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ABSTRACT
Objective: To investigate possible differences in plasma and erythrocyte concentrations 
of selenium among elderly with and without a diagnosis of Alzheimer’s disease (AD). 
Methods: Cross-sectional study, performed with an elderly group with Alzheimer’s disease, 
diagnosed by a geriatric doctor, and compared to an elderly group without the disease, 
equaling gender, education, and age. Atomic absorption spectrophotometry determined 
plasma and erythrocyte concentrations of total selenium (Set). Results: The mean age was 
74.41±7.1 years in the Alzheimer’s disease group and 71.46±5.1 years among the control 
group. The Alzheimer’s disease group presented lower plasma concentrations (mean of 
45.29±14.51 µg/dL vs. 55.14±14.01 µg/dL; p=0.004), and erythrocyte Set (median of 56.36 
µg/L vs. 76.96 µg/L; p<0.001). The logistic regression model indicated an association between 
erythrocyte Set concentrations and diagnosis of Alzheimer’s disease (p=0.028). Conclusion: 
Elderly with Alzheimer’s disease present lower selenium concentrations in the evaluated 
organic compartments. 
Descriptors: Selenium; Alzheimer’s Disease; Elderly; Antioxidants; Dementia.

RESUMO
Objetivo: Investigar possíveis diferenças nas concentrações de selênio no plasma e nos 
eritrocitos de idosos com e sem a doença de Alzheimer (DA). Métodos: Estudo transversal, 
realizado com idosos com DA, diagnosticados por médico geriatra, e comparado a um grupo 
de idosos sem a doença, pareado por sexo, escolaridade e idade. As concentrações de selênio 
total (Set) intraeritocitárias e plasmáticas foram determinadas por espectrofotometria de 
absorção atômica. Resultados: A média da idade foi 74,41±7,1 anos no grupo DA e 71,46±5,1 
anos no grupo-controle. O grupo doença de Alzheimer apresentou menores concentrações 
plasmáticas (média de 45,29±14,51 µg/dL vs. 55,14±4,01 µg/dL; p = 0,004) e eritrocitárias 
de Set (mediana de 56,36 µg/L vs. 76,96 µg/L; p < 0,001). O modelo de regressão logística 
indicou associação entre concentrações eritrocitárias de Set e o diagnóstico de doença de 
Alzheimer (p = 0,028). Conclusão: Idosos com DA apresentam concentrações menores de 
selênio plasmático e eritrocitário..
Descritores: Selênio; Doença de Alzheimer; Idoso; Antioxidantes; Demência. 

RESUMEN
Objetivo: Investigar posibles diferencias en las concentraciones plasmáticas y eritrocitarias 
de selenio entre ancianos con y sin diagnóstico de Alzheimer (DA). Métodos: Estudio 
transversal, realizado con un equipo de ancianos con diagnóstico de Alzheimer, diagnosticados 
por geriatra, y comparado a un equipo de ancianos sin la enfermedad, pareado por sexo, 
escolaridad y edad. Las concentraciones plasmáticas y eritrocitarias de selenio total (Set) 
determinadas por espectrofotometría de absorción atómica. Resultados: La mediana de 
edad han sido 74,41±7,1 años en el equipo diagnóstico de Alzheimer y 71,46±5,1 años en 
el equipo-control. El equipo diagnóstico de Alzheimer presentó menores concentraciones 
plasmáticas (mediana de 45,29±14,51 µg/dL vs. 55,14±4,01 µg/dL; p = 0,004) y eritrocitarias 
de Set (mediana de 56,36 µg/L vs. 76,96 µg/L; p < 0,001). El modelo de regresión logística 
indicó relación entre concentraciones eritrocitarias de Set y el diagnóstico de diagnóstico 
de Alzheimer (p = 0,028). Conclusión: Ancianos con diagnóstico de Alzheimer presentan 
menores concentraciones de selenio en los compartimentos orgánicos evaluados.
Descriptores: Selenio; Enfermedad de Alzheimer; Anciano; Antioxidantes; Demencia. 
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INTRODUCTION

Population aging brings about problems that are a challenge 
to health systems(1-2). Amongst those problems, dementias have 
caused older people’s incapacity worldwide as they lead to a loss 
of independence and, almost inevitably, of autonomy(3-4).

