right and left hands interspersed, as recommended by Roberts et al. (2011). The cut-off points for adequacy were ≥27 kg and ≥16 kg for men and women, respectively (Dodds et al., 2014).
2.4 Selenium biomarkers
Plasma and erythrocyte Se concentrations were evaluated. Blood was collected in vacuum tubes with sodium citrate by a trained professional and participants were instructed to fast for 8 h. The samples were stored in a freezer at −20°C and diluted 1/30 (v/v) before analysis.
Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES), with an axial view configuration and V-Groove nebulizer connected to a hydride generation System (NaBH4) (Spectrometer 720 ICP-OES -, Varian Inc., California, United States), was used for mineral analysis. Samples were read at a wavelength of 203.985 nm, according to the methodology proposed by the Association of Analytical Chemists (AOAC) (Association of Analytical Chemists, 2012). Monoelemental stock solutions of Se of 1,000 mg.L-1 (Titrisol and Certipur - Merck, Germany) were used for the calibration curve. Samples of certified reference material, SeronormTM Oligoelement Serum L-1, and L-2 (Billingstad, Norway) were determined to validate the analytical measurements using ICP-OES.
The erythrocyte Se determinations were compared against the reference values of 0.18–0.55 μg/gHb (Vitoux, Arnaud, Chappuis, 1999). For plasma Se, optimal concentration was defined as ≥70.00 μg/L and deficient level as <45.00 μg/L (Perri et al., 2023).
2.5 Mineral intake
Food consumption was assessed using a food diary for 3 non-consecutive days including a weekend day, completed by the participant or their caregiver, recording all foods consumed and respective amounts in household measures, immediately after meals to avoid memory bias. Diaries were completed 1 week before blood. Questionnaires were returned to researchers for review of the food diaries, clearing up doubts and rectifying any additional details recorded incorrectly (World Health Organization, 1995).
The composition of calories, proteins, and Se was determined by calculating the mean of the 3 days of the food diary, including the amount per capita of sugar, salt, oil/fat, in addition to dietary supplements consumed. The nutritional composition assessment was performed according to the methodology proposed by the Brazilian Institute of Geography and Statistics (IBGE) (Instituto Brasileiro de Geografia e Pesquisa, 2011) in the “Brasil Nutri” program 2nd edition.
The daily caloric and protein intake was divided by body weight in Kg. Due to the lack of intrapersonal standard deviation values for Se, the percentage of older adults with adequate intake was calculated based on the adequate intake (AI) values for this mineral (Institute of Medicine, 2000).
2.6 Statistical analysis
The variables were tested for normality using the Kolmogorov-Smirnov test. Those variables with normal distribution were expressed as means and standard deviation (SD) and those with non-normal distribution as medians and interquartile range (IQR). Categorical variables were expressed as absolute frequencies and percentages.
The sample was dichotomized by gender for the analysis of characteristics, dietary intake, and Se biomarkers, and by adequacy of muscle strength, muscle mass and physical performance for the analysis of dietary intake of Se and its biomarkers.
Means were compared using Student’s t-test or the Mann-Whitney test for normal and non-normal distribution variables, respectively. The categorical variables were compared using Pearson’s chi-square test or Fisher’s exact test according to the ratio of expected frequencies lower than 5. Pearson or Spearman correlations were used to determine the relationships among selenium intake, biomarkers, muscle strength, muscle mass and physical performance.
Multivariate analysis was carried out using Poisson regression models with robust variance, where gait speed (adequate or low) was the dependent variable and the predictor variables with a p-value <20% (P < 0.20) was the explanatory variable, which were entered into the model using the backward method. The Hosmer-Lemeshow test was used to check the fit of the final model. Prevalence ratio (PR) with a 95% confidence interval (95% CI) was used as a measure of effect.
Data were analyzed using the Statistical Package for the Social Sciences program (SPSS version 21.0), except for the Poisson regression analysis, which was carried out using Stata software version 12.0 (Stata Corp, College Station, TX, United States). The level of statistical significance was set at p < 0.05.
3 RESULTS
A sample of 72 older adults with a median age of 84 (82–87.75) years that included 3 centenarians and comprised 55.6% females was assessed. Median Pfeffer test score was zero, indicating good functioning (total independence for instrumental activities of daily living). Participant characteristics are shown in Table 1. Reasons for losses included problems completing the food diary, missing information on family income and difficulty carrying out the SPPB hand-grip strength tests.
TABLE 1 | Characteristics of very old adults with successful aging, according to gender.	Variables	All participants (N = 72)	Male (n = 32)	Female (n = 40)	p-value
	Age, yearsa	84 (82–87.75)	84 (81.25–86.75)	84 (82–90)	0.661†
	Minimum and maximum age, years	80–108	80–108	80–101	
	Octogenariansb	55 (76.4)	26 (81.3)	29 (72.5)	0.686*
	Nonagenarians and centenariansb	17 (23.6)	6 (18.7)	11 (27.5)	0.225*
	Education, years of formal studya	4 (2–8)	4 (3–6.75)	4 (3–6.60)	0.714†
	Per capita income, USDa	238.8 (197.6–544.15)	233.19 (189.05–539.31)	208.37 (189.05–516.20)	0.784†
	Number of comorbiditiesa	2 (1–3)	2 (1–2)	2 (1–2)	0.061†
	Charlson comorbidity indexa	5 (4–5)	5 (4–5)	5 (4–5)	0.751†
	MMSE scorea	26 (23–28)	26 (23.25–28.00)	26 (23.25–28.00)	0.386†
	No cognitive declineb	62 (95.4)	27 (96.4)	35 (94.6)	1.00*
	Number of drugsa	2 (2–4)	2 (2–4)	2 (2–4)	0.357†
	Engages in physical activityb	63 (91.3)	28 (87.5)	35 (94.6)	0.405*
	Engages in physical exerciseb	37 (53.6)	20 (62.5)	17 (45.9)	0.227*
	BMI, kg/m2c	26.3 ± 4.28	25.3 ± 4.16	27.05 ± 4.27	0.094#
	BMI Classificationb
Underweight
Normal weight
Overweight
Obese	
15 (20.8)
37 (51.4)
7 (9.7)
13 (18.1)	
11 (34.7)
14 (43.7)
2 (6.2)
5 (15.6)	
4 (10.0)
23 (57.5)
5 (12.5)
8 (20.0)	0.085*
	Fat mass, kgc	22.11 ± 7.98	18.64 ± 7.49	24.74 ± 7.39	0.002#
	% Fat massc	34.26 ± 9.68	26.69 ± 6.62	39.98 ± 7.44	0.000#
	Fat free mass, kga	40.72 (34.77–46.70)	46.68 (44.32–55.99)	36.47 (32.40–39.46)	0.000†
	ASM/h2c	6.35 ± 1.17	7.13 ± 0.84	5.74 ± 1.03	0.000#
	ASM/h2 adequateb	38 (57.6)	15 (51.7)	23 (62.2)	0.457*
	Gait speed, m/sc	1.03 ± 0.25	1.13 ± 0.23	0.95 ± 0.24	0.002#
	Gait speed adequateb	54 (81.8)	27 (93.1)	27 (73)	0.053*
	Grip strength, kgc	24.14 ± 8.51	30.83 ± 6.45	19.09 ± 4.51	0.000#
	Grip strength adequateb	55 (80.9)	23 (76.7)	32 (84.2)	0.440*
	SPPB scorea	11 (10–12)	11 (10–12)	10 (9–12)	0.282†
	Good physical performanceb	54 (81.8)	25 (86.2)	29 (78.4)	0.527*


