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Background: Dementia is a chronic progressive neurodegenerative disease that can lead to disability and death in humans, but there is still no effective prevention and treatment. Due to the neuroprotective effects of vitamin E, a large number of researchers have explored whether vitamin E can reduce the risk of dementia. Some researchers believe that vitamin E can reduce the risk of dementia, while others hold the opposite conclusion. We therefore performed a meta-analysis to clarify the relationship between them.

Methods: We searched PubMed, Embase, and Web of Science databases for articles on the connection of dietary and supplementation vitamin E with dementia risk from inception through April 2022 using the main keywords “dementia,” “Alzheimer's disease,” “vitamin E,” and “tocopherol,” and used a random-utility model for pooled effect sizes. Odds ratios (OR) and 95% confidence intervals were derived using lower and higher doses as contrasts. Obtained data were shown and assessed using Stata12.0 free software.

Results: We included 15 articles in sum. Among them, there were nine articles containing AD. By comparing the highest intake with the lowest intake, Combined ORs for high intake were as follows: dementia (OR = 0.79, 95% CI 0.70–0.88 I2 = 35.0%), Alzheimer's disease (OR = 0.78, 95% CI 0.64–0.94 I2 = 36.9%). Subgroup analyses were also performed by study type, diet and supplementation, and NOS score.

Conclusions: High vitamin E intake from diet and supplements significantly reduces the risk of dementia and Alzheimer's disease.
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Introduction

Dementia is a condition that causes gradual cognitive decline (Chertkow et al., 2013). With the aging of the population and the growth of the population, the prevalence of dementia is expected to increase, and it is estimated that the number of people with dementia worldwide will increase from 570,000 in 2019 to 1.58 million in 2050 (GBD 2019 Dementia Forecationg Collaborators, 2022). Dementia has emerged as a leading cause of disability, loss of independent living, and death in older adults, and places a heavy burden on patients, families, and society (Livingston et al., 2020; Malik et al., 2021), while there is still no clear cure for dementia in terms of treatment (Winblad et al., 2016). Dementia includes Alzheimer's disease (AD), vascular dementia (VD), and other forms of dementia, with AD being the most common, followed by VD (Zhang et al., 2021). Dementia is caused by both genetic and environmental factors. Age, smoking, diabetes, obesity, and hypertension are all variable risk factors for dementia (Sindi et al., 2018), and diet has also been shown to have some effect on the development of dementia (Morris, 2016). Therefore, we can prevent the occurrence of dementia by changing the diet and lifestyle.

Fruits and vegetables are indispensable foods in life and provide the body with a large number of nutrients. Among them, vitamins are more common, and vitamin E has also been gradually found to prevent various diseases (Sharma et al., 2021). Some studies have found that diet is considered one of the key factors in reducing the risk of dementia (Sindi et al., 2018; Licher et al., 2019). Vitamin is an organic substance that maintains the normal life activities of the human body and supports basic cellular functions and plays an essential role in various basic metabolic processes in the body (Tardy et al., 2020). However, vitamin E is less abundant in the body and is mostly consumed through the diet (Del Mondo et al., 2020). Vitamin E is widely present in various foods and belongs to fat-soluble vitamins, and its main active form in tissues is α-tocopherol (αT; Farina et al., 2017). Vitamin E not only has a strong antioxidant capacity, but also has the properties of reducing cholesterol and neuroprotection, thus exerting a protective effect on the brain (Jiang, 2014; Browne et al., 2019).

The association between diet and the risk of dementia has been extensively explored over the last few decades, with people who consume large amounts of vegetables and fruits having a markedly lower risk of developing dementia (Dai et al., 2006; Barberger-Gateau et al., 2007; Hughes et al., 2010). Vegetables and fruits contain a large number of vitamins, minerals, cellulose, etc., which play an important role in human health (Wiseman, 2008). Vitamin E is an antioxidant that can reduce the risk of dementia onset (Giraldo et al., 2014; Eshkoor et al., 2015; Farina et al., 2017; Lakhan et al., 2021). However, other studies have demonstrated that vitamin E intake does not lower the risk of dementia (Kryscio et al., 2017). Therefore, we determine whether dietary vitamin E or supplements can reduce the risk of dementia and provide more reliable evidence for the prevention of dementia by timely integrating the latest views and related evidence.