Alzheimer’s disease (AD), the most common form of demen-
tia, is characterized by the progressive impairment of memory 
and other functions, affecting occupational functioning. It has a 
prevalence of at least 27 million people worldwide, correspond-
ing to between 60 and 70% of all dementia cases, with age being 
the leading risk factor for the disease(5).

In addition to age, other factors may also favor the occurrence 
of damage to older people’s central nervous system, amongst 
them oxidative stress, which seems to be related to the higher 
occurrence of lesions in brain regions responsible for cognition, 
which may lead to enzymatic inactivation, mutation, membrane 
rupture, and apoptosis(6).

Oxidative stress plays a central role in the initiation and pro-
gression of AD. The brain is particularly vulnerable to oxidative 
damage due to its high oxygen consumption rate, high content of 
polyunsaturated lipids, which are susceptible to lipid peroxidation, 
and relatively low concentrations of antioxidants(7). Furthermore, 
the aging process implies morphological and physiological 
changes in the brain, resulting in more significant reactive oxygen 
species (ROS) production and decreased antioxidant capacity(8).

Currently, the available evidence suggests that a deficiency 
of nutrients with antioxidant activities such as vitamins A and E, 
in addition to certain minerals such as zinc and selenium, is as-
sociated with cognitive decline, possibly due to some oxidative 
mechanism, in which antioxidants from the diet would act as 
protective factors against such diseases(9).

Selenium is an important micronutrient in AD due to its mul-
tiple functions. As an antioxidant, it protects cellular damage 
mediated by oxidative stress through a series of selenoproteins, 
mainly glutathione peroxidase (GSH-Px) and selenoprotein P, 
which prevent the formation of free radicals protecting the 
body from oxidative aggression(9-10). Those proteins seem to be 
in lower concentrations in the different organic compartments 
(plasma, erythrocytes, cerebrospinal fluid, and brain tissues) of 
older people with cognitive decline compared to healthy older 
people(9,11-12). Vincent et al. (2017) observed a positive correla-
tion of the concentration of this nutrient’s species in somebody 
compartments with the development of the disease(13), a finding, 
which strengthens the need to clarify the association between 
selenium versus AD. 

Despite the existence of meta-analysis, the results of available 
studies on plasma selenium levels in AD have proven inconsistent 
because while some studies reported AD patients with lower 
levels of plasma selenium(7,14-15), others have shown an increase 
or no change(16-17). Erythrocyte concentrations evaluations, such 
as those performed in this study, are still insufficient but neces-
sary to contribute to the understanding of homeostasis of this 
mineral in the elderly and its effects on AD(9). 

Thus, knowing the organic concentrations of selenium, par-
ticularly in erythrocytes and plasma, is essential to better identify 
this nutrient’s status in older people with AD since most studies 

are limited to analyzing the cerebrospinal fluid, serum, or brain 
tissues. Hence, there are very few studies that assist in under-
standing the nutritional status related to this mineral in older 
people, and the possible associations between the activity of 
this micronutrient in the process of development and progres-
sion of the disease, and may also contribute to the planning 
and management of health care actions for older people in the 
prevention or treatment of AD. 

OBJECTIVE

To investigate if there were differences in plasma and eryth-
rocyte concentrations of selenium between older people with 
and without a diagnosis of Alzheimer’s disease.

METHODS

Ethical aspects

The study was developed following the recommendations 
of Resolution 466/2012 of the National Health Council of Brazil 
and approved by the Research Ethics Committee of the Federal 
University of Alagoas. The eligible patients and participants of the 
study signed, beforehand, the Free and Informed Consent Term.