aMedian (IQR).
bn (%).
cMean ± SD.
BMI, body mass index; cm, centimeters; g, grams; ASM, appendicular skeletal muscle mass; kg, kilograms; h, height; m, meters; MMSE, Mini-Mental State Examination; n, number; SD, standard deviation; s, seconds; SPPB, Short Physical Performance Battery. p-values derived from †Mann-Whitney U-test, *Pearson’s chi-square test or Fisher’s Exact test, #Student’s t-test for independent samples.
Median selenium intake was 71.58 mcg (52.45–90.60), with no gender difference, and overall adequacy was 73.5% with a higher rate among men (87.5% vs. 61.1%, P = 0.026) (Table 2). No difference in calorie, protein and selenium intake, or biomarkers was found between octogenarians, nonagenarians, and centenarians (data not shown).
TABLE 2 | Calorie, protein and selenium intake and biomarkers in very old adults with successful aging, according to gender.	Variables	All participants (N = 72)	Gender
	Male (n = 32)	Female (n = 40)	p-value
	Calories, kcala	1880.63 ± 550.43	2048.95 ± 449.58	1731.01 ± 593.31	0.016#
	Kcal/kg, kcala	30.03 ± 9.57	32.42 ± 9.16	27.90 ± 9.54	0.051#
	Protein, ga	65.00 ± 20.56	70.78 ± 17.87	59.87 ± 21.64	0.028#
	PTN/kgb	0.98 (0.79–1.3)	1.04 (0.90–1.32)	0.90 (0.75–1.25)	0.039†
	Se intake, μgb	71.58 (52.45–90.60)	74.95 (62.25–87.83)	65.27 (48.90–96.71)	0.248†
	Se intake adequatec	50 (73.5)	28 (87.5)	22 (61.1)	0.026*
	Plasma Se, μg/Lb	75.17 (71.60–76.9)	75.17 (73.28–76.91)	75.17 (70.67–76.93)	0.507†
	Plasma Se adequatec	63 (87.5)	28 (87.5)	35 (87.5)	1.000*
	Erythrocyte Se, μg/gHba	0.37 ± 0.06	0.38 ± 0.07	0.37 ± 0.06	0.595#


