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Abstract

:

Background: Selenium (Se), a vital trace element, plays a neuroprotective role by mitigating oxidative stress through selenoproteins and regulating metal balance. The apolipoprotein E ε4 allele (APOE4), a significant genetic risk factor for Alzheimer’s disease (AD), has been linked to reduced Se levels and weakened antioxidant capacity. This research explores the association between serum Se concentrations and cognitive performance, with an emphasis on how APOE4 status influences this relationship. Methods: This study included 196 older adults from community and memory clinic settings, who underwent assessments for episodic memory, global cognition, and non-memory functions using the Consortium to Establish a Registry for Alzheimer’s Disease (CERAD) neuropsychological battery, with serum selenium levels analyzed via inductively coupled plasma–mass spectrometry (ICP-MS) and APOE genotyping conducted to determine allele status. Results: Higher serum Se levels were associated with better episodic memory score (EMS) (B = 0.065, 95% CI = 0.020–0.110, p = 0.005) and CERAD total score (TS) (B = 0.119, 95% CI = 0.046–0.193, p = 0.002). However, the interaction between Se and APOE4 status significantly affected EMS (B = −0.074, 95% CI = −0.109 to −0.039, p < 0.001), with significant benefits observed in APOE4-negative participants. Conclusions: This study highlights the genotype-specific impact of Se on cognitive health, emphasizing the need for personalized nutritional interventions targeting Se levels, particularly for APOE4-negative individuals. Future research should further elucidate the mechanisms of Se’s effects and assess its therapeutic potential in aging populations.
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1. Introduction


Selenium (Se) is a crucial trace element with significant importance for human health, especially in supporting neuroprotection [1,2,3]. Its neuroprotective effects are primarily mediated through reducing oxidative stress via selenoproteins [2,4], modulating calcium influx through ion channels [5], and exhibiting anti-inflammatory properties [6]. Notably, Se deficiency has been linked to Alzheimer’s disease (AD) [7,8,9], a disorder characterized by beta-amyloid (Aβ) plaques, neurofibrillary tangles, neuro-inflammation, and oxidative stress [10,11,12]. Aβ aggregation is considered one of the early pathological events in AD, contributing to synaptic dysfunction, neuronal toxicity, and microglial activation, which further amplifies neuro-inflammation [13]. Additionally, Aβ pathology has been shown to exacerbate tau hyperphosphorylation, leading to neurofibrillary tangle formation and progressive neurodegeneration [14]. Hyperphosphorylated tau disrupts intracellular transport and promotes synaptic instability, further accelerating cognitive decline [15]. These findings suggest that Se could enhance the brain’s antioxidant defenses, potentially mitigating AD-related cognitive impairment [16,17].



Apolipoprotein E (APOE) indirectly influences Se delivery to neurons and glial cells through its role in lipid metabolism and neuroprotection [18,19]. APOE modulates the secretion of selenoprotein P (SELENOP), a key Se transport protein, by interacting with its heparin-binding sites. This regulation affects the availability of SELENOP for uptake by neurons and glial cells [18], thereby influencing Se distribution in the brain. Furthermore, APOE’s role in lipid transport and neuronal health may influence the expression and functionality of receptors such as APOE receptor-2 (APOER2), also referred to as low-density lipoprotein receptor-related protein 8 (LRP8), which facilitate SELENOP uptake [19]. Therefore, APOE indirectly affects Se delivery to neural cells by regulating SELENOP secretion and modulating receptor-mediated uptake mechanisms.



The APOE ε4 allele (APOE4), a major genetic risk factor for late-onset AD [20,21], is associated with earlier Aβ deposition [22,23] and increased oxidative stress [24,25], contributing to its significant influence on AD pathophysiology. Emerging evidence indicates that serum Se levels are lower in APOE4 carriers compared to non-carriers, suggesting genotype-specific differences in Se metabolism [26,27]. Given APOE’s critical role in regulating SELENOP-mediated Se delivery to neurons, these lower Se levels in APOE4 carriers may exacerbate deficiencies in antioxidant defenses, potentially accelerating oxidative damage and cognitive decline. This underscores the significance of exploring the interaction between Se and APOE4 in the context of AD, as it could guide targeted nutritional strategies to alleviate cognitive impairment in at-risk populations.



Beyond AD, Parkinson’s disease (PD) shares common mechanisms, including neuro-inflammation and oxidative stress. Orexin, a regulator of sleep–wake cycles, also plays a neuroprotective role, with studies showing that orexin receptors influence neuro-inflammation in AD [28] and orexin dysfunction contributes to PD progression [29]. Given these shared mechanisms, co-pathologies may also affect Se metabolism and cognitive decline, underscoring the need for a broader perspective on Se’s neuroprotective role.



Despite these insights, research on the relationship between Se levels, cognitive function, and the APOE genotype remains limited. To address this gap, this study examines the association between serum Se levels, episodic memory, and global cognition in older adults without dementia, with a particular focus on the moderating role of APOE4 status.




2. Materials and Methods


2.1. Participants


This study is part of the General Lifestyle and AD (GLAD) study, a prospective cohort study initiated in 2020. As of July 2022, the study enrolled 196 adults aged 65 to 90 years who were free of clinical dementia, including 83 cognitively normal (CN) individuals and 113 individuals with mild cognitive impairment (MCI). Recruitment was conducted through a dementia screening program at the memory clinic of Hallym University Dongtan Sacred Heart Hospital, Hwaseong, South Korea. To complement clinic-based recruitment, additional participants were identified through community outreach efforts, including recommendations from previous participants, their families, or acquaintances. Careful selection ensured that the cohort represented the general population, with a focus on capturing a broad spectrum of cognitive health in older adults. Participants in the CN group were those with a Clinical Dementia Rating (CDR) [30] score of 0 and no history of MCI or dementia. Individuals with MCI were identified based on established amnestic MCI criteria, requiring informant-confirmed memory concerns, measurable memory deficits, preserved overall cognitive function, independence in daily living activities, and no evidence of dementia. Memory impairment was assessed using age-, education-, and sex-adjusted z-scores, with scores below −1.0 on at least one of four episodic memory assessments from the Korean version of the Consortium to Establish a Registry for Alzheimer’s Disease (CERAD) neuropsychological battery [31,32]: word list memory, word list recall, word list recognition, and constructional recall [31,32,33]. All MCI participants had a CDR score of 0.5. Participants were excluded if they had significant psychiatric or neurological disorders, comorbidities affecting cognitive function, illiteracy, severe sensory deficits, difficulties with communication, or behavior affecting clinical evaluation, or if they were taking experimental medications.