Design, period, and place of study

This study is an exploratory and observational cross-sectional 
research with a control group, paired by gender, schooling, and 
age (± 5 years).

The sample consisted of older people monitored at the Geriatric 
Outpatient Clinic of the University Hospital Prof. Alberto Antunes/
HUPAA and the Outpatient Nutrition Program for Elderly from 
the Nutrition College at the Federal University of Alagoas/UFAL 
from April 5, 2017, to July 30, 2018, and guided by the STROBE 
tool. (Strengthening the Reporting of Observational Studies in 
Epidemiology)(18).

Population or sample; criteria of inclusion and exclusion 

To calculate the sample size, it was determined mean values 
of plasma concentrations and standard deviations of selenium 
concentrations observed in a pilot project. These values were 
used to calculate the sample size.

The mean difference detected as significant was based on 
original published studies with Alzheimer’s patients. This study’s 
expected sample size was identified considering the significance 
level of 5% and power of 90%. Thus, the sample size for compari-
son of the two proportions, i.e., the proportion of those exposed 
with the disease and those exposed with no disease, concerning 
the lower erythrocyte concentrations of total selenium, was 102 
elderly, and considering the proportion of two controls per patient 
with a clinical diagnosis of Alzheimer’s disease the sample size 
was 34 patients in the Alzheimer’s disease group (AD) and 68 in 
the control group (C)(19).

The case group (AD) was formed by the elderly with a clini-
cal diagnosis of Alzheimer’s disease, all of whom met the study 
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inclusion criteria (n = 34) and referred to this research by a geri-
atrician assessment and an AD diagnosis. The control group (C) 
composed of healthy elderly, preferably indicated by the patient 
or a caregiver (family members or people residing in the same 
geographic region), or by elderly already treated by the geriatri-
cian, as long as they presented no criteria for AD, was assessed 
by the same professional, and met the pairing criteria, where 
two controls were recruited for each case (n = 68). It was also 
included elderly subjects of both gender and over 60 years old.

For the case group, the inclusion criteria were a diagnosis of 
Alzheimer’s confirmed by a geriatric doctor, not using nutritional 
selenium supplementation, and not presenting with metabolic 
diseases recognized for compromising selenium metabolism. 
For the control group, it was used the same inclusion criteria as 
the case group, except for not being diagnosed with Alzheimer’s 
and not presenting any cognitive impairment, also assessed by 
a geriatric doctor.

The study excluded elderly presenting physical disabilities 
and/or decompensated chronic diseases (heart disease, thyroid 
disease, chronic gastrointestinal disease, kidney disease, or liver 
failure), as well as elderly volunteers with cognitive impairment 
or other suspected types of dementia after geriatric assessment.

Study protocol 

A previously established questionnaire was applied as a data 
collection tool during the first consultation, which contained 
information on lifestyle, anthropometric data, time since diag-
nosis and classification of Alzheimer’s disease, and ethnic-racial 
characteristics (self-reported), sociodemographic variables, as 
well as plasma and erythrocyte selenium concentrations.

In the elderly group diagnosed with Alzheimer’s disease, care-
givers or family members helped them answer all the questions. 
In the control group, the elderly subjects answered the research 
questions themselves.

 
Anthropometry

The variable used in this study for nutritional diagnosis in 
the elderly was the Body Mass Index (BMI), calculated by the 
ratio between weight and the squared height. The weight of 
participants was obtained using a digital scale with a capac-
ity of 200 kg and a precision of 50 g, following the procedures 
established by Lohman, 1993(20). Height was measured using a 
portable stadiometer (Seca®, Hammer Steidamm - Hamburg, 
Germany), divided into tenths of centimeters, affixed to a flat 
surface according to methods proposed by Lohman, Roache 
and Martorell et al., 1992(21). The classification of nutritional status 
by BMI followed the criteria of Lipschitz, 1994, which considers 
eutrophic BMI between 22 and 27 kg/m²; malnutrition BMI < 22 
kg/m² and overweight BMI > 27 kg/m²(22).