bMedian (IQR).
cn (%).
aMean ± SD.
Kcals, kilocalories; g, grams; kg, kilograms; Se, selenium; N, number; SD, standard deviation; µg: micrograms; L, liters; gHb, grams of hemoglobin; n, number. Reference Values (RV): plasma Se ≥ 70.00 μg/L (Perri et al., 2023); erythrocyte Se = 0.18–0.55 μg/gHb (Vitoux et al., 1999). p-values derived from †Mann-Whitney U-test, *Pearson’s chi-square test or Fisher’s Exact test, #Student’s t-test for independent samples.
Optimal plasma Se concentrations were found in 87.5% of the older adults and none had deficient Se concentrations. Erythrocyte Se was within reference values (RV) for all participants. No gender or age differences in selenium biomarkers were found (Table 2).
Results of evaluation of the association of muscle strength, muscle mass and physical performance with Se status revealed that only gait speed was associated with Se intake. Older adults with adequate gait speed consumed more selenium than those with low gait speed (74.54 mcg vs. 57.68 mcg) (Table 3).
TABLE 3 | Association of muscle strength, muscle mass and physical performance with selenium intake and biomarkers in very old adults with successful aging.	Variables	Grip strength
	Adequate (n = 55)	Low (n = 13)	p-value
	Selenium intake, μga	69.82 (57.63–94.44)	78.11 (55.98–91.90)	0.594†
	Plasma Se, μg/La	75.19 (71.08–77.08)	75.14 (72.12–76.30)	0.726†
	Erythrocyte Se, μg/gHbb	0.37 ± 0.07	0.38 ± 0.04	0.845#


	Variables	Physical performance (SPPB test)
	Good performance (n = 55)	Low performance (n = 12)	p-value
	Selenium intake, μga	74.11 (59.78–95.66)	59.43 (48.80–80.21)	0.595†
	Plasma Se, μg/La	75.19 (71.27–77.05)	74.71 (72.89–76.44)	0.825†
	Erythrocyte Se, μg/gHbb	0.37 ± 0.07	0.37 ± 0.06	0.987#


	Variables	Gait speed
	Adequate (n = 54)	Low (n = 12)	p-value
	Selenium intake, μga	74.54 (60.49–99.89)	57.68 (47.94–74.94)	0.034†
	Plasma Se, μg/La	75.19 (71.83–77.17)	74.32 (72.89–76.27)	0.589†
	Erythrocyte Se, μg/gHbb	0.37 ± 0.07	0.37 ± 0.07	0.752#


	Variables	Appendicular skeletal muscle mass/height2
	Adequate (n = 38)	Low (n = 28)	p-value
	Selenium intake, μga	69.29 (49.45–93.91)	77.27 (60.84–97.14)	0.256†
	Plasma Se, μg/La	74.85 (70.23–77.02)	75.18 (73.17–76.94)	0.457†
	Erythrocyte Se, μg/gHbb	0.36 ± 0.07	0.38 ± 0.05	0.336#


aMedian (IQR).
bMean ± SD.
Se, selenium; µg: micrograms; L, liters; gHb, grams of hemoglobin; n, number. p-values derived from †Mann-Whitney U-test, #Student’s t-test for independent samples.
No correlation was detected between Se intake and respective biomarkers. Plasma Se correlated weakly with erythrocyte Se (r = 0.287; P = 0.015). Regarding muscle strength, muscle mass and physical performance, only gait speed was correlated with Se intake (r = 0.324; P = 0.010) (data not shown).
According to regression analysis, the prevalence of low adequacy on the gait test reduced by 3%–5% for every 1 mg increase in selenium consumption, even after adjusting for gender, age, number of comorbidities, grip strength, engagement in physical exercise, and calorie and protein intakes (Table 4).
TABLE 4 | Poisson Regression Analysis with robust variance for adequacy of gait speed among old adults with successful aging.	Adequacy of gait speed
	Variables	PR	95% CI	p-value
	Model 1
	Selenium intake	0.97	0.95–0.99	0.003
	Model 2
	Selenium intake	0.97	0.96–0.99	0.007
	Model 3
	Selenium intake	0.95	0.93–0.98	0.001