2.2. Standard Protocol Approvals, Registrations, and Participants’ Consent


The study protocol received approval from the Institutional Review Board of Hallym University Dongtan Sacred Heart Hospital and was carried out in compliance with the latest guidelines of the Declaration of Helsinki. Informed consent was obtained from all participants or their legal representatives.




2.3. Clinical Assessments


Participants underwent comprehensive clinical evaluations conducted by trained psychiatrists in accordance with the GLAD study’s standardized assessment protocol, which includes the CERAD clinical and neuropsychological battery [31,32]. Licensed psychologists with expertise in geriatric populations administered the CERAD neuropsychological battery [33]. All clinical evaluations and diagnoses were based on a consensus approach involving psychiatrists and psychologists with expertise in dementia. The assessments included measures of episodic memory, non-memory cognitive domains, and overall cognitive performance. Episodic memory decline, a hallmark early symptom of Alzheimer’s disease [34,35,36,37,38,39], was quantified using the episodic memory score (EMS), calculated by summing scores from four tasks in the CERAD neuropsychological battery: word list memory, word list recall, word list recognition, and constructional recall. The non-memory score (NMS) was calculated by adding the scores from three non-memory tests: verbal fluency (executive function/attention/language), the modified Boston Naming Test (language), and constructional praxis (visuospatial and perceptual abilities) [40]. Global cognition was assessed using the CERAD total score (TS) [41], derived by summing the results of seven tests: verbal fluency, modified Boston Naming Test, word list memory, constructional praxis, word list recall, word list recognition, and constructional recall. Vascular risks were evaluated during structured interviews conducted by trained researchers with participants and their family members. The vascular risk score (VRS), expressed as a percentage, was calculated by summing the presence of conditions such as hypertension, diabetes mellitus, dyslipidemia, coronary heart disease, transient ischemic attack, and stroke [42]. Nutritional assessments were performed using the Mini-Nutritional Assessment (MNA) tool [43], a validated instrument for evaluating nutrition in older adults. The MNA considered factors such as recent reductions in food intake due to appetite loss, digestive issues, or chewing/swallowing difficulties, as well as dietary patterns, including protein and fruit/vegetable consumption. To ensure the reliability of the data, informants were interviewed when necessary [43].




2.4. Measuring Serum Levels of Selenium and Other Blood Biomarkers


Blood samples were collected in the morning (8–9 A.M.) via venipuncture and placed in trace element-free tubes to avoid contamination. Selenium concentrations were measured using an iCAP-RQ inductively coupled plasma–mass spectrometry (ICP-MS) (Thermo Fisher Scientific, Waltham, MA, USA). Calibration was performed using a multi-element standard solution (Part No. 5183-4688, Agilent Technologies, St. Clara, CA, USA), diluted in 1% (v/v) nitric acid and 0.5% (v/v) hydrochloric acid to construct four-point calibration curves, including a zero point. A blank, calibration standards, and quality control materials (low, medium, and high concentrations) were included with every batch of 20 samples to ensure precision and accuracy. The limit of blank (LOB), limit of detection (LOD), and limit of quantification (LOQ) for selenium were 0.17 µg/L, 0.39 µg/L, and 0.60 µg/L, respectively. Quality control materials showed excellent reproducibility, with coefficients of variation (CV) of 3.76% for low concentrations, 3.29% for medium concentrations, and 3.04% for high concentrations.



Serum albumin, glucose, HDL cholesterol, and LDL cholesterol were measured using the COBAS c702 analyzer with dedicated reagents supplied by Roche Diagnostics (Mannheim, Germany).




2.5. APOE4 Genotyping


Blood samples were obtained using vacutainer tubes containing EDTA as an anticoagulant. DNA was isolated with the QIAamp DSP DNA Blood Mini Kit, supported by the QIAcube HT System (QIAGEN, Hilden, Germany). Genotyping for APOE was conducted using the Seeplex ApoE ACE Genotyping Kit (Seegene, Seoul, Republic of Korea) on a ProFlex PCR system (Thermo Fisher Scientific, Waltham, MA, USA), following the provided instructions. After amplification, PCR products underwent analysis with the QIAxcel Advanced System (QIAGEN, Hilden, Germany), a capillary electrophoresis device, and genotypes were classified as ε2/ε2, ε2/ε3, ε2/ε4, ε3/ε3, ε3/ε4, or ε4/ε4 based on electrophoretic patterns and manufacturer guidelines. The presence of one or more ε4 alleles indicated APOE4 positivity.




2.6. Statistical Analysis


The association between serum Se levels and cognitive performance was evaluated using multiple linear regression analyses, treating selenium (as a continuous variable) as the independent variable and cognitive scores (EMS, NMS, and TS) as the dependent variables. Recognizing the potential impact of confounders on this relationship, factors such as age, sex, APOE4 status, education, clinical diagnosis, vascular risk factors, dietary habits (including protein and fruit or vegetable intake), and blood markers (albumin, glucose, HDL, and LDL cholesterol levels) were identified as covariates. Two stepwise models were applied: the first model adjusted for age, sex, APOE4 status, education, clinical diagnosis, and vascular risk factors, while the second model further included dietary protein and fruit or vegetable intake, as well as albumin, glucose, HDL, and LDL cholesterol levels.



To evaluate whether APOE4 positivity moderated the relationship between serum Se levels and cognitive decline, multiple linear regression analyses were performed with two-way interaction terms between Se levels and cognition included as independent variables. When significant interactions were observed, stratified analyses were conducted separately for APOE4-positive and APOE4-negative groups. Sensitivity analyses were conducted on individuals with cognitive impairment, given the reduced sensitivity of cognitive scores and the low APOE4 positivity rate in CN individuals (n = 15). Similar analyses were also carried out on participants without reduced food intake in the past 3 months to control for the possible effects of physical or mental health conditions on serum Se levels and cognitive performance. These were performed using SPSS Statistics software ver. 28 (IBM, Armonk, NY, USA).