Materials and methods


Search strategy for literature

This meta-analysis was conducted and reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Two authors (Rangyin Zhao and Xiaoyong Han) conducted a paper search for the association of vitamin E and active ingredients with dementia risk using EMBASE, Web of Science and PubMed databases, respectively. The database was searched using keywords/titles/abstracts searching for the keywords: “vitamin E” or “alpha-tocopherol” or “α-tocopherol” or “nutrients” combined with “dementia” or “amentia” or “amentias” or “Alzheimer's Disease” or “Alzheimer Dementia” or “Alzheimer Dementias” or “Dementia, Alzheimer.” The search was conducted from inception to April 2022 for all relevant articles. In addition, we searched conference proceedings, meta-analyses, and references from other articles to avoid possibly missing research. We only included English literatures. Search disagreements between the two authors and a third author discuss decisions together.



Inclusion and exclusion criteria

We developed the inclusion criteria for our study using PICOS principles. P (Participants): middle-aged and elderly population without dementia and cognitive impairment; I (intervention): high intake of vitamin E from diet or supplements; C (control): low intake of vitamin E from diet or supplements; O (outcome): risk of dementia. S (study design): case-control study or cohort study. Studies that met the following criteria were included: (1) patients with a definite diagnosis of dementia; (2) the type of study was a cohort or case-control study; (3) the association between diet or supplement vitamin E or tocopherol and the risk of dementia was studied and compared between high and low dose; (4) the study contained the following relevant data: relative risk (RR) or odds ratio (or) and 95% confidence interval; (5) the study subjects were humans, excluding experiments such as cells and animals. The exclusion criteria used were as follows: (1) no valid data could be extracted from the text; (2) duplicate study populations; (3) small sample size; (4) reviews, conferences, meta-analyses, letters, etc.



Data extraction and quality evaluation

Two researchers independently performed quality assessment and extraction of relevant data for all included studies. Basic information for inclusion included: first author name, date of publication, country, sex, age, type of dementia, type of study, Sample Size of Study, RR or OR and 95% CI adjustment for covariates in multivariate analysis. Discrepancies between the two authors were resolved by discussion with the other authors. The Newcastle-Ottawa Scale (0–9) was used to evaluate the quality of the literature used.



Statistical analysis

Effect sizes for all studies were RR or OR and 95% confidence intervals to analyze the connection of high-dose vitamin E or tocopherol intake with the risk of dementia. The effect sizes for assessing dementia risk were RR, OR for the cohort study and case-control study, respectively. Since the difference between the two effect sizes is small, the OR value is uniformly used to represent it for the convenience of combining and calculating the study results. We used a random-effects model to count effect sizes. The results of meta-analysis were presented as forest plots, and publication bias was assessed by Begg's test and funnel plots. In addition, sensitivity analysis assessed the stability of the meta-analysis by eliminating each study one by one. All statistical analyses were calculated using Stata12.0, with p < 0.05 indicating a statistically significant difference.




Results


Screening process for eligible literatures

Three thousand and fifty-three literatures were retrieved through three English database retrieval systems, which were PubMed (n = 1,105), Embase (n = 980), and Web of Science (n = 968). Two useful original articles were obtained by searching the citations of articles such as reviews or meta-analyses. After removing duplicates, 1,320 articles remained. Reviews, case reports, conferences, comments, letters, and irrelevant articles were excluded by reading the titles or abstracts, for a total of 1,252. The additional 68 essays have been assessed by downloading the full text and articles with missing raw data were excluded. The remaining 15 studies that met the inclusion criteria and NOS score were included in the meta-analysis. The above retrieval process is shown in Figure 1.