Model 1: unadjusted, Model 2: adjusted for gender and age, Model 3: adjusted for gender, age, number of comorbidities, grip strength, engagement in physical exercise, and calorie and protein intakes.
PR, prevalence ratio; CI, Confidence Interval. Model fit: Goodness of fit = 0.99.
4 DISCUSSION
The objective of the present study was to evaluate the selenium nutritional status in functionally independent very old adults and the relationship of this status with muscle strength, muscle mass and physical performance. Results showed high adequacy for Se intake, especially among men, and likewise for plasma Se concentration, besides very high adequacy for erythrocyte concentration. Only gait speed was associated with dietary Se intake, where participants with adequate walking speed consumed more of the mineral and every additional 1 mcg of Se intake was associated with a 3%–5% decrease in the prevalence of low gait speed.
Similarly, the Hertfordshire cohort study of 628 participants aged 63–73 years found that higher Se intake was associated with a shorter 3-m walk time in older women, with the authors suggesting this finding was due to the role of antioxidant nutrients in physical performance (Martin et al., 2011). Perri et al. (2020), in an analysis of data from the Newcastle 85+ study, found that older adults with low selenium intake had a 2.80 kg lower grip strength and a 2.3 s slower time on the Up-and-Go Test than older adults with high intake. However, selenium intake was inadequate in 53% of these participants compared with only 26.5% in the present study sample.
In relation to selenium intake, González et al. (2016) also evaluated consumption in Chilean very old adults, finding a mean of 84.5 (62–104) µg and 88.1 (56–109) µg per day in males and females, respectively, exceeding the median of 71.58 µg of Se per day (52.45–90.60) found in the present study. In the Newcastle 85+ Study, Se intake was 39.1 µg (Perri et al., 2023) while Jiménez-Redondo et al. (2014) found a Se intake of 62.3 ± 35.8 µg for females and 76.5 ± 29.5 µg for males in 83 older adults aged ≥80 years. For adequacy of Se consumption, the China national nutrition and health survey, involving 16,612 older adults, revealed Se intake inadequacy in 81.1% of those surveyed, with higher rates in participants aged ≥75 years compared to those aged 60–74 years (85.1% vs. 80.1%, respectively) (Liu et al., 2019). The National Diet and Nutrition Survey reported inadequate selenium intake in approximately 76% of women and 39% of men aged ≥75 years (Roberts et al., 2020). A Brazilian population study, the Household Budget Survey (POF 2008–2009), found a higher average consumption of 93.77 ± 2.27 µg per day in older adults (Instituto Brasileiro de Geografia e Pesquisa, 2011) compared to the present study, although the POF survey involved younger older adults.
With older age, there is a reduction in energy expenditure and concomitant intake, which affects the intake of micronutrients, although recommendations for mineral consumption do not differ with age (Institute of Medicine, 2000). However, the present study found no difference in dietary intake between octogenarians, nonagenarians, and centenarians, nor any correlation between age and selenium intake. The participants had a good intake of cereals, vegetables, legumes, beans, dairy products, and animal proteins, foods which contribute to selenium adequacy (González et al., 2006; Perri et al., 2023).
The disparities in results of the different studies might be attributed to the other characteristics of the older adults assessed, besides age. The diet–sarcopenia phenotype relationship may be affected by the inflammatory state of participants (Papadopoulou et al., 2023). Hence, older adults with multiple comorbidities and polypharmacy may experience changes in appetite, resulting in an impact on the way they eat (González et al., 2016). Moreover, underweight older adults possibly consume a lesser variety and quantity of foods than their normal-weight counterparts. The functional independence, number of comorbidities, low score on the Charlson index, good performance on the cognitive test, and low rate of polypharmacy observed in the present study are indicators of preserved health and, therefore, a lower degree of inflammation, a factor which may have contributed to the high adequacy in Se consumption identified. Also, 81.8% of the sample had good physical performance, 81.8% adequate gait speed and 80.9% adequate grip strength.
It is important to bear in mind that oldest old may have adapted to a lower Se supply and have physiological mechanisms to cope with this limited intake without this being detrimental to health (Perri et al., 2023).
The plasma and erythrocyte biomarkers of Se were found not to be associated or correlated with muscle strength, muscle mass and physical performance. In an observational study by Chen et al. (2014), serum Se was positively associated with muscle mass in older adult Indians (mean age 71.5 (±4.7) years) who were independent for basic and instrumental activities of daily living. In addition, a positive association of Se level with physical performance (Martin et al., 2011) and grip strength (Beck et al., 2007) was found, while a negative association with the prevalence of sarcopenia (Ter Borg et al., 2016; Verlaan et al., 2017) has also been reported. García-Esquinas et al. (2021) found plasma Se concentrations were inversely associated with physical function limitations (grip strength, performance, mobility, agility) in older adults, although the current investigation failed to confirm these associations.
Nevertheless, the literature is conflicting regarding the definition of reference values (RV) for the determination of Se in different compartments of the body and phases of the life cycle, potentially leading to inaccuracies in the determination of true nutritional status of Se (Combs, 2015). Furthermore, definitions in the literature for ‘adequate,’ ‘optimal’ and ‘deficient’ concentrations of Plasma Se concentration in older adults vary greatly (Lv et al., 2021; Perri et al., 2023). For this reason, the current study used raw data from Se markers when exploring the association of Se with muscle strength, muscle mass and physical performance. Giovannini et al. (2018), studying very old adults from an Italian community, found a higher median value of plasma Se (105.3 μg/L) than the present study (75.17 μg/L), yet the study by Perri et al. found a lower value (53.6 μg/L). Forte et al. (2014) observed a mean plasma Se concentration of 88.9 μg/L and 81.9 μg/L in 76 nonagenarians and 64 centenarians, respectively. Furthermore, some studies have found that plasma Se level reduces with age (Robberecht et al., 2019; García-Esqinas et al., 2021).
Plasma Se concentrations can be affected by several factors, such as inflammatory processes, low albumin levels, and circulating SelP (Stefanowicz et al., 2013). Thus, erythrocyte Se is a more reliable biomarker for examining the nutritional status of this mineral, remaining unchanged under certain conditions, such as the inflammatory response. In addition, studies have shown a strong correlation between selenium concentration in erythrocytes and the main metabolic pool of selenium in skeletal muscle (Stefanowicz et al., 2013). The absence of major comorbidities in the present study subjects suggests that low levels of oxidation require less plasma transfer of the mineral to the redox enzymes (Donadio et al., 2016). Furthermore, in chronic low-grade inflammation present in aging, SelP binds to the endothelium which leads to a drop in the plasma concentration of SelP and, consequently, of Se, since these proteins carry more than 70% of the Se in the plasma (Forceville et al., 2009). Erythrocytes have a long half-life and can contribute to the slow release of selenium into the circulating environment, leading to changes in nutritional status as measured by this biomarker (Stefanowicz et al., 2013), consistent with the current findings.
The present study has several strengths, such as the homogeneous sample in relation to age and functioning, plus its evaluation of plasma and erythrocyte biomarkers, together with the assessment of food intake records for a 3-day period. However, the study has some limitations, including the loss of some food diaries. Furthermore, given the cross-sectional design of the study, no cause–effect conclusions can be drawn.
5 CONCLUSION
The very old adults with successful aging with adequate gait speed had higher selenium intake than those with low gait speed, confirming the hypothesized role of this antioxidant mineral in muscle function. In addition, this group of older adults demonstrated that homeostatic mechanisms preserve circulating Se levels, temporarily compensating for low dietary intake.
The present study of individuals with more advanced chronological age highlights the need for a specific RV for this population. New approached for promoting healthy aging and preventing sarcopenia may be revealed by studying mineral nutrition status in this group.
Expanding the data on blood markers associated with the analysis of both food intake and dietary patterns is of fundamental importance in the population analyzed. Although the needs and recommendations for selenium have not yet been established for older adults, the study of the oldest old can further understanding on the true need for the mineral, its use in biological systems, the risk of deficiency, and decisions regarding its supplementation, a practice which may prove iatrogenic.
Although this question is beyond the scope of the present cross-sectional study, further investigations in an area with scant information on very old adults should be encouraged.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.
ETHICS STATEMENT
The studies involving humans were approved by the Research Ethics Committee of the Universidade Federal de Minas Gerais - number 85566218.0.0000.5149. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS
CR: Conceptualization, Data curation, Formal Analysis, Investigation, Methodology, Project administration, Resources, Supervision, Validation, Visualization, Writing – original draft, Writing – review and editing. GH: Conceptualization, Data curation, Formal Analysis, Methodology, Project administration, Resources, Supervision, Validation, Visualization, Writing – original draft, Writing – review and editing. KV: Conceptualization, Investigation, Methodology, Writing – review and editing. LM: Data curation, Investigation, Methodology, Writing – review and editing. MB: Conceptualization, Validation, Visualization, Writing – review and editing. RS: Conceptualization, Data curation, Investigation, Methodology, Project administration, Supervision, Validation, Visualization, Writing – original draft, Writing – review and editing. AJ: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review and editing.
FUNDING
The author(s) declare that financial support was received for the research and/or publication of this article. This study was funded by the Fundação de Amparo à Pesquisa do Estado de Minas Gerais—Brazil (FAPEMIG). Process APQ-00835-18.
ACKNOWLEDGMENTS
Special thanks to the Embrapa and Jenny de Andrade Faria Institute of the Hospital das Clínicas of the Federal University of Minas Gerais (HC/UFMG).
CONFLICT OF INTEREST
The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
REFERENCES
	Alehagen, U., Johansson, P., Björnstedt, M., Rosén, A., Post, C., and Aaseth, J. (2016). Relatively high mortality risk in elderly Swedish subjects with low selenium status. Eur. J. Clin. Nutr. 70 (1), 91–96. doi:10.1038/ejcn.2015.92