3. Results


3.1. Participant Characteristics


The demographic and clinical characteristics of the study population, comprising 156 APOE4-negative and 40 APOE4-positive participants, are summarized in Table 1. All participants were non-demented, with 57% classified as having MCI and 43% as CN. Serum Se levels differed significantly between the two groups. In contrast, no significant differences were noted for any other demographic or clinical variables.




3.2. Association of the Serum Se Levels with Cognition


Serum Se level was significantly associated with EMS (B = 0.065, 95% confidence interval = 0.020 to 0.110, p = 0.005) and TS (B = 0.119, 95% confidence interval = 0.046 to 0.193, p = 0.002), but not with NMS (Table 2 and Figure 1A,B).




3.3. APOE4 Moderation of the Association Between the Serum Se Levels and Cognition


Serum Se levels interacted significantly with APOE4 positivity, impacting EMS (B = −0.074, 95% CI: −0.109 to −0.039, p < 0.001) and TS (B = −0.069, 95% CI: −0.128 to −0.010, p = 0.022), but showing no significant effect on NMS or the three non-memory tests (Table 3 and Table S1). This indicates that APOE4 moderates the associations between serum Se levels and episodic memory as well as global cognition, without affecting non-memory cognitive domains or individual non-memory tests (verbal fluency for executive function/attention/language, modified Boston Naming Test for language, and constructional praxis for visuospatial and perceptual skills). In APOE4-negative participants, serum Se levels were significantly associated with EMS (B = 0.072, 95% CI: 0.025 to 0.119, p = 0.003) and TS (B = 0.125, 95% CI: 0.046 to 0.204, p = 0.002), while no significant associations were found in the APOE4-positive subgroup (Table 4 and Figure 1C–F).




3.4. Sensitivity Analyses


The results of the sensitivity analysis of participants with MCI and those without a decrease in food intake over the past 3 months were similar for the EMS and TS (Tables S2 and S3).





4. Discussion


This study demonstrates a significant association between Se levels and cognitive function, particularly episodic memory and global cognition, in older adults without dementia. The relationship was more pronounced in APOE4-negative individuals, highlighting the potential moderating effect of APOE4 status.



Our results align with prior studies that have documented Se’s protective effects on cognitive health. Several observational and interventional studies have demonstrated that higher serum Se levels or Se supplementation are associated with improved cognitive outcomes, particularly in episodic memory. For instance, several cross-sectional and prospective longitudinal studies showed that low serum Se deficiency correlates with cognitive impairment or decline, especially in aging populations [44,45,46]. Similarly, a randomized controlled pilot trial reported that Se supplementation improved cognitive performance in older adults with MCI [47]. These studies provide strong evidence supporting the neuroprotective role of Se, particularly through its ability to mitigate oxidative stress and inflammation in the brain.



Our findings reveal distinct differences in the association between Se levels and cognitive outcomes based on APOE4 status. In APOE4-negative individuals, higher Se levels were significantly associated with better episodic memory and global cognition, whereas no such association was observed in APOE4-positive individuals. This APOE genotype-specific effect may be partly explained by the significantly lower Se levels observed in APOE4-positive individuals compared to APOE4-negative individuals (Table 1). These findings suggest that Se’s neuroprotective effects are more robust in APOE4-negative individuals, potentially due to their relatively higher baseline Se levels, which enhance its antioxidant and neuroprotective mechanisms. Although prior studies have highlighted the protective role of Se in cognitive health, they have largely overlooked the impact of the APOE genotype. By identifying this critical distinction, our study underscores the necessity of considering genetic factors, such as APOE4 status, when evaluating the neuroprotective effects of Se. This approach can provide deeper insights into personalized strategies for preventing cognitive decline.



Se exerts its neuroprotective effects through multiple mechanisms that help explain our findings. As an essential micronutrient, Se is a key component of selenoproteins, such as glutathione peroxidase and thioredoxin reductase, which neutralize ROS and maintain redox balance in the brain [48]. These enzymes reduce oxidative stress [49], a major driver of neuronal damage and AD pathology [50]. By limiting oxidative damage, Se may help prevent the oxidative stress-induced aggregation of Aβ and hyperphosphorylation of tau [51,52], thereby preserving cognitive function. Beyond its antioxidant properties, Se plays a critical role in maintaining metal homeostasis, which is closely linked to oxidative stress in AD. Imbalances in metal ions such as copper, iron, and zinc contribute to neurodegeneration by promoting oxidative stress through Fenton reactions [53,54]. Se mitigates this effect by forming inert metal–selenium complexes, which are safely excreted, reducing metal-induced oxidative toxicity [55]. Collectively, these neuroprotective properties underscore Se’s potential to counteract oxidative stress and metal toxicity, key contributors to AD pathology, thereby potentially delaying or mitigating AD-related cognitive decline.



In this study, all participants were non-demented, with 57% classified as having MCI and 43% as CN. Given that MCI represents an early stage of cognitive impairment, identifying factors that may influence its progression is crucial. Emerging evidence suggests that selenium’s neuroprotective mechanisms may be particularly relevant in MCI, a transitional stage between normal aging and dementia [56]. Oxidative stress and neuro-inflammation play a central role in MCI pathogenesis, contributing to early synaptic dysfunction and neuronal damage [57,58]. Se, through its role in antioxidant defense and metal homeostasis, may help mitigate these effects by reducing ROS, modulating neuro-inflammatory pathways, and preventing amyloid and tau pathology [48,49,50,51,52,53,54]. Furthermore, studies suggest a potential link between Se deficiency and MCI. One study found that specific Se species in cerebrospinal fluid may predict MCI progression to AD [59]. Another study reported that elevated selenoprotein P levels in serum and cerebrospinal fluid were associated with an increased risk of MCI conversion to dementia [60]. These findings highlight the need for further research to clarify the role of Se in MCI and its progression.



The interaction between Se and APOE4 status suggests genotype-specific differences in Se metabolism and its impact on cognitive health. APOE4 carriers exhibit lower serum Se levels than APOE4-negative individuals (Table 1), likely due to differences in Se transport, metabolism, or utilization rather than a simple deficiency threshold. APOE4 is known to influence lipid and metal homeostasis, which may affect Se incorporation into neuroprotective selenoproteins [18,19]. Impaired Se transport across the blood–brain barrier or reduced selenoprotein activity in APOE4 carriers could weaken antioxidant defenses, increasing their vulnerability to oxidative stress-related cognitive decline. In contrast, APOE4-negative individuals may utilize Se more efficiently, resulting in a stronger association between higher Se levels and better cognitive outcomes. Rather than implying a specific Se threshold for cognitive benefits, our findings highlight the importance of considering the APOE genotype when evaluating Se’s role in cognition. This perspective may help guide genotype-specific nutritional strategies to support cognitive health.