[image: Figure 1]
FIGURE 1
 Flow diagram of this meta-analysis.




Characteristics of included research

The features of the 15 papers included in the meta-analysis are shown in Table 1. We included 15 articles in overall, eight on diet, six on supplements, and one on a combination of diet and supplements. These included 13 cohort studies with 46,968 participants and 6,046 dementia patients after 4–23 years of follow-up; two case-control studies with 3,157 controls and 3,459 patients. We extracted studies on AD with a total of nine articles. Five of them were about diet, three were about supplements, and one was related to dietary combined supplements. Eight cohort studies with 28,530 participants followed for 4–23 years yielded 2,852 dementia patients; one case-control study with 2,999 controls and 3,385 patients. The studies included in this meta-analysis were published between 1983 and 2022. In addition, 11 studies were conducted in North America, 3 in Europe, and 1 in Asia. The main nutritional species investigated were vitamin E or tocopherol. Included with the articles were corrected for multivariate variables such as age, education, sex, smoking status, alcohol intake, body mass index, and a history of cardiovascular and cerebrovascular illness. The literary NOS quality score ranged from 6 to 8. Study characteristics for all included Mate analyses are presented in Table 1.


TABLE 1 Characteristics of included studies.
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Dietary or supplemental vitamin E in relation to risk of dementia

Regarding diet and supplements, there were 15 research containing 18 pieces of data that were included in our study. A high intake of diet or vitamin E supplements decreased the risk of dementia by 21% (OR = 0.79, 95% CI 0.70–0.88, Figure 2A), with a statistically significant difference (pt = 0.000). The heterogeneity was low (I2 = 35.0%, p = 0.071). When subgroup analyzed by study type, cohort studies (OR = 0.79, 95% CI 0.69–0.89, Figure 2B) showed that high vitamin E intake dramatically decreased the risk of dementia. Case-control studies (OR = 0.76, 95% CI 0.47–1.24, Figure 2B) tended to reduce the risk of dementia, but this was not statistically significant. We also performed subgroup analyses according to diet and supplement, and we found that both diet (OR = 0.78, 95% CI 0.65–0.95, Figure 2C) and supplement (OR = 0.83, 95% CI 0.73–0.94, Figure 2C) high vitamin E intake reduced the risk of dementia. When we did subgroup analysis according to NOS score, studies with scores >7 (OR = 0.85, 95% CI 0.75–0.97, Figure 2D) and ≤ 7 (OR = 0.76, 95% CI 0.65–0.89, Figure 2D) significantly reduced the risk of dementia. We screened some studies on AD according to dementia classification and we found a significant inverse association between vitamin E intake and AD risk (OR = 0.78, 95% CI 0.64–0.94, Figure 3A), with a statistically significant difference (pt = 0.000). The heterogeneity was low (I2 = 36.9%, p = 0.123). Cohort studies (OR = 0.77, 95% CI 0.63–0.94, Figure 3B) showed a significant reduction in AD risk when subgroup analyses were performed according to study type. When subgroup analyses were performed by diet and supplement, both diet (OR = 0.83, 95% CI 0.64–1.09, Figure 3C) and supplement (OR = 0.67, 95% CI 0.47–0.96, Figure 3C) reduced the risk of AD and diet was not statistically significant. When performing subgroup analysis by NOS score, studies >7 (OR = 0.63, 95% CI 0.35–1.15, Figure 3D) and ≤ 7 (OR = 0.80, 95% CI 0.65–0.98, Figure 3D) both significantly reduced the risk of AD, but studies >7 were not statistically significant. Results of a meta-analysis of diet and supplements with risk of dementia are shown in Table 2.


[image: Figure 2]
FIGURE 2
 Forest plots and subgroup analysis plots of high intake of dietary or supplemental vitamin E and risk of dementia. (A) Forest plot. (B) Subgroup analysis by study type. (C) Subgroup analysis by diet and supplements. (D) Subgroup analysis by NOS quality score.
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FIGURE 3
 Forest plots and subgroup analysis plots of high intake of dietary or supplemental vitamin E and risk of AD. (A) Forest plot. (B) Subgroup analysis by study type. (C) Subgroup analysis by diet and supplements. (D) Subgroup analysis by NOS quality score.