	Association of Official Analytical Chemists-AOAC (2012). Official methods of analysis. Washington, DC. 

	Beck, J., Ferrucc, L., Sun, K., Walston, J., Fried, L. P., Varadhan, R., et al. (2007). Low serum selenium concentrations are associated with poor grip strength among older women living in the community. Biofactors 29, 37–44. doi:10.1002/biof.5520290104

	Bertolucci, P. H., Brucki, S. M., Campacci, S. R., and Juliano, Y. (1994). O Mini-Exame do Estado Mental em uma população geral. Impacto da escolaridade [The Mini-Mental State Examination in a general population: impact of educational status]. Arq. Neuropsiquiatr. 52 (1), 1–7. 

	Borras, C., Ingles, M., Mas-Bargues, C., Dromant, M., Sanz-Ros, J., Román-Domínguez, A., et al. (2020). Centenarians: an excellent example of resilience for successful aging. Mech. Ageing Dev. 186, 111–199. doi:10.1016/j.mad.2019.111199

	Castets, P., Lescure, A., Guicheney, P., and Allamand, V. (2012). Selenoprotein N in skeletal muscle: from diseases to function. J. Mol. Med. 90 (10), 1095–1107. doi:10.1007/s00109-012-0896-x

	Charlson, M. E., Pompei, P., Ales, K. L., and MacKenzie, C. R. (1987). A new method of classifying prognostic comorbidity in longitudinal studies: development and validation. J. Chronic Dis. 40 (5), 373–383. doi:10.1016/0021-9681(87)90171-8

	Chen, Y. L., Yang, K. C., Chang, H. H., Lee, L. T., Lu, C. W., and Huang, K. C. (2014). Low serum selenium level is associated with low muscle mass in the community-dwelling elderly. J. Am. Med. Dir. Assoc. 15, 807–811. doi:10.1016/j.jamda.2014.06.014

	Combs, G. F. (2015). Biomarkers of selenium status. Nutrients 7 (4), 2209–2236. doi:10.3390/nu7042209