Our study has several limitations that should be considered when interpreting the findings. First, its cross-sectional design limits our ability to establish causality between serum Se levels and cognitive function. Longitudinal studies are needed to confirm whether higher Se levels directly protect against cognitive decline over time or are merely correlated with better cognitive health. Second, while we controlled for potential confounders, including vascular risks, nutritional biomarkers, and dietary patterns, unmeasured variables such as other genetic polymorphisms beyond APOE or dietary Se intake could still have influenced our findings. However, sensitivity analyses provided reassurance: participants whose food intake did not decline over the past three months exhibited similar results (Table S3), suggesting that dietary Se deficiency was unlikely to explain the observed associations. Additionally, additional regression analyses that included blood nutritional biomarkers and dietary patterns as covariates (Table 2 and Table 4; Tables S2 and S3) yielded consistent results, further mitigating concerns about confounding from dietary factors. Third, the relatively small number of APOE4-positive participants limits the scope of the subgroup analyses and decreases the statistical power needed to detect subtle associations between serum Se levels and cognitive outcomes in this subgroup. Future research should involve larger and more diverse cohorts to confirm and refine these observations. Fourth, this study did not include key AD-related biomarkers, such as Aβ and tau, or APOE4-associated metabolic markers. Incorporating these biomarkers in future investigations would provide valuable insights into how serum Se levels relate to AD pathophysiology and cognitive decline, especially in APOE-negative older adults. Addressing these limitations will contribute to a more comprehensive understanding of the role of selenium in cognitive health and its interactions with APOE genotypes.




5. Conclusions


Our study demonstrates a significant association between Se levels and cognitive function, particularly episodic memory and global cognition, in older adults without clinical dementia. This relationship was more pronounced in individuals without the APOE4 allele, suggesting a potential protective role of Se in cognitive health, influenced by genetic factors such as APOE status. These findings emphasize the need to consider genetic variability when exploring the neuroprotective effects of Se and its role in mitigating cognitive decline. Future research should aim to clarify the mechanisms underlying Se’s effects and assess the potential of Se-based interventions in preserving cognitive function, particularly in aging populations.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/nu17030595/s1, Table S1: Results of multiple linear regression analyses that included interaction terms for the association between serum Se levels and APOE4 positivity in predicting non-memory cognitive decline; Table S2: Results of the multiple linear regression analyses of the association between the serum Se levels and cognitive decline according to the APOE4 subgroup in MCI older adults (n = 113); Table S3: Results of the multiple linear regression analyses of the association between the serum Se levels and cognitive decline according to the APOE4 subgroup in older adults without a 3-month decline in food intake (n = 182).





Author Contributions


J.W.K. conceived and designed the study. S.G.K., M.K., Y.M.C., G.-H.S., B.C.L., H.S.K., J.H.L., J.H., D.Y. and J.W.K. were involved in the acquisition or analysis and interpretation of the data and helped to draft the manuscript. S.G.K., M.K., Y.M.C. and J.W.K. were major contributors in writing the manuscript and critically revising the manuscript for intellectual content. J.W.K. served as principal investigator and supervised the study. All authors have read and agreed to the published version of the manuscript.




Funding


This study was supported by grants from the Hallym University Research Fund (grant no. HURF-2020-56, HURF-2022-13, and HURF-2023-36) and the Ministry of Science and ICT, Republic of Korea (grant no. NRF-2020R1G1A1099652). The funding sources had no role in the study design, data collection, data analysis, data interpretation, writing of the manuscript, or decision to submit it for publication.




Institutional Review Board Statement


The study protocol received approval from the Institutional Review Board of Hallym University Dongtan Sacred Heart Hospital (2020-12-004, 1 December 2020) and was carried out in compliance with the latest guidelines of the Declaration of Helsinki.




Informed Consent Statement


Informed consent was obtained from all participants or their legal representatives.




Data Availability Statement


The study data are not freely accessible because the IRB of the Hallym University Dongtan Sacred Heart Hospital prevents public sharing of such data for privacy reasons. However, the data are available on reasonable request after IRB approval. Requests for data access can be submitted to an independent administrative coordinator by e-mail (yoon4645@gmail.com).




Acknowledgments


We thank the GLAD study participants and their caregivers.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Kieliszek, M. Selenium(-)Fascinating Microelement, Properties and Sources in Food. Molecules 2019, 24, 1298. [Google Scholar] [CrossRef] [PubMed Central]

	



Tinggi, U. Selenium: Its role as antioxidant in human health. Environ. Health Prev. Med. 2008, 13, 102–108. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Zhang, X.; Zhong, Y.; He, K. The causal effects between selenium levels and the brain cortical structure: A two-sample Mendelian randomization study. Brain Behav. 2023, 13, e3296. [Google Scholar] [CrossRef] [PubMed Central]

	



Solovyev, N.D. Importance of selenium and selenoprotein for brain function: From antioxidant protection to neuronal signalling. J. Inorg. Biochem. 2015, 153, 1–12. [Google Scholar] [CrossRef]

	



Naziroglu, M. Role of selenium on calcium signaling and oxidative stress-induced molecular pathways in epilepsy. Neurochem. Res. 2009, 34, 2181–2191. [Google Scholar] [CrossRef] [PubMed]

	



Santamaria, A.; Vazquez-Roman, B.; La Cruz, V.P.; Gonzalez-Cortes, C.; Trejo-Solis, M.C.; Galvan-Arzate, S.; Jara-Prado, A.; Guevara-Fonseca, J.; Ali, S.F. Selenium reduces the proapoptotic signaling associated to NF-kappaB pathway and stimulates glutathione peroxidase activity during excitotoxic damage produced by quinolinate in rat corpus striatum. Synapse 2005, 58, 258–266. [Google Scholar] [CrossRef] [PubMed]

	



Cardoso, B.R.; Ong, T.P.; Jacob-Filho, W.; Jaluul, O.; Freitas, M.I.; Cozzolino, S.M. Nutritional status of selenium in Alzheimer’s disease patients. Br. J. Nutr. 2010, 103, 803–806. [Google Scholar] [CrossRef] [PubMed]