 
Diagnosis of Alzheimer’s Disease (AD) and Cognitive ability

A diagnosis of probable Alzheimer’s disease was made by a 
geriatric doctor, based on the criteria of the National Institute of 
Neurological and Communicative Disorders and Stroke and the 

Alzheimer’s Disease and Related Disorders Association (NINCDS 
- ADRDA)(23) and revised criteria from the National Institute on 
Aging-Alzheimer’s Association(24). The time of diagnosing the 
disease was considered from the first-listed diagnosis in the 
medical records. 

Cognitive ability, in both groups, was assessed using the Mini-
Mental State Examination (MMSE)(25) on the first day of inclusion 
in this research.

 
Blood collection and total selenium (Set) determination 

For total selenium (Set) determination, 18.0 mL of blood were 
collected, with participants fasting for at least 8 hours. Tubes 
with anticoagulant (sodium citrate 3.0%) were used to obtain 
plasma. The blood was separated by centrifugation at 3,000 
rpm for 15 minutes to obtain the plasma and transferred to ep-
pendorf tubes with 1 mL capacity. After removing the plasma, 
the erythrocyte mass was obtained, washed with a 0.9% sodium 
chloride solution, and centrifuged at 10,000 rpm for 10 minutes 
(the procedure was repeated three times). The red cell mass was 
then extracted and stored at -80 ° C.

The plasma concentrations of Set were determined by graphite 
furnace atomic absorption spectrophotometry, with Zeeman 
correction. The device’s calibration conditions for selenium 
analysis were: Wavelength (λ): 196.0 nm; Lamp current: 290 mA 
and Slit: 2.0 nm.

The Palladium (Pd) and Mg(NO3)2 were used as a matrix modi-
fier (200 μL of Pd and 125 μL of Mg [NO3], diluted in 400 μL of 
HNO3 0.2%). The method’s detection limit was less than 10 µg/L, 
precision (11%) and imprecision (1%). The samples were diluted 
in a 1:4 ratio with HNO3 0.2% + TRITON 0.2%. All samples were 
analyzed in duplicate.

The determination of the erythrocyte Set initially consisted of 
the digestion of the erythrocyte mass. For this, 2 mL of concen-
trated HNO3 and 500 μL of H2O2 were added to the erythrocyte 
aliquots previously transferred to glass beakers. These vessels 
were kept at rest for 12 hours at room temperature, placed on a 
heating plate, which temperature was gradually increased from 
50º C to 110º C, over an average period of two hours. After the 
complete mineralization of the organic material, the solutions were 
brought to 5 mL with ultrapure water (Milli-Q, Merck/Millipore) 
and subjected to reading directly in the spectrometer GTA 120.

The cut-off point used to assess the plasma Set levels was 
46 - 143 μg/dL. As there is currently no consensus regarding the 
cut-off point for erythrocyte Set, the frequency of elderly with low 
intra-erythrocyte total selenium concentrations was analyzed by 
grouping the values encountered for the concentration of this 
trace element in the intracellular compartment, into quartiles. 
The results of the erythrocyte total selenium concentrations 
were expressed in μg/L.

Analysis of results and statistics 

Statistical analyses considered the nature of the probability dis-
tribution and the behavior of the variables regarding their residues’ 
normality was initially identified by applying the Kolmogorov-
Smirnov test with Lilliefors correction. It was also considered, its 
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classification and experimental design. Alpha value equal to 5% 
was adopted for rejection of the null hypothesis and the tests 
were processed using RStudio software - version 1.1.463 (2018).

The descriptive analysis of the data was performed to charac-
terize and present the studied variables. The discrete / counting 
variables were presented in absolute (n) and relative (%) frequen-
cies, while the continuous variables were presented as measures 
of central tendency (mean or median) and dispersion / position 
(standard deviation or interquartile intervals).