	Cruz-Jentoft, A. J., Bahat, G., Bauer, J., Boirie, Y., Bruyère, O., Cederholm, T., et al. (2019). Sarcopenia: revised European consensus on definition and diagnosis. Age Ageing 48 (4), 601. doi:10.1093/ageing/afz046

	Dodds, R. M., Syddall, H. E., Cooper, R., Benzeval, M., Deary, I. J., Dennison, E., et al. (2014). Grip strength across the life course: normative data from twelve British studies. PLoS One 9 (12), e113637. doi:10.1371/journal.pone.0113637

	Donadio, J. L., Guerra-Shinohara, E. M., Rogero, M. M., and Cozzolino, S. M. (2016). Influence of gender and SNPs in GPX1 gene on biomarkers of selenium status in healthy Brazilians. Nutrients 8 (5), 81. doi:10.3390/nu8050081

	Folstein, M. F., Folstein, S. E., and McHugh, P. R. (1975). Mini-mental state. A practical method for grading the cognitive state of patients for the clinician. J. Psychiatr. Res. 12 (3), 189–198. doi:10.1016/0022-3956(75)90026-6

	Forceville, X., Mostert, V., Pierantoni, A., Vitoux, D., Le Toumelin, P., Plouvier, E., et al. (2009). Selenoprotein P, rather than glutathione peroxidase, as a potential marker of septic shock and related syndromes. Eur. Surg. Res. 43, 338–347. doi:10.1159/000239763

	Forte, G., Deiana, M., Pasella, S., Baralla, A., Occhineri, P., Mura, I., et al. (2014). Metals in plasma of nonagenarians and centenarians living in a key area of longevity. Exp. Gerontol. 60, 197–206. doi:10.1016/j.exger.2014.10.016

	García-Esquinas, E., Carrasco-Rios, M., Ortolá, R., Sotos Prieto, M., Pérez-Gómez, B., Gutiérrez-González, E., et al. (2021). Selenium and impaired physical function in US and Spanish older adults. Redox Biol. 38, 101819. doi:10.1016/j.redox.2020.101819

	Ghashut, R. A., McMillan, D. C., Kinsella, J., Vasilaki, A. T., Talwar, D., and Duncan, A. (2016). The effect of the systemic inflammatory response on plasma zinc and selenium adjusted for albumin. Clin. Nutr. 35, 381–387. doi:10.1016/j.clnu.2015.02.010

	Giovannini, S., Onder, G., Lattanzio, F., Bustacchini, S., Di Stefano, G., Moresi, R., et al. (2018). Selenium concentrations and mortality among community-dwelling older adults: results from IlSIRENTE study. J. Nutr. Health Aging 22 (5), 608–612. doi:10.1007/s12603-018-1021-9

	González, C. N., Peña D´ardaillon, F., and Durán, A. S. (2016). Caracterización de la ingesta de alimentos y nutrientes en adultos mayores chilenos. Rev Chil Nutr. 43 (4), 346–352. doi:10.4067/s0717-75182016000400002

	González, S., Huerta, J. M., Fernández, S., Patterson, Ð. M., and Lasheras, C. (2006). Food intake and serum selenium concentration in elderly people. Ann. Nutr. Metab. 50, 126–131. doi:10.1159/000090633

	Gould, H., Brennan, S. L., Kotowicz, M. A., Nicholson, G. C., and Pasco, J. A. (2014). Total and appendicular lean mass reference ranges for Australian men and women: the Geelong osteoporosis study. Calcif. Tissue Int. 94 (4), 363–372. doi:10.1007/s00223-013-9830-7

	Huang, Z., Rose, A. H., and Hoffmann, P. R. (2012). The role of selenium in inflammation and immunity: from molecular mechanisms to therapeutic opportunities. Antioxid. Redox Signal. 16, 705–743. doi:10.1089/ars.2011.4145

	Ighodaro, M., and Akinloye, O. A. (2018). First line defence antioxidants-superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPX): their fundamental role in the entire antioxidant defence grid. Alex. J. Med. 54, 287–293. doi:10.1016/j.ajme.2017.09.001

	Institute of Medicine, IOM (2000). Dietary reference intakes for vitamin C, vitamin E, selenium, and carotenoids. Washington (DC): National Academy Press. 

	Instituto Brasileiro de Geografia e Estatística, IBGE (2011). Pesquisa de orçamentos familiares 2008-2009: tabela de composição nutricional dos alimentos consumidos no Brasil. IOP Publishing. Available online at: https://www.ibge.gov.br/estatisticas/sociais/populacao/9050-pesquisa-de-orcamentosfamiliares.html?edicao=9063&t=publicacoes.

	Instituto Brasileiro de Geografia e Estatística, IBGE (2023). Censo demográfico 2022: população por idade e sexo: pessoas de 60 anos ou mais de idade: resultados do universo: Brasil, Grandes Regiões e Unidade de Federação. IOP Publishing. Available online at: https://biblioteca.ibge.gov.br/visualizacao/livros/liv102038.pdf.