	



Vural, H.; Demirin, H.; Kara, Y.; Eren, I.; Delibas, N. Alterations of plasma magnesium, copper, zinc, iron and selenium concentrations and some related erythrocyte antioxidant enzyme activities in patients with Alzheimer’s disease. J. Trace Elem. Med. Biol. 2010, 24, 169–173. [Google Scholar] [CrossRef] [PubMed]

	



Socha, K.; Klimiuk, K.; Naliwajko, S.K.; Soroczynska, J.; Puscion-Jakubik, A.; Markiewicz-Zukowska, R.; Kochanowicz, J. Dietary Habits, Selenium, Copper, Zinc and Total Antioxidant Status in Serum in Relation to Cognitive Functions of Patients with Alzheimer’s Disease. Nutrients 2021, 13, 287. [Google Scholar] [CrossRef] [PubMed Central]

	



Pillai, R.; Uyehara-Lock, J.H.; Bellinger, F.P. Selenium and selenoprotein function in brain disorders. IUBMB Life 2014, 66, 229–239. [Google Scholar] [CrossRef]

	



Zhang, S.; Rocourt, C.; Cheng, W.H. Selenoproteins and the aging brain. Mech. Ageing Dev. 2010, 131, 253–260. [Google Scholar] [CrossRef] [PubMed]

	



Braak, H.; Braak, E. Staging of Alzheimer’s disease-related neurofibrillary changes. Neurobiol. Aging 1995, 16, 271–278; discussion 278–284. [Google Scholar] [CrossRef]

	



Hardy, J.; Selkoe, D.J. The amyloid hypothesis of Alzheimer’s disease: Progress and problems on the road to therapeutics. Science 2002, 297, 353–356. [Google Scholar] [CrossRef] [PubMed]

	



Wang, Y.; Mandelkow, E. Tau in physiology and pathology. Nat. Rev. Neurosci. 2016, 17, 5–21. [Google Scholar] [CrossRef] [PubMed]

	



Iqbal, K.; Liu, F.; Gong, C.X. Tau and neurodegenerative disease: The story so far. Nat. Rev. Neurol. 2016, 12, 15–27. [Google Scholar] [CrossRef]

	



Cardoso, B.R.; Roberts, B.R.; Malpas, C.B.; Vivash, L.; Genc, S.; Saling, M.M.; Desmond, P.; Steward, C.; Hicks, R.J.; Callahan, J.; et al. Supranutritional Sodium Selenate Supplementation Delivers Selenium to the Central Nervous System: Results from a Randomized Controlled Pilot Trial in Alzheimer’s Disease. Neurotherapeutics 2019, 16, 192–202. [Google Scholar] [CrossRef] [PubMed Central]

	



Ferdous, K.A.; Knol, L.L.; Park, H.A. Association between selenium intake and cognitive function among older adults in the US: National Health and Nutrition Examination Surveys 2011–2014. J. Nutr. Sci. 2023, 12, e57. [Google Scholar] [CrossRef] [PubMed Central]

	



Jin, Y.; Chung, Y.W.; Jung, M.K.; Lee, J.H.; Ko, K.Y.; Jang, J.K.; Ham, M.; Kang, H.; Pack, C.G.; Mihara, H.; et al. Apolipoprotein E-mediated regulation of selenoprotein P transportation via exosomes. Cell Mol. Life Sci. 2020, 77, 2367–2386. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Burk, R.F.; Hill, K.E.; Motley, A.K.; Winfrey, V.P.; Kurokawa, S.; Mitchell, S.L.; Zhang, W. Selenoprotein P and apolipoprotein E receptor-2 interact at the blood-brain barrier and also within the brain to maintain an essential selenium pool that protects against neurodegeneration. FASEB J. 2014, 28, 3579–3588. [Google Scholar] [CrossRef] [PubMed Central]

	



Strittmatter, W.J.; Saunders, A.M.; Schmechel, D.; Pericak-Vance, M.; Enghild, J.; Salvesen, G.S.; Roses, A.D. Apolipoprotein E: High-avidity binding to beta-amyloid and increased frequency of type 4 allele in late-onset familial Alzheimer disease. Proc. Natl. Acad. Sci. USA 1993, 90, 1977–1981. [Google Scholar] [CrossRef] [PubMed Central]

	



Raulin, A.C.; Doss, S.V.; Trottier, Z.A.; Ikezu, T.C.; Bu, G.; Liu, C.C. ApoE in Alzheimer’s disease: Pathophysiology and therapeutic strategies. Mol. Neurodegener. 2022, 17, 72. [Google Scholar] [CrossRef] [PubMed Central]

	



Murphy, K.R.; Landau, S.M.; Choudhury, K.R.; Hostage, C.A.; Shpanskaya, K.S.; Sair, H.I.; Petrella, J.R.; Wong, T.Z.; Doraiswamy, P.M.; Alzheimer’s Disease Neuroimaging, I. Mapping the effects of ApoE4, age and cognitive status on 18F-florbetapir PET measured regional cortical patterns of beta-amyloid density and growth. Neuroimage 2013, 78, 474–480. [Google Scholar] [CrossRef] [PubMed Central]

	



Kantarci, K.; Lowe, V.; Przybelski, S.A.; Weigand, S.D.; Senjem, M.L.; Ivnik, R.J.; Preboske, G.M.; Roberts, R.; Geda, Y.E.; Boeve, B.F.; et al. APOE modifies the association between Abeta load and cognition in cognitively normal older adults. Neurology 2012, 78, 232–240. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Zhao, Y.; Zhao, B. Oxidative stress and the pathogenesis of Alzheimer’s disease. Oxid. Med. Cell Longev. 2013, 2013, 316523. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Chmatalova, Z.; Vyhnalek, M.; Laczo, J.; Hort, J.; Pospisilova, R.; Pechova, M.; Skoumalova, A. Relation of plasma selenium and lipid peroxidation end products in patients with Alzheimer’s disease. Physiol. Res. 2017, 66, 1049–1056. [Google Scholar] [CrossRef] [PubMed]

	