The descriptive data analysis was performed to characterize 
and present the events studied. Absolute (n) and relative (%) 
frequencies were calculated for the discrete/score variables; and 
measures of central tendency (mean or median) and dispersion/
position [standard deviation (SD)or inter-quartile intervals (IQ)] 
were determined for the continuous variables. 

The expected frequencies, and those observed, were compared 
using Pearson’s Chi-Square test or Barnard’s test. The magnitude 
of the association between exposure and outcome variables was 
assessed using the Odds Ratio (OR) and their respective 95% CI. 
The potential exposure variables were selected to verify a possible 
association with the occurrence of Alzheimer’s Disease, primarily 
through bivariate nonlinear analyses (logit) using a p-value as the 
cutoff point for selection p <0.2.

To assess a possible significant difference (p <0.05) for variables 
plasma and erythrocyte Se concentrations in the two groups 
outlined in the present study, it was adopted the t-Student and 
the Mann-Whitney test statistics, respectively.

To model the association of Alzheimer’s disease according to the 
body’s selenium reserves (serum and erythrocyte concentrations) 

and other possible confounding variables, it was adopted the GLM 
method (generalized linear models; “binomial” family), adjusting 
it according to the variables “gender”, “age”, and “schooling”.

The best multiple linear regression model adopted to the 
referred study was the ordinary least squares (OLS) method 
in the “Backward” option. So, a model composed of explana-
tory variables for AD outcome was used until a better-adjusted 
model was obtained, respecting assumptions of normality of 
residues, homoscedasticity, and absence of multicollinearity, 
besides the quality of the alteration by the adjusted coefficient 
of determination (Radj

2).

RESULTS 

This research sample was formed by 102 elderly (34 with AD 
and 68 no disease). Both groups were formed mostly by female 
subjects (64.7 and 77.9%, respectively), married or in a stable 
relationship (70.6 and 50.8%), non-smokers (97.1 and 98.5%) 
(Table 1).

The mean age in the group of elderly people with Alzheimer’s 
was 74.41 years ± 7.1 SD, and in the control group, 71.46 years 
± 5.1 SD. The mean time of diagnosis of the disease in the AD 
group was approximately 11.4 months, and no older subject in 
this study presented a severe form of the disease. Fifteen (44.1%) 
presented a mild state of AD and 19 (63.9%) moderate.

The number of schooling years (<5 years) associated with the 
presence of Alzheimer’s disease, increasing approximately 3.2 
times the chance of elderly people presenting AD (χ2 = 7.09; p 
= 0.008) (Table 1).

Table 1 - Socioeconomic profile, lifestyle, health conditions, nutritional status of elderly people with and without Alzheimer’s Disease, Maceió, Alagoas, Brazil, 2018

AD
(n = 34)

C
(n = 68) χ2 p value OR OR

(IC95%)N % n %

Gender
Male 12 35.3 15 22.1 2.04 0.153a

0.51 0.290 – 0.1286
Female 22 64.7 53 77.9

Equivalent Income
> 1 MW 24 70.6 39 57.3 1.68 0.195a

0.56 0.232 - 1.286
< 1 MW 10 29.4 29 42.7

Schooling
> 5 years of study 10 29.4 39 57.4 7.09 0.008a

3.23 1.338 – 7. 785
< 5 years of study 24 70.6 29 42.6

Marital Status
Married/stable relationship 24 70.6 40 58.8 1.34 0.247a

0.59 0.246 – 1.438
Single/divorced/ widowed 10 29.4 28 41.2

Hypertension
Yes 20 58.8 42 61.8 0.08 0.774a 0.88 0.382 – 2.049
No 14 41.2 26 38.2

Diabetes
Yes 9 26.5 10 14.7 2.07 0.150a 2.09 0.756 – 5.763
No 25 73.5 58 85.3

Bone diseases
Yes 1 2.9 16 23.5 2.63 0.020b 0.10 0.012 – 0.778
No 33 97.1 52 76.5