	Jiménez-Redondo, S., Beltrán de Miguel, B., Gavidia Banegas, J., Guzmán Mercedes, L., Gómez-Pavón, J., and Cuadrado Vives, C. (2014). Influence of nutritional status on health-related quality of life of non-institutionalized older people. J. Nutr. Health Aging 18, 359–364. doi:10.1007/s12603-013-0416-x

	Kyle, U. G., Bosaeus, I., De Lorenzo, A. D., Deurenberg, P., Elia, M., Gómez, J. M., et al. (2004). Bioelectrical impedance analysis-part I: review of principles and methods. Clin. Nutr. 23 (5), 1226–1243. doi:10.1016/j.clnu.2004.06.004

	Kyle, U. G., Genton, L., Karsegard, L., Slosman, D. O., and Pichard, C. (2001). Single prediction equation for bioelectrical impedance analysis in adults aged 20–94 years. Nutrition 17 (3), 248–253. doi:10.1016/s0899-9007(00)00553-0

	Liu, Z., Zhao, L., Man, Q., Wang, J., Zhao, W., and Zhang, J. (2019). Dietary micronutrients intake status among Chinese elderly people living at home: data from CNNHS 2010-2012. Nutrients 11 (8), 1787. doi:10.3390/nu11081787

	López-Otín, C., Blasco, M. A., Partridge, L., Serrano, M., and Kroemer, G. (2013). The hallmarks of aging. Cell 153 (6), 1194–1217. doi:10.1016/j.cell.2013.05.039

	Lv, Y., Wei, Y., Zhou, J., Xue, K., Guo, Y., Liu, Y., et al. (2021). Human biomonitoring of toxic and essential metals in younger elderly, octogenarians, nonagenarians and centenarians: analysis of the Healthy Ageing and Biomarkers Cohort Study (HABCS) in China. Environ. Int. 156, 106717. doi:10.1016/j.envint.2021.106717

	Martemucci, G., Portincasa, P., Di Ciaula, A., Mariano, M., Centonze, V., and D'Alessandro, A. G. (2022). Oxidative stress, aging, antioxidant supplementation and their impact on human health: an overview. Mech. Ageing Dev. 206, 111707. doi:10.1016/j.mad.2022.111707

	Martin, H., Aihie Sayer, A., Jameson, K., Syddall, H., Dennison, E. M., Cooper, C., et al. (2011). Does diet influence physical performance in community-dwelling older people? Findings from the Hertfordshire Cohort Study. Age Ageing 40, 181–186. doi:10.1093/ageing/afq175

	Moraes, E. N., Lanna, F. M., Santos, R. R., Bicalho, M. A. C., Machado, C. J., and Romero, D. E. (2016). A new proposal for the clinical-functional categorization of the elderly: visual scale of frailty (vs-frailty). J. Aging Res. Clin. Pract. 5 (1), 24–30. doi:10.14283/jarcp.2016.84

	Nakano, M. M. (2007). Versão brasileira da Short Physical Performance Battery – SPPB: adaptação cultural e estudo da confiabilidade. [dissertation]. Brasil (SP): Universidade Estadual de Campinas. 

	Organización Panamericana de la Salud, OPAS (2002). “División de Promoción y Protección de la Salud (HPP). Encuesta Multicentrica salud beinestar y envejecimiento (SABE) em América Latina el Caribe: Informe Preliminar,” in Reunión del Comité asesor de investigaciones em Salud; 9-11 jun 2001; Kingston, Jamaica: OPAS . 

	Papadopoulou, S. K., Detopoulou, P., Voulgaridou, G., Tsoumana, D., Spanoudaki, M., Sadikou, F., et al. (2023). Mediterranean diet and sarcopenia features in apparently healthy adults over 65 Years: a systematic review. Nutrients 15 (5), 1104. doi:10.3390/nu15051104

	Peniche, D. B. R., Raya Giorguli, G., and Alemán-Mateo, H. (2015). Accuracy of a predictive bioelectrical impedance analysis equation for estimating appendicular skeletal muscle mass in a non-Caucasian sample of older people. Arch. Gerontol. Geriatr. 61 (1), 39–43. doi:10.1016/j.archger.2015.03.007

	Perri, G., Mathers, J. C., Martin-Ruiz, C., Parker, C., Walsh, J. S., Eastell, R., et al. (2023). Selenium status and its determinants in very old adults: insights from the Newcastle 85+ Study. Br. J. Nutr. 131 (5), 901–910. doi:10.1017/S0007114523002398

	Perri, G., Mendonça, N., Jagger, C., Walsh, J., Eastell, R., Mathers, J. C., et al. (2020). Dietary selenium intakes and musculoskeletal function in very old adults: analysis of the Newcastle 85+ study. Nutrients 12 (7), 2068. doi:10.3390/nu12072068

	Pfeffer, R. I., Kurosaki, T. T., Harrah, C. H., Chance, J. M., and Filos, S. (1982). Measurement of functional activities in older adults in the community. J. Gerontol. 37 (3), 323–329. doi:10.1093/geronj/37.3.323

	Quan, H., Li, B., Couris, C. M., Fushimi, K., Graham, P., Hider, P., et al. (2011). Updating and validating the Charlson comorbidity index and score for risk adjustment in hospital discharge abstracts using data from 6 countries. Am. J. Epidemiol. 173 (6), 676–682. doi:10.1093/aje/kwq433

	Robberecht, H., De Bruyne, T., Davioud-Charvet, E., Mackrill, J., and Hermans, N. (2019). Selenium status in elderly people: longevity and age-related diseases. Curr. Pharm. Des. 25 (15), 1694–1706. doi:10.2174/1381612825666190701144709

	Roberts, C., Steer, T., Maplethorpe, N., Cox, L., Meadows, S., Nicholson, S., et al. (2020). National diet and nutrition survey. Results from years 7-8 (combined) of the rolling programme (2014/15 to 2015/16) public health England. 2020. Available online at: https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/699241/NDNS_results_years_7_and_8.pdf (Accessed 02 December 2023). 