Gao, S.; Jin, Y.; Hall, K.S.; Liang, C.; Unverzagt, F.W.; Ma, F.; Cheng, Y.; Shen, J.; Cao, J.; Matesan, J.; et al. Selenium level is associated with apoE epsilon4 in rural elderly Chinese. Public. Health Nutr. 2009, 12, 2371–2376. [Google Scholar] [CrossRef] [PubMed Central]

	



Cardoso, B.R.; Hare, D.J.; Lind, M.; McLean, C.A.; Volitakis, I.; Laws, S.M.; Masters, C.L.; Bush, A.I.; Roberts, B.R. The APOE epsilon4 Allele Is Associated with Lower Selenium Levels in the Brain: Implications for Alzheimer’s Disease. ACS Chem. Neurosci. 2017, 8, 1459–1464. [Google Scholar] [CrossRef] [PubMed]

	



Davies, J.; Chen, J.; Pink, R.; Carter, D.; Saunders, N.; Sotiriadis, G.; Bai, B.; Pan, Y.; Howlett, D.; Payne, A.; et al. Orexin receptors exert a neuroprotective effect in Alzheimer’s disease (AD) via heterodimerization with GPR103. Sci. Rep. 2015, 5, 12584. [Google Scholar] [CrossRef] [PubMed Central]

	



Alster, P.; Madetko-Alster, N.; Otto-Slusarczyk, D.; Migda, A.; Migda, B.; Struga, M.; Friedman, A. Role of orexin in pathogenesis of neurodegenerative parkinsonisms. Neurol. Neurochir. Pol. 2023, 57, 335–343. [Google Scholar] [CrossRef] [PubMed]

	



Morris, J.C. The Clinical Dementia Rating (CDR): Current version and scoring rules. Neurology 1993, 43, 2412–2414. [Google Scholar] [CrossRef]

	



Morris, J.C.; Heyman, A.; Mohs, R.C.; Hughes, J.P.; van Belle, G.; Fillenbaum, G.; Mellits, E.D.; Clark, C. The Consortium to Establish a Registry for Alzheimer’s Disease (CERAD). Part I. Clinical and neuropsychological assessment of Alzheimer’s disease. Neurology 1989, 39, 1159–1165. [Google Scholar] [CrossRef] [PubMed]

	



Lee, J.H.; Lee, K.U.; Lee, D.Y.; Kim, K.W.; Jhoo, J.H.; Kim, J.H.; Lee, K.H.; Kim, S.Y.; Han, S.H.; Woo, J.I. Development of the Korean version of the Consortium to Establish a Registry for Alzheimer’s Disease Assessment Packet (CERAD-K): Clinical and neuropsychological assessment batteries. J. Gerontol. B Psychol. Sci. Soc. Sci. 2002, 57, P47–P53. [Google Scholar] [CrossRef]

	



Lee, D.Y.; Lee, K.U.; Lee, J.H.; Kim, K.W.; Jhoo, J.H.; Kim, S.Y.; Yoon, J.C.; Woo, S.I.; Ha, J.; Woo, J.I. A normative study of the CERAD neuropsychological assessment battery in the Korean elderly. J. Int. Neuropsychol. Soc. 2004, 10, 72–81. [Google Scholar] [CrossRef] [PubMed]

	



Howieson, D.B.; Dame, A.; Camicioli, R.; Sexton, G.; Payami, H.; Kaye, J.A. Cognitive markers preceding Alzheimer’s dementia in the healthy oldest old. J. Am. Geriatr. Soc. 1997, 45, 584–589. [Google Scholar] [CrossRef]

	



Grober, E.; Lipton, R.B.; Hall, C.; Crystal, H. Memory impairment on free and cued selective reminding predicts dementia. Neurology 2000, 54, 827–832. [Google Scholar] [CrossRef] [PubMed]

	



Tromp, D.; Dufour, A.; Lithfous, S.; Pebayle, T.; Despres, O. Episodic memory in normal aging and Alzheimer disease: Insights from imaging and behavioral studies. Ageing Res. Rev. 2015, 24, 232–262. [Google Scholar] [CrossRef] [PubMed]

	



Backman, L.; Small, B.J.; Fratiglioni, L. Stability of the preclinical episodic memory deficit in Alzheimer’s disease. Brain 2001, 124, 96–102. [Google Scholar] [CrossRef]

	



Laakso, M.P.; Hallikainen, M.; Hanninen, T.; Partanen, K.; Soininen, H. Diagnosis of Alzheimer’s disease: MRI of the hippocampus vs delayed recall. Neuropsychologia 2000, 38, 579–584. [Google Scholar] [CrossRef]

	



Backman, L.; Jones, S.; Berger, A.K.; Laukka, E.J.; Small, B.J. Cognitive impairment in preclinical Alzheimer’s disease: A meta-analysis. Neuropsychology 2005, 19, 520–531. [Google Scholar] [CrossRef]

	



Ferman, T.J.; Smith, G.E.; Kantarci, K.; Boeve, B.F.; Pankratz, V.S.; Dickson, D.W.; Graff-Radford, N.R.; Wszolek, Z.; Van Gerpen, J.; Uitti, R.; et al. Nonamnestic mild cognitive impairment progresses to dementia with Lewy bodies. Neurology 2013, 81, 2032–2038. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Seo, E.H.; Lee, D.Y.; Lee, J.H.; Choo, I.H.; Kim, J.W.; Kim, S.G.; Park, S.Y.; Shin, J.H.; Do, Y.J.; Yoon, J.C.; et al. Total scores of the CERAD neuropsychological assessment battery: Validation for mild cognitive impairment and dementia patients with diverse etiologies. Am. J. Geriatr. Psychiatry 2010, 18, 801–809. [Google Scholar] [CrossRef] [PubMed]

	



DeCarli, C.; Mungas, D.; Harvey, D.; Reed, B.; Weiner, M.; Chui, H.; Jagust, W. Memory impairment, but not cerebrovascular disease, predicts progression of MCI to dementia. Neurology 2004, 63, 220–227. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Vellas, B.; Guigoz, Y.; Garry, P.J.; Nourhashemi, F.; Bennahum, D.; Lauque, S.; Albarede, J.L. The Mini Nutritional Assessment (MNA) and its use in grading the nutritional state of elderly patients. Nutrition 1999, 15, 116–122. [Google Scholar] [CrossRef]

	



Rayman, M.P. Selenium and human health. Lancet 2012, 379, 1256–1268. [Google Scholar] [CrossRef]

	