TABLE 2 Meta-analysis of diet and supplements with risk of dementia.
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Publication bias and sensitivity analysis

We used Begg's funnel plot and Begg's test to detect whether there was a significant publication bias. The results of Begg test for dementia (Figure 4A): (Pr > | z | = 0.405), Begg test for AD (Figure 4B): (Pr > | z | = 0.348), and Begg's funnel plots of dementia and AD were evenly distributed on both sides (Pr > | z | > 0.05), showed no Significant publication bias. In addition, we evaluated the stability of the meta-analysis by deleting studies one by one and re-combining ORs for sensitivity analysis (Figures 5A,B), and the pooled ORs fluctuated within a certain range after deleting each study, indicating that the results of this meta-analysis were stable. In summary, the conclusions of our study are relatively reliable.


[image: Figure 4]
FIGURE 4
 Publication bias begg's funnel plot. (A) Funnel plot for combined dietary and supplement outcomes with dementia risk. (B) Funnel plot for combined dietary and supplement outcomes with AD risk.
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FIGURE 5
 Sensitivity analysis. (A) Sensitivity analysis of combined dietary and supplement use and risk of dementia. (B) Sensitivity analysis of combined dietary and supplement use and risk of AD.





Discussion

Vitamin E is a fat-soluble antioxidant that plays an important role in human life activities (Lloret et al., 2019). Due to its antioxidant and cerebral protective effects, vitamin E can be used to prevent and treat neurodegenerative diseases (Brigelius-Flohé and Traber, 1999; Reiter et al., 2007; Jiang, 2014). Although some observational studies have reported that dietary intake or supplementation with vitamin E reduces the risk of dementia, there is also controversy between them, so we conducted a meta-analysis to comprehensively assess vitamin E and the risk of dementia. We included 15 clinical studies on dietary intake or supplementation with vitamin E and risk of dementia. We performed subgroup analysis based on dementia type, study category, NOS score.

The vast majority of studies included in our meta-analysis were prospective cohort studies, which greatly reduced recall excursions and were more credible, and the results showed that high dietary intake or vitamin E supplementation significantly reduced the risk of dementia and AD. Subsequently, we performed a subgroup analysis of diet and supplements and found that diet and supplements reduced the risk of dementia, but diet was superior, whereas for AD, supplements were superior. We also performed subgroup analysis according to NOS score and for dementia we found a more significant decrease in studies with ≤ 7 points; for AD, the decrease was more significant in studies with more than 7 points. We also performed subgroup analyses according to study type, and we found that case-control studies significantly reduced the risk of dementia than cohort studies; cohort studies reduced the risk of AD more significantly. In conclusion, we found that either high dietary intake or vitamin E supplementation reduced the risk of dementia. We recommend that older adults should eat more foods rich in vitamin E or oral vitamin E supplements to prevent the development of dementia.

Vitamins are essential elements in maintaining the physiological functions of the brain. Its antioxidant function, which can reduce oxidative stress in dementia pathology (Tadokoro et al., 2020; Ali et al., 2021), can also react with free radicals, thereby preventing hippocampal neuronal apoptosis caused by reperfusion after ischemia and playing a role in protecting the brain (Tagami et al., 1999). Vitamin E has been found in animal studies to reduce the harmful effects of -amyloid and improve cognitive function in rodents (Rota et al., 2005; Montiel et al., 2006). Although the ideal timing of antioxidant effects is uncertain, research shows that antioxidants have an impact on dementia in its early stages (Berr et al., 2000; Nunomura et al., 2001; Praticò et al., 2002). Vitamin E's neuroprotective effect was confirmed in several experimental studies, which found that it prevented amyloid-induced cell injury and death in rat hippocampal cells (Behl et al., 1992), and slowed the progression of high-level amyloid-mediated neurological impairment in transgenic mice expressing human amyloid variants (Hsiao, 1995). Vitamin E intake increases the growth of natural killer cells in the elderly, And has been demonstrated in human dietary studies. Rotterdam's study of 5,395 people aged 55 years or older showed that participants with the highest dietary vitamin E content had a significantly reduced risk of dementia (De la Fuente et al., 2008).