	Roberts, H. C., Denison, H. J., Martin, H. J., Patel, H. P., Syddall, H., Cooper, C., et al. (2011). A review of the measurement of grip strength in clinical and epidemiological studies: towards a standardised approach. Age Ageing 40 (4), 423–429. doi:10.1093/ageing/afr051

	Seo, M. H., Kim, M. K., Park, S. E., Rhee, E. J., Park, C. Y., Lee, W. Y., et al. (2013). The association between daily calcium intake and sarcopenia in older, non-obese Korean adults: the fourth Korea National Health and Nutrition Examination Survey (KNHANES IV) 2009. Endocr. J. 60 (5), 679–686. doi:10.1507/endocrj.ej12-0395

	Stefanowicz, F. A., Talwar, D., O'Reilly, D. S., Dickinson, N., Atkinson, J., Hursthouse, A. S., et al. (2013). Erythrocyte selenium concentration as a marker of selenium status. Clin. Nutr. 32 (5), 837–842. doi:10.1016/j.clnu.2013.01.005

	Ter Borg, S., de Groot, L. C., Mijnarends, D. M., de Vries, J. H., Verlaan, S., Meijboom, S., et al. (2016). Differences in nutrient intake and biochemical nutrient status between sarcopenic and nonsarcopenic older adults-results from the maastricht sarcopenia study. J. Am. Med. Dir. Assoc. 17 (5), 393–401. doi:10.1016/j.jamda.2015.12.015

	Van Dronkelaar, C., Fultinga, M., Hummel, M., Kruizenga, H., Weijs, P. J. M., and Tieland, M. (2023). Minerals and sarcopenia in older adults: an updated systematic review. J. Am. Med. Dir. Assoc. 24 (8), 1163–1172. doi:10.1016/j.jamda.2023.05.017

	Verlaan, S., Aspray, T. J., Bauer, J. M., Cederholm, T., Hemsworth, J., Hill, T. R., et al. (2017). Nutritional status, body composition, and quality of life in community-dwelling sarcopenic and non-sarcopenic older adults: a case-control study. Clin. Nutr. 36 (1), 267–274. doi:10.1016/j.clnu.2015.11.013

	Vitoux, D., Arnaud, J., and Chappuis, P. (1999). Are copper, zinc and selenium in erythrocytes valuable biological indexes of nutrition and pathology?J. Trace Elem. Med. Biol. 13 (3), 113–128. doi:10.1016/S0946-672X(99)80001-7

	World Health Organization, WHO (1995). Physical status: the use and interpretation of anthropometry. Report of a WHO Expert Committee. World Health Organ Tech. Rep. Ser. Geneva 854, 1–452. 

	World Health Organization. WHO. (2015). World report on ageing and health. World Health Organization, Geneva. Available online at: https://iris.who.int/bitstream/handle/10665/186463/9789240694811_eng.pdf?sequence=1.

	World Health Organization, WHO (2018). Physical activity. IOP Publishing. Available online at: https//www.who.int/topics/physical_activity/en/.

	Zhang, L., Zeng, H., and Cheng, W. H. (2018). Beneficial and paradoxical roles of selenium at nutritional levels of intake in healthspan and longevity. Free Radic. Biol. Med. 127, 3–13. doi:10.1016/j.freeradbiomed.2018.05.067


Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
Copyright © 2025 Rocha, Henriques, Vasconcelos, Machado, Bicalho, Santos and Jansen. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/xhtml/nav.xhtml
Table of Contents

		Cover

		Selenium intake is associated with gait speed in very old adults		Introduction

		Methods

		Results

		Conclusion

		1 INTRODUCTION

		2 MATERIALS AND METHODS		2.1 Study design and setting

		2.2 Participants

		2.3 Variables

		2.4 Selenium biomarkers

		2.5 Mineral intake

		2.6 Statistical analysis





		3 RESULTS

		4 DISCUSSION

		5 CONCLUSION

		DATA AVAILABILITY STATEMENT

		ETHICS STATEMENT

		AUTHOR CONTRIBUTIONS

		FUNDING

		ACKNOWLEDGMENTS

		CONFLICT OF INTEREST

		REFERENCES









OPS/images/cover.jpg
’ frontiers | Frontiers in Aging

Selenium intake is associated
with gait speed in very old adults





OPS/images/fragi-06-1473371-g001.gif
“Toal oder adls b

ove105)
I T
Diabeics el Relialtoprcipre
1) r— o
wn
o=,

a7










OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Aging