Perri, G.; Mathers, J.C.; Martin-Ruiz, C.; Parker, C.; Demircan, K.; Chillon, T.S.; Schomburg, L.; Robinson, L.; Stevenson, E.J.; Shannon, O.M.; et al. The association between selenium status and global and attention-specific cognition in very old adults in the Newcastle 85+ Study: Cross-sectional and longitudinal analyses. Am. J. Clin. Nutr. 2024, 120, 1019–1028. [Google Scholar] [CrossRef] [PubMed Central]

	



Li, J.M.; Bai, Y.Z.; Zhang, S.Q. Roles of selenium in cognition. Int. J. Vitam. Nutr. Res. 2024, 94, 323–324. [Google Scholar] [CrossRef] [PubMed]

	



Rita Cardoso, B.; Apolinario, D.; da Silva Bandeira, V.; Busse, A.L.; Magaldi, R.M.; Jacob-Filho, W.; Cozzolino, S.M. Effects of Brazil nut consumption on selenium status and cognitive performance in older adults with mild cognitive impairment: A randomized controlled pilot trial. Eur. J. Nutr. 2016, 55, 107–116. [Google Scholar] [CrossRef] [PubMed]

	



Avery, J.C.; Hoffmann, P.R. Selenium, Selenoproteins, and Immunity. Nutrients 2018, 10, 1203. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Hawkes, W.C.; Alkan, Z. Regulation of redox signaling by selenoproteins. Biol. Trace Elem. Res. 2010, 134, 235–251. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Kim, G.H.; Kim, J.E.; Rhie, S.J.; Yoon, S. The Role of Oxidative Stress in Neurodegenerative Diseases. Exp. Neurobiol. 2015, 24, 325–340. [Google Scholar] [CrossRef] [PubMed Central]

	



Roy, R.G.; Mandal, P.K.; Maroon, J.C. Oxidative Stress Occurs Prior to Amyloid Abeta Plaque Formation and Tau Phosphorylation in Alzheimer’s Disease: Role of Glutathione and Metal Ions. ACS Chem. Neurosci. 2023, 14, 2944–2954. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Zakeri, N.; Kelishadi, M.R.; Asbaghi, O.; Naeini, F.; Afsharfar, M.; Mirzadeh, E.; Naserizadeh, S.k. Selenium supplementation and oxidative stress: A review. PharmaNutrition 2021, 17, 100263. [Google Scholar] [CrossRef]

	



Wang, L.; Yin, Y.L.; Liu, X.Z.; Shen, P.; Zheng, Y.G.; Lan, X.R.; Lu, C.B.; Wang, J.Z. Current understanding of metal ions in the pathogenesis of Alzheimer’s disease. Transl. Neurodegener. 2020, 9, 10. [Google Scholar] [CrossRef] [PubMed Central]

	



Liu, F.; Zhang, Z.; Zhang, L.; Meng, R.N.; Gao, J.; Jin, M.; Li, M.; Wang, X.P. Effect of metal ions on Alzheimer’s disease. Brain Behav. 2022, 12, e2527. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Liu, M.C.; Xu, Y.; Chen, Y.M.; Li, J.; Zhao, F.; Zheng, G.; Jing, J.F.; Ke, T.; Chen, J.Y.; Luo, W.J. The effect of sodium selenite on lead induced cognitive dysfunction. Neurotoxicology 2013, 36, 82–88. [Google Scholar] [CrossRef]

	



Petersen, R.C. Mild cognitive impairment: Transition between aging and Alzheimer’s disease. Neurologia 2000, 15, 93–101. [Google Scholar] [CrossRef] [PubMed]

	



Mecocci, P. Oxidative stress in mild cognitive impairment and Alzheimer disease: A continuum. J. Alzheimers Dis. 2004, 6, 159–163. [Google Scholar] [CrossRef]

	



Ansari, M.A.; Rao, M.S.; Al-Jarallah, A. Insights into early pathogenesis of sporadic Alzheimer’s disease: Role of oxidative stress and loss of synaptic proteins. Front. Neurosci. 2023, 17, 1273626. [Google Scholar] [CrossRef] [PubMed Central]

	



Vinceti, M.; Chiari, A.; Eichmuller, M.; Rothman, K.J.; Filippini, T.; Malagoli, C.; Weuve, J.; Tondelli, M.; Zamboni, G.; Nichelli, P.F.; et al. A selenium species in cerebrospinal fluid predicts conversion to Alzheimer’s dementia in persons with mild cognitive impairment. Alzheimer’s Res. Ther. 2017, 9, 100. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Vinceti, M.; Urbano, T.; Chiari, A.; Filippini, T.; Wise, L.A.; Tondelli, M.; Michalke, B.; Shimizu, M.; Saito, Y. Selenoprotein P concentrations and risk of progression from mild cognitive impairment to dementia. Sci. Rep. 2023, 13, 8792. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]








[image: Nutrients 17 00595 g001] 





Figure 1. Partial regression plot for the association between the serum Se levels and episodic memory score (A,C,E) and CERAD total score (B,D,F) in non-demented older adults according to the APOE4 status. Abbreviations: Se, selenium; CERAD, the Consortium to Establish a Registry for Alzheimer’s Disease; APOE4, apolipoprotein ε4 allele. Multiple linear regression analyses were performed after adjusting for all confounders. 
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Table 1. Demographic and clinical characteristics of the participants according to APOE4 status.
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	Overall
	APOE4-Negative
	APOE4-Positive
	p





	n
	196
	156
	40
	



	Age, y
	72.65 (5.95)
	72.95 (5.96)
	71.50 (5.86)
	0.170 a



	Female, n (%)
	138 (70.41)
	106 (67.95)
	32 (80.00)
	0.136 b



	Education, y
	9.62 (4.51)
	9.61 (4.55)
	9.68 (4.38)
	0.934 a



	MCI, n (%)
	113 (57.65)
	88 (56.41)
	25 (62.50)
	0.487 b



	VRS, %
	23.98 (18.58)
	23.93 (19.14)
	24.17 (16.43)
	0.943 a



	MMSE
	25.58 (3.45)
	25.52 (3.46)
	25.83 (3.43)
	0.618



	Dietary pattern including food types
	
	
	
	



	Protein, n (%)
	
	
	
	0.410 b



	 High
	27 (13.78)
	19 (12.18)
	8 (20.00)
	