We found no significant heterogeneity in the pooled results for vitamin E and dementia risk. Heterogeneity plays an essential role in meta-analysis. First, our study was less heterogeneous. Second, we further subgroup analyzed by dementia type, study type, NOS score, making our conclusions more specific. Third, according to the sensitivity analysis, our findings are stable and have some credibility. We must acknowledge that studies included in the meta-analysis have more or less some publication bias. For prospective cohort studies, the main sources of bias are selection bias, lost to follow-up bias, confounding bias. The main sources of bias regarding case-control studies are recall bias, choice bias, and confounding bias. We performed an offset test of the included studies using the Begg's funnel plot and Begg's test, and the results showed that no significant publication offset was found.

For the first time, we show a link between vitamin E and dementia risk. In a previous meta-analysis, Wang et al. (2021) investigated the connection of vitamin E supplementation with the risk and progression of AD and did not conclude that vitamin E supplementation reduces the risk of AD. It may be due to the small number of articles included in this meta-analysis and the low quality of the studies, which makes the results of the studies possibly biased. Our meta-analysis included a large number of literatures, with high study quality and reliable results. Moreover, we investigated high intake of vitamin E in diet, supplements with risk of dementia, not limited to supplements or AD, so our study is more persuasive. The meta-analysis conducted by li et al investigated dietary vitamin E with AD risk and concluded that dietary vitamin E intake contributes to the risk reduction of dementia (Li et al., 2012). This is consistent with the conclusions of our study. However, our study is of high quality, has a wide range of studies, and is more scientific. Therefore, we can reduce the prevalence of dementia by vitamin E supplementation.

The advantages of our study, first, we are the first to propose an effect of vitamin E on the risk of dementia. Secondly, we not only search the English database, but also search the references of reviews and meta-analyses, so that the retrieved literatures are more comprehensive. Third, the results of the prospective cohort study we included are reliable. Fourth, our study had a larger sample size and the findings were more representative. Finally, our study had no significant publication bias, and the heterogeneity was low and the results were stable.

Our research has its own limitations. About all, we included publications written in English, that could have resulted in selection bias. Next, our study was not subgroup analyzed by territory, ethnicity, and gender. Third, no specific vitamin E dose was provided and there was no dosages meta-analysis. Fourth, the dose conversion tool was inconsistent between meals and vitamin E that we included in the study. Fifth, even when the study results are adjusted for variables, other variable factors may also influence the reliability of the findings.

This paper shows that high doses of vitamin E have a role in reducing the risk of dementia. Therefore, people with a family history of dementia can be given high-dose vitamin E to prevent the occurrence of dementia. However, we should also pay attention to the side effects of vitamin E. Studies have shown that long-term daily administration of vitamin E more than 400–800 mg can cause headache, dizziness, blurred vision, elevated blood pressure, hormone metabolism disorders, etc., and significantly aggravate the symptoms of patients with diabetes and heart disease (Roberts, 1981; Satia-Abouta et al., 2003). Due to the absorption and transformation of vitamin E in the liver and metabolism in the kidney, long-term massive administration of vitamin E can increase the liver and kidney load, leading to liver and kidney damage (Miller et al., 2005; Ribeiro et al., 2018). In summary, we should control the dose of vitamin E within a certain range to reduce its toxic side effects.



Conclusion

High intakes of diet or vitamin E supplements can significantly reduce the risk of dementia. Therefore, the elderly can reduce the risk of dementia by appropriately increasing foods rich in vitamin E, but also pay attention to the toxic side effects of vitamin E. Although our research results are reliable, they should be further validated by large RCTs.
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