Nutritional status
Malnutrition 3 8.8 4 5.9 -0.55 0.625b 1.10 0.683 – 0.429
Eutrophic/Overweight 31 81.2 64 94.1

Notes: AD = Alzheimer’s disease (case group); C = control group; MW = Minimum wage – equivalent to R$ 937,00/month, approx.; a Pearson´s chi-squared test; b Barnard Unconditional test.
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It may be stated that, concerning health conditions and 
nutritional status, the groups were similar, with no significant 
difference in the frequencies of older people with hypertension, 
diabetes, or malnutrition. However, there was a higher frequency 
of reports of bone diseases (osteopenia/osteoporosis) in the group 
of elderly people with Alzheimer’s (χ2 = 0,020; p = 0,010) (Table 1).

It was observed that the group of elderly people with Alzheimer’s 
presented lower concentrations of plasma Set 45.29 µg/dL ± 14.51 
SD vs. 55.14 µg/dL ± 14.01 SD (p = 0.004). Lower erythrocyte con-
centrations of Set were also observed in the group of elderly people 
diagnosed with AD (Median = 56.36 µg/L; Minimum = 40.64 µg/L; 
Maximum = 93.99 µg/L vs. Median = 76.96 µg/L; Minimum = 26.33 
µg/L; Maximum = 141.04 µg/L) (p <0.001) (Figure 1).

The frequency of elderly people classified as presenting low 
plasma Set concentrations was higher in the case group (60.60% 
vs. 27.69%; χ2 = 8.48; p = 0.004). Similarly, the frequency of elderly 
people grouped in the 1st quartile for erythrocyte Set concentra-
tions was higher in the group of elderly people with Alzheimer’s 
(51.51% vs. 11.29%; χ2 = 13.34; p <0.001).

The plasma and erythrocyte Set concentrations showed no 
association with the time of diagnosis of the disease in the case 
group (p > 0.050).

The mean score obtained in the MMSE by the elderly people 
in the case group was 18 points (Min. = 16 and Max. = 20 points), 
while the mean in the control group was 26 points (Min. = 24 
and Max = 28 points).

When considering that the score obtained in the MMSE, in 
each group, presented with its residues distributed in a standard 
curve of probabilities, a linear regression analysis was performed 
to explain the effect of the plasma and erythrocyte concentrations 
of Set in reducing the cognitive capacity assessed by the MMSE, 
adjusted for schooling, age, and gender. Plasma Set concentration 
did not correlate with the cognitive ability of the elderly people. 
However, the intra-erythrocyte Set concentration demonstrated 
a positive correlation with the cognitive capacity assessed by the 
mini-mental state exam in both groups and all models (Table 2).

Table 2 - Linear regression coefficients for cognitive ability assessed by the 
Mini-Mental State Examination (MMSE) screening instrument in the elderly 
with and without Alzheimer’s disease (AD), Maceió, Alagoas, Brazil, 2018

  Model 1 Model 2 Model 3
  β a p valueb β a p valueb β a p valueb

Group AD (n = 34)
Set  plasma 0.146 0.250 0.068 0.647 - -
Set erythrocytes 0.513 < 0.001 0.502 0.002 0.508 0.002
Schooling -0.087 0.491 0.002 0.990 -0.007 0.962
Age -0.284 0.033 -0.270 0.084 -0.284 0.060
Gender -0.446 0.001 - - - -
R² 0.609 0.426 0.422
Adjusted R² 0.540 0.347 0.364

Group C (n = 68)
Set  plasma 0.104 0.414 0.113 0.370 - -
Set erythrocytes 0.429 < 0.001 0.519 < 0.001 0.570 < 0.001
Schooling 0.025 0.825 0.016 0.887 -0.003 0.976
Age -0.086 0.446 -0.072 0.513 -0.048 0.651
Gender -0.076 0.493 - - - -
R² 0.335 0.330 0.321
Adjusted R² 0.281 0.287 0.289

Notes: AD = Alzheimer’s disease (case group); C = control group; Regression coefficients (Beta) 
estimated by the MQO/Backward optiona; b Test t; p<0.05; Model 1: Adjusted for schooling, age, 
and gender; Model 2: Adjusted for schooling and age; Model 3: Adjusted for schooling, age, and 
gender, but excluding Set plasma from this model.