	 Moderate
	74 (37.76)
	59 (37.82)
	15 (37.50)
	



	 Low
	95 (48.47)
	78 (50.00)
	17 (42.50)
	



	Fruit or vegetables, n (%)
	
	
	
	0.795 b



	 High
	119 (60.71)
	62 (39.74)
	15 (37.50)
	



	 Low
	77 (39.29)
	94 (60.26)
	25 (62.50)
	



	Decrease in food intake over the past three months
	
	
	
	1.00 c



	 No, n (%)
	182 (92.86)
	145 (92.95)
	37 (92.50)
	



	 Yes, n (%)
	14 (7.14)
	37 (23.72)
	3 (7.50)
	



	Serum nutritional markers
	
	
	
	



	 Se, ug/L
	110.06 (21.62)
	111.88 (22.51)
	103.23 (16.38)
	0.024 a



	 Albumin, g/dL
	4.57 (0.26)
	4.57 (0.26)
	4.60 (0.25)
	0.465 a



	 Glucose, fasting, mg/dL
	108.15 (19.94)
	108.46 (21.02)
	106.87 (14.87)
	0.660 a



	 HDL cholesterol, mg/dL
	54.64 (12.96)
	54.51 (12.89)
	55.21 (13.38)
	0.765 a



	 LDL cholesterol, mg/dL
	96.41 (33.82)
	96.10 (35.42)
	97.68 (26.64)
	0.796 a



	Cognition
	
	
	
	



	Memory score
	
	
	
	



	 EMS
	35.10 (9.48)
	35.17 (9.47)
	34.83 (9.67)
	0.840 a



	Non-memory score
	
	
	
	



	 NMS
	34.25 (6.62)
	34.06 (6.92)
	35.00 (5.26)
	0.423 a



	Global cognition
	
	
	
	



	 TS
	69.98 (15.61)
	70.00 (16.15)
	69.90 (13.52)
	0.971 a







Abbreviations: APOE4, apolipoprotein E ε4 allele; MCI, mild cognitive impairment; VRS, vascular risk score; MMSE, mini-mental state examination; Se, selenium; HDL, high-density lipoprotein; LDL, low-density lipoprotein; EMS, episodic memory score; NMS, non-memory score; TS, total score of the Consortium to Establish a Registry for Alzheimer’s Disease. Data are expressed as mean (standard deviation), unless otherwise indicated. a By Student’s t test; b by chi-square test; c by Fisher’s exact test.













 





Table 2. Results of the multiple linear regression analyses of the association between the serum Se levels and cognitive decline.
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	B
	95% CI
	p





	EMS
	
	
	



	 Model 1
	0.061
	0.019 to 0.104
	0.005



	 Model 2
	0.065
	0.020 to 0.110
	0.005



	NMS
	
	
	



	 Model 1
	0.028
	−0.005 to 0.061
	0.096



	 Model 2
	0.033
	−0.003 to 0.068
	0.069



	TS
	
	
	



	 Model 1
	0.117
	0.048 to 0.186
	<0.001



	 Model 2
	0.119
	0.046 to 0.193
	0.002







Abbreviations: Se, selenium; APOE4, apolipoprotein E ε4 allele; EMS, episodic memory score; TS, total score of the Consortium to Establish a Registry for Alzheimer’s Disease; VRS, vascular risk score. The first model included age, sex, APOE4, VRS, education, and clinical diagnosis as covariates; the second model included those covariates plus protein intake, fruit/vegetable, albumin, fasting glucose, and HDL or LDL cholesterol.













 





Table 3. Results of multiple linear regression analyses that included interaction terms for the association between serum Se levels and APOE4 positivity in predicting cognitive decline.
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	B
	95% CI
	p





	EMS
	
	
	



	Se levels
	0.079
	0.035 to 0.123
	<0.001



	APOE4 positivity
	6.655
	2.915 to 10.395
	<0.001



	Se levels   ×   APOE4 positivity
	−0.074
	−0.109 to −0.039
	<0.001



	NMS
	
	
	



	Se levels
	0.035
	−0.001 to 0.070
	0.059



	APOE4 positivity
	1.724
	−1.346 to 4.794
	0.269



	Se levels   ×   APOE4 positivity
	−0.009
	−0.038 to 0.020
	0.546



	TS
	
	
	



	Se levels
	0.132
	0.059 to 0.205
	<0.001



	APOE4 positivity
	6.182
	−0.078 to 12.441
	0.053



	Se levels   ×   APOE4 positivity
	−0.069
	−0.128 to −0.010
	0.022







Abbreviations: Se, selenium; APOE4, apolipoprotein ε4 allele; EMS, episodic memory score; NMS, non-memory score; TS, total score of the Consortium to Establish a Registry for Alzheimer’s Disease. To explore the moderating effects of APOE4 positivity on the associations between serum selenium level and cognition, i.e., EMS, NMS, and TS, multiple linear regression analyses were performed including two-way interaction terms between serum selenium level and cognition as additional independent variables.













 





Table 4. Results of the multiple linear regression analyses of the association between the serum Se levels and cognitive decline according to APOE4 subgroup.
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	B
	95% CI
	p





	EMS
	
	
	



	APOE4-negative
	
	
	



	 Model 1
	0.065
	0.021 to 0.109
	0.004



	 Model 2
	0.072
	0.025 to 0.119
	0.003



	APOE4-positive
	
	
	



	 Model 1
	0.031
	−0.109 to 0.171
	0.656



	 Model 2
	−0.014
	−0.196 to 0.168
	0.876



	TS
	
	
	



	APOE4-negative
	
	
	



	 Model 1
	0.126
	0.052 to 0.199
	<0.001



	 Model 2
	0.125
	0.046 to 0.204
	0.002



	APOE4-positive
	
	
	



	 Model 1
	0.040
	−0.155 to 0.235
	0.681



	 Model 2
	−0.042
	−0.274 to 0.191
	0.716







Abbreviations: Se, selenium; APOE4, apolipoprotein E ε4 allele; EMS, episodic memory score; TS, total score of the Consortium to Establish a Registry for Alzheimer’s Disease; VRS, vascular risk score. The first model included age, sex, APOE4, VRS, education, and clinical diagnosis as covariates; the second model included those covariates plus protein intake, fruit/vegetable, albumin, fasting glucose, and HDL or LDL cholesterol.
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