The logistic regression model, adjusted for schooling, age, and 
gender, was proposed to identify the association of this study’s 
findings with Alzheimer’s disease. The initial model included the 
plasma and erythrocyte concentrations of Set, clinical diagnosis 
of hypertension and diabetes, nutritional status, physical activity, 
housing conditions, and income.

After excluding Set plasma, a clinical diagnosis of hypertension, 
and diabetes, physical activity, nutritional status, housing conditions 
and income, only the concentration of intra-erythrocyte Set dem-
onstrated a significant association with AD. With a 95% confidence, 
it was observed that for each 1 μg/L increase of intracellular Set 
there was a reduction of approximately 2.5% in the chance of older 
people having AD (OR = 0.975; p = 0.028; 95% CI = 0.953 - 0.997).

DISCUSSION

In the present study, the plasma and erythrocyte concentrations 
of Set appear as significant risk factors for Alzheimer’s disease and 
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Figure 1 - Plasma and Erythrocyte selenium concentration in elderly people 
with and without Alzheimer’s, Maceió, Alagoas, Brazil, 2018
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cognitive ability. However, the erythrocyte concentrations of 
selenium (Set), when adjusted for age, gender, and schooling, 
show an independent predictor for the disease. Study time and 
age, factors are already known in the literature to increase the 
risk for AD development, were also risk factors observed in this 
research. It is important to note that it was not observed a cor-
relation between age and selenium concentrations.

The number of academic years in the group of elderly people 
with Alzheimer’s was shorter than the group with no disease. 
A study by Iwata et al., 2019, identified a possible association 
between schooling and mild cognitive impairment, where the 
highly educated men showed a significantly slower rate of decline 
than the other groups(26). A meta-analysis of prospective cohort 
studies investigated the relationship between schooling and 
risk of dementia and found that lower schooling achievement 
is related to a higher incidence of dementia, and risk decreases 
with each year increase in schooling(27).

The present study identified that the group of elderly people 
with AD presented lower concentrations of plasma and erythro-
cyte Set. However, Ceballos-Picot et al., 1996, observed an inverse 
association between cognitive decline and selenium concen-
trations, where a group of elderly people with AD presented 
higher selenium concentrations in erythrocytes and plasma(28).

A case-control study carried out by Cardoso et al., 2014, in São 
Paulo - Brazil, observed that the lowest plasma and erythrocyte 
selenium concentrations were in the group of elderly people 
with AD when compared to the control group(14). Likewise, a 
study by Chmatalova et al., 2017, in the Czech Republic also 
reported lower concentrations of plasma selenium in people 
with Alzheimer’s when compared to the control group(7), thereby 
corroborating the results obtained in the present study.

It should be noted that the criteria used by the researchers 
in the first study were less sensitive for Alzheimer’s (and more 
sensitive for other dementias), and the analysis of plasma 
selenium was performed by fluorometry, differing from most 
studies that, as in the present case, used atomic absorption 
spectrophotometry.

A recent systematic review with a meta-analysis observed that 
circulating levels of selenium (serum, plasma, or whole blood) 
are lower in the group of elderly people with Alzheimer’s. This 
result was also observed for erythrocyte concentrations, but 
with no statistical relevance, due to significant heterogeneity 
between the two studies involved in this meta-analysis (I2 = 
81%)(9). The present study corroborates the observed results and 
suggests that further studies should be conducted, especially 
with analysis of erythrocyte selenium, to elucidate the relation-
ship between selenium and AD better.

Considering that oxidative stress is the first event that pre-
cedes AD and, therefore, assumes an important role in the 
disease’s etiology, low concentrations of this micro-element 
may be associated with its depletion due to the oxidation that 
accompanies aging and the progression of AD(10,29-30).

The balance between oxidizing and antioxidant mechanisms 
often carried out by this micronutrient may be a factor that 
assists in the discovery of some responses(31). However, in this 
study, it was not possible to assess oxidative stress in patients.

Moreover, the lower concentrations of plasma selenium found 
in the group of older people with AD may be secondary to an 
insufficient current intake of this mineral. However, this matrix’s 
selenium levels may be affected by factors other than impaired 
food intake, particularly in the acute phase of the inflammatory 
response and oxidative stress(32-33). It should be highlighted that 
erythrocytes are the primary locus of storage of this mineral in 
the human body and the reduction of its concentrations oc-
curs more slowly than in plasma due to the relatively long life 
of the erythrocytes(32). That reinforces the hypothesis that low 
levels of intra-erythrocyte selenium, as observed in this study, 
may reflect the chronic impairment of this mineral intake or 
increased metabolic demand over the years, contributing to 
the development or clinical evolution of the disease. 

This study’s design, which is cross-sectional with a comparison 
group, does not enable the identification of the close cause-
effect relationship between low concentrations of selenium 
and the onset of Alzheimer’s disease. However, it does evidence 
the relationship between the two clinical conditions. Finally, it 
emphasizes that given the above, there is a need to obtain a bet-
ter clarification of the relationship between selenium deficiency 
and AD to establish effective therapeutic measures subsequently. 
That may be achieved either by correcting the usual food intake, 
supplementation, developing new drugs, or even by combining 
these actions with stimulating the development of occupational 
activities that are known to reduce the risk for the disease and 
guarantee the quality of life during the aging process since 
studies on selenium supplementation (alone or combined with 
other nutrients) as the only therapy used in the treatment of AD 
are also imprecise and have presented contradictory results(34-38). 

Since few studies have assessed erythrocyte concentrations 
in elderly people with Alzheimer’s, we suggest that further 
epidemiological and clinical character studies should clarify 
the causal relationship between low selenium concentrations 
and AD. Clinically, it is necessary to assess the effects of supple-
mentation in an uninterrupted manner and, in the long term, 
added to other potential factors for the treatment, thereby 
enabling us to properly understand the role of this nutrient in 
preventing and/or controlling the progression of AD. It is also 
a suggestion to include a more significant number of patients 
diagnosed with AD in study groups for future research.

Study limitations

In this study, it was impossible to establish a direct association 
between selenium deficiency and oxidative stress in patients with 
AD, which is a significant limitation of this study. Nonetheless, a 
hypothesis of an indirect relationship seems to be established.

Another critical limitation concerns the assessment of cogni-
tive capacity assessed by the MMSE. Although the Mini-Mental 
State Examination is a valid and internationally accepted method 
for identifying cognitive impairment, this assessment is affected 
by other variables’ strong influences (such as emotional state, 
motivation for treatment, and schooling). However, that limi-
tation was rectified by adjusting the analysis by schooling to 
avoid bias in interpreting the results.
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Contributions to the fields of Nursing, Health, or Public Policy

This study aimed to contribute to the establishment of effec-
tive therapeutic measures, by correcting the usual food intake, by 
supplementation or developing new drugs or even by combining 
these actions through the stimulation of occupational activities 
which, as it is known, reduce the risk for disease and guarantee the 
quality of life in the aging process. Nevertheless, it is essential to 
highlight that new pharmacotherapy should not limit treatment 
nor follow one postulated hypothesis. There is a need to consider 
disease prevention through health care strategies.

CONCLUSION

The results of this research suggest that plasma and erythrocyte 
concentrations of total selenium (Set) have an important association 
with Alzheimer’s disease and that erythrocyte concentrations may 
increase the chances of elderly people being diagnosed with AD.
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